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ABSTRACT

Background: Immune system dysfunction is a hypothesis in the psychopathology of schizophrenia, but the impact of
antipsychotic treatment within this system is not clear. The aim of this meta-analysis was to investigate the impact of
antipsychotic treatment on cytokine levels in in vivo studies on schizophrenia.

Methods: After a systematic database search, original data were extracted with the help of certain authors. Means and
SDs were extracted to calculate standardized mean differences. Cytokine levels were compared in vivo in schizophrenia
patients, before and after antipsychotic treatment. Meta-regressions were performed to explore the influence of demographic
and clinical variables on cytokine level standardized mean differences. Stratifications by treatment and diagnosis were also
performed.

Results: Forty-seven studies were included in this meta-analysis. Proinflammatory cytokine level decreases were found for
interleukin-1 p levels (P<.0001) and interferon-y (P=.01) and a statistical trend towards a decrease in interleukin-6 (P=.08) and
tumor necrosis factor-a (P=.07) levels. An antiinflammatory cytokine level increase was found for soluble tumor necrosis factor-R2
(P<.001) and soluble interleukin 2-R (P=.03) levels. A meta-regression analysis found a correlation between interleukin-6 level
standardized mean differences and positive schizophrenia symptom score standardized mean differences before and after
treatment (P=.01). Stratification by diagnosis or treatment found a possible impact of the kinetics of cytokine levels.
Conclusions: The present meta-analysis provides evidence that antipsychotic treatment has an antiinflammatory effect
and could normalize immune balance dysfunction in schizophrenia. Interleukin-6 level normalization could be a marker of
illness equilibration and thus used in clinical practice.
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Introduction
Schizophrenic disorder affects approximately 1% of the gen- schizophrenia is not well established, but many factors could
eral population (Janoutova et al., 2016) and is associated with influence the emergence of this pathology, such as a genetic pre-

major functional impact (Green, 2016). The physiopathology of disposition (Ripke et al., 2014), obstetrical complications (Geddes
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et al., 1999; Cannon et al., 2002), or infections (Brown and DerKkits,
2010). A relationship with pre- or perinatal neurodevelopmental
events (such as obstetrical complications or maternal infections)
has been found and could be linked to aberrant hypothalamic-
pituitary-adrenal (HPA) axis activation during exposure to psy-
chological stress (Raison and Miller, 2003; Ciufolini et al., 2014;
Howes and McCutcheon, 2017). Study results investigating
serum cytokine levels appear to contradict some studies that
have found an overactivation of the proinflammatory system or
T helper 1 (Th1) system (Kim et al., 2004), and others that have
found a dysfunction in the normal balance between the pro-
inflammatory system (Thl system) and the antiinflammatory
system or Th2 system (Miiller, 2011). Meta-analyses have been
performed (Miller et al., 2011; Goldsmith et al., 2016) and they
showed that certain cytokines increased in acute exacerbations
of schizophrenia and could be considered as state-related mark-
ers (interleukin [IL]-1p; IL-6 or transforming growth factor § [TGF-
f]), whilst others did not change during acute exacerbation and
could be considered as trait markers (IL-12; interferon y [IFN-v];
tumor necrosis factor o [TNF-a] and sIL-2R) (Miller et al., 2011).

Currently, antipsychotic drugs are the first choice treatment
in schizophrenia. The effect of antipsychotic treatment on the
immune system is not yet clear, but preclinical studies have
found a possible microglia activation damping effect (Kato et al.,
2008; Zhu et al., 2014). Presently, it is not clear whether the kinet-
ics of cytokine levels before and after treatment are caused by
antipsychotic drugs or whether they reflect clinical evolution as
a state-related marker. To investigate this point, we chose to per-
form stratification by type of treatment and by diagnosis.

The aim of this meta-analysis was to investigate the impact
of antipsychotics on the kinetics of cytokine levels in in vivo
schizophrenia studies. A secondary aim was to evaluate the
impact of the diagnosis to see whether all antipsychotic drugs
had the same impact on the kinetics of cytokine levels. The final
aim of this work was to perform a meta-regression analysis
including clinical data to assess the putative heterogeneity.

