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Despite mixed findings, increasing evidence suggests that 
people with first-episode psychosis (FEP) show increased 
pro-inflammatory and pro-oxidative status. We used the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) guidelines to conduct a system-
atic literature search of cross-sectional studies comparing 
in vivo inflammatory and oxidative blood markers between 
FEP patients and healthy controls. We analyzed 61 inde-
pendent samples from 59 publications, including 3002 
patients with FEP (ie, patients with FEP, early psychosis, 
first-episode schizophrenia or early schizophrenia) and 
2806 controls. After controlling for multiple comparisons, 
our meta-analysis showed that total antioxidant status and 
docosahexaenoic acid levels were significantly lower in 
FEP patients than in controls, whereas levels of homocys-
teine, interleukin-6 and tumor necrosis factor alpha were 
significantly higher in FEP patients than in controls. This 
suggests that FEP patients had reduced antioxidant status 
and a pro-inflammatory imbalance, and that these biologi-
cal processes may be targets for managing FEP.

Key words:   schizophrenia/first-episode 
psychosis/biomarker/meta-analysis/inflammatory/oxida
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Introduction

Psychotic disorders are a group of heterogeneous syn-
dromes with indeterminate neurobiological mechanisms.1 
The onset of a first-episode psychosis (FEP) is usually 
preceded for many years by several underlying biologi-
cal processes at both the peripheral level and the central 

nervous system, including an increased systemic pro-
inflammatory and pro-oxidative status.2–4

Oxidative stress and inflammation may play a major 
role in the onset and development of  numerous disor-
ders.5 The most parsimonious model of  the link between 
inflammatory and oxidative activation and psychosis 
proposes that psychosis could be, at least in part, a con-
sequence of  a homeostatic signaling imbalance caused 
by oxidative stress and inflammation-associated fac-
tors, perhaps due to an immune dysregulation.6 Indeed, 
genome-wide association and postmortem studies sug-
gest that immune dysregulation could be a core feature 
of  the illness.7–10 This model suggests that oxidative and 
inflammation imbalances, such as the release of  pro-
inflammatory cytokines and the activation of  microg-
lia, would be convergent outcomes of  multiple genetic 
and early environmental factors which, in turn, may 
promote the appearance of  psychosis-related brain 
changes, such as deficits in neural connectivity and clini-
cal symptoms.11–13

The last meta-analyses of inflammatory and oxidative 
markers in FEP patients found higher levels of some cyto-
kines and oxidative stress markers in FEP patients than 
in controls, suggestive of an increased pro-inflammatory 
and pro-oxidative status.14–18 Since the publication of 
those meta-analyses more than 20 publications have com-
pared inflammatory and/or oxidative markers in patients 
with psychosis and controls. An updated meta-analysis 
incorporating new findings on blood inflammatory and/
or oxidative markers in FEP patients can add to the body 
of evidence about the involvement of inflammatory pro-
cesses in the pathophysiology of psychosis.

http://orcid.org/0000-0001-8538-3175
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743

Oxidative Stress and Inflammation in First-Episode Psychosis

Methods

Search Strategies

Using the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) guidelines, we 
conducted a systematic 2-step literature search to identify 
appropriate studies.19 First, we searched PubMed from 
inception to October 2016 for studies comparing inflam-
matory and oxidative markers in patients with FEP and 
healthy controls. The initial search covered the combina-
tion of 2 concepts: “first episode psychosis” (OR “first-
episode psychosis” OR “early schizophrenia” OR “first 
episode schizophrenia” OR “early psychosis”) AND 
“inflammation” (OR “inflamm*” OR “inflammatory” 
OR “anti-inflammatory” OR “cytokine” OR “interleu-
kin” OR “interferon” OR “tumor necrosis factor” OR 
“oxidat*” OR “oxidation” OR “oxidative”). Second, we 
checked the reference lists of the selected articles for any 
additional relevant studies.

Selection Criteria

The initial literature search yielded 2468 results. After 
removing duplicates, we evaluated 601 potential studies.

We double-screened all papers in 3 phases and resolved 
discrepancies through discussion and consensus to iden-
tify original peer-reviewed articles published in English 
assessing in vivo blood inflammatory or oxidative mark-
ers of patients with FEP and healthy controls. See supple-
mentary table  1 for additional details on phases 1 and 
2.  Of the 601 studies, 463 met phase 1 exclusion crite-
ria, leaving 138 for inclusion in phase 2. Of those, 70 met 
the phase 2 exclusion criteria, leaving 68 for inclusion in 
phase 3.

