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Abstract

Background: Peripheral levels of pro-inflammatory biomarkers have been shown to be altered in 

schizophrenia (SZ) and associated with cognitive impairments, but their relevance to specific 

cognitive domains remains unclear.

Methods: Plasma levels of cytokines, chemokines, and vascular biomarkers were quantified and 

compared between SZ and healthy comparison (HC) groups. Cognition was assessed using the 

Delis-Kaplan Executive Function System Trail Making (TM) and Color Word Interference (CWI) 

tests. Linear regression analyses examined differential relationships of inflammatory biomarkers 

with executive function between groups.

Results: Plasma levels of TNFα, ICAM1, and MCP1 were higher in individuals with SZ 

compared to HCs. Higher level of MCP1 was associated with increased CWI Inhibition Switching 

Errors in SZ but not HCs.

Conclusion: Like other studies, we found evidence for increased peripheral inflammation in SZ. 

We also showed that SZ with particularly high MCP1 levels had poor cognitive flexibility. 

Interventions to reduce chemokine elevations might prove beneficial for cognitive performance.
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INTRODUCTION

Schizophrenia (SZ) is a severe chronic illness with a worldwide prevalence of about 1% 

(Tandon et al., 2009), and contributes to high socioeconomic costs (Insel, 2010). Cognitive 

dysfunction is among the core symptoms of SZ and deficits negatively impact functional 

outcome (Galderisi et al., 2013). Further, cognitive impairments do not respond well to 

current antipsychotic treatments and predict lower rates of symptom remission (Millan et al., 

2016). Of the various cognitive domains affected in SZ, executive function, specifically the 

ability to flexibly shift and adapt one’s behavior over time and different circumstances 

(Barch et al., 2009), is of particular importance to independent living and social functioning 

(Savla et al., 2011).

An emerging hypothesis posits that deficits in cognitive performance in SZ may be at least 

partially mediated by systemic inflammation. Individuals with SZ are at increased risk of 

chronic low-grade peripheral inflammation. The profile of cognitive impairment in SZ 

strongly overlaps with abilities most vulnerable to changes observed in normal aging 

(Kirkpatrick et al., 2008). These cognitive deficits may be mediated by the immune system, 

as evidenced by inflammation-related alterations in the brain (Nguyen et al., 2017b).

Evidence of alterations of specific inflammatory biomarkers in SZ has been mixed 

(Momtazmanesh et al., 2019). Recent meta-analyses have revealed that general markers of 

inflammation (e.g., C-reactive protein [CRP] and leukocyte counts), cytokines (e.g., 

interleukin [IL]-6, IL-8, IL-10, interferon-γ [IFNγ], and tumor necrosis factor-α [TNFα]), 

and chemokines (e.g., eotaxin-1, macrophage inflammatory protein [MIP]-1α, MIP-1β, and 

monocyte chemoattractant protein [MCP]1/CCL2) are elevated in SZ, compared to healthy 

comparison (HC) subjects (Frydecka et al., 2018; Goldsmith et al., 2016; Pillinger et al., 

2019). Under an inflammatory condition, a cascade, broadly referred to as the coagulation 

pathway, induces the release of vascular endothelial markers (Wilson et al., 2003), such as 

intercellular adhesion molecule (ICAM)1/CD54 and vascular cell adhesion molecule 

(VCAM)1, which allow the transmigration of leukocytes across the blood-brain barrier 

(BBB) (Cai et al., 2018). Several studies have found increased blood levels of ICAM1 in SZ 

(Cai et al., 2018; Nguyen et al., 2017a).

Peripheral inflammation is hypothesized to lead to cognitive impairment via greater active 

transport of inflammatory mediators across the BBB or stimulation of brain vascular 

endothelial cells, resulting in neuroinflammation (Lim et al., 2013). Studies in healthy aging 

populations have shown associations of cognitive decline with neuroinflammation and 

peripheral inflammation (Lim et al., 2013; Tangestani Fard and Stough, 2019). Support for 

the role of inflammation in SZ pathology is provided by studies demonstrating improvement 

of symptoms, including cognitive impairment, with adjunctive treatment with anti-

inflammatory agents in addition to regular antipsychotic treatment (Nitta et al., 2013; 

Rapaport et al., 2005).

