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ABSTRACT 

The abnormal functional integration of DMN was widely observed in the psychosis. However, few 

studies focused on DMN in individuals at Clinical High Risk for Psychosis (CHR), especially under 

different cognitive loads. The present research predominantly focused on DMN and its antagonism 

with other networks using the functional MRI. To characterize the specificity of cognitive load-

dependent antagonism between DMN and its anti-correlated networks in CHR, this study simulated 

a graded cognitive load continuum by implementing resting-state fMRI (Minimal cognitive load), 

passive SSVEP task (low cognitive load), and Emotional Face-Matching Task (high cognitive load). 

There were 36 CHR individuals and 39 healthy controls (HC) enrolled. Static and dynamic 

functional connectivity (sFC and dFC) were analyzed. The CHR subjects exhibited significantly 

reduced antagonism between higher-order cortices and DMN under low cognitive condition. 

Conversely, they demonstrated enhanced antagonism with greater fluctuation under high cognitive 

condition, likely a compensatory mechanism to maintain cognitive performance. Concurrently, the 

primary cortex demonstrated compensatory fluctuations during low cognitive load task. The neural 

signature reflects inefficient neural resource allocation and cognitive flexibility deficits, suggesting 

that dynamic brain network indicators based on cognitive load may become sensitive biomarkers 

for the early identification and intervention of CHR. 

 

Keywords: CHR, DMN, antagonism, cognitive load, static functional connectivity, dynamic 

functional connectivity 
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1. INTRODUCTION 

Research on the clinical outcomes and neural mechanisms of individuals at Clinical High Risk 

for Psychosis (CHR)(Catalan et al., 2021) is pivotal in psychiatry. Prospective studies demonstrated 

that 15%-30% of CHR individuals will transition to frank psychosis within two years(Sefik et al., 

2023; Zhang et al., 2014), emphasizing the imperative for early intervention. However, from another 

perspective, the CHR stage also offers a crucial window for observing prodromal neurobiological 

changes of psychosis(Catalan et al., 2021; Fusar-Poli et al., 2020). 

Using resting-state neuroimaging tools, a highly active default mode network (DMN) and an 

organized anti-correlated network pattern are observed in human brain. This organized pattern is 

conceptually framed as a phenomenon of antagonism(Fox et al., 2005), a term which refers to the 

competitive and reciprocal relationship between these two large-scale brain systems. However, the 

antagonistic relationship might be affected during cognitive tasks, particularly those with high 

cognitive load(Luo et al., 2016). This phenomenon reflects a brain mechanism whereby functional 

networks dynamically adjust to allocate cognitive resources efficiently, thereby underpinning 

cognitive flexibility(Meda et al., 2025). Notably, aberrant static and dynamic functional connectivity 

between the DMN and its antagonistic networks such as the salience network (SN) and central 

executive network (CEN) has been identified in neuropsychiatric disorders like schizophrenia and 

Alzheimer's disease(Dong et al., 2018; Du et al., 2018).Disruptions of this dynamic balance among 

brain networks may underlie neurocognitive inflexibility in psychiatric disorders, that is, the brain 

fails to flexibly reconfigure antagonistic relationships among networks according to task 

requirements(Gonzalez-Castillo et al., 2015; Yin and Kaiser, 2021). 

Actually, the characteristic abnormalities of regulatory mechanisms of DMN were observed in 

CHR individuals(Damme et al., 2019; Dutt et al., 2015). While existing research predominantly 

focusing on findings from resting-state functional magnetic resonance imaging (fMRI), few studies 

have systematically integrated multi-modal brain network features across both resting and task-

based conditions. There are two critical reasons for us to pay attention on this topic: (1) cognitive 

flexibility necessitates the integration of intrinsic and task-driven processes(Bouchacourt and 

Buschman, 2019); (2) as a core network underpinning important cognitive functions such as self-

referential processing and episodic memory retrieval(Yeshurun et al., 2021), the neural activity 

patterns of the DMN exhibit significant spatiotemporal specificity across distinct cognitive 

states(Smallwood et al., 2021). Therefore, the present study concurrently incorporates resting-state 

with task-based fMRI under both low and high cognitive loads. This design simulates a dynamic 

process of varying cognitive loads, aiming to systematically investigate the interaction between 

functional brain network differences (CHR vs. healthy controls) and task loads, as well as their 

dynamic association patterns. 