Phase 3 screening involved identifying papers with 
overlapping samples to ensure that the final set of papers 
included independent samples. We excluded overlapping 
studies if  they assessed the same markers. The hierarchi-
cal criteria we used were: (1) study with the largest FEP 
group sample; (2) study with the largest control group 
sample; (3) most recent publication. We performed meta-
analyses when data from at least 3 studies were available 
for the outcome variable. Of the 68 studies, 59 contained 
at least 1 marker for which there was data available from 
3 or more non-overlapping samples and thus qualified for 
the meta-analysis. Two studies reported separate infor-
mation from 2 independent samples, so we included 61 
independent samples from those 59 studies.

We considered a sample as FEP if  it was described in 
the article as “first-episode,” using any one of the follow-
ing terms: first-episode psychosis, FEP, early psychosis, 
first episode schizophrenia, first episode schizophrenia 
(FES), or early schizophrenia. If  the study contained a 
mixture of first-episode and multi-episode participants, 
data on the FEP group had to be reported separately. We 
considered a specific measurement to be an inflammatory/

anti-inflammatory or oxidative/anti-oxidative marker if  
its role in inflammation and/or oxidative/nitrosative stress 
processes had been previously described.20 We included 
only studies measuring in vivo inflammatory and oxida-
tive markers in plasma, serum, peripheral blood mono-
nuclear cells (PBMCs) and red blood cells (RBCs) 
because there were insufficient data for meta-analysis of 
parameters in other sources, such as cerebrospinal fluid, 
platelets or postmortem brain tissue. Based on previ-
ous findings reporting inverse results in oxidative mark-
ers from plasma/serum and RBCs for some markers,14 
we conducted the meta-analyses by dividing the sample 
sources into 2 groups: serum/plasma and cells (PMBCs 
or RBCs). We categorized studies using whole blood as 
serum/plasma.

Figure 1 shows the flowchart of the systematic litera-
ture search strategy.

Quality Assessment

We assessed the quality of the 59 studies using a checklist 
constructed specifically for this review, based on a previ-
ous meta-analysis.14 We rated each study on a scale of 0 
to 10, with higher values reflecting greater quality (sup-
plementary table 2).

Data Extraction

Data extracted from each eligible study included: denom-
ination of inflammatory and/or oxidative marker; first 
author; location and year of the study; study design; 
fasting status at blood extraction (as yes/no); number 
of FEP patients; number of controls; mean and SD for 
each inflammatory and/or oxidative marker (for both 
FEP patients and controls) and/or statistical compari-
son of each marker between FEP patients and controls. 
We also extracted putative moderator data from FEP 
patients, controls or both, as appropriate: mean age; 
sex (as percentage of male); diagnosis (as percentage of 
schizophrenia); mean body mass index (BMI); tobacco 
users (as percentage); cannabis use/abuse (as percentage); 
substance use/abuse (as percentage); exclusion of medi-
cal comorbidity (as yes/no); exclusion of patients treated 
with nonsteroidal anti-inflammatory drugs (NSAID)/
anti-inflammatory drugs (as yes/no); mean duration of 
untreated psychosis (DUP); mean duration of illness; 
antipsychotic dose at blood extraction (as chlorproma-
zine equivalents); and type of antipsychotic (as first/sec-
ond generation).

Statistical Analysis

We entered the data into an electronic database and ana-
lyzed it with a quantitative meta-analytical approach using 
Comprehensive Meta-Analysis (CMA) Software version 
3 (Biostat, Inc.). We calculated effect sizes (ES) based on 
Cohen’s and their 95% CIs for every individual marker, 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
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considering Cohen’s d values from 0.1 to 0.5 small, values 
from 0.6 to 0.8 moderate, and greater than 0.8 large.21 
Based on the known heterogeneity of studies, we used 
random-effects models by Der-Simonian and Laird.22 We 
checked the rigor of the principal findings by performing 
a jackknife sensitivity analysis, which consists of itera-
tively repeating the meta-analysis excluding one study at a 
time to establish whether the results are replicable.23

We assessed statistical heterogeneity through visual 
inspection of forest plots and using the Q statistic (a 
magnitude of heterogeneity) and the I2 statistic (a meas-
ure of the proportion of variance in the summary effect 
size attributable to heterogeneity).24 We considered I2 
values greater than 50% to be significant heterogeneity 
not attributable to random error.25 To check for publi-
cation bias, we visually inspected funnel plots and used 
Orwin’s fail-safe N.26 This generated the number of miss-
ing or unpublished studies required to move ES to irrele-
vant values (Cohen’s d under 0.1). We used Egger’s linear 
regression method to quantify the bias captured by the 
funnel plot.27 When the funnel plot or test statistics sug-
gested publication bias, we used the Duval and Tweedie 
trim-and-fill method to estimate an effect size corrected 
for publication bias.28

We performed meta-regressions using a random-
effects model with unrestricted maximum likelihood to 

test effects of moderators on estimates with significant 
meta-analyses. The slope of meta-regression line – β co-
efficient: direct (+) or inverse (−) – indicates the strength 
of the relationship between moderator and outcome. 
We performed meta-regressions when at least 4 studies 
were available for the same moderator variable per each 
outcome.

