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Objective: Accumulating evidence suggested that immune system activation might be involved in the pathophysiology of schizo-
phrenia. The neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte ratio (MLR), platelet/lymphocyte ratio (PLR) and systemic
immune-inflammation index (SII) can measure inflammation. This study aimed to investigate the inflammatory state in patients with
schizophrenia by using these indicators.

Methods: In this study, the complete blood count data for 187 continuing hospitalized patients with schizophrenia and 187 age- and
sex-matched healthy participants was collected annually from 2017 to 2019. Platelet (PLT), lymphocyte (LYM), monocyte (MON) and
neutrophil (NEU) counts were aggregated and NLR, MLR, PLR, and SII were calculated. Using a generalized linear mixed model, we
assessed the impact of age, sex, diagnosis, and sampling year on the above indicators and evaluated the interaction between the factors.
Results: According to the estimation results of the generalized linear mixed model, the NLR increased by 0.319 (p = 0.004), the MLR
increased by 0.037 (p < 0.001), and the SII increased by 57.858 (p = 0.018) in patients with schizophrenia. Data after two years of
continuous antipsychotic treatment showed that the NLR and MLR were higher in patients with schizophrenia than those in healthy
controls, while the PLT and LYM counts were decreased in patients with schizophrenia. The schizophrenia diagnosis was correlated to
the MON and LYM count, NLR, MLR, and SII (p < 0.05).

Conclusion: The differences in these markers were stable and cannot be eliminated by a full course of treatment. This study provides
impetus for the inflammatory hypothesis of schizophrenia.

Keywords: schizophrenia, systemic immune-inflammation index, neutrophil/lymphocyte ratio, monocyte/lymphocyte ratio, platelet/
lymphocyte ratio

Introduction

Existing evidence suggests a potential association between schizophrenia, inflammatory responses, and neuro-immunity
related genetic factors.'? It is theorized that exposure to high levels of interleukin-8 (IL-8) during fetal development may
influence brain structure, contributing to the onset of schizophrenia.® > Pregnant women’s immune responses can amplify fetal
inflammatory factors, thereby elevating the risk of schizophrenia in their offspring.® Additionally, childhood viral infections or
those occurring prior to disorder onset could exacerbate the risk of various mental disorders, including schizophrenia.””
A correlation between diverse bacterial and viral infections and the incidence of mental illnesses has been affirmed by
numerous studies.® > Food antigens or mast cells associated with allergic reactions may trigger symptoms of mental

disorders,'* !

and autoimmune diseases have been identified as having a linkage with schizophrenia.'” An elevated level
of various autoimmune antibodies has been observed in patients diagnosed with schizophrenia.'®
Elevated concentrations of several inflammatory factors have been found in individuals with schizophrenia, pointing

towards a potential correlation with immune responses.'”*° Abnormal levels of inflammatory markers have been
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observed in patients suffering from schizophrenia and bipolar disorder, indicating a substantial link between mental
illnesses and inflammatory responses.?'** Patients with schizophrenia have exhibited abnormal c-reactive protein levels,
reduced lymphocyte (LYM) counts, and increased levels of interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-23 (IL-
23), T helper 17 (Th17), tumor necrosis factor-o. (TNF-a), neutrophils (NEU), neutrophil/lymphocyte ratios (NLR), and
monocyte / lymphocyte ratios (MLR).%*-*

Despite the findings from studies indicating the activation of the immune inflammatory response (IRS) and
compensatory immune regulatory system (CIRS) in patients with schizophrenia,®® the exact mechanisms remain elusive.
One proposition is that chronic mild neuro-inflammation may have a more substantial contribution to mental illness
development.?® Chronic inflammation could disrupt neurotransmitter secretion balance, activate adrenergic al receptors,
and lead to uneven contractions in the vascular wall of the central nervous system. Such occurrences could alter brain
blood flow distribution, impair normal brain development and functioning, and subsequently induce mental illness.”®
Additionally, immune activation may result in endocannabinoid system abnormalities, giving rise to psychiatric
disorders.”” It has been suggested that bacterial translocation, particularly by gram-negative bacteria, could trigger
immune activation, leading to alterations in the IL-6/IL-23/Th17 axis and resulting in cognitive deficits and
schizophrenia.?>*%%°

Due to the robust association between immunity and schizophrenia, numerous inflammatory markers have been utilized
in schizophrenia research. Markers, such as NLR, MLR, and platelet/lymphocyte ratio (PLR), are gaining prominence due
to their relative ease of collection and confirmed associations with various mental illnesses.'*'®?*3%>7 Elevated levels of

NLR, MLR, and PLR have been observed in various psychiatric disorders, 3343637

and NLR may serve as a predictor for
suicide risk among certain patients with affective disorders.'® Several studies have shown that NLR, PLR, and MLR are
significantly higher in patients with schizophrenia.*>=* Furthermore, an investigation analyzing blood data at different
schizophrenia stages revealed that NLR, PLR, and MLR were elevated during the disease onset, and PLR and MLR
remained high during remission periods.*>

Our prior cross-sectional study involving a Chinese cohort demonstrated significant differences in platelet (PLT) and
LYM count, NLR, and MLR between individuals with schizophrenia and healthy participants.?* In the current study, we
extended our investigation on this cohort with three consecutive annual checkups, to further explore the stability of these
markers.

