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Abstract

:

Psychotic disorders, notably schizophrenia, impose a detrimental burden on both an individual and a societal level. The mechanisms leading to psychotic disorders are multifaceted, with genetics and environmental factors playing major roles. Increasing evidence additionally implicates neuro-inflammatory processes within at least a subgroup of patients with psychosis. While numerous studies have investigated anti-inflammatory add-on treatments to current antipsychotics, the exploration of immunological biomarkers as a predictor of treatment response remains limited. This review outlines the current evidence from trials exploring the potential of baseline inflammatory biomarkers as predictors of the treatment effect of anti-inflammatory drugs as add-ons to antipsychotics and of antipsychotics alone. Several of the studies have found correlations between baseline immunological biomarkers and treatment response; however, only a few studies incorporated baseline biomarkers as a primary endpoint, and the findings thus need to be interpreted with caution. Our review emphasizes the need for additional research on the potential of repurposing anti-inflammatory drugs while utilizing baseline inflammatory biomarkers as a predictor of treatment response and to identify subgroups of individuals with psychotic disorders where add-on treatment with immunomodulating agents would be warranted. Future studies investigating the correlation between baseline inflammatory markers and treatment responses can pave the way for personalized medicine approaches in psychiatry centred around biomarkers such as specific baseline inflammatory biomarkers in psychotic disorders.
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1. Introduction


Psychotic disorders vary in terms of symptoms, severity, and prognosis. The most common psychotic disorder is schizophrenia with a lifetime prevalence of 0.75% [1]. To treat and prevent psychotic episodes, patients often take antipsychotic drugs for years, which can have multiple side effects. Moreover, a considerable percentage of the patients have insufficient treatment response with current treatments. According to a recent meta-analysis on first-episode psychosis (FEP) and first-episode schizophrenia (FES), the rate of treatment-resistant schizophrenia (TRS) was 17.8% in the FEP group and 24.4% in the FES group, while the overall rate of treatment resistance was 22.8% [2]. There are two leading theories of TRS: one is normal dopamine function, but with the dysregulation of the serotonin, glutamate or inflammatory pathways, while the second theory proposes that dopaminergic supersensitivity leads to TRS over time [3]. This calls for new treatment options and advocates for more personalized treatments preferentially based on the early identification of objective markers, such as immunological biomarkers [4,5,6].



The aetiology behind psychotic disorders including schizophrenia is not yet fully understood [7]. It is known that there is a substantial genetic component [8] and that environmental factors contribute to the development of psychotic disorders [9]. Moreover, the past decades have given rise to mounting evidence supporting the role of immunological processes in the development of psychotic disorders [10,11,12,13]. This includes elevated levels of a broad range of immunological biomarkers such as cytokines and white blood cell count (WBC) in both blood and cerebrospinal fluid (CSF), indicating a central role of the immune system in developing or maintaining psychosis in at least a subgroup of patients [14,15,16,17,18,19]. Moreover, studies have investigated the increased density and activation of microglia in the brain, indicative of neuroinflammation among subgroups [20], although a recent meta-analysis found no significant association with the volume of the distribution of translocator protein (TSPO), which is believed to reflect microglial activation, though recent research has indicated that it might more reflect the density of inflammatory cells [21,22]. Some studies suggest that neuroinflammation may only be present during the first episode of psychosis, meaning that the effect of anti-inflammatory add-on treatment might not be as efficient in non-acute patients [12,23,24,25], while other studies hypothesize that patients with schizophrenia and chronic low-grade peripheral inflammation will benefit the most [26]. Several studies over the last years have reported signs of peripheral inflammation associated with increased levels of negative symptoms of schizophrenia and increased severity of cognitive deficits [27]. Almost one-third of patients with schizophrenia suffer deficit schizophrenia [28], i.e., patients with primary and persistent negative symptoms, and studies have found pro-inflammatory markers associated with this syndrome [29]. Moreover, meta-analyses of cytokines in both blood and cerebrospinal fluid have shown mental state-dependent associations with more pronounced alterations of cytokines and lymphocytes during acute episodes, e.g., the first episode of psychosis or during relapse, as compared to post-treatment periods [14,16,18,30,31]. Meta-analyses comparing patients with psychotic disorders with healthy controls have shown increased levels of lymphocytes [30], monocytes [32], an increased neutrophil/lymphocyte ratio (NLR) [33,34], and higher concentrations of C-reactive protein (CRP) [35] among the patient group. However, previous register-based studies investigating first-time diagnoses of schizophrenia and at-admission baseline CRP and WBC found no association with the risk of subsequent psychiatric admissions [36] or treatment resistance among patients with increased baseline CRP (>3 mg /L) [37]. A recent meta-analysis showed that drugs possessing either primary or pleiotropic anti-inflammatory properties, as an add-on to the antipsychotic treatment of psychotic disorders, improve the negative and positive symptoms and slow cognitive decline compared to placebos [38]. In addition, several previous meta-analyses on add-on drugs with either primary or pleiotropic anti-inflammatory properties have been performed, but none of the previous meta-analyses investigated baseline immune biomarkers and treatment effects [39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56].



In studies of antipsychotics, a meta-analysis has shown changes in cytokine levels compared to baseline in first-episode psychotic patients and post-treatment with antipsychotics, where decreases in pro-inflammatory interleukin-1 beta (IL-1β), interleukin-6 (IL-6), interferon-gamma (IFN-γ), tumor necrosis factor alpha (TNF-α), and anti-inflammatory interleukin-4 (IL-4) and interleukin-10 (IL-10) were observed, while there was no difference in interleukin-2 (IL-2) and interleukin-17 (IL-17) [57]. In addition, a meta-analysis has investigated differences in IL-6 post-clozapine treatment vs. other antipsychotics, showing increased levels of IL-6 in the clozapine-treated group, again suggesting different effects on inflammatory cytokines among individual antipsychotic drugs [58].




2. Method


In this narrative review, we will present an overview of the conducted trials on anti-inflammatory add-on treatment to antipsychotics in psychotic disorders, where immunological biomarkers were analysed to assess their ability to predict treatment effects. Additionally, we will present an overview of trials investigating baseline immunological markers as predictors of response to antipsychotic treatment to establish an overview of relevant biomarkers in the prediction of treatment response to antipsychotics. We only included trials in which psychotic disorders were diagnosed according to a diagnostic classification from either the Diagnostic Statistical Manual of Mental Disorders (DSM) or the International Classification of Diseases (ICD). The databases searched for this review were PubMed, CENTRAL, ClinicalTrials.gov, PsycINFO and EMBASE.



The purpose of this review is to identify promising candidate biomarkers for the identification of those patients who would likely benefit from treatment with anti-inflammatory add-on treatment to antipsychotics, thus coming one step closer to achieving precision psychiatry and new, innovative treatments.




3. Results


Twenty-three studies were identified: nine studies on anti-inflammatory add-on drugs to antipsychotics and thirteen studies on antipsychotics. All studies on anti-inflammatory add-on drugs are randomized controlled trials (RCTs), whereas the majority of the studies on antipsychotic drugs are observational. We will summarize these findings under two headings: studies of immunological biomarkers as predictors of treatment response to anti-inflammatory add-on treatment to antipsychotics and studies of baseline immunological biomarkers and correlations with treatment response to antipsychotics.



3.1. Studies of Immunological Biomarkers as Predictors of Treatment Response to Anti-Inflammatory Add-on Treatment to Antipsychotics (Table 1)


3.1.1. Aspirin


Aspirin is an irreversible inhibitor of the enzymes cyclooxygenase (COX) 1 and—though with lower affinity—COX 2, thereby reducing the production of prostaglandins, IL-1β, TNF-α, and IL-6. It inhibits the mitogen-activated protein kinase (MAPK) and nuclear factor kappa-light chain enhancer of activated B-cells (NF-κB) pathways and upregulates the differentiation of regulatory T-cells [59]. Laan et al., 2010 [60], studied Aspirin in 70 patients (58 analysed) with schizophrenia, schizoaffective disorder, or schizophreniform disorder with a minimum score of 60 on the positive and negative syndrome scale (PANSS), where higher scores indicate more severe symptoms; they investigated T helper cells (TH) at baseline in conjunction with levels of specific cytokines corresponding to the levels of TH1 and TH2. They investigated the ratio of proinflammatory TH1 response, represented by levels of IFN-γ, over anti-inflammatory TH2 response, represented by levels of IL-4, thus the described TH1/TH2 cytokine ratio in the paper is indicated by the median IFN-γ/IL-4-ratio [61]. Aspirin was expected to increase the TH1/TH2 ratio due to the downregulation of anti-inflammatory TH2 cells and the produced cytokines in favour of proinflammatory TH1. Analyses of the scores were repeated in subgroups of patients defined by the median TH1/TH2 ratio, which showed that patients in the lowest TH1/TH2 group had higher (p = 0.018) treatment efficacy with a mean difference of total PANSS of 7.47 compared to the observed mean difference of total PANSS of 2.39 in the group with the highest TH1/TH2. The authors also separately measured IL-4, IL-10, and IFN- γ, which did not appear to modify treatment efficacy.



Weiser et al. 2021 [48] presented data from two separate studies referred to as study 1 (inclusions in 2011) and study 2 (inclusions in 2014–2016) on the use of aspirin in patients with schizophrenia or schizoaffective disorder who had at least two prior psychotic episodes and/or had been continually ill for at least 6 months. Study 1 (n = 200) was conducted as a part of a larger four-arm clinical trial with pramipexole (n = 100), minocycline (n = 100), aspirin (n = 100), and a placebo arm (n = 100). In study 1, early post hoc subgroup analyses suggested that aspirin improved PANSS-positive scores by an effect size of 0.6 among the patients in the highest tertile of baseline CRP; however, the authors did not specify how many patients were included in this subgroup analysis. When the authors conducted a formal heterogeneity test for effect modification by baseline CRP on the full sample of 200, the result was not significant. To investigate the utility of CRP as a biomarker of the prediction of treatment effect with aspirin, the authors conducted a new study in a new group of patients with baseline CRP > 1 mg/L and, in addition to the same diagnostic criteria as study 1, patients in study 2 had to have a score of ≥4 (moderate or worse) on two or more of the PANSS items of delusions, hallucinatory behaviours, conceptual disorganization, and suspiciousness/persecution (study 2 n =160). In study 2, the authors did meet the power calculation (it was estimated that at least 120 patients with baseline CRP > 1 mg/L were needed to obtain 90% power). The results based on baseline CRP levels above 1 mg/L were not significant compared to placebo in study 2. They also analysed between-group differences (aspirin vs. placebo) in PANSS total at the end of treatment according to the strata of baseline CRP above and below 4 mg/L in both studies 1 and 2, which remained not significant.




