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Schizophrenia; Disrupted functional asymmetry has been implicated in schizophrenia. However, it remains
Asymmetry; unknown whether disrupted functional asymmetry originates from intra-hemispheric and/or
Functional inter-hemispheric functional connectivity (FC) in the patients, and whether it starts at very
connectivity; early stage of psychosis. Seventy-six patients with first-episode, drug-naive schizophrenia, 74
Functional magnetic subjects at ultra-high risk for psychosis (UHR), and 71 healthy controls underwent resting-state
resonance imaging functional magnetic resonance imaging. The ‘Parameter of asymmetry’ (PAS) metric was

calculated and support vector machine (SVM) classification analysis was applied to analyze
the data. Compared with healthy controls, patients exhibited decreased PAS in the left
thalamus/pallidum, right hippocampus/parahippocampus, right inferior frontal gyrus/insula,
right thalamus, and left inferior parietal lobule, and increased PAS in the left calcarine, right
superior occipital gyrus/middle occipital gyrus, and right precentral gyrus/postcentral gyrus.
By contrast, UHR subjects showed decreased PAS in the left thalamus relative to healthy
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controls. A negative correlation was observed between decreased PAS in the right hippocam-
pus/parahippocampus and Brief Visuospatial Memory Test-Revised (BVMT-R) scores in the pa-
tients (r=—0.364, p=0.002). Moreover, the PAS values in the left thalamus could discriminate
the patients/UHR subjects from the controls with acceptable sensitivities (68.42%/81.08%).
First-episode patients and UHR subjects shared decreased PAS in the left thalamus. This
observed pattern of functional asymmetry highlights the involvement of the thalamus in the
pathophysiology of psychosis and may also be applied as a very early marker for psychosis.

© 2019 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

The pathophysiology of schizophrenia is hypothesized to in-
clude abnormal functional connectivity (FC) between the
thalamus and cortex, which topographically organizes as
the thalamocortical networks (Swerdlow, 2010; Woodward
et al., 2012). Parallel circuits link specific thalamic nuclei
to distinct regions in the cerebral cortex (Alexander et al.,
1986; Haber, 2003). For example, the prefrontal cortex links
preferentially to the anterior and dorsomedial thalamus
(Alexander et al., 1986). Thalamocortical dysfunction has
been reported by several structural and functional imaging
studies (Glahn et al., 2008; Minzenberg et al., 2009; Shen-
ton et al., 2001; Welsh et al., 2010), which may account for
clinical and cognitive symptoms observed in schizophrenia
(Andreasen et al., 1998).

Healthy human subjects are known to demonstrate sev-
eral significant functional asymmetries. For example, the
right visual hemisphere is more specialized for low spatial
frequencies, whereas the left hemisphere prefers to treat
high spatial frequencies (Sergent and Bindra, 1981). How-
ever, the pattern of normal asymmetry in healthy subjects is
disrupted in schizophrenia (Ke et al., 2010). Several investi-
gations indicate that schizophrenia may be associated with
abnormal development of the left hemispheric dominance
for language (Artiges et al., 2000; Dollfus et al., 2005; Som-
mer et al., 2001b). Some visual task-related functional mag-
netic resonance imaging (fMRI) studies have observed the
right hemispheric asymmetry in patients with schizophre-
nia to process sensory information (Gur and Chin, 1999;
Heckers et al., 2002). Furthermore, right-sided pathophysi-
ology has been revealed in schizophrenia by diffusion tensor
imaging (DTI) studies (Federspiel et al., 2006; Guo et al.,
2012; Matsumoto et al., 2001). In addition, decreased inter-
hemispheric FC in patients with schizophrenia and their un-
affected siblings have been observed by our group and oth-
ers (Guo et al., 2014a, 2018, 2014b; Hoptman et al., 2012;
Liu et al., 2018). As a result, the lack of normal asymme-
try may be related to damage to intrinsic neural circuits
(Malaspina et al., 2004; Sears et al., 2000). However, the
importance of damage to the functional asymmetry of spe-
cific networks (for example, the thalamocortical networks),
remains unclear. Moreover, the two hemispheres have func-
tional interaction via the corpus callosum (Lamantia and
Rakic, 1990), and thus a single brain region has FCs asso-
ciated with both intra-hemispheric and inter-hemispheric
connections. It is also unknown whether disrupted asym-
metry of the thalamocortical networks in schizophre-
nia results from intra-hemispheric or inter-hemispheric
FCs.

Furthermore, schizophrenia is considered as a neurode-
velopmental disorder (Fair et al., 2010), and thus the
question is raised whether disrupted functional asymmetry
of the thalamocortical networks starts at very early stage
of psychosis. To answer this question, it is critical to re-
cruit a group of subjects at ultra-high risk for psychosis
(UHR). Compared with patients with schizophrenia, UHR
subjects exhibit similar but more attenuated abnormalities,
including clinical symptoms (Yung et al., 1996), cognitive
impairments (Fusar-Poli et al., 2012; Hur et al., 2012; Kim
et al., 2011), structural (Han et al., 2012; Jung et al., 2012,
2011; Smieskova et al., 2010) and functional changes (Choi
et al., 2012; Fusar-Poli et al., 2010; Li et al., 2018; Wang
et al., 2016a, 2016b). Moreover, UHR subjects are related
to an increased risk of transferring to frank psychosis
within two years (Cannon et al., 2008; Yung et al., 2008).
Therefore, it is important to identify early biomarkers that
can be applied to discriminate UHR subjects from healthy
controls (Peters et al., 2009).