2. MATERIALS AND METHODS 

2.1 Participants 

Participants were recruited from University of Electronic Science and Technology of China, ages 

17-20 years. The Institutional Review Board of UESTC for Brain Research approved study 

protocols under approval number 2019LLYJ08 and all participants provided informed consent.  

CHR participants were identified by the Chinese version of the 16-item Prodromal Questionnaire 

(PQ-16) and should met 6 or more symptoms(Ising et al., 2012; Parabiaghi et al., 2024). Inclusion 
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criteria were set as: right-handed individuals whose corrected visual acuity can reach the normal 

level. Exclusion criteria were set as: the individual or their first-degree relatives suffer from 

psychotic disorder, have congenital or acquired neurodevelopmental delay, have drug dependence 

or abuse, and have organic brain lesions. In addition, Healthy controls (HC) participants could not 

have first-degree family history of psychosis, could not have acute anxiety attacks recently, and 

could not be using psychotropic medication at the time of study. 

After excluding participants who were suspected to lie in scale measurement and did not pass 

MRI quality control standards or with incomplete data, 36 CHR participants and 39 HC were 

included in the present analyses. Both groups were matched in age and gender. 

2.2 Behavioral evaluation 

Psychological assessment during the experimental phase was conducted using Self-Rating 

Depression Scale (SDS) (Zung, 1965), Self-Rating Anxiety Scale (SAS) (Zung, 1971), Interpersonal 

Reactivity Index - Chinese Version (IRI-C), Emotional Quotient Scale (EQ), Basic Empathy Scale 

(BES) (Jolliffe and Farrington, 2006), and Perceived Social Support Scale (PSSS) (Blumenthal et 

al., 1987). This comprehensive assessment evaluated participants' psychological status across 

multiple domains: depressive symptoms, anxiety levels, psychological impact of life events, 

interpersonal characteristics and coping styles, emotional competencies, and perceived social 

support systems. Additionally, the demographic data was also collected including gender, age, and 

education years. 

2.3 Data Acquisition/Scanning 

Scanning Parameters. Structural and functional magnetic resonance imaging (MRI) data for 

both resting-state and task-based conditions were acquired using a 3.0T GE Discovery MR750 

scanner. During scanning, all participants were instructed to remain awake, lie supine with arms and 

legs uncrossed in a natural position, maintain body relaxation and minimize movement. Head 

movement was minimized using foam padding, and participants wore earplugs for noise attenuation. 

Functional MRI (fMRI) data were acquired using a T2-weighted gradient-recalled echo-planar 

imaging (EPI) sequence. Coverage extended from the vertex to the foramen magnum. Acquisition 

parameters were: repetition time (TR) = 2000ms, echo time (TE) = 30ms, slice thickness = 4mm, 

field of view (FOV) = 240mm × 240mm, acquisition matrix = 64 × 64, flip angle = 90°, and number 

of slices = 39(axial). Anatomical T1-weighted images were acquired using a 3-dimensional fast 

spoiled gradient recalled sequence with the following parameters: slice thickness = 1mm, TR = 

8.2ms, TE = 3.2ms, field of view (FOV) = 256mm × 256mm, flip angle = 12°, data matrix = 256 × 

256. There were 136 axial slices for each subject.  

Design. To investigate differences in brain network characteristics across participant groups 

under different cognitive loads, we designed resting state and two task conditions. The session 

commenced with a resting-state fMRI acquisition to establish minimal cognitive load condition 

(baseline neural activity). Following this, participants underwent two distinct task conditions, 

including Steady-State Visual Evoked Potential (SSVEP, as low cognitive load condition) and 

Emotional Face-Matching Task (EFMT, as high cognitive load condition), presented in a 

counterbalanced order. This randomized sequence was implemented to control for potential order 

effects and fatigue-related confounds across the participant cohort. To further avoid carryover or 

interference effects, the T1 scan was strategically placed between the SSVEP and EMFT scans. 
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In resting-state fMRI protocol, participants were instructed to stare at the cross cursor in the center 

of the screen, stay awake and try not to think. The scanning time for the resting-state data was 510 

seconds, which was 255 time points.  

