
Cytokines in Cerebrospinal Fluid of Patients with Schizophrenia 
Spectrum Disorders: New Data and an Updated Meta-analysis

Juan A. Gallego, M.D., M.S.a,b,c,d, Emily A. Blanco, B.A.a, Sehba Husain-Krautter, M.D., 
Ph.Db, E. Madeline Fagenb, Paula Moreno-Merino, M.D.e, Juan A. del Ojo-Jiménez, M.D.f, 
Anthony Ahmed, Ph.Da, Thomas L. Rothstein, M.D., Ph.Db,g, Todd Lencz, Ph.Db,c,d, and Anil 
K. Malhotra, M.D.b,c,d

aWeill Cornell Medical College, 21 Bloomingdale Rd, White Plains, NY, USA, 10605

bThe Feinstein Institute for Medical Research, 350 Community Dr, Manhasset, NY, USA, 11030

cThe Zucker Hillside Hospital, 75-59 263rd St., Glen Oaks, NY, USA, 11004

dHofstra Northwell School of Medicine, 500 Hofstra Blvd, Hempstead, NY, USA, 11549

eHospital Son Llàtzer, Ctra. Manacor, km. 4, 07198, Palma de Mallorca, Spain

fHospital Universitario Virgen Macarena, Calle Dr. Fedriani, 3, 41009, Sevilla, Spain

gWestern Michigan University Homer Stryker MD School of Medicine, 300 Portage Street, 
Kalamazoo, MI, USA, 49007

Abstract

Few studies have been conducted examining cytokines in cerebrospinal fluid of patients compared 

to healthy volunteers. The goals of this study were: 1) to report original data detailing cytokine 

levels in the cerebrospinal fluid (CSF) of 10 patients with a schizophrenia spectrum disorder 

(SSD) diagnosis and 10 healthy controls and 2) to conduct a meta-analysis of the available data on 

cytokine levels in the CSF of patients with SSD compared to healthy controls, including our new 

data. Cytokine concentrations were measured using the Q-plex Human Cytokine Screen array in 

CSF of 10 patients with SSD and 10 healthy volunteers. For the meta-analysis, an electronic 

PubMed and Google Scholar search without restrictions was conducted for articles that reported 

on cytokine levels in CSF in patients with an SSD compared to healthy controls. Our original data 
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revealed statistically significant increases in levels of interleukin-8 (IL-8) and interleukin-1 beta 

(IL-1β) in the CSF of patients with an SSD compared to healthy volunteers. Our meta-analysis 

showed statistically significant increases in interleukin-6 (IL-6) and IL-8 in patients compared to 

healthy volunteers. Effect sizes between treated and untreated patients for IL-6 were of similar 

magnitude. However, IL-6 levels were higher in early stage schizophrenia patients compared to 

chronic schizophrenia patients. Studies with larger sample sizes, comprehensive assessments and 

ideally in the context of a randomized controlled intervention to minimize the impact of 

confounding factors are needed to fully understand the role of cytokines and inflammatory 

markers in the pathophysiology and treatment of schizophrenia.
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1. Introduction

Several lines of evidence suggest that dysfunction in inflammatory processes may be 

implicated in the pathophysiology of schizophrenia. First, large epidemiological studies have 

found an association between maternal infections during pregnancy, such as influenza and 

rubella, and schizophrenia in offspring (Buka et al., 2001; Limosin et al., 2003). Though the 

mechanism linking infection and schizophrenia is uncertain, the leading hypothesis involves 

the release of maternal cytokines to the fetus via the placenta, leading to abnormal fetal brain 

development (Brown and Patterson, 2011).

Second, recent GWAS studies have consistently shown genome-wide significant associations 

between schizophrenia and single nucleotide polymorphisms in a large locus on 

chromosome 6 that includes the major histocompatibility complex, a group of key molecules 

involved in the inflammatory response (Ripke et al., 2014). A follow-up analysis of this 

region showed that genetic variation of the complement component 4 (C4) gene, which 

codes for a protein involved in the classical activation pathway of the complement system, 

causes greater expression of C4a alleles, and in turn, increased risk for schizophrenia (Sekar 

et al., 2015).

Third, the availability of Food and Drug Administration-approved non-steroidal anti-

inflammatory medications like celecoxib and aspirin for the use in pain and other 

inflammatory conditions has facilitated the investigation of these medications as add-on 

treatments to antipsychotic medications in schizophrenia, with the effect of modest 

improvement of psychotic symptoms in individuals with early stage psychosis (Sommer et 

al., 2014).