Previous studies have employed independent compo-
nent analysis (ICA) and resting-state FC strength to assess
functional asymmetry (Guo et al., 2018, 2014b; Sommer
et al., 2001a). However, the human brain exhibits both
inter-hemispheric and intra-hemispheric interactions when
reacting to a stimulus. Hence, both inter-hemispheric and
intra-hemispheric FC can be used to assess brain functional
asymmetry. Previously, Mueller et al. proposed an ‘auton-
omy index’ (Al) to assess brain functional asymmetry by
counting the numbers of abnormal voxels in each hemi-
sphere (Mueller et al., 2015). While the Al can assess func-
tional asymmetry, it neglects the actual observed magni-
tude of the correlation coefficients of the abnormal voxels,
which is an important characteristic of functional asym-
metry. By contrast, we proposed another analysis metric,
the ‘parameter of asymmetry’ (PAS), to assess correlation
coefficients of abnormal voxels in a previous study (Zhu et
al., 2018). PAS is a voxel-wise method which is not affected
by pre-selected regions of interest (ROIs) or thresholding. In
addition, the potential confounding effects of ROI-selection
bias and structural asymmetry can be minimized.

Given this background, a resting-state fMRI study was
conducted in drug-naive, first-episode schizophrenia pa-
tients (FEPs), UHR subjects and healthy controls. FEPs and
UHR subjects were recruited in order to limit confounding
effects caused by long illness duration and medication use,
and to document a progressive aspect in psychosis onset.
The images were analyzed by using a voxel-wise whole-brain
FC method. FC was further divided into intra-hemispheric
and inter-hemispheric FCs to determine the magnitude of
functional asymmetry observed using the PAS method. Based
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on the abovementioned studies, functional asymmetry was
hypothesized to be altered in the thalamocortical networks
in both FEPs and UHR subjects, which could be used to dis-
criminate FEPs/UHR subjects from controls.

2. Experimental procedures

2.1. Participants

The sample included 76 FEPs, 74 UHR subjects and 71 healthy con-
trols from the Second Xiangya Hospital, Central South University,
China. All participants were right-handed and aged from 13 to 43
years old with more than 6 years of formal education. All patients
were diagnosed with the Structured Clinical Interview of the Di-
agnostic and Statistical Manual of Mental Disorders-1V (SCID) cri-
teria, patient edition (First et al., 1997). The positive and nega-
tive syndrome scale (PANSS) was used to assess symptom severity
in the patients. UHR subjects were confirmed with the structured
interview for prodromal syndromes (SIPS) and scale of prodromal
syndromes (SOPS) including: (1) brief intermittent psychotic syn-
drome, (2) attenuated positive symptom syndrome, and (3) genetic
risk and deterioration syndrome (Miller et al., 2003). The SIPS (19
items) comprises four symptom clusters: positive symptoms, nega-
tive symptoms, disorganized symptoms, and general symptoms. The
SOPS was applied to decide the presence of a psychotic syndrome
that was either (1) disorganizing or dangerous or (2) occurring at
least an hour a day on average four days a week for at least one
month. The SIPS/SOPS has showed acceptable reliability and valid-
ity (Miller et al., 2003, 2002). Healthy controls were screened by us-
ing the SCID, non-patient edition (First et al., 1997). All participants
shared the following exclusion criteria: severe medical disorders,
neurological disorders, substance abuse, mental retardation, or any
contraindications for MRI. In addition, potential controls were ex-
cluded if they had a first-degree relative with a psychiatric disor-
der. Cognitive function was examined in all participants by using
trail making test, part A (TMT-A); brief assessment of cognition in
schizophrenia (BACS), symbol coding; Hopkins verbal learning test-
revised (HVLT-R); brief visuospatial memory test-revised (BVMT-R);
Stroop-word, color, color and word; and continuous performance
test (CPT).

The study was approved by the local ethics committees of the
Second Xiangya Hospital of Central South University. Written in-
formed consent was signed by all participants.

2.2. Scan acquisition and preprocessing

MRI scans were acquired on a Siemens 3T scanner (General Elec-
tric, Fairfield, Connecticut, USA). The participants were directed
to keep motionless and awake with their eyes closed. Soft earplugs
and foam pads were applied to reduce scanner noise and head mo-
tion. Resting-state functional magnetic resonance imaging (fMRI)
scans were obtained with a gradient echo-planar imaging (EPI) se-
quence. The following parameters were used during the scan: rep-
etition time/echo time =2000 ms/30 ms, 33 slices, 64 x 64 matrix,
90° flip angle, 22 cm field of view, 4mm slice thickness, no slice
gap, and 240 volumes. Each scan lasted for 480s for a participant.

The DPABI software (Yan et al., 2016) was applied to preprocess
the scans. After slice timing and head motion correction, the scans
were discarded if the participants had over 2 mm maximal trans-
lation and 2° maximal rotation during the scan. Several covariates
were removed, including the Friston-24 head motion parameters
acquired via rigid body correction (de Kwaasteniet et al., 2013),
signal from a ventricular region of interest, and signal from a re-
gion centered in the white matter. In addition, framewise displace-
ment (FD) was computed as described in a previous study (Power et

al., 2012). The mean FD was used to address the residual effects
of head motion as a covariate of no interest in the group analyses.
Scrubbing (removing time points with FD > 0.2 mm) was also used
as an aggressive head motion control strategy. The global signal was
not removed as it is still a controversial practice in the resting-state
fMRI analysis (Hahamy et al., 2014). The data were then spatially
normalized to the conventional EPI template in the Montreal Neuro-
logical Institute (MNI) space and resampled to 3 x 3 x 3mm? voxels.
Finally, the scans were bandpass-filtered (0.01-0.08 Hz) and linearly
detrended.

2.3. Calculation of PAS

The calculation of PAS was described in our previous study (Zhu
et al., 2018). Briefly, for each participant, correlation coefficients
were computed between a given voxel and other voxels from the
same hemisphere (intra-hemispheric coefficients) or from the oppo-
site hemisphere (inter-hemispheric coefficients). The mean intra-
hemispheric and inter-hemispheric coefficients were defined as the
intra-hemispheric and inter-hemispheric FCs of this given voxel.
After that, intra-hemispheric and inter-hemispheric FCs were z-
transformed as described in a previous study (Buckner et al., 2009).
PAS was calculated with the following formula:

PAS = Fcinter - Fcintra

Here, FCinter is inter-hemispheric FC, and FCi, refers to intra-
hemispheric FC. From the formula, positive PAS values indicate that
inter-hemispheric FC is the dominant signal, whereas negative PAS
values may result from a dominance of the intra-hemispheric FC.
Finally, PAS maps were generated from the resultant PAS values.