3.1.2. Celecoxib


Celecoxib is a selective COX-2 inhibitor—about 10–20 times more selective for COX-2 than for COX-1 [62]. In a study with 50 patients with schizophrenia, Müller et al., 2004 [63], investigated add-on celecoxib and found an overall significant effect on the mean improvement in total PANSS. In a secondary analysis, patients were divided into responders and non-responders according to a criterion of at least 30% improvement of the PANSS total scale. The study found a significant difference in lower soluble tumor necrosis factor receptor 1 (sTNF-R1) levels at baseline and response to treatment—meaning that the responders had significantly lower sTNF-R1 compared to non-responders. However, none of the other immune markers investigated at baseline (cluster of differentiation (CD) 4+, CD8+, CD19+, soluble interleukin-2 receptor (IL-2R)) showed a statistically significant relationship with treatment response to celecoxib.




3.1.3. Minocycline


Deakin et al., 2018 [64], studied adjunctive minocycline (n = 129 analysed) in patients with first-episode schizophrenia and schizoaffective disorder diagnosed within 5 years. Minocycline is a semisynthetic tetracycline analogue capable of crossing the blood–brain barrier due to its small size and higher lipid solubility [65]. Minocycline has been shown to reduce levels of IL-1β and TNF-α [66], inhibit the COX 2 and MAPK and NF-κB pathways [67], and impair protein kinase C, thus suppressing T-cell proliferation and activation and reducing T-cell-microglia interaction [67,68]. Deakin et al. [64] found no effect on treatment outcomes in the 129 patients when stratifying the groups based on above- or below-median hs-CRP or IL-6 concentrations at baseline.




3.1.4. Tocilizumab


Tocilizumab is a monoclonal antibody that competitively inhibits the binding of IL-6 to its receptor IL-6R, which inhibits the entire receptor complex and its pro-inflammatory properties, thus leading to increasing regulatory T-cell differentiation and reduced levels of CRP [69,70]. A study by Girgis et al., 2018 [71], on tocilizumab with 36 patients with schizophrenia or schizoaffective disease with a PANSS total of >60 found, before adjusting for multiple testing, that higher GM-CSF at baseline correlated with better treatment efficacy in PANSS total and PANSS positive. However, after adjusting for multiple testing, the associations were no longer significant between treatment effect and baseline CRP, cytokine levels (IL-1β, IL-6, interleukin-8 (IL-8), IL-10, interleukin-12 (IL-12), interleukin-17a (IL 17a), TNF-α and IFN-γ), or granulocyte-macrophage colony-stimulating factor (GM-CSF).




3.1.5. N-acetylcysteine (NAC)


N-acetylcysteine is a cysteine prodrug and glutathione (GSH) precursor that has been shown to reduce levels of IL-1β, IL-8, TNF-α, and IL-6 as well as inhibit NF-κB pathways [72]. Conus et al., 2018 [73], studied N-acetylcysteine add-on treatment to antipsychotics with 61 patients with psychosis within the past 12 months; they investigated whether GSH/redox markers could be a valid biomarker for the prediction of treatment response. The study found that in patients with baseline GSH peroxidase activity higher than 22.3 U/g (36% of patients included in the study), PANSS positive scores improved.




3.1.6. Pravastatin


Vincenzi et al., 2014 [74] (n = 49 analysed), investigated pravastatin, a drug that competitively inhibits HMG-COA reductase [75] and has been shown to reduce levels of IL-1β, TNF-α, and prostaglandin E2 [76,77] and downregulates the MAPK and NF-κB pathways [78]; they did not find any significant difference on psychopathological or cognitive measurements between the intervention group and placebo group, but when in secondary analyses of a subgroup of participants with CRP above 2 mg /L, pravastatin was associated with an improvement from baseline on cognition in up to 6 weeks. Over time, the results did not remain significant. No significant change in psychopathology was found [74].




3.1.7. Prednisolone


Prednisolone is a potent glucocorticosteroid that induces leucocytosis, the elevation of neutrophils, and reduces levels of TNF-α, IL-6, IL-8, monocyte chemoattractant protein 1 (MCP-1), and CRP (the decrease in CRP levels are thought to be mediated by the inhibition of IL-6, which is a strong CRP stimulator) while increasing levels of IL-10 [79]. Nasib et al., 2021 [80] (n = 39 patients analysed), investigated prednisolone, where levels of high sensitivity CRP (hs-CRP) were available in 33 patients with a higher baseline PANSS total and with elevated CRP > 3.9 mg/L (n = 20, 12 in the intervention group and 8 in the placebo group), but there was no significant effect on the end-of-treatment PANSS total, nor when subdividing into PANSS positive, PANSS negative, or PANSS general.





 





Table 1. Overview of the 9 studies with anti-inflammatory add-on drugs included in this review.
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	Author
	Country
	Disease
	Treatment
	Treatment Length
	N

Treatment Analysed
	N Control Analysed
	Baseline Marker
	Conclusion





	Laan 2010 [60]
	The Netherlands
	SCZ < 10 years

SCFD < 10 years

SCAD < 10 years
	Aspirin 1 g/day
	3 months
	27
	31
	TH1/TH2 cytokine ratio

IL-4, IL-10, and

IFN-γ
	The lower TH1/TH2 ratio group had higher efficacy with a mean difference of total PANSS of 7.47 compared to 2.39 in the highest ↑TH1/TH2.

IL-4, IL-10, and IFN- γ did not substantially modify treatment efficacy.



	Weiser 2021 [48]

Study 1
	Study 1: 18 sites in Romania and 1 site in Moldova
	Study 1: SCZ, SCAD, and >2 psychotic episodes or ill > 6 month
	Aspirin
	16 weeks
	100
	100
	CRP > 1 mg/L
	No significant difference was found.



	Weiser 2021 [48]

Study 2
	Study 2: 30 sites in Romania
	Study 2: same as study 1 + baseline CRP > 1 mg/L
	Aspirin
	16 weeks
	80
	80
	CRP > 1 mg/L
	No significant difference was found.



	Müller 2004 [63]
	Germany
	SCZ
	Celecoxib 400 mg/day
	5 weeks
	25
	25
	sTNF-R1, CD4+, CD8+, CD19+, sIL-2R
	Responders had significantly lower sTNF-R1 compared to non-responders.

CD4+, CD8+, CD19+, sIL-2R did not affect treatment response.



	Deakin 2018 [64]
	UK
	FEP SCZ, SCFD, SCAD, or psychosis < 5 years
	Minocycline 200 mg/day week 1–2, then 300 mg/day
	1 year
	64
	65
	Above or below median hs-CRP or IL-6 at baseline
	No effect on treatment outcome.



	Girgis 2018 [71]
	USA
	SCZ or SCAD
	Tocilizumab 8 mg/kg per month
	3 months
	19
	17
	CRP, IL-1β, IL-6, IL-8, IL-10, IL-12, IL 17a, TNF-α, and IFN-γ at baseline
	No effect on treatment response.



	Conus 2018 [73]
	USA and Switzerland
	Psychosis < 1 year
	N-acetylcysteine 2.7 g/day
	6 months
	31
	30
	GSH peroxidase activity > 22.3 U/g
	Baseline GSH peroxidase activity higher than 22.3 U/g was associated with improvement in PANNS positive score.



	Vincenzi 2014 [74]
	USA
	SCZ or SCAD
	Pravastatin 40 mg/day
	12 weeks
	24
	25
	CRP > 2 mg/L
	No significant effect on outcome.



	Nasib 2021 [80]
	Netherlands and Belgium
	SCZ, SCFD, SCAD, or psychosis NOS < 7 years
	Prednisolone 1 Week: 40 mg/day for 3 days, then 30 mg/day for 4 days.

From week 2 until week 6 diminish by 5 mg prednisolone each week.
	6 weeks
	20
	19
	hs-CRP
	No significant effect on the outcome.







SCZ = schizophrenia; SCFD = schizophreniform disorder; SCAD = schizoaffective disorder; psychosis NOS = psychosis not otherwise specified; FEP = first-episode psychosis; FES = first-episode schizophrenia.













3.2. Studies of Baseline Immunological Biomarkers and Correlations with Treatment Response to Antipsychotics (Table 2)


3.2.1. Studies on Specific Antipsychotic Drugs


Olanzapine


Ma et al., 2021 [81], studied 82 male patients with first-episode schizophrenia (duration < 5 years) in a case study undergoing 4 weeks of olanzapine treatment. They classified patients into effective (n = 40), i.e., responders, and ineffective groups (n = 42), i.e., non-responders, based on the PANSS reduction rate. They found that responders had lower baseline IL-1β (SE = −0.08, OR = 0.93 [0.86–1.00]; p = 0.04) and lower baseline IL-17 (SE = −0.05, OR = 0.95 [0.90–0.99]; p = 0.03), while no correlation was found for IL-6, hs-CRP, or transforming growth factor beta-1 (TGF-β1).



Another observational study by Hatziagelaki et al., 2019 [82], on 14 drug-naïve patients with first-episode schizophrenia before and after the initiation of 8 weeks of olanzapine monotherapy treatment, found that the negative symptom items on the PANSS correlated positively with baseline IL-6 and interleukin-27 (IL-27) levels, while this association was not significant for brain-derived neurotrophic factor (BDNF), interleukin-2 (IL-2), interleukin-17F (IL-17F), interleukin-17A (IL-17A), interleukin-22 (IL-22), IL-1β, interleukin-21 (IL-21), interleukin-23 (IL-23), IL-4, IFN-γ, TGF-β1, transforming growth factor beta-2 (TGF-β2), and transforming growth factor beta-3 (TGF-β3).



