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Summary
Aims: Evidence of altered structural and functional connectivity in the frontal-
occipital network is associated with cognitive deficits in patients with schizophrenia. 
However, the altered patterns of functional connectivity strength (FCS) in individuals 
with ultra-high risk (UHR) for psychosis remain unknown. In this study, whole-brain 
FCS was assessed to examine the altered patterns of FCS in UHR subjects.
Methods: A total of 34 UHR subjects and 37 age- and sex-matched healthy controls 
were enrolled to undergo resting-state functional magnetic resonance imaging. The 
imaging data were analyzed using the graph theory method.
Results: Compared with healthy controls, UHR subjects showed significantly de‐
creased FCS in the left middle frontal gyrus and significantly increased FCS in the left 
calcarine cortex. The FCS values in the left middle frontal gyrus were positively cor‐
related to the scores of the Brief Assessments of Cognitionin Schizophrenia Symbol 
Coding Test (r = 0.366, P = 0.033) in the UHR subjects. A negative correlation was 
found between the FCS values in the left calcarine cortex and the scores of the 
Stroop color-naming test (r = −0.475, P = 0.016) in the UHR subjects. A combination 
of the FCS values in the 2 brain areas showed an accuracy of 87.32%, a sensitivity of 
73.53%, and a specificity of 100% for distinguishing UHR subjects from healthy 
controls.
Conclusions: Significantly altered FCS in the frontal-occipital network is observed in 
the UHR subjects. Furthermore, decreased FCS in the left middle frontal gyrus and 
increased FCS in the left calcarine have significant correlations with the cognitive 
measures of the UHR subjects and thus improve our understanding of the underlying 
pathophysiological mechanisms of schizophrenia. Moreover, a combination of the 
FCS values in the 2 brain areas can serve as a potential image marker to distinguish 
UHR subjects from healthy controls.
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1  | INTRODUC TION

Ultra-high risk for psychosis (UHR) is the stage preceding the onset 
of schizophrenia and is characterized by attenuated psychotic symp‐
toms and a decline in social cognition and function.1 Clinically high-
risk and at-risk mental states are used to identify participants with a 
putatively high risk for psychosis.2 Based on a recent meta-analysis, 
the rate of transition to frank psychosis in UHR subjects reaches 
29% within 2 years and increases to 36% after 3 years of follow-up.3 
Social function, neurocognition, duration of symptoms, depression, 
and negative symptoms are the risk factors associated with transi‐
tion.4 However, the pathophysiological mechanism underpinning 
UHR remains unclear.

Neuroimaging techniques have enhanced our understanding of 
the pathophysiology of UHR. Memory task-based functional mag‐
netic resonance imaging (fMRI) studies have shown that UHR sub‐
jects exhibit altered function in the prefrontal regions and medial 
temporal cortex compared with healthy controls.5 Moreover, a pos‐
itive correlation has been found between structural and functional 
alterations in the left middle frontal gyrus during task performance 
in high-risk subjects.6 Furthermore, a longitudinal study showed that 
UHR subjects had an increased activation in the left inferior fron‐
tal gyrus compared with healthy controls during verbal fluency task 
performance at baseline.7 After 1 year of follow-up, no difference 
was found between UHR subjects and healthy controls, indicating 
a normalization of regional activity in the prefrontal cortex during 
the follow-up. However, the prefrontal cortex neurofunctional re‐
sponse had a direct relationship with 1 year of clinical improvement 
in the UHR subjects, suggesting that the prefrontal cortex alter‐
ations might be important to UHR subjects.7 Whole-brain structural 
covariance analysis also revealed that UHR subjects showed subtle 
changes in the executive control network, default mode network, 
and other large-scale networks compared with healthy controls.8,9 
In addition, the altered connectivity of cognitive control network 
was related to clinical features in UHR subjects.5 Furthermore, a link 
has been identified between poor cognitive function and risk of psy‐
chosis,10 which exhibits a predictive value in the UHR subjects who 
eventually transfer to frank psychosis.11 These findings suggested 
that cognitive dysfunction might serve as a specific marker for fu‐
ture degradation in clinical domains.