2.4, Statistical analyses

A chi-square test and analysis of variance (ANOVA) were used to
analyze the demographic and clinical data when necessary.

Analysis of covariance (ANCOVA), followed by post hoc t tests,
was performed to compare group differences of the PAS maps. The
mean FD, age, and years of education were used as covariates of no
interest in group comparisons. The significance level was corrected
to p < 0.05 using the Gaussian random field (GRF) theory (voxel
significance: p < 0.001, cluster significance: p < 0.05) with the
REST software (Song et al., 2011).

2.5. Correlation analyses

The PAS values were extracted from abnormal clusters detected
by group comparisons. Pearson’s correlations were performed be-
tween abnormal PAS and clinical or cognitive variables in the pa-
tients and UHR subjects after the normality of these variables was
confirmed. The significance level was set at p < 0.05 (Bonferroni
corrected).

2.6. Support vector machine (SVM) analysis

To test the possibilities whether abnormal PAS shared by patients
and UHR subjects could be applied to discriminate patients/UHR
subjects from healthy controls, SVM was conducted with the LIBSVM
software (http://www.csie.ntu.edu.tw/~cjlin/libsvm/). A “leave-
one-out” method was used to conduct the SVM.

To validate the SVM results, a five-fold cross-validation
method was employed. Each sample (FEPs/controls or UHR sub-
jects/controls) was randomly divided into five subgroups. The first
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Table 1 Characteristics of participants.

First-episode Patients (n=76) UHR Subjects (n=74) Controls (n=71) p value
Sex (male/female) 40/36 43/31 36/35 0.648%
Age (years) 23.30+6.00 22.04+5.25 21.37+2.83 0.054°
Years of education (years) 11.62+£2.70 11.82+2.88 15.00£2.03 <0.001°
FD 0.026 +0.008 0.029 +£0.012 0.026 + 0.009 0.144°
Illness duration (months) 10.86 +£9.54
PANSS
Positive scores 19.73+6.77
Negative scores 20.65 +8.59
General scores 41.04+13.94
Total scores 84.86 +20.69
SIPS
positive symptoms 9.51+4.53
negative symptoms 11.39+6.03
disorganized symptoms 5.05+2.93
general symptoms 5.72 +£3.17
total scores 32.00+11.08
TMT-A 52.41 +£26.07 39.53+17.11 34.11+=10.31 <0.001°
BACS: Symbol Coding 43.63 +14.05 54.39+10.18 61.97 £9.32 <0.001°
HVLT-R 18.70+6.42 24.23+5.84 26.93+3.97 <0.001°
BVMT-R 17.82+9.25 22.95+10.04 28.56 +4.89 <0.001°
Stroop-Word 77.05+24.97 86.56 +27.19 97.68 £17.29 <0.001°
Stroop-Color 52.11+19.52 56.53 +19.21 72.90 £ 13.67 <0.001°
Stroop-Color and Word 31.55+13.07 33.24+13.41 43.63 +8.43 <0.001°
CPT 1.93+0.78 2.40+£0.79 2.84+0.56 <0.001°

FD = framewise displacement; PANSS = positive and negative syndrome scale; UHR = ultra high-risk; SIPS = structured interview for prodro-
mal syndromes; TMT-A = trail making test, part A; BACS = brief assessment of cognition in schizophrenia; HVLT-R = Hopkins verbal learning
test-revised; BVMT-R = brief visuospatial memory test-revised; CPT = continuous performance test.

@ The p value for sex distribution was obtained by a chi-square test.

b The p values were obtained by analyses of variance (ANOVA).

four subgroups were used as training sets, whereas the fifth sub-
group was used as a test set. The SVM was conducted, and a global
accuracy was obtained.

The SVM results were also validated by a permutation test,
which ran 10,000 times for each sample (FEPs/controls or UHR sub-
jects/controls). Then, a global accuracy could be obtained for each
sample.

3. Results
3.1. Characteristics of the participants

No significant differences were observed regarding age, sex
ratio, and the mean FD across groups (Table 1). However,
healthy controls obtained higher education level than FEPs
and UHR subjects. As expected, FEPs presented a worse per-
formance in cognitive assessments than healthy controls,
whereas the UHR subjects exhibited a cognitive perfor-
mance midway between FEPs and healthy controls.

3.2. Group differences in PAS

Significant differences in PAS were observed in the frontal,
temporal, parietal, and occipital cortices across groups re-
vealed by ANCOVA analysis (Figure S1).

Compared with healthy controls, FEPs showed de-
creased PAS in the left thalamus/pallidum, right hippocam-

pus/parahippocampus, right inferior frontal gyrus/insula,
right thalamus, and left inferior parietal lobule, and in-
creased PAS in the left calcarine, right superior occip-
ital gyrus/middle occipital gyrus, and right precentral
gyrus/postcentral gyrus (Fig. 1, Fig. S2, and Table 2). By
contrast, UHR subjects exhibited decreased PAS in the left
thalamus (Fig. 1 and Table 2).

3.3. Correlation results

For the patient group, the significance level was Bon-
ferroni corrected at p<0.05/8=0.00625 (for the eight
brain regions with abnormal PAS). A significantly negative
correlation was observed between the PAS values in the
right hippocampus/parahippocampus and the BVMT-R scores
(r=-0.364, p=0.002, Fig. 2). There were no other correla-
tions between abnormal PAS and clinical/cognitive variables
in the patients.

There were no correlations between abnormal PAS in the
left thalamus and clinical/cognitive variables in the UHR
subjects at Bonferroni corrected p < 0.05/1=0.05.

3.4. SVMresults

From the results of group differences in PAS, FEPs and UHR
subjects shared decreased PAS in the left thalamus. SVM
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Fig. 1 First-episode patients and UHR subjects shared decreased PAS in the left thalamus relative to healthy controls.

PAS = parameter of asymmetry; UHR = ultra-high risk for psychosis.

Table 2 Groups differences in PAS revealed by post hoc t-tests.