Methods

Data Sources and Study Selection Process

We carried out a search on the MEDLINE and PsycINFO data-
bases in January 2017, without any limits on year of publication,
using the key words cytokines or immune inflammation and
schizophrenia or first psychotic episode or psychosis. Studies
were included if (1) they were published in English in a peer-
reviewed journal, (2) they included patients with a diagnosis of
schizophrenia based on DSM, III, IV, or V criteria, and (3) they
measured in vivo cytokines levels in plasma or serum, before
and after antipsychotic treatment. Studies that did not fulfill
these 3 criteria were systematically excluded from the analy-
ses. To obtain additional data, an email alert was created after
January 2017 on MEDLINE with the same keywords to detect
any publications of potential interest. The reference lists of
articles identified were reviewed for additional studies. Study
selection was performed by one author (B.R.) and verified by
another (C.M.).

Data Extraction

When data were not available in the articles, we contacted the
corresponding authors (see Acknowledgments) of each included
trial by email to improve data collection and obtain the stratified
data for each antipsychotic treatment or each diagnosis. If more
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than one group was available in the article (Borovcanin et al.,
2013), we used the method recommended by the Cochrane group
(Cochrane 2011): M=(N, M, +N, M,)/(N,+N,) and SD=v/((N,-1)SD,?
+(N,-1)SD,>*(N, *N,/N, N )(M,2*M*-2 M, M,))/(N,+ N,-1) (where N,
is the number of patients in the first group assessment, N, is
the number of patients in the second group assessment, M, is
the mean of the first group, M, is the mean of the second group,
SD, is the standard deviation of the first group, and SD, is the
standard deviation of the second group). For each study, we
thus obtained the means and SD for all cytokine levels before
and after treatment. Articles written by a given research group
were carefully scrutinized to ensure the absence of redundancy
among the populations included in the trials.

A set of clinical variables was defined for the meta-regres-
sion analysis. We extracted the duration study (in weeks), the
means and SDs for age (age variable), the percentages of females
(sex variable), the means and SDs for years of illness (duration
of illness variable), the mean age at onset of the disorder (onset
disorder variable), and the means and SDs for schizophrenia
severity scores before and after treatment (total, positive, neg-
ative, and general symptom scores). Data extraction was per-
formed by one author (B.R.) and verified by another (C.M.).

Data Analyses

Data analyses were performed using RevMan, version 5.3
(Copenhagen, Denmark; the Nordic Cochrane Centre, Cochrane
Collaboration). Effect sizes consisted in the standardized mean
differences (SMD) between cytokine levels before and after treat-
ment or between the schizophrenia severity scale scores for
total, positive, negative, or general symptoms before and after
treatment. According to Cohen’s method, SMDs were calculated
as the differences between group means divided by the pooled
SDs. All analyses were performed with a random-effect model,
which considers both between-study and within-study variabil-
ity (Der Simonian and Laird, 1986). An effect size was considered
significant when the 95% CI excluded 0 and when the P < .05.

Study heterogeneity was estimated with the Q statistic, which
was calculated for all analyses and considered significant when
P<.1. When a significant level of heterogeneity was reached, the I?
index, an estimate of the total variation across the studies included
due to heterogeneity rather than chance, was determined by the
equation I*=[(Q - df)/Q] * 100% (Higgins et al., 2003). I? values of
25, 50, and 75 were indicative of mild, moderate, and marked het-
erogeneity, respectively, between trials. In addition, to ensure that
the overall results were not influenced by a single study, leave-
1-out sensitivity analyses, performed by repeating the analyses
with the consecutive exclusion of each study, were carried out for
each analysis when more than 2 studies were included. Results
are given in the supplementary Materials. Finally, we conducted
more specific secondary analyses involving the primary diagno-
ses: first psychotic episode, acute exacerbation of schizophrenia,
chronic schizophrenia (studies that included in their methods:
chronic schizophrenia patients, patients with a duration of ill-
ness >5 years, and no current acute exacerbation of illness were
included in our analyses) and resistant schizophrenia (define by
an insufficient antipsychotic response or by the Kane’s criteria
[Kane et al., 1988]), and the type of antipsychotic treatment used.

Funnel plots, plotting the standard error of each SMD
against the SMD calculated for each study included, were
drawn up when at least 5 individual studies contributed to an
overall result, and their asymmetry was analyzed to assess the
possible influence of publication and location biases (Green and
Higgins, 2006).
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Finally, we conducted meta-regression analyses based on
simple linear regression models for assessing the influence of
the clinical heterogeneity of the study populations on meta-
analysis effect sizes. Regression analyses were performed only
when SMDs or heterogeneity were significant and when a rea-
sonable number of data points were available, set at 6 at least.

