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Introduction

Schizophrenia is a complex psychiatric disorder, of which molecular pathogenesis remains largely unknown. Accumulating evidence suggest that gut microbiota may affect brain function via the complex gut-brain axis, which may be a potential contributor to schizophrenia. However, the alteration of gut microbiota showed high heterogeneity across different studies. Therefore, this study aims to identify the consistently altered gut microbial taxa associated with schizophrenia.





Methods

We conducted a systematic search and synthesis of the up-to-date human gut microbiome studies on schizophrenia, and performed vote counting analyses to identify consistently changed microbiota. Further, we investigated the effects of potential confounders on the alteration of gut microbiota.





Results

We obtained 30 available clinical studies, and found that there was no strong evidence to support significant differences in α-diversity and β-diversity between schizophrenic patients and healthy controls. Among 428 differential gut microbial taxa collected from original studies, we found that 8 gut microbial taxa were consistently up-regulated in schizophrenic patients, including Proteobacteria, Gammaproteobacteria, Lactobacillaceae, Enterobacteriaceae, Lactobacillus, Succinivibrio, Prevotella and Acidaminococcus. While 5 taxa were consistently down-regulated in schizophrenia, including Fusicatenibacter, Faecalibacterium, Roseburia, Coprococcus and Anaerostipes.





Discussion

These findings suggested that gut microbial changes in patients with schizophrenia were characterized by the depletion of anti-inflammatory butyrate-producing genera, and the enrichment of certain opportunistic bacteria genera and probiotics. This study contributes to further understanding the role of gut microbiota in schizophrenia, and developing microbiota-based diagnosis and therapy for schizophrenia.
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1 Introduction

Schizophrenia is a highly heterogeneous and devastating chronic psychiatric disorder, characterized with abnormal mental functions and disturbed behaviors (1–3). The global prevalence of schizophrenia is estimated to range from 0.5% to 1% (4), significantly impacting both the social functioning and life expectancy of individuals (5, 6). Currently, the underlying pathogeneses of schizophrenia have yet to be completely elucidated (7). Clinically, there are no robust biomarkers to aid in diagnosis or prognosis, and the diagnosis of schizophrenia primarily relies on the subjective identification of clinical symptoms of patients (8). Thus, it is of significant clinical value to identify molecular biomarkers sensitive to the pathological processes of schizophrenia. Additionally, the current antipsychotics have severe limitations, including limited amelioration in symptoms and severe neurological and metabolic side effects (9). As a consequent, there is a pressing need for novel therapies to treat schizophrenia.

The human gut is inhabited by a complex and metabolically active microbial ecosystem (10, 11). In recent years, a number of studies have demonstrated the significant role of gut microbiota in the pathogenesis of schizophrenia via the intricate “microbiota-gut-brain” (MGB) axis (12, 13). The MGB establishes a bidirectional communication system between the central nervous system and gut microbiota, mediated by neural, immune, and endocrine pathways, thereby exerting influences on brain function (14, 15). Emerging evidence have demonstrated changes in the composition of gut microbiota between healthy individuals and patients with mental disorders (16). For instance, some studies have reported alterations in bacterial taxa among patients with schizophrenia, including a reduction in the relative abundance of short-chain fatty acid (SCFA) producing bacteria and an increase in pathogenic bacteria (17). Moreover, gut microbiota can synthesize metabolites (such as 5-hydroxytryptamine, kynurenine, and indole derivatives) that may impact on the central nervous system, which have been demonstrated to be involved in the pathogenesis of schizophrenia (18–20). In addition, preclinical studies have indicated that fecal microbiota transplants from patients with schizophrenia resulted in the development of schizophrenic-like behaviors in germ-free mice (21–23). These evidences suggest that schizophrenia may be associated with a distinct pattern of microbial perturbations. Therefore, the identification of key microbial taxa may contribute to both understanding etiology and identifying clinically useful biomarkers, as well as new targeted treatment strategies (24).

With the rapid development of high-throughput technologies, such as metagenomic sequencing, increasing studies have investigated the changes of the gut microbiota in patients with schizophrenia. However, results from these studies showed high heterogeneity due to the differences in the patient population, e.g. the sample size (25), disease severity (26), age (27), use of drugs (28), residential diet (29), and diagnostic criteria (30, 31). Although there are several systematic reviews summarizing gut microbial alterations in schizophrenia, the lack of quantitative analysis hinders the identification of microbial markers across different studies (32).