Cluster location Peak (MNI) Number of voxels T value
X y z

Patients vs controls

Left thalamus/pallidum —12 0 3 153 —5.9590

Right hippocampus/parahippocampus 24 —27 —6 58 —5.7283

Right inferior frontal gyrus/insula 39 15 9 62 —4.5632

Right thalamus 12 —6 6 48 —4.8372

Left inferior parietal lobule —-57 —57 42 46 —4.9015

Left Calcarine —27 —63 12 77 4.4272

Right Superior Occipital Gyrus/Middle Occipital Gyrus 21 —87 42 48 4.8396

Right precentral gyrus/postcentral gyrus 45 -30 60 49 4.2338

UHR subjects vs controls

Left thalamus —12 —6 6 24 —4.0143

PAS = parameter of asymmetry; UHR = ultra-high risk for psychosis.

was conducted by using the PAS values of the left thala-
mus. The results demonstrated that the PAS values of the
left thalamus could discriminate the patients from the con-
trols with a sensitivity of 68.42% (52 out of 76 patients were
correctly classified), a specificity of 81.69% (58 out of 71
controls were correctly classified), and a balanced accuracy
of 74.83% (110 out of 147 participants were correctly classi-
fied) (Fig. 3), whereas the sensitivity, specificity, and bal-
anced accuracy were 81.08% (60 out of 74 UHR subjects
were correctly classified), 42.25% (30 out of 71 controls
were correctly classified), and 62.07% (90 out of 145 par-
ticipants were correctly classified) for discriminating UHR
subjects from healthy controls (Fig. 4).

The SVM results were validated using the five-fold
cross-validation and permutation test methods. The global
balanced accuracy was 73.37% for classifying FEPs from
healthy controls using the five-fold cross-validation method,
whereas the global balanced accuracy was 62.38% for

classifying UHR subjects from healthy controls (Fig. 5). By
contrast, the global accuracy was 0.7347 (p<0.001) for
classifying FEPs from healthy controls using the permutation
test, whereas the global accuracy was 0.6207 (p=0.001) for
classifying UHR subjects from healthy controls.

4. Discussion

The predominant finding is that UHR subjects and FEPs share
decreased PAS in the left thalamus, which can be used to
discriminate UHR subjects/FEPs from healthy controls with
acceptable sensitivities. Furthermore, a negative correla-
tion is observed between decreased PAS in the right hip-
pocampus/parahippocampus and BYMT-R scores in the FEPs.

Thalamocortical dysconnectivity has been reported in
schizophrenia (Woodward et al., 2012). Reduced white mat-
ter connectivity between the thalamus and the prefrontal
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BVMT-R scores

0=

r = —0. 364
p = 0.002

I
-2.00 -1.00

PAS values in the right hippocampus/parahippocampus

Fig. 2 A significantly negative correlation was observed between the PAS values in the right hippocampus/parahippocampus and
the BVMT-R scores in the patients. PAS = parameter of asymmetry; BVMT-R = brief visuospatial memory test-revised.
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Fig. 3 Visualization of the SVM results for discriminating patients from controls using the PAS values in the left thalamus. Left: 3D
view of the classified accuracy with the best parameters; Right: Classified map of the PAS values in the left thalamus. SVM = support

vector machine; PAS = parameter of asymmetry.

cortex has also been observed (Cho et al., 2016; Kubota
et al., 2013; Marenco et al., 2012). Consistent with these
studies, the present study reveals decreased PAS in the left
thalamus in both UHR subjects and FEPs, indicating that dis-
rupted functional asymmetry in the left thalamus may start
at very early stage of psychosis. However, previous studies
do not know whether disrupted functional asymmetry orig-
inates from intra-hemispheric or inter-hemispheric FC. In

the present study, FC is divided into intra-hemispheric or
inter-hemispheric FCs for a given voxel. Then PAS is calcu-
lated with the formula (PAS = FCinter—FCintra). By using this
calculation, decreased PAS in the left thalamus indicates
that disrupted functional asymmetry may mainly originate
from decreased inter-hemispheric FC in both FEPs and UHR
subjects, and thus highlights the involvement of the left
thalamus in the pathophysiology of psychosis.
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Fig. 4 Visualization of the SVM results for discriminating UHR subjects from controls using the PAS values in the left thalamus.
Left: 3D view of the classified accuracy with the best parameters; Right: Classified map of the PAS values in the left thalamus.
SVM = support vector machine; UHR = ultra-high risk for psychosis; PAS = parameter of asymmetry.
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Fig. 5 The SVM results using the five-fold cross-validation method. Left: classifying FEPs from healthy controls; Right: classifying
UHR subjects from healthy controls. Cyan circle: correctly classified, Red circle: incorrectly classified, #: random threshold, B-

accuracy: balanced accuracy.

The SVM results further support decreased PAS in the left
thalamus as a very early marker for psychosis. Specially, the
sensitivities for classifying FEPs/UHR subjects from controls
are remarkable. The sensitivities are 68.42% for discriminat-
ing FEPs from controls and 81.08% for discriminating UHR
subjects from controls, which were validated using the five-
fold cross-validation and permutation test methods. Pre-
vious study suggests that a sensitivity of 70% is excellent
(Gong et al., 2014). According to this criterion, the sensi-
tivities are acceptable in the present study. Therefore, the
SVM results further indicate that decreased PAS in the left
thalamus may be applied as a very early marker for psy-
chosis. However, the specificity for discriminating UHR sub-
jects from controls is somewhat low. This finding may be
partially owing to attenuated symptoms and functional ab-
normalities in the UHR subjects.

The voxel-wise whole-brain analysis reveals increased
PAS in the sensorimotor regions and decreased PAS in
other cortical-subcortical regions in the patients relative
to the controls. Consistent with our finding, previous stud-

ies have observed reduced prefrontal-thalamic FC and en-
hanced motor/somatosensory-thalamic FC in schizophrenia
(Anticevic et al., 2014; Woodward et al., 2012). Similar
findings are also revealed in the UHR subjects by a recent
meta-analysis (Cooper et al., 2014). The present finding pro-
vides evidence that functional asymmetry of schizophrenia
may increase inter-hemispheric FC in the sensorimotor re-
gions and decrease inter-hemispheric FC in other cortical-
subcortical regions.

