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Objective: Previous studies have established significant differences in the neuroimaging characteristics between healthy controls (HCs) and patients with schizophrenia (SCZ). However, the relationship between homotopic connectivity and clinical features in patients with SCZ is not yet fully understood. Furthermore, there are currently no established neuroimaging biomarkers available for the diagnosis of SCZ or for predicting early treatment response. The aim of this study is to investigate the association between regional homogeneity and specific clinical features in SCZ patients.

Methods: We conducted a longitudinal investigation involving 56 patients with SCZ and 51 HCs. The SCZ patients underwent a 3-month antipsychotic treatment. Resting-state functional magnetic resonance imaging (fMRI), regional homogeneity (ReHo), support vector machine (SVM), and support vector regression (SVR) were used for data acquisition and analysis.

Results: In comparison to HCs, individuals with SCZ demonstrated reduced ReHo values in the right postcentral/precentral gyrus, left postcentral/inferior parietal gyrus, left middle/inferior occipital gyrus, and right middle temporal/inferior occipital gyrus, and increased ReHo values in the right putamen. It is noteworthy that there was decreased ReHo values in the right inferior parietal gyrus after treatment compared to baseline data.

Conclusion: The observed decrease in ReHo values in the sensorimotor network and increase in ReHo values in the right putamen may represent distinctive neurobiological characteristics of patients with SCZ, as well as a potential neuroimaging biomarker for distinguishing between patients with SCZ and HCs. Furthermore, ReHo values in the sensorimotor network and right putamen may serve as predictive indicators for early treatment response in patients with SCZ.
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1. Introduction

Schizophrenia (SCZ) is a severe mental disorder that is among the top causes of disability worldwide. It affects approximately 1% of the global population and is characterized by psychotic symptoms such as hallucinations, delusions, and speech disorders. Hallucinations can take various forms, including auditory, visual, and tactile. Among individuals with SCZ, auditory hallucinations are the most frequently reported type (Marder and Cannon, 2019; Jauhar et al., 2022; Xu et al., 2022). Men have a higher risk of developing SCZ compared to women, with an estimated lifetime prevalence rate ranging from 0.3 to 0.7% (Hyman et al., 2005; Moreno-Kustner et al., 2018; Onitsuka et al., 2022). The prevalence of SCZ has been observed to peak at around age 20.5, and among individuals aged 25 and older, the prevalence is 47.4% (Solmi et al., 2022). Researches have indicated that individuals diagnosed with SCZ have a significantly lower life expectancy compared to the general population, with a difference of approximately 15–20 years. Furthermore, this gap in mortality rates is continuing to widen (Tanskanen et al., 2018). Environmental factors, such as social isolation, childhood trauma, urban living, and ethnicity, are considered to be among the multifactorial causes of SCZ (Diaz-Castro et al., 2021; Srivastava et al., 2021). SCZ may have its origins in utero, with obstetric potential risk factors including complications such as low birth weight, gestational diabetes, bleeding, asphyxia, and emergency caesarean section. Additionally, fetal disorders such as stress and infection during the second trimester have also been identified as risk factors (Thomas et al., 2001; Buoli et al., 2016). SCZ is widely recognized as a highly heritable disorder, with a estimate reaching as high as 80%. Abnormal brain networks and neural developmental defects are believed to contribute to the inability to integrate neural processes, a hallmark of SCZ (Legge et al., 2021; Zhu et al., 2021). SCZ has caused significant suffering for individuals with the disorder as well as their relatives. However, due to lack of objective indicators, accurately diagnosing and effectively treating SCZ remain major challenges.

