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Background: Cardiovascular disease (CVD) risk factors such as dyslipidemia and systemic aberrant inflammatory processes may occur in patients with psychotic disorders, which may cause increased mortality. The interplay between immune and metabolic markers and its contribution to the clinical symptoms of schizophrenia (SCZ) remain unclear. This study aimed to examine the association of a series of inflammatory factors, plasma biochemical indicators, and SCZ clinical symptomatology with the severity of SCZ symptoms.

Methods: A total of 115 participants, including 79 first-episode drug-naïve patients with SCZ and 36 healthy controls, were enrolled in this study. Semi-structured interviews were used to collect sociodemographic data, family history of SCZ, and medical and psychiatric history. The Brief Psychiatric Rating Scale (BPRS) and the Positive and Negative Syndrome Scale (PANSS) were administered by a clinical psychiatrist to evaluate the symptom severity of patients with SCZ. Plasma inflammatory cytokines were measured by a fully automated electrochemiluminescent immunoassay (Meso Scale Discovery).

Results: Blood routine, biochemical, and inflammation cytokine test results showed that the levels of white blood cell count, neutrophil count, natrium, CRP, IL-8, IL-6, IL-13, and IL-16 significantly increased in the case group than in the healthy controls (p < 0.05), whereas levels of red blood cell count, hemoglobin concentration, mean corpuscular hemoglobin concentration, total protein, albumin, total bile acid, high-density lipoprotein (HDL), apolipoprotein A1, blood urea nitrogen, kalium and IL-15 were lower than in the healthy controls (p < 0.05). Correlation network analysis results shown that the natrium, HDL and red blood cell count were the top 3 factors closely to with BPRS and PANSS related clinical symptoms among of correlation network (degree = 4). ROC curve analysis explored the IL-16, IL-8, IL-13, IL-15, natrium, and HDL had highly sensitivity and specificity to the predictive validity and effectiveness for SCZ symptoms.

Conclusion: Our study revealed a complex interactive network correlation among the cardiovascular risk factors, biological immunity profiles, and psychotic symptoms in first-episode patients. Abnormal inflammatory factors and CVD risk factors had high sensitivity and specificity for predicting SCZ symptoms. Generally, our study provided novel information on the immune-related mechanisms involved in early CVD risk in patients with psychotic disorders.
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INTRODUCTION

Schizophrenia (SCZ) is a chronic mental illness with a lifetime prevalence of nearly 1% of the world population (1). SCZ is now widely acknowledged to contribute substantially to the global burden of disease, belonging to one of the top 10 causes of disability (1, 2). Patients with SCZ are characterized by positive symptoms, negative symptoms, and cognitive deficits (3), such as hallucinations, delusions, disorganized behavior and speech, decreased motivation, diminished expressiveness, impaired executive functions, asociality, avolition, and blunted affect (1, 4). Although the clinical diagnosis of SCZ primarily relies on the immediate symptomatology of patients, evidence now suggests that the biological process underlying the illness has already been ongoing for many years (5, 6), the mechanism of which remains unknown. Distinct categories of risk factors and their internal association may be connected with psychotic symptoms and thus predict a chronic course of SCZ.

Numerous pathophysiological processes have been identified in SCZ, including immune-mediated responses, biochemical metabolism, and white blood cell (WBC) count. These anomalous phenomena can be considered as risk factors for disease progression. Often, psychotic disorders are characterized by significant increased risk of comorbid cardiovascular diseases (CVDs) and a cluster of cardiovascular risk factors, including dyslipidemia, abdominal obesity, hypertension, and hyperglycemia. Convincing evidence shows that abnormal lipid metabolites accumulate together with low-grade inflammation leading to chronic vascular remodeling, which may be the key triggers in the onset and maintenance of SCZ symptoms (7). Accordingly, the immune–inflammatory response system and comorbid CVD risk factors in SCZ have been proposed to play a key role in SCZ pathophysiology. Studies have attempted to prove that inflammatory cytokines may be a risk factor contributing to the exacerbation or alleviation of SCZ symptoms (8). Notably, previous studies have shown heterogeneous features for immune dysfunction in SCZ, leading to difficulty in determining the clear biological markers in this patient group (8, 9). These conditions pose a great challenge to clinicians to use the biological markers as guiding tools in the clinical evaluation of psychosis together with metabolic syndromes.

The observed abnormal profiles of circulating pro-inflammatory cytokines, including Interleukin-1 (IL-1) family, IL-2, IL-4, IL-5, IL-6, IL-8, IL-11, IL-17, IL-18, interferon-γ (IFN-γ), IFN-β, tumor necrosis factor-α (TNF-α), and TNF-β (10, 11), have shown that these disturbed pro-inflammatory cytokines are found to have higher levels in the peripheral blood of patients with first-episode SCZ than in that of healthy controls (12, 13). Some results have suggested an association between pro-inflammatory cytokines and SCZ symptom, particularly negative symptoms (14, 15). A relatively new research direction is the examination of anti-inflammatory cytokines' alterations in SCZ, such as IL-10, IL-12, IL-32, IL-37, and transforming growth factor (16, 17). However, convincing evidence between aberrant expression of inflammatory factors and SCZ symptoms has not yet been obtained (18, 19). The inconsistent results from literature may be explained by the heterogeneity of SCZ (20), and confounding factors need to be considered in future research.

