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Abstract

Background Soial cognitive deficits in schizophrenia are linked to facial information processing
difficulties, though the specific mechanisms remain unclear.

Method Thirty-one patients with first-episode schizophrenia (FES) and thirty-three healthy controls (HCs)
underwent fMRI and structural MRI scans. Face-related brain regions were defined as areas where HCs
showed stronger responses to upright faces versus disrupted faces. We compared activation values
during tasks and resting-state to identify functional changes in FES patients and analyzed correlations
with clinical symptoms.

Results HC scans defined bilateral inferior occipital-temporal (I0T) cortex, thalamus, middle frontal
gyrus (MFG), and ventromedial prefrontal cortex as face-related regions. Compared to HCs, FES patients
exhibited significantly decreased activation in the bilateral MFG in response to both upright and inverted
face stimuli. Resting-state fMRI revealed decreased fALFF in the bilateral IOT and left thalamus, as well
as decreased ReHo in the left 10T and thalamus. Crucially, bilateral MFG signal intensity was negatively
correlated with negative symptom scores, while the left MFG correlated with positive symptom scores.
Additionally, fALFF values in the left IOT and thalamus correlated with cognitive symptoms.

Conclusion FES patients show distinct functional alterations in facial-processing brain networks. These
changes are significantly associated with clinical symptomatology, suggesting potential interactions
between social cognitive deficits and schizophrenia symptom profiles.

Background

Schizophrenia (SZ) is a severe mental disorder with an unclear etiology. Its prevalence has increased by
65% over the past three decades, affecting approximately 1% of the global population [1, 2]. SZ is
characterized by positive, negative, and cognitive symptoms, which severely impair patients’ social
functioning, impose a heavy economic burden on families, and rank SZ among the top ten leading
causes of disability worldwide, resulting in substantial social costs.

Cognitive impairment represents the most prominent affected domain in SZ [1, 3]. Cognitive symptoms
in SZ patients encompass neurocognitive and social cognitive deficits [4]. Social cognition refers to the
ability to perceive others’ intentions and emotions to guide social behaviors, which is critical for
interpreting others’ facial expressions, personal traits, interpersonal relationships, and behavioral cues.
Patients with SZ commonly exhibit widespread social cognitive impairments, which are closely linked to
poor functional outcomes, impaired interpersonal problem-solving ability, diminished social competence,
a progressive disease course, higher relapse rates, and increased unemployment risk.

Face processing constitutes a core component of social cognition. Facial expressions convey abundant
personal and communicative information; thus, the ability to recognize facial emotions and individual
identities is indispensable for daily social interactions. Behavioral studies have demonstrated that SZ
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patients show deficits in facial identity recognition, gender discrimination, age judgment, facial memory,
and facial detection tasks [5]. Individuals with SZ display impaired facial information processing across
all cognitive stages, which may be attributed to deficits in basic facial feature recognition, facial memory,
facial detection, and emotional recognition processing [6]. She et al. verified facial recognition
impairment in SZ patients via visual search and working memory tasks [7]. Facial inversion paradigms
further revealed facial recognition deficits associated with impaired facial feature processing [8]. Lee et
al. reported that facial emotion recognition deficits in SZ patients were correlated with the severity of
negative symptoms [9]. Collectively, facial processing deficits in SZ may stem from compromised
holistic face processing, which is closely mediated by face-selective brain regions such as the fusiform

gyrus [6].

Face perception is one of the most sophisticated cognitive tasks of the human visual system and
requires coordinated activation across multiple brain regions. Recent functional magnetic resonance
imaging (fMRI) studies have elucidated the neural substrates of face processing and proposed a
neurofunctional framework consisting of a core system and an extended system [10]. The core system
comprises the occipital face area (OFA), fusiform face area (FFA), and posterior superior temporal sulcus
(pSTS) [11], which are primarily responsible for early facial structure encoding [12], extraction of identity-
related invariant facial representations, and processing of dynamic social cues, respectively [13]. The
extended system not only participates in facial recognition but also interacts with attentional, emotional,
and semantic memory circuits to support familiar face identification [14].