Dysfunction of the thalamocortical networks may at-
tribute to clinical and cognitive symptoms observed in
schizophrenia (Andreasen et al., 1998). The hippocampus
plays major roles in the consolidation of information from
short-term memory to long-term memory (Heckers, 2004),
and the parahippocampus acts as a key role in memory re-
trieval and encoding (Ferreira et al., 2003). Reductions in
the volume of hippocampus have been found in schizophre-
nia (Antoniades et al., 2018). Animal investigation sug-
gests that hippocampal dysfunction may introduce abnormal
dopamine release in the basal ganglia, thereby indirectly
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affecting information integration in the prefrontal cortex
(Goto and Grace, 2008). Hippocampal dysfunction may ac-
count for abnormalities in the long-term memory frequently
observed in schizophrenia (Boyer et al., 2007). Consistent
with this finding, a negative correlation is found between
decreased PAS in the right hippocampus/parahippocampus
and BVMT-R scores in the patients, and thus highlights the
role of the right hippocampus/parahippocampus in visu-
ospatial memory performance.

Several novel aspects are noted in the present study.
First, FC is divided into intra-hemispheric and inter-
hemispheric FCs, and thus the origination of functional
asymmetry can be determined from intra-hemispheric
or inter-hemispheric FCs. Second, voxel-wise whole-brain
analysis provides an unbiased FC analysis in the present
study, and some critical findings are revealed by this
method. Third, a group of UHR subjects is enrolled in the
present study. The findings from UHR subjects can help ex-
ploring early biomarkers for psychosis. Finally, a group of
patients with first-episode, drug-naive schizophrenia is re-
cruited in this study. The recruitment criterion can minimize
the confounding effects caused by medication use and long
illness duration.

The present paper has some limitations. First, the sample
size is hardly sufficient to allow strong conclusions about the
anomalies identified. Second, although cross-validation has
been used to gauge the reliability of the results, the lack of
an independent test set limits the prospective application
of the index developed in the clinical setting. Third, the
specificity of the UHR classification is very low, meaning that
many controls may be ascribed to the UHR group if we were
to use these indices for early screening. Fourth, it remains
interesting for further neuroimaging investigations that the
asymmetry in the thalamo-cortical connections yields some
predictive power. The accuracy of the results needs to be
carefully considered when interpreting the present results.

In conclusion, FEPs and UHR subjects share decreased PAS
in the left thalamus. This observed pattern of functional
asymmetry highlights the involvement of the thalamus in
the pathophysiology of psychosis and may also be applied as
a very early marker for psychosis.

Contributors

Drs. Guo W and Zhao J designed the study. Drs. Liu Y, Li H,
and Chen J collected the original imaging data. Drs. Guo W,
Liu F, and Yang R managed and analyzed the imaging data.
Drs. Guo W, Kennedy DN, and Zhu F wrote the first draft of
the manuscript. All the authors contributed to and approved
the final manuscript.

Conflict of interest
The authors declared no potential conflicts of interest with

respect to the research, authorship and/or publication of
this article.

Acknowledgments

The authors thank all individuals who served as the research
participants.

Role of funding source

This study was supported by grants from the Na-
tional Key R&D Program of China (2016YFC1307100 and
2016YFC1306900) and the National Natural Science Foun-
dation of China (Grant nos. 81571310, 81771447, and
81630033).

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.euroneuro.
2019.02.006.

References

Alexander, G.E., DeLong, M.R., Strick, P.L., 1986. Parallel organiza-
tion of functionally segregated circuits linking basal ganglia and
cortex. Annu. Rev. Neurosci. 9, 357-381.

Andreasen, N.C., Paradiso, S., O’Leary, D.S., 1998. "Cognitive dys-
metria” as an integrative theory of schizophrenia: a dysfunction
in cortical-subcortical-cerebellar circuitry? Schizophr. Bull. 24,
203-218.

Anticevic, A., Cole, M.W., Repovs, G., Murray, J.D., Brum-
baugh, M.S., Winkler, A.M., Savic, A., Krystal, J.H., Pearl-
son, G.D., Glahn, D.C., 2014. Characterizing thalamo-cortical
disturbances in schizophrenia and bipolar illness. Cereb. Cortex
24, 3116-3130.

Antoniades, M., Schoeler, T., Radua, J., Valli, I., Allen, P., Kemp-
ton, M.J., McGuire, P., 2018. Verbal learning and hippocampal
dysfunction in schizophrenia: a meta-analysis. Neurosci. Biobe-
hav. Rev. 86, 166-175.

Artiges, E., Martinot, J.L., Verdys, M., Attar-Levy, D., Mazoyer, B.,
Tzourio, N., Giraud, M.J., Paillere-Martinot, M.L., 2000. Altered
hemispheric functional dominance during word generation in
negative schizophrenia. Schizophr. Bull. 26, 709-721.

Boyer, P., Phillips, J.L., Rousseau, F.L., Ilivitsky, S., 2007. Hip-
pocampal abnormalities and memory deficits: new evidence of
a strong pathophysiological link in schizophrenia. Brain Res. Rev.
54, 92-112.

Buckner, R.L., Sepulcre, J., Talukdar, T., Krienen, F.M., Liu, H., Hed-
den, T., Andrews-Hanna, J.R., Sperling, R.A., Johnson, K.A.,
2009. Cortical hubs revealed by intrinsic functional con-
nectivity: mapping, assessment of stability, and relation to
Alzheimer’s disease. J. Neurosci. 29, 1860-1873.

Cannon, T.D., Cadenhead, K., Cornblatt, B., Woods, S.W., Adding-
ton, J., Walker, E., Seidman, L.J., Perkins, D., Tsuang, M., Mc-
Glashan, T., Heinssen, R., 2008. Prediction of psychosis in youth
at high clinical risk: a multisite longitudinal study in North Amer-
ica. Arch. Gen. Psychiatry 65, 28-37.