Working memory and executive function impairments are re‐
garded as core cognitive deficits in schizophrenia.12 Functional im‐
aging studies consistently identify abnormal neural activation and 
connectivity that involve the dorsolateral prefrontal cortex (DLPFC), 
such as decreased functional interactions between the bilateral 
DLPFC and angular gyrus and dysfunction of the left frontopari‐
etotemporal cortex during a working memory task.13,14 Moreover, 
Eryilmaz et al12 found that patients with schizophrenia showed 
reduced connectivity in the frontoparietal control network at rest 
but normal connectivity during a task. Furthermore, Fang et al15 re‐
ported that the dysconnectivity between the right DLPFC and left 
ventrolateral prefrontal cortex was negatively correlated to work‐
ing memory deficit in patients with schizophrenia. In a voxel-based 

morphometry MRI study, Mechelli et al16 found that UHR subjects 
had reduced gray matter volume in the bilateral frontal regions. 
Network abnormalities may also exist in UHR subjects. For example, 
UHR subjects exhibited altered function in the prefrontal and hip‐
pocampal cortices during memory task performance compared with 
healthy controls.5 A longitudinal fMRI study found that UHR sub‐
jects showed reduced activation in the left middle frontal gyrus and 
other frontal areas during the N-Back task.6 These findings provided 
evidence of brain structural and functional changes in UHR subjects 
during task-related patterns. However, the alterations of functional 
connectivity strength (FCS) in UHR at rest remain unclear, which 
hinder the comprehensive understanding of the pathological mech‐
anisms underlying the cognitive dysfunction and other psychiatric 
symptoms in UHR subjects.

Over the last decade, the importance of graph theoretical anal‐
ysis combined with resting-state fMRI has been emphasized.17-19 
Graph theoretical analysis, originated from the discovery of small-
world and scale-free networks, is an unbiased method to examine 
whole-brain functional connectome. The human brain networks are 
characterized by small-world property, modularity, and the distribu‐
tion of highly connected hubs using the graph theoretical analysis.20 
In patients with schizophrenia, the small-world topological property 
is disrupted in many brain regions such as the prefrontal lobe, and 
parietal and temporal lobes.21 FCS, a graph theory metric, is applied 
to identify the hubs of the human brain networks based on the graph 
theory analysis. Different from the independent component analysis 
or the seed-based analysis, graph-based FCS measures the relation‐
ships between a given voxel and the entire connectivity matrix of 
the whole-brain functional connectome instead of the relationships 
with individual regions or networks.22 Additionally, previous study 
indicated that increased FCS at rest was predominantly located at 
the default mode network and visual cortex, and the distribution of 
FCS showed a strong spatial correlation with regional cerebral blood 
flow in the human brain functional networks.23

In this study, graph theoretical analysis was employed to in‐
vestigate the altered FCS in voxel-based functional networks be‐
tween UHR subjects and healthy controls. Based on prior studies 
in schizophrenia,24 we hypothesized that UHR subjects would show 
significantly disrupted FCS in certain brain regions, especially in the 
DLPFC. Moreover, we hypothesized that altered FCS could be sig‐
nificantly correlated with clinical variables. We also hypothesized 
that altered FCS might sever as a potential image marker for distin‐
guishing UHR subjects from healthy controls using support vector 
machine (SVM).