Most existing face processing studies have focused on healthy individuals; therefore, the neural
mechanisms underlying facial processing deficits in SZ remain poorly understood. Previous studies have
identified functional abnormalities in the fusiform gyrus during facial identity processing among SZ
patients [15]. Quintana et al. observed reduced activation in the right FFA during face-matching tasks in
SZ patients relative to healthy controls (HCs) [16]. Another study reported disrupted functional
connectivity between the visual cortex and the right FFA in this population [17]. Structural imaging
studies have detected decreased gray matter volume (GMV) in the bilateral fusiform gyrus, while
inconsistent functional activation patterns indicate that functional abnormalities cannot be fully
explained by structural atrophy alone [18]. Reduced activation has also been documented in the early
visual cortices (V1-V3), hippocampus, and amygdala during facial discrimination and memory tasks in
SZ patients [15].

Although neuroimaging studies have identified functional alterations in face-related brain regions in SZ,
the reported findings remain inconsistent. To address these limitations, the present study systematically
investigated neuroimaging alterations in face-associated brain regions in patients with first-episode
schizophrenia (FES), and further explored the correlations between functional brain changes and clinical
symptoms. Given that structural brain abnormalities may act as confounding factors for functional
alterations, structural magnetic resonance imaging (sMRI) results were included as covariates in
statistical analyses to control for structural confounding effects. This study aims to provide novel
insights into the neurophysiological mechanisms underlying the pathogenesis of schizophrenia.
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Materials and methods

Participants

The study included patients from the Affiliated Brain Hospital of Guangzhou Medical University. The
inclusion criteria were as follows: (1) met DSM-IV criteria for SZ; (2) were aged 18-50 years; (3) were
right-handed; (4) had a disease duration =< 2 years and medication history < 6 months; (5) had a PANSS
total score = 50; and (6) had normal or corrected-to-normal visual acuity. Exclusion criteria comprised
other DSM-IV psychiatric disorders, history of organic disease, MRI contraindications, or inability to
complete the MRI protocol.

HCs were matched to patients on sex, age, and education, and were excluded if they had a personal or
family history of psychiatric illness. Finally, thirty-one FES patients and 33 HCs were enrolled. All
participants provided written informed consent in accordance with the hospital’s Medical Ethics
Committee. All procedures contributing to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

Clinical evaluation

The Positive and Negative Symptom Scale (PANSS) was used to assess the psychotic symptoms of the
patients[19]. This study was statistically analysed using the five-factor model proposed by Wallwork,
which selected 22 of the entries in the PANSS to construct a five-factor model, including positive
symptoms (P1, P3, P6, and G9), negative symptoms (N1, N2, N3, N4, N6, G7, G13, and G16), cognitive
symptoms (P2, N5, and G11), excitement symptoms (P4, P7, and G8, and G14), and affective symptoms
(G2, G3, and G6) [20]. Evaluations were performed by two attending physicians who passed the
conformance test.

Functional MRI Task

During the task-state fMRI scan, each subject performed the one-back task. The stimuli were viewed
through a screen during the task. The subject was asked to press the “1” key with the right index finger
when the image appeared twice in a row to ensure that he or she was observing the image, and the
button response could be observed by the tester in real time. If no button response was detected, a new
acquisition was needed. Prior to the experiment, all faces were preprocessed in Photoshop to exclude
distractors such as hair, ears, and facial contours, and nonface stimuli were also preprocessed to ensure
that the luminance was the same as that of the face stimuli. This experiment used a block design that
was run a total of five times, each containing 10 blocks, including five block stimuli for upright faces,
inverted faces, happy faces, objects, and disorganized faces. Half of the face stimuli were male, and half
were female. All the faces used in the experiment were selected from the Chinese Face Affective
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Pictures System (CFAPS) [21], in which all subjects have provided written consent for publication.
Cartoon images were used for the object pictures. The duration of each run was 252 seconds, and the
duration of each block was 24 seconds. The subject was required to gaze at the “+" in the centre of the
screen for 12 seconds before the blocks were presented. The blocks were then presented, each
consisting of a stimulus that lasted 12 seconds and a blank screen that lasted 12 seconds. This
procedure is shown in Fig. 1.