Further work in support of the hypothesis has been conducted by the examination of 

peripheral biomarkers of inflammation, such as cytokines, in the blood and cerebrospinal 

fluid (CSF) of people with schizophrenia (Barak et al., 1995; Coughlin et al., 2016; Garver 

et al., 2003; Hayes et al., 2014). For example, Miller and colleagues completed a meta-

analysis of cytokine alterations in blood and CSF of patients with schizophrenia (Miller et 

al., 2011). Blood analysis showed increases in IL-1β, IL-6 and transforming growth factor- β 
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(TGF-β) in acute relapsed patients and first episode patients compared to healthy controls. 

CSF analysis showed decreased levels of IL-1β in patients compared to controls and no 

differences in other cytokines. Similar results were found by Upthegrove and colleagues, 

who subsequently completed a meta-analysis focusing on cytokine levels in the blood of 

medication-naive first-episode individuals and found significant elevation in pro-

inflammatory cytokines IL-1β, sIL-2r, IL-6, and TNF-α (Upthegrove et al., 2014). Despite 

early results by Miller and colleagues indicating a decrease in IL-1β in CSF, a subsequent 

meta-analysis by Wang and Miller found increased levels of IL-1β, in addition to increased 

levels of IL-6 and IL-8, in the CSF of patients with schizophrenia (Miller et al., 2011; Wang 

and Miller, 2018).

While several studies have identified cytokine profiles in the blood of patients with 

schizophrenia spectrum disorders (SSD) compared to healthy controls, fewer studies have 

been conducted to compare cytokine profiles in CSF. Given that CSF is in direct contact 

with the brain, it may be that inflammatory abnormalities in brain tissue are more closely 

reflected in CSF as compared to peripheral blood. Further, although blood and CSF are both 

sources of peripheral cytokine levels, the transportation of cytokines across the blood brain 

barrier is conducted by transporters that are specific for unique families of cytokines and can 

be affected by a variety of factors like circadian rhythm, brain disease or injury (Banks, 

1995; Banks et al., 2009). Although evidence suggests blood brain barrier dysfunction in 

schizophrenia (Vasic et al., 2012) it is yet unclear how blood brain barrier dysfunction may 

affect cytokine levels in cerebrospinal fluid compared to peripheral blood. For these reasons, 

we hypothesized that there is a unique cytokine profile in CSF that may provide a better 

understanding of how inflammation affects the central nervous system in SSD. Therefore, 

and given that a small number of studies on this topic have been published, we conducted an 

updated meta-analysis using additional studies, including our own original dataset, and 

performed subgroup analysis to further determine the effects of variables such as 

antipsychotic exposure and length of illness on cytokine levels.

2. Materials and Methods

2.1 The Zucker Hillside Hospital study

2.1.1 Inclusion and Exclusion Criteria—Patients were included in the study if they 

fulfilled DSM-IV criteria for schizophrenia, schizophreniform, schizoaffective disorder or 

psychosis Not Otherwise Specified (NOS) and were willing and capable of providing 

informed consent. Subjects were excluded from participation if they were prescribed an anti-

coagulant, had a history of an organic brain disorder, a clinically significant 

thrombocytopenia or coagulopathy based on screening blood tests, acute medical problems 

or if they met criteria for substance dependence or abuse within six months of consent based 

on DSM-IV criteria. Healthy controls were also excluded if they had an Axis I diagnosis, a 

first-degree relative with a known or suspected Axis I disorder, or a significant medical 

problem based on a self-report questionnaire.

2.1.2 Recruitment and Consent—Patients were recruited from the inpatient and 

outpatient departments at The Zucker Hillside Hospital. Healthy controls were recruited 
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from the general population via word of mouth, newspaper and internet advertisements, and 

poster flyers. All subjects provided written informed consent to a protocol approved by the 

Institutional Review Board of the North Shore-Long Island Jewish Health System. Informed 

consent of the participants was obtained after the nature of the procedures had been fully 

explained. After providing informed consent, subjects underwent baseline ratings, including 

demographic information and the Brief Psychiatric Rating Scale (BPRS).