In order to confirm the robustness of the main find-
ings, we conducted subgroup sensitivity analyses includ-
ing only studies with quality score equal to or higher than 
5. We rated as robust results in which the direction and 
the magnitude of the relationship remained in these sub-
group analyses.

Considering the heterogeneity of definitions of FEP in 
the included studies and the potential impact of previous 
antipsychotic exposure on the findings of oxidative and 
inflammatory parameters, we conducted an additional 
sensitivity subgroup analysis including only data from 
the antipsychotic-naïve samples.

As there is not a clear frontier between inflamma-
tory and anti-inflammatory markers,3,20 we assessed 
each specific marker independently and did not conduct 
meta-analyses assessing pro-inflammatory and anti-in-
flammatory markers as a group.

The significance level was set at P = .05. To limit the 
risk of false positive (type I) errors in meta-analyses 

463 records excluded. 419 did not include a minimum of five 
pa�ents with first episode psychosis; 17 did not include a 

healthy control group of at least five subjects; 6 did not report
data on inflammatory and/or oxida�ve markers; 21 were not 

published in English as original peer-reviewed ar�cles. 

585 records iden�fied through 
database searching

138 full text articles assessed for 
eligibility

16 addi�onal records iden�fied through 
review of the reference lists of relevant 

ar�cles

70 full text ar�cles excluded. 1 was not published as an original 
peer-reviewed ar�cle; 13 did not include a healthy control 

group; 23 did not include a first episode psychosis group; 6 did 
not report data on inflammatory and/or oxida�ve markers; 27

studies contained overlapping samples.

601 abstracts screened

61 independent samples from 59
publica�ons were included in the 

meta-analysisa

68 studies contribu�ng with at least 
one marker, excluding overlapping 

samples
9 studies excluded from meta-analysis because they lacked a

marker with data available from at least three non-overlapping 
samples

Fig. 1.  Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram of the systematic literature search 
strategy. aTwo papers reported results from 2 independent samples each, yielding a final number of 61 independent samples from 59 
records.
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arising from multiple comparisons, we corrected P-values 
using the Bonferroni-Holm method.29

Results

Sixty-one independent samples from 59 publications 
qualified for meta-analysis, with an overall sample of 
3002 FEP patients and 2806 healthy controls. The mean 
age of FEP patients and controls ranged from 14.4 to 35.7 
and from 12.7 to 46.5 years, respectively. The percentage 
of male patients and controls ranged from 40% to 100% 
and from 24% to 100%, respectively. The percentage of 
FEP patients with a schizophrenia diagnosis ranged from 
15.6% to 100%. Details of the included studies are in sup-
plementary table 3.

In total we performed 27 meta-analyses of cross-sec-
tional comparisons of markers between FEP patients 
and controls: (1) in blood cells: catalase (CAT) and 
docosahexaenoic acid (DHA), and (2) in serum/plasma: 
C-reactive protein (CRP), dehydroepiandrosterone-sul-
fate (DHEA-S), glutathione (GSH), homocysteine (Hcy), 
interferon-γ (IFN-γ), interleukin-1α (IL-1α), interleukin-
1β (IL-1β), interleukin-2 (IL-2), interleukin-3 (IL-3), 
interleukin-4 (IL-4), interleukin-6 (IL-6), interleukin-8 
(IL-8), interleukin-10 (IL-10), interleukin-17 (IL-17), 
interleukin-18 (IL-18), lipid hydroperoxides (LOOH/
Peroxides), total antioxidant status (TAS), thiobarbitu-
ric acid reactive substances (TBARS), tumor necrosis 
factor-α (TNF-α), and vascular endothelial growth fac-
tor (VEGF). Glutathione peroxidase (GPx) and superox-
ide dismutase (SOD) were measured both in blood cells 
and serum/plasma, so we conducted meta-analyses for 
each marker in each sample source separately.

These meta-analyses showed that levels of DHA and 
TAS were significantly lower in FEP patients than in 
controls, whereas levels of Hcy, IL-6, and TNF-α were 
significantly higher in FEP patients than in controls. 
Heterogeneity among studies was high, with I2 values 
greater than 50%, except for IL-6, for which I2 was 46%. 
Risk of publication bias was low for DHA, Hcy, IL-6, 
and TAS, and high for TNF-α. Duval and Tweedie’s 
trim-and-fill method showed that the estimated effect 
sizes corrected for publication bias did not significantly 
differ from the observed ones (table 1 and figure 2).

