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Abstract

Given evidence pointing toward a role for immune dysregulation in the pathogenesis of
schizophrenia, anti-inflammatory agents are promising adjunctive treatments that have potential to
support a causal relationship for inflammation and psychopathology and lead to novel treatments
for individuals. Indeed, previous meta-analyses have demonstrated small-to-medium effect sizes
(ES) in favor of various anti-inflammatory agents, though there is significant heterogeneity

and challenges in the interpretation of this literature. Identifying predictors, including
sociodemographic variables, trial duration, and/or symptoms themselves, of successful anti-
inflammatory trials may help identify which patients who might benefit from these compounds.
We performed a meta-regression analysis of 63 adjunctive anti-inflammatory trial arms (2232
patients randomized to adjunctive anti-inflammatory agents and 2207 patients randomized to
placebo).Potential predictors of effect size estimates for changes in psychopathology scores from
baseline to endpoint included geography, trial duration, sample size, age, sex, race, smoking, body
mass index, illness duration, age of onset of psychosis, study quality score and psychopathology
scores (total and subscale) at baseline. Geography (p=0.31, p=0.011), smaller sample size
(p=0.33, p=0.009), and higher study quality score (B=0.44, p<0.001) were significant predictors
of larger ES estimates for change in total psychopathology in favor of anti-inflammatory agents.
Smaller sample size (p=0.37, p=0.034) and higher study quality score (f=0.55, p=0.003) were
significant predictors of larger ES estimates for change in negative psychopathology in favor of
anti-inflammatory agents. Higher study quality score (B=0.46, p=0.019) was a significant predictor
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1.

of larger ES estimates for change in general psychopathology in favor of anti-inflammatory agents.
These findings should be interpreted with caution given concerns of publication bias regarding the
geographic differences and small study effects. The lack of an association with other demographic
variables should be seen as a primary limitation of the literature that needs to be considered in
future studies. The association with study quality score suggests that future anti-inflammatory
trials must consider demographic variables known to be associated with inflammation (e.g., BMI
and smoking) and evidence of increased baseline inflammation should be incorporated in study
design. Moreover, evidence of target engagement and endpoints thoughts to be associated with
increased inflammation should be considered as well.

Introduction

The immune system has been implicated in the pathogenesis of schizophrenia (Miller and
Goldsmith, 2017) with evidence ranging from epidemiological studies (Brown and Derkits,
2010; Khandaker et al., 2013), genetic studies (Hudson and Miller, 2018; Stefansson et al.,
2009; Williams et al., 2022), post-mortem studies (North et al., 2022), as well as studies

of protein concentrations of cytokines in cerebrospinal fluid (Gallego et al., 2018) and
peripheral blood (Goldsmith, 2016; Miller et al., 2011; Upthegrove et al., 2014). Specifically
focused on markers of inflammation, inflammatory cytokines have been shown in be
elevated during both acute and chronic phases of illness (Goldsmith et al., 2016), which
suggests that inflammation could represent a potential treatment target for anti-inflammatory
agents in patients with schizophrenia. Inflammation has been associated with both negative
and cognitive symptoms in patients with schizophrenia (Goldsmith et al., 2020; Goldsmith
and Rapaport, 2020; Sether et al., 2022), representing two symptom domains that have been
shown to be nonresponsive to antipsychotic medications and associated with poor functional
outcomes (Davis et al., 2014; Fervaha et al., 2014; Harvey, 2013). Therefore, it seems to
reason that anti-inflammatories could be potentially beneficial as adjunctive therapy for
these symptoms. Indeed, various anti-inflammatory and potentially anti-inflammatory agents
have been studied as add-on treatments with antipsychotic medications in patients with
schizophrenia, with a recent meta-analysis suggesting small to medium positive effects for
anti-inflammatory agents (Jeppesen et al., 2020).

Previous studies and meta-analyses of medications with anti-inflammatory mechanisms

and properties have yielded heterogeneous findings in regard to overall benefit as well

as improvement in specific symptom domains (see Jeppesen et al., 2020 for review of

these studies). Importantly, there is significant heterogeneity in many of these trials in
regard to type of anti-inflammatory medication, dose of medication, length of trial, and
baseline symptom severity, etc. For example, many of the medications studied have multiple
off-target effects such that it is challenging to interpret the mechanism by which they may
or may not be exerting their action (Lucido et al., 2021). Moreover, whereas previous
meta-analyses have focused on the effects of anti-inflammatory medications on overall
psychopathology as well as specific symptom domains (e.g., positive symptoms, negative
symptoms, cognition), no study thus far has investigated specific predictors, including
sociodemographic variables, trial duration, and/or symptoms themselves, of successful anti-
inflammatory trials in patients with schizophrenia. Indeed, identifying these predictors may
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allow for future studies with trial designs that enrich their samples for the specific variables
that might be expected to improve by targeting inflammatory mechanisms (Miller and
Raison, 2023).