Receiving an accurate diagnosis and appropriate treatment is of utmost importance for individuals with SCZ (Xie et al., 2020; Galinska-Skok and Waszkiewicz, 2022). Previous research has suggested a potential link between immune biomarkers and the progression of SCZ, as well as the effectiveness of treatment (Kuloglu et al., 2016; Kozlowska et al., 2021; Li et al., 2022; Ma et al., 2022). In the future, diagnostic and prognostic biomarkers may be utilized to enhance the accuracy of diagnosis, monitoring of therapy, and prediction of treatment outcomes in individuals with SCZ (Perkovic et al., 2017). Neuroimaging holds great promise as a tool for developing biomarkers of SCZ, as it enables the capture of phenotypic variations in molecular and cellular disease targets, as well as brain circuits (Acar et al., 2019; Kraguljac et al., 2021). Numerous neuroimaging studies have aimed to elucidate the neurobiological underpinnings of SCZ and differentiate neuroimaging characteristics between individuals with SCZ and healthy controls (HCs), as well as predict early treatment response. Studies have shown that individuals with SCZ exhibit increased neural activity in the frontal cortex and decreased resting-state functional connectivity (FC) patterns between the left middle frontal gyrus (MFG) and the left medial superior frontal gyrus (MFSG), which have been associated with cognitive impairment (Yu et al., 2022). After treatment, individuals with SCZ have been observed to exhibit an increase in FC between hippocampus and brain networks associated with cognitive function (Jiang et al., 2019). Following treatment with the antipsychotic medication olanzapine, individuals with SCZ have been observed to exhibit increased FC in the default-mode network (DMN) and sensorimotor circuits of the brain. Conversely, reduced FC has been noted in the left superior temporal gyrus (STG) (Guo et al., 2017). Wang et al. (2017) found that individuals with SCZ exhibited increased FC in the right superior temporal gyrus, right medial frontal gyrus, and left superior frontal gyrus, and decreased FC in the right posterior cingulate/anterior cuneus, right cerebellar anterior lobe, and left insular lobe following treatment. Several articles have reviewed neuroimaging studies investigating changes in neural function and structure in individuals with SCZ following treatment. These studies consistently demonstrate that treatment often impacts the brains of individuals with SCZ (Kani et al., 2017; Dabiri et al., 2022). Although treatment-induced early neuroimaging changes have been observed in individuals with SCZ, it is not yet clear whether these changes are directly linked to improvements in the patient’s clinical status. Resting-state functional magnetic resonance imaging (rs-fMRI) has become a valuable tool for investigating brain functional connectivity and is a non-invasive neuroimaging technology (Palacios et al., 2013). FC patterns are identified by coherent oscillations in the resting-state imaging data, which typically range from 0.01 to 0.1 Hz (Yan et al., 2022a).

Regional homogeneity (ReHo) is a widely employed metric in rs-fMRI that quantifies the similarity of time series between a specific voxel and its neighboring voxels (Zang et al., 2004). The ReHo method is a reliable measure of brain activity that can be used to investigate changes in brain function due to normal development and pathological conditions. Additionally, the ReHo method has shown a high test–retest reliability, making it a useful tool for longitudinal studies (Zuo et al., 2013). Previous studies using the ReHo method have shown extensive anomalies in ReHo in individuals with SCZ. For example, Huang et al. (2022) found that compared to HCs, individuals with SCZ exhibited increased ReHo values in the right frontal gyrus and decreased ReHo values in the right anterior cingulate cortex (ACC), left middle occipital gyrus (MOG), left precuneus, right posterior cingulate cortex (PCC), and right superior occipital gyrus. In addition, in patients with SCZ, ReHo in the right superior frontal gyrus (Chen et al., 2013; Xiao et al., 2017), right superior temporal gyrus (Xiao et al., 2017), right middle frontal gyrus (MFG), superior frontal gyrus (SFG) (Yan et al., 2020), right anterior cingulate gyrus and left medial superior frontal gyrus (Gao et al., 2015) increased, and ReHo in the left fusiform gyrus, left superior temporal gyrus, left posterior central gyrus, right anterior central gyrus (Xiao et al., 2017), and left superior occipital gyrus decreased. However, it remains unknown whether and how the abovementioned abnormalities change with antipsychotic treatment in SCZ.