In this study, we hypothesized that these measures of blood routine, biochemical, and inflammatory cytokines were associated with severity of symptoms. Furthermore, the abnormalities of inflammation in patients with SCZ-mediated complex immune–brain interactions, which further mediated the causal link with routine blood test and metabolic risks, eventually contributed to the progression of clinical symptoms of SCZ. Overall, we demonstrated the interactions among many immune network components, various plasma biochemical indicators, and diverse psychosis symptoms.



METHODS


Ethics Statement

This study was approved by the Medical Ethics Committee of the Anhui Mental Health Center (AMHC). All participants provided written consent prior to study participation in accordance with the principles of the Declaration of Helsinki. The trial clinical registration number was chiCTR1800019343.



Participants

A total of 147 participants were initially selected, among which 18 participants did not meet the inclusion criteria, nine individuals could not complete the scale assessment, eight people violated protocol, and four patients refused to sign the informed consent. Hence, 32 subjects who did not meet the experimental criteria were excluded from this experiment. The remaining 115 participants were included, and 79 first-episode drug-naïve SCZ patients were enrolled into study groups according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), All patients were hospitalized at the AMHC between June 2019 and May 2021, and 36 healthy people were recruited by the hospital physical examination center.

According to the trial standards, all participants were assessed using the Mini-International Neuropsychiatric Interview (MINI) 6.0.0. The inclusion criteria for the study group were as follows: (1) fulfillment of the DSM-5 criteria for first-episode state and drug-naïve SCZ by two independent experienced psychiatrists; (2) currently free of allergies, autoimmune diseases, or infections; (3) not taking immunosuppressive or anti-inflammatory drugs; and (4) aged between 16 and 60 years old. The inclusion criteria for the healthy controls were as follows: (1) no personal or family history of mental illness; (2) no current infections, allergies, or autoimmune diseases; (3) no history of any neurological disease or traumatic brain injury; and (4) not taking immunosuppressive or anti-inflammatory drugs. The exclusion criteria were as follows: (1) a history of craniocerebral trauma, organic cerebral diseases, or other mental disorders; (2) a history of alcohol or other substance use; (3) diabetes, hypertension, dyslipidemia, and endocrine disease; (4) pregnant or lactating women; and (5) administration of electroconvulsive therapy without convulsions before enrolment.



Clinical Assessments
 
Mini-International Neuropsychiatric Interview (MINI) 6.0.0

Participants were screened by two experienced psychiatrists for inclusion in this study. The preliminary clinical diagnosis was verified by MINI 6.0.0, which is a concise diagnostic interview for psychiatric disorders used by psychiatrists in the United States and Europe. All patients underwent MINI 6.0.0 to confirm the clinical diagnosis of first-episode state and drug-naïve SCZ (21).



Demographic Characteristics

A self-reported questionnaire was used to collect information concerning gender, age at first episode, duration of disease course, family history, medical conditions, and health-service accessibility.



Positive and Negative Syndrome Scale (PANSS)

The PANSS is an extensively used instrument for measuring severe psychopathology in adult patients with SCZ. Versions of the five-factor model have been used in diverse SCZ research areas, including positive symptom, negative symptom, cognitive defect, excited symptom, and depressive symptom (22).



Brief Psychiatric Rating Scale (BPRS)

The BPRS was developed as a clinician-rated instrument to assess symptoms of anxiety depression, unusual thought content, uncooperativeness, tension, and hostile suspiciousness in SCZ patients. The 18 items of BPRS were assessed by the rater on a seven-point scale ranging from 1 (absent) to 7 (extremely severe). The total score was calculated by summing the scores from the 18 items, with higher scores indicating more severe psychopathology (23).




Laboratory Evaluation

Venous blood samples were collected from all participants in the morning after an overnight fast. The time of blood draw for the case group was the day after admission to the hospital. Two samples were sent to the Department of Clinical Laboratory for tests of routine blood count and blood biochemistry within 2 h. One sample was immediately sent to the Department of Clinical Laboratory for centrifugation, and separated plasma was frozen at −80°C until analysis.

Blood routine analysis was performed using an automatic hematology analyzer (Mindray BC-2800, Shenzhen, China). Plasma biochemical parameters were measured with an automatic biochemistry analyzer (AU480, Beckdman Counter, USA) by using commercial kits (Roche, Switzerland). MSD Platform (labservice.univ-bio.com, Shanghai, China) was used to measure multiplex levels of inflammation biomarkers [Flt-1, Placental growth factor (PIGF), Angiopoietin-2 (Tie-2), IFN-γ, TNF-α, TNF-β, C-reactive protein (CRP), IL-1α, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-15, IL-16, and IL-17A]. MSD sector 2100A was used to read the plates, and data were analyzed using MSD Discovery Workbench 4.0 software (from Meso Scale Diagnostics). The limit of detection for these inflammatory cytokines was 0.01 pg/mL, and all standards and plasma samples were assayed in a duplicate test.



Statistical Analysis

The Standard Package for Social Sciences software was used for statistical analyses (version 22.0, IBM Corp, Armonk, NY, USA). Values conforming to a normal distribution were expressed as the mean and standard deviation, and conversely, as median and IQR (25%, 75% percentiles). Chi-square tests were applied to categorical data. Student's t-tests were applied for continuous data with normal distribution. For data with irregular distribution, the Mann–Whitney U-test was used. When multiple comparisons exist, the false discovery rate (FDR) method is used to adjust the p-value (24). We adopted partial correlation to assess the correlation between routine blood and biochemical indicators, inflammatory factors, and clinical symptoms, with the control variable of age. Heat and network plots of the bias correlation coefficients of the two variables were filtered using V-search (version v3.5.0) and R (version v3.6.1) software. The area under the receiver-operating characteristic curve was used for the performance assessment of biochemical indicators and inflammatory factors to evaluate the clinical translational value of the factors. Other performance metrics including sensitivity and specificity were also obtained at the optimal cutoff value of 0.5 as defined by the receiver-operating characteristic curve (ROC). All tests were two-tailed, and differences were considered statistically significant at p < 0.05.




