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A B S T R A C T   

Subclinical inflammation has been associated with psychosis; however, it remains unknown whether this phe-
nomenon appears also in the premorbid phase. Therefore, we performed a systematic review and meta-analysis 
of studies comparing peripheral blood levels of C-reactive protein (CRP) and cytokines between individuals at 
risk of psychosis and controls. Moreover, we tested the hypothesis that the levels of these markers may be 
different in high-risk converters versus non-converters. Two independent reviewers searched electronic data-
bases until Dec 16th, 2020. After reviewing publication records, 16 studies (548 high-risk individuals and 559 
controls) were included. Random-effects meta-analyses with Hedges’ g as the effect size estimate were per-
formed. Individuals at clinical risk of psychosis had significantly higher levels of interleukin-6 (IL-6) compared to 
controls (g = 0.33, 95%CI: 0.06–0.60, p = 0.018). Heterogeneity was not significant in this subgroup analysis. 
Changes in the levels of IL-6 in subjects at familial risk of psychosis were not significant (g = 0.04, 95%CI: − 0.24 
to 0.31, p = 0.798). The use of antidepressants was associated with significantly higher levels of IL-6 in high-risk 
individuals (Beta = 1.56, 95%CI: 0.60–2.53, p = 0.001). No significant differences in the levels of immune- 
inflammatory markers were found between high-risk converters and non-converters. Our findings suggest that 
individuals at clinical risk of psychosis show subclinical inflammation in terms of elevated IL-6 levels. This 
phenomenon might be related to the use of antidepressants. The present meta-analysis does not support the 
usefulness of single immune-inflammatory markers in predicting transition to psychosis.   

1. Introduction 

Psychotic disorders affect about 3% of the general population and 
are perceived as substantial causes of disability (Perala et al., 2007; Vigo 
et al., 2016). In recent years, considerable efforts have been made to 
conceptualize prodromal symptoms of psychosis that are increasingly 
being recognized as promising target for prevention of psychotic disor-
ders. Indeed, the construct of at-risk mental state (ARMS), also known as 
ultra-high risk (UHR) or clinical high risk (CHR) state has been devel-
oped to capture the premorbid phase. Three diagnostic categories have 

been included in these constructs: (1) trait vulnerability group, also 
known as genetic risk and deterioration syndrome (GRDS) defined as 
schizotypal personality disorder or familial liability (first-degree relative 
with psychotic disorder), and decline in functioning or sustained low 
functioning; (2) attenuated psychotic symptoms (APS) defined by the 
presence of subthreshold psychotic symptoms and decline in functioning 
or sustained low functioning and (3) brief limited intermittent psychotic 
symptoms (BLIPS), transient but overt psychotic symptoms lasting less 
than 1 week with spontaneous remission and decline in functioning or 
sustained low functioning. However, not all individuals meeting these 

* Corresponding author. 
E-mail address: blazej.misiak@umed.wroc.pl (B. Misiak).  

Contents lists available at ScienceDirect 

Psychoneuroendocrinology 

journal homepage: www.elsevier.com/locate/psyneuen 

https://doi.org/10.1016/j.psyneuen.2021.105200 
Received 26 February 2021; Received in revised form 9 March 2021; Accepted 9 March 2021   

Downloaded for Anonymous User (n/a) at Aziende Socio Sanitarie Territoriale Nord Milano from ClinicalKey.com by Elsevier on 
July 11, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

mailto:blazej.misiak@umed.wroc.pl
www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2021.105200
https://doi.org/10.1016/j.psyneuen.2021.105200
https://doi.org/10.1016/j.psyneuen.2021.105200
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2021.105200&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Psychoneuroendocrinology 127 (2021) 105200

2

criteria transition to psychosis. Indeed, transition rates have been esti-
mated at 36% in a 3-year observation (Fusar-Poli et al., 2012). A recent 
meta-analysis revealed that there are substantial differences between 
distinct categories of clinical risk with the highest risk in case of BLIPS, 
followed by APS and GRDS (Fusar-Poli et al., 2016). Although this 
meta-analysis revealed that GRDS poorly predicts the development of 
psychosis, familial liability has been shown to serve as a risk factor for 
the development of schizophrenia. For instance, having one first-degree 
relative with schizophrenia increases the risk eightfold (Lo et al., 2020). 

