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Schizophrenia (SCZ) is a severe neuropsychiatric disease associated with dysfunction of brain regions and net-
works. Recent, functional magnetic resonance imaging (fMRI) studies have determined that the global signal
(GS) is an important source of the local neuronal activity. However, the dynamics of this effect in SCZ remains
unknown. To address this issue, 39 drug-naive patients with early-onset schizophrenia (EOS) and 31 age-,
gender- and education-matched healthy controls underwent resting-state fMRI scans. Dynamic functional con-
nectivity (DFC) was employed to assess the dynamic patterns of the GS in EOS. Dynamic analysis demonstrated
that the topography of the GS in EOS can be divided into five different states. In the state1, the GSmainly affected
the sensory regions. In the state2, the GSmainly affected the default mode network (DMN). In the state3, the GS
mainly affected the frontoparietal network and the cingulate-opercular network. In the state4, the GSmainly af-
fected the sensory and subcortical regions. In the state5, the GSmainly affected the sensory regions and DMN. In
particular, the changes in the cerebellum, putamen and supramarginal gyrus was inversely proportional to the
clinical symptoms. Our findings demonstrate that the influence of the GS on brain networks is dynamic and
changes of this relationship may associate with clinical behavior in SCZ.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia (SCZ) is a devastating and chronically debilitating
brain disorder characterized by abnormal activity in local regions and
networks (Heuvel and Fornito, 2014; Lancaster and Hall, 2016; Liao
et al., 2018a;Mp et al., 2013). However, these abnormalities are often af-
fected by multiple factors including environment, age and drugs in the
pathological process (Erp et al., 2018; Liao et al., 2018a). Early-onset
schizophrenia (EOS) provides an exceptional opportunity to explore
the neuropathology of schizophrenia free from the potential confounds
of prolonged periods of medication and disease interactions with age-
related neurodegeneration (Epstein et al., 2014; Tonya et al., 2008;
Wang et al., 2017; Zheng et al., 2017). Many studies have focused on ex-
ploration of the blood oxygen level-dependent (BOLD) signals in SCZ
patients via functional magnetic resonance imaging (fMRI).
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fMRI studies have captured differences in the BOLD signals between
SCZ patients and healthy controls (HCs) in both task and resting states
(Lowe, 2012). For example, by analyzing the variability of the BOLD sig-
nal in SCZ, Yang et al. found that the BOLD signal fluctuations in gray
matter aremore temporally variable in comparisonwith HCs, especially
in the association regions (Yang et al., 2014b). Spatially specific changes
in cortical BOLD patternsmay represent a disruption in basic brain func-
tions in SCZ and suggest that altered BOLD variability may impact func-
tional connectivity estimates (Yang et al., 2014b). However, this
conjecture is complicated by the use of global signal (GS) regression
for resting-state fMRI (rs-fMRI) data (Fox et al., 2009b).

The GS is defined as the spatial average of time-varying BOLD signals
across the brain. This signal is believed to reflect non-neuronal noise in
many fMRI studies (Power et al., 2014; Power et al., 2016). Recently,
however, controversy in the application of the GS to rs-fMRI analyses
has been raised (Fox et al., 2009a; Murphy and Fox, 2016; Yang et al.,
2016; Yang et al., 2014a) because the GS has also been showed to reflect
important neurobiological information. For example, Wong et al. found
that caffeine can lead to reductions in global amplitude and that this
changed global signal amplitude is related to electroencephalographic
vigilance in HCs (Chi et al., 2016; Wong et al., 2013). Yang et al. also
found that the variability of the GS in patients with schizophrenia are
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Table 1
Demographic and clinical characteristics.

Demographics, mean (SD) EOS N = 35 Control N = 30 P value

Age (year) 15.5 (1.8) 15.3 (1.6) 0.57a

Gender (male/female) 20/15 13/17 0.27b

Education (years) 8.5 (1.48) 8.7 (1.42) 0.605a

Duration of psychosis (months) 16.0 (14.4) – –
Handedness (right/left) 35/0 30/0 –
PANSS positive symptoms 20.42 (5.72) – –
PANSS negative symptoms 20.91 (8.41) – –
PANSS general symptoms 33.28 (6.69) – –
PANSS total symptoms 74.62 (10.61) – –