RESULTS


Demographic and Clinical Characteristics of All Subjects

The demographic data of patients and controls are shown in Table 1. We recruited 79 patients with SCZ (54 females and 25 males with a mean age of 34.39 ± 11.85 years) and 36 healthy controls (22 females and 14 males with a mean age of 28.11 ± 5.16 years). The age was higher in the case group than in the healthy controls (p = 0.003). No significant differences in sex and BMI were found between the two study groups (p > 0.05). The BPRS total scores, PANSS total scores, and scores of the BPRS and PANSS subscales of the SCZ patients are also presented in Table 1.


Table 1. Comparison of demographic and clinical data between controls and first-episode drug naïve patients with SCZ.
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Results of Blood Routine and Biochemical and Inflammatory Cytokine Concentration

To investigate the differential internal environment homeostasis between patients and healthy individuals, we performed measurement on blood routine, biochemical indices, and inflammatory cytokines. We found that hemoglobin concentration, mean corpuscular hemoglobin concentration, red blood cell count, high-density lipoprotein (HDL), total bile acid, total protein, albumin, apolipoprotein A1, blood urea nitrogen, and kalium were lower in the case group than in the healthy controls (Figures 1A–C,F–L, respectively; p < 0.05). Meanwhile, WBC count, neutrophil count, and natrium were higher in the case group than in the healthy controls (Figures 1D–F,M, respectively; p < 0.05). The remaining 20 parameters did not significantly differ between the case group and healthy controls (Supplementary Table 1; p > 0.05). We continued our analysis in SCZ patients and healthy controls to determine whether dysbiosis of inflammatory cytokines existed in the two groups. Results showed that the plasma levels of CRP, IL-8, IL-16, IL-6, IL-13, IL-10, and IL-15 significantly increased in the case group than in the healthy controls (Figures 1N–R,T,U, respectively; p < 0.05), whereas IL-7 levels were significantly lower than in the healthy controls (Supplementary Figure 1; p < 0.05). Conversely, no significant differences were found in terms of the Flt-1, PIGF, Tie-2, IFN-γ, TNF-α, TNF-β, IL-1α, IL-2, IL-5, IL-12, and IL-17A between the two groups (Supplementary Table 1; p > 0.05). More details are shown in Supplementary Material.


[image: Figure 1]
FIGURE 1. Comparison of blood routine, biochemical factors, and inflammation cytokines concentrations in first episode drug naive patients with schizophrenia and healthy controls. Hemoglobin concentration, mean corpuscular hemoglobin concentration (MCHC), red blood cell count, high-density lipoprotein, total bile acid, total protein, albumin, apolipoprotein A1, blood urea nitrogen, kalium, and IL-7 were lower in the case group than in healthy controls [(A–C,F–L,S) p < 0.05, respectively]. While white blood cell count, neutrophil count and natrium, CRP, IL-8, IL-16, IL-6, IL-13, IL-10, and IL-15 were higher in case group than in healthy controls [(D,E,M–R,T,U) p < 0.05, respectively]. The false discovery rate (FDR) method is used to adjust the p-value. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001.




Correlations of Blood Routine, Biochemical, and Cytokine Levels With Psychotic Symptom

Figure 2 shows the correlations of blood routine, biochemical, and inflammation cytokines with clinical symptom in patients with SCZ. Four indices were revealed to have a significant positive correlation with BPRS, including red blood cell count and blood urea nitrogen with hostile and suspiciousness subscale (r = 0.622, p = 0.013, and r = 0.598, p = 0.018, respectively), total bile acid with activation subscale (r = 0.579, p = 0.024), and IL-8 with anxiety-depression subscale (r = 0.704, p = 0.003). Contrary to these positive correlations, two indices showed mostly negative correlation with clinical indicators of BPRS, namely, HDL with hostile and suspiciousness subscale (r = −0.65, p = 0.009), natrium with anergia subscale, and total scores (r = −0.59, p = 0.038; r = −0.62, p = 0.013). Apart from BPRS, we also revealed one index that had significant positive correlation with clinical indicators of PANSS, i.e., IL-16, with negative symptom subscale (r = 0.569, p = 0.027). Regarding the negative correlation prediction with clinical indicators of PANSS, two indices were found, including HDL and IL-15, with excited symptom subscale (r = −0.705, p = 0.003; r = −0.617, p = 0.014).


[image: Figure 2]
FIGURE 2. Correlations heatmap of blood routine, biochemical, and inflammation cytokines with clinical symptom. There are six indexes had significantly positively and negatively connection with clinical indicators of BPRS, including red blood cell count, blood urea nitrogen, total bile acid, IL-8, Natrium, and High-density lipoprotein. There are three indexes had significantly positively and negatively connection with clinical indicators of PANSS. BPRS, Brief Psychiatric Rating Scale; PANSS, Positive and Negative Syndrome Scale.