Psychotic disorders are associated with multisystemic biological 
dysregulations that can be observed in the peripheral blood (Pillinger 
et al., 2018). It has been found that individuals with schizophrenia at 
various stages of illness show several immune-inflammatory alterations. 
These include elevated levels of C-reactive protein (CRP) (Fernandes 
et al., 2016), pro-inflammatory cytokines(Miller et al., 2011) and 
various antibodies (Ezeoke et al., 2013) as well as changes in the counts 
of specific subpopulations of peripheral blood leukocytes (Karpiński 
et al., 2018, 2016; Miller et al., 2013). Some of them can be detected at 
all stages of psychosis while others are present only in subjects with 
first-episode psychosis (FEP) or in those with an acute relapse of illness 
(Miller et al., 2013, 2011). In addition, subclinical inflammation in 
subjects with psychosis has been associated with treatment-resistance 
(Lin et al., 1998), deficit schizophrenia subtype (Goldsmith et al., 
2018), greater neurostructural alterations (Quidé et al., 2020) and 
cognitive impairment (Misiak et al., 2018). 

Following the association between psychotic disorders and subclin-
ical inflammation, several studies have explored whether immune- 
inflammatory alterations appear in individuals at risk of psychosis. A 
recent meta-analysis of studies in this field demonstrated significantly 
higher levels of interleukin(IL)− 6 and lower levels of IL-1β in subjects at 
risk of psychosis. This meta-analysis also showed higher levels of IL-12 
in converters compared to non-converters; however, this association 
did not reach statistical significance. It should be noted that this meta- 
analysis was based on a limited number of studies (n = 8) and did not 
investigate whether distinct categories of psychosis risk (e.g., clinical 
risk versus familial risk) differ with respect to the association with 
immune-inflammatory alterations. To support the rationale of dissecting 
the familial risk group, two important lines of evidence should be 
highlighted. Firstly, genome-wide association studies revealed that 
schizophrenia risk is related to variation in genes encoding major his-
tocompatibility complex on chromosome 6 (Ripke et al., 2014). Sec-
ondly, the polygenic risk score for schizophrenia has been associated 
with the levels of immune-inflammatory markers (Maj et al., 2019) and 
risk of immune disorders (Stringer et al., 2014). In this regard, we aimed 
to perform an updated systematic review and meta-analysis of studies 
comparing peripheral blood levels of CRP and cytokines in subjects with 
distinct categories of psychosis risk (unaffected first-degree relatives of 
individuals with schizophrenia and individuals at clinical risk) with 
healthy controls. Moreover, we aimed to investigate whether specific 
altered levels of CRP and cytokines might predict transition to psychosis 
in this population. 

2. Material and methods 

2.1. Search strategy 

The following databases of publication records were accessed by two 
independent reviewers (BS and AG): MEDLINE, ERIC, CINAHL Com-
plete, International Pharmaceutical Abstracts as well as the Academic 
Search Ultimate and the Health Source: Nursing/Academic Edition. 
These databases were searched using the following keywords: “risk” OR 
“siblings” OR “relatives” OR “offspring” AND “psychosis” OR “schiz-
ophr*” AND “inflamm*” OR “immun*” OR “interleukin” OR “cytokine” 
OR “crp” OR “chemokine” OR “interferon” OR “tum* necrosis factor” 
from their inception until Dec 16th, 2020. In addition, references of 
eligible publications were checked. All disagreements regarding 

inclusion or exclusion of specific studies were resolved through the 
consultation with the third reviewer (BM). The search strategy was 
based on the PRISMA guidelines (see the PRISMA checklist in Table S1) 
(Moher et al., 2009). The protocol of this systematic review and 
meta-analysis was registered in the PROSPERO database (CRD 
42020221571). 

2.2. Eligibility criteria 

Inclusion criteria were as follows: (1) studies comparing serum or 
plasma levels of CRP and/or cytokines in individuals at risk of psychosis, 
including CHR or UHR or ARMS individuals or unaffected first-degree 
relatives of individuals with schizophrenia and healthy controls; (2) 
studies comparing serum or plasma levels of CRP and/or cytokines in 
high risk converters and non-converters; (3) necessary data (sample size, 
mean and SD for the levels of CRP and cytokines) were available in the 
manuscript or upon request (if needed the corresponding authors were 
contacted to obtain relevant data) and (4) records published in English. 
In case of overlapping samples, we included the study with the largest 
sample size reported. Excluded publication records involved studies 
measuring the mRNA levels of immune-inflammatory markers, animal 
model studies, case reports, non-original studies (e.g., reviews, editorials 
and commentaries) and studies that did not provide necessary data to 
perform meta-analysis. 

2.3. Data extraction 

Extracted data were as follows: (1) age; (2) sex; (3) body-mass index 
(BMI); (4) the levels of CRP and/or cytokines; (5) information regarding 
the use of psychotropic medications and (6) duration of observation 
period in case of studies comparing the levels of immune-inflammatory 
factors between converters and non-converters. In case of data expressed 
as median and interquartile range (IQR), relevant conversion methods 
were applied. The median was recorded as the approximation of the 
mean (Higgins and Green, 2011). In turn, IQR was divided by 1.35 to 
obtain SD (Hozo et al., 2005). To perform quality assessment, 
between-group differences with respect to age and sex across specific 
studies were analyzed (Bartoli et al., 2018). Studies were classified as 
meeting the comparability criterion if there were no significant differ-
ences in age and sex between high-risk individuals and healthy controls 
or between high-risk converters and non-converters (p > 0.05). 