The SSVEP experiment, a passive stimulation task, was selected as the low cognitive load 

task(Bayram et al., 2011; Dawson, 1954; Herrmann, 2001; Perlstein et al., 2003). Alternating black-

and-white images were used to simulate SSVEP, delivering frequency stimulations at 5 Hz, 10 Hz, 

and 20 Hz respectively (Herrmann, 2001). The experiment employed a block design with task 

stimulation and rest periods alternating. Stimulation at each frequency was presented three times, 

with each block lasting 20 seconds. The EFMT—a classic paradigm for investigating the perception, 

recognition, and processing mechanisms of emotional information—was used to assess differences 

in brain activity when participants performed a high cognitive load task(Hall et al., 2008). We chose 

30 foreign emotional face images from a public affective picture database, comprising 15 angry 

expression images and 15 fearful expression images. Participants were required to press the button 

to select the face picture matching the target emotion appeared above. The experiment also included 

4 neutral images represented by different elliptical patterns for selecting the target shape. The EFMT 

consisted of 10 blocks, each lasting 30 seconds and containing 6 images, with emotional stimuli and 

neutral stimuli presented alternately. The accuracy rate and reaction time of the subjects in 

completing the tasks were recorded. 

MRI processing. The fMRI data were preprocessed with the DPARSF software(Chao-Gan and 

Yu-Feng, 2010). After removing the initial 5 volumes, we performed slice-timing correction and 

head motion correction. Then, we normalized the brain images to the Montreal Neurological 

Institute (MNI) standard space(Ashburner and Friston, 1999). We performed spatial smoothing 

using a 6-mm Gaussian smoothing kernel. Additionally, linear drifts were removed. After nuisance 

regression(Friston et al., 1996), we conducted bandpass filtering (0.01–0.10 Hz) to attenuate low-

frequency drifts and high-frequency noise. Participants exhibiting excessive head motion 

(translation exceeding 2.5 mm or rotation exceeding 2.5°) were excluded from this study to ensure 

data quality.  

For both resting-state and task-based fMRI data, a spherical area with a 6-mm radius centered at 

the MNI coordinates (-5，-49，40) of the posterior cingulate cortex (PCC)(Fox et al., 2005) was 

selected as the region of interest (ROI) representing DMN. Seed-based static functional connectivity 

(sFC) and dynamic functional connectivity (dFC) was computed between the PCC and remained 

brain voxels. The sFC analysis was performed according to our previous study(Luo et al., 2016). 

The dFC was computed using the sliding window approach(Allen et al., 2014). Major parameters 

were set as follows: The window length was 50 TRs, which has shown to be suitable for capturing 

dynamics in FCs. The window slid in steps of 1 TR, resulting in 201 sliding windows for each 

subject. The standard deviation (std) of functional connection within each window was calculated 

to represent temporal variability. Both sFC and dFC measures underwent Fisher’s Z-transformation 

to improve the normality of the observed metrics. 

2.4 Statistical analyses 

Demographic characteristics of participants were analyzed using IBM SPSS 26.0. Continuous 

demographic variables were compared using independent samples T test, while categorical variables 

were assessed with chi-square test.  

Functional connectivity differences between CHR and HC groups were examined using the 
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DPABI Statistical Analysis module. For rest-state FC, T-statistics were calculated for each group 

with sex, age, and head motion parameters as covariates. Clusters with more than 23 voxels were 

retained. We checked for two-way interactions between task and diagnostic group using analyses of 

variance (ANOVA) in sFC and dFC. A Bonferroni correction was used for simple effect analysis 

after extracting significant interaction effects. Finally, Pearson correlation analyses were conducted 

between FC values and SDS, SAS, IRI-C, BES, and PSSS scores. 