Pa-value was obtained by two-sample t-test.
Pb-value was obtained by χ2 two-tailed test.
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related to schizophrenia symptoms (Yang et al., 2017; Yang et al.,
2014b). Similar results have been obtained in studies on the autism
spectrum (Gotts et al., 2012) and major depressive disorder (Zhu
et al., 2018). These studies suggest that the GS is not merely
nonneuronal physiological noise but also an important source of the
neuronal activity itself, thus may contain important clinical information
on psychiatric disorders.Moreover, the spatial topography of theGS, the
representation of the GS in specific regions, has also been examined
(Wen and Liu, 2016; Yang et al., 2016) and proposed a hypothesis that
the clinical behavior are affected by this Spatiotemporal Psychopathol-
ogy (Zhang et al., 2018). However, studies about the dynamic character-
istics of this hypothesis is still lacking. Using a dynamic method to
explore the spatiotemporal properties of the GS in EOS may provide a
new way to understand the psychopathology in SCZ.

The current study aimed to assess the dynamic topography of the GS
in EOS. The dynamic functional connectivity (DFC) method was
employed to investigate the dynamic properties of the GS topography
and two-sample t-tests were used for statistical analyses. The relation-
ship between the aberrance and clinical symptoms was then investi-
gated to test the contributions of pattern-specific alterations in
coordination to the clinicopathology of EOS.
Fig. 1. Static topography of the GS and difference between the EOS and HC groups. (A) Surface v
EOS group. The T-maphighlights positive FC values and covers virtually the entire brain. (B) GS r
GS, global signal; EOS, early-onset schizophrenia; HC, healthy control; FC, functional connectiv
2. Materials and methods

2.1. Participants

A total of 39 patients with EOS and 31 age-, gender-, education-, and
IQ-matched healthy adolescents were enrolled from the Second Affili-
ated Hospital of Xinxiang Medical University. All participants aged be-
tween 12 and 18 years, right-handed Han Chinese and had received
N6 years of formal education. Exclusion criteria for all participants
consisted of: (1) any past or current neurological disorders or family
history of hereditary neurological disorders; (2) history of head injury
with loss of consciousness; (3) alcohol or substance abuse; (4) claustro-
phobia; (5) MRI contraindications. Patients had to fulfill the following
inclusion criteria: (1) diagnosis of schizophrenia according to DSM
criteria (DSM-VI-TR); (2) no co-morbid Axis I diagnosis; (3) duration
of illness b2 years; (4) no current or previous antipsychotic medication.
Clinical symptoms were independently assessed by 2 experienced psy-
chiatrists using DSM-VI based structured interviews (SCID-I/Patient
version). To validate the initial diagnosis, all patients were re-assessed
6 months after the initial diagnostic interview (Li et al., 2018b; Wang
et al., 2017). Clinical symptomatology was further evaluated using the
Positive and Negative Syndrome Scale (PANSS).

This study was approved by the Ethics Committee of the Second Af-
filiated Hospital of Xinxiang Medical University, and informed written
consents were obtained from all subjects.

2.2. Data acquisition

All subjects were instructed to rest with their eyes closed, not to
think of anything in particular, and not to fall asleep during the rs-
fMRI scan. fMRI data were acquired using the 3 T MRI scanner (Sie-
mens-Trio, Erlangen, Germany) in the Second Affiliated Hospital of Xin-
xiang Medical University. Scanning and clinical assessments were
performed in one day. Functional images were collected transversely
using an echo-planar imaging (EPI) sequence with the following
isualization of group-level T-map computed across groups, left is the HC group, right is the
epresentation is spatially altered in EOS. Cool color represents lower FC in the EOS thanHC.
ity.



Table 2
Altered static topography of the GS in EOS compared with HC group.

Brain areas L/R Cluster size T-value Peak
coordinate

voxels X Y Z

EOS b HC Superior temporal gyrus R 112 −4.09 51 −9 −12

Statistical significance level is corrected for multiple comparisons using GRF theory with
voxel significant p b 0.01, cluster significant p b 0.05. The peak coordinate is defined in
MNI space. L, left. R, right.
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settings: TR/TE= 2000/30ms, flip angle= 90°, FOV= 220 × 220mm2,
slices = 33, matrix = 64 × 64, interslice gap = 0.6 mm, and voxel size
= 3.44 × 3.44 × 4 mm3. The scan lasted for 480 s for each subject, and
240 volumes were acquired.