Support vector machine (SVM) is a type of supervised machine learning that applies multivariable pattern recognition technology to predict various conditions or outcomes, such as psychosis, based on neuroanatomical markers (Shan et al., 2021). Support vector regression (SVR) is a type of supervised machine learning that is particularly effective in handling nonlinear regression tasks. It achieves this by projecting original features into kernel space, where the data may be linearly separated (Ben-Hur et al., 2008). We employed SVM to investigate the presence of baseline aberrant ReHo values in individuals with SCZ as a potential neuroimaging biomarker for diagnosis. Additionally, SVR was utilized to investigate the potential of baseline aberrant ReHo values as neuroimaging biomarkers for early treatment response in individuals with SCZ.

Our hypothesis is that individuals with SCZ will display aberrant baseline ReHo values, which will be altered after 3 months of drug treatment. Furthermore, we postulate that these abnormal baseline ReHo values have the potential to function as neuroimaging biomarkers for both diagnosing SCZ and predicting early treatment response in individuals with the disorder.



2. Materials and methods


2.1. Participants

This study included a total of 107 participants, comprising 56 individuals with SCZ and 51 HCs. HCs were recruited from physical examination centers and local communities, while individuals with SCZ were recruited from the Department of Psychiatry at the Third People’s Hospital of Foshan.

The inclusion criteria for individuals with SCZ were as follows: (1) Meeting the diagnostic criteria for SCZ as outlined in the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5); (2) Aged between 18 and 55 years old; (3) Right-handed; (4) Education level of at least 6 years.

The inclusion criteria for HCs were as follows: (1) No personal or family history of mental disorders; (2) Aged between 18 and 55 years old; (3) Right-handed; (4) Education level of at least 6 years.

Exclusion criteria were as follows: (1) Obvious brain lesions, including cerebral infarction, hemorrhage, or intracranial mass; (2) A history of other mental disorders, such as anxiety, depression, bipolar disorder, mental retardation, and eating disorders; (3) Alcohol or substance addiction; (4) Any contraindication for MRI, such as metal implants or claustrophobia; (5) Metabolism-related diseases, such as hypertension, diabetes, hypothyroidism, or hyperthyroidism; (6) Pregnancy or lactation in women.

The psychological status and cognitive status of the subjects were measured by the Positive and Negative Symptom Scale (PANSS), Hamilton Depression Scale (HAMD), Hamilton Anxiety Scale (HAMA), Insight and Treatment Attitudes Questionnaire (ITAQ), Social Disability Screening Schedule (SDSS), Wisconsin Card Sorting Test (WCST), Repeatable Battery for the Assessment of Neuropsyehological Status (RBANS), Stroop Color-Word Test (SCWT), and Simplified Coping Style Questionnaire (SCSQ).

This study has obtained approval from the Medical Ethics Committee of Foshan Third People’s Hospital (Foshan Mental Health Center). In addition, informed consent was obtained from all participants or their legal guardians.



2.2. Procedure

At baseline, all participants underwent a 3.0 T brain MRI scan and provided clinical information, including Body Mass Index (BMI), Thyroid Stimulating Hormone (TSH3UL), Free Triiodothyronine (FT3), Free Thyroxine (FT4), triglycerides (TG), Cholesterol (CHOL), High-Density Lipoprotein (HDL), Low-Density Lipoprotein (LDL), Fasting Blood Glucose (FBG), and Heart Rate (HR).

Following the baseline assessment, individuals with SCZ underwent a 3-month antipsychotic treatment period and subsequently underwent a follow-up MRI scan. Their clinical symptoms were evaluated using the PANSS, HAMD, HAMA, and ITAQ at both baseline and the endpoint.

The treatment approaches for SCZ primarily involve a combination of medication and physical therapies. Medications commonly used include Olanzapine, Risperidone, Lorazepam, Aripiprazole, and others. Physical therapies encompass transcranial magnetic stimulation (TMS) for brain functional modulation and neurofeedback therapy utilizing electroencephalography (EEG).