3. RESULTS 

3.1 Sample Characteristics 

There were no significant differences between groups in age and gender, as well as task 

performance. All participants were early-stage undergraduates which ensured equivalent years of 

education. CHR group showed significantly more serious PQ-16 symptoms than controls. There 

were also significant group differences in SDS, SAS, IRI-C Personal Distress (PD), PSSS, and PSSS 

friend support (FRS) (Table 1).  

As the CHR screening scale, the PQ-16 scale demonstrated good internal consistency, with a 

Cronbach's α of 0.879 for the item scores (presence/absence) and 0.900 for the distress scores. The 

PSSS, SAS, and EQ demonstrated acceptable to good internal consistency (Cronbach's α = 0.891, 

0.715, and 0.692, respectively), while the IRI-C was marginally below the conventional threshold 

(α = 0.606). The SDS and BES scales failed to meet the reliability standards and were excluded 

from subsequent analyses. 

3.2 Resting-state Functional Connectivity Analyses 

Separating one-sample t-tests of sFC between the PCC and whole brain for CHR and HC revealed 

characteristic DMN hyperconnectivity during resting state. DMN regions including bilateral angular 

gyri, bilateral middle frontal gyri, bilateral superior frontal gyri, and precuneus exhibited 

significantly positive connectivity with PCC. Conversely, core regions of dorsal attention, ventral 

attention, and somatomotor networks—specifically bilateral precentral gyri, bilateral supramarginal 

gyri, and right superior occipital gyrus—showed significantly negative connectivity with PCC (Fig. 

S1).  

In order to find the differences between groups, we first compared the sFC of CHR and HC 

participants at resting state. There was a significantly weakened effect of CHR group in left middle 

occipital gyrus (L.MOG) and right postcentral gyrus (R.PoG). GRF-corrected group differences 

persisted in both voxel-based analyses at p < 0.005 threshold and cluster-based analyses at p < 0.05 

threshold (Fig. 1, Table 2). 

We next tested whether the CHR group existed difference dynamic fluctuations compared with 

HC group. The two-sample t-test displayed that CHR participants had a smaller std of dFC (p < 

0.005) in orbital middle frontal gyrus (MFGorb) (Fig. 1, Table 2). 

3.3 Task-state Functional Connectivity Analyses 

Results indicated a significant two-way interaction between task and group (p < 0.001) on sFC in 

right inferior temporal gyrus (R. ITG), bilateral inferior parietal lobules (L.R. IPL), and left superior 

frontal gyrus (L. SFG). In simple effect analysis (Fig. 4), all these regions exhibited negative 

connectivity with PCC. Under low cognitive load state (simulated by SSVEP), CHR group showed 

significant weaker sFC strength than HC group in L. IPL (F = 4.803, p = 0.032, η² = 0.063) and L. 

Jo
ur

na
l P

re
-p

ro
of



MFG (F = 6.253, p = 0.015, η² = 0.081). In contrast, under high cognitive load state (simulated by 

EFMT), CHR group demonstrated significantly stronger sFC strength than the HC group across all 

four brain regions (in R.ITG: F = 13.026, p < 0.001, η² = 0.155; in R.IPL: F = 4.868, p = 0.031, η² 

= 0.064; in L.IPL: F = 10.162, p = 0.002, η² = 0.125; in L. MFG: F = 4.681, p = 0.034, η² = 0. 0.062). 

Additionally, the HC group displayed significant task differences in R. ITG (p < 0.001), R. IPL (p 

= 0.031), and L. IPL (p < 0.001), while the CHR group showed significant task differences in R. 

IPL (p = 0.002) and L. MFG (p < 0.0001). 

For dFC, there were significant group-by-task interaction effects (p < 0.01) in left superior 

occipital gyrus (L. SOG) and right medial superior frontal gyrus (R. mSFG) (Fig. 3). Simple effect 

analysis revealed that in L. SOG, CHR group exhibited significantly greater dFC than the HC group 

during SSVEP task (F = 5.268, p = 0.025, η² = 0.069), while significantly smaller during EFMT (F 

= 7.267, p = 0.009, η² = 0.093). In R. mSFG, CHR group exhibited significantly greater dFC than 

the HC group during EFMT (F = 9.912, p = 0.002, η² = 0.122). 