2  | MATERIAL S AND METHODS

2.1 | Subjects

A total of 34 UHR subjects were recruited from the Department 
of Psychiatry, the Second Xiangya Hospital of Central South 
University in China, and 37 healthy controls were simultaneously 
recruited from the local community. UHR subjects were recruited 
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using the structured interview for prodromal syndromes (SIPS)25 
and the scale of prodromal syndromes (SOPS).26 The SIPS/SOPS 
contains the definitions for the 3 types of prodromal syndromes: 
brief intermittent psychotic syndrome, attenuated positive symp‐
tom syndrome, and genetic risk and deteriorated syndrome. The 
SIPS is used to diagnose the 3 types of prodromal syndromes,27 
which includes a well-defined anchor version of the Global 
Assessment of Function scale,28 a checklist for the criteria of 
DSM-IV schizotypal personality disorders,29 and a family history 
of mental illness. The SOPS (19 items) is designed to measure the 
severity of 4 prodromal symptoms: positive symptoms, negative 
symptoms, disorganization symptoms, and general symptoms. 
There are 5 positive symptom items, 6 negative symptom items, 
4 disorganization symptom items, and 4 general symptom items in 
the SOPS. Each item contains a severity scale rating from 0 (“ab‐
sent”) to 6 (“severe and psychotic” for the positive symptom items 
and “extreme” for the 3 other items).

Healthy controls were screened by the nonpatient edition of 
Structured Clinical Interview for DSM-IV.29 Potential controls were 
excluded if they had a first-degree relative with a psychiatric illness.

All subjects were right-handed and aged 16-30 years old. 
Exclusion criteria for all subjects were severe physical diseases 
(such as cardiovascular diseases, liver and kidney diseases, or any 
other organic diseases), neurological diseases, history of drug 
abuse, and pregnancy, any head trauma, or any contradictions for 
MRI scan.

All participants were evaluated using the Brief Assessments of 
Cognition in Schizophrenia Symbol Coding Test (BACS-SC),30 Trail 
Making Test A (TMT-A),31 Hopkins Verbal Learning Test-Revised 
(HVLT-R),32 Continuous Performance Test-Identical Pairs (CPT-IP),33 
BVMT-R,34 and Stroop Color-Word Test35 to measure the severity of 
cognitive functions, such as speed of processing, verbal learning, at‐
tention/vigilance, visual learning and memory, and verbal processing 
speed and executive function.

This study was approved by the Ethics Committee of the Second 
Xiangya Hospital of Central South University. All subjects gave a 
written informed consent.

2.2 | Data acquisition

A 3.0 T Siemens scanner was used to obtain the fMRI images in the 
Second Xiangya Hospital of Central South University. All subjects 
were told to keep still with their eyes closed during data acquisi‐
tion. Echo-planar imaging sequence was used to collect functional 
images with the following parameters: repetition time/echo 
time = 2000 milliseconds/30 milliseconds, 33 slices, 64 × 64 matrix, 
90° flip angle, 22 cm field of view, 4 mm slice thickness, no slice gap, 
and 240 volumes (480 seconds).

2.3 | Data processing

Statistical parametric mapping (SPM8, http://fil.ion.ucl.ac.uk/
spm/) was used to preprocess the functional images. The fMRI 

images were first corrected for slice timing and head motion. All 
subjects met the criteria of head movement not exceeding 2.0 mm 
displacement in x, y, or z and 2° of rotation in any directions. Mean 
motion, mean head displacement, and rotation were calculated 
to consider the comparability of head motion between groups. 
Next, the images were spatially normalized using the Montreal 
Neurological Institute (MNI) template in SPM8 and resampled to 
3 × 3 × 3 mm3. Afterward, the images were linearly detrended and 
temporally band-pass filtered (0.01-0.08 Hz) to reduce the effects 
of high-frequency physiological noises and low-frequency drifts. 
After these procedures, several nuisance signals were removed, 
including 6 motion parameters, white matter signal, and ventricu‐
lar regions of no interest.

2.4 | Whole-brain voxel-wise functional 
connectivity analysis

Pearson’s correlations between time series of any pair of brain 
voxels of the whole brain were computed, and a whole-brain con‐
nectivity matrix was generated for each subject. The FCS value 
referred to the mean value of functional connectivity between a 
given voxel and all other voxels of the whole brain. The FCS maps 
were transformed to z-scores, as illustrated in a previous study.36

2.5 | Statistical analysis

Two-sample t tests and chi-square tests were applied to compare the 
clinical and demographic data (P < 0.05). Voxel-based two-sample t 
tests were performed on the functional connectivity maps between 
UHR subjects and healthy controls. The significant level was cor‐
rected at P < 0.01 for multiple comparisons using the Gaussian ran‐
dom field theory (voxel significance P < 0.001; cluster significance 
P < 0.01) with the REST software. Age and years of education were 
used as covariates in the analyses. As the resting-state FCS might be 
influenced by head motions, the framewise displacement (FD) value 
was computed for each subject, and the mean FD was also applied 
as a covariate in the analyses.