2.3. Measures

The PANSS is a 30-item scale that includes a Positive Scale (P) with 7 items, a Negative Scale (N) with 7 items, and a General Psychopathology Scale (G) with 16 items. Each item is rated on a 7-point scale ranging from 1 to 7, with the sum of the scores for each subscale used to obtain the total score. Higher scores on the scale indicate more severe symptoms of SCZ (Kay et al., 1987). The HAMD is a widely used tool for evaluating the severity and effectiveness of treatment for depression. Scores are obtained before and after treatment based on conversation and observation, with higher scores indicating more severe symptoms. Similarly, the HAMA is used to assess anxiety symptoms, with each of the 14 items scored between 0 and 4. Higher scores indicate more severe anxiety symptoms (Bagby et al., 2004). The ITAQ is an 11-item questionnaire used to evaluate patients’ understanding of their mental illnesses and treatment requirements. The overall score, measured on a 3-point Likert scale, reflects the patient’s understanding of the illness and its treatments, with higher scores indicating better understanding (Kemp and Lambert, 1995). SDSS is a 10-item screening schedule that assigns 0–2 points to each item. The total score is the sum of all items, with higher scores indicating more severe social function defects in the patient (Yan et al., 2022b). WCST is a cognitive task that evaluates executive function using 64 cards that vary in shape, color, and number (Nieuwenstein et al., 2001). RBANS assesses cognitive function across five dimensions: immediate memory, language, attention, delayed memory, and visual spatial construction. The higher the score, the better the cognitive function (Olaithe et al., 2019). SCWT is a neuropsychological test that assesses an individual’s ability to manage conflicting stimulus attributes when presented with specific stimuli. SCSQ is a tool used to evaluate an individual’s coping ability. It includes 20 questions across two dimensions of positive and negative coping (Fan et al., 2022).



2.4. Imaging data acquisition and preprocessing

Resting-state fMRI data were acquired using a GE 3.0 T scanner (GE 3.0 T Signa Pioneer) with the following parameters: repetition time/echo time = 2000/30 ms, 36 slices, 64 × 64 matrix, flip angle 90°, field of view 24 cm, slice thickness 4 mm, no gap, 250 volumes (500 s). Subjects were instructed to remain still, close their eyes, and stay awake while wearing soft earplugs and foam pads to reduce scanner noise and head movements. With the Data Processing Assistant for Resting-State fMRI (DPARSF) software in MATLAB, preprocessing included slice timing correction, head motion correction, normalization to 3 × 3 × 3 mm3, and maximum displacement and angular motion limits of 2 mm and 2°, respectively (Chao-Gan and Yu-Feng, 2010). Linear trend removal and band-pass filtering with a frequency range of 0.01–0.08 Hz were applied (Song et al., 2011).



2.5. ReHo calculation

The ReHo brain map was generated by first calculating the Kendall coefficient of time series consistency between each voxel and its 26 neighboring voxels. The ReHo value of each voxel was then normalized by subtracting the average ReHo value of the whole brain and dividing it by the standard deviation. This was followed by calculating the KCC-ReHo values in all individual voxel directions, which were then normalized to KCC-ReHo z-values for further analysis (Zuo et al., 2013). A Gaussian kernel with a full width at half maximum of 4 mm was employed to smooth the data. This step aimed to reduce the influence of deformation and noise during the normalization process, enhance the signal-to-noise ratio and statistical efficiency, and improve the image quality.



2.6. Statistical analysis

Demographic data differences between patients with SCZ and HCs were analyzed using two-sample t-tests and chi-square tests as appropriate with SPSS 25.0 software. Paired t-tests were used to compare clinical symptoms of patients with SCZ at baseline and endpoint, with statistical significance set at p < 0.05 (two-tailed).