2.3. Image pre-processing

Data pre-processing was conducted using Statistical Parametric
Mapping software (SPM8, http://www.fil.ion.ucl.ac.uk/spm8) following
the steps of previous studies (Damaraju et al., 2014a; Fox et al., 2009b):
(1) slice-time correction, (2)first 10 images removed fromeach run and
(3) rigid-body motion correction. Four patients and one HC with head
motion scans exceeding 2 mm or 1° rotation were excluded. The
Fig. 2. Dynamic topography of the GS. DFC maps were clustered into fi
corrected images were subsequently normalised according to the stan-
dard SPM8 Montreal Neurological Institute (MNI) template and
resampled to 3 × 3 × 3 mm3 voxel size. Given that the resting-state
GS is sensitive to minor head movements, all BOLD images were re-
quired to pass stringent quality assurance criteria: (i) signal-to-noise ra-
tios (SNRs N100), which were computed following previous study (Fox
et al., 2009b) and (ii) movement scrubbing. Here, we calculated the
mean frame-wise displacement (FD) to determine the comparability
of head movements across groups further. The largest mean FD of
each subject was b0.3 mm and two-sample t-test showed that there
was no significant difference in the mean FD between the two groups
(HC: 0.09 ± 0.05; EOS: 0.10 ± 0.03. mean ± SD, p = 0.33). “Bad”
time points (FD N 0.5 mm) as well as their 1-back and 2-forward time
points were then scrubbed and interpolated by spline interpolation
(Braun et al., 2016; Power et al., 2012). The resulting images were de-
trended and filtered. Finally, Friston 24 motion parameters, cerebrospi-
nal fluid, andwhitematter signals were included in themultiple regres-
sionmodel to reduce the effects of headmotion and non-neuronal BOLD
fluctuations (Friston et al., 1994; Liao et al., 2018c).

2.4. Analysis of the static topography of the GS

Wemeasured the static topography of the GS by using pairwise cor-
relation between the GS time course and each voxel time course. The GS
ve states. GS, global signal; DFC, dynamic functional connectivity.

http://www.fil.ion.ucl.ac.uk/spm8


Fig. 3. Temporal properties of the GS topography in the EOS and HC groups. The red color and green color represent the EOS and HC groups, respectively.
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time series for each subject was obtained by calculating the mean pre-
processed BOLD signal averaged over all gray matter voxels for each
time point, explicitly excluding ventricles and white matter signals.
The correlation coefficients were then converted into z-values using
Fisher's r-to-z transformation. In this work, the correlation map was
computed by the FC method and the result was referred to as the sta-
tionary or static topography of the GS.
Table 3
Alterations of the GS topography in EOS at different states.

State Brain areas L/R Cluster
size

T-value Peak coordinate

voxels X Y Z

State1 EOS b

HC
Middle temporal
gyrus

R 85 −4.15 54 −66 6

State2 EOS b

HC
Middle temporal
gyrus

L 70 −3.67 −60 −18 −12

Precuneus L 80 −3.41 −3 −51 45
State3 EOS N

HC
Cerebellum crus1 L 58 4.15 −33 −72 −24
Middle cingulate
gyrus

L 45 2.77 0 −6 33

State4 EOS N

HC
Putamen R 51 2.80 36 −15 −6
Precuneus R 70 3.14 −15 −51 66
Supramarginal
gyrus

R 61 2.76 57 −36 39

State5 EOS b

HC
Calcarine L 124 −3.33 0 −87 0

Statistical significance level is corrected for multiple comparisons using GRF theory with
voxel significant p b 0.01, cluster significant p b 0.05. The peak coordinate is defined in
MNI space. L, left. R, right.
2.5. Analysis of the dynamic topography of the GS

To identify the dynamic patterns of the GS, we used a sliding
window-based analytical method in the DynamicBC toolbox (Liao
et al., 2018b; Liao et al., 2014; Liu et al., 2017). In sliding windows anal-
ysis, window length is an open area of research and an important pa-
rameter. In this work, we used the “rule of thumb”, the minimum
window length should be no less than 1

�
f min

(fminwas theminimum fre-

quency of the correlating time courses) (Li et al., 2018a; Liao et al.,
2018b), because short time segments would introduce spurious fluctu-
ations (Leonardi and Van, 2015; Li et al., 2018c). We chose 50 TRs
(100 s) as the sliding window length and shifted with a step size of 10
TRs (20s) followed the prior study (Li et al., 2018c). We also tried
other parameters (widow width = 30TRs/40TRs, step = 10TRs and
widow width = 50TRs, step = 2TRs/5TRs) to further examine the pos-
sible effects on the results. Then, we obtained 19windows for each par-
ticipant in total. In each sliding window, we computed the temporal
correlation coefficient between the GS signal and each cortical voxel in
the gray mask. Consequently, a set of sliding window correlation maps
were created for each subject. Fisher's Z transformation was applied to
all of the correlation maps to improve the normality of the correlation
distribution (Yong et al., 2008; Zalesky et al., 2015).
2.6. Clustering