The relationship between various peripheral inflammatory biomarkers and cognition in SZ 

has been previously investigated but with large heterogeneity in results (Bettcher et al., 
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2019; Bora, 2019; Misiak et al., 2018). Mixed findings may be partially due to various 

markers and cognitive domains examined, in addition to differences in clinical 

characteristics among patients across studies (Goldsmith et al., 2016; Green et al., 2019). 

Furthermore, the specific relevance of different inflammatory markers and their interplay is 

not clear yet and neither is their role for specific cognitive domains.

Therefore, the aim of the current study was to investigate the relationship of multiple 

peripheral biomarkers of inflammation with cognitive deficits in SZ. Considering existing 

literature, we focused on the cognitive domains of processing speed and executive function. 

We hypothesized that individuals with SZ would have increased levels of peripheral pro-

inflammatory biomarkers compared to HC. Further, we hypothesized that increased levels of 

peripheral inflammation would be associated with worse cognitive deficits in SZ, but not in 

HCs, due to low levels and low inter-individual variability of inflammation in the latter 

group.

METHODS

Participants

This study included 20 outpatients with SZ and 20 non-psychiatric HCs between the ages of 

18 and 55 years. For details of recruitment procedures and inclusion criteria, see 

Supplemental Methods.

Hematology and Inflammatory Biomarkers

Non-fasting blood samples were drawn by a certified phlebotomist into 

ethylenediaminetetraacetic acid (EDTA)-treated vacutainers. White blood cell counts were 

assessed by the VA San Diego Clinical Laboratory using standard procedures. Plasma levels 

of cytokine, chemokine, and vascular biomarkers (CRP, Eotaxin, Fractalkine, IP10, IL6, 

IL10, ICAM1, IFNγ, MCP1, MIP1β, SAA, TNFα, VEGF, VCAM1) were quantified. For 

details on analysis procedures see (Hong et al., 2017; Lee et al., 2017). Intra-assay 

variability was less than 5% for all assays, except IL-10 (intra-assay CV 6%). No sample 

showed biomarker levels below the detection limits.

Clinical and Neuropsychological Assessment

Positive and negative psychiatric symptoms were evaluated using rater-administered Scales 

for Assessment of Positive Symptoms (SAPS) and Negative Symptoms (SANS) (Andreasen, 

1990). Depressive symptoms were assessed using the Center for Epidemiologic Studies 

Depression Scale (CESD) (Radloff, 1977). Cognition, specifically in the domains of 

processing speed executive function, was assessed using the Delis–Kaplan Executive 

Function System (D-KEFS) (Delis et al., 2001) Trail Making (TM) Test and Color Word 

Interference (CWI) Test. Age-corrected scaled scores were examined (see Table 1). All 

assessments were performed by certified raters.

Statistical Analysis

Statistical analysis was performed using SPSS version 25 (IBM Corp., SPSS Inc., Chicago 

IL, USA). Statistical tests report two-sided p-values. P-values were then adjusted for 
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multiple comparisons using the adaptive Benjamini-Hochberg procedure (Benjamini and 

Hochberg, 2000) to control the false discovery rate (FDR), with p < 0.10 considered 

statistically significant. Adjusted p-values are denoted as q-values. This methodological 

approach is favored for preliminary analysis to help generate hypotheses. The Kolmogorov 

Smirnov-Test was used to assess normality of distribution. Values of all biomarkers were 

log10 transformed due to non-normal distribution.

Group Differences—Demographic, clinical/cognitive, and biomarker variables were 

compared between groups using independent sample t-tests or Mann Whitney U tests, as 

appropriate, for continuous variables and Pearson’s Chi Square tests for categorical 

variables.

Correlation and Regression Analyses—We aimed to specifically investigate 

relationships between inflammation and cognition for those biomarkers that were altered in 

SZ. Therefore, for biomarkers that were significantly different between groups, we 

performed Spearman’s correlations with cognitive measures of executive function and 

processing speed within the SZ group. Subsequently, for each significant correlation (after 

correction for multiple comparisons), linear regression analyses were conducted to examine 

the differential relationship of group and inflammatory biomarkers on executive function or 

processing speed, with group, biomarker, and their interaction as independent variables and 

cognitive measure as the dependent variable.