Meta-regression analyses showed that the effect sizes 
for the difference in DHA, TAS, Hcy, IL-6, and TNF-α 
between FEP patients and controls were not significantly 
associated with moderators (year of publication, qual-
ity, mean age, sex, diagnosis, BMI, tobacco use, canna-
bis use/abuse, substance use/abuse, exclusion of medical 
comorbidity and exclusion of NSAID/anti-inflammatory 
drugs), except for Hcy and quality, where higher quality 
was associated with lower effect size differences in Hcy 
between FEP and controls. We could not perform meta-
regressions for mean DUP, mean duration of illness, type 
of antipsychotic, antipsychotic dose and antipsychotic 

monotherapy because there were fewer than 4 studies 
with data available for each of these variables for any 
marker (supplementary table 4).

Sensitivity subgroup meta-analyses including only 
studies with a quality score equal to or greater than 5 
(yielding a total of 48 independent samples from 47 stud-
ies), confirmed the direction, magnitude and significance 
of the associations for TAS, Hcy, and IL-6. For TNF-α 
and DHA, there was little change in the direction and 
magnitude of the effect sizes for the differences between 
FEP patients and controls, but they lost significance 
(P =  .090, and P =  .147 after Bonferroni-Holm correc-
tion, respectively). Details of these subgroup meta-analy-
ses are shown in supplementary table 5.

Sensitivity subgroup meta-analyses including only 
studies with antipsychotic-naïve FEP samples (yield-
ing a total of 38 independent samples from 37 studies) 
confirmed the direction, magnitude, and significance of 
the associations for TAS, DHA, TAS, IL-6, and TNF-
α. We could not perform meta-analyses for Hcy because 
data were not available from at least 3 independent stud-
ies. Further, we found that serum/plasma levels of uric 
acid were significantly lower in antipsychotic-naïve FEP 
patients than in controls (Cohen’s d  =  −0.602 (−0.917 
to −0.287), P = .003) and that levels of IL-1β in serum/
plasma were significantly greater in antipsychotic-naïve 
FEP patients than in controls (Cohen’s d = 0.726 (0.376 
to 1.076), P = .001). Details of these subgroup meta-anal-
yses are shown in supplementary table 6.

Discussion

This meta-analysis, based on cross-sectional comparisons 
between FEP patients and controls, included 61 independ-
ent samples from 59 studies with an overall sample of 3002 
FEP patients and 2806 healthy controls. To our knowledge, 
this is the largest meta-analysis to date exploring differences 
in oxidative and inflammatory parameters between FEP 
patients and controls. We found that, relative to healthy 
controls, patients with FEP have lower antioxidant capacity 
(as measured by means of TAS), lower levels of DHA, and 
higher levels of Hcy, IL-6, and TNF-α, 3 markers usually 
considered pro-inflammatory. All the effect sizes for these 
differences were large, except for IL-6, which was only mod-
erate. Sensitivity subgroup analyses based on quality scores 
suggested that these findings were robust.

Our results are consistent with previous findings of 
an increased pro-inflammatory and reduced antioxidant 
status in people with FEP,14–18 and provide further sup-
port for their involvement in the physiopathology of psy-
chotic disorders. Recent data from studies conducted in 
earlier stages of the disease, such as the psychosis high-
risk state, provide further evidence for that hypothesis.30–33 
Our findings provide a partial  confirmation of previous 
meta-analyses of first-episode schizophrenia,14,15,17 which 
also reported lower TAS and higher levels of TNF-α and 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby125#supplementary-data
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IL-6 in FEP patients relative to controls. The lack of rep-
lication of some of the markers identified in these meta-
analyses (eg, TGF-β, IL-12, IFN-γ, sIL-2R, catalase, 
nitrites, and SOD) could be due to different methodolog-
ical approaches: we used a more restrictive P-value for 
identifying significant differences, and included studies 
conducted on different FEP populations and not FES-
only populations. Differences in the degree of control for 
potentially confounding factors between earlier and later 
studies might also contribute to these differences. Meta-
regression of Hcy studies suggested that the quality of 
the included studies may influence effect sizes of the 

differences between FEP and controls, since the higher 
the quality of the studies, the lower the differences found 
between FEP and controls. Indeed, among the stud-
ies included in our meta-analysis, quality was positively 
and significantly associated with the year of publication 
(r = .255, P = .047), so that more recent studies tended 
to show higher quality scores, indicative of better control 
for potentially confounding variables such as smoking, 
BMI and concomitant treatment with anti-inflammatory 
or antioxidant agents. Thus, our inclusion of more recent 
better-designed studies, could have led to smaller effect 
size estimates for some markers.