Correlation Network of Blood Routine, Biochemical Indices, and Inflammatory Cytokine Levels With Clinical Symptoms

Results showed that the metabolic biochemical indices of natrium, HDL, and red blood cell count were most closely correlated with BPRS-related clinical symptoms among the correlation network (Figure 3A; degree = 4). In particular, natrium was negatively correlated with the total scores of BPRS (Figure 3A; r = −0.622, p = 0.013) and anergia symptom subscale (Figure 3A; r = −0.589, p = 0.021). Furthermore, we found that HDL was negatively correlated with the hostile suspiciousness symptom subscale and red blood cell count and was simultaneously positively correlated with IL-15 (Figure 3A; r = −0.645, p = 0.009; r = −0.615, p = 0.016; r = −0.535, p = 0.046, respectively). We also observed that IL-8 was positively correlated with clinical symptoms (Figure 3A; r = 0.701 p = 0.003) and also positively correlated with albumin and IL-13 (Figure 3A; r = 0.651 p = 0.006; r = 0.624 p = 0.011, respectively). As expected, HDL had the highest degree of correlation with PANSS-related clinical symptoms in the correlation network (Figure 3B; degree = 4), similar to the finding on BPRS, in which HDL was found to be negatively correlated with excited symptom score subscale and red blood cell count (Figure 3B; r = −0.705, p = 0.003; r = −0.611, p = 0.016). Interestingly, results of the correlation network revealed that the negative symptoms were the core symptoms of this disease, which directly affected the cognitive function symptoms and PANSS total scores (Figure 3B; r = 0.821, p < 0.0001; r = 0.781, p < 0.0001, respectively). Furthermore, we found that IL-16 had positive correlation with the negative symptoms (Figure 3B; r = 0.571, p = 0.027).
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FIGURE 3. The correlation network between blood routine, biochemical, and inflammatory factors and total and subscale scores of Brief Psychiatric Rating Scale (BPRS) and Positive and Negative Syndrome Scale (PANSS). (A) The natrium and red blood cell count had the highest degree of correlation with the BPRS (degree = 4). (B) The high-density lipoprotein had the highest degree of correlation with the PANSS (degree = 4).




Predictive Analysis of Validity and Effectiveness of These Aberrant Parameters SCZ Progression

ROC curve analysis was used to predict the progression of SCZ clinical symptoms by using dysbiosis of blood routine, biochemical indices, and inflammatory cytokines. We found that IL-8 can predict the progression of SCZ at a cutoff level of 19.452 pg/L, with a specificity of 0.972 and sensitivity of 0.709 (Figure 4A). IL-16 can predict SCZ progression at a cutoff level of 235.144 pg/L, with a specificity of 0.944 and sensitivity of 0.709 (Figure 4B). IL-13 can predict SCZ progression at a cutoff level of 0.766 μg/L, with a specificity of 0.579, and sensitivity of 0.829 (Figure 4C). IL-15 can predict SCZ progression at a cutoff level of 2.371 pg/L, with a specificity of 0.750 and sensitivity of 0.595 (Figure 4D). Natrium can predict SCZ progression at a cutoff level of 140.590 mmol/L, with a specificity of 0.611 and sensitivity of 0.696 (Figure 4E), HDL can predict SCZ progression at a cutoff level of 1.185 mmol/L, with a specificity of 0.833 and sensitivity of 0.481 (Figure 4F). Predictive analysis results revealed that the dysbiosis parameters of IL-8, IL-16, IL-13, IL-15, natrium, and HDL were associated with predicting prognostic risk in SCZ progression.


[image: Figure 4]
FIGURE 4. ROC curve analysis of blood routine, biochemical, and inflammation cytokines between first episode drug-naïve schizophrenia patients and healthy controls (A–F). 95% CI, 95% confidence interval.





DISCUSSION

The development of SCZ may be driven by interactions with multiple vulnerability factors, which culminate in the expression of disease state and indices. In this study, we aimed to examine the association of a large comprehensive panel of inflammatory markers and various plasma biochemical indicators with SCZ clinical symptomatology. We found that differential values of blood routine, biochemical indices, and inflammatory cytokine levels between two groups. These risk factors may be cumulative and interactive with each other and with critical periods of neurodevelopmental vulnerability. Thus, understanding the complex interactions among these influences in the pathogenesis of SCZ is highly important. We found six indices that were positively and negatively correlated with clinical indicators of BPRS and three indices that were positively and negatively correlated with clinical indicators of PANSS. The complex interactions between inflammatory responses and metabolic dysfunction may have etiological significance for SCZ. Results of correlation-network analysis showed that natrium, HDL, IL-8, IL-16, and IL-15 were the most closely correlated with clinical symptoms. ROC analysis was conducted and yielded six indices with high specificity and sensitivity to predict the association of the progression of SCZ clinical symptoms with dysbiosis of blood routine, biochemical indices, and inflammatory cytokines.

Several studies have shown that homeostasis state plays a pivotal role in SCZ pathogenesis. SCZ progression was found to be associated with metabolic disease morbidity and mortality, including aberrant levels of blood routine, biochemical indices, and inflammatory cytokines. In line with previous research, we found that WBC count and neutrophil count were higher in the case group than in the healthy controls, whereas red blood cell count, hemoglobin concentration, and HCMC were lower than in the healthy controls (25, 26). We also observed a somewhat discordant pattern of biochemical results between two groups, i.e., natrium was higher, whereas total protein, albumin, total bile acid, HDL, apolipoprotein A1, blood urea nitrogen, and kalium were lower in the case group (27, 28). Furthermore, we found that the plasma levels of CRP, IL-8, IL-6, IL-10, IL-13, and IL-16 significantly increased in the case group than in the healthy controls, whereas the plasma level of IL-7 decreased. These results indicated the need to consider the state of low-grade elevation inflammation and nutritional deficiency in SCZ patients. In the future, we will carry out a multilevel evaluation of patients and establish a novel approach for the detection, treatment, and prevention of psychotic disorders.