Therefore, the aim of this study is to assess the perturbations in gut microbial diversity and taxonomy in patients with schizophrenia compared to controls, and to identify consistently altered gut microbiota in schizophrenia by synthesizing the totality of evidence from gut microbiome studies.




2 Materials and methods



2.1 Search strategy

This study was conducted by following the Preferred Reporting Items for Systematic reviews and Meta-analyzes (PRISMA) statement recommendations (33). We conducted a comprehensive search in PubMed, Cochrane Library, Embase and Web of Science databases up until July 1st, 2023 to identify studies reporting alterations in the gut microbiome among patients with schizophrenia.

In accordance with the PICO criteria, population were patients diagnosed with schizophrenia; intervention was drug or untreated; comparison was control or placebo; outcomes were symptom, gut microbiota, feces, 16S rRNA or metagenome. The keywords used to develop the search strategy were shown in Supplementary Table S1, and the details of the search strategy were listed in Supplementary Table S2.




2.2 Data inclusion and exclusion

The eligibility of all studies was independently screened and evaluated by two researchers (Li Z and Tao X), with intervention from a third reviewer (Wang D) in case of any disagreements.

The studies eligible for data extraction were required to satisfy the following criteria: 1) original human research; 2) utilization of standardized diagnostic criteria for schizophrenia, such as The Diagnostic and Statistical Manual of Mental Disorders, fourth/fifth edition (DSM-IV/V) or International Classification of Diseases (ICD-10); 3) implementation of high-throughput technologies, e.g. 16S rRNA amplicon sequencing and metagenomic sequencing; 4) reporting statistically significant disparities in diversity indices (α and β diversity) or gut microbiota abundance (increased or decreased) between the disease group and healthy control group.

The exclusion criteria included animal studies, secondary analyzes (such as meta-analysis), literature reviews, and conference abstracts.




2.3 Assessment of study quality

The Newcastle-Ottawa quality assessment scale (NOS) was used to assess study quality by two researchers (Li Z and Tao X). The NOS assigns a maximum of 9 points based on three quality parameters, including selection, comparability, and outcome. According to the NOS grading in previous reviews, we classified studies as high (<5 stars), moderate (5–7 stars) or low risk of bias (≥8 stars) (34).




2.4 Data extraction

Data extraction was performed by Li Z using a pre-determined form, which underwent independent validation by another two researchers (Tao X and Wang D). The form documents fundamental information of the study (study name, title, diagnostic criteria for schizophrenia, organism, intervention, sample type, sample size, age, sex, BMI, sequencing method and platform, amplicon region, original data availability), and the information of the differential microbiota reported by the studies (microbiota name, classification level, Up/Down regulated, NCBI taxonomy ID, lineage, comparison groups, diversity assessment/alteration).

The present study exclusively focused on the identification of differential gut microbiota between the disease group and the healthy control group based on statistical significance criteria stipulated by each individual study. The gut microbiota extracted were across six classification levels, including phylum, class, order, family, genus, and species.




2.5 Subgroups comparisons

To investigate potential factors influencing gut microbiota, we further stratified the differential microbiota data based on the total score of Positive and Negative Syndrome Scale (PANSS), sequencing method, intervention type, country of residence, and age. Subsequent statistical analyzes were performed within each subgroup category and compared between subgroups within the same category or between a subgroup and the entire population.




2.6 Statistical analysis

Theoretically, the optimal approaches for integrating differential microbiome data were combining the mean values, p-values, or raw data from each study. However, conducting a meta-analysis proved to be challenging due to a lack of mean values, p-values, or raw data in most original studies. Consequently, we performed a vote-counting method to analyze whether microbiota were consistently up- or down-regulated across studies. The vote counting method can facilitate the identification of candidate biomarkers that are likely to be validated by independent testings (35).

Considering that the reporting frequency of each microbiota can be potentially diluted, we performed statistical analysis on the differential microbiota that were reported three or more times, designating them as “candidate microbiota”. During this process, each microbial taxon was assigned a weight of “+1” or “-1” when it was reported significantly up-regulated or down-regulated, respectively. The vote counting statistic (VCS) for each candidate taxon was calculated by summing the individual scores. Higher or lower VCS values indicated more studies reporting significant up-regulation or down-regulation of the candidate microbiota, respectively.