RESULTS

Sample characteristics

Sociodemographic, psychiatric, and cognitive characteristics for the SZ and HC groups are 

presented in Table 1. SZ and HC groups did not differ on age, gender or race. As expected, 

the SZ group had lower levels of education, higher depression levels, and higher positive and 

negative symptom ratings, compared to HCs.

Group differences between hematologic and inflammatory biomarkers

Plasma levels of leukocytes, CRP, IL-6, TNFα, MCP1 and ICAM1 and VEGF were 

significantly higher in the SZ group compared to HCs. No group differences were observed 

for IL-10, IP-10, IFNγ, Eotaxin, MIP1β, Fractalkine, SAA, or VCAM1 (Table 1).

After correction for multiple comparisons, only TNFα (q = 0.03), MCP1 (q = 0.083), and 

ICAM1 (q = 0.083) remained significantly different between groups (Figure 1).

Relationship between inflammatory biomarkers and executive function measures

Table 2 displays correlations between inflammatory biomarkers that were elevated in SZ 

(TNFα, MCP1, and ICAM1) and cognitive measures within the SZ group. Relationships 

that were significant after correction for multiple comparisons were further explored in 

linear regression analyses to investigate differential relationships of inflammatory 

biomarkers and cognition between groups.
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Differential relationship of inflammatory biomarkers and cognition in SZ and HC

General linear models revealed a main effect of group (standardized β = 6.652, p = 0.006; 

partial eta-squared = 0.077; overall model fit: R2 = 0.459) and a group x MCP1 interaction 

for CWI Inhibition Switching Errors (standardized β = −7.121, p = 0.004; partial eta-squared 

= 0.231; overall model fit: R2 = 0.459) (Supplementary Table S1). Follow-up of this 

interaction revealed that higher levels of MCP1 were associated with worse cognitive 

flexibility (CWI Inhibition Switching Errors) in the SZ group (β = 0.745, p = 0.005), but 

there was no relationship in the HC group (β = 0.21, p = 0.453) (Figure 2). There were no 

significant differential relationships by group between other inflammatory biomarkers 

(TNFα and ICAM1) and cognitive variables.

DISCUSSION

The current study aimed to investigate how peripheral biomarkers of inflammation are 

associated with executive function and processing speed in SZ compared to HC. As 

hypothesized, individuals with SZ demonstrated higher plasma levels of TNFα, ICAM1, and 

MCP1 compared to HCs, which is consistent with extant literature (Frydecka et al., 2018; 

Goldsmith et al., 2016; Pillinger et al., 2019). Further in line with our hypothesis, higher 

levels of MCP1 were associated with worse cognitive flexibility, indicated by worse CWI 

color naming scores within SZ and more CWI inhibition switching errors in SZ, while there 

was no relationship of the latter in HC.

MCP1 is a chemokine that recruits immune cells to an inflammation site. MCP1 activity has 

been associated with neuroinflammation and neurodegeneration in preclinical studies (Stuart 

and Baune, 2014). Increased blood-levels of MCP1 were associated with memory decline in 

a longitudinal cohort on healthy aging (Bettcher et al., 2019), and MCP1 has been 

implicated in mild cognitive impairment and Alzheimer’s dementia (Galimberti et al., 2006). 

MCP1 has also been found to be elevated in SZ as well as in bipolar disorder, depression and 

mild cognitive impairment (Beumer et al., 2012; Galimberti et al., 2006; Ribeiro-Santos et 

al., 2014). MCP1 protein expression is constitutive, but its production is also induced by 

pro‐inflammatory cytokines.

Our finding of an inverse relationship of MCP1 blood levels with cognitive flexibility in 

patients with SZ is partially consistent with the literature. Among studies that specifically 

investigated associations of MCP1 levels with cognition, Martínez-Cengotitabengoa et al. 

reported a negative association between MCP1 plasma levels and memory, but not executive 

function, in patients with first episode SZ; and they did not observe significant differences in 

levels of MCP1 between SZ and HC participants (Martínez-Cengotitabengoa et al., 2012). 