Based on our observation that patterns of global signal reoccur
across windows and subjects, we used a k-means method to cluster
the dynamic correlation maps, partitioning the data into a set of sepa-
rate clusters to maximize the correlation within a cluster to the cluster
centroid (Damaraju et al., 2014a). The optimal number of centroid
states was estimated using the elbow criterion (Allen et al., 2014). A k
of 5 was obtained using this method in a search cluster of k from 2 to
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9. The correlation coefficient was chosen as it is more sensitive to the
connectivity pattern regardless of magnitude (Damaraju et al., 2014a;
Li et al., 2018d). We also tried other parameters (widow width =
30TRs/40TRs, step =10TRs and widow width = 50TRs, step = 2TRs/
5TRs) to further examine the possible effects on clustering (Fig. S3).

2.7. Dynamic topological metrics

To examine the temporal properties of DFC states, we assessed three
commonly summary metrics including mean dwell time, fractional
Fig. 4.Altered dynamic topography of the GS in EOS group comparedwith HC group. Cool color
early-onset schizophrenia; HC, healthy control.
windows and number of transitions. The mean dwell time represents
how long the participant stayed in a certain state, which was calculated
by averaging the number of consecutive windows belonging to one
state before changing to the other state. The fractional window is the
proportion of time spent in each state as measured by percentage. The
number of transitions represents howmany times either state changed
from one to the other, counting the number of times a switch occurred,
with more transitions representing less stability over time (Kim et al.,
2017). The significance of thesemetrics between theHC and EOSgroups
was tested using two-sample t-tests.
represents lower FC in the EOS than HC. GS, global signal; FC, functional connectivity; EOS,
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2.8. Statistical analysis

For each state, one-sample t-test was performed for each group. The
significance level was set to p b 0.05 (Gaussian random field (GRF)
corrected) (Wenbin et al., 2015). Differences in the static topography
of the GS between the EOS and HC groups were measured using the
two-sample t-test analysis. To examine the differences in spatiotempo-
ral properties of the GS between the two groups, two-sample t-test
analysiswas employed. Given that age and gendermay affect the results
in SCZ, they were considered as covariates in the above analyses
(Maccabe et al., 2004). GRF theory was used for correction of cluster-
level multiple comparisons (voxel significance p b 0.01, cluster signifi-
cance p b 0.05). Brain regions showing significant differences based on
the results of two-sample t-test during the dynamic analysis were de-
fined as regions of interests (ROIs) for the following analysis. ROIs
were defined as a 6 mm spheres with a centre at the peak position of
statistical difference. Correlation analysis was then performed between
the mean FC in the ROIs and the PANSS scores of the EOS patients.

3. Results

3.1. Demographics and clinical symptoms

There were no significant differences were found in gender, age, and
years of education between the EOS and HC groups. For the patient
Fig. 5. Correlation between regions showed altered synchronism and clinical scale of symptom
over the data after removing outliers.
group, the mean duration of illness was 16.0 months (SD = 14.4)
(Table 1).

3.2. Static topography of the GS

The static topography of the GS is showed in Fig. 1. The static topog-
raphy of the GS in the EOS and HC groups showed a non-uniform distri-
bution. The static topography of the GS was significantly lower in the
EOS group compared with the healthy control group. Reduced FC was
mainly found in the right superior temporal gyrus (Table 2) (GRF cor-
rection: voxel significant p b 0.01, cluster significant p b 0.05).

3.3. Dynamic topography of the GS

The dynamic spatial patterns of the GS are showed in Fig. 2. DFC
maps were classified into five spatial patterns. State1 mainly included
the temporal lobe, occipital lobe and inferior parietal lobule. State2
mainly included the posterior cingulate gyrus, anterior cingulate
gyrus, middle temporal gyrus, frontal lobe, thalamus, angular. State3
mainly included the temporal pole, subcortical, middle frontal gyrus,
cingulate gyrus, supramarginal gyrus, cerebellum and inferior parietal
gyrus. State4 mainly included the temporal lobe, parietal-motor re-
gions, occipital lobe, middle frontal gyrus and subcortical regions.
State5 mainly included the temporal pole, occipital lobe, superior fron-
tal gyrus medial orbital, thalamus, posterior cingulate gyrus and
s in patients with EOS (p b 0.05, uncorrected). Shepherd's pi correlations were calculated
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precentral gyrus. Specially, we found the state5 was most similar to the
static GS topography (The correlation between all states and the static:
state1: r = 0.51; state2: r = 0.68; state3: r = 0.64; state4: r = 0.55;
state5: r = 0.75).