Additionally, we detected the relationship of dysbiosis of blood routine and biochemical factors with SCZ clinical symptoms. Results showed that red blood cell count, total bile acid, and blood urea nitrogen had positive correlation with clinical symptom of BPRS, whereas HDL and natrium had negative correlation with clinical symptoms of BPRS and PANSS. Red blood cells are the common type of blood cell, and their important function is the transport of oxygen. The correlation between red blood cells' low-level structure and SCZ has long been recognized, consistent with our findings. The most common cause of such abnormality may be limited activity, poor economic conditions, and abnormal eating factors (29). A nutritional-deficiency state has a risk susceptibility linked to possible metabolic disorders in SCZ patients (30). Misiak et al. found a number of metabolic abnormalities related to impaired glucose metabolism, low levels of HDL, and high levels of triglycerides and hsCRP in drug-naïve SCZ patients (31). Gjerde et al. found an increase in HDL level associated with an improvement in negative symptoms and cognitive performance in first-episode psychosis after 1 year of antipsychotic treatment (32). These findings warrant further investigation and should be considered in relation to the interaction between lipid pathways and psychosis. Furthermore, we found that IL-8 and IL-16 had positive correlation with clinical symptoms of BPRS and PANSS, whereas IL-15 had negative correlation with clinical symptom of PANSS. These results were consistent with numerous studies reporting the elevated plasma concentrations of pro-inflammatory cytokines and descending anti-inflammatory cytokines are associated with severe SCZ clinical symptoms (33, 34). Thus, inflammatory cytokines may be involved in the susceptibility to SCZ, but further independent analyses are needed.

SCZ is a highly heterogeneous disease, so the development of SCZ may be driven by interactions with multiple vulnerability factors. Accordingly, we constructed a correlation network to depict the co-occurrence interaction between the dysbiosis parameters correlated with SCZ clinical symptoms. Ideally, through the connectivity and relationships of these networks, we can elucidate the authentic internal state of SCZ patients. Herein, the dysbiosis of natrium, HDL, IL-8, IL-16, and IL-15 were found to be the most closely associated with BPRS- and PANSS-related excitement, suspiciousness, and negative symptoms. The interplay between dyslipidemia of HDL, chronic inflammation, and psychotic symptoms suggested a strong impact of inflammatory dysregulation on metabolic risk in these patients. In particular, we clarified the potential of dysbiosis peripheral inflammatory markers as predictors of clinical outcomes in patients with psychosis. The main inflammatory markers associated with clinical outcome in psychosis were IL-15, IL-13, IL-16, and IL-8, which may be associated with poor clinical outcome. The effectiveness and validity of these aberrant parameters as predictors of SCZ symptoms need to be determined to enable the development of more targeted predictors. The mechanisms through which peripheral inflammation could contribute to poor clinical outcome are still partly unclear (35–37). Consistently, several studies have demonstrated that the IL-15, IL-16, and IL-8 levels in SCZ patients are associated with a poor response to antipsychotic treatment, and increased IL-8 levels are significantly associated with more severe negative symptoms in patients. These findings suggest that these pro-inflammatory cytokines are potential markers to identify patients with poor clinical outcome (38). Interestingly, other studies have reported that IL-13 may be involved in the improvement of psychopathology and symptomatologies in SCZ, suggesting that an anti-inflammatory response as mediated by the type-2 T helper cell pathway may contribute to a treatment-induced recovery in psychosis. Future studies need to consider the possible balance between pro- and anti-inflammatory pathways and how they contribute to clinical outcome (39).

Complex dysfunction of genetic and heterogeneous environment factors had demonstrated to comprise the key etiological features intrinsic to SCZ, and beyond the role of blood routine, biochemistry and inflammation factors we had discussed above, the demographic characteristic factors should be taken into account to study comprehensive about its etiology and pathological mechanism in the course and prognostic importance of patients with SCZ. More recently, investigators proved sex differences also influence the illness onset, clinical presentations and treatment response in the majority of psychiatric disorders, with women with SCZ are at higher risk for increased inflammatory marker levels compared to men, possibly related to the immunomodulatory function of estrogen (40, 41). Therefore, subsequent research should explore the gender-specific factors with the pathogenesis of SCZ. It is noteworthy to mention that knowledge about an array of risk factors for SCZ, the duration of untreated psychotic (DUP) is an important factor for patients and is generally considered to be the period from onset of psychotic symptoms to the initiation of treatment, as well as a longer DUP had been considered leading to poorer outcomes, however, the mechanisms linking longer DUP to poorer clinical outcomes are still unclear (42, 43). It is unknown during the DUP stage that the factors of inflammatory and biochemistry which to be ascribed to environmental influences whether participate in the disease process of SCZ. Based on the previous research, the synergy of environment is still an important factor for us to consider the etiology of SCZ. This study has several strengths. First, was the use of more homogeneous first-episode drug-naïve SCZ patients with normal weight. In this way, we minimized the potential confounding factors of antipsychotic drugs and obesity on the levels of biochemical index, blood routine, and inflammatory cytokines. Second, we utilized the MSD platform to examined 20 inflammatory factors simultaneously. This multiplex platform has good reliability and can detect comprehensive biomarkers simultaneously. The present study also has several noteworthy limitations requiring further investigation. First, our design was a cross-sectional, and future studies should include analyses on the correlation of longitudinal biomarkers analyses with disease progression. Second, the sample size in this clinical research was relatively small; thus, future studies should target larger-sized cohorts of SCZ. Third, this is a female-dominated group, and the average illness onset is relatively high, which might have impacts on the results and gender-specific studies are warranted in future research. Fourth, the DUP may influence multiple indicators of onset symptoms, metabolic syndrome, and disease prognosis in patients with first-episode SCZ, a factor will be further investigated in our future studies. Despite of these limitations, this work provided a new perspective on the immune dysregulation in SCZ to some extent.