2.4. Data analysis 

Data analysis was limited to markers assessed by at least two studies. 
The Cochran Q and the I2 statistics were used to assess heterogeneity. 
Standardized mean difference (SMD) was calculated as the Hedges’ g 
using the random-effects models. A leave-one-out sensitivity analysis 
was performed to investigate whether any single study accounted for 
heterogeneity. Subgroup analyses were carried out to explore whether 
the association with immune-inflammatory alterations would differ 
between unaffected first-degree relatives of individuals with schizo-
phrenia (hereinafter referred to as “familial risk”) and CHR or UHR or 
ARMS individuals (hereinafter referred to as “clinical risk”). Potential 
moderators were assessed using the meta-regression analyses if they 
were reported by at least six studies.(Fu et al., 2011) Publication bias 
was tested by the Egger’s test in case of markers tested by at least ten 
studies.(Sterne et al., 2008) Results of data analysis were considered 
statistically significant if the p-value was less than 0.05. All analyses 
were carried out using the STATISTICA software, version 12.5. 

3. Results 

3.1. General characteristics of eligible studies 

The initial screening phase of online searches identified 6550 
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publication records (Table S1). After screening, 16 studies (548 subjects at 
risk of psychosis and 559 controls) were included in systematic review and 
meta-analysis (Chouinard et al., 2019; Counotte et al., 2019; Delaney et al., 
2019; Föcking et al., 2016; Gaughran et al., 2002; Karanikas et al., 2017; 
Kelsven et al., 2020; Labad et al., 2015; Lizano et al., 2016; Martorell et al., 
2019; Nunes et al., 2006; Piotrowski et al., 2019; Rebouças et al., 2019; 
Stojanovic et al., 2014; Zeni-Graiff et al., 2016). Tables 1 and 2 present 
general characteristics of these studies. There were 15 studies comparing 
the levels of CRP and/or cytokines in subjects at risk of psychosis and 
controls (Table 1). In turn, 4 studies compared the levels of CRP and/or 
cytokines between high-risk converters and non-converters (Table 2). In-
dividuals at clinical risk of psychosis were assessed by 10 studies (Counotte 
et al., 2019; Delaney et al., 2019; Föcking et al., 2016; Karanikas et al., 
2017; Kelsven et al., 2020; Labad et al., 2015; Martorell et al., 2019; Per-
kins et al., 2015; Stojanovic et al., 2014; Zeni-Graiff et al., 2016), while 
individuals at familial risk of psychosis were included in 7 studies 
(Chouinard et al., 2019; Counotte et al., 2019; Gaughran et al., 2002; 
Lizano et al., 2016; Nunes et al., 2006; Piotrowski et al., 2019; Rebouças 
et al., 2019). A total of 11 studies met the comparability criterion 
(Chouinard et al., 2019; Counotte et al., 2019; Delaney et al., 2019; 
Föcking et al., 2016; Karanikas et al., 2017; Kelsven et al., 2020; Labad 
et al., 2015; Nunes et al., 2006; Perkins et al., 2015; Rebouças et al., 2019; 
Zeni-Graiff et al., 2016). The following diagnostic constructs were included 
in the clinical risk: (1) CHR of psychosis (Delaney et al., 2019; Kelsven 
et al., 2020; Perkins et al., 2015); (2) UHR of psychosis (Counotte et al., 
2019; Karanikas et al., 2017; Zeni-Graiff et al., 2016) and (3) ARMS 
(Föcking et al., 2016; Labad et al., 2015; Martorell et al., 2019; Stojanovic 
et al., 2014). 

3.2. Meta-analysis of immune-inflammatory markers levels 

Meta-analyses were performed for the following immune- 
inflammatory markers: CRP (10 studies), IL-1β (5 studies), IL-4 (2 
studies), IL-5 (2 studies), IL-6 (12 studies), IL-7 (2 studies), IL-8 (5 
studies), IL-10 (4 studies), IL-15 (2 studies), IFN-γ (6 studies), TNF-α (9 
studies), IL-12p70 (3 studies), IL-12p40 (2 studies), MCP-1 (3 studies) 
and eotaxin-1 (3 studies). Forrest plots are presented in the Supple-
mentary Material. 

