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Neurological soft signs (NSS) are often found in patients
with schizophrenia. A wealth of neuroimaging studies
have reported that NSS are related to disturbed cortical-
subcortical-cerebellar circuitry in schizophrenia. However,
the association between NSS and brain network abnor-
malities in patients with schizophrenia remains unclear.
In this study, the graph theoretical approach was used to
analyze brain network characteristics based on structural
magnetic resonance imaging (MRI) data. NSS were as-
sessed using the Heidelberg scale. We found that there was
no significant difference in global network properties be-
tween individuals with high and low levels of NSS. Regional
network analysis showed that NSS were associated with
betweenness centrality involving the inferior orbital frontal
cortex, the middle temporal cortex, the hippocampus, the
supramarginal cortex, the amygdala, and the cerebellum.
Global network analysis also demonstrated that NSS were
associated with the distribution of network hubs involving
the superior medial frontal cortex, the superior and middle
temporal cortices, the postcentral cortex, the amygdala,
and the cerebellum. Our findings suggest that NSS are
associated with alterations in topological attributes of
brain networks corresponding to the cortical-subcortical-
cerebellum circuit in patients with schizophrenia, which
may provide a new perspective for elucidating the neural
basis of NSS in schizophrenia.
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Introduction

Neurological soft signs (NSS), subtle neurological ab-
normalities of motor and sensory function, are fre-
quently found in patients with schizophrenia.' As one
potential target feature of neurological abnormalities for

psychosis,® the neural basis of NSS has long been of in-
terest to neuroscientists.? Traditionally, NSS are defined as
minor and non-localizable neurological abnormalities.>"
With neuroimaging technologies, accumulating evidence
suggests that NSS may be associated with morphometric
or functional deficits in specific brain regions. Previous
structural magnetic resonance imaging (sSMRI) studies
have shown that NSS in patients with schizophrenia are
correlated with altered gray matter (GM) morphometric
characteristics mainly involving the prefrontal cortex,
the superior temporal cortex, the precentral area, the
postcentral cortex, the thalamus, the basal ganglia and
the cerebellum.’'? Results from functional magnetic reso-
nance imaging (fMRI) studies have also shown that NSS
are correlated with abnormal activation at the prefrontal,
the precentral, the postcentral and the insula cortices in
schizophrenia.!* 1

There is increasing evidence suggesting the presence
of abnormal functional and structural connectivity in
patients with schizophrenia. Findings from resting-state
functional connectivity (rsFC) studies demonstrated that
there were significant hyper- and hypo-connectivities in
multiple regions.!'** Studies using diffusion tensor im-
aging (DTI) and structural MRI also reported altered
white matter (WM) tracts or abnormalities in diffusion
tensor properties,?®2? as well as altered anatomical con-
figuration of brain networks?*? in patients with schiz-
ophrenia, which may provide anatomical evidence for
functional dysconnectivity in schizophrenia.

However, although NSS and disorganized brain struc-
tural/functional connectivity in schizophrenia have fre-
quently been reported, few studies have examined how
brain network disconnectivities are linked to NSS in
schizophrenia. Limited empirical findings based on DTI
reveal that the structural organization of WM at the
network level contributes to NSS in healthy controls.?
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Functional MRI studies have found that NSS are correl-
ated with altered functional connectivity in multiple brain
networks in healthy controls*” and in patients with schiz-
ophrenia.?®* However, to date, the network-level neural
basis of NSS have been investigated primarily based on
DTT or functional MRI.2¢? Due to the clear associations
between NSS and GM morphometric abnormalities in
patients with schizophrenia,’ !> brain connectivity based
on GM volume will also be critical to explain the occur-
rence of NSS. Several previous studies have also stressed
the importance of studying brain network characteristics
based on structural MRI.3*3! Moreover, network attri-
butes from structural MRI data are broadly consistent
with functional networks, suggesting a degree of topo-
logical isomorphism between whole-brain structural and
functional networks.’>3? Therefore, the examination of
networks from structural MRI could provide an ana-
tomical basis of brain functional connectivity. In addi-
tion, in the present study, we included the cerebellum in
constructing our networks. The cerebellum is critical for
coordinating complex motor functions***3* and is often
found to be associated with NSS in patients with schizo-
phrenia.**¢ The inclusion of the cerebellum in our anal-
ysis enabled us to comprehensively examine the neural
basis of NSS at the network level.