Cho, K.l., Shenton, M.E., Kubicki, M., Jung, W.H., Lee, T.Y.,
Yun, J.Y., Kim, S.N., Kwon, J.S., 2016. Altered thalamo-corti-
cal white matter connectivity: probabilistic tractography study
in clinical-high risk for psychosis and first-episode psychosis.
Schizophr. Bull. 42, 723-731.

Choi, J.S., Park, J.Y., Jung, M.H., Jang, J.H., Kang, D.H.,
Jung, W.H., Han, J.Y., Choi, C.H., Hong, K.S., Kwon, J.S., 2012.
Phase-specific brain change of spatial working memory pro-
cessing in genetic and ultra-high risk groups of schizophrenia.
Schizophr. Bull. 38, 1189-1199.

Cooper, D., Barker, V., Radua, J., Fusar-Poli, P., Lawrie, S.M., 2014.
Multimodal voxel-based meta-analysis of structural and func-
tional magnetic resonance imaging studies in those at elevated
genetic risk of developing schizophrenia. Psychiatry Res. 221,
69-77.


https://doi.org/10.13039/501100001809
https://doi.org/10.1016/j.euroneuro.2019.02.006
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0011

Functional asymmetry in UHR subjects and FEP

527

de Kwaasteniet, B., Ruhe, E., Caan, M., Rive, M., Olabarriaga, S.,
Groefsema, M., Heesink, L., van Wingen, G., Denys, D., 2013.
Relation between structural and functional connectivity in ma-
jor depressive disorder. Biol. Psychiatry 74, 40-47.

Dollfus, S., Razafimandimby, A., Delamillieure, P., Brazo, P., Jo-
liot, M., Mazoyer, B., Tzourio-Mazoyer, N., 2005. Atypical hemi-
spheric specialization for language in right-handed schizophre-
nia patients. Biol. Psychiatry 57, 1020-1028.

Fair, D.A., Bathula, D., Mills, K.L., Dias, T.G., Blythe, M.S.,
Zhang, D., Snyder, A.Z., Raichle, M.E., Stevens, A.A., Nigg, J.T.,
Nagel, B.J., 2010. Maturing thalamocortical functional connec-
tivity across development. Front Syst. Neurosci. 4, 10.

Federspiel, A., Begre, S., Kiefer, C., Schroth, G., Strik, W.K.,
Dierks, T., 2006. Alterations of white matter connectivity in first
episode schizophrenia. Neurobiol. Dis. 22, 702-709.

Ferreira, N.F., de Oliveira, V., Amaral, L., Mendonca, R., Lima, S.S.,
2003. Analysis of parahippocampal gyrus in 115 patients with
hippocampal sclerosis. Arq. Neuropsiquiatr. 61, 707-711.

First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.B.W., 1997. Struc-
tured Clinical Interview For DSM-1V Axis | Disorders (SCID). Amer-
ican Psychiatric Press, Washington, DC.

Fusar-Poli, P., Howes, O.D., Allen, P., Broome, M., Valli, I., As-
selin, M.C., Grasby, P.M., McGuire, P.K., 2010. Abnormal frontos-
triatal interactions in people with prodromal signs of psychosis:
a multimodal imaging study. Arch. Gen. Psychiatry 67, 683-
691.

Fusar-Poli, P., Radua, J., McGuire, P., Borgwardt, S., 2012. Neu-
roanatomical maps of psychosis onset: voxel-wise meta-anal-
ysis of antipsychotic-naive VBM studies. Schizophr. Bull. 38,
1297-1307.

Glahn, D.C., Laird, A.R., Ellison-Wright, I., Thelen, S.M., Robin-
son, J.L., Lancaster, J.L., Bullmore, E., Fox, P.T., 2008. Meta-
analysis of gray matter anomalies in schizophrenia: application
of anatomic likelihood estimation and network analysis. Biol.
Psychiatry 64, 774-781.

Gong, Q., Li, L., Tognin, S., Wu, Q., Pettersson-Yeo, W., Lui, S.,
Huang, X., Marquand, A.F., Mechelli, A., 2014. Using structural
neuroanatomy to identify trauma survivors with and without
post-traumatic stress disorder at the individual level. Psychol.
Med. 44, 195-203.

Goto, Y., Grace, A.A., 2008. Limbic and cortical information pro-
cessing in the nucleus accumbens. Trends Neurosci. 31, 552-558.

Guo, W., Jiang, J., Xiao, C., Zhang, Z., Zhang, J., Yu, L., Liu, J.,
Liu, G., 2014a. Decreased resting-state interhemispheric func-
tional connectivity in unaffected siblings of schizophrenia pa-
tients. Schizophr. Res. 152, 170-175.

Guo, W., Liu, F, Chen, J., Wu, R., Li, L., Zhang, Z., Chen, H.,
Zhao, J., 2018. Treatment effects of olanzapine on homotopic
connectivity in drug-free schizophrenia at rest. World J. Biol.
Psychiatry 19, 1-9.

Guo, W., Liu, F,, Liu, Z., Gao, K., Xiao, C., Chen, H., Zhao, J., 2012.
Right lateralized white matter abnormalities in first-episode,
drug-naive paranoid schizophrenia. Neurosci. Lett. 531, 5-9.

Guo, W., Xiao, C., Liu, G., Wooderson, S.C., Zhang, Z., Zhang, J.,
Yu, L., Liu, J., 2014b. Decreased resting-state interhemispheric
coordination in first-episode, drug-naive paranoid schizophre-
nia. Prog. Neuropsychopharmacol. Biol. Psychiatry 48, 14-
19.

Gur, R.E., Chin, S., 1999. Laterality in functional brain imaging
studies of schizophrenia. Schizophr. Bull. 25, 141-156.

Haber, S.N., 2003. The primate basal ganglia: parallel and integra-
tive networks. J. Chem. Neuroanat. 26, 317-330.

Hahamy, A., Calhoun, V., Pearlson, G., Harel, M., Stern, N., At-
tar, F., Malach, R., Salomon, R., 2014. Save the global: global
signal connectivity as a tool for studying clinical populations
with functional magnetic resonance imaging. Brain Connect. 4,
395-403.

