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A B S T R A C T   

The aim of this study is to identify robust resting state-functional connectivity (rs-FC) alterations and their 
correlations with the neuropsychological characteristics of Ultra-High Risk (UHR) for psychosis subjects 
compared to healthy controls (HCs). Twenty individuals with UHR and sixteen HCs underwent resting-state 
functional magnetic resonance imaging (rs-fMRI) and a cognitive battery evaluating attention, episodic mem
ory and executive functions. Compared to HCs, UHR individuals showed working memory and set-shifting im
pairments. In functional connectivity (FC) analyses, the Default Mode Network (DMN) of the UHR subjects 
displayed increased FC with the visual areas and decreased FC with the Dorsal Attention Network (DAN). 
Additionally, the salience network (SN) of the UHR subjects displayed increased connectivity with wide posterior 
cortical areas in the temporal, parietal and occipital lobes, corresponding to posterior nodes of the SN itself, the 
Somato-Motor Network (SMN) and the DAN. The SN connectivity with the left SMN and DAN was positively 
correlated with the Trail Making Test - B scores of the UHR subjects. These findings show that the SN and DMN, 
which mostly show abnormal connectivity patterns in psychosis, are also affected in UHR subjects, while the SN 
plays a more central role with its hyperconnectivity to the DAN and SMN.   

1. Introduction 

A prodromal period which is characterized by subthreshold psy
chotic symptoms and decreased social and occupational functioning 
usually precedes the onset of psychotic disorders. Ultra-high risk (UHR) 
criteria (Yung et al., 2005) are commonly used to identify individuals at 
a high risk for the development of psychosis. The rate of conversion to 
psychosis at the end of 3 years of UHR individuals is 36% (Fusar-Poli 
et al., 2012a). Cognitive dysfunction is a major deficiency in schizo
phrenia, and cognitive performance of the UHR individuals for psychosis 
are reported as worse than healthy individuals but less severe than first 
episode of schizophrenia (Ucok et al., 2013; Chu et al., 2018; Hou et al., 
2016). While the neuropsychological evaluation of the cognitive func
tions provides a predictive value for conversion to psychosis in UHR 
individuals (Kim et al., 2011), still other markers are needed to predict 
precisely which individuals in the ultra-high-risk group will develop 

psychosis, in order to selectively apply preventive clinical interventions 
only to this subgroup (Fusar-Poly et al, 2012). 

Neuroimaging techniques have significantly improved our under
standing of the pathophysiology of UHR (Gifford et al., 2017), and have 
provided results about the presence of structural, neurochemical and 
functional abnormalities in UHR subjects similar to those in schizo
phrenia patients (Morey et al., 2005; Borgwardt et al., 2007; Howes 
et al., 2009; Allen et al., 2016; Bloomfield et al., 2016; Hubl et al., 2018). 
Among the neuroimaging modalities, the functional measurements are 
considered more sensitive to early changes in the progression of 
neuropsychiatric disorders, before manifest structural, perfusion or 
neurochemical differences can be detected later in the course of the 
disease. Therefore, fMRI and specifically rs-fMRI data recorded without 
a specific task in standard clinical imaging settings presents the feasi
bility and a higher potential to provide early biomarkers for predicting 
the conversion to psychosis (Collin et al., 2020). 
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Rs-fMRI mainly evaluated by computing the temporal relationship 
between fMRI signals of distinct brain regions at various spatial scales or 
by decomposing the whole brain fMRI data into a set of temporally 
coherent and spatially independent components (IC), may provide in
formation about various aspects of the resting-state functional connec
tivity (rs-FC) in the brain according to the selection of the computation 
method and/or the seed regions. A wide spectrum of the rs-FC analyses 
based on one of these two main techniques provide spatial maps of a set 
of large-scale intrinsic connectivity networks (ICN), which reflect the 
integration of the ongoing neural activities among distinct brain regions 
during rest. Among the ICNs, the task-negative Default Mode (DMN) and 
task-positive Salience (SN), Executive Control (ECN) and Dorsal Atten
tion (DAN) networks are strongly associated with cognitive and affective 
functions. 

The triple network model of aberrant saliency mapping and cognitive 
dysfunction proposed by Menon (2011) for evaluating the network dy
namics of the psychopathologies focuses on the first three of the above 
networks and the aberrant coupling among them, and is widely studied 
in the psychosis spectrum disorders (O’Neil et al., 2019). On the other 
side, other studies focused on the rs-FC of circuitries overarching these 
network patterns, such as the thalamo-cortical circuitry (Anticevic et al., 
2015), or representing specific sub-components of these networks such 
as the amygdalo-prefrontal circuitry (Ho et al., 2019). Such rs-FC ana
lyses generally revealed significant differences in the UHR subjects 
compared with healthy controls (Anteraper et al., 2020; Anticevic et al., 
2015; Cooper et al., 2014; Dandash et al., 2014; Wang et al., 2016; 
Wotruba et al., 2014; Zhu et al., 2019), which were similar to those 
found in patients with schizophrenia (Brandl et al., 2019; O’Neill et al., 
2019). However, the variety of the analytical approaches have also 
resulted in divergent and partly contradictory results. This complicates 
the integration and comparison of the reported findings in terms of their 
sensitivity to the characterization of the early disease processes, which is 
important for narrowing the search area for a potential functional 
neuroimaging biomarker for conversion from UHR to psychosis. 