Table 1.  Meta-analyses of Cross-Sectional Comparisons of Oxidative/Inflammatory Markers Between FEP Patients and Controls

Marker (Source) # Studies N FEP N Control

Effect Size (FEP vs Controls)

Cohen’s d (95% CI) Z value P value*

CAT (blood cells) 5 191 202 −0.308 (−0.890 to 0.274) −1.037 >.995
CRP (serum/plasma) 5 276 189 0.996 (−0.179 to 2.720) 1.661 >.995
DHA (blood cells) 4 89 134 −1.581 (−2.548 to −0.615) −3.208 .032a

DHEA-S (serum/plasma) 3 89 74 0.449 (−1.014 to 1.912) 0.601 >.995
GPx (blood cells) 6 185 209 1.294 (−0.121 to 2.709) 1.792 >.995
GPx (serum/plasma) 3 88 87 −0.521 (−1.170 to 0.128) −1.574 >.995
GSH (serum/plasma) 4 185 194 −0.274 (−0.819 to 0.270) −0.988 >.995
Hcy (serum/plasma) 4 138 140 0.864 (0.372 to 1.356) 3.440 .015b

IFN-γ (serum/plasma) 10 565 696 0.262 (0.056 to 0.468) 2.498 .237
IL-1α (serum/plasma) 3 241 393 0.767 (−0.659 to 2.193) 1.054 >.995
IL-1β (serum/plasma) 9 472 434 0.396 (0.062 to 0.729) 2.326 .340
IL-2 (serum/plasma) 11 390 411 −0.191 (−0.581 to 0.199) −0.961 >.995
IL-3 (serum/plasma) 3 116 88 −0.906 (−1.527 to −0.284) −2.857 .094
IL-4 (serum/plasma) 7 314 289 0.247 (−0.027 to 0.520) 1.768 >.995
IL-6 (serum/plasma) 15 879 648 0.339 (0.192 to 0.487) 4.510 <.001c

IL-8 (serum/plasma) 5 175 197 0.460 (0.093 to 0.826) 2.459 .251
IL-10 (serum/plasma) 11 764 821 0.203 (−0.051 to 0.457) 1.569 >.995
IL-17 (serum/plasma) 5 288 211 −0.039 (−0.373 to 0.295) −0.229 >.995
IL-18 (serum/plasma) 3 272 441 0.047 (−0.163 to 0.256) 0.439 >.995
LOOH/Peroxides (serum/plasma) 4 193 205 2.567 (0.585 to 4.550) 2.538 .223
SOD (blood cells) 5 189 199 −0.089 (−1.139 to 0.961) −0.167 .868
SOD (serum/plasma) 4 151 181 −0.118 (−0.666 to 0.431) −0.420 >.995
TAS (serum/plasma) 9 387 386 −1.020 (−1.516 to −0.524) −4.030 .001d

TBARS (serum/plasma) 6 213 218 0.958 (0.240 to 1.676) 2.616 .187
TNF-α (serum/plasma) 11 815 798 0.432 (0.157 to 0.708) 3.073 .049e

Uric acid (serum/plasma) 5 128 169 −0.174 (−0.679 to 0.331) −0.676 >.995
VEGF (serum/plasma) 3 107 100 −0.546 (−1.737 to 0.645) −0.898 >.995

Note: CAT, catalase; CRP, C-reactive protein; DHA, docosahexaenoic acid; DHEA-S, dehydroepiandrosterone-sulfate; FEP, first-
episode psychosis; FSN, fail-safe number (number of missing studies needed to bring Hedges’s g under 0.1); GPx, glutathione 
peroxidase; GSH, glutathione; Hcy, homocysteine; IFN-γ, interferon-γ; IL-1α, interleukin-1α; IL-1β, interleukin-1β; IL-2, interleukin-2; 
IL-3, interleukin-3; IL-4, interleukin-4; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-17, interleukin-17; IL-18, 
interleukin-18; LOOH/Peroxides, lipid hydroperoxides; N/A, not applicable; SOD, superoxide dismutase; TAS, total antioxidant status; 
TBARS, thiobarbituric acid reactive substances; TNF-α, tumor necrosis factor-α; VEGF, vascular endothelial growth factor.
aHeterogeneity markers: Q-value = 27.174, P-value < .001, I2 (%) = 88.960; Publication bias markers: Orwin’s FSN = 44, Egger’s 
regression test, P (2-tailed) = .068.
bHeterogeneity markers: Q-value = 10.325, P-value = .016, I2 (%) = 70.943; Publication bias markers: Orwin’s FSN = 26, Egger’s 
regression test, P (2-tailed) = .201.
cHeterogeneity markers: Q-value = 26.101, P-value = .025, I2 (%) = 46.363; Publication bias markers: Orwin’s FSN = 37, Egger’s 
regression test, P (2-tailed) = .487.
dHeterogeneity markers: Q-value = 79.857, P-value < .001, I2 (%) = 89.982; Publication bias markers: Orwin’s FSN = 66, Egger’s 
regression test, P (2-tailed) = .191.
eHeterogeneity markers: Q-value = 70.766, P-value < .001, I2 (%) = 85.869; Publication bias markers: Orwin’s FSN = 14, Egger’s 
regression test, P (2-tailed) = .029, Duval and Tweedie trim-and-fill method: Point estimate (95% CI): 0.432 (0.157 to 0.708).
*P-values were corrected using the Bonferroni-Holm method. Significant corrected P-values are in bold.
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Interestingly, we were only able to replicate the finding 
of increased IL-1β from previous meta-analyses in the 
antipsychotic-naïve sample and not in the full sample. 
This suggests that antipsychotic treatment, and possibly 
clinical status, could affect the levels of some cytokines. 
Studies on oxidative and inflammatory imbalances in 
individuals with psychosis are still inconsistent regarding 