In a third observational study, Lin et al., 2017 [83], investigated baseline MCP-1, IL-1β, and TNF-α in 38 patients with schizophrenia receiving olanzapine monotherapy and found no significant correlation with subsequent treatment effects. This investigation was part of a combined study of 64 patients with schizophrenia, where the remaining 26 received risperidone.




Risperidone


Lin et al., 2017 [83], investigated 26 patients with schizophrenia receiving 4 weeks of treatment with risperidone monotherapy in an observational study. They found a negative correlation between pre-treatment MCP-1 levels (r = −0.658; p = 0.0003) and general PANSS (PANNS-G) score reduction, while the correlation was not significant for total PANSS. IL-1β and TNF-α were not significantly correlated with treatment effect. This investigation was part of a combined study of 64 patients with schizophrenia, where the remaining 38 received olanzapine.




Amisulpride


As part of the OPTiMiSE study investigating the first episode of schizophrenia, schizophreniform disorder, or schizoaffective disorder undergoing 4 weeks of amisulpride treatment to investigate symptomatic remission, Susai et al., 2023 [84], investigated baseline complement proteins using proteomics and found that baseline levels of 11 complement proteins (complement C1R subcomponent (C1R), complement C1s subcomponent (C1S), complement C2 (C2), complement C5 (C5), complement component C6 (C6), complement component C7 (C7), complement component C8 alpha chain (C8A), complement component C8 beta chain (C8B), complement factor I (CFI), ficolin-3 (FCN3), and mannose-associated serine protease 1 (MASP-1)) were significantly associated with a reduction in total PANSS score, while a substantial group of complement proteins they investigated was not associated with outcome.



The study by Martinuzzi et al., 2019 [85], was likewise part of the OPTiMiSE study, where first-episode psychosis patients underwent 4 weeks of amisulpride treatment. The study investigated the following immunological biomarkers: IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p40, IL- 12p70, IL-13, IL-15, IL-16 IL- 17, IL-18, IL-21, IL-23, IL-27, IFN-γ, chemokines (C-C motif chemokine ligand (CCL)-2, CCL3, CCL4, CCL11, CCL13, CCL17, CCL19, CCL20, CCL22, CCL26, CCL27, and C-X3-C motif chemokine ligand (CX3CL)-1, CXCL10, CXCL11, CXCL12), TNF-α, TNF-β, GM-CSF, vascular endothelial growth factor (VEGF), CRP, serum amyloid A protein (SAA), soluble intercellular adhesion molecule 1 (sICAM-1), and soluble vascular adhesion molecule 1 (sVCAM-1). Initially, their study found no correlation with biomarkers at baseline or response to treatment. After clustering patients within four groups based on symptoms, they found that patients in cluster C1A had a higher risk of non-remission correlating to lower serum interleukin-15 (IL-15) at baseline and higher serum C-X-C motif chemokine 12 (CXCL12) at baseline. The cluster of patients was based on PANNS symptomatology and the C1A group had more severe negative and general psychopathology as well as more prominent positive psychopathology.





3.2.2. Studies on Various Antipsychotics, Treating Them as a Unified Group for Analysis


Although several other studies investigating the correlation between baseline inflammatory biomarkers and treatment effects were identified, the specification of effect by each antipsychotic drug individually is lacking.



Risperidone, Olanzapine, and Haloperidol


Crespo-Facorro et al., 2008 [86], investigated 56 drug-naïve first-episode psychosis patients randomly assigned to 6 weeks of risperidone (n = 16), olanzapine (n = 20), or haloperidol (n = 20) treatment and the effect on interleukin-12 (IL-12) production. No significant associations between IL-12 production (measured by IL-12p70) and the severity of clinical symptoms at baseline, at 6 weeks, or with changes in psychopathology over the 6 weeks were found.




Risperidone, Olanzapine and Quetiapine


Pae et al., 2006 [87], conducted an observational study with 8 weeks of risperidone (n = 14), olanzapine (n = 19), or quetiapine (n = 2) in drug-naïve (>2 months) schizophrenia patients (n = 35). They analysed patients in subgroups of responders (20% or more decrease in total PANSS from baseline) or non-responders, and they found no significant differences for baseline IL-2, interleukin-13 (IL-13), IL-6, IL-10, and TNF-α. Additionally, they found that baseline IL-6 was correlated with a change in the PANSS-G score (r = 0.449, p = 0.044). No other correlation was found between changes in the PANSS and baseline cytokine levels.




Risperidone, Olanzapine, Quetiapine, Aripiprazole, Ziprasidone, Perphenazine, and Haloperidol


Zhang et al., 2023 [88], randomly assigned (1:1:1:1:1:½:½) patients with schizophrenia (n = 2598) to risperidone, olanzapine, quetiapine, aripiprazole, ziprasidone, perphenazine, or haloperidol. In the study, patients with a PANSS reduction greater than 25% were defined as responders and the rest were non-responders. They compared the difference in total WBC between responders and non-responders and found that responders, based on different PANSS scores, all had lower total WBCs at baseline (p < 0.05).




Risperidone and Haloperidol


Zhang et al., 2004 and 2005 [89,90], randomly assigned 78 patients with schizophrenia to risperidone (n = 41) or haloperidol (n = 37). Patients all had a 2-week washout period from previous antipsychotics before enrolment in the study. They found a reduction in the PANSS positive sub-score was negatively correlated with IL-2 at baseline (r = −0.36, p < 0.01) and IL-8 levels a baseline (r = −0.041, p = 0.016). No correlation was found for baseline IL-6. Based on a rating of responders (a minimum of 20% decrease in PANSS total score) and non-responders, only low baseline IL-8 remained significant (p = 0.036). In the same study, Zhang et al., 2009 [91], found a significant positive correlation between baseline superoxide dismutase (SOD) and the PANSS total score at the end of treatment (r = 0.27, p < 0.05), which shows the potential relationship between baseline oxidative stress markers and treatment effects.




Antipsychotics Not Specified


In an observational study, Chu et al., 2018 [92], investigated the effect of 8 weeks of antipsychotics (9 first-generation antipsychotic drugs and 21 second-generation anti-psychotic drugs) in drug-naïve (>2 weeks) schizophrenia patients (n = 30). They found correlations with baseline interleukin-1 receptor antagonist (IL-1ra) (r = −0.393, p = 0.032) and IL-6 (r = −0.407, p = 0.025) with changes in the Brief Psychiatric Rating Scale, Expanded (BPRS-E) manic scores, and insulin-like growth factor binding protein 3 (IGFBP3) (r = −0.446, p = 0.014) with changes in the Brief Psychiatric Rating Scale, Expanded (BPRS-E) anxiety scores. No significant correlation was found for the other sub-scores of BPRS (negative and positive) and BPRS total IL-1ra, IL-6, IGFBP3, and IFN-γ. The trial report measurements of additional immune biomarkers, i.e., IL-1β, IL-2, IL-8, IL-10, insulin-like growth factor binding protein 1 (IGFBP1), insulin-like growth factor binding protein 2 (IGFB2), BDNF, glial cell-derived neurotrophic factor (GDNF), nerve growth factor beta (Beta-NGF), and neural cell adhesion molecule (NCAM-1/CD56), but do not specify whether these measures were analysed for the correlation between baseline levels and treatment effect.



Mondelli et al., 2015 [93], investigated 68 first-episode psychosis patients in an observational study at baseline and at the end of 12 weeks of antipsychotic treatment. They assessed the following immune biomarkers: cortisol awakening response (CAR) IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-α, and IFN-γ. Only 39 patients were assessed at follow-up, and of them, 24 repeated the CAR (n = 12 responders and n = 12 non-responders) and 33 repeated the measurements of cytokines (16 responders and 17 non-responders). They used the Personal and Psychiatric History Schedule to classify responders and non-responders. A secondary analysis found that non-responders showed significantly lower CAR and had higher IL-6 and IFN-γ levels at baseline compared to responders. The remaining variables, IL-1β, IL-2, IL-4, IL-8, IL-10, and TNF-α, did not show differences between responders and non-responders at baseline.





 





Table 2. Overview of studies on baseline immunological biomarkers and correlations with treatment response to antipsychotics included in this review.






Table 2. Overview of studies on baseline immunological biomarkers and correlations with treatment response to antipsychotics included in this review.





	Author
	Country
	Disease
	Treatment
	Treatment Length
	N Analysed
	Baseline Marker
	Conclusion





	Ma 2021 [81]
	China
	FES < 5 years
	Olanzapine was added to the therapeutic dose (10–20 mg/day)
	4 weeks
	82
	IL-1β, IL-6, IL-17, TGF-β1, hs-CRP
	They found that responders had lower baseline IL-1β and IL-17, while no correlation was found for IL-6, hs-CRP, or TGF-β1.



	Hatziagelaki 2019 [82]
	Greece
	Drug-naïve FES
	Olanzapine was added to the therapeutic dose (15–20 mg/day)
	8 weeks
	14
	IL-6 and IL-27, BDNF, IL-2, IL-17F, IL-17A, IL-22, IL-1β, IL-21, IL-23, IL-4, IFN-γ, TGF-β1, TGF-β2, and TGF-β3
	IL-6 and IL-27 levels positively correlated to change in PANSS negative, while this association was not found for BDNF, IL-2, IL-17F, IL-17A, IL-22, IL-1β, IL-21, IL-23, IL-4, IFN-γ, TGF-β1, TGF-β2, and TGF-β3.



	Lin 2017 [83]
	China
	SCZ
	Olanzapine
	4 weeks
	38
	IL-1β, TNF-α and MCP-1
	No significant difference was found.



	Lin 2017 [83]
	China
	SCZ
	Risperidone
	4 weeks
	26
	IL-1β, TNF-α, and MCP-1
	Negative correlation between pre-treatment MCP-1 levels and PANNS-G reduction, while the correlation was not significant for total PANSS.