The aim of the present study is to explore the whole brain connec
tivity patterns of the seed regions that provided consistent results in the 
psychosis literature by a seed-to-voxel analysis in order to compare their 
sensitivity to early disease processes and to cognitive impairment. As 
seed-to-voxel FC analyses allow the evaluation of both circuit- and 
network-level differences as well as the intra- and inter-network changes 
flexibly at the voxel level, such exploration may provide important 
insight about the potential neuroimaging biomarkers for progression to 
psychosis. Since previous studies and meta-analyses on UHR subjects 
and schizophrenic patients indicated consistent and central changes in 
the DMN, SN and thalamo-cortical and amygdalo-prefrontal circuitry 
(Anticevic et al., 2015; Ho et al., 2019; O’Neill et al., 2019), we chose the 
widely investigated and validated core nodes of the DMN and SN net
works, thalamus and amygdala as seed regions. We hypothesize that a 
subset of these investigated rs-FC patterns will be proven to be more 
sensitive to early neurophysiological changes in UHR and will be 
correlated with cognitive functions. As a result, we expect that our result 
will shed light on potential rs-fMRI markers that can be investigated in 
longitudinal studies on larger samples. 

2. Methods 

2.1. Participants 

This study was conducted in the Psychotic Disorders Research Pro
gram, Istanbul Faculty of Medicine. The local ethics panel of the Istanbul 
University, Istanbul Faculty of Medicine approved the study. Twenty 
individuals with UHR and sixteen healthy comparison subjects were 
recruited. The Ultra-high-risk status was defined using the Compre
hensive Assessment of At-Risk Mental States (CAARMS) (Yung et al., 
2005; Yokuşoğlu et al., 2020). The individuals were defined as at UHR if 
they met the criteria of at least one of the following conditions: (1) Brief 

limited intermittent psychotic symptoms (BLIPS); frank psychotic 
symptoms last less than one week and resolve without treatment, (2) 
Attenuated psychotic symptoms, (3) Vulnerability group; a recent 
decline in function, together with either the presence of schizotypal 
personality disorder or a family history of psychosis in a first degree 
relative. Individuals were evaluated by a senior psychiatrist (A.U). The 
subjects recruited were antipsychotic naive. Healthy comparison sub
jects (N = 16) were recruited from the local community. All participants 
completed an informed consent form for the study. Exclusion criteria 
were as follows: Unwillingness to participate, illiteracy, mental retar
dation, prior antipsychotic treatment, severe medical condition, 
neurological illness, considerable head injury, prior history of psychosis 
that lasted more than a week, and present alcohol and substance abuse, 
contraindication to scanning. 

2.2. Procedure and instruments 

Patients were administered the Brief Psychiatric Rating Scale- 
expanded (BPRS) (Lukoff et al., 1986), the Scale for the Assessment of 
Negative Symptoms (SANS) (Andreasen, 1983), the Scale for the 
Assessment of Positive Symptoms (SAPS) (Andreasen, 1984), the Cal
gary Depression Scale for Schizophrenia (CDSS) (Addington et al., 
1992). In order to evaluate executive function and attention, Wisconsin 
Card Sorting Test (WCST) (Heaton et al., 1993), Trail Making Test (TMT) 
(Reitan., 1955), Digit Span Test and Digit Symbol Substitution Test of 
the Wechsler Adult Intelligence Scale - Revised (WAIS-R) sub-tests 
(Wechsler, 1981), Stroop Test (Golden, 1978) (), and Verbal Fluency 
Test were performed. Rey Auditory Verbal Learning Test (RAVLT) (Rey, 
1964) was used for testing the episodic memory. 

2.3. MRI data acquisition 

MRI data were acquired at Istanbul University Hulusi Behcet Life 
Sciences Research Laboratory with a 3 T scanner (Philips Achieva, Best, 
The Netherlands) with 32-channel head coil. High resolution T1- 
weighted structural 3D images were acquired with the following pa
rameters: repetition time/echo time (TR/TE): 7.7/3.8 ms, field of view 
(FOV): 250 × 250 mm, 160 axial slices and 1 mm3 voxel size. Resting- 
state fMRI data were obtained using an echo planar imaging (EPI) 
sequence with the following parameters: TR: 2000 ms, TE: 30 ms, flip 
angle: 90◦, FOV: 224 × 240 mm, acquisition matrix size: 112 × 117 and 
voxel size: 2 × 2 × 4 mm3 in-plane resolution. Following 10 dummy 
volumes, 214 vol each containing 36 axial slices covering the whole 
brain, were obtained with a total scan time of 448 s. All participants 
were instructed to remain awake and lie in the most relaxed position 
with closed eyes. 