We used binomial distributions to assess whether the up-regulation or down-regulation of each candidate microbiota was statistically significant, assuming a probability of 50% for each taxon to be up- or down-regulated in each study (36). The binomial tests were conducted using the binom.test function in R (v 4.0.4, https://www.rproject.org/). One-sided p-values were calculated for candidate microbiota that were reported in more than three data sets. P-value less than 0.05 was considered to be statistically significant.





3 Results



3.1 Characteristics of included studies

The flowchart for data screening were illustrated as Figure 1. Among the 1786 records yielded by our database search, 1095 remained after the removal of duplicates. Based on our eligibility criteria, 156 articles were selected. Of these, 126 articles were excluded after a full-text screening (the detailed exclusion records were provided in Supplementary Table S3), resulting in 30 articles included. After conducting a quality evaluation using NOS as indicated in Supplementary Table S4, it was determined that 16 out of the 30 studies (53.3%) were classified as having a moderate risk of bias, while the remaining 14 studies (46.7%) were classified as having a low risk of bias.




Figure 1 | PRISMA flowchart.



Of the 30 eligible studies, there were 22 conducted in China, 2 in United States, and the remaining 6 studies in other countries including India, Australia, Denmark, Poland, Germany, and Italy. A total of 2001 patients with schizophrenia (1043 males and 868 females) and 1694 healthy controls (790 males and 833 females) were obtained, with one study [Ling Z 2022 (37)] did not report the sex ratio of the subjects. The sample size of each study ranged from 3 to 132. There were six studies involving drug treatment, including risperidone (3/6, 50%), clozapine (1/6, 16.7%), and unspecified antipsychotics (2/6, 33.3%). The diagnostic criteria for schizophrenia primarily based on DSM-IV (20/30, 66.7%) and DSM-V (5/30, 16.7%). Fifteen studies utilized the PANSS scale to assess the symptoms of patients with schizophrenia. In terms of sequencing methods, 16S rRNA amplicon sequencing was most widely used (22/30, 73.3%), followed by metagenomic sequencing (6/30, 20.0%), and 2 studies (6.7%) used both above methods. The detail information of the studies are provided in Supplementary Table S5.




3.2 Alterations of the microbial diversities in schizophrenia

For α-diversity analysis, there were 16 types of metrics used across 30 studies (Supplementary Table S6). As illustrated in Figure 2A, the most frequently reported metrics were ACE, PD whole tree, Simpson, Observed Features, Chao1 and Shannon. The majority of α-diversity analyzes (99/125, 79.2%) showed no statistically significant changes in patients with schizophrenia, while only 8.8% and 12.0% of analyzes demonstrated an increase or decrease of α-diversity, respectively. Overall, our synthesized data did not indicate strong evidence for the difference in the α-diversity of gut microbiota between schizophrenic patients and healthy controls.




Figure 2 | Differences in microbial α-and β-diversity in patients with schizophrenia compared to controls across studies. (A) Differences in α-diversity. (B) Differences in β-diversity.



For β-diversity analysis, a total of 8 algorithms were used across 30 studies (Supplementary Table S6). As shown in Figure 2B, the most frequently used algorithms were Bray-Curtis, unweighted UniFrac, and weighted UniFrac similarity. Dimension reduction approaches, such as principal component analysis (PCA), principal coordinate analysis (PCoA), and non-metric multidimensional scaling, were employed for β-diversity visualization. In our study, only 63.2% of the β-diversity analyzes (24/38) showed significant differences in the composition of gut microbiota in schizophrenia patients compared to controls. These findings did not strongly support that the gut microbiota composition of individuals with schizophrenia obviously differed from that of healthy controls.




3.3 Alterations of gut microbiota in schizophrenia

After removing duplicates, a total of 428 differential gut microbial taxa from 30 studies were included in final analyzes (Supplementary Table S7). Eighty-eight candidate microbiota reported in three or more data sets were obtained, including 5 taxa at the phylum level, 4 at the class level, 6 at the order level, 18 at the family level, 53 at the genus level, and 2 at the species level (Figure 3; Supplementary Table S8). Supplementary Figure S1 presents the lineage of these 88 candidate taxa. The differential genera were mainly assigned to Lachnospiraceae at family level, and mainly derived from Firmicutes, Actinobacteria and Proteobacteria at phylum level.




