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Background: Patients with auditory verbal hallucination (AVH) may experience 
significant occupational and social functional disabilities, which bring a heavy 
burden to their families and society. Although neuroimaging studies have 
explored the brain regions associated with AVH and proposed models to 
explain AVH, the potential pathological mechanisms are not clear. Functional 
near-infrared spectroscopy (fNIRS) is a portable and suitable measurement, 
particularly in exploring brain activation during related tasks. Hence, our 
researchers aimed to explore the differences in the cerebral hemodynamic 
function between patients with schizophrenia with AVH (SZ-AVHs) and patients 
with schizophrenia without AVH (SZ-nAVHs) through fNIRS to examine neural 
abnormalities associated more specifically with AVH.

Methods: A 52-channel functional near-infrared spectroscopy system was used 
to monitor hemodynamic changes in SZ-AVHs (n = 178) and SZ-nAVHs (n = 172) 
during a verbal fluency task (VFT). Clinical history, and symptom severity were 
also noted. The original fNIRS data were analyzed using NirSpark to obtain the 
brain functional eigenvalues including the integral value, which represents the 
degree of brain activation, and the centroid value, which represents the speed 
of blood oxygen response.

Results: Our results showed that the integral values of the SZ-AVHs were 
significantly higher than those of the SZ-nAVHs in the left STC [t = 3.16, 
p = 0.014] while the centroid values of the SZ-AVHs were significantly higher 
than those of the SZ-nAVHs in the right vlPFC [t = 2.78, p = 0.046].

Discussion: Our findings indicate that SZ-AVHs exhibited lower activation in the 
left STC and Slower response speed in the right vlPFC than SZ-nAVHs.
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1 Introduction

Auditory verbal hallucination (AVH), as one of the characteristic 
symptoms of Schizophrenia (SZ), is characterized as the experiences 
of hearing a voice or any other sounds for languages under the 
conditions of conscious state with no external stimulus (1). The 
prevalence of AVH reported rates of 60–80%, while roughly 30% of 
patients with AVH (2) are not responded well for current clinical 
treatments. As the disease progresses, patients may experience 
significant occupational and social functional disabilities, which bring 
a heavy burden to their families and society. At present, the potential 
pathological mechanisms are not clear, but a series of studies have 
explored the brain regions associated with AVH and proposed models 
to explain AVH.

Among them, the predictive-coding model believes that 
hallucination represents inner speech misattributed to an external 
agent due to a failure to adequately monitor and label verbal thoughts 
as coming from the inside rather than from the outside of the patient’s 
head (3). The temporal cortex is related to inner speech and the frontal 
cortex is related to monitoring.

Here are some studies on the relationship between the temporal 
cortex and AVH. A meta-analysis found that the severity of AVH is 
significantly correlated with a reduction in GMV in the left superior 
temporal gyrus (STG), and slightly correlated with a reduction in 
GMV in the right STG (4). In addition, the cortical thickness of the 
left middle temporal gyrus (MTG) has also been found to be negatively 
correlated with the severity of AVH in SZs. This suggests a 
distributional structural abnormality pattern in the temporal cortex 
that is specific to AVH (5). In addition to structural differences, there 
have also been studies comparing the differences in cerebral blood 
flow (CBF) between patients with schizophrenia with auditory verbal 
hallucination (SZ-AVHs) and patients with schizophrenia without 
auditory verbal hallucination (SZ-nAVHs), and found that SZ-AVHs 
had increased CBF in the right STG at rest (6). There are also 
functional magnetic resonance imaging (fMRI) studies exploring 
brain activation during AVH, but the result is heterogeneous (7). 
Some studies have found an increase in activation of the bilateral 
STG. But there are also studies showing significant activation of the 
right STG, while there is no significant activation of the left STG (8). 
In summary, the above studies indicate a specific relationship between 
the temporal cortex and AVH, but the specific brain region is 
still uncertain.

The frontal cortex is involved in auditory information processing 
and decision-making, and is also a very important brain area related 
to AVH. Recent studies have found that the GMV of the right 
ventrolateral prefrontal cortex (vlPFC) is significantly negatively 
correlated with the severity of AVHs (9), while the GMV of the left 
inferior frontal gyrus (IFG) is positively correlated with the severity 
of AVHs (10), indicating a specific relationship between the frontal 
cortex and AVH; fMRI studies investigations have revealed increased 
activation in the frontal cortex during AVH (7),while decreased CBF 
in the bilateral superior frontal gyrus (SFG) of SZ-AVHs (5), compared 
with SZ-nAVHs. This also indicates that the frontal cortex is involved 
in the occurrence of AVH, and its hemodynamic disorders may be the 
cause of AVH.