(Fig. 1)

MRI data acquisition

Imaging data were acquired by the attending or higher-level professional technicians of the Department
of Radiology of the Affiliated Brain Hospital of Guangzhou Medical University. All the subjects were
scanned with a Philips 3.0 T MRI system. T1 structural images were acquired first, and the images
without obvious morphological abnormalities were entered into the subsequent scanning sequence. T1
structural images were obtained using a planar gradient echo imaging sequence with the following
parameters: repetition time (TR) = 8.2 ms, echo time (TE) = 3.8 ms, flip angle = 7°, matrix = 256 x 256,
thickness = 1.0 mm, and number of scanning layers = 165. The fMR images were acquired using a fast
spin—echo planar T2-weighted imaging sequence with the following scanning parameters: TR = 2,000
ms, TE = 30 ms, flip angle = 90°, field of view = 192 x 192 mm, matrix = 64 x 64, thickness = 4.0 mm, and
scanning layers = 33. The task-state fMRI data were acquired at a total of 126 time points, while the
resting-state fMRI (rs-fMRI) data were acquired at 240 time points. During the scan, the head of the
subject was immobilized with support foam pads and noise was minimized with rubber earplugs. The
subjects were asked to remain awake during the scan.

Data preprocessing

Task-State fMRI

The fMRI data require head movements of less than 2 mm in translation and less than 2° in rotation.
Task-state fMRI data were analysed and processed using SPM12 software
(http://www.fl.ion.ucl.ac.uk/spm/software/spm12) in MATLAB 2013b (MathWorks Inc.). The
preprocessing procedure included slice timing correction, realignment, spatial standardization
(normalized by using the conventional EPI template), and smoothing with an 8-mm full width at half
maximum Gaussian kernel.

The general linear model (GLM) was applied for the first-level fMRI analysis using Statistical Parametric
Mapping software. Brain activation maps were obtained for upright faces, inverted faces, happy faces,
objects, and disorganized faces by comparing blank stimuli to task stimuli using first-order analyses
based on the stimulus appearance time. In a paired-samples t test, brain regions presenting increased
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activation in HCs in response to upright face stimulation compared with those in response to
disorganized face stimulation were defined as face-related brain regions. The results were subjected to
family-wise error (FWE) correction, and P < 0.05 was defined as statistically significant. Face-related
brain regions were defined as regions of interest (ROIs). Signals for the two groups of ROIs for upright
faces, inverted faces, happy faces, and object stimuli were extracted using the RESTPLUS toolkit for
subsequent between-group comparisons.

rs-fMRI

Rs-fMRI data were processed using the SPM12-based RESTplus toolkit. After discarding the first 10
volumes, the remaining steps included slice timing, realignment, normalization, detrending, nuisance
regression, and smoothing (8-mm FWHM). Fractional amplitude of low-frequency fluctuations (fALFF)
and regional homogeneity (ReHo) were calculated to assess spontaneous brain activity [22, 23].
Normalized fALFF is derived by transforming the time series into the frequency domain power spectrum
via Fast Fourier Transform (FFA). In contrast, mReHo is calculated using Kendall's coefficient of
concordance. Signal values within the predefined regions of interest (ROls) are then extracted for
subsequent analysis.

sMRI

T1-weighted images were processed using SPM8 (Version r6913) with the VBM8 toolbox. Images were
segmented into grey matter (GM), white matter (WM), and CSF, and normalized to MNI space.GMV and
WMV were obtained by multiplying the GM and WM concentration maps, respectively, with the nonlinear
determinants derived from the spatial normalization step. Finally, GMV and WMV maps were smoothed
(8-mm FWHM) and ROI-based signals were extracted.

Statistical analysis

Independent sample t tests and chi-square tests were used to analyse the basic demographic and
descriptive characteristics. For categorical variables, the chi-square test was used. For continuous
variables that conformed to a normal distribution, independent samples t tests were used. Two x four
factor analysis of variance (ANOVA) was used to analyse activation values in the ROIs between the
patient and healthy control subgroups under four visual conditions (upright face, inverted face, happy
face, and object). The stimulation was a within-subject factor, and the group was a between-subject
factor. If an interaction effect existed between the two factors, simple effects analysis was used to
compare the between-group differences in ROl activation values; otherwise, independent samples t tests
were used for comparison. ROl values with between-group differences were further correlated with
clinical symptom scores.
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Pearson'’s correlation analysis was used when the variables were normally distributed, and Spearman’s
correlation analysis was used when they were not normally distributed. After the identification of a
correlation in Pearson’s correlation analysis, a partial correlation analysis was performed to exclude the
effects of potential confounding variables, including sex, age, years of education, duration of illness,
dose of antipsychotic drugs and structure. All continuous values are reported as the means + SDs, and
all statistical analyses were performed using two-sided tests with a significance level (a) of 0.05.
Statistical analyses were performed using SPSS version 22.0.