	Susai 2023 [84]
	Part of the OPTiMiSE study in 15 countries
	FEP, SCZ, SCFD, or SCAD < 2 years
	Amisulpride 200–800 mg/day, target dose 400 mg/day
	4 weeks
	294
	Proteomics with multiple proteins
	Complement C1R, C1S, C2, C5, C6, C7, C8A, C8B, CFI, FCN3, and MASP1 was associated with total PANSS.



	Martinuzzi 2019 [85]
	Part of the OPTiMiSE study in 14 countries
	FEP, SCZ, SCFD, or SCAD < 2 years
	Amisulpride 200–800 mg/day, target dose 400 mg/day
	4 weeks
	325
	IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p40, IL- 12p70, IL-13, IL-15, IL-16 IL- 17, IL-18, IL-21, IL-23, IL-27, IFN-γ, CCL2, CCL3, CCL4, CCL11, CCL13, CCL17, CCL19, CCL20, CCL22, CCL26, CCL27, CX3CL-1, CXCL10, CXCL11, CXCL12, TNF-α, TNF-β, GM-CSF, VEGF, CRP, SAA, sICAM-1, and sVCAM-1
	In a subgroup of patients, correlation between low IL-15 at baseline and treatment response, as well as high CXCL12 at baseline and treatment response.



	Crespo-Facorro 2008 [86]
	Spain
	Drug-naïve FEP
	Risperidone 3–6 mg/day

or

olanzapine 5–20 mg/day

or

haloperidol 3–9 mg/day
	6 weeks
	56
	IL-12
	No significant associations between IL-12 production and changes in psychopathology.



	Pae 2006 [87]
	South Korea
	Schizophrenia and drug-naïve at least 2 months
	Risperidone

or olanzapine

or quetiapine
	8 weeks
	35
	IL-2, IL-13, IL-6, IL-10 and TNF-α
	No significant differences for baseline IL-2, IL-13, IL-6, IL-10, and TNF-α in responders vs. non-responders.

Baseline IL-6 was correlated with a change in the PANSS-G score (r = 0.449, p = 0.044). No other correlation was found between changes in PANSS and baseline cytokine levels.



	Zhang 2023 [88]
	China
	Schizophrenia
	Risperidone

or olanzapine

or quetiapine

or aripiprazole

or ziprasidone

or perphenazine

or haloperidol
	6 weeks
	2598
	Total WBC
	Responders based on PANSS scores all had lower total WBC counts at baseline.



	Zhang 2004, 2005, 2009 [89,90,91]
	China
	Schizophrenia
	Risperidone 6 mg/day

or

haloperidol 20 mg/day
	12 weeks
	78
	IL-2, IL-6, IL-8, and superoxide dismutase (SOD)
	Negative correlation with serum IL-2 and IL-8 at baseline, no correlation was found for IL-6. Based on a rating of responder and non-responder low baseline IL-8 remained significant.

SOD levels at baseline showed a significant positive correlation with PANSS total score.



	Chu 2018 [92]
	Taiwan
	Schizophrenia and drug-naïve at least 2 weeks
	Not specified
	8 weeks
	30
	IL-1ra, IL-6, IGFBP3, and IFN-γ.
	Negative correlations with baseline IL-1ra, IL-6, and IGFBP3 with changes in the BPRS-E manic and anxiety scores.



	Mondelli 2015 [93]
	UK
	FEP
	Not specified
	12 weeks
	39
	Cortisol awakening response (CAR) IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-α, IFN-γ.
	Non-responders at baseline had significantly lower CAR, and higher IL6 and IFN-γ levels when compared with responders







SCZ = schizophrenia; SCFD = schizophreniform disorder; SCAD = schizoaffective disorder; psychosis NOS = psychosis not otherwise specified; FEP = first-episode psychosis; FES = first-episode schizophrenia.















4. Discussion


To our knowledge, this is the first review investigating baseline immunological biomarkers as a predictor of the treatment effects of both anti-inflammatory add-on treatment to anti-psychotic treatment and the conventional antipsychotic treatment of psychotic disorders. Several inflammatory pathways have been implicated in psychotic disorders and the leading hypothesis is that anti-inflammatory add-on to antipsychotics will be efficient in only a subgroup of patients, which needs to be identified. The biomarkers identified in this review could represent predictors of treatment response aimed at personalizing current treatments by utilizing biomarkers for the stratification of patients.



4.1. Immunological Biomarkers and the Prediction of Treatment Response to Anti-Inflammatory Add-on to Antipsychotics


Despite there being a substantial number of studies on anti-inflammatory add-on treatment to antipsychotics, only nine studies were identified that investigated correlations with baseline inflammatory biomarkers and treatment effects with seven different anti-inflammatory add-on treatments. The following baseline immunological markers showed significant associations with treatment response to add-on anti-inflammatory treatment in at least one of the studies’ exploratory analyses: CRP > 2 mg/L, IL-1β, IL-6, sTNF-R1, TH1/TH2 cytokine ratio (i.e., IFN-γ/IL-4), and GSH peroxidase activity. No significant difference were found for CRP > 1 mg/L, CRP >3.9 mg/L, CRP > 4 mg/L, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12, IL-17a, TNF-α and IFN-γ, CD4+, CD8+, CD19+, and sIL-2R [48,60,63,64,71,73,74,80]. Several previous meta-analyses and systematic reviews on anti-inflammatory add-on drugs to antipsychotics exist, but none have investigated baseline immunological biomarkers and the prediction of treatment response [39,40,41,42,43,44,45,46,47,49,50,52,53,54,55,56,94].




4.2. Immunological Biomarkers and the Prediction of Response to Treatment with Antipsychotics


The findings vary in terms of which antipsychotic is investigated and do not uniformly point in one direction for significant results.



The studies showed significant findings in the prediction of treatment response to anti-psychotics for baseline WBC, IL-1ra, IL-1β, IL-2, IL-6, IL-8, IL-15, IL-17, IL-27, IFN-γ MCP-1, complement C1R, C1S, C2, C5, C6, C7, C8A, C8B, CFI, FCN3, MASP1, IGFBP3, CAR, SOD, and CXCL12 [81,82,83,84,85,88,89,90,91,92,93]. No significant differences were found for hs-CRP, CRP, IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-12p40, IL- 12p70, IL-13, IL-16, IL- 17,IL-17F, IL-17A, IL-18, IL-21,IL-22, IL-23, IL-27, IFN-γ, TNF-α, TNF-β, TGF-β1, TGF-β2, TGF-β3, MCP-1, BDNF, IGFB1, IGFB2, Beta-NGF, NMAC-1/CD56, CCL2, CCL3, CCL4, CCL11, CCL13, CCL17, CCL19, CCL20, CCL22, CCL26, CCL27, CX3CL-1, CXCL10, CXCL11, CXCL12, GM-CSF, VEGF, SAA, sICAM-1, sVCAM-1, and several complement proteins investigated in proteomics analyses [81,82,83,84,85,86,87,93]. It is worth noticing that many studies have investigated antipsychotics as a drug group and baseline markers as predictors of treatment response in the group, but the oversight of this paper indicates a need for individual analyses based on specific antipsychotic drugs. The most promising finding was in the clearly largest study of 2598 individuals, which found that responders to anti-psychotics had lower total WBCs at baseline.




4.3. Limitations and Strengths of Prior Studies Investigating Immunological Biomarkers as Predictors of Treatment Response to Anti-Inflammatory Add-on Treatment and Antipsychotics


The studies included in this review are overall small and underpowered for stratified analyses on immunological biomarkers at baseline for the prediction of treatment response, and, in addition, the investigated inflammatory biomarkers differ between the studies, making the current evidence base limited. Of the nine studies on anti-inflammatory add-on treatment included in this review, only one study (Weiser et al.) was powered sufficiently according to the author’s power analyses with the intention to compare treatment effects based on baseline inflammatory markers; in this case, CRP [48].



The study on prednisolone did not reach the estimated 88 patients to have at least 80% power to detect an effect size of 0.61. A study on aspirin by Laan et al. [60] was likewise underpowered, with only 70 patients, although their power analyses showed a need for 80 patients. Furthermore, the placebo group had a greater proportion of male patients, a shorter duration of illness, and a higher proportion of those treated with clozapine, which can influence results. In the study of NAC, the study population was new-onset psychosis within a year, but later on, diagnoses showed that three participants in the placebo group suffered from major depressive disorders as well as one in the intervention group [73]. In the study of tocilizumab, the authors questioned whether IL-6 is more of a state marker, and that the negative results of the trial might be due to only clinically stable patients being included in the trial since previous meta-analyses have shown IL-6 to be a state-dependent marker [14]. In the study of minocycline, fewer patients than planned were kept in the study; however, the study is the one with the longest (12 months) follow-up time, and when assessing the 2-month and 3-month follow-ups, a larger proportion was retained, which makes the statical analysis more valid [64]. The study on celecoxib lacks demographical data beyond sex and has a short treatment period of only 5 weeks [63]. In the Pravastatin study, there was a larger proportion of patients receiving two antipsychotics in the intervention group vs. the placebo group (12 vs. 4, p = 0.04), which could be due to differences in the severity of illness, which can affect the variable of immunological markers [16,18,30].



Demographical differences among the diagnoses of study participants in the studies included, and treatment status (first episode, stable, or relapse), result in low comparability between the included studies. If the hypothesis is that neuroinflammation causes the psychosis, then in stable patients, we might be at a point past the primary inflammation, and an anti-inflammatory add-on might therefore only be beneficial in first-time psychosis, which is supported by previous meta-analyses showing a state-dependent increase, especially in first-episode psychosis.



The continued use of antipsychotics during and before the studies on anti-inflammatory add-ons can cause a ceiling effect in studies including clinically stable patients, thus smaller effect differences can be difficult to show in these small studies. Dose-dependent studies are also lacking in the field of anti-inflammatory add-on drugs, where higher or lower doses might be needed [63]. Previous studies and the studies included in this review on anti-psychotics have shown various effects on immunological biomarkers; therefore, in a group with various uses of antipsychotics, this might influence the results [57,95,96]. Only one study of anti-inflammatory add-on treatment had a washout period from previous antipsychotics to eliminate any influence on the results in the group of anti-inflammatory add-on trials [63].