Results

Article Identification Process

Figure 1 shows the article-selection process and supplemental
Table 1 shows details of included studies. The database search
found 1562 articles. Forty-six studies identified by database
research and 1 other identified by email alert were included.
Of these 47 studies, 41 studies specify in their article that they
exclude patients (1) with somatic comorbidity that may explain
variations in cytokine levels, (2) with an abnormality in standard
physical and biological examinations, and (3) taking a treatment
that impacts the immune system.

All Treatments

All results are summarized in Table 1. After treatment, there was
a significant decrease in the following: IL-1 § levels (n=7 studies;
test for overall effect: SMD =-0.40, 95% CI: -0.58 to -0.22, P<.0001;
test for heterogeneity: y?=4.5, P=.61, ’=0 %), and IFN-y levels

(n=8 studies; test for overall effect: SMD=-0.38, 95% CI: -0.67 to
-0.09, P=.01; test for heterogeneity: ¥?=23.02, P=.002, =70 %).
There was a statistical trend for a decrease in IL-6 levels (n=21
studies; test for overall effect: SMD=-0.22, 95% CI: -0.47 to 0.03,
P=.08; test for heterogeneity: y?=107.13, P<.0001, ?’=81 %), in
TNF-a levels (n=19 studies; test for overall effect: SMD=-0.32,
95% CI: -0.65 to 0.02, P=.07; test for heterogeneity: x?=131.95,
P<.0001, I?=86 %), and in IL-4 levels (n=7 studies; test for overall
effect: SMD=-0.47, 95% CI: -0.99 to 0.06, P=.08; test for heteroge-
neity: x2=72.9, P<.0001, 12=92 %). After treatment, a significant
increase was observed in sTNF-R2 levels (n=3 studies; test for
overall effect: SMD =0.94, 95% CI: 0.52-1.36, P<.0001; test for het-
erogeneity: x2=0.49, P=.78, I’=0 %) and in sIL-2R levels (n=11
studies; test for overall effect: SMD=0.26, 95% CI: 0.03-0.49,
P=.03; test for heterogeneity: y>=16.09, P=.1, [?=38 %).
Meta-regression analyses showed a significant positive cor-
relation between IL-6 SMD before and after treatment and posi-
tive symptom score SMDs before and after treatment (r=0.81;
P=.001) (Figure 2), and a statistical trend between IL-10 SMDs
before and after treatment and positive symptom score SMDs
before and after treatment (r=0.76; P=.08). No other significant
correlation was found in the other meta-regression analyses.

Stratification by Treatment

Following risperidone treatment (supplemental Table 2), there
was a significant decrease in the following: IL-1  levels (n=4

Pubmed Articles N=1369
PyscInfo Articles N=193

In vivo studies N=714
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N=471

Schizophrenia studies
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Figure 1. Article identification process.
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Figure 2. Correlation between interleukin (IL)-6 standard mean difference (SMD) and positive symptoms scale SMD (r=0.81; P=.001). We found an association between
the decrease of IL-6 level and the decrease of positive symptoms after antipsychotic treatment.

studies; test for overall effect: SMD=-0.47, 95% CI: -0.69 to -0.25,
P<.0001; test for heterogeneity: *=0.80, P=.85, I?=0 %), IL-6 lev-
els (n=7 studies; test for overall effect: SMD=-0.22, 95% CI: -0.39
to -0.05, P=.01; test for heterogeneity: y?=4.46, P=.61, =0 %),
IL-2 levels (n=3 studies; test for overall effect: SMD=-0.42, 95%
CI: -0.78 to -0.06, P=.02; test for heterogeneity: 2=0.8,P=.67,12=0
%), IL-10 levels (n=2 studies; test for overall effect: SMD=-0.83,
95% CI: -1.22 to -0.44, P<.0001; test for heterogeneity: x?=0.02,
P=.89,1=0 %), and IL-4 levels (n=3 studies; test for overall effect:
SMD=-0.67, 95% CI: -0.99 to -0.34, P<.0001; test for heterogene-
ity: y?=0.25, P=.88, I’=0 %). A significant increase in IL-12 levels
(n=2 studies; test for overall effect: SMD=0.66, 95% CI: 0.18 to
1.14, P=.007; test for heterogeneity: ¥2=0.25, P=.62, I*=0 %) was
also found after risperidone treatment.