Currently, with the rise of functional near-infrared spectroscopy 
(fNIRS) which is a non-invasive imaging device to evaluate brain 
function, an increasing number of studies are being used to monitor 

changes in brain function. While the VFT is considered as the 
sensitive indicators of language (11) function and frontal and temporal 
cortex function, a large number of fNIRS studies have explored and 
compared the frontotemporal cortex activation between SZs and HCs 
by VFT. Suto found that during the VFT task, SZs had a smaller 
increase in oxyhemoglobin concentration (HbO) in the bilateral 
temporal cortex compared to HCs (12) while Tran found the same 
decrease in activation in the left prefrontal cortex (13). Additionally, 
Liang Nana explored the differences in the cerebral hemodynamic 
function in SZ-AVHs, SZ-nAVHs and HCs during VFT, and found 
that the abnormal activation in the right postcentral gyrus was 
correlated with severity of AVH (14). A recent study selected the 
integral and centroid values of brain cortical activity in the bilateral 
frontotemporal regions during the VFT as features for classifying SZs 
and HCs, with an accuracy rate of 70% (15). The above results all 
indicate that using fNIRS to detect brain activity during the VFT is an 
effective method. However, the sample size of the above studies is 
relatively small, and most of them only have indicators of 
oxyhemoglobin. Meanwhile, only a very small number of studies 
compare SZ-AVHs with SZ-nAVHs, lacking reproducibility, thus 
requiring further research.

In the present study, we utilized multi-channel fNIRS to compare 
the brain functional activity differences between SZ-AVHs and 
SZ-nAVHs during the VFT, as well as their relationship with AVH, in 
order to obtain AVH-specific neural mechanisms. We hypothesize 
that abnormal activation of the temporal lobe cortex is related to 
internal speech production, while functional deficits in the frontal 
lobe cortex may lead to decision-making errors, attributing internal 
speech errors to external stimuli and resulting in AVH.

2 Methods

2.1 Participants

The sample size was determined a priori based on power 
calculations for detecting between-group differences in brain 
activation. Assuming a medium effect size (Cohen’s d = 0.4) between 
hallucinators and non-hallucinators in fMRI activation patterns, with 
α = 0.05 (two-tailed) and 80% power, According to the formula 
n = 2 × (Z1-α/2 + Z1-β)2/d2, a minimum of 100 participants per group 
was required for independent samples t-tests. To enhance robustness 
against potential fMRI data variability (e.g., head motion artifacts, 
signal noise) and to accommodate multiple comparison correction 
(family-wise error rate p < 0.05) across whole-brain analyses, 
we recruited approximately 170 participants per group (total N = 340). 
This sample size provides >90% power to detect effects as small as 
d = 0.3 while allowing for covariate adjustment and exploratory 
subgroup analyses.

A total of 350 inpatients with Schizophrenia during Nov. 2011 
to Sep. 2019 from Peking University Sixth Hospital were enrolled 
from inpatient ward in this study. All patients fully met the 
DSM-V diagnostic criteria for schizophrenia, with the following 
exclusion criteria: (1) alcohol or substance disorder; (2) Traumatic 
brain injury; (3) Neurological damage or intellectual disability. 
After being diagnosed and interviewed by a professional 
psychiatrist, the patients were divided into two groups based on 
whether they had auditory hallucinations: 178 patients with 
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auditory hallucinations (SZ-AVHs) and 172 patients without 
auditory hallucinations (SZ-nAVHs) This study has been approved 
by the Ethics Committee of Peking University Sixth Hospital 
(Table 1).