Further biases to the results are potential poor treatment adherence, interrater differences, the genetic aspects of the participants, a lack of adjustment for confounders such as smoking status [97] and BMI [98,99], sex, and age, which might be associated with differentiated expressions of biomarkers. Moreover, studies investigating long-term outcomes in anti-inflammatory add-ons to antipsychotics are lacking. The conclusions from the findings among the studies included in this review are unclear concerning which biomarker values are considered to be high or low, and in the statistical analyses, the results on the correlation of baseline inflammatory biomarkers and treatment effect are primarily found in a secondary analysis and in some of the studies are only mentioned in the discussion part of the paper. Moreover, some of the studies are more than 20 years old and methods to detect cytokines have become better over time.



In this study, we have not explored safety measures or adverse events in the drugs investigated, but a future implication of anti-inflammatory add-on drugs should always consider adverse events.





5. Perspectives


Potential future applications could be the utilization of baseline immunological biomarkers for the prediction of the choice of treatment and the prediction of treatment efficacy for first-episode psychosis—or a prediction of which treatment would lead to higher treatment effects on specific psychiatric symptoms such as the positive symptoms, negative symptoms, or total psychopathology. Between 6 and 19% of patients with first-episode psychosis are initially diagnosed with acute and transient psychotic disorders and approximately 44% among this group will have a diagnostic shift in this group within 2 years, mainly towards schizophrenia [100]. There are differences in pro-inflammatory cytokines in patients with acute and transient psychotic disorders in remission (as well as in the acute phase) compared to patients with schizophrenia [101]. Although the findings are from a small exploratory study, these findings could possibly lead to the early identification of patients who will stay stable from long-lasting psychotic disorders and could thus impact treatment decisions. Possible preventive measurements in the field of clinical high-risk state for psychosis could be helped with the same markers for the stratification of the predicted course of illness [102]. Studies taking multiple baseline markers as predictors and using machine learning-estimated responses to treatment could be an approach leading to new, innovative personalized treatments. Large-scale RCTs approaching precision medicine are needed and studies investigating this are ongoing [103].



Similar approaches could be extended to other categories of mental disorders, such as mood disorders. Previous studies examining the use of anti-inflammatory add-on treatments in mood disorders have shown higher efficacy in patients displaying signs of inflammation at baseline. Here, one study on infliximab therapy in depressed patients found that treatment response based on the Hamilton Depression Rating Scale 17 (HAM-D-17) only showed improvement in patients with hs-CRP > 5 mg/L [104]. In another study, responders (at least a 25% reduction on HAM-D-17) to minocycline on depression was observed specifically within the subgroup of patients with baseline CRP > 3 mg/L and baseline IL-6 predicted treatment response [105], and a different study on minocycline in bipolar depression found that patients with elevated baseline IL-6 levels responded better to minocycline [106]. However, all these findings were exploratory and none of these studies had the stratification of patients by immunological markers as a primary outcome.




6. Conclusions


In this review, we present an overview of the published literature on immunological biomarkers as predictors of treatment response to antipsychotics and anti-inflammatory add-on treatment for psychotic disorders. The review identified several baseline immunological biomarkers as relevant for the prediction of treatment response; however, studies investigating this as a primary outcome are lacking and current studies possess several limitations.



To advance precision medicine approaches of utilizing biomarkers as predictors of treatment effect, individual participant data meta-analyses [107] would be a first step, but larger comprehensive RCTs powered to investigate baseline biomarkers for stratification as a primary outcome regarding anti-inflammatory add-on treatment but also antipsychotics are vastly lacking. Identifying objective markers as immunological biomarkers predictive of treatment response to a given type of treatment for psychotic disorders holds the potential to enhance and individualize treatment approaches in psychotic disorders, hopefully leading to overall better treatment response.







Author Contributions


Conceptualization, M.E.B. and E.B.O.; resources, M.E.B.; data curation, E.B.O.; writing—original draft preparation, E.B.O.; writing—review and editing, E.B.O. and M.E.B.; supervision, M.E.B.; project administration, M.E.B.; funding acquisition, M.E.B. All authors have read and agreed to the published version of the manuscript.




Funding


The work was funded by grants from the Independent Research Fund Denmark (grant number 7025-00078B), two unrestricted grants from The Lundbeck Foundation (grant number R268-2016-3925 and R278-2018-1411), an EraPerMed grant (Innovation Fund Denmark grant number 9088-00002B) and a grant from Helsefonden (grant number F-61171-23-77).




Acknowledgments


The funding bodies had no role in the design of the work, the interpretation of the results, or the decision to publish.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Moreno-Küstner, B.; Martín, C.; Pastor, L. Prevalence of psychotic disorders and its association with methodological issues. A systematic review and meta-analyses. PLoS ONE 2018, 13, e0195687. [Google Scholar] [CrossRef] [PubMed]

	



Siskind, D.; Orr, S.; Sinha, S.; Yu, O.; Brijball, B.; Warren, N.; MacCabe, J.H.; Smart, S.E.; Kisely, S. Rates of treatment-resistant schizophrenia from first-episode cohorts: Systematic review and meta-analysis. Br. J. Psychiatry 2022, 220, 115–120. [Google Scholar] [CrossRef]

	



Potkin, S.G.; Kane, J.M.; Correll, C.U.; Lindenmayer, J.-P.; Agid, O.; Marder, S.R.; Olfson, M.; Howes, O.D. The neurobiology of treatment-resistant schizophrenia: Paths to antipsychotic resistance and a roadmap for future research. NPJ Schizophr. 2020, 6, 1. [Google Scholar] [CrossRef] [PubMed]

	



Demjaha, A.; Lappin, J.M.; Stahl, D.; Patel, M.X.; MacCabe, J.H.; Howes, O.D.; Heslin, M.; Reininghaus, U.A.; Donoghue, K.; Lomas, B.; et al. Antipsychotic treatment resistance in first-episode psychosis: Prevalence, subtypes and predictors. Psychol. Med. 2017, 47, 1981–1989. [Google Scholar] [CrossRef] [PubMed]

	



Levine, S.Z.; Rabinowitz, J.; Faries, D.; Lawson, A.H.; Ascher-Svanum, H. Treatment response trajectories and antipsychotic medications: Examination of up to 18months of treatment in the CATIE chronic schizophrenia trial. Schizophr. Res. 2012, 137, 141–146. [Google Scholar] [CrossRef]

	



Schneider-Thoma, J.; Chalkou, K.; Dörries, C.; Bighelli, I.; Ceraso, A.; Huhn, M.; Siafis, S.; Davis, J.M.; Cipriani, A.; Furukawa, T.A.; et al. Articles Comparative efficacy and tolerability of 32 oral and long-acting injectable antipsychotics for the maintenance treatment of adults with schizophrenia: A systematic review and network meta-analysis. Lancet 2022, 399, 824–836. [Google Scholar] [CrossRef]

	



Kahn, R.S.; Sommer, I.E.; Murray, R.M.; Meyer-Lindenberg, A.; Weinberger, D.R.; Cannon, T.D.; O’Donovan, M.; Correll, C.U.; Kane, J.M.; van Os, J.; et al. Schizophrenia. Nat. Rev. Dis. Prim. 2015, 1, 15067. [Google Scholar] [CrossRef]

	



Ripke, S.; Neale, B.M.; Corvin, A.; Walters, J.T.R.; Farh, K.H.; Holmans, P.A.; Lee, P.; Bulik-Sullivan, B.; Collier, D.A.; Huang, H.; et al. Biological insights from 108 schizophrenia-associated genetic loci. Nature 2014, 511, 421–427. [Google Scholar]

	



Beards, S.; Gayer-Anderson, C.; Borges, S.; Dewey, M.E.; Fisher, H.L.; Morgan, C. Life Events and Psychosis: A Review and Meta-analysis. Schizophr. Bull. 2013, 39, 740–747. [Google Scholar] [CrossRef]

	



Benros, M.E.; Nielsen, P.R.; Nordentoft, M.; Eaton, W.W.; Dalton, S.O.; Mortensen, P.B. Autoimmune Diseases and Severe Infections as Risk Factors for Schizophrenia: A 30-Year Population-Based Register Study. Am. J. Psychiatry 2011, 168, 1303–1310. [Google Scholar] [CrossRef]

	



Pedersen, E.M.; Köhler-Forsberg, O.; Nordentoft, M.; Christensen, R.H.; Mortensen, P.B.; Petersen, L.; Benros, M.E. Infections of the central nervous system as a risk factor for mental disorders and cognitive impairment: A nationwide register-based study. Brain Behav. Immun. 2020, 88, 668–674. [Google Scholar] [CrossRef] [PubMed]

	



Miller, B.J.; Goldsmith, D.R. Evaluating the Hypothesis That Schizophrenia Is an Inflammatory Disorder. Focus 2020, 18, 391–401. [Google Scholar] [CrossRef] [PubMed]

	



Leonard, B.E. Is there an immunologic basis for schizophrenia? Expert Rev. Clin. Immunol. 2014, 1, 103–112. [Google Scholar] [CrossRef] [PubMed]

	



Goldsmith, D.R.; Rapaport, M.H.; Miller, B.J. A meta-analysis of blood cytokine network alterations in psychiatric patients: Comparisons between schizophrenia, bipolar disorder and depression. Mol. Psychiatry 2016, 21, 1696–1709. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.K.; Miller, B.J. Meta-analysis of Cerebrospinal Fluid Cytokine and Tryptophan Catabolite Alterations in Psychiatric Patients: Comparisons Between Schizophrenia, Bipolar Disorder, and Depression. Schizophr. Bull. 2018, 44, 75–83. [Google Scholar] [CrossRef]

	



Miller, B.J.; Buckley, P.; Seabolt, W.; Mellor, A.; Kirkpatrick, B. Meta-Analysis of Cytokine Alterations in Schizophrenia: Clinical Status and Antipsychotic Effects. Biol. Psychiatry 2011, 70, 663–671. [Google Scholar] [CrossRef]