In the present study, graph theory-based approaches
were used to examine structural network characteristics
based on GM morphometry and their associations with
NSS. Graph theory is a powerful method for quantifying
the brain as a complex network.* It provides unique in-
sight into the structural architecture of the brain by
testing topological parameters to assess the integration,
segregation, and centrality of the brain network. We
thus extended our previous work by exploring whether
and how NSS were associated with brain structural mor-
phometry at the network level. Based on previous find-
ings, we hypothesized that NSS would be correlated with
abnormal GM structural networks responsible for motor
and sensory function involving the frontal, the temporal,
the pre- and postcentral areas and the cerebellum. We ex-
pected that a thorough characterization of the relation-
ship between NSS and GM structural networks may help
to enhance our understanding of the neural basis of NSS
at the network level.

Materials and Methods

Participants

In the present study, we made use of data from a pre-
vious study examining the association between NSS
and GM morphometry in patients with schizophrenia.?*
One hundred one (63 males) patients with schizophrenia
were recruited from the Department of Psychiatry, the
University of Heidelberg. The diagnoses of the schizo-
phrenia patients were established using the German ver-
sion of the Structured Clinical Interview for DSM-TV.*

NSS and Networks in Schizophrenia

The severity of schizophrenia symptoms was rated using
the Brief Psychiatric Rating Scale (BPRS).* All of the
patients were in-patients and right-handed. Their mean
age was 27.36 £ 7.73 years and the mean education level
was 11.41 £ 1.61 years. All patients were treated with sec-
ond-generation antipsychotics (mean daily dose in chlor-
promazine equivalence = 678.38 mg, SD = 375.23 mg).
None of the patients had a history of neurological dis-
order. The study was approved by the Ethics Committee
of the Medical Faculty, the University of Heidelberg. All
participants gave written informed consent.

NSS Assessments

NSS were assessed using the Heidelberg Scale® after re-
mission of acute psychotic symptoms. This scale included
5 subscales comprising 16 items with 5 items for motor
coordination, 3 items for integrative functions, 2 items
for complex motor tasks, 4 items for right/left and spa-
tial orientation, and 2 items for hard signs. Ratings are
given on a 0 (no prevalence) to 3 (marked prevalence)
point scale (no/slight/moderate/marked abnormality).
Interrater reliability (r = .88, P < .005) and internal re-
liability (Cronbach’s alpha = .85 for schizophrenia) were
established.

To further investigate the relationship between NSS
and GM structural brain networks, the whole group was
divided into 2 subgroups based on their mean NSS scores,
similar to the method of previous work.>#! This method
yielded 46 patients with “high” NSS (patients with more
marked NSS) and 55 patients with “low” NSS (patients
with no or few NSS).

Image Acquisition

Structural MR1 data were obtained at the German Cancer
Research Centre with a 1.5-T Magnetom Vision MR
scanner (Siemens Medical Solutions, Erlangen, Germany)
using a T1-weighted 3D magnetization prepared rapid
gradient echo sequence (MP-RAGE, 126 coronar slices,
image matrix = 256 X 256, voxel size = 0.98 mm X (.98 mm
x 1.8 mm, TR = 10 ms, TE = 4 ms, and flip angle = 12°).

Image Preprocessing

VBMS (http://dbm.neuro.uni-jena.de/vbm) was used for
imaging pre-processing and analysis in SPMS8 (Wellcome
Department of Imaging Neuroscience; http://www.
fil.ion.ucl.ac.uk/spm) on the Matlab 2013b platform
http://www.mathworks.com/products/matlab). Detailed
steps of VBM analysis have been reported in previous
studies.*** In brief, it included (1) normalization of all
the brain images to a customized template; (2) segmenta-
tion of normalized brain images; and (3) modulation of
the normalized GM images.

One hundred sixteen ROIs (including the cerebellum)
were generated with the WFU PickAtlas Toolbox using
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the Automated Anatomical Labeling (AAL) atlas.* These
cerebral ROIs were re-sliced based on the normalized
GM images. The REX toolbox (https://web.mit.edu/
swg/software.htm) was then used to extract ROI vol-
umes by masking ROIs to the individual modulated and
normalized GM images.