2.4. MRI data preprocessing 

The data were preprocessed using SPM 12 (Statistical Parametric 
Mapping version 12; http://www.fil.ion.ucl.ac.uk/spm/) and CONN 
functional connectivity toolbox version 20.b (https://www.nitrc.org/pr 
ojects/conn) (Whitfield-Gabrieli and Nieto-Castanon, 2012). First, the 
functional images were realigned to the first image in order to correct for 
head motion. Then the Artifact Detection Tools (ART) toolbox (https:// 
www.nitrc.org/projects/artifact_detect; implemented in CONN’s pre
processing pipeline) was used for the identification of outlier scans in 
terms of excessive subject motion and signal intensity spikes. The 
global-signal (GS) z-value threshold for signal intensity outliers was set 
at 5 standard deviations (SD) greater than or less than the mean intensity 
of the entire session, and the threshold for the frame-wise displacement 
(FD) (Power et al., 2012) was set as ≥ 0.9 mm difference in composite 
motion of an image from the previous scan. There were no participants 
with outliers more than 20% (>43) of the total number of functional 
volumes (214), so no participants were excluded from further analyses. 
Additionally, to control the head motion difference between the two 
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groups, mean FD, number of outlier scans, mean GS change and mean 
motion calculated for each subject and were compared between the two 
groups using Mann–Whitney U-tests. 

Afterwards, functional and structural data were coregistered. Then, 
the structural images were segmented into white matter (WM), gray 
matter, and cerebrospinal fluid (CSF), and normalized to the Montreal 
Neurological Institute (MNI) standard space. Using the resulting trans
formation matrix, the functional data were also spatially normalized and 
resampled to 2 mm3 isotropic voxels. Finally, the functional data were 
smoothed by spatial convolution with an isotropic Gaussian kernel (full 
width half maximum = 8 mm). 

The default denoising procedure as defined in the CONN toolbox was 
applied on the functional data to remove the effects of potential noise 
sources related with the movement and physiological effects. With this 
procedure, potential noise components derived from WM and CSF sig
nals were estimated and included as confounds in the denoising step. Six 
subject motion parameters (three translation and three rotation values) 
obtained in the realignment step, their first order derivatives and the 
outlier scans defined with ART procedure were also included as con
founds. Finally, effect of the scanning session was included into con
founding effects in order to decrease the influence of slow, linear trends 
in BOLD signal. Finally, a temporal bandpass filter of 0.01− 0.1 Hz was 
applied to the functional images in order to reduce the effects from noise 
sources at lower and higher frequency ranges. 

2.5. Functional connectivity analyses 

Seed-to-voxel functional connectivity (FC) analysis was performed 
using the CONN toolbox. A total of 15 seeds selected based on the cur
rent rs-FC literature on the schizophrenia were used for the analysis. 
Default mode network (DMN) and salience network (SN) seeds were 
based on the network atlas implemented in the CONN toolbox, and right 
and left thalami and amygdalae were based on the FSL Harvard-Oxford 
Atlas. The seeds for the DMN were medial prefrontal cortex (MPFC), 
right and left lateral parietal (LP) cortices and posterior cingulate cortex 
(PCC). Those for the SN were anterior cingulate cortex (ACC), right and 
left anterior insulae (AI), right and left rostral prefrontal cortices (RPFC) 
and right and left supramarginal gyri (SMG). The seed regions are shown 
in Fig. 1. 

Bivariate correlation coefficients were calculated for each subject 
between the average time-course for each seed region with the time 
courses of all other voxels in the brain. The Fisher transformation was 
used to convert the correlation coefficients into Z-scores which were 
then used in second-level analyses. Two sample t-tests were performed 
to examine differences in resting-state functional connectivity (rs-FC) 

between the UHR and HC groups. The voxel-based functional connec
tivity results were thresholded using an initial cluster-forming threshold 
set at p < 0.001 (uncorrected) followed by cluster-level thresholding at 
FWE-corrected p < 0.05. These results were further Bonferroni corrected 
for multiple comparisons by adjusting the alpha level for the number of 
seeds (15) reaching a significance threshold at pFWE-corr < 0.003 (0.05/ 
15). 

2.6. Statistical analyses 

IBM SPSS version 21 was used for the statistical analyses on the 
demographical, clinical and neuropsychological variables and correla
tion analyses. Chi-square test was used for comparing categorical vari
ables and Mann–Whitney U test was used for variables not normally 
distributed. 

2.6.1. Correlation analysis 
To investigate the relation between the clinical and cognitive mea

sures and the significant FC changes between the UHR and HC groups, 
Spearman’s correlation coefficients were calculated. Accordingly, the 
significant voxel clusters obtained in the between-group comparisons 
were defined as regions of interests (ROIs), and the averaged Fisher’s z- 
transformed rs-FC values of these ROIs were extracted for each subject 
by using the ROI extraction tool (REX) of the CONN toolbox. 