	



Gallego, J.A.; Blanco, E.A.; Husain-Krautter, S.; Fagen, E.M.; Moreno-Merino, P.; del Ojo-Jiménez, J.A.; Ahmed, A.; Rothstein, T.L.; Lencz, T.; Malhotra, A.K. Cytokines in cerebrospinal fluid of patients with schizophrenia spectrum disorders: New data and an updated meta-analysis. Schizophr. Res. 2018, 202, 64–71. [Google Scholar] [CrossRef]

	



Halstead, S.; Siskind, D.; Amft, M.; Wagner, E.; Yakimov, V.; Liu, Z.S.-J.; Walder, K.; Warren, N. Alteration patterns of peripheral concentrations of cytokines and associated inflammatory proteins in acute and chronic stages of schizophrenia: A systematic review and network meta-analysis. Lancet Psychiatry 2023, 10, 260–271. [Google Scholar] [CrossRef]

	



Dunleavy, C.; Elsworthy, R.J.; Upthegrove, R.; Wood, S.J.; Aldred, S. Inflammation in first-episode psychosis: The contribution of inflammatory biomarkers to the emergence of negative symptoms, a systematic review and meta-analysis. Acta Psychiatr. Scand. 2022, 146, 6–20. [Google Scholar] [CrossRef]

	



Najjar, S.; Pearlman, D.M. Neuroinflammation and white matter pathology in schizophrenia: Systematic review. Schizophr. Res. 2015, 161, 102–112. [Google Scholar] [CrossRef]

	



Marques, T.R.; Ashok, A.; Pillinger, T.; Veronese, M.; Turkheimer, F.E.; Dazzan, P.; Sommer, I.E.; Howes, O.D. Neuroinflammation in schizophrenia: Meta-analysis of in vivo microglial imaging studies. Psychol. Med. 2019, 49, 2186–2196. [Google Scholar] [CrossRef] [PubMed]

	



Nutma, E.; Fancy, N.; Weinert, M.; Tsartsalis, S.; Marzin, M.C.; Muirhead, R.C.J.; Falk, I.; Breur, M.; de Bruin, J.; Hollaus, D.; et al. Translocator protein is a marker of activated microglia in rodent models but not human neurodegenerative diseases. Nat. Commun. 2023, 14, 5247. [Google Scholar] [CrossRef] [PubMed]

	



Müller, N.; Weidinger, E.; Leitner, B.; Schwarz, M.J. The role of inflammation in schizophrenia. Front. Neurosci. 2015, 9, 372. [Google Scholar] [CrossRef] [PubMed]

	



Pisanu, C.; Severino, G.; De Toma, I.; Dierssen, M.; Fusar-Poli, P.; Gennarelli, M.; Lio, P.; Maffioletti, E.; Maron, E.; Mehta, D.; et al. Transcriptional biomarkers of response to pharmacological treatments in severe mental disorders: A systematic review. Eur. Neuropsychopharmacol. 2022, 55, 112–157. [Google Scholar] [CrossRef]

	



Fitton, R.; Sweetman, J.; Heseltine-Carp, W.; van der Feltz-Cornelis, C. Anti-inflammatory medications for the treatment of mental disorders: A scoping review. Brain Behav. Immun. Health 2022, 26, 100518. [Google Scholar] [CrossRef]

	



Fond, G.; Lançon, C.; Korchia, T.; Auquier, P.; Boyer, L. The Role of Inflammation in the Treatment of Schizophrenia. Front. Psychiatry 2020, 11, 160. [Google Scholar] [CrossRef]

	



Fernandez-Egea, E.; Vértes, P.E.; Flint, S.M.; Turner, L.; Mustafa, S.; Hatton, A.; Smith, K.G.C.; Lyons, P.A.; Bullmore, E.T. Peripheral Immune Cell Populations Associated with Cognitive Deficits and Negative Symptoms of Treatment-Resistant Schizophrenia. PLoS ONE 2016, 11, e0155631. [Google Scholar] [CrossRef]

	



López-Díaz, Á.; Valdés-Florido, M.J.; Palermo-Zeballos, F.J.; Pérez-Romero, A.; Menéndez-Sampil, C.; Lahera, G. The relationship between human development and prevalence of deficit schizophrenia: Results from a systematic review and meta-analysis. Psychiatry Res. 2022, 317, 114910. [Google Scholar] [CrossRef]

	



Goldsmith, D.R.; Haroon, E.; Miller, A.H.; Strauss, G.P.; Buckley, P.F.; Miller, B.J. TNF-α and IL-6 are associated with the deficit syndrome and negative symptoms in patients with chronic schizophrenia. Schizophr. Res. 2018, 199, 281–284. [Google Scholar] [CrossRef]

	



Miller, B.J.; Gassama, B.; Sebastian, D.; Buckley, P.; Mellor, A. Meta-Analysis of Lymphocytes in Schizophrenia: Clinical Status and Antipsychotic Effects. Biol. Psychiatry 2013, 73, 993–999. [Google Scholar] [CrossRef]

	



Momtazmanesh, S.; Zare-Shahabadi, A.; Rezaei, N. Cytokine Alterations in Schizophrenia: An Updated Review. Front. Psychiatry 2019, 10, 892. [Google Scholar] [CrossRef] [PubMed]

	



Mazza, M.G.; Capellazzi, M.; Lucchi, S.; Tagliabue, I.; Rossetti, A.; Clerici, M. Monocyte count in schizophrenia and related disorders: A systematic review and meta-analysis. Acta Neuropsychiatr. 2020, 32, 229–236. [Google Scholar] [CrossRef]

	



Karageorgiou, V.; Milas, G.P.; Michopoulos, I. Neutrophil-to-lymphocyte ratio in schizophrenia: A systematic review and meta-analysis. Schizophr. Res. 2018, 206, 4–12. [Google Scholar] [CrossRef] [PubMed]

	



Mazza, M.G.; Lucchi, S.; Rossetti, A.; Clerici, M. Neutrophil-lymphocyte ratio, monocyte-lymphocyte ratio and platelet-lymphocyte ratio in non-affective psychosis: A meta-analysis and systematic review. World J. Biol. Psychiatry 2020, 21, 326–338. [Google Scholar] [CrossRef] [PubMed]

	



Fernandes, B.S.; Steiner, J.; Bernstein, H.-G.; Dodd, S.; Pasco, J.A.; Dean, O.M.; Nardin, P.; Gonçalves, C.-A.; Berk, M. C-reactive protein is increased in schizophrenia but is not altered by antipsychotics: Meta-analysis and implications. Mol. Psychiatry 2015, 21, 554–564. [Google Scholar] [CrossRef]

	



Horsdal, H.; Köhler-Forsberg, O.; Benros, M.; Gasse, C. C-reactive protein and white blood cell levels in schizophrenia, bipolar disorders and depression—Associations with mortality and psychiatric outcomes: A population-based study. Eur. Psychiatry 2017, 44, 164–172. [Google Scholar] [CrossRef]

	



Horsdal, H.T.; Wimberley, T.; Benros, M.E.; Gasse, C. C-reactive protein levels and treatment resistance in schizophrenia-A Danish population-based cohort study. Hum. Psychopharmacol. Clin. Exp. 2017, 32, e2632. [Google Scholar] [CrossRef]

	



Jeppesen, R.; Christensen, R.H.B.; Pedersen, E.M.J.; Nordentoft, M.; Hjorthøj, C.; Köhler-Forsberg, O.; Benros, M.E. Efficacy and safety of anti-inflammatory agents in treatment of psychotic disorders–A comprehensive systematic review and meta-analysis. Brain Behav. Immun. 2020, 90, 364–380. [Google Scholar] [CrossRef]

	



Sommer, I.E.; van Westrhenen, R.; Begemann, M.J.H.; de Witte, L.D.; Leucht, S.; Kahn, R.S. Efficacy of Anti-inflammatory Agents to Improve Symptoms in Patients With Schizophrenia: An Update. Schizophr. Bull. 2014, 40, 181–191. [Google Scholar] [CrossRef]

	



Sommer, I.E.; de Witte, L.; Begemann, M.; Kahn, R.S. Nonsteroidal Anti-Inflammatory Drugs in Schizophrenia. J. Clin. Psychiatry 2011, 73, 414–419. [Google Scholar] [CrossRef]

	



Heringa, S.M.; Begemann, M.J.; Goverde, A.J.; Sommer, I.E. Sex hormones and oxytocin augmentation strategies in schizophrenia: A quantitative review. Schizophr. Res. 2015, 168, 603–613. [Google Scholar] [CrossRef] [PubMed]

	



De Boer, J.; Prikken, M.; Lei, W.U.; Begemann, M.; Sommer, I. The effect of raloxifene augmentation in men and women with a schizophrenia spectrum disorder: A systematic review and meta-analysis. npj Schizophr. 2018, 4, 1. [Google Scholar] [CrossRef] [PubMed]

	



Shen, H.; Li, R.; Yan, R.; Zhou, X.; Feng, X.; Zhao, M.; Xiao, H. Adjunctive therapy with statins in schizophrenia patients: A meta-analysis and implications. Psychiatry Res. 2018, 262, 84–93. [Google Scholar] [CrossRef] [PubMed]

	



Nomura, I.; Kishi, T.; Ikuta, T.; Iwata, N. Statin add-on therapy in the antipsychotic treatment of schizophrenia: A meta-analysis. Psychiatry Res. 2017, 260, 41–47. [Google Scholar] [CrossRef] [PubMed]

	



Fusar-Poli, P.; Berger, G. Eicosapentaenoic Acid Interventions in Schizophrenia. J. Clin. Psychopharmacol. 2012, 32, 179–185. [Google Scholar] [CrossRef]

	



Marini, S.; De Berardis, D.; Vellante, F.; Santacroce, R.; Orsolini, L.; Valchera, A.; Girinelli, G.; Carano, A.; Fornaro, M.; Gambi, F.; et al. Celecoxib Adjunctive Treatment to Antipsychotics in Schizophrenia: A Review of Randomized Clinical Add-On Trials. Mediat. Inflamm. 2016, 2016, 3476240. [Google Scholar] [CrossRef]