After brain regions with significant group differences were iden‐
tified, the mean z-values of these regions were extracted to evaluate 
the correlations between abnormal FCS values and symptom sever‐
ity or cognitive function in the UHR subjects. The significance level 
was set at P < 0.05 (Bonferroni corrected).

2.6 | Classification analysis using SVM

Support vector machine was conducted to evaluate the ability of 
combination the FCS values in the 2 brain areas for discriminating 
UHR subjects from healthy controls using the LIBSVM software 
package (http://www.csie.ntu.edu.tw/~cjlin/libsvm/) in the Matlab. 
To acquire the optimal sensitivity and specificity, function kernels 
of Gaussian radial basis and the grid search method were applied to 
carry out a parameters optimization with a “leave-one-subject-out” 
cross-validation.

http://fil.ion.ucl.ac.uk/spm/
http://fil.ion.ucl.ac.uk/spm/
http://www.csie.ntu.edu.tw/~cjlin/libsvm/
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3  | RESULTS

3.1 | Demographics and clinical characteristics

The demographic and clinical data are present in Table 1. Except for 
years of education (12.06 ± 3.44 vs 14.65 ± 2.09, P < 0.001), no signifi‐
cant differences were observed between UHR subjects and healthy 
controls in sex ratio (P = 0.341), age (P = 0.346), the mean FD values 
(P = 0.386), and the TMT-A (P = 0.159). Compared with healthy con‐
trols, UHR subjects exhibited poor performance in the BACS-SC 
(P = 0.003), HVLT-R (P < 0.001), CPT-IP (P = 0.005), BVMT-R (P = 0.019), 
and Stroop Color-Word test including reading colored words (P = 0.03), 
color-naming scores (P < 0.001), and color-word scores (P < 0.001).

3.2 | Differences in FCS between UHR subjects and 
healthy controls

Compared with the control group, the UHR group exhibited 
significantly decreased FCS in the left middle frontal gyrus (t 
value = −5.0714), corresponding to the MNI coordinate x, y, and z 

of −36, 39, and 18. Moreover, UHR subjects showed significantly in‐
creased FCS in the left calcarine cortex (t value = 3.8481). The MNI 
coordinate x, y, and z of the left calcarine cortex was −12, −84, and 
12 (Table 2 and Figure 1). No other differences were found between 
the 2 groups.

3.3 | Correlation analysis

In the UHR group, the z-values of the left middle frontal gyrus were 
positively correlated to the BACS-SC scores (r = 0.366, P = 0.033). 
Moreover, the FCS values of the left calcarine cortex were nega‐
tively correlated to the Stroop color-naming scores (r = −0.475, 
P = 0.016; Figure 2). No significant correlations were observed be‐
tween abnormal FCS and symptom severity in the UHR subjects.

3.4 | Distinguishing UHR subjects from 
healthy controls

The SVM analysis was performed to determine whether the combi‐
nation of the FCS values in the 2 brain areas could discriminate the 

Variables

UHR subjects 
(n = 34)

Healthy controls 
(n = 37)