CONCLUSION

Our findings revealed the interactive networks of biological immunity profiles and psychotic symptoms. HDL, natrium, red cell count, and IL-8 played a core role in the network model of correlation. HDL, IL-16, IL-8, and natrium could partly explain the variance in symptom score of SCZ patients. All our findings provided new insights to elucidate the assessment between subtypes of SCZ and potentially enable the development of more effective and targeted therapeutics in patients with SCZ spectrum disorders.



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 studies involving human participants were reviewed and approved by the Medical Ethics Committee of the Anhui Mental Health Center. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

CZ, XZ, and QX were responsible for the study design and manuscript editing. JY, YC, and PJ were responsible for literature searches, statistical analyses, and manuscript writing. JL, KW, JZ, CL, LZ, and JG were responsible for clinical-scale assessment data collection. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by funding from the Loan-to-Replenishment Project in Hefei, Anhui Province, China (grant number J2018Y05), the Hospital Project of Hefei Fourth People's Hospital (grant number 2019023), the Fund Project of Anhui Medical University (grant number 2019xkj206), the Shanghai Key Laboratory of Psychotic Disorders Open Grant (grant number 13dz2260500), the Natural Science Research Projects in Anhui Universities (grant number KJ2020A0218), the Applied Medicine Research Project of Hefei Health Committee (grant number Hwk2020zd0016), and the Scientific and Technological Research Project of Anhui Provincial Science and Technology Department (201904a07020009). The funding sources had no involvement in study design, collection, analysis, writing of this paper, and publication.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.834539/full#supplementary-material



REFERENCES

 1. Ropper AH, Marder SR, Cannon TD. Schizophrenia. N Engl J Med. (2019) 381:1753–61. doi: 10.1056/NEJMra1808803

 2. Kessler RC, Amminger GP, Aguilar-Gaxiola S, Alonso J, Lee S, Ustun TB. Age of onset of mental disorders: a review of recent literature. Curr Opin Psychiatry. (2007) 20:359–64. doi: 10.1097/YCO.0b013e32816ebc8c

 3. Zhang H, Wang Y, Hu Y, Zhu Y, Zhang T, Wang J. Meta-analysis of cognitive function in Chinese first-episode schizophrenia: MATRICS Consensus Cognitive Battery (MCCB) profile of impairment. General Psychiatry. (2019) 32:e100043. doi: 10.1136/gpsych-2018-100043

 4. Schreiber M, Dorschner M, Tsuang D. Next-generation sequencing in schizophrenia and other neuropsychiatric disorders. Am J Med Genet B Neuropsychiatr Genet. (2013) 162:671–8. doi: 10.1002/ajmg.b.32156

 5. Kelly CW, McEvoy JP, Miller BJ. Total and differential white blood cell counts, inflammatory markers, adipokines, and incident metabolic syndrome in phase 1 of the clinical antipsychotic trials of intervention effectiveness study. Schizophr Res. (2019) 209:193–7. doi: 10.1016/j.schres.04021

 6. Sommer IE, van Westrhenen R, Begemann MJH, Witte de D, Leucht L, Kahn S, et al. Efficacy of anti-inflammatory agents to improve symptoms in patients with schizophrenia: an update. Schizophrenia Bulletin. (2014) 40:181–91. doi: 10.1093/schbul/sbt139

 7. Khandaker GM, Cousins L, Deakin J, Lennox BR, Yolken R, Jones PB. Inflammation and immunity in schizophrenia: implications for pathophysiology and treatment. Lancet Psychiatry. (2015) 2:258–70. doi: 10.1016/S2215-0366(14)00122-9

 8. Kelsven S, de la Fuente-Sandoval C, Achim CL, Reyes-Madrigal F, Mirzakhanian H, Domingues I, et al. Immuno-inflammatory changes across phases of early psychosis: the impact of antipsychotic medication and stage of illness. Schizophrenia Res. (2020) 226:13–23. doi: 10.1016/j.schres.01003

 9. Chenniappan R, Nandeesha H, Kattimani S, Nanjaiah ND. Interleukin-17 and interleukin-10 association with disease progression in schizophrenia. Ann Neurosci. (2020) 27:24–8. doi: 10.1177/0972753120929565

 10. He X, Ma Q, Fan Y, Zhao B, Wang W, Zhu F. The role of cytokines in predicting the efficacy of acute stage treatment in patients with schizophrenia. Neuropsychiatr Dis Treat. (2020) 16:191–9. doi: 10.2147/NDT.S218483

 11. Momtazmanesh S, Zare-Shahabadi A, Rezaei N. Cytokine alterations in schizophrenia: an updated review. Front Psychiatry. (2019) 10:892. doi: 10.3389/fpsyt.2019.00892

 12. Lesh TA, Careaga M, Rose DR, McAllister AK, Van de Water J, Carter CS, et al. Cytokine alterations in first-episode schizophrenia and bipolar disorder: relationships to brain structure and symptoms. J Neuroinflam. (2018) 15:165. doi: 10.1186/s12974-018-1197-2

 13. Lizano PL, Keshavan M, Tandon N, Mathew IT, Mothi SS, Montrose DM. Angiogenic and immune signatures in plasma of young relatives at familial high-risk for psychosis and first-episode patients: a preliminary study. Schizophr Res. (2015) 170:115–22. doi: 10.1016/j.schres.12001