2.1.3 CSF collection—Subjects underwent a lumbar puncture, performed using a 

standard technique with a 25 gauge, Whitacre point spinal needle after subcutaneous 

lidocaine was applied. The procedure was conducted with patients sitting up and all 

procedures took place at 2 pm. 15–25 cc of CSF were obtained from each subject. The first 

2–3 mls obtained after collecting the fluid were sent for routine testing (cell count, proteins, 

glucose, and VDRL). CSF samples were then flash frozen with liquid nitrogen and stored at 

−80 Celsius.

2.1.4 Cytokine Analysis—The following cytokines were quantified using the multiplex 

ELISA-based Q-Plex™ Human Cytokine array (Quansys Biosciences): IL-1α, IL-1β, IL-2, 

IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-13, IL-15, IL-17, IL-23, IFNγ, TNFα and 

TNFβ. We utilized the Q-Plex™ Human Cytokine array given our prior experience with this 

array, its convenience and cost-effectiveness. All samples were analyzed in triplicates and 

the average of each sample was taken. The Q-PlexTM technology involves the micro-

spotting of individual groups of capture antibody in either a cartesian or polar coordinate 

system on the bottom of a 96 well plate, each spot being its own micro ELISA. The lower 

limit of detection for the multiplex assay was the lowest concentration of an analyte where 

its signal was distinguishable from the background (2 times the standard deviation of the 

mean of the background). Quantification was performed by S. H-K and M. F at The 

Feinstein Institute for Medical Research.

2.2 The Meta-analysis

2.2.1 Search Strategy—An electronic Medline (PubMed) search without restrictions 

was conducted until May 2016 for articles published at any time. A systematic review was 

initially conducted in PubMed using the following search strategy: the Boolean operator 

“AND” was used to connect the words “Schizophrenia and Disorders with Psychotic 

Features”[Mesh] AND (cerebrospinal fluid OR CSF) AND (cytokines OR interleukins OR 

interferon). Additionally, a non-systematic search to find additional studies in Google 

Scholar was conducted, along with a manual search of reference lists of included articles and 

other relevant articles, including prior meta-analyses. Additional information was obtained 

through direct correspondence with Drs. Engberg,Van Kammen, Pomper, and Coughlin (Van 

Kammen et al., 1999; Soderlund et al., 2009; Coughlin et al., 2016).

2.2.2 Study Selection—All individual studies that measured quantitative levels of 

cytokines in cerebrospinal fluid in both patients with an SSD diagnosis (schizophrenia, 

schizoaffective disorder or schizophreniform disorder) and healthy volunteers were included 

in the analyses.
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2.2.3 Data Extraction—The following data were extracted from each study and for both 

patients and healthy controls: age; sex; race; cytokines studied; sample size; mean pg/ml and 

standard deviation for each cytokine; or the median and interquartile if the mean and SD 

were not available. We used the same approach used by Wang and Miller to estimate mean 

and SD from median and IQR and as follows: (1) mean = (2m + a + b)/4, where m is the 

median and a and b are the 25th and 75th percentiles, respectively and (2) IQR = 1.35 × SD 

(Wang and Miller, 2018). Information was extracted by one investigator (PM) and verified 

by a second investigator (JdO). We contacted first and last authors for additional information 

in the case that published articles were missing necessary information for the meta-analysis.

2.3 Statistical Analysis

Analysis of the original data obtained at The Zucker Hillside Hospital was conducted as 

follows: baseline characteristics were compared between groups using t-tests for continuous 

variables or chi-square tests for categorical variables. Cytokine levels were compared 

between groups using t-test for normally distributed cytokine levels or the Wilcoxon rank-

sum test in the case of non-normally distributed cytokine levels. Adjustment for multiple 

comparisons was conducted using the Simes method (Simes, 1986).

For the meta-analysis, pooled standardized mean differences and standard deviation for each 

cytokine were compared between patients and healthy controls using a random effects 

model. Publication bias was assessed using Funnel plot and the Egger linear regression test. 

Subgroup analyses were conducted to determine the role of other variables such as 

antipsychotic exposure and length of illness in the outcome. Sensitivity analysis were 

conducted to determine the influence of individual studies on the outcome. Data were 

analyzed using STATA 11.2 (STATA Statistical Software, College Station, TX, USA, 

www.stata.com) software. Cohen’s d was used as an effect size measure.