Analyses that pooled together both categories of psychosis risk 
(clinical and familial risk) revealed no significant differences in the 
levels of immune-inflammatory markers between individuals at risk of 
psychosis and controls (Table 3, Fig. 1). However, subgroup analyses 
demonstrated significantly higher levels of IL-6 in subjects at clinical 
risk of psychosis compared to controls (g = 0.33, 95%CI: 0.06 – 0.60, p 
= 0.018, small-to-medium effect size estimate). Heterogeneity was not 
significant in this subgroup analysis. A leave-one-out sensitivity analysis 
revealed that after removing the largest study by Perkins et al. (2015), 
individuals at clinical risk of psychosis had higher levels of IL-6 at the 
trend level significance (g = 0.30, 95%CI: − 0.04 to 0.65, p = 0.088). 
This difference remained significant after excluding other studies. Re-
sults of the Egger’s test for studies comparing the levels of IL-6 between 
high-risk individuals and controls were not significant (regression 
intercept = 1.32, 95%CI: − 2.26 to 4.90, p = 0.432), indicating no 
publication bias. No significant differences in the levels of 
immune-inflammatory markers between high-risk converters and 
non-converters were found (Table 4). 

Meta-regression analysis was performed for studies comparing the 

Table 1 
General characteristics of studies comparing the levels of inflammatory markers in individuals at risk of psychosis and healthy controls.  

Study N Age % males Definition of high 
psychosis risk 

Inflammatory markers Comparability 
* 

Psychosis 
risk 

Healthy 
controls 

Psychosis 
risk 

Healthy 
controls 

Psychosis 
risk 

Healthy 
controls 

Chouinard 
et al. (2019)  

22  15 24.2 ± 5.6 22.5 ± 3.5 36.4 41.2 Siblings of patients 
with SZ 

CRP, IL-6 and TNF-α Yes 

Counotte et al. 
(2019)  

40  38 25.1 ± 6.5 24 ± 3.7 55.0 84.2 UHR and siblings of 
patients with SZ 

CRP, IL-6, IFN-γ, TNF-α and 
MCP-1 

Yes 

Delaney et al. 
(2019)  

17  33 22.8 ± 3.7 25.3 ±
4.75 

64.7 42.4 CHR CRP and IL-6 Yes 

Gaughran 
et al. (2002)  

51  126 33.5 ±
19.6 

44.2 ±
32.5 

41.2 UK Unaffected 1st 
degree relatives of 
patients with SZ 

sIL-2R No 

Karanikas 
et al. (2017)  

12  23 24.5 ± 3.1 27.0 ± 2.9 100 100 UHR IL-1β, IL-4, IL-5, IL-8, IL-10, 
IL-12p70, IFN-γ and TNF-α 

Yes 

Kelsven et al. 
(2020)  

11  7 18.5 ± 4.7 20.4 ± 4.9 63.6 71.4 CHR IL-1β, IL-6, IL-8, IL-10, IL- 
12p70, IFN-γ, TNF-α, MCP-1 
and eotaxin-1 

Yes 

Labad et al. 
(2015)  

39  44 22.3 ± 4.6 23.2 ± 4.4 69.2 65.9 ARMS CRP Yes 

Lizano et al. 
(2016)  

35  39 16.5 ± 0.6 25.1 ± 1.0 42.8 64.1 1st and 2nd degree 
relatives 

IL-1β, IL-6, IL-8, IL-10, IL- 
12p70 and TNF-α 

No 

Martorell et al. 
(2019)  

14  21 22.0 ± 3.0 29.0 ± 3.0 71.4 33.3 ARMS CRP and IL-6 No 

Nunes et al. 
(2006)  

41  48 UK UK UK UK Unaffected relatives 
of patients with SZ 

IL-6 Yes 

Perkins et al. 
(2015)  

72  35 19.4 ± 4.2 20.0 ± 4.5 66.1 65.0 CHR CRP, IL-1β, IL-5, IL-6, IL-7, 
IL-8, IL-10, IL-12p40, TNF-α 
and eotaxin-1 

Yes 

Piotrowski 
et al. (2019)  

37  42 36.9 ±
11.0 

27.8 ± 8.4 32.4 38.1 Unaffected offspring 
of patients with SZ 

CRP No 

Rebouças et al. 
(2019)  

36  47 40.5 ±
19.0 

41.0 ±
26.0 

41.7 44.7 Unaffected siblings of 
patients with SZ 

CRP and IL-6 Yes 

Stojanovic 
et al. (2014)  

17  25 21.4 ± 2.4 27.3 ± 4.2 70.6 40.8 ARMS CRP and IL-6 No 

Zeni-Graiff 
et al. (2016)  