As such, we performed a meta-regression analysis of anti-inflammatory drug trials focused
on predictors of overall effect size (ES) including sociodemographic variables, trial duration,
and overall symptoms and individual symptom domains. Baseline symptom severity is of
particular potential relevance, as previous meta-analyses have found significant reductions in
pro-inflammatory cytokines following antipsychotic treatment for acute iliness exacerbation
(i.e., inflammation may be a state marker of acute psychosis). This raises the possibility

that anti-inflammatory agents might show greater efficacy in patients with more severe
psychopathology at study baseline. A related, yet unresolved question is whether anti-
inflammatory agents are associated with a faster rate of improvement but not a greater

total improvement by the end of the trial. Therefore, trial duration is another important
potential mediator of effect size. Given that no previous studies have investigated whether
other sociodemographic variables, such as age, sex, and illness duration, are associated with
response to anti-inflammatory medications, we investigated these factors as well. We also
seek to provide a critical lens to the anti-inflammatory literature to drive the field forward
regarding trial design and interpretation of results.

2. Material and Methods

2.1 Study selection

This systematic review was conducted in accordance with the PRISMA statement. Studies
of adjunctive anti-inflammatory agents in patients with schizophrenia were identified from
two sources. First, we identified studies from two meta-analyses of trials of adjunctive
anti-inflammatory agents in schizophrenia (Cakici et al., 2019; Sommer et al., 2014).
Secondly, we systematically searched PubMed, PsycInfo, and Web of Science, and the
reference lists of studies that met the inclusion/exclusion criteria for the meta-analysis in
October 2022. The inclusion criteria were: 1) randomized placebo-controlled trials of anti-
inflammatory agents, in adjunct to antipsychotics, in patients with schizophrenia and other
non-affective psychosis; 2) data on the mean and standard deviation (SD) for the change

in psychopathology scores (either the Positive and Negative Syndrome Scale [PANSS] or
the Brief Psychiatric Rating Scale [BPRS]) from baseline to endpoint were available. The
exclusion criteria were: 1) studies without a placebo control group; 2) studies that did

not present summary data on the change in psychopathology scores (after attempting to
contact the study authors); and 3) trials of monoclonal antibody immunotherapy. We defined
non-affective psychosis to include schizophrenia, schizophreniform disorder, brief psychotic
disorder, delusional disorder, schizoaffective disorder, and psychotic disorder not otherwise
specified. For consistency with the previous meta-analyses (Cakici et al., 2019; Sommer et
al., 2014), we defined anti-inflammatory agents to include both primary anti-inflammatory
agents (non-steroidal anti-inflammatory drugs: aspirin and COX-2 inhibitors) and agents
with anti-inflammatory properties: bexarotene, davenutide, dextromethorphan, estrogen,
HMG-CoA reductase inhibitors (i.e., “statins”), melatonin, minocycline, N-acetylcysteine
(NAC), omega-3 fatty acids (including eicosapentaenoic acid [EPA], docosahexaenoic acid

Brain Behav Immun. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chandra et al.

Page 4

[DHA], and EPA + DHA), raloxifene, ramelteon, thiazolidinediones (e.g., pioglitazone),
varenicline, and Withania somnifera extract. The primary search strategy was: (anti-
inflammatory) AND (schizophrenia OR psychosis), limiting to clinical trials in English.
Secondary searches were performed for individual anti-inflammatory agents/classes. One
author (AC) performed the searches, which were independently verified by another author
(BJM). The majority of initial matches were excluded because of the absence of associative
data or review articles. After independent searches, review of study methods by two authors
(AC and BJM), and attempts to contact other authors, 56 studies, which comprised 65

trial arms, met the inclusion criteria (Akhondzadeh et al., 2003; Akhondzadeh et al., 2004;
Baheti et al., 2013; Berk et al., 2008; Breier et al., 2018; Chaudhry et al., 2012; Chen et
al., 2012; Chengappa et al., 2018; Deakin et al., 2018; Emsley et al., 2002; Emsley et al.,
2002b; Fenton et al., 2001; Ghanizadeh et al., 2014; Ghanizadeh et al., 2014b; Hong et

al., 2011; Iranpour et al., 2016; Jamilian e tal., 2014; Javitt et al., 2012; Kelly et al., 2015;
Khodaie-Ardakani et al., 2015; Kianimehr et al., 2001; Kulkarni et al., 2008; Kulkarni et
al., 2010; Kulkarni et al., 2010b; Kulkarni et al., 2011; Kulkarni et al., 2011b; Kulkarni et
al., 2016; Laan et al., 2010; Lee et al., 2015; Lerner et al., 2013; Levkovitz et al., 2010;