The relevant scales will be evaluated by well-trained psychiatrists 
less than 1 week before fNIRS measurement. The overall clinical 
status and treatment response of patients were evaluated using the 
Clinical Efficacy Inventory (CGI), which focuses on disease severity 
(CGI-SI), overall improvement (CGI-GI), and treatment efficacy 
index (CGI-EI); The Hamilton Depression Rating Scale (HAMD) and 
Hamilton Anxiety Rating Scale (HAMA) are used to assess the 
severity of depression and anxiety. The Brief Psychiatric Rating Scale 
(BPRS) is used to assess the severity of the disease, and the severity of 
AVH is quantified using the Brief Psychiatric Rating Scale Illusion 
(BPRS- Illusion) score. Medication dosages are presented as 
chlorpromazine-equivalent doses calculated using the DDD 
conversion factors (WHO Collaborating Centre for Drug Statistics 
Methodology); All participants are native Chinese speakers and able 
to read Chinese.

2.2 Verbal fluency task

We adopted a Chinese version of phonological VFT. This 
measurement was taken under a quiet environment. Participants were 
asked to remain seated with their eyes open, avoid excessive body, 
minimize head movements, and focus on a cross-displayed during the 
measurements. It comprised a 30-s pre-task period, a 60-s task period, 
and a 70-s post-task period. During the pre- and post-task periods, 
the participants were asked to constantly say “1, 2, 3, 4, 5” repeatedly. 
During the task period, the participants were asked to generate as 
many four-character idioms or phrases as possible, which begin with 
the designated Chinese characters (such as, “大,” “白,” and “天,”) 
indicating big, white, and sky, respectively. There was a total of three 
cue characters that were changed every 20 s during the 60-s 
task period.

2.3 NIRS measurement

A 52-channel fNIRS system (ETG-4100. Hitachi Medical Co., 
Tokyo, Japan) uses 2 NIR light wavelengths (695 and 830 nm) to 
measure the hemodynamic responses in the prefrontal cortices and 
superior temporal cortices. This system had 16 light detectors and 17 
light emitters, all of which were arranged in a 3 × 11 array to form 52 
measurement channels according to the international 10–20 system. 
This arrangement allowed for hemodynamic response covered mainly 
in the entire bilateral prefrontal cortices, and the anterior and superior 
parts of the temporal cortex to be measured.

2.4 NIRS data analysis

We used the NirSpark software package (16) to analyze NIRS data. 
Data were preprocessed via the following steps. Motion artifacts were 
corrected by a moving SD and a cubic spline interpolation method. A 
bandpass filter with cut-off frequencies of 0.01–0.20 Hz was used for 
resting state data and a 0.2 Hz low-pass filter was used for VFT state 
data to remove physiological noise (e.g., respiration, cardiac activity, 
and low-frequency signal drift). The modified Beer- Lambert law was 
used to convert optical densities into changes in the deoxyhemoglobin 
and oxyhemoglobin concentrations.

Integral and centroid values of the Regions of Interest (ROIs) 
during VFT were generated from the NirSpark (17) by evaluating the 
hemodynamic changes in the concentrations of oxyhemoglobin 
(HbO), deoxyhemoglobin (HbR), and total hemoglobin (HbT) of the 
10-s pre-task,60-s task, and 55-s post-task period from the original 
160-s VFTs. And the frontotemporal region was segmented into eight 
ROIs: (1) right dorsolateral prefrontal cortex (dlPFC); (2) dorsal 
frontopolar cortex (dFPC); (3) left dlPFC; (4) right superior temporal 
cortex (STC); (5) right ventrolateral prefrontal cortex (vlPFC); (6) 
ventral FPC (vFPC); (7) left vlPFC; and (8) left STC. Integral value, 
measured in mmol/L * mm * s, was calculated using the hemodynamic 
response of HbO, HbR and HbT during the 60-s activation task period 

TABLE 1 Demographic, clinical, and psychosocial characteristics of all participants [mean (SD)].

Variable SZ-AVHs (n = 178) SZ-nAVHs 
(n = 172)

χ2/t/U p Effect size 
(95%CI)

Gender (M/F) 101/77 109/63 1.60a 0.206 *V = 0.07 [0.00, 0.15]

Age ± SD 34.44 (14.72) 32.52 (12.81) 1.70b 0.089 *d = 0.14 [−0.06, 0.34]

Education ± SD 12.77 (3.27) 12.95 (3.59) 3.40b 0.638 *d = −0.05 [−0.25,0.15]

Length of illness 7.24 (8.75) 6.97 (8.29) 0.27b 0.790 *d = 0.03 [−0.17, 0.23]