The correlations between the averaged rs-FCs of the ROIs and (i) the 
clinical scores (BPRS, SANS, SAPS and CDSS), and (ii) cognitive scores of 
the UHR subjects and (iii) the cognitive scores of the HC subjects were 
analysed. The following neuropsychological test scores were included in 
the correlation analyses: Number of completed category and percentage 
of perseverative errors of WCST, time to completion TMT-A and TMT-B, 
forward and backward scores of Digit Span test, number of the correct 
matches of Digit Symbol test, interference score of Stroop test, total 
score of verbal fluency test, learning and delayed recall of RAVLT. Sta
tistical test results were Bonferroni corrected for the number of ROIs by 
either the number of clinical scores (4) or the number of multiple 
comparisons for the number of clinical (4) or neuropsychological (11) 
scores, respectively. 

3. Results 

3.1. Demographics and clinical characteristics 

The clinical and socio-demographic characteristics of the UHR and 
HCs groups are presented in Table 1. There were no significant differ
ences between UHR and HCs groups in terms of age, years of education 

Fig. 1. Cortical regions of interest that were chosen as seeds to probe the DMN and SN in addition to left and right amygdalae and thalami seeds. DMN: default mode 
network, MPFC: medial prefrontal cortex, LP: lateral parietal, PCC: posterior cingulate cortex, SN: salience network, ACC: anterior cingulate cortex, RPFC: rostral 
prefrontal cortex, SMG: supramarginal gyrus, L: left, R: right. 
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and sex (all p values > 0.05). 
No significant differences were found between the groups in terms of 

episodic memory (RAVLT), as well as attention (digit-span forward) 
scores as detailed in Table 2. UHR patients did not show any executive 
function deficit in WCST, Stroop Test and Verbal Fluency Test (all p 
values > 0.0045). However, they displayed impaired performance on 
TMT-B (p = 0.0013) and Digit Symbol Substitution Test of WAIS-R (p =
0.0005), both of which evaluated working memory and set-shifting 
abilities (Table 2). 

3.2. Resting state functional connectivity findings 

There were no significant differences between the UHR group and 
HCs in mean FD (U = 103, p = 0.070), number of outlier scans (U =
118.5, p = 0.115), mean GS change (U = 136, p = 0.445) and mean 
motion (U = 107, p = 0.092) pointing to the comparable signal quality in 
both groups. 

Seed-to-voxel functional connectivity analyses conducted on the 
resting-state fMRI data with 15 seeds revealed significant differences 
between the two groups for 4 of the seeds including two DMN seeds 
(MPFC and left LP cortex seeds) and two SN seeds (left and right RPFC) 
(Table 3). 

3.2.1. DMN-related results 
MPFC seed of the DMN revealed a significant hyperconnectivity in 

the UHR compared to the HC group with a cluster corresponding to the 
left calcarine cortex, lingual gyrus and inferior occipital gyrus (IOG) 
(pFWE-corr = 0.000007) (Fig. 2). 

The left LP cortex seed of the DMN also revealed a significant 
hyperconnectivity with a cluster corresponding to the left calcarine 
cortex in the UHR group compared to the HCs (pFWE-corr = 0.0003) 
(Fig. 3). 

Additionally, left LP cortex seed of the DMN revealed a significant 
hypoconnectivity with a cluster corresponding to the left superior pa
rietal lobule (SPL) and inferior parietal lobule (IPL) in the UHR group 
(pFWE-corr = 0.002996) (Fig. 4). 

3.2.2. SN-related results 
Left RPFC seed of the SN revealed a significant hyperconnectivity 

with a cluster corresponding to the left postCG and SPL in the UHR 
group compared to the HCs (pFWE-corr = 0.000014) (Fig. 5). 

Lastly, right RPFC seed of the SN revealed significant hyper
connectivities with 3 different clusters in the UHR group compared to 
the HCs. The significant clusters correspond (i) to the right superior 
temporal gyrus (STG) and middle temporal gyrus (MTG), (ii) to the right 
SPL and superior occipital gyrus (SOG) and (iii) to the left postCG and 
SPL (pFWE-corr = 0.000011; pFWE-corr = 0.000028; pFWE-corr = 0.0008, 
respectively) (Fig. 6). 

3.3. Correlations with functional connectivity changes 

The 7 significant clusters obtained in the between-group rs-FC 
comparisons were defined as ROIs for the correlation analyses. The 
averaged rs-FC values of the 7 ROIs did not reveal significant correla
tions with any of the 4 clinical scores of the UHR patients after Bon
ferroni correction with alpha level set at p < 0.0018 (0.05/28; 4 clinical 
scores x 7 ROIs). 