 14. Roomruangwong C, Noto C, Kanchanatawan B, Anderson G, Kubera M, Carvalho AF. The role of aberrations in the immune-inflammatory response system (IRS) and the compensatory immune-regulatory reflex system (CIRS) in different phenotypes of schizophrenia: the IRS-CIRS theory of schizophrenia. Mol Neurobiol. (2019) 57:778–97. doi: 10.1007/s12035-019-01737-z

 15. Xiu MH, Yang GG, Tan YL, Chen DC, Tan SP, Wang ZR. Decreased interleukin-10 serum levels in first-episode drug-naïve schizophrenia: relationship to psychopathology. Schizophr Res. (2014) 156:9–14. doi: 10.1016/j.schres.03024

 16. da Luz Scheffer D, Latini A. Exercise-induced immune system response: anti-inflammatory status on peripheral and central organs. Biochim Biophys Acta. (2020) 1866:165823. doi: 10.1016/j.bbadis.2020.165823

 17. Ouyang W, O'Garra A. IL-10 family cytokines IL-10 and IL-22: from basic science to clinical translation. Immunity. (2019) 50:871–91. doi: 10.1016/j.immuni.03020

 18. Gonzalez-Blanco L, Garcia-Portilla MP, Dal Santo F, Garcia-Alvarez L, de la Fuente-Tomas L, Menendez-Miranda I, et al. Predicting real-world functioning in outpatients with schizophrenia: role of inflammation and psychopathology. Psychiatry Res. (2019) 280:112509. doi: 10.1016/j.psychres.2019.112509

 19. Miller BJ, Goldsmith DR. Towards an immunophenotype of schizophrenia: progress, potential mechanisms, and future directions. Neuropsychopharmacology. (2016) 42:299–317. doi: 10.1038/npp.2016.211

 20. Cha HY, Yang SJ. Anti-inflammatory diets and schizophrenia. Clin Nutr Res. (2020) 9:241. doi: 10.7762/cnr.94.241

 21. Kadri N, Agoub M, El Gnaoui MA, Mchichi AK, Hergueta T, Moussaoui D. Moroccan colloquial Arabic version of the Mini International Neuropsychiatric Interview (MINI): qualitative and quantitative validation. Eur Psychiatry. (2004) 20:193–5. doi: 10.1016/j.eurpsy.11007

 22. Park S, Jung D, Kim S, Shim J, Moon J, Jeon D. Developing clinical cut-off scores for the University of California San Diego Performance-based Skills Assessment in patients with schizophrenia. Asian J Psychiatr. (2019) 47:101844. doi: 10.1016/j.ajp.2019.101844

 23. Bech P, Austin SF, Timmerby N, Ban TA, Møller SB. A clinimetric analysis of a BPRS-6 scale for schizophrenia severity. Acta Neuropsychiatr. (2018) 30:187–91. doi: 10.1017/neu.2017.40

 24. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J Royal Statist Soc Ser B. (1995) 57:289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x

 25. Núñez C, Stephan-Otto C, Usall J, Bioque M, Lobo A, González-Pinto A. Neutrophil count is associated with reduced gray matter and enlarged ventricles in first-episode psychosis. Schizophr Bull. (2018) 45:846–58. doi: 10.1093/schbul/sby113

 26. Miller BJ, Kandhal P, Rapaport MH, Mellor A, Buckley P. Total and differential white blood cell counts, high-sensitivity C-reactive protein, and cardiovascular risk in non-affective psychoses. Brain Behav Immunity. (2015) 45:28–35. doi: 10.1016/j.bbi.12005

 27. An H, Tan Y, Tan S, Shi J, Wang Z, Yang F. Smoking and serum lipid profiles in schizophrenia. Neurosci Bull. (2016) 32:383–8. doi: 10.1007/s12264-016-0022-0

 28. An H, Du X, Huang X, Qi L, Jia Q, Yin G. Obesity, altered oxidative stress, and clinical correlates in chronic schizophrenia patients. Transl Psychiatry. (2018) 8:258. doi: 10.1038/s41398-018-0303-7

 29. Wysokinski A, Szczepocka E. Red blood cells parameters in patients with acute schizophrenia, unipolar depression and bipolar disorder. Psychiatr Danub. (2018) 30:323–30. doi: 10.24869/psyd.2018.323

 30. Tsai H, Hou P, Mao F, Chang C, Yang W, Wu C. Risperidone exacerbates glucose intolerance, nonalcoholic fatty liver disease, and renal impairment in obese mice. Int J Mol Sci. (2021) 22:409. doi: 10.3390/ijms22010409

 31. Misiak B, Piotrowski P, Beszłej JA, Kalinowska S, Cheć M, Samochowiec J. Metabolic dysregulation and psychosocial stress in patients with schizophrenia spectrum disorders: a case-control study. J Clin Med. (2020) 9:3822. doi: 10.3390/jcm9123822

 32. Gjerde PB, Simonsen CE, Lagerberg TV, Steen NE, Ueland T, Andreassen OA. Improvement in verbal learning over the first year of antipsychotic treatment is associated with serum HDL levels in a cohort of first episode psychosis patients. Eur Arch Psychiatry Clin Neurosci. (2019) 270:49–58. doi: 10.1007/s00406-019-01017-w

 33. Lin Y, Peng Y, He S, Xu J, Shi Y, Su Y. Serum IL-1ra, a novel biomarker predicting olanzapine-induced hypercholesterolemia and hyperleptinemia in schizophrenia. Progr. Neuro Psychopharmacol Biol Psychiatry. (2018) 84:71–8. doi: 10.1016/j.pnpbp.01020

 34. Simşek S, Yildirim V, Çim A, Kaya S. Serum IL-4 and IL-10 levels correlate with the symptoms of the drug-naive adolescents with first episode, early onset schizophrenia. J Child Adolesc Psychopharmacol. (2016) 26:721–6. doi: 10.1089/cap.2015.0220

 35. de Witte L, Tomasik J, Schwarz E, Guest PC, Rahmoune HK, René S. Cytokine alterations in first-episode schizophrenia patients before and after antipsychotic treatment. Schizophr Res. (2014) 154:23–9. doi: 10.1016/j.schres.02_005.