12  16 17.0 ± 3.0 19.0 ± 3.7 75.0 68.75 UHR IL-6 and IFN-γ Yes 

Abbreviations: ARMS – at-risk mental state; CHR – clinical high risk; CRP – C-reactive protein; IFN-γ – interferon-γ; IL - interleukin; MCP-1 – monocyte chemoattractant 
protein-1; sIL-2R – soluble receptor for interleukin-2; SZ – schizophrenia; TNF-α – tumor necrosis factor-α; UHR – ultra high risk; UK – unknown 

* The comparability criterion was met if individuals at risk of psychosis and controls were matched for age and sex. 
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levels of CRP, IL-6, IFN-γ and TNF-α between high-risk individuals and 
healthy controls (Table S2). The following potential moderators were 
tested: between-group differences in age, sex, BMI and cigarette smok-
ing rates as well as the rates of using antipsychotics, antidepressants and 
mood stabilizers in subjects at clinical risk of psychosis. There was a 
significant positive correlation between the percentage of high-risk in-
dividuals receiving antidepressants and the effect size estimates for 
differences in the levels of IL-6 (β = 1.56, 95%CI: 0.60 – 2.53, 
p = 0.001). Effects of other potential moderators were not significant. 

4. Discussion 

In the present meta-analysis, we found significantly higher levels of 
IL-6 in individuals at clinical risk of psychosis but not in those at familial 
risk. Although genetic backgrounds of schizophrenia have been associ-
ated with immune-inflammatory processes (Maj et al., 2019; Ripke 

et al., 2014; Stringer et al., 2014), the GRDS construct poorly predicts 
psychosis risk when compared to other categories of clinical risk with no 
significant differences in transition rates when compared to controls in a 
48-month observation (Fusar-Poli et al., 2016). In this regard, we may 
assume that the familial risk group of unaffected first-degree relatives of 
individuals with schizophrenia would have even lower risk of transition 
to psychosis than the GRDS individuals. It is also important to note that 
our results with respect to IL-6 were relatively consistent across studies 
(between-study heterogeneity was not significant). However, after 
removing a single study (Perkins et al., 2015) in sensitivity analysis, IL-6 
levels were higher in individuals at clinical risk of psychosis compared to 
controls at the trend-level significance. It should be noted that it was the 
largest study included in our meta-analysis (weight estimated at 
25.31%), and both groups from this study were comparable not only of 
age and sex but also other sociodemographic characteristics. 

Our findings point to the involvement of IL-6 in the pathophysiology 

Table 2 
General characteristics of studies comparing the levels of inflammatory markers in at risk converters and non-converters.  

Study N Age % males Definition of 
high psychosis 
risk 

Inflammatory markers Follow- 
up time 

Comparability 
* Converters Non- 

converters 
Converters Non- 

converters 
Converters Non- 

converters 
Föcking 

et al. 
(2016)  

11  28 15.9 ± 0.3 16.2 ± 0.3 36.4 28.6 ARMS CRP, IL-6, IL-7, IL-8, IL- 
10, IL-15, IFN-γ, TNF-α, 
IL-12p40 and eotaxin-1 

12 
months 

Yes 

Labad 
et al. 
(2015)  

10  29 20.4 ± 3.1 23.0 ± 4.9 50.0 75.9 ARMS CRP At least 
12 
months 

Yes 

Lizano 
et al. 
(2016)  

3  32 UK UK UK UK FHR IL-1β, IL-6, IL-8, IL-10, 
IL-12p70 and TNF-α 

36 
months 

No 

Perkins 
et al. 
(2015)  

32  40 19.2 ± 3.7 19.5 ± 4.6 69.7 62.5 CHR CRP, IL-1β, IL-5, IL-6, IL- 
7, IL-8, IL-10, IL-12p40, 
TNF-α and eotaxin-1 

24 
months 

Yes 

Abbreviations: ARMS – at-risk mental state; CHR – clinical high risk; CRP – C-reactive protein; FHR – familial high risk; IFN-γ – interferon-γ; IL - interleukin; MCP-1 – 
monocyte chemoattractant protein-1; sIL-2R – soluble receptor for interleukin-2; TNF-α – tumor necrosis factor-α; UK – unknown 

* The comparability criterion was met if individuals at risk of psychosis and controls were matched for age and sex. 

Table 3 
Main and subgroup analyses of inflammatory markers in individuals at risk of psychosis.  