3.4. Temporal properties of the GS topography

As showed in the Fig. 3, significant group differences were identified
in themean dwell time in state1 and state4. Specifically, themeandwell
time in the state1 was significantly longer in the EOS group compared
with the healthy control group (mean ± SD windows, for HC: 3.57±
1.06; for EOS patients: 4.68 ± 1.21, p b 0.05, uncorrected). In contrast,
the mean dwell time in the state4 was significantly shorter in the EOS
group compared to the healthy control group (mean ± SD windows,
for HC: 5.27 ± 1.31; for EOS patients: 4.11 ± 1.63, p b 0.05,
uncorrected).

3.5. Alterations of the GS topography in EOS at different states

Prior work shows that the GS and spatial pattern of the GS represen-
tation are altered in SCZ relative to HCs (Yang et al., 2017; Yang et al.,
2014b). We thus hypothesised that the spatial pattern of the GS in
EOS is also altered and the changing is dynamic. To test the hypotheses,
we computed a T-map comparing the EOS group with the HC group at
different patterns (Table 3). The results revealed that in state1, patients
with EOS showed decreased FC in the right middle temporal gyrus
(GRF: voxel significant p b 0.01, cluster significant p b 0.05). In state2,
patients with EOS showed reduced FC in the left middle temporal
gyrus and left precuneus (GRF correction: voxel significant p b 0.01,
cluster significant p b 0.05). In state3 patients with EOS showed in-
creased FC in the left cerebellum crus 1 and left middle cingulate
gyrus (GRF correction: voxel significant p b 0.01, cluster significant p b

0.05). In state4, patients with EOS showed increased FC in the right pu-
tamen, right precuneus, and right supramarginal gyrus (GRF correction:
voxel significant p b 0.01, cluster significant p b 0.05). Finally, in state5,
patients with EOS showed reduced FC in the left calcarine (GRF correc-
tion: voxel significant p b 0.01, cluster significant p b 0.05) (see Fig. 4).

3.6. Correlation with clinical symptoms

Shepherd's pi correlation, defined by Rousselet and Pernet, was cal-
culated between the FC of the ROIs in the different states and PANSS
scores after removal of potential outliers (Rousselet and Pernet, 2012;
Schwarzkopf et al., 2012). In the Fig. 5 the left cerebellum crus1with re-
duced FC is significantly negatively correlated with the negative PANSS
scores in state 3. In state4, the right supramarginal gyrus with reduced
FC is significantly negatively correlatedwith the general and total scores
of PANSS, and the right putamen with reduced FC shows a significantly
negatively correlation with the total scores of PANSS.

4. Discussion

In this study, we used the DFC method to investigate the dynamic
changes in the GS topography in EOS patients. We identified five differ-
ent topography patterns of the GS. Patients with EOS showed state-
specific differences compared with the HC group. Differences in the
left cerebellum crus1, right putamen and supramarginal gyruswere sig-
nificantly correlated with the clinical symptoms in state3 and state4.
Our findings shed lights on the neuronal mechanisms of psychopatho-
logical symptoms in EOS, and its relevance in the dynamic relationship
between global and networks activities for behavior in general.

4.1. Static topography of the GS in EOS

Different and non-uniform distributions of the GS topography were
found in the HC and EOS groups. In the right superior temporal gyrus,
EOS patients showed significantly lower FC compared with the HC.
We also used the Power's template to divide the association regions
and sensory regions for comparison, but no positive result was found
(S4). These inconsistent resultsmay be due to the sample selection. Pre-
vious research had found inconsistent results between adult-onset
(Yong et al., 2008) and early-onset (Alexander-Bloch et al., 2010)
schizophrenia in the global topological properties. The current findings
supported the hypothesis that the GS topography abnormalities exist in
SCZ patients, and suggest that the abnormalities of the GS topography
may related with the different SCZ samples.