χ2/t value P-valueMean ± SD Mean ± SD

Sex, male/female 21/13 18/19 1.231 0.341a

Age, y 21.5 ± 3.5 20.8 ± 3.1 −0.948 0.346b

Education, y 12.0 ± 3.4 14.7 ± 2.1 3.867 <0.001b

FD (mm) 0.1 ± 0.0 0.1 ± 0.0 0.873 0.386b

SIPS

Positive symptom score 9.5 ± 3.1 NA

Negative symptom score 12.8 ± 6.6 NA

Disorganized symptom 
score

6.1 ± 3.2 NA

General symptom score 6.0 ± 3.5 NA

Total score 34.3 ± 11.3 NA

BACS-SC 53.6 + 9.1 61.0 + 10.7 3.135 0.003b

TMT-A 42.7 ± 21.6 36.9 ± 11.2 −1.425 0.159b

HVLT-R 22.4 ± 6.6 27.1 ± 3.9 3.668 <0.001b

CPT-IP 2.4 ± 0.7 2.8 ± 0.6 2.877 0.005b

BVMT-R 23.9 ± 7.4 27.7 ± 5.8 2.397 0.019b

Stroop Color-Word Test n = 26c n = 33c

Word reading (W) 81.4 ± 32.5 96.1 ± 17.7 2.296 0.03b

Color naming (C) 50.8 ± 23.2 71.7 ± 14.5 4.167 <0.001b

Color-word (CW) 27.8 ± 15.4 43.6 ± 8.1 4.875 <0.001b

NA, not applicable; FD, framewise displacement; SIPS, the structured interview for prodromal syn‐
dromes; BACS-SC, Brief Assessments of Cognition in Schizophrenia: Symbol Coding Test; TMT-A, 
Trail Making Test A; HVLT-R, Hopkins Verbal Learning Test-Revised; CPT-IP, Continuous Performance 
Test-Identical Pairs; BVMT-R, Brief Visuospatial Memory Test-Revised.
aThe P-value for sex difference between the two groups was obtained by a chi-squared test.
bThe P-values were obtained by two-sample t tests.
cEight individuals of UHR and 4 healthy participants did not finish the Stroop Color-Word Test.

TABLE  1 Demographic and clinical 
characteristics of ultra-high risk (UHR) 
subjects and healthy controls
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UHR subjects from the healthy controls with satisfactory accuracy. 
The results showed that the ability of the combination of the FCS 
values in the left middle frontal gyrus and left calcarine cortex for 
discriminating the UHR subjects from the healthy controls was opti‐
mal with an accuracy of 87.32% (62 of 71 in the 2 groups), a sensitiv‐
ity of 73.53% (25 of 34 in the UHR group), and a specificity of 100% 
(37 of 37 in the control group; Figure 3).

4  | DISCUSSION

To our knowledge, this study is the first to investigate the whole-
brain FCS with graph theory in UHR subjects at rest. The results re‐
vealed that UHR subjects showed altered FCS in the frontal-occipital 
network. Importantly, the FCS values in the frontal-occipital net‐
work were significantly correlated to cognitive deficits in the UHR 
subjects. Moreover, the ability of combination of the FCS values in 

the 2 abnormal brain regions for discriminating the UHR subjects 
from the healthy controls was satisfactory.

The left middle frontal gyrus, a part of the DLPFC, exhibited de‐
creased FCS in the UHR subjects in our study. As a key hub of the 
central executive network, the DLPFC plays a crucial role in work‐
ing memory.37 Recently, cross-sectional neuroimaging studies sug‐
gested that the prefrontal cortex was the site with the most robust 
abnormalities in UHR subjects38 and patients with schizophrenia.39 
Reduced connectivity between the right inferior frontal gyrus and 
right posterior hippocampus was described in UHR subjects relative 
to healthy controls in a cross-sectional study using delayed matching 
to sample task.40 Other studies provided evidence of reduced con‐
nectivity between the middle frontal gyrus and superior temporal 
gyrus during working memory task performance in UHR subjects.41 
Moreover, reduced activation in the prefrontal cortex42 was found in 
the UHR subjects who would later transfer to frank psychosis. Our 
result of decreased FCS in the left middle frontal gyrus is in line with 

Cluster location

Peak (MNI)

Number of voxels T valuex y z

UHR Subjects > controls

Left calcarine 
cortex

−12 −84 12 60 3.848

UHR subjects < controls

Left middle frontal 
gyrus

−36 39 18 54 −5.071

MNI, Montreal Neurological Institute.