Chlorpromazine equivalent 

(IQR) (mg/day)
450.00 (300.00–662.55) 399.90 (235.05–600.00) 9057.00c 0.196 *δ = −0.09 [−0.32,0.14]

CGI-SI 4.66 (1.02) 4.26 (1.17) 2.57b 0.011 *d = 0.36 [0.16, 0.56]

CGI-GI 2.43 (1.30) 2.66 (1.03) −1.29b 0.202 *d = −0.19 [−0.39,0.01]

CGI-EI 7.87 (4.21) 8.02 (3.77) −0.27b 0.788 *d = −0.04 [−0.24,0.16]

BPRS- illusion 3.32 (1.69) 1.39 (1.04) 8.12b <0.01 *d = 1.36 [1.14, 1.58]

HAMD 8.21 (5.37) 8.63 (7.89) −0.41b 0.686 *d = −0.06 [−0.26, 0.14]

HAMA 5.08 (3.83) 5.11 (5.64) 0.05b 0.961 *d = −0.01 [−0.21, 0.19]

IQR, Interquartile Range; CGI, Clinical Efficacy Inventory; CGI-SI, Clinical Global Impression-Severity of Illness; CGI-GI, Clinical Global Impression-Global Improvement; CGI-EI, Clinical 
Global Impression-Efficacy Index; BPRS- Illusion, Brief Psychiatric Rating Scale Illusion; HAMD, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale; aχ2 test; b t test; c a Mann–
Whitney U test; *V: Cramer’s V; *d: Cohen’s d; *δ: Cliff ‘s Delta; 95% CI: 95% confidence interval. Bolded values represent p < 0.01 statistical significance.
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by averaging the signal from channels within each region (18); The 
centroid value is an index of time-course changes throughout the VFT, 
which refers to the point in the waveform where the hemoglobin 
positive direction reaches half of the integral value, with periods 
representing the timing of the hemodynamic response.

2.5 Statistical analysis

SPSS (Statistical Package for the Social Sciences for Windows, 
version 26; IBM SPSS Statistics, New York, United States) was used to 
compare basic information and clinical data in each group. For 
categorical variables (presented as frequencies), between-group 
differences were assessed using χ2 tests, with effect sizes reported as 
Cramer’s V and 95% confidence intervals. Continuous variables (e.g., 
age, education, illness duration, and scale scores) (presented as mean 
± SD) were compared using independent samples t-tests, with effect 
sizes reported as Cohen’s d and corresponding 95% confidence 
intervals. Non-normally distributed olanzapine-equivalent [presented 
as median (IQR)] were compared using a Mann–Whitney U test, with 
effect sizes reported as Cliff ’s Delta and corresponding 95% confidence 
intervals (15). The brain functional eigenvalues between the two 
groups were compared using the t-test, with effect sizes reported as 
Cohen’s d and corresponding 95% confidence intervals, and Pearson’s 
correlation coefficient was used to determine the relationship between 
brain functional activity and the severity of AVH. For multiple 
comparisons of multiple channels, False Discovery Rate (FDR) 
correction method is used to correct a class of error probabilities. 
p(FDR) < 0.05 was considered statistically significant.

3 Results

3.1 Demographic and clinical 
characteristics

The basic information and clinical data of the participants are 
shown in Table 1. There were no significant differences in gender, age, 
education, disease duration, as well as HAMD and HAMA scores, 
CGI-GI and CGI-EI scores between the two groups of participants. 
The CGI-SI scores showed a small but significant effect (d = 0.36, 95% 

CI [0.16, 0.56]), indicating slightly greater illness severity in the 
SZ-AVHs group. Most notably, hallucination scores demonstrated a 
large and highly significant effect (d = 1.36, 95% CI [1.14, 1.58]), 
reflecting substantially more severe psychotic symptoms in 
SZ-AVHs patients.

3.2 The brain functional eigenvalues in ROI

After FDR correction, the integral values of the SZ-AVHs were 
significantly higher than those of the SZ-nAVHs in the left STC 
[t = 3.16, p = 0.014, d = 0.20, 95% CI [0.04, 0.36]] while the centroid 
values of the SZ-AVHs were significantly higher than those of the 
SZ-nAVHs in the right vlPFC [t = 2.78, p = 0.046, d = 0.21, 95% CI 
[0.05, 0.37]] (Figure 1).

The three-dimensional topographic map of brain regions with 
significant differences in brain activation levels is shown in Figure 2.