Among the correlations of the 7 ROIs with the 11 neuropsychological 
test scores, after Bonferroni correction at adjusted alpha level p <
0.0006 (0.05/77), only the SN (left RPFC) hyperconnectivity to the left 
postcentral gyrus and superior parietal lobule was positively correlated 
with the TMT-B scores of the UHR group (r = 0.737, p = 0.0003) (Fig. 7). 
HC group did not demonstrate any significant correlation between the 
neuropsychological test scores and mean rs-FC of the ROIs. 

4. Discussion 

In the present study, the rs-FC of the thalamus and amygdala did not 
reveal any significant differences between the UHR and control groups, 
although significant results were reported in previous studies (Anticevic 
et al., 2015). However, significant rs-FC differences were obtained in 
seed-to-voxel FC estimates of both the DMN and SN seed regions. When 
the clusters that significantly differed between the UHR and HC groups 
were compared with a widely referred parcellation scheme of the ce
rebral cortex into 7 large-scale networks (Schaefer et al., 2018), our 
results indicate that the SN displayed differences in its intra-network 
connectivity, and both DMN and SN displayed differences in their con
nections with specific areas of the sensory networks and the dorsal 
attention network (DAN). 

Specifically, the MPFC and the left LP cortex seeds of the DMN dis
played significant FC increases with the occipital visual regions 
including the primary visual cortex, while a significant FC decrease was 
obtained between the DMN-left LP seed and the left superior and inferior 
parietal lobules, which mostly overlap with the DAN regions. On the 
other hand, the right RPFC seed of the SN showed increased FC with 
temporal, parietal and occipital cortices covering the areas that corre
spond to the right posterior component of the SN and bilateral SMN and 
DAN areas. Similarly, the left RPFC seed of the SN was more strongly 
connected in UHR subjects with the left parietal cortex areas, where a 
part of the cluster in the post-central gyrus corresponded to SMN and 
other part in the superior parietal lobule to regions of the DAN. In short, 
the SN connectivity changes point to an increased intra-network con
nectivity of the SN, and to increased inter-network connectivity of the 
SN with both the SMN and DAN. 

Table 1 
Demographical and clinical characteristics of the UHR and HCs groups included 
in rs-FC analysis.   

UHR (n=20) 
Mean (SD) 

HCs (n=16) 
Mean (SD) 

p 

Age (years) 20.2 (5.27) 18.88 (4.26) 0.49 
Gender (Female/Male) 4/16 4/12 0.72 
Education (years) 10.8 (3.02) 10.69 (% 2.24) 0.974 
Schizophrenia in first degree 

relatives (%) 
%20   

BPRS total score 50.63 (8.12)   
SAPS total score 18.68 (11.13)   
SANS total score 40.63 (18.86)   
CDSS score 6.94 (5.27)   

SD: Standard deviation, BPRS: Brief Psychiatric Rating Scale, SAPS: Scale for 
Assesment Positive Symptoms, SANS: Scale for Assesment Negative Symptoms, 
CDSS: Calgary Depression Scale for Schizophrenia 

Table 2 
Neuropsychological characteristics of the UHR and HCs groups.   

UHRMean 
(SD) 

HCsMean 
(SD) 

U pa 

WCST category 5.95 (2.72) 7.06 (2.17) 116 0.243 
WCST perseverative errors 

(%) 
14.13 (8.91) 13.56 (9.34) 116 0.892 

TMT-A (sec) 38.56 (15.23) 28.56 (9.07) 83..5 0.036 
TMT-B (sec) 112.05 

(54.69) 
62.62 (11.56) 58 0.0013 

Digit span forward 6.5 (2.53) 7.87 (1.96) 75.5 0.047 
Digit span backward 5.5 (2.06) 7.19 (2.34) 72 0.035 
Digit symbol matches (#) 56.69 (16.01) 78.87 (10.96) 28.5 0.0005 
Stroop interference (sec) 41.89 (15.17) 36.6 (14) 107.5 0.325 
Verbal fluency (total) 38.67 (15.13) 42.62 (7.77) 106.5 0.599 
RAVLT learning (trials 1–5) 55.17 (8.97) 59.69 (5.31) 96.5 0.102 
RAVLT delayed recall 12.39(2.87) 13.5 (1.63) 114.5 0.313 

SD: Standard deviation, RAVLT: Rey Auditory Verbal Learning Test, TMT: Trail 
Making Test, WCST: Wisconsin Card Sorting Test. 

a Bonferroni corrected alpha level set at p < 0.0045 (0.05/11, according to 
number of neuropsychological test scores). Significant results are shown in bold. 
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From neuropsychological point of view, UHR subjects showed 
impairment in speed, working memory and executive functions such as 
cognitive flexibility and set-shifting abilities. While the mean FC values 
of the DMN and SN associated significant clusters did not reveal sig
nificant correlations with the clinical scores of the UHR subjects, the set- 
shifting impairment observed in TMT-B was positively correlated with 
the increased connectivity of the left SN-RPFC seed with the left SMN 
and DAN areas. 