To analyze the imaging data, the DPARSF software package was used. Two-sample t-tests were performed on individual normalized ReHo maps to identify clusters with abnormal ReHo values in patients with SCZ at baseline compared to HCs. Covariates including mean framewise displacement, gender, age, and years of education, were used in the analysis. The ReHo values before and after treatment were compared using paired t-tests with the mean framewise displacement as covariates. Multiple comparisons were corrected using the Gaussian random field (GRF) theory with a cluster significance of p < 0.05 (two-tailed) and voxel significance of p < 0.001 (two-tailed).

Pearson/Spearman correlation analyses were conducted to evaluate the relationship between abnormal ReHo values and clinical data of patients with SCZ at baseline.



2.7. SVM analysis

The study employed SVM analysis by utilizing the LIBSVM software1 in MATLAB, to determine the capability of abnormal ReHo values extracted from specific brain regions to differentiate between HCs and patients with SCZ. The “leave one-out” method was utilized in the analysis. The SVM algorithm utilizes the FC values in the training set to discern dissimilarities between groups and identifies a maximum-margin hyperplane that separates the two groups. Once training is finished and the decision function is determined, it predicts the class label of each sample in the test set. These steps are iterated until each sample has been used as a testing sample. During each cross-validation, we calculate three performance measures (accuracy, sensitivity, and specificity), which are then averaged to obtain the mean values.



2.8. SVR analysis

To verify the ability of the identified brain regions to distinguish between SCZ patients and HCs and to increase the reliability of the results, a machine learning classification analysis was conducted. First, mean ReHo values of brain regions with significant differences were extracted after post-hoc t-tests. Then, a linear support vector machine (SVM) with a one-against-one classification strategy was used to classify SCZ patients and HCs, performed by the LIBSVM software (Zuo et al., 2013).2




3. Results


3.1. Demographic and clinical characteristics

A total of 56 patients with SCZ and 51 HCs were enrolled in this study and all of them were included in the final analysis. Among the 56 patients with SCZ, 37 patients completed the 3-month follow-up, with the participants who dropped out mainly citing inconvenience during the COVID-19 pandemic. The demographic and clinical data of the participants are presented in Supplementary Table S1, which shows no significant differences in age, sex, BMI, and years of education between the SCZ and control groups. The psychological and cognitive status of the individuals are also provided in Supplementary Tables S2, S3.



3.2. The treatment outcome

The clinical characteristics of 37 patients with SCZ who completed the follow-up are shown in Supplementary Table S4. The results indicate a significant reduction in the scores of the Positive Scale, General Psychopathology Scale, and Total score of the PANSS scale. This demonstrates a significant improvement in symptoms among individuals with SCZ following treatment.



3.3. ReHo analysis in pre-treatment patients with SCZ and HCs

Compared with HCs, patients with SCZ showed lower ReHo values at baseline in several brain regions including the right postcentral/precentral gyrus, left postcentral/inferior parietal gyrus, left middle/inferior occipital gyrus, and right middle temporal/inferior occipital gyrus. In contrast, higher ReHo values were observed in the right putamen at baseline. More detailed information is presented in Table 1 and Figure 1.



TABLE 1 Regions with abnormal ReHo values in patients with schizophrenia at baseline (Figures 1, 2).
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FIGURE 1
 Brain regions with significant differences in the ReHo values at baseline between patients with schizophrenia and healthy controls. ReHo, Regional Homogeneity.




3.4. Regional homogeneity analysis in pre-treatment and post-treatment patients with SCZ

We compared the ReHo values of patients with SCZ who completed follow-up in brain regions with abnormal ReHo values at baseline. Compared with the baseline data, patients with SCZ showed significantly decreased ReHo values after 3-month treatment in the right inferior parietal gyrus (Table 1 and Figure 2).

[image: Figure 2]

FIGURE 2
 Compared with baseline data, patients with schizophrenia showed significantly decreased ReHo values in the right inferior parietal gyrus after 3-month treatment. ReHo, Regional Homogeneity.