Asevedo et al. did not find groups differences in plasma MCP1 levels between SZ and HC 

participants or any associations of MCP1 with cognitive functions (Asevedo et al., 2013). 

Orhan et al. observed increased levels of MCP1 in plasma but not in cerebrospinal fluid 

(CSF) among patients with first-episode SZ (Orhan et al., 2018). Divergent results across 

studies might be due to the heterogenous roles of MCP1 in the body.

We did not find associations of ICAM1 and TNFα with cognitive impairment after 

correction for multiple comparison, contrary to previous findings (Cai et al., 2018; 
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Goldsmith et al., 2020; Nguyen et al., 2017a; Stefanović et al., 2016). A possible 

explanation might be due to heterogeneity of SZ related to patient and disease 

characteristics. There may be clinically different subgroups of patients in whom distinct but 

related mechanisms are differentially involved. As for the dissociation between ICAM1 and 

MCP1, some studies have examined these biomarkers as measures of cerebrovascular 

dysfunction in preclinical Alzheimer’s disease patients and found gender differences, with 

males expressing higher levels of both MCP1 and ICAM1 (Janelidze et al., 2018). Although 

our sample did not differ in sex distribution and we found no differences in TNFα, ICAM1 

and MCP1 between sex groups, these effects might be related to more complex underlying 

processes.

Strengths and limitations

A particular strength of this study is that we examined numerous different variables that 

assess both timed and process components of executive function (Homack et al., 2005). 

Further, we investigated a wide range of biomarkers while correcting for multiple testing. 

Importantly, we screened out individuals with acute inflammatory activity, recent 

vaccinations, and serious medical illnesses. Several limitations exist. We did not find group 

differences in biomarkers that have been consistently demonstrated to be increased in SZ. 

This might be due to the small sample size of our study or high heterogeneity across SZ 

study samples. Blood draws were not fasting samples but were collected at a consistent time 

of day across participants. There has been research showing associations of inflammatory 

biomarkers with lifestyle and health factors (Beumer et al., 2012; Horn et al., 2018); 

unfortunately, these variables were not available in our sample. Further, we did not have 

information on psychotropic medications or disease characteristics such as age of onset or 

duration of illness, which are factors that have shown to be associated with cognition in SZ 

(MacKenzie et al., 2018; Rajji et al., 2009; Tandon et al., 2009). Psychiatric symptomology 

such as negative and positive psychotic symptoms and depression can also impact cognitive 

impairment and functional outcome (Bowie and Harvey, 2006; Leifker et al., 2009; 

Vöhringer et al., 2013). In our study, measures of psychiatric symptom severity (CESD, 

SAPS, SANS) were not correlated with measures of cognition. When these measures were 

included in regression analyses as covariates, findings were no longer significant, which is 

most likely due to the limited power due to the small sample size in our study. Given the 

small sample size of our study, we employed an exploratory statistical approach with regards 

to correcting for multiple comparisons. Our preliminary results will have to be tested in 

future studies in a hypothesis-driven way, with larger sample sizes to investigate the 

potential moderating effect of relevant disease characteristics between inflammation and 

cognition in SZ. Finally, the cross-sectional design of this study limits causal interpretations.

Conclusions and next steps

Overall, our results suggest that cognitive impairments in SZ, specifically cognitive 

flexibility, is associated with inflammation, specifically increased peripheral levels of the 

chemokine MCP1. However, MCP1 might only be one marker among others that is related 

to executive function, given our small sample size and limited power. Nevertheless, if 

confirmed in larger studies, our findings have important clinical implications for 

understanding the mechanisms underlying cognitive impairments in SZ and treatments, with 
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MCP1-related pathways as possible targets. Several directions for future research are 

envisioned. First, monitoring MCP1 could help understanding why certain patients are 

resistant to antipsychotic or cognitive treatments. Second, adjunctive anti-inflammatory 

treatment has been demonstrated to improve SZ symptoms, including cognitive impairment 

(Müller et al., 2002; Nitta et al., 2013; Rapaport et al., 2005). The development of a more 

specific treatment target might have fewer side effects and better tolerability for SZ patients. 