3. Results

3.1 The Zucker Hillside Hospital study

3.1.1 Subjects—Ten patients with an SSD diagnosis and 10 healthy controls matched to 

patients in age, sex and race were included in this analysis. There were no statistically 

significant differences in age, sex and race between groups. The mean age of patients was 43 

years (SD=8.1; range: 32–56) and the mean age of healthy controls was 40 years (SD=8.8; 

range: 23–56). Patients had a median BPRS total score of 33 (IQR=27–35). Forty percent of 

patients (n=4) had a diagnosis of schizoaffective disorder, 30% (n=3) had a diagnosis of 

schizophrenia, and 30% (n=3) had a diagnosis of psychosis NOS. Patients were comprised 

of individuals with a chronic diagnosis who were on antipsychotic medication at the time of 

the lumbar puncture (Table 1). All urine toxicology screenings for patients and controls were 

negative, excluding one patient who tested positive for benzodiazepines.

3.1.2 Cytokine Analysis—Out of the 16 cytokines tested, only 3 of them were reliably 

detected in CSF (IL-1β, IL-6 and IL-8). The lower limit of quantification (LLOQ) was a 

concentration of our analyte at a dilution 1:10. Levels below the lower limit of quantification 

were set to LLOQ/2 rather than values of zero. Given that the LLOQ was 0.1 for IL-6, we 
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entered 0.05 for the analysis to account for the mean value between 0 and 0.1 (LLOQ). 

Levels were statistically significantly higher in patients vs. healthy controls for IL-1β 
(median= 16.25 pg/ml, IQR= 13.13–16.64 vs. median= 12.73 pg/ml, IQR= 11.53–13.85, 

adjusted-p=0.04) and IL-8 (median= 33.39 pg/ml, IQR= 27.33–34.41 vs. median=19.33 

pg/ml, IQR=15.75–22.14, adj-p= 0.01) whereas there were no statistically significant 

differences in IL-6 levels (median= 1.7 pg/ml, IQR= 1.48–2.06 vs. median= 0.45 pg/ml, 

IQR= 0.05–1.66, adj-p= 0.06) (Figure 1). Raw data are provided in the supplementary file 

(Supplementary File; Table S1).

3.2 The Meta-analysis

3.2.1 Studies—After conducting the systematic search in Pubmed, 78 studies were 

initially identified. Of those, 60 were excluded at the abstract level. Of the remaining 18 

studies, 4 were excluded (Figure 2). A nonsystematic search in Google scholar did not 

provide any additional studies.

In the end, fourteen published articles plus the new data collected for this study were 

included in the meta-analysis (Table 2 and Table S2). For subgroup analyses, studies were 

classified into a chronic schizophrenia group or an early schizophrenia group. The former 

group comprised of studies that included patients who had been ill for five or more years 

while those in the early schizophrenia group included patients who had been ill for less than 

five years, an approach used by other investigators (Coughlin et al., 2017). Similarly, studies 

were classified into an antipsychotic treated (“AP treated”) group or a non-antipsychotic 

treated (“NAP-treated”) group. Study sample sizes ranged from nine participants to 86 

participants. In all, 421 patients with a schizophrenia spectrum disorder and 290 healthy 

volunteers were included in the meta-analysis (Table 2; Table S2).

3.2.2 IL-6 analysis—Eight articles and one unpublished dataset of our own were 

included. Analysis using a random effects model showed that IL-6 levels were statistically 

significantly higher in patients compared to healthy volunteers (SMD= 0.53, 95% CI =0.28–

0.78, p<0.001) (I2 : 34.1%, p=0.145)(Figure 3). Inspection of the forest plot revealed a 

potential outlier (Barak et al., 1995). Sensitivity analysis conducted after removing this 

study showed no changes in significance level and a minor increase in SMD (SMD= 0.57, 

95% CI =0.37–0.77, p<0.001). Publication bias was not evident after examining the Funnel 

plot and the Egger test (Figure 4).

Subgroup analysis by antipsychotic exposure (AP-treated and NAP-treated) was completed 

using a random effects model. Pooled SMD in both strata were statistically significantly 

higher and of similar magnitude in patients vs. controls (AP-treated: SMD= 0.55, 95% 

CI=0.22–0.89, p=0.001, n=7; NAP-treated: SMD= 0.45, 95% CI =0.07–0.83, p=0.02, n=2).