3.5. Support vector machine analysis result

The accuracy of classification of SVM applied abnormal ReHo as input. When the ReHo values in the right postcentral/precentral gyrus and left postcentral/inferior parietal gyrus as the input, the SVM achieved the highest accuracy. This combination was the optimal combination with an accuracy of 87.85%, a sensitivity of 89.29%, and a specificity of 86.27% (Figure 3).

[image: Figure 3]

FIGURE 3
 (A) The accuracy of classification of SVM applied abnormal ReHo as input. One represents the ReHo values in the right postcentral/precentral gyrus, 2 represents the ReHo values in the left postcentral/inferior parietal gyrus, 3 represents the ReHo values in the left middle/inferior occipital gyrus, 4 represents the ReHo values in the right middle temporal/inferior occipital gyrus, 5 represents the ReHo values in the right putamen, 6 represents the ReHo values in the right postcentral/precentral gyrus and left postcentral/inferior parietal gyrus, 7 represents the ReHo values in the right postcentral/precentral gyrus and left middle/inferior occipital gyrus, 8 represents the ReHo values in the right postcentral/precentral gyrus and right middle temporal/inferior occipital gyrus, 9 represents the ReHo values in the right postcentral/precentral gyrus and right putamen, 10 represents the ReHo values in the left postcentral/inferior parietal gyrus and left middle/inferior occipital gyrus, 11 represents the ReHo values in the left postcentral/inferior parietal gyrus and right middle temporal/inferior occipital gyrus, 12 represents the ReHo values in the left postcentral/inferior parietal gyrus and right putamen, 13 represents the ReHo values in the left middle/inferior occipital gyrus and right middle temporal/inferior occipital gyrus, 14 represents the ReHo values in the left middle/inferior occipital gyrus and right putamen, and 15 represents the ReHo values in the right middle temporal/inferior occipital gyrus and right putamen. (B) When the ReHo values in the right postcentral/precentral gyrus and left postcentral/inferior parietal gyrus as the input, the SVM achieved the highest accuracy. Accuracy = 87.85%, Sensitivity = 89.29%, Specificity = 86.27%. SVM, support vector machines; ReHo, Regional Homogeneity. (C) Regions with abnormal ReHo values in patients with schizophrenia at baseline.




3.6. Support vector regression analysis result

The ReHo values in the right postcentral/precentral gyrus and right middle temporal/inferior occipital gyrus, the left postcentral/inferior parietal gyrus and left middle/inferior occipital gyrus, the left postcentral/inferior parietal gyrus and right putamen, and the right middle temporal/inferior occipital gyrus and right putamen could be used to predict the treatment effects which was reflected by the positive correlation between the predicted and actual reduction rate of the scores of P, N, G, and PANSS (Figure 4).
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FIGURE 4
 (1) The ReHo values in the right postcentral/precentral gyrus and right middle temporal/inferior occipital gyrus could be used to predict the treatment effects which was reflected by the positive correlation between the predicted and actual reduction rate of the scores of P, N, G, and PANSS. (2) The ReHo values in the left postcentral/inferior parietal gyrus and left middle/inferior occipital gyrus could be used to predict the treatment effects which was reflected by the positive correlation between the predicted and actual reduction rate of the scores of P, N, G, and PANSS. (3) The ReHo values in the left postcentral/inferior parietal gyrus and right putamen could be used to predict the treatment effects which was reflected by the positive FIGURE 4 (Continued)correlation between the predicted and actual reduction rate of the scores of P, N, G, and PANSS. (4) The ReHo values in the right middle temporal/inferior occipital gyrus and right putamen could be used to predict the treatment effects which was reflected by the positive correlation between the predicted and actual reduction rate of the scores of P, N, G, and PANSS. ReHo, Regional Homogeneity; P, Positive Scale; N, Negative Scale; G, General Psychopathology Scale; PANSS, Positive and Negative Syndrome Scale.