Network Analysis

Network Construction

In this study, the nodes represented the extracted regional
GM morphometry of the 116 ROIs by the REX toolbox,
and edges were the Pearson correlation coefficients be-
tween ROIs. Structural correlation matrices (116 X
116) were then constructed by calculating the Pearson
correlation coefficients between the ROIs for each group.
Age, gender, length of education, and brain volume were
entered as covariates to control for potential confounding
effects. Each binary adjacency matrix was then derived
based on the association matrix by thresholding a range
of densities (D_, : 0.02:0.5; D_. = 0.21). The minimum
density was determined in which all nodes were fully con-
nected (D_, = 0.21). The upper limit of the range was 0.5
as GM structural networks were less biological above this
threshold.*

Global Network Measures

Clustering coefficient (C) and characteristics path length
(L) are 2 key metrics for investigating the global topolog-
ical properties of a network.***® The cluster coefficient
of a node represents the number of edges between its
nearest neighbors. The characteristic path length is the
average shortest path passing the node and is a widely
used metric for network integration. The small-world
index was defined as (C/C_ )/ (L/L__ ), where C__, was
the mean clustering coefficient and L __, was the charac-
teristic path length of the random network.* A network
with small-world index has significantly higher clustering
coefficient than in random networks (C/C__, ratio > 1),
and comparable characteristic path length to random
networks (L/L__ ratio = 1).4%

Regional Network Measures

Regional network characteristics were assessed based
on nodal betweenness centrality for all ROIs. The
betweenness of a node represents the fraction of all the
shortest paths that pass through it. For each ROI, it was
calculated when the network was not fragmented or fully
connected at minimum density.*’

Network Hubs and Modularity

Network hubs describe the importance of the nodes in a
network and are crucial regulators for efficient informa-
tion communication in brain networks.*® A hub also plays
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a key role in network resilience.*’” A node was considered
a hub if its betweenness was more than 2 SDs above the
mean betweenness.*>! Modularity is a metric reflecting
network segregation by subdividing the network into
groups of regions with minimal between-group connec-
tions and maximal within-group links.*

Statistical Analysis for Group Comparison

To investigate the differences between the 2 subgroups
in global and regional network measures, parametric
t-test, and nonparametric permutation test with 1000 re-
petitions were performed.’' For permutation testing, in
each repetition, we reassigned the measures of each par-
ticipant randomly to one of the 2 groups. In this case,
both the original group and the randomized group had
the same number of participants. Then, the difference in
network measures between randomized groups was cal-
culated across a wide range of densities. Two-tailed P
values were obtained based on its percentile position.*
In addition, for regional measures, false discovery rate
(FDR) corrected P values were also reported to correct
for multiple comparisons (number of densitiesXnumber
of ROIs) with P < .05 considered significant. To test the
resilience of the brain network against random failure
and targeted attacks, the same permutation analyses were
performed. Then the group difference in network be-
havior was measured at each attack.

In addition to performing group difference analysis at
every density, areas under a curve (AUC) and functional
data analysis (FDA) were also performed for each net-
work measure so that the between-group differences were
less sensitive to the thresholding values. Finally, to inves-
tigate the potential effects of antipsychotic medications
and duration of untreated psychosis on network charac-
teristics, we further re-analyzed the data by adding them
as covariates. All the networks analyses were performed
using the Graph Analysis Toolbox (GAT)® (http://
brainlens.org/tools.html).

Results
Demographic Data

The clinical and demographic characteristics of the
whole sample and the 2 subgroups are summarized in
table 1. The NSS-high subgroup was significantly older
and had lower educational attainment. To control for
the potential confounding effects of these differences on
brain networks, age, and educational level were included
as covariates in the subsequent analysis.

Global Topology of Brain Structural Networks

The inter-regional association matrices and binary adja-
cency matrices at minimum density (D _. = 0.11) of the
NSS-High and NSS-Low groups are shown in supple-
mentary figure S1. Changes in global network measures
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Table 1. Clinical and Demographic Variables

NSS and Networks in Schizophrenia

Whole Sample (n = 101) NSS-Low (n = 55)

NSS-High (1 = 46)

P-value (NSS-Low
vs NSS-High)