Results

Demographic and clinical characteristics

A total of 33 HCs and 31 patients with FES participated in this study. However, 2 HCs were excluded
from further analysis because of the complete absence of task-related fMRI results. No significant
differences were observed between the two groups regarding sex (x? = 0.58; P = 0.446), age (t = 0.34; P =
0.737) or education (t = 0.68; P =0.507). The equivalent doses of chlorpromazine in patients with FES
were calculated according to the methods of Gardner et al. [24]. Detailed demographic data and patient
characteristics are presented in Table 1.
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Table 1

Demographic and clinical characteristics of the subjects

items patients with FES HCs X2/t P value
(n=31) (n=31)

Gender (male/female) 17/14 14/17 0.58P 0.446

Age (years) 24.97 +6.83 24.45+5.09 0.34¢ 0.737

Education (years) 11.10+3.26 11.65+3.21 0.68¢ 0.507

Duration of illness (months) 8.48+7.00 - - -

Antipsychotics drug use (mg)?

222.15+244.38

PANSS_Negative symptom 18.42+4.76 - - -
PANSS_Cognitive symptom 419+1.72 - - -
PANSS_Positive symptom 14.35+4.03 - - -
PANSS_Excitement symptom 7.29+3.48 - - -
PANSS_Affective Symptom 5.55+2.35 - - -

Values are presented as mean (s + d.). FES, first-episode schizophrenia; HC, healthy controls; SD,
Standard Deviation; NA, not applicable; PANSS, positive and negative syndrome scale

a Chlorpromazine equivalent doses were calculated; b presents chi-square analysis; ¢ presents
independent samples t-test analysis

(Table 1)
Localization of face-related brain regions

Brain regions presenting increased activation in response to faces were identified and defined as face-
related brain regions based on a comparison of both upright and disorganized faces in the task state
analysis of HCs. The bilateral inferior occipital-temporal (I0T) cortex, bilateral thalamus, bilateral middle
frontal gyrus (MFG), and ventral medial prefrontal cortex (VMPFC) showed significantly increased
activation in response to upright faces compared with the response to disorganized faces (FWE-
corrected, P<0.01; > 20 voxels). These data are shown in Table 2 and Fig. 2E.
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Table 2
Face-related brain regions

Brain region Peak MNI BA t value P Cluster size
coordinates (voxel)
(FWE_corrected)
X y z
Right 10T 45 -91 -24 - 9.671 <0.01 181
cortex
Left 10T -39 -78 -12 - 10.118 <0.01 132
cortex
Right 12 -12 9 - 9.255 <0.01 85
thalamus
Left thalamus  -18 -12 0 - 9.375 <0.01 77
Right MFG 39 12 27 - 10.197 <0.01 243
Left MFG -42 0 57 6 8.985 <0.01 97
VMPFC 6 18 51 8 9.613 <0.01 174

MNI, Montreal Neurological Institute; BA, Brodmann Area; FWE, Family-Wise Error; IOT, inferior
occipital-temporo; MFG, middle frontal gyrus; VMPFC, ventral medial prefrontal cortex

(Table 2)
Task-State Functional Responses of face-related brain
regions in FES

We compared face-related brain region activation between two groups under different visual stimuli. The
stimulus-group interaction was not significant (F = 0.71, P = 0.547), but the main effects of group (F =
5.77,P =0.017) and stimulus (F = 6.38, P < 0.001) were significant. Bonferroni-corrected post hoc
analyses showed inverted face stimuli induced significantly lower activation than upright faces, happy
faces, and objects (all P<0.01).

Given the non-significant interaction, we conducted follow-up t-tests for each stimulus. For upright and
inverted face stimuli, patients exhibited significant hypoactivation in the bilateral MFG compared to HCs
(P<0.05).