Liu et al., 2014; Mishra et al., 2020; Modabbernia et al., 2014; Miller et al., 2002; Mdller
et al., 2010; Pawelczyk et al., 2016; Peet et al., 2001; Peet et al., 2002; Qiao et al., 2018;
Rapaport et al., 2005; Rappard and Muller, 2004; Ritsner et al., 2010; Ritsner et al., 2014;
Sepehrmanesh et al., 2018; Smith et al., 2016; Sommer et al., 2021; Tajik-Esmaeeli et al.,
2017; Usall et al., 2011; Usall et al., 2016; Vincenzi et al., 2014; Wesiser et al., 2017;
Wesiser et al., 2019; Wesiser et al., 2021; Zhang et al., 2018). A flowchart summarizing
the study selection process is presented in Figure 1. Table 1 presents details of the included
studies.

Each of the included studies was assessed and assigned a “Quality Score” by one author
(BJM), which was independently verified by another author (DRG). Quality scores for
studies of anti-inflammatory agents were based on the sum of the presence or absence

of ten factors (one point for each): whether the study considered potential effects of age,
sex, race/ethnicity, body mass index (BMI), smoking, socioeconomic status (SES), alcohol/
illicit drugs, illness duration, antipsychotic medications, and diet/exercise(including exercise
by either 1) matching anti-inflammatory and placebo groups, or 2) controlling for these
variables in the analysis.

2.2 Data extraction and meta-regression

Data were extracted on study year, geography (categorized as the Middle East, Australia,
Europe, Asia, and the United States), anti-inflammatory agent, trial duration (in weeks),
sample size, mean age, sex (% male), race (% Caucasian), smoking (% yes), mean

body mass index (BMI), mean illness duration, mean age of onset of psychosis, mean
psychopathology scores (total and subscale) at baseline, and mean and SD for the change
in psychopathology scores (total and subscale) from baseline to endpoint for each study
that satisfied the inclusion and exclusion criteria. One author (AC) extracted the data and
the other author (BJM) independently verified the data. We then calculated ES estimates
for changes in psychopathology scores (total and subscale) from baseline to endpoint using
Cohens d. We also calculated ES estimates for changes in psychopathology scores from
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baseline to week 4 and/or week 8 when such data were available. Negative ES estimates
denote greater reduction in psychopathology scores for adjunctive anti-inflammatory
treatment versus placebo. An effect size of 0.2 is considered small, 0.5 medium, and 0.8
large. The majority of studies used the PANSS for psychopathology scores. For studies using
the BPRS, we used BPRS data in the calculation of ES estimates, but for correlative and
regression analyses (see below), we converted mean BPRS scores to PANSS scores using the
method of Leucht et al. (2006).

A one-sample Kolmogorov-Smirnov test was used to examine demographic and clinical
variables for normality. Although ES estimates were normally distributed, two extreme
outliers (Akhondzadeh et al., 2003; Chaudhry et al., 2012 [Brazil])—defined as and ES
>3 times the interquartile range—were subsequently excluded from the analyses. Age,
race, smoking, BMI, illness duration, age of onset, and total, negative, and general
symptoms were all normally distributed. Trial duration, sample size, sex, and positive
symptoms were not normally distributed. We then compared clinical and sociodemographic
variables based on whether the ES estimate for change in total psychopathology was

<0 or >0 using Student’s t-test (2-sided), Mann-Whitney U test, or Chi-square test. We
then calculated bivariate correlations (Spearman’s rho) between ES estimates for changes
in psychopathology scores and other clinical and sociodemographic variables. We also
performed four, separate linear meta-regression models for ES estimates for changes in
total, positive, negative, and general psychopathology, each including geography, sample
size, study quality score, trial duration, age, sex, and baseline psychopathology scores as
covariates. Data were analyzed with SPSS version 27 (SPSS, Inc.; Chicago, Illinois) and
p-values were considered statistically significant at the 0.05 level.