Age (v) 27.36 (7.73) 25.55 (6.49) 29.52 (8.58) 01
Length of education (y) 11.41 (1.61) 11.82 (1.55) 10.91 (1.55) 004
Sex (M/F) 63/38 34/21 29/17 .89
BPRS score 37.31 (15.69) 35.36 (13.05) 39.60 (18.21) 18
Duration of untreated psy- 20.36 (39.97) 16.22 (23.63) 25.30 (53.24) .29
chosis of illness (mo)
Chlorpromazine equiva- 678.38 (375.23) 639.39 (376.31) 725.00 (372.66) .26
lents (mg/d)
Heidelberg Scale total score 15.18 (6.88) 10.02 (3.57) 21. 35 (4.30) <.001
Motor Coordination 6.02 (3.85) 3.69 (2.77) 8.80 (3.02) <.001
Integrative function 1.72 (1.37) 1.15(1.13) 2.41(1.31) <.001
Complex motor tasks 2.96 (1.72) 2.15(1.33) 3.93(1.64) <.001
Spatial orientation 2.03 (2.12) 1.20 (1.45) 3.02 (2.38) <.001
Hard signs 2.45(1.82) 1.84 (1.51) 3.17 (1.90) <.001
Note: BPRS, Brief Psychiatric Rating Scale; SD in parenthesis.
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The differences in global network measures between
the NSS-Low and NSS-High groups were investigated
across a density range of 0.11:0.02:0.5 (figure 1). The
NSS-High group network showed smaller normalized
clustering across a range of densities compared with
the NSS-Low group (P = .21 at D__ ). Both the NSS-
Low and NSS-High groups exhibited comparable
normalized path lengths across a range of densities
(P = .4 at D_, ). The NSS-High group had smaller
small-world indices in the network compared with the
NSS-Low group, but the difference did not reach statis-
tical significance (P = .16 at D__ ).

Similar to the observed differences across different
densities, AUC analysis showed that the NSS-High group
had smaller normalized clustering (P = .29), smaller
small-world indices (P = .40) and comparable normalized
path lengths (P = .49), but these results were not signif-
icant. The FDA analysis showed similar results as the
AUC analysis.

Group Analysis on Regional Network Measures

The differences in regional network measures between
the 2 groups were investigated at minimum density
(D,,,=0.11). The NSS-High group demonstrated smaller
betweenness in networks involving the right superior
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Fig. 1. Group differences of NSS-Low and NSS-High groups in
global network characteristics threshold at a range of densities
(0.11:0.02:0.5).
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temporal cortex and the right amygdala. However, these
differences did not survive multiple comparison correc-
tion (P < .05, FDR corrected). In contrast, the NSS-High
group demonstrated larger betweenness in regions in-
cluding the cerebellar vermis, the right olfactory, the right
inferior orbital frontal cortex, the left fusiform gyrus, and
the left hippocampus. Results at the cerebellar vermis,
the right olfactory and the right inferior orbital frontal
cortex remained significant after multiple comparison
correction (P < .05, FDR corrected).

AUC analysis showed that, compared with the NSS-
Low group, the NSS-High group showed smaller
betweenness mainly involving the right amygdala, the
left cerebellum, the left supramarginal, and the cere-
bellar vermis (figure 2, table 2), while betweenness was
larger at the right cerebellum, the right orbital inferior
frontal cortex, the left hippocampus, the left middle tem-
poral cortex, and the cerebellar vermis (figure 2, table 2).
Results found at the right amygdala, the right cerebellum,
and the left hippocampus remained significant after cor-
rection for multiple comparisons (P < .05, FDR cor-
rected). The FDA results were similar to the AUC results.

Network Hubs and Modularity Analysis

Network hubs of the NSS-Low group based on nodal
betweenness at D . were identified at the right amyg-
dala, the left postcentral, and the right superior temporal

cortices. In the NSS-High group, network hubs were ob-
served in the left fusiform gyrus, the left hippocampus, the
bilateral lingual cortices, the right superior and middle
temporal cortices and the cerebellar vermis.

AUC analysis showed partly different results between
the 2 groups. The NSS-Low group had network hubs at
the right amygdala, the bilateral superior medial frontal
cortices, the left postcentral cortex, and the right superior
temporal cortices (figure 3). The NSS-High group had
network hubs at the cerebellar vermis, the left fusiform
gyrus, the left hippocampus, the bilateral lingual cortices,
the right superior and middle temporal cortices and the
right inferior orbital frontal cortex (figure 3). The FDA
results were identical to the AUC results. Modularity
analysis demonstrated that the NSS-high group had a sig-
nificantly lower degree of network modularity than the
NSS-Low group.

Network Resilience

Compared with the NSS-Low group, the resilience of the
network in the NSS-High group was significantly reduced
due to both random failure and targeted attacks in some
of the fractions of removed nodes (P < .05, see supple-
mentary figure S3). The AUC results were smaller but not
significantly so in the NSS-High group for random failure
(P = .18) and targeted attacks (P = .83). FDA analysis
produced similar results.