	



Khan, K.I.; Al Shouli, R.; Allakky, A.; Ferguson, A.A.; Khan, A.I.; Abuzainah, B.; Gutlapalli, S.D.; Chaudhuri, D.; Hamid, P. Safety and Efficacy of Ondansetron and Simvastatin as Potential Adjunctive Treatment for Patients with Schizophrenia: A Systematic Review of Randomized Controlled Trials. Cureus 2023, 15, e40474. [Google Scholar] [CrossRef]

	



Weiser, M.; Zamora, D.; Levi, L.; Nastas, I.; Gonen, I.; Radu, P.; Matei, V.; Nacu, A.; Boronin, L.; Davidson, M.; et al. Adjunctive Aspirin vs Placebo in Patients with Schizophrenia: Results of Two Randomized Controlled Trials. Schizophr. Bull. 2021, 47, 1077–1087. [Google Scholar] [CrossRef]

	



Zhu, X.-M.; Zheng, W.; Li, X.-H.; Cai, D.-B.; Yang, X.-H.; Ungvari, G.S.; Ng, C.H.; Wang, X.-P.; Kulkarni, J.; Grigg, J.; et al. Adjunctive raloxifene for postmenopausal women with schizophrenia: A meta-analysis of randomized, double-blind, placebo-controlled trials. Schizophr. Res. 2018, 197, 288–293. [Google Scholar] [CrossRef]

	



Solmi, M.; Veronese, N.; Thapa, N.; Facchini, S.; Stubbs, B.; Fornaro, M.; Carvalho, A.F.; Correll, C.U. Systematic review and meta-analysis of the efficacy and safety of minocycline in schizophrenia. CNS Spectrums 2017, 22, 415–426. [Google Scholar] [CrossRef]

	



Oya, K.; Kishi, T.; Iwata, N. Efficacy and tolerability of minocycline augmentation therapy in schizophrenia: A systematic review and meta-analysis of randomized controlled trials. Hum. Psychopharmacol. Clin. Exp. 2014, 29, 483–491. [Google Scholar] [CrossRef] [PubMed]

	



Zheng, W.; Zhang, Q.-E.; Cai, D.-B.; Yang, X.-H.; Qiu, Y.; Ungvari, G.S.; Ng, C.H.; Berk, M.; Ning, Y.-P.; Xiang, Y.-T. N -acetylcysteine for major mental disorders: A systematic review and meta-analysis of randomized controlled trials. Acta Psychiatr. Scand. 2018, 137, 391–400. [Google Scholar] [CrossRef] [PubMed]

	



Begemann, M.J.; Dekker, C.F.; van Lunenburg, M.; Sommer, I.E. Estrogen augmentation in schizophrenia: A quantitative review of current evidence. Schizophr. Res. 2012, 141, 179–184. [Google Scholar] [CrossRef] [PubMed]

	



Chen, A.T.; Chibnall, J.T.; Nasrallah, H.A. A meta-analysis of placebo-controlled trials of omega-3 fatty acid augmentation in schizophrenia: Possible stage-specific effects. Ann. Clin. Psychiatry 2015, 27, 289–296. [Google Scholar]

	



Nitta, M.; Kishimoto, T.; Müller, N.; Weiser, M.; Davidson, M.; Kane, J.M.; Correll, C.U. Adjunctive Use of Nonsteroidal Anti-inflammatory Drugs for Schizophrenia: A Meta-analytic Investigation of Randomized Controlled Trials. Schizophr. Bull. 2013, 39, 1230–1241. [Google Scholar] [CrossRef]

	



Xiang, Y.-Q.; Zheng, W.; Wang, S.-B.; Yang, X.-H.; Cai, D.-B.; Ng, C.H.; Ungvari, G.S.; Kelly, D.L.; Xu, W.-Y.; Xiang, Y.-T. Adjunctive minocycline for schizophrenia: A meta-analysis of randomized controlled trials. Eur. Neuropsychopharmacol. 2017, 27, 8–18. [Google Scholar] [CrossRef]

	



Marcinowicz, P.; Więdłocha, M.; Zborowska, N.; Dębowska, W.; Podwalski, P.; Misiak, B.; Tyburski, E.; Szulc, A. A Meta-Analysis of the Influence of Antipsychotics on Cytokines Levels in First Episode Psychosis. J. Clin. Med. 2021, 10, 2488. [Google Scholar] [CrossRef]

	



Martins, P.L.B.; Moura, I.A.; Mendes, G.; Ribeiro, V.C.A.F.; Arnaud, A.; Gama, C.S.; Maes, M.; Macedo, D.S.; Pinto, J.P. Immunoinflammatory and oxidative alterations in subjects with schizophrenia under clozapine: A meta-analysis. Eur. Neuropsychopharmacol. 2023, 73, 82–95. [Google Scholar] [CrossRef]

	



Hussain, M.; Javeed, A.; Ashraf, M.; Zhao, Y.; Mukhtar, M.M.; Rehman, M.U. Aspirin and immune system. Int. Immunopharmacol. 2012, 12, 10–20. [Google Scholar] [CrossRef]

	



Laan, W.; Grobbee, D.E.; Selten, J.-P.; Heijnen, C.J.; Kahn, R.S.; Burger, H. Adjuvant Aspirin Therapy Reduces Symptoms of Schizophrenia Spectrum Disorders. J. Clin. Psychiatry 2010, 71, 520–527. [Google Scholar] [CrossRef]

	



Laan, W.; Selten, J.-P.; Kahn, R.S.; Huisman, A.-M.; Heijnen, C.J.; Grobbee, D.E.; Burger, H. Acetylsalicylic acid as an adjuvant therapy for schizophrenia. Trials 2006, 7, 31. [Google Scholar] [CrossRef] [PubMed]

	



Katzung, B.G.; Masters, S.B.; Trevor, A.J. Basic & Clinical Pharmacology; McGraw Hill: New York, NY, USA, 2012; Volume 12, p. 640. ISBN 9780071764025. [Google Scholar]

	



Ulmschneider, M.; Scheppach, C.; Schwarz, M.J.; Ackenheil, M.; Gruber, R.; Riedel, M.; Müller, N.; Möller, H.-J. COX-2 inhibition as a treatment approach in schizophrenia: Immunological considerations and clinical effects of celecoxib add-on therapy. Eur. Arch. Psychiatry Clin. Neurosci. 2004, 254, 14–22. [Google Scholar] [CrossRef]

	



Deakin, B.; Suckling, J.; E Barnes, T.R.; Byrne, K.; Chaudhry, I.B.; Dazzan, P.; Drake, R.J.; Giordano, A.; Husain, N.; Jones, P.B.; et al. The benefit of minocycline on negative symptoms of schizophrenia in patients with recent-onset psychosis (BeneMin): A randomised, double-blind, placebo-controlled trial. Lancet Psychiatry 2018, 5, 885–894. [Google Scholar] [CrossRef] [PubMed]

	



Yong, V.W.; Wells, J.; Giuliani, F.; Casha, S.; Power, C.; Metz, L.M. The promise of minocycline in neurology. Lancet Neurol. 2004, 3, 744–751. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, L.; Zhao, J. Profile of minocycline and its potential in the treatment of schizophrenia. Neuropsychiatr. Dis. Treat. 2014, 10, 1103–1111. [Google Scholar] [CrossRef] [PubMed]

	



Garrido-Mesa, N.; Zarzuelo, A.; Gálvez, J. What is behind the non-antibiotic properties of minocycline? Pharmacol. Res. 2013, 67, 18–30. [Google Scholar] [CrossRef] [PubMed]

	



Tikka, T.; Fiebich, B.L.; Goldsteins, G.; Keinänen, R.; Koistinaho, J. Minocycline, a Tetracycline Derivative, Is Neuroprotective against Excitotoxicity by Inhibiting Activation and Proliferation of Microglia. J. Neurosci. 2001, 21, 2580–2588. [Google Scholar] [CrossRef]

	



Hochberg, M.C.; Smolen, J.S.; Weisman, M.H.; Silman, A.J.; Weinblatt, M.E. Rheumatoid Arthritis; Elsevier: Philadelphia, PA, USA, 2009; pp. 367–371. ISBN 978-0-323-05475-1. [Google Scholar]

	



Tanaka, T.; Narazaki, M.; Kishimoto, T. IL-6 in Inflammation, Immunity, and Disease. Cold Spring Harb. Perspect. Biol. 2014, 6, a016295. [Google Scholar] [CrossRef]

	



Girgis, R.R.; Ciarleglio, A.; Choo, T.; Haynes, G.; Bathon, J.M.; Cremers, S.; Kantrowitz, J.T.; Lieberman, J.A.; Brown, A.S. A Randomized, Double-Blind, Placebo-Controlled Clinical Trial of Tocilizumab, An Interleukin-6 Receptor Antibody, For Residual Symptoms in Schizophrenia. Neuropsychopharmacology 2018, 43, 1317–1323. [Google Scholar] [CrossRef]

	



Pei, Y.; Liu, H.; Yang, Y.; Yang, Y.; Jiao, Y.; Tay, F.R.; Chen, J. Biological Activities and Potential Oral Applications of N-Acetylcysteine: Progress and Prospects. Oxidative Med. Cell. Longev. 2018, 2018, 2835787. [Google Scholar] [CrossRef]

	



Conus, P.; Seidman, L.J.; Fournier, M.; Xin, L.; Cleusix, M.; Baumann, P.S.; Ferrari, C.; Cousins, A.; Alameda, L.; Gholam-Rezaee, M.; et al. N-acetylcysteine in a Double-Blind Randomized Placebo-Controlled Trial: Toward Biomarker-Guided Treatment in Early Psychosis. Schizophr. Bull. 2018, 44, 317–327. [Google Scholar] [CrossRef] [PubMed]

	