4.1. DMN results 

DMN, generally involved in psychoses, plays role in internally- 
directed thought processes, autobiographical memory, and thinking of 
others’ perspectives (Buckner et al., 2008). Studies have reported mixed 
findings regarding the resting state connectivity of the DMN in schizo
phrenia and individuals at high risk for psychosis. While some studies 
showed hyper-connectivity within the DMN in UHR (Shim et al., 2010; 
Clark et al., 2018) and increased low frequency fluctuation amplitudes 
in first-episode schizophrenia subjects (Guo et al., 2017), other studies 

on early psychosis showed hypo-connectivity within the DMN (Gong 
et al., 2020; Sharma et al., 2018; Zhao et al., 2018). Wang and 
co-workers (2018) reported both hypo- and hyper-connected areas 
within the DMN, and a number of other studies reported aberrant con
nectivity of the DMN to various cortical and subcortical regions (Ante
raper et al., 2020; Pelletier-Baldelli et al., 2018), which include also 
aberrant coupling of the DMN with the SN and ECN (Menon, 2011; Lee t 
al., 2018; O’Neil et al., 2019), the components of the proposed 
triple-network model of psychopathology. In the present study, UHR 
subjects produced similar intrinsic DMN connectivity patterns as the 
healthy controls with neither significant intra-network FC differences 
nor differences in the inter-network coupling with SN or CEN regions. A 
similar result about the absence of a DMN intrinsic connectivity differ
ence in schizophrenia is also reported before by Kraguljac and co
workers (Kraguljac et al., 2015). However, our results show that the 
DMN displayed an increased connectivity with the visual network (VN) 
areas including the calcarine, lingual and inferior occipital cortices and a 
reduced connectivity with a left DAN area that includes the left superior 
and inferior parietal lobules. 

Table 3 
Seed-to-voxel rs-FC results at height threshold p < 0.001 uncorrected combined with a cluster level FWE-corrected threshold p < 0.003 (0.05/15 seed regions) for the 
UHR vs HC group comparisons.  

Seed Region Regions showing altered connectivity Contrast Peak Coordinate (x y z) Cluster Voxel Size Tmax pFWE-corr 

DMN – MPFC L calcarine cortex, lingual gyrus and IOG UHR > HC -32 -72 -6 848 5.85 0.000007 
DMN – LP (L) L calcarine cortex UHR > HC 0 -96 -2 548 5.56 0.0003  

L SPL and IPL UHR < HC -32 -64 62 388 5.28 0.002996 
SN – RPFC (L) L postCG and SPL UHR > HC -22 -44 56 829 5.7 0.000014 
SN – RPFC (R) R STG and MTG UHR > HC 56 -46 6 832 4.81 0.000011  

R SPL and SOG  10 -48 56 749 5.26 0.000028  
L postCG and SPL  -14 -38 58 477 5.46 0.0008 

DMN: default mode network, IOG: inferior occipital gyrus, IPL: inferior parietal lobule, LP: lateral parietal, MPFC: medial prefrontal cortex, MTG: middle temporal 
gyrus, postCG: postcentral gyrus, RPFC: rostral prefrontal cortex, SN: salience network, SOG: superior occipital gyrus, SPL: superior parietal lobule, STG: superior 
temporal gyrus, L: left, R: right, x: sagittal, y: coronal, z: axial coordinates. 

Fig. 2. Hyperconnectivity of the medial prefrontal cortex (MPFC) seed of the default mode network (DMN). The DMN connectivity maps using the MPFC as a seed 
region for both UHR and HC groups were shown. The UHR group (N = 20) displayed increased functional connectivity with the left calcarine cortex, lingual gyrus 
and inferior occipital gyrus (IOG) compared to HCs (N = 16) (cluster size: 848 voxels; pFWE-corr < 0.001). The result is superimposed on the MNI-152-T1 standard 
image. Color map represents t-values. Bar graph indicates group-averaged z-values extracted from the significant cluster while error bars represent standard errors. 
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Fig. 3. Hyperconnectivity of the left lateral parietal (LP) cortex seed of the default mode network (DMN). The DMN connectivity maps using the left LP as seed region 
for both UHR and HC groups were shown. The UHR group (N = 20) displayed increased functional connectivity with the left calcarine cortex compared to HCs (N =
16) (cluster size: 548 voxels; pFWE-corr < 0.001). The result is superimposed on the MNI-152-T1 standard image. Color map represents t-values. Bar graph indicates 
group-averaged z-values extracted from the significant cluster, while error bars represent standard errors. 