3.4 Correlation Analysis 

We investigated the relationship between functional differences of brain network and 

psychological states of the participants.  

For CHR individuals, the significant relationship between FC and scales were only found in the 

EFMT processing (Fig. 4). Specifically: (1) in R. ITG, the CHR group showed a positive correlation 

with FAS in PSSS (r = 0.342, p = 0.048) (Fig. 4(A)). (2) in R. IPL, the CHR group exhibited a 

positive correlation with FAS in PSSS (r = 0.376, p = 0.028) (Fig. 4(B)). (3) in L. SFG, the CHR 

group displayed positive correlations with both FRS in PSSS (r = 0.368, p = 0.032) (Fig. 4(C)). 

Meanwhile, we found several correlations in healthy subjects (Fig. S2). Among multiple 

behavioral evaluations, only the PSSS scale demonstrated statistically significant correlations with 

sFC and dFC patterns. These correlations existed in both resting-state and task-based state. 

4. Discussion 

This study employed different cognitive loads (minimal/low/high) paradigms to systematically 

investigate functional coordination of brain network in CHR individuals. Here resting state was 

considered as the condition with minimal cognitive load. Major findings include: under low 

cognitive load, CHR individuals exhibited reduced antagonism between higher-order cortices and 

DMN, reflecting constrained adaptive regulation capacity of functional networks; under high 

cognitive load, CHR maintained cognitive performance through significantly enhanced antagonism 

and heightened dynamic fluctuations between higher-order cortices and DMN. This phenomenon 

implied that the dynamic network adaptations may compensate for cognitive constraints in CHR. 

However, in primary cortices, this kind of compensatory dynamic network fluctuations emerged 

during low cognitive load but failed under high cognitive load. Consequently, CHR individuals 

demonstrated cognitive load-dependent specificity in the antagonistic relationship between the 

DMN and its anti-correlated networks. This neural signature reflects inefficient allocation of neural 

resource and cognitive flexibility defects in CHR individuals. 

Higher-order cortices, serving as the cognitive control hub of the brain, play a pivotal role in 

neural resource allocation through dynamic antagonism with DMN across resting and task-based 

states (Douw et al., 2016). This study revealed that higher-order cortices-DMN interactions had 

hierarchical characteristics dependent on cognitive load. At resting state, CHR exhibited reduced 
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dFC variability between MFGorb and PCC compared to HC, demonstrating diminished baseline 

neural flexibility consistent with prior studies (Kaiser et al., 2016; Pelletier-Baldelli et al., 2018). 

During the low cognitive load task, SSVEP, significantly weakened antagonism of DMN with 

frontal and parietal lobes in CHR indicated further constrained adaptive regulation capacity of 

functional networks. Notably, during the high cognitive load task, EFMT, the CHR group exhibited 

altered functional connectivity patterns in spite of the comparable behavioral performance between 

groups. Across all higher-order cortical regions exhibiting significant interaction effects, the CHR 

group demonstrated abnormally enhanced antagonism with DMN alongside significantly elevated 

dynamic variability. Prior research suggests such hyperconnectivity may reflect compensatory 

network mechanisms (Wen et al., 2020). In our study, the high cognitive load in emotion task likely 

forced CHR individuals to over-recruit higher-order cortical resource—via compensatory hyper-

antagonism with DMN—to maintain executive function. Thus, such processing patterns under 

different cognitive load conditions signify inefficient neural resource allocation of CHR. 

Accumulating evidence from neuroimaging and behavioral investigations supports this perspective. 

(Fryer et al., 2019; Whitfield-Gabrieli et al., 2009). These early biomarkers of brain network 

occurred before observable behavioral defects, providing a guiding basis for prospective preventive 

intervention. 

Primary cortices process bottom-up sensory information while DMN implements the top-down 

filtering regulatory mechanism. Their synergistic effect forms a "gate" for information transmission 

to higher-order cortices (Adler et al., 1982; Liu et al., 2024; Ronde et al., 2024). In CHR individuals, 

resting-state demonstrates weakened anti-correlation between DMN and left middle occipital gyrus 

as well as right postcentral gyrus. During low cognitive load task, the elevated variability emerged. 