Figure 3 | Distribution of candidate microbiota in the entire schizophrenic patient group and subgroups at phylum (A), class (B), order (C), family (D), genus (E), and species (F) levels. The size of the circle represents the counting value, while the color of the circles corresponds to the magnitude of the vote counting statistic (VCS) value. The subgroup details and corresponding data are presented below. TG, entire patients group; MG, moderately ill group; SG, 16S rRNA amplicon sequencing group; UG, untreated group; CG, Chinese group; YG, youth group; EG, middle and elderly group; VCS, vote counting statistic.



To further identify gut microbial biomarkers for schizophrenia with consistent alterations compared to healthy controls, we conducted the vote counting analysis on the candidate taxa (for original statistics, see Supplementary Table S8). Ultimately, we identified a total of 13 taxa that showed consistent alterations in the schizophrenic patients (Figure 4A). As shown in Figures 5A–F, Proteobacteria at the phylum level (VCS = 6, p = 0.035), and Gammaproteobacteria at the class level (VCS = 5, p = 0.031) were up-regulated in schizophrenic patients. At the family level, both Enterobacteriaceae (VCS = 6, p = 0.016) and Lactobacillaceae (VCS = 6, p = 0.035) were increased. At the genus level, Lactobacillus (VCS = 9, p = 0.002), Prevotella (VCS = 7, p = 0.008), Succinivibrio (VCS =7, p = 0.008) and Acidaminococcus (VCS = 6, p = 0.016) were enriched, whereas Fusicatenibacter (VCS = -9, p = 0.002), Roseburia (VCS = -7, p = 0.008), Coprococcus (VCS = -7, p = 0.008), Faecalibacterium (VCS = -6, p = 0.035) and Anaerostipes (VCS = -6, p = 0.016) were depleted in schizophrenia. No significant difference was observed for candidate microbiota at order and species levels.




Figure 4 | Volcano plots of candidate microbiota resulting from vote counting analyzes for the entire schizophrenic patient group and subgroups. The nodes represent candidate microbiota, while the x-axis illustrates the vote counting statistic and the y-axis displays the -log10 (p-value). The red dots indicate statistically significant up-regulation, while the blue dots represent statistically significant down-regulation. p< 0.05 were considered to be statistically significant. (A) Entire patient group. (B) Moderately ill group. (C) 16S rRNA amplicon sequencing group. (D) Untreated group. (E) Chinese group. (F) Youth group. (G) Middle and elderly group.






Figure 5 | Bar plots of candidate microbiota for the entire schizophrenic patient group at phylum (A), class (B), order (C), family (D), genus (E), and species (F) levels. The vote counting statistic for each candidate microbiota is represented by orange and blue bars. An asterisk (*) indicates p < 0.05.






3.4 Effects of demographic and methodological heterogeneity on microbial alterations

In order to explore the effects of potential confounding factors on microbiota, we performed subgroup analyzes. We stratified population based on the PANSS total score at baseline for untreated patients so as to investigate the influence of disease severity (Supplementary Table S5). Patients with a mean PANSS total score ranging from 61 to 78 were classified as the mildly ill group (2 studies), and those with a mean PANSS total score ranging from 78 to 96 were classified as the moderately ill group (8 studies) (38). However, we only compared the moderately ill group with the entire patient population due to the limited studies for the mildly ill group. The number of candidate taxa for the moderately ill group decreased by 68 (Supplementary Figure S2; Supplementary Table S7). The result of vote counting analysis showed that only Fusicatenibacter remained dysregulated in the moderately diseased patients (VCS = -6, p = 0.016, Figure 4B; Supplementary Table S8).

Further, we explored the effect of sequencing method, and summarized the microbial changes resulted from 23 studies using 16S rRNA amplicon sequencing, since the data for studies using metagenomic sequencing are limited (6 studies). We found that the number of candidate microbiota obtained from 16S rRNA amplicon sequencing decreased by 13 (Supplementary Figure S3; Supplementary Table S7). Notably, Bacteroides extraly exhibited significant difference (VCS = -6, p = 0.035), while Faecalibacterium (VCS = -5, p = 0.063) no longer demonstrated statistical significance comparing to the results from the entire datasets (Figure 4C; Supplementary Table S8).