3.7. Correlation between regional homogeneity values and clinical symptoms of patients with SCZ

Significant correlations were found between abnormal ReHo values and clinical symptoms in patients with SCZ at baseline. Detailed information is presented in Supplementary Table S5.




4. Discussion

In this study, compared to HCs, individuals with SCZ exhibited lower ReHo values in the somatomotor network and higher ReHo values in the right putamen at baseline. After 3 months of treatment, significant clinical improvement was observed in the positive, negative, and general symptoms compared to baseline assessment. Additionally, there was a decrease in ReHo values in the right inferior parietal lobule following treatment compared to baseline measurements. The results of SVR analysis suggested that changes in ReHo values in specific brain regions could be used to predict early treatment response.


4.1. Decreased ReHo values in the sensorimotor network in patients with SCZ at baseline

Research has consistently shown that patients with SCZ exhibit lower ReHo values in brain regions related to visual and sensory-motor functions, such as the right postcentral gyrus, left postcentral gyrus/inferior parietal gyrus, left middle/inferior occipital gyrus, and right middle temporal/inferior occipital gyrus, when compared to HCs. Nonetheless, the precise causes of these abnormalities and their connections to the pathophysiology of SCZ remain uncertain and warrant further investigation. Several studies have proposed that abnormalities in neurons, synapses, and neurotransmitters in the brains of individuals with SCZ may play a crucial role in the neuropathology of the disorder (Snyder and Gao, 2013; Grace, 2016; Krajcovic et al., 2019). Neuroimaging methods have offered a potent tool for examining alterations in both functional and structural connectivity within the brains of individuals with SCZ, facilitating a more comprehensive understanding of the disorder (Lahti, 2022). Neurophysiological studies employing transcranial magnetic stimulation have identified abnormalities in cortical excitability within the motor cortex of individuals with SCZ (Fitzgerald et al., 2004; Radhu et al., 2013; Bikson et al., 2016). A research has revealed that patients with SCZ exhibit reduced FC in the motor cortex (Du et al., 2019), as well as in the executive control and auditory networks, when compared to HCs (Joo et al., 2020). Additionally, You et al. (2021) demonstrated a reduction in FC between the visual and executive control networks in patients with SCZ (You et al., 2021). Our study identified decreased ReHo values in the sensorimotor network of SCZ patients compared to HCs, which may contribute to the aberrant daily behaviors observed in these patients.



4.2. Increased ReHo values in the right putamen in patients with SCZ at baseline

Anatomically, the putamen is a component of the striatum, a brain region that establishes connections with the internal pallidal segment and substantia nigra pars reticulata (Karnath et al., 2002). Numerous studies have proposed a potential association between the putamen and the pathology of SCZ. These findings suggest that there might be an increase in putamen function during the early stages of the illness (Malaspina et al., 2004; Digney et al., 2005; Kumakura et al., 2007). Furthermore, studies indicate that the enlargement of the putamen in SCZ may serve as a diagnostic characteristic, and a greater putamen volume has been linked to positive treatment outcomes (Buchsbaum et al., 2003; Brickman et al., 2006; Kawasaki et al., 2007). Huang et al. (2010) found that patients with first-episode SCZ exhibited significantly increased amplitude of low-frequency fluctuations (ALFF) in the putamen compared to HCs. We observed an increase in spontaneous brain activity in the right putamen of patients at baseline. Consistent with previous research, there has been a reported a significant increase in FC in the right putamen, regardless of the presence or absence of auditory verbal hallucinations, in individuals with first-episode SCZ (Cui et al., 2016). In our prior research, the patient group exhibited increased functional connectivity in the bilateral putamen at baseline, relative to the control group. Moreover, after 1 week of olanzapine treatment, our study identified a relative decrease in FC in the right putamen compared to the baseline level (Wu et al., 2019). This implies that the increase in ReHo in the right putamen may function as a potential neuroimaging biomarker for the presence of SCZ.