TABLE  2 Abnormal functional 
connectivity strength between ultra-high 
risk (UHR) subjects and healthy controls

F IGURE  1 Functional connectivity strength (FCS) differences between ultra-high risk (UHR) subjects and healthy controls. Hot color 
represents increased FCS, and cold color represents decreased FCS in the UHR subjects. The color bar represents the t value of the group 
analysis
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these findings,39 suggesting that altered functional connectivity in 
the frontal cortex may partly reflect genetic vulnerability to psy‐
chopathology. Moreover, some studies have linked neurocognitive 
deficits with the prefrontal cortex atrophy in patients with schizo‐
phrenia,43 indicating that dysfunction in the prefrontal cortex may 
be correlated to neurocognitive function. Both functional and struc‐
tural MRI studies have consistently shown deficits in the DLPFC as 
an important medicating factor in explaining working memory defi‐
cits in schizophrenia.15,43,44 Furthermore, UHR subjects in the pres‐
ent study exhibit increased FCS in the left calcarine cortex, a part of 
occipital lobe. Our findings generally support a recent multicenter 
neuroimaging study which reported increased local gyrification 
index in the occipital and other cortical regions in UHR subjects.45

Our finding of decreased FCS in the left middle fontal gyrus in 
UHR subjects is consistent with neuroimaging findings in patients 
with schizophrenia, which may represent deficits in attention and 
working memory. Working memory impairments have been identified 
as primary deficits in patients with schizophrenia.15 Several studies 
have identified FCS deficits in the left middle frontal gyrus (part of 
the DLPFC), which are important in explaining deficits in working and 
episodic memory and related cognitive functions.37 A recent positron 
emission tomographic (PET) study showed that decreased dopamine 
release capacity was related to decreased activation in the DLPFC 
during a working memory task.46 Other studies have shown that defi‐
cits in the DLPFC are important for working memory deficits in schizo‐
phrenia.37 A previous study5 exhibited decreased activation in the left 

F IGURE  2 Correlations between the mean FCS values of left middle frontal gyrus/left calcarine cortex and BACS-SC scores/Stroop 
color-naming scores in the UHR subjects. FCS, functional connectivity strength; BACS-SC, Brief Assessments of Cognition in Schizophrenia: 
Symbol Coding Test; UHR, ultra-high risk

F IGURE  3 Visualization of classification by support vector machine (SVM) using the combination of the functional connectivity strength 
values in the abnormal brain regions. Left: SVM parameters selection result (3D visualization) [Grid Search Method]: Best c = 1.4142; 
Best g = 22.6274; CV accuracy = 84.507%; Right: the visualization of classification: a combination of the left middle frontal gyrus and left 
calcarine cortex
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middle frontal gyrus, bilateral medial prefrontal corex, and hippocam‐
pal gyrus during verbal episodic memory in UHR subjects relative to 
healthy controls. Decreased activation in the middle frontal gyrus was 
correlated to poor performances on some measures related to epi‐
sodic memory in schizophrenia.47 Consistent with these previous find‐
ings, the correlation between the FCS values in the left middle fontal 
gyrus and the BACS-SC scores suggests that abnormal FCS is related 
to deficits in the attention and information processing. Attention and 
information processing have a close relationship with working mem‐
ory. For example, selective attention can enable efficient information 
processing during early perceptual and semantic processing, and at‐
tention can be considered as a “gatekeeper” for working memory.48 
Converging evidence suggests that selective attention and working 
memory show a striking overlap in the information processing, and 
top-down modulation may mediate the connection between selec‐
tive attention process and working memory operations.49 Moreover, 
working memory is a subsystem of the information processing model, 
which enables short-term information storage needed for integration 
and processing.50 Impairment in the speed of information processing 
has been identified as a potential predictor of transition to frank psy‐
chosis.51 Therefore, FCS deficits in the middle frontal gyrus may be a 
potential endophenotype for the prediction of UHR subjects who are 
at increased probability of transition to frank psychosis.