To reach this goal, future studies should examine the associations of up- and down-stream 

inflammatory mediators of MCP1 with cognition and their relation to neuronal processes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Group comparison of inflammatory biomarkers

A) Tumor necrosis factor alpha (TNFα) B) Monocyte chemoattractant protein-1 (MCP1), C) 

Intercellular adhesion molecule 1 (ICAM1).

Mean and standard deviation are depicted. Bars indicate significant results after correction 

for multiple testing: *q ≤ 0.1. Calculations of inflammatory biomarkers are based on log10-

transformed values.

Abbreviations: HC, healthy comparison; SZ, schizophrenia. Units are pg/ml for TNFα and 

MCP1, and ng/ml for ICAM1.
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Figure 2: 
Differential relationship of the MCP1 with cognition in SZ and HC

Scatterplot demonstrating the interaction of group (SZ versus HC) and MCP1 levels on CWI 

Inhibition Switching Error Scaled Score. Higher scaled scores indicate better performance.

** p<0.1 indicates significant relationship within group.

Abbreviations: CWI, color word interference test; HC, healthy comparison; LgMCP1, 

Log10 of monocyte chemoattractant protein 1, SZ, schizophrenia.
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Table 1:

Group differences in demographic, clinical, and cognitive variables and inflammatory biomarkers between 

schizophrenia (SZ) and healthy comparison subjects (HC).

Healthy comparison Schizophrenia Test statistics

n Mean SD n Mean SD χ2/U/t p

Sociodemographic factors

Age (years) 20 39.95 9.65 20 42.00 7.21 t= −0.761 0.451

Gender (M/F (% M/F)) 8/12 (40%/60%) 5/15 (25%/75%) χ2= 1.026 0.311

Education (years) 20 15.50 2.31 20 12.15 2.43 t= 4.469 0.000

Race (n (% Caucasian)) 15 (75%) 14 (70%) χ2= 8.034 0.154

Symptom Severity

CESD Total Score 18 2.83 2.90 12 8.17 4.17 U= 186.000 0.001

SAPS Total Score 7 0.29 0.76 17 5.35 4.05 U= 102.500 0.004

SANS Total Score 7 0.14 0.38 17 7.06 3.82 t= −7.386 0.000

Cognition

DKEFS - TM Visual Scanning 18 11.72 2.11 17 8.65 3.35 t= 3.268 0.003

DKEFS - TM Number Sequencing 18 13.00 2.09 17 9.18 3.41 t= 4.024 0.000

DKEFS - TM Letter Sequencing 18 12.83 1.82 17 8.65 4.72 U= 59.000 0.002

DKEFS - TM Letter-Number Completion 18 11.61 2.12 17 7.82 3.81 U= 65.500 0.003

DKEFS - TM Combined Number-Letter Sequencing 
Comp. 15 13.67 1.95 13 9.54 4.01 U= 32.500 0.002

DKEFS - CWI Color Naming 18 9.89 3.39 17 7.24 3.19 t= 2.379 0.023

DKEFS - CWI Inhibition 18 11.72 2.93 17 8.12 4.09 t= 3.011 0.005

DKEFS - CWI Word Reading 18 10.22 3.19 17 8.82 3.19 U= 113.000 0.183

DKEFS - CWI Inhibition Errors 15 10.80 1.86 13 8.00 4.16 U= 52.000 0.028

DKEFS - CWI Inhibition Switching 18 11.39 2.99 17 8.76 4.16 U= 95.000 0.054

DKEFS - CWI Inhibition Switching Errors 15 10.67 2.32 13 8.46 3.36 U= 49.000 0.022

DKEFS - CWI Combined Naming Reading Comp. 15 9.67 3.06 13 7.92 3.25 U= 63.000 0.109