4.3. ReHo values in the right inferior parietal gyrus decreased significantly after treatment

The right inferior parietal gyrus is a significant brain region that plays a vital role in numerous cognitive and perceptual processes, encompassing spatial and body awareness, attention, language, and mathematical abilities. Additionally, this region is linked to higher-order cognitive functions such as reasoning, memory, and decision-making. Honea et al.’s (2005) meta-analysis of multiple voxel-based morphometry (VBM) studies identified a reduction in gray matter density and volume in the right inferior parietal gyrus of patients with SCZ. Jung et al.’s (2010) review of MRI studies involving ultra-high risk psychosis patients identified potential abnormalities in the right inferior parietal gyrus. Additionally, Manoach et al.’s (2000) functional MRI (fMRI) study examining working memory tasks in patients with SCZ discovered reduced activation levels in the right inferior parietal gyrus during task performance. In our study, we observed a significant decrease in the ReHo value of the right inferior parietal lobule following 3 months of treatment, suggesting that pharmacological treatment for SCZ might have potential side effects on this brain region.

SVM has emerged as a popular method for classifying mental illnesses. To utilize FC signal as a potential diagnostic index, it is essential to ensure that the sensitivity or specificity of the SVM model is higher than 0.6, which is a commonly used criterion for evaluating the performance of classification models (Guo et al., 2011; Tanskanen et al., 2018; Zhang et al., 2023). Based on the SVM analysis, the ReHo values of the sensorimotor network and the right putamen exhibit a high level of discriminatory power, with sensitivity, accuracy, and specificity exceeding 0.70 when differentiating between SCZ patients and HCs. These findings suggest that SVM has promising potential as a valuable tool for diagnosing and predicting the development of SCZ based on brain imaging data. Additionally, the SVR analysis revealed that the ReHo values of the sensorimotor network and the right putamen could be utilized to predict early treatment response.

This study has several limitations that warrant mention. First, due to the COVID-19 pandemic and individual patient circumstances, the study was conducted at a single center with a relatively small sample size and a high dropout rate, potentially limiting the generalizability of the results to other centers. Second, the follow-up period was only 3 months, which might not be sufficient to observe complete normalization of the decreased ReHo value, as evidenced by the significant decrease in the ReHo value of the right inferior parietal gyrus after treatment. Third, the medication administered to the patients was not restricted to a specific type, and different medications could have varying effects on the results. And we were unable to independently assess the influence of the placebo effect on the results. Fourth, ReHo metric can be affected by amplitude and frequency thresholds. We implemented band-pass filtering within the frequency range of 0.01–0.08 Hz to eliminate noise and unwanted signals while retaining the relevant neural activity of interest. However, we did not apply varying amplitude and frequency thresholds to investigate their potential impact on our findings. Fifth, the resting-state fMRI data exhibit temporal dynamics and are influenced by time. However, in our study, we only conducted baseline scans for HCs and both pre-treatment and post-treatment scans for patients. Consequently, a Two-Way Analysis of Variance could not be performed due to the unequal distribution of scans. As a result, we cannot exclusively attribute the changes in ReHo observed in patients after treatment solely to the treatment effects. Nevertheless, it is worth noting that previous research has established functional connectivity as a relatively stable indicator in resting-state fMRI (Chou et al., 2012). In HCs, the intraindividual fluctuations in functional connectivity between baseline and endpoint are likely to be limited.




5. Conclusion

In summary, this study offers groundbreaking insights by comparing changes in ReHo values between HCs and patients with SCZ. The findings indicate that decreased ReHo values in the sensorimotor network and increased ReHo values in the right putamen might be distinctive neurobiological features of SCZ patients, and potential imaging biomarkers for differentiating between HCs and SCZ patients. Furthermore, ReHo values of the sensorimotor network and right putamen could serve as predictors of early treatment response.
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