4.2. Altered dynamic topography of the GS in EOS

The dynamic patterns of the GS were divided into five different
states by clustering all of the topographymaps acrosswindows and sub-
jects. State1 mainly includes the visual cortex, the auditory cortex and
the somatosensory cortex. State2mainly includes the defaultmode net-
work (DMN). State3 mainly includes the frontoparietal network and
cingulate-opercular network. State4mainly includes the somatosensory
cortex, the visual cortex, the auditory cortex and subcortical regions.
State5 mainly includes the posterior-DMN, the somatosensory cortex
and the visual cortex.

4.2.1. Altered temporal properties of the dynamic topography
Then, we made statistics on the temporal properties of the five

states. Results revealed that EOS patients showed longer mean dwell
time in the state1 and shorter mean dwell time in the state4 compared
with HC. According to the spatial distribution (Admon et al., 2015;
Fornito et al., 2013) of the different states, we found that the state1
mainly includes the sensory regions and the state4 mainly includes
the sensory and subcortical network. Sensory network, as an important
functional network, senses and integrates information from inside and
outside the brain (Javitt, 2009). The subcortical regions are involved in
information processing and regulation (Johnstone et al., 2007). The dys-
function of them is thought to be associatedwith the positive symptoms
in SCZ patients (Keshavan et al., 2014). Our results provide a new possi-
ble mechanism for the abnormal activity of sensory and subcortical re-
gions in SCZ.

4.2.2. State-specific differences between the EOS and HC groups
State-specific differences between the EOS and HC groups were fur-

ther detected. In state1 patients with EOS showed reduced FC in the
right middle temporal gyrus. Middle temporal gyrus plays an integra-
tive role in visual and auditory information, and its structural and func-
tional abnormalities are commonly reported in SCZ (Hu et al., 2013),
and the dysfunction of it was thought to be associated with the positive
symptoms in SCZ, such as hallucination (Cui et al., 2017). In the state2,
patients showed decreased FC in the left middle temporal gyrus and
left precuneus. The precuneus, as important region of DMN, is consid-
ered the center of a wide spectrum of highly integrated tasks (Utevsky
et al., 2014). In the state3, patients with EOS showed increased FC in
the left cerebellum crus1 and left middle cingulate gyrus. Cerebellum
crus1 is involved in processing, especially in the sensorimotor control,
is related to schizophrenia (Wang et al., 2017). In the state4, patients
showed increased FC in the right putamen, right precuneus and right
supramarginal gyrus.

Our findings are in line with the results of previous studies
(Damaraju et al., 2014b; Murray and Anticevic, 2016; Rashid et al.,
2016), that is, schizophrenia is associated with abnormalities in the do-
pamine and the sensory systems. Moreover, in the state5, patients with
EOS showed decreased FC in the left calcarine. Calcarine is an important
part of the primary visual cortex involving the visual processing (Celesia
et al., 1980). Our results provide a new possible neural mechanism to
explain the functional abnormalities of different brain regions and net-
works in SCZ.
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4.3. Correlation analysis

In state3, the changes in the FC in the left cerebellum crus1 corre-
latedwith the scores of PANSS. In the state4, changes in the FC in the pu-
tamen and supramarginal gyrus correlated with the scores of PANSS.
The current findings suggest the clinical symptoms are consequently
dominated by sensorimotor and dopamine system regions and the psy-
chopathological symptoms could be traced to an abnormal spatial struc-
ture in the topographical distribution of the GS. Our results provided
new supplement for the hypothesis that the abnormalities in SCZ is af-
fected in Spatiotemporal Psychopathology.

5. Limitation

The limitations of the current study should be considered. The size of
our sample was relatively small. However, given that the incidence of
the EOS, it is comparable. A larger size of sample is needed to confirm
the results in the current study. In the data collection design, we did
not consider the physiological noise (cardiovascular and respiratory),
which may lead to some inconsistent results compared with the previ-
ous study. In the following research, we will refine our experimental
design.

6. Conclusion

In this study, we explored alterations in dynamic topography of the
GS in EOS. Five different patterns were found. State-specific differences
were also found mainly in the sensorimotor network, the subcortical
network and the default mode network. A significant negative correla-
tion between the altered FC and clinical symptoms at a specific state
was found in the cerebellum, putamen, and supramarginal gyrus,
thereby, implying that the clinical symptoms are related to the altered
dynamic spatial structure in the topographical distribution of the GS.
Our observations may provide potential implications for exploring in
schizophrenia further.
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