Vincenzi, B.; Stock, S.; Borba, C.P.; Cleary, S.M.; Oppenheim, C.E.; Petruzzi, L.J.; Fan, X.; Copeland, P.M.; Freudenreich, O.; Cather, C.; et al. A randomized placebo-controlled pilot study of pravastatin as an adjunctive therapy in schizophrenia patients: Effect on inflammation, psychopathology, cognition and lipid metabolism. Schizophr. Res. 2014, 159, 395–403. [Google Scholar] [CrossRef] [PubMed]

	



Reagan, J.W. Pravastatin: A First Generation HMG CoA Reductase Inhibitor. In Reference Module in Biomedical Sciences; Elsevier: Amsterdam, The Netherlands, 2018; pp. 1–10. ISBN 9780128012383. [Google Scholar]

	



McFarland, A.; Davey, A.; McDermott, C.; Grant, G.; Lewohl, J.; Anoopkumar-Dukie, S. Differences in statin associated neuroprotection corresponds with either decreased production of IL-1β or TNF-α in an in vitro model of neuroinflammation-induced neurodegeneration. Toxicol. Appl. Pharmacol. 2018, 344, 56–73. [Google Scholar] [CrossRef] [PubMed]

	



McFarland, A.J.; Davey, A.K.; Anoopkumar-Dukie, S. Statins Reduce Lipopolysaccharide-Induced Cytokine and Inflammatory Mediator Release in an In Vitro Model of Microglial-Like Cells. Mediat. Inflamm. 2017, 2017, 2582745. [Google Scholar] [CrossRef]

	



Bu, D.-X.; Griffin, G.; Lichtman, A.H. Mechanisms for the anti-inflammatory effects of statins. Curr. Opin. Lipidol. 2011, 22, 165–170. [Google Scholar] [CrossRef]

	



Raess, N.; Schuetz, P.; Cesana-Nigro, N.; Winzeler, B.; Urwyler, S.A.; Schaedelin, S.; Rodondi, N.; Blum, M.R.; Briel, M.; Mueller, B.; et al. Influence of Prednisone on Inflammatory Biomarkers in Community-Acquired Pneumonia: Secondary Analysis of a Randomized Trial. J. Clin. Pharmacol. 2021, 61, 1406–1414. [Google Scholar] [CrossRef]

	



Nasib, L.G.; Gangadin, S.S.; Rossum, I.W.-V.; Boudewijns, Z.S.; de Witte, L.D.; Wilting, I.; Luykx, J.; Somers, M.; Veen, N.; van Baal, C.; et al. The effect of prednisolone on symptom severity in schizophrenia: A placebo-controlled, randomized controlled trial. Schizophr. Res. 2021, 230, 79–86. [Google Scholar] [CrossRef]

	



Ma, J.; Zhang, Y.; Huang, Z.; Liu, X.; Lv, L.; Li, Y. Relationship Between Curative Effect and Serum Inflammatory Factors Level in Male Patients with First-Episode Schizophrenia Treated with Olanzapine. Front. Psychiatry 2021, 12, 782289. [Google Scholar] [CrossRef]

	



Hatziagelaki, E.; Tsiavou, A.; Gerasimou, C.; Vavougios, G.D.; Spathis, A.; Laskos, E.; Papageorgiou, C.; Douzenis, A.; Christodoulou, N.; Stefanis, N.; et al. Effects of olanzapine on cytokine profile and brain-derived neurotrophic factor in drug-naive subjects with first-episode psychosis. Exp. Ther. Med. 2019, 17, 3071–3076. [Google Scholar] [CrossRef]

	



Lin, Y.; Peng, Y.; Zhu, C.; Su, Y.; Shi, Y.; Lin, Z.; Chen, J.; Cui, D. Pretreatment Serum MCP-1 Level Predicts Response to Risperidone in Schizophrenia. Shanghai Arch Psychiatry 2017, 29, 287–294. [Google Scholar]

	



Susai, S.R.; Föcking, M.; Mongan, D.; Heurich, M.; Coutts, F.; Egerton, A.; Whetton, T.; Rossum, I.W.-V.; Unwin, R.D.; Pollak, T.A.; et al. Association of Complement and Coagulation Pathway Proteins with Treatment Response in First-Episode Psychosis: A Longitudinal Analysis of the OPTiMiSE Clinical Trial. Schizophr. Bull. 2023, 49, 893–902. [Google Scholar] [CrossRef] [PubMed]

	



Martinuzzi, E.; Barbosa, S.; Daoudlarian, D.; Ali, W.B.H.; Gilet, C.; Fillatre, L.; Khalfallah, O.; Troudet, R.; Jamain, S.; Fond, G.; et al. Stratification and prediction of remission in first-episode psychosis patients: The OPTiMiSE cohort study. Transl. Psychiatry 2019, 9, 20. [Google Scholar] [CrossRef] [PubMed]

	



Crespo-Facorro, B.; Carrasco-Marín, E.; Pérez-Iglesias, R.; Pelayo-Terán, J.M.; Fernandez-Prieto, L.; Leyva-Cobián, F.; Vázquez-Barquero, J.L. Interleukin-12 plasma levels in drug-naïve patients with a first episode of psychosis: Effects of antipsychotic drugs. Psychiatry Res. 2008, 158, 206–216. [Google Scholar] [CrossRef] [PubMed]

	



Pae, C.-U.; Yoon, C.-H.; Kim, T.-S.; Kim, J.-J.; Park, S.-H.; Lee, C.-U.; Lee, S.-J.; Lee, C.; Paik, I.-H. Antipsychotic treatment may alter T-helper (TH) 2 arm cytokines. Int. Immunopharmacol. 2006, 6, 666–671. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Tao, S.; Coid, J.; Wei, W.; Wang, Q.; Yue, W.; Yan, H.; Tan, L.; Chen, Q.; Yang, G.; et al. The Role of Total White Blood Cell Count in Antipsychotic Treatment for Patients with Schizophrenia. Curr. Neuropharmacol. 2023, 21, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, X.Y.; Zhou, D.F.; Cao, L.Y.; Zhang, P.Y.; Wu, G.Y.; Shen, Y.C. Changes in Serum Interleukin-2, -6, and -8 Levels Before and During Treatment with Risperidone and Haloperidol. J. Clin. Psychiatry 2004, 65, 940–947. [Google Scholar] [CrossRef]

	



Zhang, X.Y.; Zhou, D.F.; Cao, L.Y.; Wu, G.Y.; Shen, Y.C. Cortisol and Cytokines in Chronic and Treatment-Resistant Patients with Schizophrenia: Association with Psychopathology and Response to Antipsychotics. Neuropsychopharmacology 2005, 30, 1532–1538. [Google Scholar] [CrossRef]

	



Zhang, X.Y.; Zhou, D.F.; Qi, L.Y.; Chen, S.; Cao, L.Y.; Chen, D.C.; Xiu, M.H.; Wang, F.; Wu, G.Y.; Lu, L.; et al. Superoxide dismutase and cytokines in chronic patients with schizophrenia: Association with psychopathology and response to antipsychotics. Psychopharmacology 2009, 204, 177–184. [Google Scholar] [CrossRef]

	



Chu, C.-S.; Li, D.-J.; Chu, C.-L.; Wu, C.-C.; Lu, T. Decreased IL-1ra and NCAM-1/CD56 Serum Levels in Unmedicated Patients with Schizophrenia Before and After Antipsychotic Treatment. Psychiatry Investig. 2018, 15, 727–732. [Google Scholar] [CrossRef]

	



Mondelli, V.; Ciufolini, S.; Murri, M.B.; Bonaccorso, S.; Di Forti, M.; Giordano, A.; Marques, T.R.; Zunszain, P.A.; Morgan, C.; Murray, R.M.; et al. Cortisol and Inflammatory Biomarkers Predict Poor Treatment Response in First Episode Psychosis. Schizophr. Bull. 2015, 41, 1162–1170. [Google Scholar] [CrossRef]

	



Hong, J.; Bang, M. Anti-inflammatory Strategies for Schizophrenia: A Review of Evidence for Therapeutic Applications and Drug Repurposing. Clin. Psychopharmacol. Neurosci. 2020, 18, 10–24. [Google Scholar] [CrossRef] [PubMed]

	



Patlola, S.R.; Donohoe, G.; McKernan, D.P. Anti-inflammatory effects of 2nd generation antipsychotics in patients with schizophrenia: A systematic review and meta-analysis. J. Psychiatr. Res. 2023, 160, 126–136. [Google Scholar] [CrossRef] [PubMed]

	



Ramos-Méndez, M.A.; Tovilla-Zárate, C.A.; Juárez-Rojop, I.E.; Villar-Soto, M.; Genis-Mendoza, A.D.; González-Castro, T.B.; López-Narváez, M.L.; Martínez-Magaña, J.J.; Castillo-Avila, R.G.; Villar-Juárez, G.E. Effect of risperidone on serum IL-6 levels in individuals with schizophrenia: A systematic review and meta-analysis. Int. J. Psychiatry Clin. Pract. 2022, 27, 171–178. [Google Scholar] [CrossRef] [PubMed]

	



Moschny, N.; Hefner, G.; Grohmann, R.; Eckermann, G.; Maier, H.; Seifert, J.; Heck, J.; Francis, F.; Bleich, S.; Toto, S.; et al. Therapeutic Drug Monitoring of Second- and Third-Generation Antipsychotic Drugs—Influence of Smoking Behavior and Inflammation on Pharmacokinetics. Pharmaceuticals 2021, 14, 514. [Google Scholar] [CrossRef] [PubMed]

	



Fang, X.; Yu, L.; Wang, D.; Chen, Y.; Wang, Y.; Wu, Z.; Liu, R.; Ren, J.; Tang, W.; Zhang, C. Association Between SIRT1, Cytokines, and Metabolic Syndrome in Schizophrenia Patients with Olanzapine or Clozapine Monotherapy. Front. Psychiatry 2020, 11, 1292. [Google Scholar] [CrossRef] [PubMed]

	



Borovcanin, M.M.; Jovanovic, I.; Radosavljevic, G.; Pantic, J.; Janicijevic, S.M.; Arsenijevic, N.; Lukic, M.L.; Borovcanin, M.M.; Jovanovic, I.; Radosavljevic, G.; et al. Interleukin-6 in Schizophre