3.3 Correlation between demographic 
characters and fNIRS variables

For the left STC with significant differences in integral values after 
FDR correction, Pearson correlation analysis was performed on the 
integral values of all channels in the region and their corresponding 
BPRS Illusion scores, with CGI-SI scores as the control variable. The 
BPRS- Illusion scores was found to be significantly correlated with the 
HbR integral values of channel 33 (R = 0.140, p = 0.018), while there 
was no significant correlation with other channels.

4 Discussion

This study used fNIRS to explore the association between 
hemodynamic response in the frontotemporal cortex and AVH in 
patients with SZ. Our findings indicate that SZ-AVHs exhibited lower 
activation in the left STC and Slower response speed in the right 
vlPFC than SZ-nAVHs.

First, in terms of HbR, our study observed that the SZ-AVHs had 
lower brain activation in left STC in contrast to the SZ-nAVHs, which 
were similar to the previous fNIRS studies showing the lower brain 

FIGURE 1

Comparison of frontotemporal integral and centroid value of fNIRS signals between SZ-AVHs and SZ-nAVHs. (a) The integral values of HbR during the 
VFT period. (b) The centroid values of HbT during the VFT period; Error bars represent standard error of measurement, *p < 0.05.
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activation in similar brain cortices during the related task (19), But for 
HbO, there was no significant difference, which may indicate that 
HbR is more sensitive than HbO in this study. This speculation was 
predicted from the theoretical grounds of the BOLD response and is 
in agreement with several previous works (20). The consistency 
between the fNIRS results in this study and the fMRI research results 
also indicates that fNIRS is a suitable research tool to explore the 
underlying neural alterations of patients with AVH during related 
tasks (21). However, other studies have reported contradictory results, 
suggesting that HbO may be a better indicator than HbR. This may 
be due to the long task time, which cannot reflect the advantage of 
HbR’s fast response speed, and the high signal-to-noise ratio of HbO 
measurement (17). In all, there is still controversy over which of the 
three concentrations of HbO, HbR, and HbT is more sensitive. There 
have also been studies on patients with mental disorders such as 
depression using VFT through fNIRS, and it was found that their 
corresponding brain regions were activated. There are also studies 
exploring the changes in brain activity of mental disorders such as 
depression during VFT using fNIRS (12), and finding that their 
corresponding brain regions produce similar activations. There was 
no significant difference in HAMA and HAMD scores between the 
two groups in this study, indicating that the results were not affected 
by depression or anxiety.

We also detected changes in frontal cortex blood flow during VFT 
in patients with and without AVH, and found that SZ-AVHs had a 
significant delay in reaching the peak of HbT in the right vlPFC, This 
is similar to a previous study that distinguished schizophrenia from 
other mental disorders by centroid values, with an accuracy rate of up 
to 84% (22). This indicates that SZ-AVHs have significant deficits in 
frontal lobe function (23), which is related to semantic control (24). A 
study suggested that disruption to medial anterior PFC, may be at least 
partly responsible for an impairment in making similar 
discriminations that might account for the hallucinations associated 
with schizophrenia (25). However, there was also a significant 
difference in the severity of the disease between the two groups, so 
slower frontal cortex response may also be related to the severity of 
the disease.

The above neuroimaging results can also provide an explanation 
for the predictive-coding model. The predictive coding model states 

that AVH in SZ is associated with increased baseline activity in the 
associative auditory cortex (3), such as temporal cortex. But when 
internal speech is perceived by the same receptors, the 
corresponding brain regions will be inhibited, and the degree of 
inhibition will be lower compared to healthy individuals (26). In 
this study, SZ-AVHs activation was reduced compared to 
SZ-nAVHs. The above also indicates that functional defects in the 
temporal cortex can lead to auditory hallucinations. The slower 
response speed of the frontal lobe also indicates hemodynamic 
disorders and functional decline in this area, leading to 
dysregulation of monitoring ability (27) and causing internal speech 
to be  mistakenly attributed to external stimuli, resulting in 
auditory hallucinations.