Han, H.J., Jung, W.H., Jang, J.H., Hwang, J.Y., Kim, S.N.,
Byun, M.S., Lee, Y.J., Choi, C.H., Kwon, J.S., 2012. Reduced
volume in the anterior internal capsule but its maintained cor-
relation with the frontal gray matter in subjects at ultra-high
risk for psychosis. Psychiatry Res. 204, 82-90.

Heckers, S., 2004. The hippocampus in schizophrenia. Am. J. Psy-
chiatry 161, 2138-2139.

Heckers, S., Goff, D., Weiss, A.P., 2002. Reversed hemispheric
asymmetry during simple visual perception in schizophrenia.
Psychiatry Res. 116, 25-32.

Hoptman, M.J., Zuo, X.N., D’Angelo, D., Mauro, C.J., Butler, P.D.,
Milham, M.P., Javitt, D.C., 2012. Decreased interhemispheric
coordination in schizophrenia: a resting state fMRI study.
Schizophr Res. 141, 1-7.

Hur, J.W., Shin, N.Y., Jang, J.H., Shim, G., Park, H.Y., Hwang, J.Y.,
Kim, S.N., Yoo, J.H., Hong, K.S., Kwon, J.S., 2012. Clinical and
neurocognitive profiles of subjects at high risk for psychosis with
and without obsessive-compulsive symptoms. Aust. N. Z. J. Psy-
chiatry 46, 161-169.

Jung, W.H., Borgwardt, S., Fusar-Poli, P., Kwon, J.S., 2012. Gray
matter volumetric abnormalities associated with the onset of
psychosis. Front Psychiatry 3, 101.

Jung, W.H., Kim, J.S., Jang, J.H., Choi, J.S., Jung, M.H., Park, J.Y.,
Han, J.Y., Choi, C.H., Kang, D.H., Chung, C.K., Kwon, J.S., 2011.
Cortical thickness reduction in individuals at ultra-high-risk for
psychosis. Schizophr. Bull. 37, 839-849.

Ke, M., Zou, R., Shen, H., Huang, X., Zhou, Z., Liu, Z., Xue, Z.,
Hu, D., 2010. Bilateral functional asymmetry disparity in posi-
tive and negative schizophrenia revealed by resting-state fMRI.
Psychiatry Res. 182, 30-39.

Kim, H.S., Shin, N.Y., Jang, J.H., Kim, E., Shim, G., Park, H.Y.,
Hong, K.S., Kwon, J.S., 2011. Social cognition and neurocog-
nition as predictors of conversion to psychosis in individuals at
ultra-high risk. Schizophr. Res. 130, 170-175.

Kubota, M., Miyata, J., Sasamoto, A., Sugihara, G., Yoshida, H.,
Kawada, R., Fujimoto, S., Tanaka, Y., Sawamoto, N.,
Fukuyama, H., Takahashi, H., Murai, T., 2013. Thalamocortical
disconnection in the orbitofrontal region associated with corti-
cal thinning in schizophrenia. JAMA Psychiatry 70, 12-21.

Lamantia, A.S., Rakic, P., 1990. Cytological and quantitative char-
acteristics of four cerebral commissures in the rhesus monkey.
J. Comp. Neurol. 291, 520-537.

Li, R.R., Lyu, H.L., Liu, F, Lian, N., Wu, R.R., Zhao, J.P,
Guo, W.B., 2018. Altered functional connectivity strength and
its correlations with cognitive function in subjects with ul-
tra-high risk for psychosis at rest. CNS Neurosci. Ther. 24,
1140-1148.

Liu, Y., Guo, W., Zhang, Y., Lv, L., Hu, F, Wu, R., Zhao, J.,
2018. Decreased resting-state interhemispheric functional con-
nectivity correlated with neurocognitive deficits in drug-naive
first-episode adolescent-onset schizophrenia. Int. J. Neuropsy-
chopharmacol. 21, 33-41.

Malaspina, D., Harkavy-Friedman, J., Corcoran, C., Mujica-Par-
odi, L., Printz, D., Gorman, J.M., Van Heertum, R., 2004. Rest-
ing neural activity distinguishes subgroups of schizophrenia pa-
tients. Biol. Psychiatry 56, 931-937.

Marenco, S., Stein, J.L., Savostyanova, A.A., Sambataro, F.,
Tan, H.Y., Goldman, A.L., Verchinski, B.A., Barnett, A.S., Dickin-
son, D., Apud, J.A., Callicott, J.H., Meyer-Lindenberg, A., Wein-
berger, D.R., 2012. Investigation of anatomical thalamo-corti-
cal connectivity and FMRI activation in schizophrenia. Neuropsy-
chopharmacology 37, 499-507.

Matsumoto, H., Simmons, A., Williams, S., Hadjulis, M., Pipe, R.,
Murray, R., Frangou, S., 2001. Superior temporal gyrus abnor-
malities in early-onset schizophrenia: similarities and differ-
ences with adult-onset schizophrenia. Am. J. Psychiatry 158,
1299-1304.


http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0045

528

F. Zhu, Y. Liu and F. Liu et al.

Miller, T.J., McGlashan, T.H., Rosen, J.L., Cadenhead, K., Can-
non, T., Ventura, J., McFarlane, W., Perkins, D.O., Pearl-
son, G.D., Woods, S.W., 2003. Prodromal assessment with the
structured interview for prodromal syndromes and the scale of
prodromal symptoms: predictive validity, interrater reliability,
and training to reliability. Schizophr. Bull. 29, 703-715.

Miller, T.J., McGlashan, T.H., Rosen, J.L., Somjee, L.,
Markovich, P.J., Stein, K., Woods, S.W., 2002. Prospective
diagnosis of the initial prodrome for schizophrenia based on
the Structured Interview for Prodromal Syndromes: preliminary
evidence of interrater reliability and predictive validity. Am. J.
Psychiatry 159, 863-865.

Minzenberg, M.J., Laird, A.R., Thelen, S., Carter, C.S., Glahn, D.C.,
2009. Meta-analysis of 41 functional neuroimaging studies of
executive function in schizophrenia. Arch. Gen. Psychiatry 66,
811-822.