Specifically, for upright faces, global activation was significantly reduced (t =2.01, P = 0.049), and
bilateral MFG activation decreased significantly (Right: t =2.70, P =0.009; Left: t = 3.44, P=0.001). For
inverted faces, although global activation did not reach significance (t = 1.98, P = 0.052), the specific
deficit in bilateral MFG persisted (Right: t =2.15, P = 0.035; Left: t = 2.76, P = 0.008). These results are
shown in Fig. 2A & 2B.
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Conversely, no significant global or regional differences were observed for happy face or object stimuli
(all P>0.05). While patients showed slight non-significant increases in I0T and VMPFC activation for
these conditions, the overall patterns did not differ from HCs. These results are shown in Fig. 2C & 2D.

Rest-State Functional Responses of face-related brain
regions in FES

Patients with FES showed significantly decreased global fALFF values in face-related regions compared
to HCs (t =2.97, P = 0.004). Region-specific analyses revealed reduced fALFF in the bilateral IOT (right: t
=2.60,P=0.013; left: 1t =3.57, P=0.001) and left thalamus (t =2.87, P =0.006). Similarly, global ReHo
values were lower in patients (t =2.35, P = 0.022), driven by significant reductions in the left 10T (t =2.42,
P =0.019) and left thalamus (t =3.40, P =0.001). No other regions showed significant group differences.

(Fig. 2)
Structure of face-related brain regions in FES

Global GMV was significantly reduced in FES patients compared to HCs (t =2.35, P = 0.022), with specific
deficits observed in the right MFG (t =2.58, P = 0.012). In contrast, global WMV showed no significant
group difference (t = 0.01, P =0.992), and no other structural differences were detected in face-related
regions.

Correlations of Visual Activation with Clinical Symptoms in
FES

Face-related brain regions with differences in activation in response to visual stimuli between patients
with FES and HCs were extracted for correlation with clinical symptom scores. The positive symptom
scores, negative symptom scores and ROI signals were normally distributed; thus, Pearson'’s correlation
analyses were performed. However, the distributions of the cognitive symptom scores, excitement
symptom scores, and affective symptom scores were skewed; thus, Spearman’s correlation analysis was
performed.

Pearson'’s correlation analysis revealed a negative correlation between the signals of the bilateral MFG in
response to inverted facial stimulation and negative symptom scores for patients with FES (right MFG: r
=-0.38, P =0.036; left MFG: r = -0.36, P = 0.045). Spearman's correlation analysis showed a correlation
between the fALFF values of the left IOT (r =-0.36; P = 0.048), left thalamus (r = 0.38; P = 0.034) and
cognitive symptom scores for patients with FES. However, no correlation was observed between right
IOT and cognitive symptom score (r =-0.34, P =0.060).

A partial correlation analysis was performed with sex, age, education, duration of iliness, antipsychotic
drug use, GMV, and WMV as covariates to exclude the effects of potential confounding factors. The
results showed that this negative correlation persisted in the partial correlation analysis (right: r =-0.45,
P =0.026; left: r =-0.41, P = 0.049). In addition, the left MFG was negatively correlated with positive
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symptom scores (r =-0.48; P =0.018), although Pearson's correlation analysis revealed no correlation.
These correlation results are shown in Fig. 3.

(Fig. 3)

Discussion

This study used a one-back facial information processing task to locate face-processing brain regions,
investigated functional changes in face-related regions in first-episode schizophrenia (FES) patients, and
analyzed their correlations with clinical symptoms. Results showed that the bilateral inferior
occipitotemporal (I0T) cortex, bilateral thalamus, bilateral middle frontal gyrus (MFG), and ventromedial
prefrontal cortex (VMPFC) were closely involved in facial information processing. Compared with healthy
controls (HCs), FES patients exhibited decreased activation in the bilateral MFG under both upright and
inverted face stimuli, along with abnormal resting-state function and gray matter (GM) structure in these
regions. After controlling for iliness duration, medication, and brain structural variations, activation of the
bilateral MFG during inverted face processing was significantly correlated with negative symptoms in
FES patients, while left MFG activation was associated with positive symptoms.

The one-back task maintains attention while minimizing executive load. This paradigm reliably activates
face-selective regions including the FFA, OFA, and pSTS [25], without the high proactive inhibition
demands of 2-back or 3-back tasks [26, 27]. Its lower difficulty makes it ideal for FES patients, avoiding
performance deficits that could mask neural group differences.