which factors are state-specific (specific to acute phases, 
first episode or early stages) and which are more durable 
and may be a trait of the psychotic condition. Miller’s 
and Goldsmith’s meta-analyses suggested that IL-6 levels 
might be state markers.15,17 Increases of IL-6 levels occur 
not only in acute states of schizophrenia or psychosis 
but also in acute states of bipolar disorder and major 

Study name Outcome Statistics for each study Std diff in means and 95%  CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Evans 2003 DHA (blood cells) -1,007 0,339 0,115 -1,671 -0,343 -2,971 0,003
Arvindakshan 2003 DHA (blood cells) -1,360 0,294 0,086 -1,936 -0,784 -4,626 0,000
Kale 2010 DHA (blood cells) -0,666 0,236 0,056 -1,129 -0,203 -2,817 0,005
Khan 2002 DHA (blood cells) -3,677 0,535 0,286 -4,725 -2,629 -6,877 0,000

-1,581 0,493 0,243 -2,548 -0,615 -3,208 0,001

-4,00 -2,00 0,00 2,00 4,00

Higher in controls Higher in FEP

a. Forest-plot of meta-analysis of DHA (blood cells) in FEP vs controls

Study name Outcome Statistics for each study Std diff in means and 95%  CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Kale 2010 Hcy (serum/plasma) 0,621 0,236 0,056 0,159 1,083 2,635 0,008
Bicikova 2011 Hcy (serum/plasma) 0,956 0,368 0,135 0,235 1,677 2,598 0,009
Parellada 2012 Hcy (serum/plasma) 1,620 0,321 0,103 0,990 2,249 5,042 0,000
Garcia-Bueno 2014 Hcy (serum/plasma) 0,444 0,198 0,039 0,055 0,833 2,237 0,025

0,864 0,251 0,063 0,372 1,356 3,440 0,001

-2,00 -1,00 0,00 1,00 2,00

Higher in controls Higher in FEP

b. Forest plot of meta-analysis of Hcy (serum/plasma) in FEP vs controls

Study name Outcome Statistics for each study Std diff in means and 95%  CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Fernandez-Egea 2009 IL-6 (serum/plasma) 0,511 0,203 0,041 0,113 0,909 2,515 0,012
Stojanovic 2014 IL-6 (serum/plasma) 0,137 0,230 0,053 -0,314 0,589 0,595 0,552
Borovcanin 2013 IL-6 (serum/plasma) 0,234 0,198 0,039 -0,155 0,623 1,180 0,238
Ding 2014 IL-6 (serum/plasma) 0,626 0,181 0,033 0,272 0,981 3,465 0,001
Lizano 2015 IL-6 (serum/plasma) 0,198 0,219 0,048 -0,232 0,628 0,902 0,367
Mäntylä 2015 IL-6 (serum/plasma) -0,343 0,284 0,081 -0,899 0,214 -1,206 0,228
Mondelli 2015 non-responders IL-6 (serum/plasma) 0,901 0,219 0,048 0,471 1,331 4,105 0,000
Mondelli 2015 responders IL-6 (serum/plasma) 0,322 0,227 0,051 -0,123 0,766 1,417 0,156
Simsek 2016b IL-6 (serum/plasma) 0,194 0,269 0,072 -0,332 0,721 0,723 0,470
Koido 2016 IL-6 (serum/plasma) 0,416 0,237 0,056 -0,048 0,880 1,757 0,079
Song 2013 IL-6 (serum/plasma) 0,552 0,168 0,028 0,224 0,880 3,296 0,001
Kubistova 2012 IL-6 (serum/plasma) 0,141 0,283 0,080 -0,414 0,696 0,498 0,618
Noto 2016 IL-6 (serum/plasma) 0,193 0,137 0,019 -0,076 0,462 1,408 0,159
Petrikis 2015 IL-6 (serum/plasma) 0,725 0,234 0,055 0,267 1,183 3,101 0,002
Graham 2008 IL-6 (serum/plasma) -0,018 0,216 0,047 -0,441 0,405 -0,085 0,932