Mueller, S., Wang, D., Pan, R., Holt, D.J., Liu, H., 2015. Abnormali-
ties in hemispheric specialization of caudate nucleus connectiv-
ity in schizophrenia. JAMA Psychiatry 72, 552-560.

Peters, B.D., Schmitz, N., Dingemans, P.M., van Amelsvoort, T.A.,
Linszen, D.H., de Haan, L., Majoie, C.B., den Heeten, G.J.,
2009. Preliminary evidence for reduced frontal white matter
integrity in subjects at ultra-high-risk for psychosis. Schizophr.
Res. 111, 192-193.

Power, J.D., Barnes, K.A., Snyder, A.Z., Schlaggar, B.L., Pe-
tersen, S.E., 2012. Spurious but systematic correlations in func-
tional connectivity MRI networks arise from subject motion.
Neuroimage 59, 2142-2154.

Sears, L.L., Andreasen, N.C., O’Leary, D.S., 2000. Cerebellar func-
tional abnormalities in schizophrenia are suggested by classical
eyeblink conditioning. Biol. Psychiatry 48, 204-209.

Sergent, J., Bindra, D., 1981. Differential hemispheric processing of
faces: methodological considerations and reinterpretation. Psy-
chol. Bull. 89, 541-554.

Shenton, M.E., Dickey, C.C., Frumin, M., McCarley, R.W., 2001. A
review of MRI findings in schizophrenia. Schizophr. Res. 49, 1-52.

Smieskova, R., Fusar-Poli, P., Allen, P, Bendfeldt, K.,
Stieglitz, R.D., Drewe, J., Radue, E.W., McGuire, PK.,
Riecher-Rossler, A., Borgwardt, S.J., 2010. Neuroimaging
predictors of transition to psychosis-a systematic review and
meta-analysis. Neurosci. Biobehav. Rev. 34, 1207-1222.

Sommer, I., Ramsey, N., Kahn, R., Aleman, A., Bouma, A., 2001a.
Handedness, language lateralisation and anatomical asymmetry
in schizophrenia: meta-analysis. Br. J. Psychiatry 178, 344-351.

Sommer, I.E., Ramsey, N.F., Kahn, R.S., 2001b. Language lateraliza-
tion in schizophrenia, an fMRI study. Schizophr. Res. 52, 57-67.

Song, X.W., Dong, Z.Y., Long, X.Y., Li, S.F., Zuo, X.N., Zhu, C.Z.,
He, Y., Yan, C.G., Zang, Y.F., 2011. REST: a toolkit for resting-s-
tate functional magnetic resonance imaging data processing.
PLoS One 6, €25031.

Swerdlow, N.R., 2010. Integrative circuit models and their im-
plications for the pathophysiologies and treatments of the
schizophrenias. Curr. Top. Behav. Neurosci. 4, 555-583.

Wang, H., Guo, W., Liu, F., Wang, G., Lyu, H., Wu, R., Chen, J.,
Wang, S., Li, L., Zhao, J., 2016a. Patients with first-episode,
drug-naive schizophrenia and subjects at ultra-high risk of psy-
chosis shared increased cerebellar-default mode network con-
nectivity at rest. Sci. Rep. 6, 26124.

Wang, S., Wang, G., Lv, H., Wu, R., Zhao, J., Guo, W., 2016b. Ab-
normal regional homogeneity as potential imaging biomarker for
psychosis risk syndrome: a resting-state fMRI study and support
vector machine analysis. Sci. Rep. 6, 27619.

Welsh, R.C., Chen, A.C., Taylor, S.F., 2010. Low-frequency BOLD
fluctuations demonstrate altered thalamocortical connectivity
in schizophrenia. Schizophr. Bull. 36, 713-722.

Woodward, N.D., Karbasforoushan, H., Heckers, S., 2012. Thalamo-
cortical dysconnectivity in schizophrenia. Am. J. Psychiatry 169,
1092-1099.

Yan, C.G., Wang, X.D., Zuo, X.N., Zang, Y.F., 2016. DPABI: data pro-
cessing & analysis for (resting-state) brain imaging. Neuroinfor-
matics 14, 339-351.

Yung, A.R., McGorry, P.D., McFarlane, C.A., Jackson, H.J., Pat-
ton, G.C., Rakkar, A., 1996. Monitoring and care of young people
at incipient risk of psychosis. Schizophr. Bull. 22, 283-303.

Yung, A.R., Nelson, B., Stanford, C., Simmons, M.B., Cos-
grave, E.M., Killackey, E., Phillips, L.J., Bechdolf, A., Buckby, J.,
McGorry, P.D., 2008. Validation of "prodromal” criteria to de-
tect individuals at ultra high risk of psychosis: 2 year follow-up.
Schizophr. Res. 105, 10-17.

Zhu, F., Liu, F., Guo, W., Chen, J., Su, Q., Zhang, Z., Li, H.,
Fan, X., Zhao, J., 2018. Disrupted asymmetry of inter- and in-
tra-hemispheric functional connectivity in patients with drug-
naive, first-episode schizophrenia and their unaffected siblings.
EBioMedicine 36, 429-435.


http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0057
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0057
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0057
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0057
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0059
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0059
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0061
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0062
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0062
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0062
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0062
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0063
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0063
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0063
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0063
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0064
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0064
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0064
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0064
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0064
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0065
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0066
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067
http://refhub.elsevier.com/S0924-977X(19)30163-4/sbref0067

	Functional asymmetry of thalamocortical networks in subjects at ultra-high risk for psychosis and first-episode schizophrenia
	1 Introduction
	2 Experimental procedures
	2.1 Participants
	2.2 Scan acquisition and preprocessing
	2.3 Calculation of PAS
	2.4 Statistical analyses
	2.5 Correlation analyses
	2.6 Support vector machine (SVM) analysis

	3 Results
	3.1 Characteristics of the participants
	3.2 Group differences in PAS
	3.3 Correlation results
	3.4 SVM results

	4 Discussion
	Contributors
	Conflict of interest
	Acknowledgments
	Role of funding source
	Supplementary materials
	References