 36. Frydecka D, Krzystek-Korpacka M, Lubeiro A, Stramecki F, Stańczykiewicz B, Beszłej JA. Profiling inflammatory signatures of schizophrenia: a cross-sectional and meta-analysis study. Brain Behav Immunity. (2018) 71:28–36. doi: 10.1016/j.bbi.05002

 37. Perry BI, Upthegrove R, Kappelmann N, Jones PB, Burgess S, Khandaker GM. Associations of immunological proteins/traits with schizophrenia, major depression and bipolar disorder: a bi-directional two-sample mendelian randomization study. Brain Behav Immunity. (2021) 97:176–85. doi: 10.1016/j.bbi.07009

 38. Enache D, Nikkheslat N, Fathalla D, Morgan BP, Lewis S, Drake R. Peripheral immune markers and antipsychotic non-response in psychosis. Schizophr Res. (2021) 230:1–8. doi: 10.1016/jschres12

 39. Pae C, Yoon C, Kim T, Kim J, Park S, Lee C. Antipsychotic treatment may alter T-helper (TH) 2 arm cytokines. Int Immunopharmacol. (2005) 6:666–71. doi: 10.1016/j.intimp.10004

 40. Lee EE, Ancoli-Israel S, Eyler LT, Tu X, Palmer BW, Irwin MR. Sleep disturbances and inflammatory biomarkers in schizophrenia: focus on sex differences. Am J Geriatr Psychiatry. (2018) 27:21–31. doi: 10.1016/j.jagp.09017

 41. Seeman MV, González-Rodríguez A. Stratification by sex and hormone level when contrasting men and women in schizophrenia trials will improve personalized treatment. J Pers Med. (2021) 11:929. doi: 10.3390/jpm11090929

 42. Howes OD, Whitehurst T, Shatalina E, Townsend L, Onwordi EC, Mak TLA. The clinical significance of duration of untreated psychosis: an umbrella review and random-effects meta-analysis. World Psychiatry. (2021) 20:75–95. doi: 10.1002/wps.20822

 43. Johnstone EC, Crow TJ, Johnson AL, MacMillan JF. The Northwick Park Study of first episodes of schizophrenia I presentation of the illness and problems relating to admission. Br J Psychiatry. (1986) 148:115–20. doi: 10.1192/bjp.148.2.115

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.

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.

Copyright © 2022 Yan, Chen, Ju, Gao, Zhang, Li, Wang, Zhang, Li, Xia, Zhu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-13-834539-t001.jpg
Variables Controls scz X2/t (P)

Sex (female/male) 22114 54/25 0579 (0.447)
Age (years) 28.11+616  3439+1185  3.045(0.003)
BMI (kg/m2' 22.60 +2.96 23.46 £ 4.25 1.101(0.273)
BPRS - 4870 9,55 -
Anxiety depression : 551203 E
Thought disturbance - 11.05 £2.88 -
Anergia - 9.91+2:83 -
Activation - 473213 -
Hostile suspiciousness - 928 +8.32 -
PANSS - 8691 16.63 -
Positive symptom - 11.73 £3.82 -
Negative symptom - 2020 +6.27 -
Cognitive defect . 9.80 +2.97 E
Excited symptom - 11,69 £8.95 -
Depressive symptom . 4.05+139 -

BMI, Body mass index; BPRS, Brief Psychiatric Rating Scale; PANSS, Positive and
Negative Syndrome Scale; SCZ, schizophrenia.





OPS/images/fpsyt-13-834539-g003.gif





OPS/images/fpsyt-13-834539-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Network Association of Biochemical and Inflammatory Abnormalities With Psychiatric Symptoms in First-Episode Schizophrenia Patients



		Introduction



		Methods



		Ethics Statement



		Participants



		Clinical Assessments



		Mini-International Neuropsychiatric Interview (MINI) 6.0.0



		Demographic Characteristics



		Positive and Negative Syndrome Scale (PANSS)



		Brief Psychiatric Rating Scale (BPRS)









		Laboratory Evaluation



		Statistical Analysis







		Results



		Demographic and Clinical Characteristics of All Subjects



		Results of Blood Routine and Biochemical and Inflammatory Cytokine Concentration



		Correlations of Blood Routine, Biochemical, and Cytokine Levels With Psychotic Symptom



		Correlation Network of Blood Routine, Biochemical Indices, and Inflammatory Cytokine Levels With Clinical Symptoms



		Predictive Analysis of Validity and Effectiveness of These Aberrant Parameters SCZ Progression







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Network Association of Biochemical
and Inflammatory Abnormalities With
Psychiatric Symptoms in
First-Episode Schizophrenia Patients





OPS/images/fpsyt-13-834539-g001.gif





OPS/images/fpsyt-13-834539-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