In this study, we found that, compared with disrupted faces, upright faces elicited significantly greater
activation in HCs in the bilateral 10T, thalamus, MFG, and VMPFC. These findings indicate that these
regions are involved in the recognition of upright faces in healthy individuals, partially aligning with
previous research [27].

Our results align with the "core facial network" and "extended system" frameworks [10]. Specifically, the
strong activation of the bilateral 10T is consistent with its role as a core node, overlapping with the OFA
and FFA. The OFA is associated with the analysis of low-level facial features [11], while the FFA extracts
higher-level identity and social information [28]. In the revised model proposed by Bernstein et al., the
connections between the OFA and FFA constitute the ventral pathway for extracting form information
from static facial images [13].

Furthermore, the VMPFC, encompassing the OFC and ACC, plays a crucial role in aesthetic evaluation,
emotional value assessment, and attention [10] [14] [29] [30]. Furthermore, the thalamus and MFG, as
components of the semantic network, likely participate in attentional modulation and social cognitive

processing [25]. The thalamus serves as a sensory relay station, interconnecting with aforementioned

regions to facilitate multiple stages of facial information processing.
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FES patients showed globally reduced activation in face-related brain regions across visual stimuli
compared with HCs, indicating severe impairment in processing facial and non-facial object information,
consistent with most previous reports [15]. We also observed differential activation across four stimulus
categories. Inverted faces evoked weaker activation than other stimuli, consistent with the face inversion
effect reflecting disrupted configural face processing [31]. In SZ patients, this effect may be worsened by
atypical tuning of face-selective networks, especially in early visual and frontal regions, suggesting
reduced sensitivity to facial spatial and structural information [32].

FES patients displayed significantly decreased activation in the bilateral MFG under both upright and
inverted face conditions, consistent with prior work. Li et al. reported right MFG hypoactivation in SZ
patients during a dual n-back task [33]. These findings suggest SZ face-processing deficits largely stem
from insufficient MFG recruitment.

The MFG supports working memory and attentional control. Reduced resting-state functional
connectivity between the left MFG and left medial superior frontal gyrus is linked to impaired delayed
memory [34]. The MFG also participates in facial memory [35]. Widespread frontal hypoactivation
including the MFG has been reported in SZ patients during visual working memory tasks [36]. As our
sample was first-episode patients, abnormal MFG activity during visual working memory tasks may
represent a potential endophenotypic marker for SZ.

No significant group differences during happy face and object processing suggest basic emotional facial
recognition pathways are relatively preserved in FES patients, or task demands were insufficient to reveal
neural differences.

This study used fALFF and ReHo from rs-fMRI to compare resting-state functional characteristics of
face-related regions between FES patients and HCs. Results showed functional abnormalities in
occipitotemporal regions in SZ pa9tients, consistent with previous reports [15, 37]. Concurrent
reductions in fALFF and ReHo in the occipitotemporal lobe and thalamus indicate diminished
spontaneous neural activity, reduced regional synchronization, and disrupted thalamo-occipitotemporal
connectivity in SZ patients.

Our findings clarify lateralization of dysfunctional face-processing networks in SZ. Face perception
typically activates the lateral fusiform gyrus, which is mostly bilateral but often left-lateralized [10]. Left
fusiform gyrus abnormalities may represent an early deficit in complex visual processing [16]. The right
FFA contributes to face-nonface discrimination, while the left FFA processes lower-level facial similarity
[38]. Reduced spontaneous neural activity in the left I0T and left thalamus in FES patients may reflect
specific deficits in processing facial structural similarity.

Previous studies reported reduced GMV in the FFA in SZ patients. Goghari et al. found an 11% GMV
reduction in the FFA in SZ patients versus HCs [39]. Our study demonstrated lower overall GMV in face-
related regions in FES patients than HCs, especially significantly reduced cortical thickness in the right
MFG [40].
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As part of the DLPFC, the MFG supports high-order cognitive functions including working memory,
attentional control, and social information processing. Reduced GMV or cortical thinning in the MFG has
been reported in FES patients and first-degree relatives [40]. We found no significant volumetric changes
in the FFA, possibly due to the short illness duration in our FES sample, suggesting FFA structural
alterations are not fully developed. In contrast, reduced MFG volume may represent an earlier or more
prominent neurodevelopmental abnormality, impairing attentional modulation and facial information
integration and contributing to face recognition deficits in SZ.