These findings might reflect impaired filtering mechanism of sensory information in the primary 

cortex which as a “gate” in CHR. With a large amount of redundant information flooding into the 

higher cortex, the regulatory function of higher-order cortex is led to overload(Dong et al., 2019; 

Pessoa et al., 2003). For this reason, under low cognitive load, CHR individuals need to make up 

for the problem of reduced anti-correlation through heightened inter-network fluctuation, so as to 

ensure sufficient resource allocation for optimized external information processing. As cognitive 

demands escalate, efficient neural resource utilization becomes critical (Tian et al., 2007). Under 

high cognitive load, dynamic fluctuation between DMN and primary cortex significantly diminished. 

Brain resource was prioritized to meet advanced cognitive needs, further highlighting the 

insufficiency of cognitive resource in CHR. Therefore, these cognitive load-dependent functional 

changes in primary cortices in CHR individuals may reflect deficits in filtering bottom-up sensory 

information. If this dynamic filtering process keep failing in the long term, it may trigger a vicious 

cycle, leading CHR to further develop into schizophrenia spectrum disorders — manifesting as 

reality distortion and formal thought disorders (Dong et al., 2023; Fryer et al., 2013).  

The relationship between participants' brain network characteristics and behavioral scales was 

also evaluated. Under high cognitive load condition, a positive relationship emerged between PSSS 

and sFC linking higher-order cortices and DMN. These results suggest that stronger social support 

may reduce compensatory demands on higher-order cortical networks in CHR individuals. This may 

potentially be attributed to the role of optimizing attentional control and cognitive strategies played 

by social support(Mutschler et al., 2022; Wang et al., 2018). Interestingly, healthy participants 

scored significantly higher on the PSSS scale than CHR, yet no correlations were observed between 

the frontoparietal network-DMN connectivity and PSSS during the emotion task. This may reflect 
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the more automated and adaptive emotional processing in healthy individuals(Yeshurun et al., 2021). 

In contrast, the positive correlation observed in CHR likely reflects a kind of rule-based social 

strategy acquired from social support systems, which still represents a pathological compensatory 

mechanism. Overall, perceived social support may serve as a critical psychological resource which 

plays a vital neuroprotective role in the cognitive functioning of CHR individuals. Future studies 

could further delineate its specific effective stages and protective scope in the evolution of mental 

disease. 

Several limitations should be considered in our study. First, participants with CHR in this study 

were recruited from a university population, where comprehensive diagnostic assessments using 

structured interviews (e.g., SIPS) proved challenging to implement. Thus, reliance solely on the PQ-

16 scale for screening may have resulted in relatively milder symptom severity of CHR subjects. 

Second, the study was not pre-registered, which may introduce potential bias in our analytical 

approach. However, we have detailed our methodology and analytical plan to maximize 

transparency. Future confirmatory studies would benefit from a pre-registered protocol. Third, the 

FC calculation was based on the entire task duration, this mode may affect the extraction accuracy 

of FC that only represents the task process. Fourth, this study observed that CHR has cognitive load-

dependent brain network functional connectivity specificity. It is necessary to conduct longitudinal 

research, through data from multiple timepoints, to further validate whether the observed specificity 

can serve as predictive biomarkers for CHR. Future research could also explore whether behavioral 

training targeted at social support can repair neural plasticity in CHR, facilitating a transformation 

from pathological compensation to functional rehabilitation.  

5. Conclusion 

This study reveals a cognitive load-dependent abnormal antagonistic relationship between the 

DMN and its anti-correlated networks in CHR individuals. Under high cognitive load, higher-order 

cortices maintained executive function through compensatory antagonistic enhancement with DMN. 