0,339 0,075 0,006 0,192 0,487 4,510 0,000

-2,00 -1,00 0,00 1,00 2,00

Higher in controls Higher in FEP

c. Forest plot of meta-analysis of IL-6 (serum/plasma) in FEP vs controls

Fig. 2.  Forest plots of significant meta-analyses after Bonferroni-Holm correction. DHA, docosahexaenoic acid; FEP, first-episode 
psychosis; Hcy, homocysteine; IL-6, interleukin-6; TAS, total antioxidant status; TNF-α, tumor necrosis factor-α.
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depressive disorder, suggesting that there may be a com-
mon stress-related phenomenon in acutely ill patients 
across different conditions.17,34 Conversely, TNF-α levels, 
which have consistently been reported to be elevated in 
people with FEP in comparison with controls,15,35 remain 
elevated after the symptoms of the acute exacerbations 
are controlled, so some researchers consider TNF-α 
a trait marker of psychosis.18,35 Our methodological 
approach did not allow us to assess which markers could 
be considered state or trait markers but we found that 
both IL-6 and TNF-α were elevated both in the general 
and the antipsychotic-naïve samples, thus supporting 
the idea that increases in these pro-inflammatory mark-
ers are present in FEP before onset of pharmacological 
treatment.

The replication of the finding of reduced TAS (both in 
the general and the antipsychotic-naïve samples) supports 
the hypothesis of the presence of reduced antioxidants and 
higher oxidative status in people with psychosis. Insufficient 
antioxidant levels leads to higher levels of reactive oxygen 

species, causing oxidation of macromolecules such as 
DNA, proteins or fatty acids, and thereby altering cell 
behavior and underlying some of the brain abnormalities 
found in patients with psychosis.6,36,37 We have previously 
linked low baseline levels of antioxidants, such as GSH, 
in early-onset psychosis (ie, onset of psychotic symptoms 
before age 18) to longitudinal decreases in gray matter vol-
ume and cognitive deficits 2 years after a FEP.38,39 In the 
present meta-analysis, we also found increased levels of 
Hcy, a non-protein amino acid that interacts with NMDA 
receptors and usually induces pro-inflammatory status, 
oxidative stress and mitochondrial dysfunction.40 Others 
have reported that Hcy levels have a positive correlation 
with early cognitive deficits in schizophrenia, regardless of 
the use of medication and the duration of the disease.41 
Our confirmation of that report suggests that oxidative 
stress and mitochondrial dysfunction in people with psy-
chosis may be an early signal of the disease.

Our findings support that some patients with FEP 
may have an imbalance of their antioxidant and 

Study name Outcome Statistics for each study Std diff in means and 95%  CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Martínez-Cengotitabengoa 2012 TAS (serum/plasma) -1,847 0,319 0,102 -2,473 -1,222 -5,787 0,000
Parellada 2012 TAS (serum/plasma) 0,065 0,265 0,070 -0,455 0,584 0,244 0,808
Sarandol 2015 TAS (serum/plasma) -0,326 0,282 0,080 -0,879 0,226 -1,157 0,247
Martínez-Cengotitabengoa 2014 TAS (serum/plasma) -0,666 0,145 0,021 -0,949 -0,382 -4,600 0,000
Akiibinu 2012 TAS (serum/plasma) -1,938 0,328 0,107 -2,581 -1,296 -5,912 0,000
Kriisa 2016 TAS (serum/plasma) -0,268 0,232 0,054 -0,723 0,187 -1,154 0,248
Al-Chalabi 2009 TAS (serum/plasma) -2,941 0,372 0,139 -3,671 -2,211 -7,895 0,000
Chittiprol 2010 TAS (serum/plasma) -0,508 0,217 0,047 -0,932 -0,083 -2,343 0,019
Li 2011 TAS (serum/plasma) -1,114 0,190 0,036 -1,487 -0,741 -5,852 0,000

-1,020 0,253 0,064 -1,516 -0,524 -4,030 0,000

-4,00 -2,00 0,00 2,00 4,00

Higher in controls Higher in FEP

d. Forest plot of meta-analysis of TAS (serum/plasma) in FEP vs controls

Study name Outcome Statistics for each study Std diff in means and 95%  CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Pesce 2014 TNF alpha (serum/plasma)0,720 0,218 0,048 0,292 1,148 3,300 0,001
de Witte 2014 TNF alpha (serum/plasma)-0,073 0,065 0,004 -0,201 0,055 -1,120 0,263
Haring 2015 TNF alpha (serum/plasma)0,000 0,231 0,053 -0,453 0,453 0,000 1,000
Lizano 2015 TNF alpha (serum/plasma)0,162 0,219 0,048 -0,268 0,591 0,737 0,461
Mäntylä 2015 TNF alpha (serum/plasma)-0,032 0,282 0,080 -0,585 0,521 -0,114 0,910
Simsek 2016b TNF alpha (serum/plasma)0,301 0,269 0,073 -0,227 0,829 1,117 0,264
Song 2009 TNF alpha (serum/plasma)0,820 0,172 0,030 0,482 1,158 4,757 0,000
Song 2013 TNF alpha (serum/plasma)0,552 0,168 0,028 0,224 0,880 3,296 0,001
Theodoropoulou 2001 TNF alpha (serum/plasma)1,144 0,202 0,041 0,749 1,540 5,672 0,000
Kubistova 2012 TNF alpha (serum/plasma)0,966 0,299 0,089 0,381 1,552 3,233 0,001
Noto 2016 TNF alpha (serum/plasma)0,274 0,137 0,019 0,004 0,543 1,991 0,046