Fig. 4. Hypoconnectivity of the left lateral parietal (LP) cortex seed of the default mode network (DMN). The DMN connectivity maps using the left LP as seed region 
for both UHR and HC groups were shown. The UHR group (N = 20) displayed decreased functional connectivity with the left superior parietal lobule (SPL) and 
inferior parietal lobule (IPL) compared to HCs (N = 16) (cluster size: 388 voxels; pFWE-corr < 0.003). The result is superimposed on the MNI-152-T1 standard image. 
Color map represents t-values. Bar graph indicates group-averaged z-values extracted from the significant cluster, while error bars represent standard errors. 
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Perceptual deficits related with early visual processing and their 
contributions to cognitive impairments in schizophrenia are well 
documented (for a review see (Butler and Javitt, 2005)). More recent 
studies on gray matter volume loss (Zhao et al., 2018) and on aberrant 
rs-FC within the visual cortex (Li et al., 2018) of the UHR subjects are in 
support of our finding. While increase in the time-lagged correlations 
between a frontal network component that includes the MPFC node of 
the DMN and visual system components (Jafri et al., 2008) and an 
abnormal inter-network connectivity between the DMN and VN have 
been reported previously (Peng et al., 2021), an explicit report of clearly 
increased rs-FC of the DMN with the visual areas is a rather novel finding 
of the present study. Such facilitation of the signal transmission between 
these two networks or reduced modularity of the DMN in the form of an 
expansion towards the VN may point to one of the basic neuropatho
logical processes in UHR that may lead to aberrant processing of the 
visual inputs related with visual hallucinations or delusions in later 
stages. 

In the present study, we additionally found a decreased FC between 
the left LP cortex seed of DMN and the left DAN areas in UHR subjects. 
Since there was a concurrent increase of the SN connectivity to DAN, this 
result will be discussed below under SN results. 

4.2. SN results 

The SN, which includes two key nodes, the anterior insula (AI) and 
anterior cingulate cortex (ACC), is widely involved in cognitive and 
affective processing, with its crucial role in directing attention to rele
vant or salient stimuli (Seeley et al., 2007). Closely associated with the 
bottom-up salience attribution to external or internal events and the 
reward system, SN mediates a switch between the DMN and 
task-positive networks (TPN) (Conio et al., 2020; Menon, 2011). Many 
studies and meta-analyses on the psychosis spectrum have reported 
changes in both the intra- and inter-network rs-FCs of the SN (Brandl 
et al., 2019; Kraguljac et al., 2015; O’Neill et al., 2019; Wang et al., 

2016; Wotruba et al., 2014), while results in opposing directions were 
reported in terms of decreased intrinsic connectivity of the SN in at-risk 
mental state vs increased intrinsic connectivity in unmedicated schizo
phrenia subjects (Kraguljac et al., 2015; Wang et al., 2016). 

In the present study, the SN displayed increased rs-FC with right 
posterior node of SN itself, and bilateral SMN and DAN regions in UHR 
subjects. The increased intrinsic connectivity of the SN and its hyper
connectivity with the SMN may be associated with the aberrant salience 
attribution to external and internal events and reality distortions. A 
review on the opposite effects of the dopamine and serotonin on the 
resting-state networks (Conio et al., 2020) shows that the increased 
dopaminergic activity in the nigro-striatal system increases the intrinsic 
connectivity of the SMN, while the mesocortical dopamine increase 
leads to increased intrinsic connectivity in the SN, which nicely fits to 
our SN and SMN results in UHR. On the other hand, the more crucial 
result of the present study was the increased inter-network connectivity 
of the SN with DAN and SMN in the left hemisphere that was positively 
correlated with the Trail Making Test - B (TMT-B) score, which evaluates 
the working memory and set-shifting abilities (Arbuthnott and Frank 
2000, Sánchez-Cubillo et al, 2009). Previous studies also reported 
impaired TMT-B performance in UHR subjects (Koutsouleris et al., 2009; 
Hubl et al., 2018), and associated this with co-existent abnormal 
metabolic activity of the dorsal striatum and disrupted cingulo-striatal 
FC in clinical high risk for psychosis subjects. The presence of a signif
icant correlation between the TMT-B score and the SN to DAN and SMN 
connectivity values in the present study indicates a more direct and 
robust functional association between these processes. Vossel and col
leagues (2014) suggested that the interplay between the ventral and 
dorsal attention networks is crucial for flexible and dynamic attentional 
control in relation to top-down and bottom-up processing. Hence, our 
finding of aberrant SN-DAN and SN-SMN internetwork hyper
connectivity positively correlated with the difficulties in TMT-B may 
restrain the flexible interactions between the two systems resulting in 
problems in visual search and visuomotor integration as well as set 

Fig. 5. Hyperconnectivity of the left rostral prefrontal cortex (RPFC) seed of the salience network (SN). The SN connectivity maps using the left RPFC as seed region 
for both UHR and HC groups were shown. The UHR group (N = 20) displayed increased functional connectivity with the left postcentral gyrus (postCG) and superior 
parietal lobule (SPL) compared to HCs (N = 16) (cluster size: 829 voxels; pFWE-corr < 0.001). The result is superimposed on the MNI-152-T1 standard image. Color 
map represents t-values. Bar graph indicates group-averaged z-values extracted from the significant cluster, while error bars represent standard errors. 
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shifting in UHR subjects. 