3. Results

A total of 56 studies, which comprised 65 trial arms, met the inclusion criteria. After
exclusion of two extreme outliers, 63 trial arms were included in the analyses. This
comprised 2232 patients randomized to adjunctive anti-inflammatory agents and 2207
patients randomized to placebo. The most common anti-inflammatory agents studied were
minocycline (n=10 trials), omega-3 fatty acids (n=9), raloxifene (n=8), estrogen (n=6),
celecoxib (n=6), and NAC (n=4). The geographical distribution of trials was the Middle East
(n=21), Europe (n=12), the United States (n=11), Australia (n=10), Asia (n=7), and South
Africa (n=2). Data on year, trial duration and sample size were available for all studies.
Data on mean age, sex, and total psychopathology scores were available for n=59 trial
arms, but significantly fewer for illness duration (n=40), age of onset (n=22), BMI (n=10),
and smoking (N=10). Data on positive, negative, and general psychopathology scores were
available for n=49, n=46, and n=43 trial arms, respectively. The mean (SD) study quality
score was 4.6 (1.4).

The baseline clinical and demographic characteristics of positive or negative anti-
inflammatory trials (n=60 trials with ES estimates for change in total psychopathology)

are presented in Table 2. “Positive” trials (ES <0) had a significantly lower proportion of
males (46.7% versus 65.6%) and higher study quality scores (4.9 versus 3.9), but otherwise
there were no significant differences in clinical or demographic characteristics.
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When considered as a continuous variable, ES estimates for change in total psychopathology
were significantly correlated with geography (p=0.27, p=0.034),sample size (p=0.30,
p=0.020), and study quality score (p=—0.45, p<0.001) meaning smaller studies and studies
with higher quality scores were associated with greater ES estimates in favor of anti-
inflammatory agents (Figure 2). The mean ES was —0.55 for studies in the Middle East,
-0.47 in Australia, —0.38 in Europe, —0.33 in South Africa, —0.20 in Asia, and —0.11 in

the United States. In a linear meta-regression model, geography (p=0.31, p=0.011), smaller
sample size (=0.33, p=0.009), and higher study quality score ($=0.44, p<0.001) were
significant predictors of larger ES estimates for change in total psychopathology in favor of
anti-inflammatory agents.

In a linear meta-regression model, there were no significant predictors of ES estimates for
change in positive psychopathology. By contrast, smaller sample size (=0.37, p=0.034)

and higher study quality score ($=0.55, p=0.003) were significant predictors of larger ES
estimates for change in negative psychopathology in favor of anti-inflammatory agents. In

a linear meta-regression model, only higher study quality score (8=0.46, p=0.019) was a
significant predictor of larger ES estimates for change in general psychopathology in favor
of anti-inflammatory agents. only sample size was a significant predictor of ES estimates for
change in negative psychopathology (p=0.34, p=0.030). (See also Supplementary Table.)

Given the significant difference in sex for trials with ES<0 versus ES>0 regarding total
psychopathology), in a post-hoc analysis, we investigated predictors of ES estimates in
studies of women only. There were n=12 such trials, all either estrogen (n=5) or the selective
estrogen receptor modulator raloxifene (n=7). In a linear meta-regression model, there were
no significant predictors of ES estimates for change in total psychopathology.

4. Discussion

This study is the first meta-regression analysis investigating multiple predictors of
successful anti-inflammatory trials, including sociodemographic variables, trial duration
and domains of psychopathology. We examined effect size estimates across 63 trial arms
that included 2232 patients with schizophrenia (or related non-affective psychoses) and
2207 healthy controls. We found that geography, smaller sample size, and higher study
quality scores were the only significant predictors of larger ES estimates for change in
total psychopathology in favor of anti-inflammatory agents. In other words, the smaller
the sample size, and the higher the study quality score, the larger the effect size in favor
of anti-inflammatory medications compared to placebo. Regarding geography, the largest
effect sizes were found in studies conducted in the Middle East and the smallest effect sizes
in studies conducted in the United States. Though there were no significant difference in
predictors of change in positive symptoms, smaller sample size was a significant predictor
of change in negative psychopathology and higher study quality score was a significant
predictor of change in negative and general symptoms in favor of anti-inflammatory
medications.