0,432 0,141 0,020 0,157 0,708 3,073 0,002

-2,00 -1,00 0,00 1,00 2,00

Higher in controls Higher in FEP

e. Forest plot of meta-analysis of TNF-alpha (serum/plasma) in FEP vs controls

Fig 2.  Continued



749

Oxidative Stress and Inflammation in First-Episode Psychosis

anti-inflammatory biochemical pathways, thus suggest-
ing that anti-inflammatory and/or antioxidant strategies 
may have clinical value for treating people with these 
disorders.42,43 However, the efficacy of such treatments 
remains unknown.44 Stratification of patients based on 
these baseline parameters, in accordance with person-
alized or precision medicine,45,46 could be a method for 
increasing the effectiveness of interventions, as suggested 
by recent trials of anti-inflammatory agents for treatment-
resistant depression47 and psychotic symptoms.48 Since 
inflammation and oxidation are 2-faced responses whose 
mechanisms are based on a complex interplay of factors 
integrated in a finely regulated system, the restoration of 
physiological inflammatory/anti-inflammatory and oxida-
tive/antioxidant balances could lead to better outcomes.3,49

This work has several limitations. First, there was great 
heterogeneity among the included studies. The definition 
of FEP varied across studies and separate information 
based on diagnostic subgroups was not available for all 
the studies included in the meta-analyses. However, we 
decided to include a wide spectrum of psychotic disorders, 
considering that there is increasing evidence supporting 
the presence of shared etiological and physiopathologi-
cal mechanisms,50 and current clinical diagnostic clas-
sifications do not seem to be designed to appropriately 
facilitate biological differentiation.51 Our meta-regression 
analyses did not find a significant effect of the percent-
age of patients with schizophrenia on the effect sizes for 
TNF-α, IL-6, and TAS, thus suggesting that these bio-
logical alterations could be shared among different types 
of FEP. An additional source of heterogeneity could 
be developmental stage. The effects of development on 
inflammatory and oxidative status are still understudied 
in healthy individuals. A recent meta-analysis on oxida-
tive stress and inflammatory markers in early-onset FEP 
found no significant differences between patients and con-
trols,52 which could be due to the paucity of available stud-
ies, but also could have been influenced by age. Further, 
considering the numbers of available studies, we assessed 
data from plasma/serum and RBC/PMBCs in the same 
meta-analyses. Although findings were consistent overall, 
this could have introduced an additional source of het-
erogeneity. Second, although individuals with psychosis 
show increased cytokine levels in both peripheral blood 
and CSF according to one study,15 our meta-analysis only 
assessed peripheral biomarkers, which do not necessarily 
mirror the inflammatory and oxidative state of the brain. 
However, recent studies have found that CSF and plasma 
levels of markers such as IL-6 are significantly correlated 
in patients with recent-onset schizophrenia,53 suggesting 
that peripheral and central inflammatory systems prob-
ably operate in a parallel, synchronized way54 and sup-
porting the idea that blood-based biomarkers could be 
valid measures for investigating psychosis.55 Further, an 
increase of some cytokines, such as IL-1β, has been con-
sistently reported in people with schizophrenia relative 

to controls in peripheral blood, CSF, and postmortem 
brain tissue.10 Third, we did not perform specific meta-
analyses assessing the groups of pro-inflammatory and 
anti-inflammatory markers separately. Cytokines often 
show overlapping activity regulating inflammatory and 
anti-inflammatory mechanisms, depending on the type 
and developmental state of the cells involved. Cytokines 
such as IL-6 are elevated in most inflammatory states. 
However, IL-6 exerts a pleiotropic role, showing both 
pro- and anti-inflammatory properties.56 Since inflamma-
tory and anti-inflammatory markers are closely interre-
lated in the context of complex homeostatic regulatory 
processes,3,20 we decided not to perform separate meta-
analyses assessing the groups of pro-inflammatory and 
anti-inflammatory markers. Finally, we could not per-
form meta-regressions for some potential moderators 
because the included studies lacked the necessary data.

Despite these limitations, this meta-analysis provides 
further evidence for the role of pro-/anti-inflammatory 
and oxidative/nitrosative dysregulations in the patho-
physiology of FEP. These alterations might facilitate 
the development of personalized or precision clinical 
approaches to psychosis, by helping stratify patients and 
implement biologically-tailored interventions using phar-
macological strategies aimed at restoring physiological 
anti-inflammatory and antioxidant pathways.
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Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.
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