To investigate the influence of drug treatments, we compared the microbiota results between the untreated patients (30 studies) and entire patient group since the data for drug treated group are limited (6 studies). We observed the number of candidate microbiota at the genus level decreased by 8 in the untreated group (Supplementary Figure S4; Supplementary Table S7). Additionally, Ruminococcus showed an decrease in untreated patients comparing to the results from the entire group (VCS = -6, p = 0.016, Figure 4D; Supplementary Table S8).

Different geographic locations may lead to the variation of gut microbiome attributed to different dietary patterns. Most included studies (22/30) were performed in China, so we compared the gut microbiota between Chinese patients and the entire patient group. The number of candidate microbiota within the Chinese group reduced by 9 (Supplementary Figure S5; Supplementary Table S7). Lactobacillaceae no longer demonstrated an increase in Chinese patients (VCS = 4, p = 0.109, Figure 4E; Supplementary Table S8).

To further explore the association between age and gut microbiome, we classified Chinese patients into the youth group (18≤Mean Age<35), and the middle and elderly group (Mean Age≥35) based on the mean age reported in each study (Supplementary Table S5) (39, 40). The youth group (10 studies) and middle and elderly group (12 studies) exhibited a total of 24 and 40 candidate microbiota, respectively (Supplementary Figures S6, S7; Supplementary Table S7). Lower level of Blautia was observed in the youth group, which was not found in all patients (VCS = -5, p = 0.031, Figure 4F; Supplementary Table S8). In the middle and elderly group, we observed increased levels of Proteobacteria (VCS = 5, p = 0.031), Succinivibrionaceae (VCS = 5, p = 0.031), Succinivibrio (VCS = 7, p = 0.008), Prevotella (VCS = 6, p = 0.016), Acidaminococcus(VCS = 5, p = 0.031), Lactobacillus (VCS = 5, p = 0.031) and Megasphaera (VCS = 5, p = 0.031), and decreased levels of Roseburia (VCS = -5, p = 0.031), Faecalibacterium (VC S = -5, p = 0.031), and Coprococcus (VCS = -5, p = 0.031) (Figure 4G; Supplementary Table S8). Among these microbiota, differential Succinivibrionaceae and Megasphaera were not revealed in the entire patient group.





4 Discussion

This study is the first comprehensive investigation of the gut microbiota changes in patients with schizophrenia, based on 428 differential gut microbial taxa from 30 studies. We assessed the reproducibility and stability of potential gut microbiota markers by vote counting analysis. Ultimately, we identified a total of 13 gut microbial taxa that showed consistent disturbance in the schizophrenic patients.

Highly diverse gut microbiota is commonly considered to be important for host health (41, 42). This assumption seems to be consistent with other research which found a reduction in the diversity index among untreated or medicated patients with schizophrenia (21, 43, 44). Surprisingly, we found no strong evidence for a significant difference in α-diversity of microbiota between the schizophrenia and control groups after analyzing our synthesized data. Simultaneously, despite more than half of the findings indicating significant differences in β-diversity between the schizophrenia and control groups, the meaning of these disparities remains uncertain.

We observed consistent down-regulation of Roseburia, Faecalibacterium, Coprococcus, Anaerostipes and Fusicatenibacter at genus level in patients with schizophrenia. The shared feature among these genera lies in their capacity to synthesize short-chain fatty acids (SCFAs) (45–49). The reduction of these taxa can result in inadequate production of SCFAs in the intestine. SCFAs, which are crucial end products resulting from bacterial fermentation in the intestinal tract, are believed to exert a protective effect against intestinal inflammation through various mechanisms (50, 51). For example, SCFAs have been reported to exert inhibitory effects on the production of pro-inflammatory cytokines, enhance the expression of IL-10, activate regulatory T-cell (Tregs), in turn reduce colon inflammation (52). Alternatively, intestinal epithelial cell-mediated SCFAs binds to the G protein-coupled receptor (GPR43) and activates the inflammasome-activating protein NLRP3, inducing the release of IL-18, which has a protective effect on enteritis (53, 54). Moreover, butyric acid, one of SCFAs, not only provides energy for intestinal epithelial cells but also strengthens the intestinal defense barrier to protect against intestinal inflammation (55, 56). It is now widely accepted that neuroinflammation play important roles in the pathogenesis of schizophrenia (57–59). Inflammatory factors can produce in the intestinal inflammation, circulates through the bloodstream, and induce damage to the blood-brain barrier or enter the brain following interaction with astrocytes (60, 61). Activation of microglia results in an inflammatory response in the central nervous system, thereby increasing the disease risk to schizophrenia (20, 62, 63). These mechanisms also support the findings of previous studies that have reported a higher incidence of intestinal inflammation in individuals diagnosed with schizophrenia (20, 63).