Following olanzapine treatment (supplemental Table 3),
there was a significant decrease in IL-2 levels (n=2 studies; test
for overall effect: SMD=-1.17, 95% CI: -2.32 to -0.03, P=.05; test
for heterogeneity: y?=4.08, P=.04, 12°=76 %) and IFN-y levels (n=2
studies; test for overall effect: SMD=-1.30, 95% CI: -2.15 to -0.46,
P=.003; test for heterogeneity: x*=0.16, P=.69, =0 %).

After quetiapine treatment (supplemental Table 4), no sig-
nificant increase or decrease in cytokine levels was found.

After aripiprazole treatment (supplemental Table 5), a stat-
istical trend toward a decrease in IL-4 levels (n=2 studies; test
for overall effect: SMD=-0.53, 95% CI: -1.15 to 0.09, P=.09; test
for heterogeneity: x?=0.28, P=.60, 2’=0 %) was found. A signifi-
cant increase in IL-10 levels (n=2 studies; test for overall effect:
SMD=0.92, 95% CI: 0.28-1.56, P=.005; test for heterogeneity:
¥2=0.78, P=.38,12=0 %) was also found after aripiprazole.

After clozapine treatment (supplemental Table 6), there was
a significant increase in the following: sTNF-R1 levels (n=2 stud-
ies; test for overall effect: SMD=0.89, 95% CI: 0.43-1.36, P=.0002;
test for heterogeneity: ¥2=0.20, P=.65, [?=0 %), sTNF-R2 levels
(n=2 studies; test for overall effect: SMD=0.98, 95% CI: 0.51-1.46,
P<.0001; test for heterogeneity: ¥?>=0.36, P=.55,1?=0 %), and sIL-2
R levels (n=3 studies; test for overall effect: SMD=0.62, 95% CI:
0.08-1.16, P=.02; test for heterogeneity: x2=3.21, P=.20, [=38 %).
There was also a statistical trend toward an increase in IL-6 lev-
els (n=3 studies; test for overall effect: SMD=0.44, 95% CI: -0.03
to 0.92, P=.07; test for heterogeneity: y?=2.82, P=.24, 2=29 %).

After haloperidol treatment (supplemental Table 7), a signifi-
cant decrease in IL-2 levels was observed (n=2 studies; test for

overall effect: SMD=-0.75, 95% CI: -1.11 to -0.38, P<.0001; test for
heterogeneity: x2=0.06, P=.80, ?=0 %).

Stratification by Diagnosis

Among first episode psychosis (FEP) patients (supplemental
Table 8), after treatment, there was a significant decrease in
IL-1 B levels (n=4 studies; test for overall effect: SMD=-0.36,
95% CI: -0.63 to -0.10, P=.007; test for heterogeneity: y*=4.14,
P=.25,12=27 %), in IL-6 levels (n=5 studies; test for overall effect:
SMD=-0.36, 95% CI: -0.57 to -0.16, P=.0004; test for heterogen-
eity: y?=4.61,P=.33,12=13 %), and in IL-4 levels (n=3 studies; test
for overall effect: SMD=-0.45, 95% CI: -0.75 to -0.15, P=.003; test
for heterogeneity: ?=3.38, P=.18, =41 %).

In acute exacerbations of schizophrenia (supplemental
Table 9), after treatment, there was a significant decrease in
IL-1 p levels (n=6 studies; test for overall effect: SMD=-0.41,
95% CI: -0.59 to -0.22, P<.0001; test for heterogeneity: y2=4.55,
P=.47,12=0 %), in IL-6 levels (n=14 studies; test for overall effect:
SMD=-0.44, 95% CI: -0.74 to -0.15, P=.003; test for heterogeneity:
¥?=78.67, P<.00001, I?’=83 %), in sIL-6 R levels (n=2 studies; test
for overall effect: SMD=-0.51, 95% CI: -0.90 to -0.12, P=.01; test
for heterogeneity: 4?=0.86, P=.35, 1?=0 %), in TNF-a levels (n=12
studies; test for overall effect: SMD=-0.46, 95% CI: -0.89 to -0.03,
P=.04; test for heterogeneity: ¥?=103.50, P<.00001, I?=89 %), and
in IFN-y levels (n=7 studies; test for overall effect: SMD=-0.41,
95% CI: -0.73 to -0.09, P=.01; test for heterogeneity: y2=22.62,
P<.0001, I2=73 %).