At minimal and low cognitive load, this compensatory effect emerged in interactions between 

primary cortices and DMN, potentially reflecting the deficit in dynamic filtering of bottom-up 

information. In CHR individuals, stronger social support buffered compensatory burden on higher-

order cortical networks. These findings provide multi-level evidences for neural dysfunction in the 

prodromal stage of psychiatric disorders. Dynamic network metrics based on cognitive load 

differences may serve as sensitive biomarkers for early identification and intervention. 
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Table 1. Demographics of Clinical High Risk for Psychosis (CHR) and Healthy Control (HC) 

 
CHR 

（n=36） 
HC 

（n=39） t/U P 

Gender (male/female) 28/8 31/8 — 0.83 

Age (years) 18.42(0.87) 18.56(0.68) -0.819 0.42 

PQ-16 9.00(2.78) 1.51(1.36) 14.69 0.00* 

SAS 49.72(11.21) 37.71(4.82) 5.95 0.00* 

IRI-Ca  72.81(7.62) 69.83(6.91) 1.78 0.08 
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PD 18.08(3.51) 15.21(2.88) 3.90 0.00* 

FS 16.89(3.31) 17.87(2.88) -1.38 0.17 

EC 19.42(3.20) 17.77(2.95) 2.32 0.23 

PT 18.42(2.77) 19.05(2.48) -1.05 0.30 

EQ 145.78(11.69) 149.63(8.48) -1.62 0.11 

PSSS 58.31(10.52) 64.18(10.15) -2.41 0.02* 

FAS 19.58(3.92) 20.79(4.69) -1.20 0.24 

FRS 19.14(4.58) 22.08(3.63) -3.00 0.00* 

SOS 19.58(4.18) 21.26(3.90) -1.79 0.08 

EFMT accuracy rateU 0.84(0.10) 0.84(0.07) 468 0.56 

EFMT reaction time (ms)U 1770.72(372.06) 1711.92(323.87) 453 0.44 

aIRI-C is including four dimensions: Personal Distress (PD), Fantasy (FS), Empathy Concern (EC), 

and Perspective Taking (PT). 

cPSSS is including two dimensions: Family Support (FAS), Friends Support (FRS), and Significant 

Others Support (SOS). 

*Significant test, P ≤ .05. Among healthy controls, one showed outlier scores on the PSSS scale. 

This outlier was excluded from statistical analyses. 

 

 

 

Table 2. Detailed data of the three significantly different clusters 

Regions 
Peak MNI coordinate Cluster 

sizes 

Peak intensity (t 

value) X Y Z 

Left middle occipital gyrus -36 -90 -9 24 3.27 

Right postcentral gyrus 33 -36 45 23 3.41 

Orbital middle frontal gyrus -45 45 -9 26 -3.97 

 

 

 

Fig. 1. (A) Two-sample t-test across voxels (GRF corrected, voxel-level p < 0.005 and cluster-level 

p < 0.05) of resting-state sFC in the pair of groups: (a) left middle occipital gyrus, (b) right 

postcentral gyrus. (B) Two-sample t-test across voxels (p < 0.005, cluster size > 23) of resting-state 

dFC in the pair of groups: orbital middle frontal gyrus. The color bars represent t-values.  
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Fig. 2. Significant interaction effects between group and task for sFC (p < 0.001). (A) Right inferior 

temporal gyrus (R. ITG), (B) Right inferior parietal lobule (R. IPL), (C) Left inferior parietal lobule 

(L. IPL), (D) Left superior frontal gyrus (L. SFG). *Significant test, p ≤ .05. **Significant test, p 

≤ .01. ***Significant test, p ≤ .001. 

 

 

Fig. 3. Significant interaction effects between group and task for dFC (p < 0.01). (A) Left superior 

occipital gyrus (L. SOG), (B) Right medial superior frontal gyrus (R. mSFG). *Significant test, p 

≤ .05. **Significant test, p ≤ .01. 

 

 

Fig. 4. Correlations between PSSS scores and static functional connectivity (sFC) during the 

Emotional Face-Matching Task (EFMT) in CHR group. 

 

 

 

 

Jo
ur

na
l P

re
-p

ro
of



Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

 

 

 

Highlights 

⚫ The specific antagonism was observed in CHR under different cognitive loads. 

⚫ The antagonism between higher-order cortices and DMN enhanced with greater fluctuation 

under high cognitive condition. 

⚫ The primary cortex demonstrated compensatory fluctuations during low cognitive load task.  

⚫ Perceived social support may serve as a critical psychological resource in the cognitive 

functioning of CHR. 
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