Nevertheless, there are still several limitations associated with 
our research. Firstly, the coverage of brain regions is limited, with 
only the frontotemporal cortex being studied and no mention of 
brain activity related to other areas. Second, the scale used to assess 
auditory hallucinations is not the most commonly employed 
measure in clinical practice, which may limit the accuracy of our 
hallucination evaluations. This could contribute to the modest 
correlation coefficients observed (Table  2), potentially reducing 
their clinical applicability. Meanwhile, the differences in disease 
severity (as indicated by CGI-SI scores) between the two groups 
also preclude the certainty that the study findings are specifically 
attributable to the effects of AVH. Further research is required to 
control for disease severity in order to clarify this issue. And there 

FIGURE 2

Three-dimensional cerebral maps of significant differences between two groups. The scale bar represents p-value. White represents the coverage of 
brain regions (p > 0.1). Panels (a–c) show the right view, front view, and left view, respectively.

TABLE 2 Correlation analysis between HbR integrated values of left STC 
and BPRS- Illusion scores.

Ch Pearson correlation

R p

Ch31 0.039 0.649

Ch41 0.140 0.018*

Ch42 0.041 0.489

Ch51 0.102 0.086

Ch52 0.061 0.300

*p < 0.05.
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is not the information of behavioral performance on the VFT, 
which could differ between groups and impact neural activation 
patterns. Finally, although there was no significant difference in 
olanzapine equivalent doses between the two groups, the potential 
impact of different medication types and unknown drug–drug 
interactions on the outcomes cannot be ruled out. Future studies 
should control for specific antipsychotic agents and their dosages 
with standardized medication protocols to clarify these effects. 
Despite these challenges, our research findings still provide 
additional support for the identification of brain region biomarkers 
of AVH and offer more possibilities for the subsequent treatment of 
AVH (28). We also believe that future research and technological 
innovation will help overcome these limitations, and provide more 
evidences for the common theories regarding the AVH.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The study involving human participants was reviewed and 
approved by the Ethics Committee of Peking University Sixth 
Hospital. Written informed consent from the patients was not 
required to participate in this study in accordance with the national 
legislation and the institutional requirements.

Author contributions

JZ: Writing  – original draft, Writing  – review & editing. JT: 
Writing – original draft. JW: Methodology, Writing – original draft. 

HQ: Writing  – original draft. WQ: Writing  – original draft. YS: 
Writing  – original draft. DW: Writing  – review & editing. WD: 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported 
by the Beijing Municipal Health Commission Research Ward 
Programme (3rd batch) Fund and the Peking University Sixth 
Hospital Research Ward Independent Innovation.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Javitt DC, Sweet RA. Auditory dysfunction in schizophrenia: integrating clinical 

and basic features. Nat Rev Neurosci. (2015) 16:535–50. doi: 10.1038/nrn4002

 2. Lim A, Hoek HW, Deen ML, Blom JD, Bruggeman R, Cahn W, et al. Prevalence and 
classification of hallucinations in multiple sensory modalities in schizophrenia spectrum 
disorders. Schizophr Res. (2016) 176:493–9. doi: 10.1016/j.schres.2016.06.010

 3. Horga G, Abi-Dargham A. An integrative framework for perceptual disturbances 
in psychosis. Nat Rev Neurosci. (2019) 20:763–78. doi: 10.1038/s41583-019-0234-1

 4. Modinos G, Costafreda SG, Van Tol MJ, McGuire PK, Aleman A, Allen P. 
Neuroanatomy of auditory verbal hallucinations in schizophrenia: a quantitative meta-
analysis of voxel-based morphometry studies. Cortex. (2013) 49:1046–55. doi: 
10.1016/j.cortex.2012.01.009

 5. Cui Y, Liu B, Song M, Lipnicki DM, Li J, Xie S, et al. Auditory verbal hallucinations 
are related to cortical thinning in the left middle temporal gyrus of patients with 
schizophrenia. Psychol Med. (2018) 48:115–22. doi: 10.1017/S0033291717001520

 6. Zhuo C, Zhu J, Qin W, Qu H, Ma X, Yu C. Cerebral blood flow alterations specific 
to auditory verbal hallucinations in schizophrenia. Br J Psychiatry. (2017) 210:209–15. 
doi: 10.1192/bjp.bp.115.174961

 7. Jardri R, Pouchet A, Pins D, Thomas P. Cortical activations during auditory verbal 
hallucinations in schizophrenia: a coordinate-based meta-analysis. Am J Psychiatry. 
(2011) 168:73–81. doi: 10.1176/appi.ajp.2010.09101522