Hematology

Leukocytes (K/μL) 15 6.62 2.07 16 8.22 1.96 t= −2.832 0.008

Inflammatory Biomarkers

CRP (mg/L) 20 1.55 1.67 19 3.47 3.72 t= 1.992 0.054

IL-6 (pg/mL) 20 1.85 6.06 19 0.98 0.91 U= 263 0.041

IL-10 (pg/mL) 20 0.22 0.10 19 0.20 0.09 t= 0.848 0.402

IP-10 (pg/mL) 20 209.00 98.02 19 332.82 552.64 U= 181 0.800

IFNγ (pg/mL) 20 4.83 5.59 19 6.30 9.19 U= 198 0.835

TNFα (pg/mL) 20 1.99 0.40 19 2.49 0.51 t= −3.210 0.003*

Eotaxin (pg/mL) 20 153.39 125.76 19 164.97 75.40 t= −0.966 0.340

MCP1 (pg/mL) 20 60.77 20.23 19 75.60 22.27 t= −2.330 0.025*

MIP1β (pg/mL) 20 67.08 27.69 19 98.93 70.71 t= −1.551 0.129

Fractalkine (pg/mL) 20 10391 2385 19 11037 3032 t= −0.593 0.557

SAA (ng/mL) 20 1964.32 1245 19 3659.49 3942 t= −1.571 0.125
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Healthy comparison Schizophrenia Test statistics

n Mean SD n Mean SD χ2/U/t p

ICAM1 (ng/mL) 20 314.60 50.28 19 435.29 177.44 U= 273.000 0.020*

VCAM1 (ng/mL) 20 426.81 70.36 19 418.48 65.01 t= 0.399 0.692

VEGF (pg/mL) 20 49.88 42.45 19 66.53 43.84 t= −1.700 0.097

Mean and standard deviation depicted.

Calculations of inflammatory biomarkers are based on log10-transformed values.

p-values < 0.1 are bolded.

*
q<0.1 indicates significance after correction for multiple testing among inflammatory biomarkers, depicting the biomarkers that were considered 

for correlation analysis.

Abbreviations: CESD, Center for Epidemiologic Studies Depression Scale; Comp., Composite; CRP, high-sensitivity CRP; CWI, color word 
interference test; D-KEFS, Delis–Kaplan Executive Function; ICAM1, intercellular adhesion molecule 1; IL, interleukin; IP-10, interferon-γ-
inducible protein-10; IFNγ, interferon-γ; MCP1, monocyte chemoattractant protein-1; MIP1β, macrophage inflammatory protein 1 beta; SAA, 
serum amyloid A; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms, TM: trail 
making test; TNFα, tumor necrosis factor alpha; VCAM1, vascular cell adhesion molecule 1; VEGF, vascular endothelial growth factor.
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Table 2:

Correlations between inflammatory biomarkers and cognitive measures within the schizophrenia group

TNFα MCP1 ICAM1

D-KEFS Cognitive measures r (s) P n r (s) p n r (s) p n

TM Visual Scanning Completion −0.64 0.008* 16 −0.5 0.049 16 −0.55 0.026* 16

TM Number Sequencing −0.409 0.116 16 −0.102 0.706 16 −0.453 0.078 16

TM Letter Sequencing −0.251 0.349 16 −0.216 0.421 16 −0.57 0.020* 16

TM Letter-Number Switching −0.58 0.018 16 −0.341 0.196 16 −0.484 0.057 16

TM Combined Number-Letter Sequencing Composite −0.468 0.125 12 −0.497 0.101 12 −0.67 0.018* 12

CWI Color Naming −0.402 0.123 16 −0.7 0.003* 16 −0.150 0.580 16

CWI Word Reading −0.225 0.402 16 −0.468 0.068 16 −0.141 0.603 16

CWI Inhibition −0.324 0.220 16 −0.170 0.530 16 −0.274 0.305 16

CWI Inhibition Errors −0.568 0.054 12 −0.447 0.145 12 −0.359 0.251 12

CWI Inhibition Switching −0.229 0.393 16 −0.309 0.244 16 −0.52 0.041* 16

CWI Inhibition Switching Errors −0.425 0.169 12 −0.71 0.010* 12 −0.262 0.411 12

CWI Combined Naming-Reading Composite −0.199 0.536 12 −0.59 0.044 12 0.199 0.536 12

Significant correlations with p-values < 0.1 are bolded.

*
q<0.1 indicates significance after correction for multiple testing and depicts the pairs that were entered in the next analysis step into regression 

analysis.

Abbreviations: CWI, color word interference test; D-KEFS, Delis–Kaplan Executive Function System; ICAM1, intercellular adhesion molecule 1; 
MCP1, monocyte chemoattractant protein-1; TNFα, tumor necrosis factor alpha; TM, trail making test.
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