-20.72

20.72

Fig. 2. Group differences of NSS-Low and NSS-High groups in regional network characteristics. Regions with significant differences
in nodal betweenness between NSS-Low and NSS-High groups. Significantly increased (hot color) and reduced (cold color) nodal
betweenness were observed in NSS-High group. The results were obtained from AUC analysis across the density range of 0.11:0.02:0.5.
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Effects of Medication and Duration of Untreated
Psychosis on Networks

Medication dosage and duration of untreated psychosis
were entered as additional covariates in repeated ana-
lyses to investigate their potential effects on networks.
The detailed results can be found in supplementary ta-
bles S1 and S2. In brief, no significant effects on global
network measures and network hubs were found and re-
gional network measures were similar to those found in
previous analyses.

Table 2. Regions With Altered Regional Betweenness Networks
Based on AUC Analysis in the Density Range of 0.11:0.02:0.5

NSS-High < NSS-Low  Right Amygdala® P <.001
Left cerebellum .03
Left supramarginal .03
Cerebellar vermis .02

NSS-High > NSS-Low  Right cerebellum?® P <.001
Left hippocampus? P <.001
Right inferior orbital frontal .01
cortex
Left middle temporal cortex .04
Cerebellar vermis .03

Note: *Survived FDR adjustment.

-,
coclar vermis

NSS and Networks in Schizophrenia

Discussion

This study represents the first effort to investigate the as-
sociation between NSS and GM structural networks in
schizophrenia. There were 3 major findings: (1) the NSS-
High and NSS-Low groups did not significantly differ
in global network topologies including small-world at-
tributes, normalized clustering, and path lengths; (2)
regional network analysis demonstrated that NSS were
associated with alterations in network characteristics in
the frontal-temporal-cerebellum areas; and (3) different
network-hub distributions were observed in the NSS-
Low and NSS-High groups based on nodal betweenness.

In this study, both the NSS-High and NSS-Low groups
demonstrated small-world properties across a range
of densities, suggesting that the crucial characteristics
of brain networks are highly preserved in both groups.
Such a network, to some extent, has the ability to process
functional segregation and integration of information
exchange, as well as to adapt to various stimuli.*** Our
results are in line with previous studies on small-world
properties.?! In addition, compared with the NSS-
Low group, the NSS-High group demonstrated smaller
normalized clustering and comparable path lengths, re-
sulting in a smaller small-world index across a range of
densities. These differences in global network attributes
mean that the NSS-High group tends to have a weaker
cliquishness (local interconnectivity) and more diffused

Fig. 3. Network hubs for NSS-Low and NSS-High groups. Network hubs were labeled (2SD larger than mean betweenness). The size
of the sphere means the betweenness of the corresponding region. Red color is specific to NSS-Low group. Blue color is specific to NSS-
High group. Green color represents common hubs in both groups. The results were obtained from AUC analysis across the density range

of 0.11:0.02:0.5.
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pattern of connectivity. The smaller small-world attri-
butes in the NSS-High group suggest reduced balance
between network segregation and integration, which is
less optimal for information processing in the NSS-High
group compared with the NSS-Low group.

Although the underlying mechanism of this NSS-
related network-level abnormality is still not clear, pre-
vious findings have indicated that alterations in network
characteristics in schizophrenia may be associated with
WM abnormality due in part to the transection of
axons.”® Combining with results from another previous
DTI study showing a correlation between WM variations
and NSS scores,” it is not surprising that we observed
NSS-related GM structural network alterations in pa-
tients with schizophrenia. Our results also provide addi-
tional evidence that NSS are correlated with neurological
abnormalities resulting from network disorganization
and impaired connections.*!