 8. Sommer IEC, Diederen KMJ, Blom JD, Willems A, Kushan L, Slotema K, et al. 
Auditory verbal hallucinations predominantly activate the right inferior frontal area. 
Brain. (2008) 131:3169–77. doi: 10.1093/brain/awn251

 9. Ysbaek-Nielsen AT, Gogolu RF, Tranter M, Obel ZK. Structural brain differences 
in patients with schizophrenia spectrum disorders with and without auditory verbal 

hallucinations. Psychiatry Res Neuroimaging. (2024) 344:111863. doi: 10.1016/j. 
pscychresns.2024.111863

 10. Modinos G, Vercammen A, Mechelli A, Knegtering H, McGuire PK, Aleman A. 
Structural covariance in the hallucinating brain: a voxel-based morphometry study. J 
Psychiatry Neurosci. (2009) 34:465–9.

 11. Koike S, Nishimura Y, Takizawa R, Yahate N, Kasai K. Near-infrared spectroscopy 
in schizophrenia: a possible biomarker for predicting clinical outcome and treatment 
response. Front Psych. (2013) 4:145. doi: 10.3389/fpsyt.2013.00145

 12. Suto T, Fukuda M, Ito M, Uehara T, Mikuni M. Multichannel near-infrared 
spectroscopy in depression and schizophrenia: cognitive brain activation study. Biol 
Psychiatry. (2004) 55:501–11. doi: 10.1016/j.biopsych.2003.09.008

 13. Tran BX, Nguyen TT, Boyer L, Fond G, Auquier P, Nguyen HSA, et al. 
Differentiating people with schizophrenia from healthy controls in a developing 
country: an evaluation of portable functional near infrared spectroscopy (fNIRS) as an 
adjunct diagnostic tool. Front Psych. (2023) 14:1061284. doi: 10.3389/fpsyt.2023.1061284

 14. Liang N, Liu S, Li X, Wen D, Li Q, Tong Y, et al. A decrease in hemodynamic 
response in the right postcentral cortex is associated with treatment-resistant auditory 
verbal hallucinations in schizophrenia: an NIRS study. Front Neurosci. (2022) 16:865738. 
doi: 10.3389/fnins.2022.865738

 15. Chou PH, Yao YH, Zheng RX, Liou YL, Liu TT, Lane HY, et al. Deep neural 
network to differentiate brain activity between patients with first-episode schizophrenia 
and healthy individuals: a Multi-Channel near infrared spectroscopy study. Front Psych. 
(2021) 12:655292. doi: 10.3389/fpsyt.2021.655292

 16. Liu X, Cheng F, Hu S, Wang B, Hu C, Zhu Z, et al. Cortical activation and 
functional connectivity during the verbal fluency task for adolescent-onset depression: 

https://doi.org/10.3389/fneur.2025.1559564
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1038/nrn4002
https://doi.org/10.1016/j.schres.2016.06.010
https://doi.org/10.1038/s41583-019-0234-1
https://doi.org/10.1016/j.cortex.2012.01.009
https://doi.org/10.1017/S0033291717001520
https://doi.org/10.1192/bjp.bp.115.174961
https://doi.org/10.1176/appi.ajp.2010.09101522
https://doi.org/10.1093/brain/awn251
https://doi.org/10.1016/j.pscychresns.2024.111863
https://doi.org/10.1016/j.pscychresns.2024.111863
https://doi.org/10.3389/fpsyt.2013.00145
https://doi.org/10.1016/j.biopsych.2003.09.008
https://doi.org/10.3389/fpsyt.2023.1061284
https://doi.org/10.3389/fnins.2022.865738
https://doi.org/10.3389/fpsyt.2021.655292


Zhang et al. 10.3389/fneur.2025.1559564

Frontiers in Neurology 07 frontiersin.org

a multi-channel NIRS study. J Psychiatr Res. (2022) 147:254–61. doi: 
10.1016/j.jpsychires.2022.01.040

 17. Yeung MK, Lin J. Probing depression, schizophrenia, and other psychiatric 
disorders using fNIRS and the verbal fluency test: a systematic review and meta-analysis. 
J Psychiatr Res. (2021) 140:416–35. doi: 10.1016/j.jpsychires.2021.06.015