In chronic schizophrenia patients (supplemental Table 10),
after treatment, only 2 analyses were performed (IL-6 and IL-1 RA),
and they did not show any significant difference in cytokine levels.

In resistant schizophrenia patients (supplemental Table 11),
after treatment, a significant increase was observed in IL-6 levels
(n=3 studies; test for overall effect: SMD=0.57, 95% CI: 0.20-0.95,
P=.003; test for heterogeneity: x*=1.30, P=.52,1=0 %) and in sIL-2
R levels (n=2 studies; test for overall effect: SMD=0.85, 95% CI:
0.39-1.32, P=.0003; test for heterogeneity: x*=0.05, P=.83, =0 %).

Discussion

This present meta-analysis shows that the levels of some pro-
inflammatory cytokines decreased after treatment (significant
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decrease in IL-1 3 and IFN-y levels and a statistical trend toward
a decrease in IL-6 and TNF-a levels) and that some antiinflam-
matory cytokine levels increased after treatment (significant
increase in sSTNF-R2 and sIL2-R levels). We found that IL-6 level
SMDs were correlated to the positive symptoms score SMDs.
We also found that, in some cases, the kinetics of cytokine
levels could be impacted by diagnosis and/or the type of
antipsychotic used.

The main difference from previous meta-analysis on the
same topic (Miller et al., 2011; Tourjman et al., 2013; Goldsmith
et al., 2016) is the number of studies included and, therefore,
the statistical power. We have included 47 studies whereas other
meta-analysis included between 12 and 23 studies. A possible
explanation of this difference was a difference in the method-
ology. For example, Goldsmith et al. (2016) had included only
acutely ill patients in their analysis. Compared with other meta-
analysis (Miller et al., 2011; Tourjman et al., 2013; Goldsmith
et al., 2016), inclusion of new studies permit us to perform new
comparisons for cytokine levels from other research such as
IL-8, IL-23, sTNF-R1, sTNF-R2, which were not previously tested.
Many analyses were performed with significantly more stud-
ies. For example, for IL-8 level, only 2 studies were included
by Tourjman et al., 2013, whereas we included 8 studies or for
TNF-o level with 3, 6, and 9 studies included respectively in
Miller et al. (2011); Goldsmith et al. (2016) and Tourjman et al.
(2013), whereas we included 19 studies. Compared with other
meta-analysis (Tourjman et al., 2013; Goldsmith et al., 2016), our
results are quite similar, but as we included a larger number of
studies, we obtained a larger statistical database. Therefore, we
found some difference: we did not find that IL-12 levels were
impacted by treatment as contrary to 3 other meta-analyses
(Miller et al., 2011; Tourjman et al., 2013; Goldsmith et al., 2016)
that found an IL-12 level increase. The significant result found
in these 2 meta-analyses could merely be due to the small
number of studies included (respectively 2 and 3 studies). We
found a significant decrease in IFN-y level like Tourjman et al.
(2013) counter to Goldsmith et al. (2016) and Miller et al. (2011).
Finally, other meta-analyses (Miller et al., 2011; Tourjman et al,,
2013; Goldsmith et al., 2016) found II-6 level decreased while our
results underlined a statistical trend to decrease. It is import-
ant to note that in this analysis, 763 patients were included,
whereas only 164 and 521 patients were included in Miller et al.
(2011) and Goldsmith et al. (2016), respectively.

Our results show a trend to a normalization of the dys-
function in the normal balance between the proinflammatory
system (Th1 system) and the antiinflammatory system or Th2
system (Miiller, 2011). We found that antipsychotic treatment
had an antiinflammatory effect, with a decrease in proinflam-
matory cytokine levels such as IL-1 §, IFN-vy, IL-6, and TNF-a and
anincrease in antiinflammatory cytokine levels such as sTNF-R2
or sIL2-R. The increase of sTNF-R2 levels after treatment could
illustrate the possible antiinflammatory impact of treatment. In
a homeostatic situation, it seems that the production of soluble
receptors is auto-regulated by the cytokines themselves (Voss
et al.,, 1989; Cope et al., 1995). We hypothesize that, in schizo-
phrenic patients, the homeostasis situation is disrupted and
causes a disturbance of this retro-control. This could be reversed
through antipsychotic medications. The possible antiinflamma-
tory involvement could be illustrated by a recent study (Holmes
et al., 2016) using positron emission tomography and radioli-
gands that bind to the 18-kDa translocator protein that shows
a direct interaction between antipsychotic medication and
microglial activation in medicated patients with schizophrenia.
The antiinflammatory effect of antipsychotic treatment may
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produce microglial activation (Holmes et al., 2016). There are 2
possible explanations for this normalization: the direct impact
of antipsychotic treatment on the immune system or the indir-
ect effect of antipsychotic treatment on the immune system by
the improvement of the clinical symptoms of schizophrenia.