We also found consistently up-regulated of Prevotella and Lactobacillus in patients with schizophrenia at genus level. Previous studies have demonstrated that Prevotella at high abundance levels disrupts intestinal immune function by producing IgA proteases, thereby having negative consequences for brain (64). Lactobacillus is one of the most well recognized probiotics nowadays (65). However, the abnormal up-regulation of Lactobacillus abundance can lead to excessive production of lactate, resulting in the accumulation of lactate in the brain. This disrupts mitochondrial energy regulation balance and triggers a series of mental disorders (66). Additionally, it was found that the abundance level of Lactobacillus is negatively correlated with the concentration of butyric acid in SCFAs (67).

Notably, although we found a consistently up-regulated trend of Proteobacteria (phylum), Gammaproteobacteria (class), Lactobacillaceae (family), Enterobacteriaceae (family), Succinivibrio (genus) and Acidaminococcus (genus) in our study, it is difficult to accurately explore their relationship with schizophrenia due to the higher taxa or limited reports. Nevertheless, our research results provide valuable insights for further investigation into the role of dysbiosis of these microbiota in schizophrenia mechanisms.

Although it is unrealistic to have complete control over confounding factors, we can selectively control significant confounding factors that are relevant to the research needs. After further conducting subgroup analyzes, we additionally discovered five microbiota exhibiting consistent disorder. This implies that the measurement results of these microbiota may be influenced by potential confounding factors. In the youth group, we found a consistent down-regulation of Blautia, which has been associated with higher aggression in other studies on patients with schizophrenia (68). This finding is particularly relevant as early-onset schizophrenia patients tended to exhibit more aggressive behavior (69). In the middle and elderly group, we observed the consistent up-regulation of Succinivibrionaceae (family) and Megasphaera (genus). This phenomenon has also been considered as being associated with aging in other studies (70, 71). A study observed a reverse up-regulation of Ruminococcus (genus) abundance in schizophrenia patients after medication (72). This observation coincide with what we found only in the untreated group. Due to insufficient data, this study cannot draw persuasive conclusions to demonstrate the impact of sequencing methods on microbial detection results. Additionally, considering the results of vote counting method are influenced by the amount of data and the limited amount of data collected in this study, we find it difficult to analyze the consistent dysbiosis microbiota loss exhibited by each subgroup compared to the entire patients group. This is because we cannot rule out that this phenomenon is caused by insufficient data.

Our study has certain limitations. Firstly, application of the vote counting method cannot distinguish new differential microbiota other than candidate microbiota. However, considering that only a few of the included studies provided raw data, this method remains the best approach for conducting such a large-scale quantitative analysis. If in the future, with sufficient and comprehensive original data, it is advisable to use methods with greater statistical power for further research. Secondly, although we included all relevant studies up to now, there is still an issue with insufficient available data. To avoid dilution of subgroup data, we only conducted limited subgroup analyzes in this study. If more studies provide larger amounts of data in the future, other potential confounding factors should be explored and even subgroup analyzes under multiple factors controls should be conducted. Finally, due to using a vote counting method in this study, publication bias was not examined as it is done in other ordinary meta-analyzes.




5 Conclusion

In conclusion, our study indicated that there was no strong evidence to support significant differences in α-diversity and β-diversity between schizophrenic patients and healthy controls. Among 428 differential gut microbial taxa collected from original studies, we found that 13 taxa consistently altered in schizophrenic patients, which was characterized by the depletion of anti-inflammatory butyrate-producing genera, and the enrichment of certain opportunistic bacteria genera and probiotics. Furthermore, the heterogeneity of schizophrenic patients had a significant impact on the measurement results of gut microbiota. Our research identified the consistent dysbiosis of microbiota in patients and analyze the impact of various confounding factors, which contributes to developing microbiota-based diagnosis and therapy for schizophrenia guided.
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