Subgroup analysis by stage of illness was completed using a random effects model. The 

pooled SMD between groups (patients vs. controls) was higher in the early psychosis sample 

(SMD=0.72, 95% CI= [−0.38]–1.83, p=0.2, n=2) compared to the chronic sample (SMD= 

0.52, 95% CI=0.27–0.77, p<0.001, n=7)
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3.2.3 IL-8 analysis—Three articles and our original data were included in the analysis. 

After conducting a random effects model the pooled SMD between patients with an SSD 

diagnosis and healthy controls for IL-8 was 1.12 (95% CI =0.16–2.09, p=0.02) (I2 : 88.8%, 

p<0.001) (Figure 5). Inspection of the Funnel plot suggested the possibility of publication 

bias (Supplementary File; Figure S1). Further assessment using the Egger test revealed 

small-study effects (p=0.039).

Inspection of the forest plot showed a potential outlier (our own original data). Sensitivity 

analyses were then conducted, and after removing our study, the main effect remained 

statistically significant but the SMD decreased to 0.44 (95% CI=0.15–0.73, p=0.003). 

Moreover, the small study effects present in the overall IL-8 meta-analysis and detected by 

the Egger test were no longer present (p=0.41).

3.2.4 IL-1β analysis—Three articles and our original data were included in the analysis. 

A random effects model was used, and no statistically significant difference was observed 

between groups (SMD= −0.11, 95% CI = [−0.11] – [−1.84], p=0.91, n=4) (I2 : 92.9%; 

p<0.001) (Supplementary File; Figure S2). A funnel plot suggested the presence of 

publication bias but the small number of studies included limits the interpretation 

(Supplementary File; Figure S3). Subgroup analysis could not be conducted given the lack 

of NAP-treated or early-stage SSD studies for this specific meta-analysis.

3.2.5 IL-2 analysis—Four articles were included in the analysis. A random effects 

model was used and no statistically significant differences were noted between groups 

(SMD=0.085, CI 95%= [−0.43]–0.60, p=0.75, n=4) (I2 : 49.9%; p=0.112) (Supplementary 

File; Figures S4 and S5).

3.2.6 Other Cytokines—Too few articles were available to conduct meaningful meta-

analysis for IL-1α (n=2), TGFβ1 (n=2) and TGFβ2 (n=2).

4. Discussion

In the original data section of this manuscript, we report statistically significant increases in 

levels of IL-1β and IL-8 in the cerebrospinal fluid of patients with SSD compared to healthy 

volunteers. Although differences in IL-6 levels were not statistically significant, increased 

levels in patients were observed compared to healthy volunteers. In the meta-analysis, we 

report statistically significant elevations in IL-6 and IL-8 in CSF of patients with an SSD 

compared to healthy volunteers but no statistically significant differences in IL-1β.

The results of our meta-analysis confirm some of the findings of our original data as well as 

the results of the meta-analysis conducted by Wang and Miller (Wang and Miller, 2018). We 

were able to update the cytokine portion of Wang and Miller’s meta-analysis by including 

datasets from Coughlin and colleagues as well as our own original data (Coughlin et al., 

2016; Wang and Miller, 2018). Our meta-analytic finding that IL-6 and IL-8 are increased in 

those with an SSD are consistent with their results but our meta-analysis did not replicate 

their IL-1β results. This discrepancy may be due to differences in the model used for 

analysis, as we used a random effects model whereas Wang and Miller utilized a fixed 
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effects model (Wang and Miller, 2018). We chose a random effects model based on high 

heterogeneity between studies, likely due to individual studies having small sample sizes and 

different study designs. This high heterogeneity was particularly shown by IL-1β results 

demonstrating an I2 value of 92.95% (p<0.0001).

Data thus far strongly supports the finding of elevated IL-6 levels in CSF of SSD patients. 

All but one study observing IL-6 (Barak et al., 1995) demonstrate increased IL-6 levels of a 

similar magnitude in patients with an SSD compared to healthy volunteers (Figure 3). Two 

critical questions are whether this increase is a marker of acute psychosis vs. a trait marker 

and whether antipsychotic exposure affects the levels in CSF. Our IL-6 subgroup analysis 

suggest that antipsychotic exposure did not have a meaningful effect on IL-6 levels, whereas 

being in the early stage of the illness was associated with higher IL-6 values. A similar 

finding was reported by Miller and colleagues, who reported that the association between 

abnormalities in IL-6 measured in peripheral blood and acute relapse is independent of 

antipsychotic treatment, although a more recent meta-analysis by Goldsmith and colleagues 

reported decreases in IL-6 levels in blood after treatment (Goldsmith et al., 2016; Miller et 

al., 2011). Interestingly, Van Kammen and colleagues, in one of the few longitudinal studies 

that performed follow up lumbar punctures in the same subjects, found that plasma IL-6 

levels change with haloperidol withdrawal and subsequent relapse whereas CSF levels 

remain elevated despite relapse status or AP exposure (Van Kammen et al., 1999).