Moreover, we found an association between IL-6 level SMDs
and positive symptom schizophrenia score SMDs. A similar cor-
relation between evolution in the general symptom schizophre-
nia score and IL-6 levels was also found in 2 studies including
schizophrenia patients (Frommberger et al., 1997; Pae et al,,
2006). Positive correlations were also found between positive
symptoms and IL-6 level in one study including ARMS patients
(Stojanovic et al., 2014) and one other study including war vet-
erans with schizophrenia (Dimitrov et al., 2013). Another asso-
ciation was found between levels of IL-6 mRNA and positive
symptoms in schizophrenia patients (Chase et al., 2016). At the
onset of psychosis, a dysfunction of the HPA axis was found in
relation to social stress (Ciufolini et al., 2014). Our hypothesis is
that microglia activation leads to ventral hippocampus activa-
tion, which is also involved in context-related behaviors (Grace,
2012; Howes and McCutcheon, 2017). This activation leads to
an overactivation of the ventral tegmental area dopaminergic
neuron by activation of the nucleus accubens, which down-
regulates pallidum ventral inhibition (Grace, 2012; Howes and
McCutcheon, 2017). Antipsychotic treatment, by dopaminergic
antagonism, could restore the axis balance. IL-6 levels have also
been found to decrease in other psychiatric disorders such as
major depressive disorder between acute and remission states
(Frommberger et al., 1997). In healthy humans, acute psycho-
logical stress showed an increased IL-6 plasmatic level (Steptoe
et al., 2007). Positive symptoms could therefore be considered
an important stress factor independently from the psychiatric
diagnosis (e.g., infections associated with immune proinflam-
matory activation). Theoretically, a glucocorticoid feedback from
the inhibitory effects on nuclear factor f could enable return to
homeostasis after stressor cessation (Raison and Miller, 2003),
but it could be impaired in mental illness (Sluzewska, 1999).
IL-6 levels could be considered a stress marker and reflect HPA
overactivation (Raison and Miller, 2003). IL-6 level normalization
could be a marker of illness equilibration and therefore could be
used in clinical practice. No other association between cytokine
kinetics and demographic variables was found. In particular, we
did not find an association between the duration of the study
(and therefore the duration of the treatment) and the MDS of
cytokine levels. This result was not consistent with the outcome
of another study (Song et al., 2014) that investigated the 6-month
kinetics of cytokines in patients with schizophrenia under ris-
peridone. In this study (Song et al., 2014), researchers found an
initial decrease in IL-6 and IL-1{ levels in the first 2 months and
a return to baseline after 6-month treatment. In our analysis,
most studies included a duration of treatment between 4 and
10 weeks (only 3 studies had a longer duration), which could
explain the absence of result of the meta-regression between
cytokines SMD and duration of the study. To explain the increase
in proinflammatory cytokine levels with long-term treatment,
Song et al. (2014) hypothesized that increasing BMI may increase
the proinflammatory response. Unfortunately, we were unable
to perform an analysis including BMI because of a lack of avail-
able data, which did not allow us to establish a relationship
between proinflammatory cytokine levels and BMI.