The calcarine cortex is a part of occipital pole and mainly func‐
tions as a primary visual region. Evidence suggests that the calcar‐
ine cortex is involved in visual processing of emotional stimuli, and 
increased activation of the visual cortical regions has been ob‐
served when people experiencing emotional stimuli.52 The results 
of increased FCS in the left calcarine cortex are in line with a re‐
cent finding of increased amplitude of low-frequency fluctuations 
in the bilateral calcarine sulcus in subjects with genetic high risk for 
schizophrenia.53 Previous structural and functional MRI studies in 
patients with schizophrenia found reduced visual cortex thickness 
and impaired dorsal stream visual region activation, and dysfunction 
in these brain regions were linked with neurocognitive dysfunction, 
such as masking task performance deficits and some other perceptual 
processing tests impairment.54,55 Therefore, dysfunction in early-
stage visual process could contribute to impairments in the prefron‐
tal cortex, and subsequent hippocampus and ventral visual stream. 
These findings emphasize the importance of dysfunction within 
the occipital-frontal-hippocampal network in the pathophysiology 
of schizophrenia. Early-stage visual cortical processing dysfunction 
has been found in patients with schizophrenia56 and UHR subjects.57 
In addition, the cortical processing deficits may be involved in the 
perceptual processing deficits in patients with schizophrenia.58 The 
present result of increased FCS in the left calcarine cortex is in line 
with previous findings in patients with schizophrenia and thus high‐
lights the importance of aberrant visual cortex in the pathophysiol‐
ogy of UHR subjects. The correlation between increased FCS in the 
left calcarine cortex and the Stroop color-naming scores suggests 
that FCS changes are related to deficits in executive function (selec‐
tive attention and inhibition control). Recent systematic review also 
suggests that pervasive cognitive deficits exist in UHR subjects,59 

and some cognition domains are strongly related to the risk of psy‐
chotic conversion, such as executive function, working memory, ver‐
bal memory, and processing speed. Taken together, increased FCS in 
the left calcarine cortex in UHR subjects may be linked with execu‐
tive dysfunction, such as selective attention and inhibition control.

Furthermore, SVM analyses show that the combination of the 
FCS values in the left middle frontal gyrus and left calcarine cortex 
yields an accuracy of more than 80% for discriminating UHR sub‐
jects from healthy controls. The specificity is particularly remark‐
able, because every healthy control was correctly classified. UHR 
subjects are identified correctly with a sensitivity of 73%. Therefore, 
the combination of decreased FCS value in the left middle frontal 
gyrus and increased FCS in the left calcarine cortex may serve as a 
potential image marker for distinguishing the UHR subjects from the 
controls. Our classification results suggest that the combination of 
abnormal FCS in these 2 brain regions may be used to early detect 
individuals at risk for psychosis. These findings correspond to pre‐
vious imaging studies assessing whether the neuroimaging pattern 
classification can be used to separate UHR subjects from controls 
using the SVM methods.60 Our results suggest that the combination 
measures of left middle frontal gyrus and left calcarine cortex may 
be used as an fMRI-based diagnostic aid to improve early detection, 
and may have clinical utility.

The study has several limitations aside from the relatively small 
sample size. First, this study did not recruit patients with schizophre‐
nia to compare their FCS values with those of UHR subjects, and 
this issue may limit our understanding of the disease progression 
between UHR subjects and patients with schizophrenia. Second, a 
longitudinal study is needed to test whether functional deficits in the 
left middle frontal gyrus and left calcarine cortex can be used as a 
potential biomarker to predict the transition to psychosis. Finally, this 
study is cross-sectional, and it is unclear whether part of the UHR 
subjects will subsequently convert to psychosis. A follow-up study is 
meaningful to compare the differences between UHR subjects who 
convert to psychosis and those who do not convert to psychosis.

5  | CONCLUSIONS

In conclusion, significantly altered FCS in the frontal-occipital net‐
work is found in the UHR subjects. Furthermore, decreased FCS in 
the left middle frontal gyrus and increased FCS in the left calcarine 
have significant correlations with the cognitive measures of UHR 
subjects, and thus improve our understanding of the underlying 
pathophysiological mechanisms of schizophrenia. Moreover, a com‐
bination of the FCS values in the 2 brain areas can serve as a poten‐
tial image marker to distinguish UHR subjects from healthy controls.
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