 18. Takizawa R, Fukuda M, Kawasaki S, Kasai K, Mimura M, Pu S, et al. Neuroimaging-
aided differential diagnosis of the depressive state. NeuroImage. (2014) 85:498–507. doi: 
10.1016/j.neuroimage.2013.05.126

 19. Soler-Vidal J, Fuentes-Claramonte P, Salgado-Pineda P, Ramiro N, García-León 
M, Torres ML, et al. Brain correlates of speech perception in schizophrenia patients with 
and without auditory hallucinations. PLoS One. (2022) 17:e0276975:e0276975. doi: 
10.1371/journal.pone.0276975

 20. Huppert TJ, Hoge RD, Diamond SG, Franceschini MA, Boas DA. A temporal 
comparison of BOLD, ASL, and NIRS hemodynamic responses to motor 
stimuli in adult humans. NeuroImage. (2006) 29:368–82. doi: 10.1016/j. 
neuroimage.2005.08.065

 21. Ferrari M, Quaresima V. A brief review on the history of human functional near-
infrared spectroscopy (fNIRS) development and fields of application. Neuroimage. 
(2012) 63:921–35. doi: 10.1016/j.neuroimage.2012.03.049

 22. Chou PH, Liu WC, Lin WH, Hsu CW, Wang SC, Su KP. NIRS-aided differential 
diagnosis among patients with major depressive disorder, bipolar disorder, and 
schizophrenia. J Affect Disord. (2023) 341:366–73. doi: 10.1016/j.jad.2023.08.101

 23. Curtis VA, Bullmore ET, Brammer MJ, Wright IC, Williams SCR, Morris RG, et al. 
Attenuated frontal activation during a verbal fluency task in patients with schizophrenia. 
Am J Psychiatry. (1998) 155:1056–63. doi: 10.1176/ajp.155.8.1056

 24. Miller EK, Cohen JD. An integrative theory of prefrontal cortex function. Annu 
Rev Neurosci. (2001) 24:167–202. doi: 10.1146/annurev.neuro.24.1.167

 25. Simons JS, Davis SW, Gilbert SJ, Frith CD, Burgess PW. Discriminating imagined 
from perceived information engages brain areas implicated in schizophrenia. 
Neuroimage. (2006) 32:696–703. doi: 10.1016/j.neuroimage.2006.04.209

 26. Simons CJP, Tracy DK, Sanghera KK, O'Daly O, Gilleen J, Dominguez MDG, et al. 
Functional magnetic resonance imaging of inner speech in schizophrenia. Biol 
Psychiatry. (2010) 67:232–7. doi: 10.1016/j.biopsych.2009.09.007

 27. Bell A, Toh WL, Allen P, Cella M, Jardri R, Laroi F, et al. Examining the 
relationships between cognition and auditory hallucinations: a systematic review. Aust 
N Z J Psychiatry. (2024) 58:467–97. doi: 10.1177/00048674241235849

 28. Fisher VL, Hosein GX, Epie B, Powers AR 3rd. Biomarkers of auditory-verbal 
hallucinations. Adv Neurobiol. (2024) 40:665–81. doi: 10.1007/978-3-031-69491-2_22

https://doi.org/10.3389/fneur.2025.1559564
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jpsychires.2022.01.040
https://doi.org/10.1016/j.jpsychires.2021.06.015
https://doi.org/10.1016/j.neuroimage.2013.05.126
https://doi.org/10.1371/journal.pone.0276975
https://doi.org/10.1016/j.neuroimage.2005.08.065
https://doi.org/10.1016/j.neuroimage.2005.08.065
https://doi.org/10.1016/j.neuroimage.2012.03.049
https://doi.org/10.1016/j.jad.2023.08.101
https://doi.org/10.1176/ajp.155.8.1056
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.1016/j.neuroimage.2006.04.209
https://doi.org/10.1016/j.biopsych.2009.09.007
https://doi.org/10.1177/00048674241235849
https://doi.org/10.1007/978-3-031-69491-2_22

	Alterations in frontotemporal cerebral activity specific to auditory verbal hallucination during verbal fluency task in schizophrenia: a fNIRS study
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Verbal fluency task
	2.3 NIRS measurement
	2.4 NIRS data analysis
	2.5 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 The brain functional eigenvalues in ROI
	3.3 Correlation between demographic characters and fNIRS variables

	4 Discussion

	References