We found that the different types of antipsychotic treatment
could influence cytokine levels differently, as with IL-2,IL-10, IFN-
v, or IL-12. One hypothesis is that all antipsychotic drugs have
pharmacological specifications, notably on the serotoninergic
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and noradrenergic systems, which could impact the HPA axis
differently and therefore impact the liberation of cytokines in
stress response differently (Raison and Miller, 2003). However,
other factors could impact results, such as tobacco use, which
could decrease IL-2 and IL-6 levels (Zhang et al., 2008), or body
mass index (BMI). Obesity has been shown to increase levels of
proinflammatory cytokines, such as TNF-a, IFN-vy, or IL-1 f, and
decrease levels of antiinflammatory cytokines such as IL-1RA
(Chen et al., 2008; Sirota et al., 2015). Some treatments like clo-
zapine, olanzapine, or quetiapine are known to increase weight
and cause metabolic syndromes and could cause an increase
of proinflammatory cytokine like IL-6. This modification could
explain the absence of a significant decrease of IL-6 level after
these 3 treatments in our analysis. Baseline IL-6 levels have
also been shown to be predictors of the increase in total and
LDL cholesterol and therefore a potential predictor of metabolic
syndrome (Fernandez-Egea et al., 2011). The meta-analyses con-
cerning aripiprazole treatment, which causes less weight gain
than other antipsychotic treatments (Nasrallah et al., 2016), are
difficult to interpret due to a lack of data. This meta-analysis
confirms the need to consider BMI in different studies inves-
tigating the immune system. Another point illustrated by this
meta-analysis stratification is a general decrease in heterogene-
ity when the different antipsychotic treatments are considered
separately. For example, the IL-6 level SMD analysis found an I?
at 81% for all treatment analyses, whereas it was 0% for risp-
eridone or olanzapine analyses. This decrease in heterogeneity
enables an improvement in analysis quality and therefore in the
interpretation of results.

We found a possible implication of the diagnosis in the evo-
lution of cytokine levels. We found some differences between
FEP and acute exacerbation of schizophrenia, notably on TNF-
o and IFN-y levels, which show a decrease after treatment in
acute episodes but not in FEP. It is important to note that the
difference in TNF-a levels in acute episodes is underpinned by
only 2 studies (Kim et al., 2009; Ajami et al., 2014). If we exclude
one of these 5 studies, the result loses its significance. For IFN-
v levels, interpretation of these 2 results was difficult because
of heterogeneity. IL-6 levels showed a decrease after treatment
in FEP and in acute exacerbation of schizophrenia but not in
chronic schizophrenia or resistant schizophrenia. It is important
to note that heterogeneity in the acute exacerbation of schizo-
phrenia is based on only one study (Kim et al., 2009); its exclu-
sion causes an I* decrease from 83% to 7% but did not change
the significance of the result. Our explanation for these results is
that the positive symptom score at baseline was low in chronic
schizophrenia studies (Igue et al., 2011; Sobis et al., 2015), so it is
possible that the HPA axis was not activated as in acute schizo-
phrenia or in FEP. A similar result was also found in ultra-high-
risk schizophrenia, which had positive symptoms significantly
lower than in FEP, with an IL-6 level lower than in FEP (Karanikas
et al.,, 2016). These results confirm that IL-6 could be a stress
marker, which could reflect HPA activation, and that positive
symptoms could be potential stressors that activate this axis.
Another factor that could take part in the kinetics of IL-6 lev-
els is illness duration with a possible habituation to psychotic
symptoms. For example, Borovcanin et al (2013) investigated
IL-6 levels and found an increase in FEP compared with acute
schizophrenia (27.85 pg/mL and 16.25 pg/mL, respectively).

Our meta-analysis has several limitations. First, there is a great
heterogeneity across analyses, especially in all treatment analyses
that are not explained by meta-regression, except for IL-6 levels.
A second limitation was the small number of studies included in
the analyses, notably in the stratified analyses, which could be

responsible for poor statistical power. A final limitation was that
the studies analyzed were performed in blood and not in CSF,
which could have a more direct link with the CNS. The influence
of certain clinical factors such as obesity (Weisberg et al., 2003; Na
et al., 2014) could explain the observed variations between periph-
eral and central cytokines and could explain why peripheral inves-
tigation is not necessarily associated with CNS inflammation. The
different results obtained in this meta-analysis on peripheral
cytokine levels should therefore be interpreted with caution, and
further studies on the impact of antipsychotic treatments in CSF
cytokine levels may be useful in confirming our results.

In conclusion, this meta-analysis provides evidence for an
antiinflammatory effect of antipsychotic treatment. IL-6 levels
were found to be stress markers directly correlated with the evo-
lution of psychotic symptoms, and they could be used as mark-
ers for illness equilibration. The type of antipsychotic treatment
used and/or the diagnosis impact cytokine levels differently and
explain in part the heterogeneity found in global analyses.
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