Unfortunately, we could not conduct subgroup analysis given the limited number of studies 

for IL-8. Very limited data is available to understand the relationship between treatment and 

length of illness variables and IL-8 levels in CSF. Two recent meta-analyses of cytokine 

alterations in peripheral blood in schizophrenia did not find any effects of AP exposure on 

blood IL-8 levels or did not report any data (Goldsmith et al., 2016; Tourjman et al., 2013). 

Moreover, IL-8 levels have not been measured in blood of first episode psychosis patients 

(Upthegrove et al., 2014).

The direct relationship between abnormalities in IL-6, IL-1β and IL-8 and a diagnosis of 

schizophrenia is unclear. However, IL-6 is thought to have an epigenetic effect by enhancing 

the nuclear translocation of DNA Cytosine-5-Methyltransferase (DNMT1), which in turn 

increases the methylation of DNA sequences and represses the GAD67 promoter (Hodge et 

al., 2007; Kundakovic et al., 2009). Given GAD67’s role in GABA synthesis and signaling, 

the repression of GAD67 by IL-6 implicates IL-6 as having a role in GABAergic neuronal 

dysfunction. Increased levels of IL-1B are thought to have an effect on the expression of 

genes that regulate glutamate neurotransmission and to be partially responsible for increased 

intracellular glutamate resulting in decreased neuronal viability (Soderlund et al., 2009; Ye 

et al., 2013). Lastly, fetal exposure to IL-8 in the second and third trimesters of pregnancy 

has been associated with obstetric complications, a future diagnosis of schizophrenia in 

offspring and disruptions in fetal neuroanatomical development commonly associated with 

schizophrenia (Ellman et al., 2010). On the other hand, there is evidence that cytokine 

abnormalities are not specific to schizophrenia and that these are encountered in other 

psychiatric disorders (Wang and Miller, 2018). Interestingly, Wang and Miller (2018) found 

an increase of 1L-1β levels in the CSF of those with bipolar disorder and schizophrenia 

compared to healthy controls and an increase of IL-6 and IL-8 in the CSF of those with 
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schizophrenia and depression compared to healthy controls. These results suggest then that 

despite overlapping findings, there are also specific cytokine abnormalities that are more 

prominent in certain psychiatric disorders.

Our original study has limitations. It utilized a small sample size, which included only adults 

and mostly male subjects. In addition, all patients were on antipsychotic treatment and 30% 

of patients had a diagnosis of psychosis NOS. However, we did not find any statistically 

significant differences in cytokine levels between patients with psychosis NOS versus 

patients with either schizophrenia or schizoaffective disorder (data not shown). Our findings 

are also limited by the fact that we did not systematically collect data about smoking, which 

has been shown to affect cytokine levels peripherally (Zhang et al., 2008). Therefore, the 

generalizability of our original study is limited by the small sample size and the restricted 

characteristics of our subjects.

Given widespread regulatory and research challenges in conducting CSF research, studies 

included in the meta-analysis had similar limitations compared to our own study. Therefore, 

the number of included studies is small and the sample sizes of those studies are typically 

small. In addition, data related to other potential confounding/interacting factors like 

antipsychotic type and dose, duration of treatment, body mass index, smoking status, 

severity of illness, and chronic medical complications were not consistently collected or 

reported, which prevented us from conducting more comprehensive statistical analysis to 

better understand the impact of these other factors on cytokine levels. Therefore, the results 

of our meta-analysis, and especially the subgroup analyses, should be regarded as 

preliminary. Lastly, an important limitation, not only of our original study but also of studies 

included in the meta-analysis, is that analyses were not performed using advanced CSF 

analytic methods as they are more commonly done in neurology (Jarius et al., 2010; Reiber 

and Peters, 2011; Gastaldi et al., 2017). These advanced methods include measuring all 

immune globulin classes in paired blood-CSF samples, measuring albumin in CSF, 

providing individual CSF reports and using parameters with well stablished cut-offs (Reiber 

and Peters, 2011; Gastaldi et al., 2017). Unfortunately, we did not measure immunoglobulins 

or albumin in CSF or collect blood samples from subjects, and therefore we could not 

perform these advanced CSF analyses. This was also true for all studies included in the 

meta-analysis except one (Vawter et al., 1996) which used some but not all of the advanced 

CSF analytic methods.