Marker Analysis k Meta-analysis Heterogeneity analysis 

g 95%CI p I2 Q p (Q) 

CRP FHR, ARMS, CHR and UHR  9  0.08 − 0.12–0.28  0.448  6.4%  8.55  0.381 
ARMS, CHR and UHR  6  0.09 − 0.13–0.30  0.431  0%  0.16  0.999 
FHR  3  0.01 − 0.57–0.60  0.960  73.5%  7.56  0.023 

IL-1β CHR, FHR and UHR  4  0.13 − 0.13–0.40  0.323  0%  0.96  0.811 
CHR and UHR  3  0.09 − 0.23–0.42  0.576  0%  0.78  0.676 

IL-4 CHR and UHR  2  1.50 − 0.52–3.51  0.145  92.4%  13.17  < 0.001 
IL-5 CHR and UHR  2  -0.17 − 0.51–0.18  0.349  0%  0.03  0.868 
IL-6 FHR, ARMS, CHR and UHR  12  0.18 − 0.02–0.39  0.082  40.1%  18.36  0.073 

ARMS, CHR and UHR  7  0.33 0.06–0.60  0.018  25.3%  8.03  0.236 
FHR  5  0.04 − 0.24–0.31  0.798  41.7%  6.86  0.144 

IL-8 FHR, CHR and UHR  4  0.35 − 0.23–0.93  0.242  74.4%  11.72  0.008 
CHR and UHR  3  0.58 − 0.22–1.37  0.155  75.4%  8.12  0.017 

IL-10 FHR, CHR and UHR  3  0.27 − 0.16–0.70  0.222  25.2%  2.67  0.263 
CHR and UHR  2  0.03 − 0.54–0.61  0.916  8.1%  1.08  0.297 

IFN-γ FHR, CHR and UHR  7  0.08 − 0.25–0.41  0.625  35.9%  7.80  0.167 
CHR and UHR  5  0.16 − 0.42–0.74  0.589  57.3%  7.03  0.071 
FHR  2  0.01 − 0.35–0.35  0.982  0%  0.52  0.472 

TNF-α FHR, CHR and UHR  8  0.10 − 0.19–0.39  0.506  51.1%  14.32  0.046 
CHR and UHR  4  0.19 − 0.29–0.67  0.442  53.8%  6.49  0.090 
FHR  4  0.05 − 0.36–0.47  0.811  61.2%  7.72  0.052 

IL-12p70 FHR, CHR and UHR  3  0.17 − 0.19–0.53  0.363  4.1%  2.08  0.352 
CHR and UHR  2  -0.04 − 0.61–0.52  0.881  4.8%  1.05  0.306 

MCP-1 FHR and UHR  3  0.55 − 0.43–1.53  0.273  82.5%  11.43  0.003 
UHR  2  0.89 − 1.26–3.04  0.418  90.9%  10.96  < 0.001 

Eotaxin-1 CHR  2  0.76 − 0.47–2.00  0.226  80.6%  5.14  0.023 

Significant results (p < 0.05) were marked with bold characters. k refers to the number of comparisons. ARMS – at-risk mental state; CHR – clinical high risk; CRP – C- 
reactive protein; FHR – familial high risk; IFN-γ – interferon-γ; IL - interleukin; MCP-1 – monocyte chemoattractant protein-1; sIL-2R – soluble receptor for interleukin- 
2; TNF-α – tumour necrosis factor-α; UHR – ultra high risk 
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of psychosis. Apart from the role in immune-inflammatory processes, IL- 
6 exerts a number of pleiotropic activities that might be relevant to the 
pathophysiology of psychosis. These activities include, i.e.: (1) boosting 
effects on the secretion of neurotrophins in the brain; (2) regulation of 
body weight, food intake and energy expenditure; (3) effects on circa-
dian rhythms and emotional reactivity; (4) involvement in learning and 
memory processes and (5) up-regulation of dopamine and serotonin 
turnover in the hippocampus and frontal cortex (Borovcanin et al., 
2017). There is consistent evidence originating from meta-analyses that 
individuals with FEP and established diagnosis of schizophrenia show 
elevated levels of IL-6 in the peripheral blood (Capuzzi et al., 2017; 
Fraguas et al., 2017; Miller et al., 2011; Upthegrove et al., 2014) and 
cerebrospinal fluid (Gallego et al., 2018). Moreover, reduced variability 
of IL-6 levels in subjects with psychosis has been reported, disproving 
the hypothesis of an immune subgroup within the psychosis spectrum 
(Pillinger et al., 2019). However, it has also been demonstrated that the 
level of IL-6 tends to decrease following the treatment with antipsy-
chotics, and thus it can be perceived as one of state markers (Capuzzi 
et al., 2017; Miller et al., 2011). To date, a number of clinical correlates 
of elevated IL-6 levels have been reported in psychotic disorders. Higher 
IL-6 levels have been associated with treatment resistance (Mondelli 

Fig. 1. Summary of effect size estimates for differences in the levels of immune-inflammatory markers. Error bars refer to 95%CI. Abbreviations: CRP – C-reactive 
protein; IFN-γ – interferon-γ; IL − interleukin; MCP-1 – monocyte chemoattractant protein-1; TNF-α – tumor necrosis factor-α. *p < 0.05. 