These results should be interpreted with caution, especially as larger effects sizes for
smaller studies suggests the possibility of publication bias and/or overestimation of
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treatment effects. We initially dichotomized studies based on ES<0 and ES>0, which likely
overestimates the number of truly “positive” studies. Similarly, the significant geographic
variation may pose concern for publication bias, though further work should determine
whether there may be true differences in geographic response to anti-inflammatory agents.
Interestingly, when the studies from the Middle East were excluded in a sensitivity

analysis, geography and sample size were no longer significant predictors of effect size.
The association with study quality score suggests that future anti-inflammatory trials must
consider demographic variables known to be associated with inflammation (e.g., BMI and
smoking). These variables were not considered in the majority of included trials, despite

the extensive literature on the association of elevated weight and adiposity on increased
inflammation (Borst, 2004; Hotamisligil et al., 1994; Nieto-Vazquez et al., 2008; Park et al.,
2005; Popa et al., 2007; Weisberg et al., 2003). Moreover, variables such as illness duration
has been shown to be associated with worse psychopathology and treatment resistance
(Griffiths et al., 2021; Murru and Carpiniello, 2018; Zoghbi et al., 2023), which may in
turn, have implications for inflammation (Jiao et al., 2022; Labonté et al., 2022; Leboyer

et al., 2021). As such, the lack of an association with other sociodemographic variables in
our analyses and others (Cakici et al., 2019; Jeppesen et al., 2020) is a potentially important
negative finding and this should be seen as a primary limitation of the literature that needs to
be considered in future studies.

Despite these limitations, the findings of an association between sample size and negative
psychopathology but not positive symptoms, may be of some interest. Indeed, there is a
potential association between inflammation and negative symptoms (Boozalis et al., 2017;
Garcia-Rizo et al., 2012; Goldsmith et al., 2019; Goldsmith et al., 2018; Goldsmith et al.,
2021; Goldsmith and Rapaport, 2020; Stojanovic et al., 2014; Zhu et al., 2018), which
suggests that we might expect that anti-inflammatory agents would have an effect on these
specific symptoms. Similar associations have been found for cognition (Adamowicz et al.,
2022; Goldsmith et al., 2020; Miller et al., 2018; Miller et al., 2021; Patlola et al., 2023;
Sather et al., 2022), whereas studies of inflammation and positive symptoms have not been
as robust Though this may be considered a time when anti-inflammatory agents may be

of potential benefit, the literature on the effect of inflammation on the brain has largely
come from studies of chronic, low-grade elevated inflammation. Studies of the impact of
inflammation on the brain in healthy individuals, non-human primates, and individuals
with depression support a role for inflammation impacting the basal ganglia and associated
reward circuitry in the brain that may underlie anhedonia and motivational deficits (Brydon
et al., 2008; Eisenberger et al., 2010; Eisenberger et al., 2009; Felger et al., 2007; Felger and
Miller, 2012; Felger et al., 2013; Harrison et al., 2015; Miller et al., 2009; Miller and Raison,
2015). These symptoms encompass deficits in motivation and pleasure, which are negative
symptoms that are known to involve signaling in the ventral striatum (Juckel et al., 2012;
Juckel et al., 2006; Kirschner et al., 2016; Prettyman et al., 2021; Radua et al., 2015) and
may be particularly sensitive to the effects of anti-inflammatories, especially in individuals
with evidence of increased inflammation.

A primary limitation of the anti-inflammatory literature is the lack of data on baseline
inflammatory markers. This is of great importance for two reasons. First, inflammation
is likely only elevated in a subgroup of individuals with psychiatric illness, including
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schizophrenia. Similar to individuals with depression (Osimo et al., 2019), inflammatory
markers are likely only elevated in approximately 30% of patients with schizophrenia
(Miller et al., 2014). Therefore, in the absence of inflammation, one would likely not

expect an adjunct anti-inflammatory to have an effect. This is certainly the case in a trial

of a cytokine antagonist in depression that showed benefit only in individuals with high
CRP (Raison et al., 2013) in addition to other trials of anti-inflammatories in patients with
depression (Nettis et al., 2021; Rapaport et al., 2016; Savitz et al., 2018). This may partially
explain the negative findings in the largest monoclonal antibody trial in schizophrenia
(Girgis et al., 2018), in which the mean baseline CRP was not considered high per American
Heart Association/Center for Disease Control and Prevention guidelines (CRP>3 mg/L)
(Pearson et al., 2003). Future studies of anti-inflammatory agents should measure and report
baseline inflammatory markers and enrich samples for those individuals with evidence of
increased inflammation.