Moving forward, a critical question to explore is whether cytokine levels in peripheral blood 

correlate with cytokine levels in cerebrospinal fluid. Given the fact that that certain 

cytokines are transported across the blood brain barrier and that transporters are unique for 

certain groups of cytokines, it is possible that the degree of correlation is far from perfect 

(Banks et al., 1995; Banks, 2009). An additional factor to consider is the fact that the blood 

brain barrier permeability increases in the presence of inflammation, a process that it is 

believed to occur in schizophrenia (Muller and Ackenheil, 1995; Varatharaj and Galea, 

2017). Notably, Sasayama and colleagues obtained CSF and peripheral blood samples from 

schizophrenia patients and found no correlation between CSF and serum IL-6 levels 

(Sasayama et al., 2013). Additionally, and as reported by Van Kammen and colleagues, 

blood levels of IL-6 may be considered more a state marker while CSF levels of IL-6 seem 
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independent of state variables as it remains elevated regardless antipsychotic exposure or 

clinical status (Van Kammen et al., 1999).

In summary, a subset of pro-inflammatory cytokines is elevated in the cerebrospinal fluid of 

patients with a SSD diagnosis, although some findings are inconsistent across individual 

studies, likely due in part to a small number of studies and subjects. Moreover, cytokine 

levels are likely affected by other genetic, illness, and environmental factors, which were not 

accounted for in the majority of studies. Therefore, future studies would benefit from 

systematically collecting information about these factors and conducting advanced CSF 

analytic methods to better account for the effect of these factors in cytokine levels. Future 

studies would also benefit from recruiting a larger number of subjects, including 

antipsychotic-free and first-episode SSD patients, conducting follow-up lumbar punctures to 

help us understand the impact of length of illness and AP exposure on cytokine levels, and 

concomitantly collecting peripheral blood samples to help us understand the relationship 

between peripheral blood and CSF cytokine levels in patients with SSD diagnoses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cytokine Levels in CSF – Zucker Hillside Study
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Figure 2. 
QUOROM Flow Chart
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Figure 3. 
IL-6 in CSF of Patients with Schizophrenia vs. Healthy Volunteers
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Figure 4. 
IL-6 Funnel Plot
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Figure 5. 
IL-8 in CSF of Patients with Schizophrenia vs. Healthy Volunteers
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Table 1.

Baseline Characteristics

Patients (n=10) Healthy Controls (n=10) p-value

Mean age, n(SD) 43.04 (8.12) 40.02 (8.78) 0.44

Sex, male, n(%) 9(90) 9(90) >0.9

Race, black, n(%) 4(40) 6(60) 0.49

Median BPRS, n(IQR) 33(27–35) [5] 0(0)

Medications

Antipsychotic n(%) 6(100) [6]* NA

Mood stabilizer n(%) 2(33) [6] NA

Anti-depressant n(%) 3(50) [6] NA

Benzodiazepine n(%) 4(67) [6] NA

Outpatient recruitment setting 9(100) [9] NA

MATRICS Consensus Cognitive Battery

Composite Score, median (IQR) 27(10–34) [7] 43(41–44) [7] 0.004

Speed of Processing, median (IQR) 30(22–32) [7] 51(42–56) [7] 0.002

Attention/Vigilance, median (IQR) 27(16–41) [7] 53(49–66) [7] 0.004

Working Memory, median (IQR) 37(25–40) [7] 37(34.47) [7] 0.28

Verbal Learning, median (IQR) 36(33–39) [7] 44(37–54) [7] 0.06

Visual Learning, median (IQR) 41(25–44) [7] 36(26–48) [7] 0.95

Reasoning/Problem Solving, median (IQR) 36(32–37) [7] 45(33–48) [7] 0.15

Social Cognition, median (IQR) 40(22–45) [7] 51(45–57) [7] 0.02

IQR- Interquartile Range BPRS- Brief Psychiatric Rating Scale NA- Not Applicable

*
[ ] -Number of subjects with available data
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