Table 4 
Analysis of studies comparing the levels of inflammatory in at risk converters 
and non-converters.  

Marker k Meta-analysis Heterogeneity analysis 

g 95%CI p I2 Q p (Q) 

CRP  3  − 0.15 − 0.49–0.18  0.371  0%  1.48  0.476 
IL-1β  3  0.09 − 0.26–0.43  0.629  0%  0.80  0.670 
IL-6  3  − 0.13 − 0.50–0.25  0.504  2.9%  2.06  0.357 
IL-7  2  − 0.01 − 0.66–0.64  0.968  60.1%  2.51  0.113 
IL-8  3  0.22 − 0.14–0.59  0.228  0%  1.66  0.436 
IL-10  2  0.52 − 0.49–1.53  0.313  56.0%  2.27  0.132 
IL-15  2  − 0.20 − 1.38–0.98  0.740  87.2%  7.81  0.005 
IFN-γ  2  − 0.14 − 0.73–0.45  0.642  0%  0.39  0.534 
TNF-α  2  0.10 − 0.28–0.49  0.595  0%  < 0.01  0.988 
IL-12p40  2  0.65 − 0.38–1.68  0.214  82.2%  5.63  0.018 
Eotaxin-1  2  0.25 − 0.13–0.63  0.204  0%  0.30  0.585 

Significant results (p < 0.05) were marked with bold characters. k refers to the 
number of comparisons. CRP – C-reactive protein; IFN-γ – interferon-γ; IL −
interleukin; MCP-1 – monocyte chemoattractant protein-1; sIL-2R – soluble re-
ceptor for interleukin-2; TNF-α – tumour necrosis factor-α; UHR – ultra high risk. 
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et al., 2015; Zhang et al., 2005), chronic schizophrenia course with 
deterioration (Frydecka et al., 2015), reduced volumes at certain brain 
regions (Miller et al., 2020; Quidé et al., 2020), cognitive impairment 
(Misiak et al., 2018) and a history of childhood trauma (Dennison et al., 
2012). Goldsmith et al. (2019) also found that IL-6 levels may predict 
the development of depressive and negative symptoms in subjects at 
clinical risk of psychosis. 

In our meta-analysis, the levels of IL-6 or other markers did not 
predict transition to psychosis. However, there were only four studies in 
this analysis with clinically heterogeneous samples that differed with 
respect to follow-up duration. At this point it is also important to discuss 
specificity of our findings with respect to IL-6 levels. Indeed, elevated IL- 
6 levels appear also in subjects with other mental disorders, including 
euthymic bipolar disorder and major depression (Goldsmith et al., 
2016). This observation is in agreement with a variety of diagnostic 
outcomes in subjects at clinical risk of psychosis. It has been demon-
strated that 73% of them develop schizophrenia spectrum disorders 
(Fusar-Poli et al., 2013). Others convert to mood disorders with psy-
chotic symptoms (about 11% of cases) and other psychotic disorders 
(about 17% of cases). 

Importantly, we found that a higher percentage of high-risk in-
dividuals receiving antidepressants was associated with significantly 
higher effect size estimates for IL-6. As mentioned above, elevated IL-6 
levels have been reported in subjects with major depression (Gold-
smith et al., 2016). It is likely that our observation rather reflects the 
association between depressive symptoms and elevated IL-6 levels as 
antidepressants have been shown to decrease the levels of this cytokine 
(Więdłocha et al., 2018). Moreover, decreases in the levels of IL-6 were 
associated with improvement of depressive symptomatology in the 
observational study of individuals with FEP (Ventura et al., 2020). Ac-
cording to some studies performed in subjects with schizophrenia, 
depressive symptoms might be associated with subclinical inflammation 
(Fond et al., 2016). Finally, elevated levels of IL-6 at age of 9 years were 
associated with higher risk of psychotic-like experiences and depression 
at the age of 18 years in a population-based study (Khandaker et al., 
2014). These observations, together with our findings suggest that there 
is a transdiagnostic association between depressive symptoms and in-
flammatory response. However, other reasons for taking antidepres-
sants, e.g., anxiety, and negative symptoms that might resemble 
depressive symptomatology, should also be considered. 