A task-based fMRI study demonstrated that the bilateral MFG signals in response to inverted facial
stimuli were negatively correlated with negative symptom scores in the FES group, and the findings also
suggest that increased effective connectivity from the thalamus to the frontal cortex may be associated
with negative symptoms and cognitive dysfunction in patients with SZ [41]. On the one hand, these
findings may indicate that insufficient recruitment of the MFG is related to more severe negative
symptoms (e.g., emotional withdrawal and apathy). Visual processing deficits have been confirmed to be
associated with more prominent negative symptoms in patients with SZ. On the other hand, as reported
by Chambon et al. [42], the strength of the inversion effect in emotional discrimination correlates with
both positive and negative clinical symptoms, and the severity of symptoms is negatively associated
with the magnitude of the inversion effect [31]. In addition, a rs-fMRI study combined with behavioural
assessments revealed that the function of the right MFG was associated with both facial working
memory and negative symptoms in patients with FSZ [35]. Furthermore, studies applying iTBS
intervention in SZ have shown that the functional connectivity between the right MFG and the right
superior temporal gyrus was enhanced after intervention, and this alteration was related to the
improvement of positive and negative symptoms [43].

This study also revealed a negative correlation between the fALFF values in the left 10T region and left
thalamus during the resting-state analysis and cognitive symptom scores. Previous research has
indicated that face recognition deficits are associated with spatial working memory, sustained visual
attention, and visual information processing and are correlated with the PANSS score for the cognitive
subscale [15]. Top-down modulation may influence neural activity in the FFA. Thalamocortical
dysregulation in patients with SZ is frequently implicated in clinical and cognitive symptoms [44]. One
study demonstrated abnormal thalamic connectivity in patients with SZ who experienced persistent
negative symptoms [45]. In a study of patients with FES, connectivity between the right medial thalamus
and left middle temporal gyrus was correlated with negative symptom scores [41].

This study has limitations. First, the relatively small sample size in this study may limit the reliability of
the findings. Second, the emotional task only compared happy and neutral faces, without including
negative emotions, such as fear, anger, and sadness, which restricts the completeness of inferences
regarding the "emotional valence-brain region-symptom" gradient. Furthermore, this neuroimaging study
did not analyse differences in functional connectivity between distinct brain regions in individuals with
SZ and HCs. Future studies should refine the experimental design to further investigate alterations in
functional connectivity during face recognition in patients with FES.
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In conclusion, our study revealed that face perception involves multiple brain regions. Patients with FES
showed functional and structural changes in face-related brain regions compared with HCs. The
potential effects of the brain region structure were determined, and some of these functional changes
were associated with clinical symptoms, revealing interactions between clinical symptoms and social
cognitive deficits in patients with SZ and providing insights into the underlying neurophysiological
mechanisms of SZ.
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Figure 1

Visual one-back task paradigm in task-based fMRI. A block-design paradigm with a total duration of
252 s. Each run included 10 blocks (2 blocks for each condition: upright faces, inverted faces, happy
faces, objects, disorganized faces). A 12-s fixation preceded each block, followed by 12-s stimulus and
12-s blank. Subjects responded to consecutive repeated stimuli
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Figure 2

Task Functional differences in face-related brain regions between two groups. (A) Upright neutral faces;
(B) Inverted neutral faces; (C) Upright happy faces; (D) Objects; (E) Face-related brain activation
distribution, with a voxel-wise threshold of FWE-corrected P < 0.05 at the whole-brain level (FWE, family-
wise error)
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Figure 3
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Correlation between functional alterations in differential brain regions and clinical symptoms. (A)
Correlation matrix of regional activation, fALFF, ReHo with PANSS symptom scores; (B—E) Scatter plots
showing correlations of bilateral MFG activation, left IOT fALFF, and left thalamus fALFF with clinical
symptoms. Spearman’s correlation and partial correlation were used separately; partial correlation was

adjusted for sex, age, education, iliness duration, medication, GMV, and WMV
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