Our regional network analysis showed significant differ-
ences in betweenness centrality in both groups involving
the inferior orbital frontal cortex, the middle temporal
cortex, the hippocampus, the supramarginal cortex, the
amygdala, and the cerebellum. These results are gener-
ally consistent with previous studies investigating the
morphological and neural functional correlates of NSS
in patients with schizophrenia.*!*5¢% Our findings mainly
identified regions in the sensorimotor system, which are
important for the control and execution of motor be-
havior and the integration of sensory function, and have
been included as a putative domain within the National
Institute of Mental Health (NIMH) Research Domain
Criteria framework (RoDC).*% The alteration in
betweenness centrality in these regions implies a change
in the ability to modulate information flow and to par-
ticipate in functional interactions with the corresponding
regions. Therefore, NSS may represent a clinical proxy of
the change in brain network architecture that putatively
underlies psychotic disorders. Similarly, clinical studies
found NSS to parallel the clinical course of schizophrenia
and to herald chronicity, reflecting the concept of process
activity in classical psychopathology.®!-%2

Further network analysis identified significant
between-group alterations in hub distribution. The
identified hub regions in the NSS-Low group involved
the bilateral medial superior frontal cortex, the right su-
perior temporal cortex, the left postcentral cortex and
the right amygdala, while hub regions in the NSS-High
group included the right inferior orbital frontal cortex,
the right superior/middle temporal cortices, the bilat-
eral lingual cortices, the left hippocampus, the left fu-
siform gyrus, and the cerebellar vermis. The 2 groups
only shared one common region in the right superior
temporal cortex. As previous network analysis based
on structural and functional MRI data reported, al-
tered network topological properties in patients with
schizophrenia mainly involve the frontal cortex and the
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superior and middle temporal cortices,”"* which is con-
sistent with our findings. Bassett et al’' have reported
that predominantly prefrontal hubs in normal brain net-
works are replaced by hubs at other regions, such as the
temporal cortex, the insula and the cingulate in patients
with schizophrenia. Hubs are key parts of efficient in-
formation communication and regulation in a network.
Therefore, our results indicate a lower connectivity and
a longer absolute path length between other regions and
the frontal cortex in the NSS-High group, which may
lead to less efficient information transmission. In addi-
tion, the alteration in hub distribution also suggests a
reconfiguration of brain networks.

Moreover, when comparing the hub distribution be-
tween the NSS-Low and NSS-High groups, there was a
significant difference in that the cerebellum was a hub
in the NSS-High group only. The cerebellum plays an
important role in motor coordination and control.*¢
Hence, NSS have often been reported to be correlated
with morphometric cerebellar abnormalities in schizo-
phrenia.'>*3% Our finding provides the first evidence of
correlation between NSS and brain network abnormal-
ities in the cerebellum in schizophrenia. Taken together,
NSS appear to be associated with multiple cortical re-
gions mainly involving the frontal cortex, the temporal
cortex, the postcentral cortex, the amygdala and the
cerebellum, which correspond to the disturbed cortico-
subcortical-cerebellum circuitry that putatively underlies
psychotic disorders.!

Finally, the resilience of network analysis showed that
higher NSS scores were correlated with lower resilience
in response to targeted attacks and random failure, sug-
gesting a “fragile” network pattern. Modularity analysis
also demonstrated that high NSS scores were associated
with lower network modularity. Combining with lower
clustering in the NSS-High group, our results suggest
that higher levels of NSS may be associated with a more
diffused network, which is less resilient to stimuli.

An important strength of this study is that our results
were obtained from a large sample of first-episode pa-
tients, which increased statistical power and reliability.
However, this study also has several limitations. In addi-
tion to the lack of a healthy control group, grouping NSS
into high and low subgroups may obscure some nuisances
in examining NSS as a continuous spectrum. Medication
dosage and duration of untreated psychosis are potential
confounding variables as it is difficult to assess and rule
out their effects due to the collinearity between diagnosis
and medication status.®® On the other hand, the first epi-
sode patients recruited had received medications only for
brief periods and clinical studies have demonstrated that
NSS are not the sequelae of antipsychotic treatment.®’
Moreover, limited evidence has shown that network meas-
ures are independent from the effects of antipsychotic
medications.®* An appropriately designed study (such
as a randomized controlled trial) should be performed to



further assess these potential effects. Finally, our partici-
pants were scanned with 1.5T MRI. As previous studies
have shown that 3.0 T MRI, in general, performs as well
as or better than 1.5 T MRI on clinical test parameters
and imaging analysis,® 7 further studies are needed to ad-
dress these issues.

In conclusion, to the best of our knowledge, this is the
first study that investigates the neural basis of NSS at
the network level in schizophrenia. We found that NSS
are associated with alterations in brain network topolog-
ical attributes corresponding to the cortical-subcortical-
cerebellum circuitry in patients with schizophrenia. Our
results may provide a new perspective for elucidating the
neural basis of NSS in schizophrenia.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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