There are some important limitations of this meta-analysis that 
require further consideration. First, our meta-analysis was based on 
limited number of studies, especially with respect to those comparing 
the levels of immune-inflammatory markers in high-risk converters and 
non-converters. Second, there was a considerable heterogeneity in the 
criteria used to define clinical risk of psychosis. At this point, it should be 
noted that we were not able to examine the levels of cytokines in specific 
subgroups of individuals at clinical risk of psychosis (BLIPS, APS and 
GRDS). Furthermore, there are various potential moderators that were 
not tested. These include a severity of specific psychopathological 
symptoms, medication effects, comorbid physical health impairments, 
cigarette smoking or dietary habits. It should also be noted that it re-
mains unknown whether there is a strong rationale behind studying 
single markers instead of more composite measures of inflammation. 
Indeed, it has been shown that the development of more comprehensive 
indices, e.g., proteomic prediction models may better predict transition 
to psychosis in CHR individuals (Mongan et al., 2020). Finally, due to 
multiplicity of markers analysed in the present study, it cannot be ruled 
out that significant results on IL-6 appeared by chance. 

In conclusion, results of the present systematic review and meta- 
analysis imply that individuals at clinical risk of psychosis may pre-
sent with subclinical inflammation in terms of elevated IL-6 levels. This 
observation might be associated with depressive symptoms. However, 
our findings do not support the association between familial liability to 
psychosis and subclinical inflammation. Moreover, existing evidence 
does not indicate the utility of immune-inflammatory markers in 

predicting transition to psychosis in subjects at clinical risk. Additional 
studies in this field are needed to determine characteristics and extent of 
subclinical inflammation in subjects at risk of psychosis. There is also a 
necessity of longitudinal studies addressing the usefulness of immune- 
inflammatory markers in predicting outcomes of psychosis risk. 
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Antioxidant uric acid in treated and untreated subjects with major depressive 
disorder: a meta-analysis and meta-regression. Eur. Arch. Psychiatry Clin. Neurosci. 
268, 119–127. https://doi.org/10.1007/s00406-017-0817-7. 

Borovcanin, M.M., Jovanovic, I., Radosavljevic, G., Pantic, J., Janicijevic, S.M., 
Arsenijevic, N., Lukic, M.L., 2017. Interleukin-6 in schizophrenia-Is there a 
therapeutic relevance? Front. Psychiatr. 8, 221. https://doi.org/10.3389/ 
fpsyt.2017.00221. 

Capuzzi, E., Bartoli, F., Crocamo, C., Clerici, M., Carrà, G., 2017. Acute variations of 
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Magnusson, P.K.E., Maher, B.S., Maier, W., Mallet, J., Marsal, S., Mattheisen, M., 
Mattingsdal, M., McCarley, R.W., McDonald, C., McIntosh, A.M., Meier, S., Meijer, C. 
J., Melegh, B., Melle, I., Mesholam-Gately, R.I., Metspalu, A., Michie, P.T., Milani, L., 
Milanova, V., Mokrab, Y., Morris, D.W., Mors, O., Murphy, K.C., Murray, R.M., Myin- 
Germeys, I., Müller-Myhsok, B., Nelis, M., Nenadic, I., Nertney, D.A., Nestadt, G., 
Nicodemus, K.K., Nikitina-Zake, L., Nisenbaum, L., Nordin, A., O’Callaghan, E., 
O’Dushlaine, C., O’Neill, F.A., Oh, S.Y., Olincy, A., Olsen, L., Van Os, J., Pantelis, C., 
Papadimitriou, G.N., Papiol, S., Parkhomenko, E., Pato, M.T., Paunio, T., Pejovic- 
Milovancevic, M., Perkins, D.O., Pietiläinen, O., Pimm, J., Pocklington, A.J., 
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Svrakic, D.M., Szatkiewicz, J.P., Söderman, E., Thirumalai, S., Toncheva, D., 
Tosato, S., Veijola, J., Waddington, J., Walsh, D., Wang, D., Wang, Q., Webb, B.T., 
Weiser, M., Wildenauer, D.B., Williams, N.M., Williams, S., Witt, S.H., Wolen, A.R., 

Wong, E.H.M., Wormley, B.K., Xi, H.S., Zai, C.C., Zheng, X., Zimprich, F., Wray, N.R., 
Stefansson, K., Visscher, P.M., Adolfsson, R., Andreassen, O.A., Blackwood, D.H.R., 
Bramon, E., Buxbaum, J.D., Børglum, A.D., Cichon, S., Darvasi, A., Domenici, E., 
Ehrenreich, H., Esko, T., Gejman, P.V., Gill, M., Gurling, H., Hultman, C.M., 
Iwata, N., Jablensky, A.V., Jönsson, E.G., Kendler, K.S., Kirov, G., Knight, J., 
Lencz, T., Levinson, D.F., Li, Q.S., Liu, J., Malhotra, A.K., McCarroll, S.A., 
McQuillin, A., Moran, J.L., Mortensen, P.B., Mowry, B.J., Nöthen, M.M., Ophoff, R. 
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