4.4. Limitations 

Our study has several limitations. Because of small sample size, we 
may lack enough power to detect associations. Secondly, we admitted 
participants from a tertiary center, which may limit the generalization of 
our results. Thirdly, we selected participants according to the CAARMS 
criteria, which focus more on positive symptoms. This might have 
excluded individuals at UHR with predominantly negative symptoms. 

On the other hand, in order to protect from Type I errors, we applied 
Bonferroni correction for the number of seeds in rs-FC comparisons 
between the two groups, which is a strict and consequent solution to the 
multiple comparison problem. This may have increased the 

vulnerability to Type II error, resulting in false negative results related 
with the connectivity differences of the thalamus and amygdala seeds 
and the intra-network connectivity of the DMN, often reported in pre
vious studies (Anticevic et al., 2015; Ho et al., 2019; O’Neill et al., 
2019). However, as our aim was to identify the most robust FC features, 
the low sensitivity of the present statistics to relatively weaker differ
ences does not create an important deficiency in the context of the 
present study. 

4.3. Conclusion 

In conclusion, our findings show that UHR individuals exhibit al
terations in connectivity involving the SN and DMN relative to healthy 
controls, with a dominance of the SN findings, indicating the central role 

Fig. 6. Hyperconnectivity of the right rostral prefrontal cortex (RPFC) seed of the salience network (SN). The SN connectivity maps using the right RPFC as seed 
region for both UHR and HC groups were shown. The UHR group (N = 20) displayed increased functional connectivity (i) with the right superior temporal gyrus 
(STG) and middle temporal gyrus (MTG), (ii) with the right superior parietal lobule (SPL) and superior occipital gyrus (SOG), and (iii) with the left postCG and SPL 
compared to HCs (N = 16) (cluster size: 832 voxels, 749 voxels and 477 voxels, respectively, pFWE-corr < 0.001). The result is superimposed on the MNI-152-T1 
standard image. Color map represents t-values. Bar graphs indicate group-averaged z-values extracted from the 3 different significant clusters, while error bars 
represent standard errors. 
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of this network and salience processing in UHR. Additionally, the SN 
connectivity to the left DAN and SMN, which significantly correlated 
with the behavioural cognitive measurements of the UHR subjects, is the 
crucial finding pointing to pathophysiological processes that already are 
in play in UHR, and hence may be important in the search for a 
biomarker of conversion to psychosis. In order to extend our results, our 
findings should be tested in longitudinal studies and with larger sample 
sizes. 

Declaration of Competing Interest 

The authors declare no conflict of interest related to this manuscript 

Acknowledgement 

This work was supported by the Scientific Research Projects Coor
dination Unit of Istanbul University (Project No. TTU- 2016-21613). 

References 

Addington, D., Addington, J., Maticka-Tyndale, E., Joyce, J., 1992. Reliability and 
validity of a depression rating scale for schizophrenics. Schizophr. Res. 6 (3), 
201–208. 

Allen, P., Chaddock, C.A., Egerton, A., Howes, O.D., Bonoldi, I., Zelaya, F., et al., 2016. 
Resting hyperperfusion of the hippocampus, midbrain, and basal ganglia in people at 
high risk for psychosis. Am. J. Psychiatry 173 (4), 392–399. 

Andreasen, N., 1983. The Scale for the Assessment of Negative Symptoms (SANS). 
University of Iowa, Iowa City. IA.  

Andreasen, N.C., 1984. Scale For the Assessment of Positive Symptoms (SAPS). 
University of Iowa. 

Anteraper, S.A., Collin, G., Guell, X., Scheinert, T., Molokotos, E., Henriksen, M.T., et al., 
2020. Altered resting-state functional connectivity in young children at familial high 
risk for psychotic illness: a preliminary study. Schizophr. Res. 216, 496–503. https:// 
doi.org/10.1016/j.schres.2019.09.006. 

Anticevic, A., Haut, K., Murray, J.D., Repovs, G., Yang, G.J., Diehl, C., et al., 2015. 
Association of thalamic dysconnectivity and conversion to psychosis in youth and 
young adults at elevated clinical risk. JAMA Psychiatry 72 (9), 882–891. 

Arbuthnott, K., Frank, J., 2000. Trail making test, part B as a measure of executive 
control: validation using a set-switching paradigm. J. Clin. Exp. Neuropsychol. 22 
(4), 518–528. 

Bloomfield, P.S., Selvaraj, S., Veronese, M., Rizzo, G., Bertoldo, A., Owen, D.R., et al., 
2016. Microglial activity in people at ultra high risk of psychosis and in 
schizophrenia: an [(11)C]PBR28 PET brain imaging study. Am. J. Psychiatry 173 
(1), 44–52. https://doi.org/10.1176/appi.ajp.2015.14101358. 
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