Second, without evidence that anti-inflammatories decrease inflammation by reporting pre/
post inflammatory marker concentrations, it is difficult to interpret whether an improvement
in symptoms is actually driven by the anti-inflammatory effect of the medication. Similarly,
many of the medications included in this meta-regression analysis have multiple off-target
effects besides inflammation. For example, minocycline, one of the most frequently studied
anti-inflammatory agent included herein, may also work via antioxidant, anti-apoptotic,
anti-bacterial, and via neurotrophic factors (Dean et al., 2012).

Anti-inflammatory clinical trial design incorporating these considerations should drive

the field forward and allow for the identification of predictors of response and patient
stratification to support precision medicine (Miller and Raison, 2023). Moreover, choosing
the appropriate outcomes for these trials (e.g., negative symptoms and/or brain-related
neuroimaging measures associated with inflammation) may also lead to more successful
trials that are adequately powered to detect differences between active medication versus
placebo or between groups expected to respond (high inflammation) versus those not
expected to respond (low inflammation).

5. Conclusions

Findings from this meta-regression analysis suggest that that sample size, geography,

and study quality are important predictors of response to anti-inflammatory treatment in
schizophrenia. Future anti-inflammatory trials must be rigorously designed and consider
demographic variables known to be associated with inflammation (e.g., BMI and smoking),
and evidence of increased baseline inflammation should also be incorporated in study
design. Rationale study design that also includes measurement of inflammatory markers
(perhaps both peripheral and CSF) to stratify patients and demonstrate target engagement,
and the incorporation of appropriate study outcomes may support the use of these
medications in clinical settings to improve the lives of patients with schizophrenia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Anti-inflammatories have potential benefit in patients with schizophrenia.
. This meta-analysis investigated potential predictors of successful trials.
. Small sample size and geographic variation correlated with greater effect
sizes.
. Baseline variables, including inflammation, should be considered in future
trial designs.
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Identification
Search Strategy (Primary):
(anti-inflammatory) AND (schizophrenia OR psychosis)
3 databases searched: Previous meta-analyses by:
P Medline Cakici et al. (2019)
- Psycinfo Sommer et al. (2014)
Web of Science

Screening v

N=745 Potential studies for meta-regression

Records excluded (N=681)

Common reasons for study exclusion were:
- duplicates

- review articles

- did not present associative data

A 4

Eligibility

N=64 Full-text articles assessed for eligibility

< Manual review of reference lists

A

Full-text articles excluded (N=8)

Inclusion

N=56 Studies (n=65 treatment arms) included in the meta-regression

Figure 1.
Flow Chart of the Study Selection Process

Details of study selection according to the PRISMA flow diagram template.
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Figure 2.
Correlation between Selected Characteristics and Effect Size Estimates

2a. Sample Size

Smaller sample sizes were associated with larger effect sizes in favor of anti-inflammatory
agents.

2b. Geography

Geography was associated with outcome, with the largest effect sizes in favor of anti-
inflammatory agents seen in trials performed in the Middle East and Australia.

2¢. Study Quality

Higher study quality scores were associated with larger effect sizes in favor of anti-
inflammatory agents.
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Table 2.

Clinical and Demographic Characteristics of Included Trials

Variable Trial Result p-value*
Positive Negative
(ES<0) (ES>0)
N=45 N=15
Trial Duration (weeks) 11.8(9.9) 14.8(11.2) 0.06
Sample size (anti-inflammatory group) 30 (18) 52 (40) 0.09
Age (years) 38.7 (9.5) 37.8(9.1) 0.75
Sex (% male) 46.7 (31.0)  65.6 (22.4) 0.02
Smoking (% yes) 55.6 (18.2) N/A
BMI 26.5(4.0) 28.4(0.8) 0.28
IlIness duration (years) 14.9 (10.1) 12.1(9.8) 0.54
Age of Onset (years) 246 (35) 244(4.1) 0.88
PANSS Total 80.7 (17.5) 76.1(14.6) 0.38
PANSS Positive 19.8(5.6)  19.9 (3.9) 0.83
PANSS Negative 21.0(5.2) 22.1(4.0) 0.59
PANSS General 40.4(9.9)  42.6 (4.9) 0.56
Study Quality Score 4.9 (1.49) 39(1.2) 0.03
n (%) n (%)
Geography 0.44
Middle East 15 (33.3) 4(26.7)
Europe 9(20.0) 2(13.3)
United States 6 (13.3) 5(11.1)
Australia 9 (20.0) 1(6.7)
Asia 5(11.1) 2(13.3)
South Africa 1(2.2) 1(6.7)

Selected sociodemographic and clinical characteristics of included trials, stratified based on whether the overall effect size favored anti-

inflammatory (ES<0) or placebo (ES>0).
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