Moreover, we have incorporated the systemic immune-inflammation index (SII) as one of our observation indicators
in this study. SII, an inflammation marker that has recently gained significant attention, is extensively employed in
cancer, rheumatism, and immunity research.**** Recent studies have begun to explore the connection between SII and
the coronavirus disease (COVID-19).**** However, the relationship between SII and schizophrenia remains largely
uninvestigated. This study aims to address this knowledge gap.

Methods

Participants

Data for patients from Beijing Huilongguan Hospital undergoing complete blood count tests were logged into an electronic
database. Our initial study** drew from this database, comprising 395 patients with schizophrenia, diagnosed according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM)-1V, and 395 healthy individuals. These groups were matched
based on age and sex, with their complete blood count data subjected to analysis. The present study revisited the same 395
patients and healthy participants in the database, focusing on those with complete blood count records for three consecutive years
from 2017 to 2019. To ensure comprehensive medical records, only inpatients were included. Given the hospital’s routine of
conducting annual physical examinations every October, patient data collected in October of each year were extracted to mitigate
potential influence from seasonal fluctuations. After reviewing medical records to exclude participants with conditions impacting
inflammatory markers (infectious diseases, acute and chronic inflammations, allergic diseases, autoimmune diseases, malignant
tumors) or those taking medications affecting blood markers (antibiotics, antiviral drugs, antiallergic drugs, immunosuppres-
sants, leukocyte promoters), 260 patients and 234 healthy participants were deemed suitable for inclusion in the study.
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Participants were matched using a precise 1:1 propensity score based on age and sex. The final data analysis included 187 patients
and 187 healthy participants.

As a retrospective study, the Human Research Ethics Committee of Beijing Huilongguan Hospital waived the need
for consent. However, all patients retained the right to opt-out of medical research participation, as announced on
a hospital bulletin board. Personally identifiable information remained unidentifiable throughout the research investiga-
tion. This study complied with the Declaration of Helsinki and received approval from the Human Research Ethics
Committee of Beijing Huilongguan Hospital [Protocol No. 2017-49].

Blood Count Analysis and Ratio Calculation

The SYSMEX XN-3000 assembly line (Sysmex Corporation, Japan), along with its supporting reagents and quality
control products, was utilized to obtain complete blood counts. The operation strictly adhered to the quality control and
testing requirements as outlined in the operation manual.

Complete blood count results spanning January 01, 2017, to December 31, 2019, were collected from the hospital’s
electronic laboratory system. The yearly complete blood count test data of the patients were incorporated into the
analysis. If multiple data records for the same patient within a single year existed, the first complete blood count test data
of that year were utilized. NEU, LYM, PLT, and monocyte (MON) counts were extracted, and the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and SII
(PLT*NEU/LYM) were calculated, each to three decimal places.

Statistical Analyses

IBM SPSS Statistics for Windows Version 22.0 (IBM Corp., Armonk, NY, USA) facilitated all data analyses. Paired-
sample nonparametric tests were employed to ascertain differences between groups. A generalized linear mixed model
was used to assess the influence of age, sex, diagnosis, and sampling year, along with the interaction among these factors.
A significance level was set at 5% (p < 0.05). All data are expressed as mean + standard deviation (SD).

Results

Participant Characteristics
The 374 participants had an average age of 47.09 + 9.22 years in 2019, with 62.6% being male. Demographic
information and clinical characteristics of the participants are detailed in Table 1.

Table | Participant Demographics and Clinical Characteristics

Patients (n=187) Healthy Controls (n=187)

2017 2018 2019 2017 2018 2019
AGE (2019) - - 47.09+£9.22 - - 47.09+9.22
Sex (Male%) 62.60% 62.60%
PLT (1079/L) 246.60+68.7 | 234.76+65.00 234.02+63.22 253.39+58.82 247.45+59.90 252.73+64.88
MON (1079/L) 0.4210.16 0.38+0.14 0.3910.16 0.37+0.11 0.37£0.15 0.36+0.12
LYM (1079/L) 2.11£0.68 2.15+0.65 2.14+0.63 2.22+0.62 2.28+0.61 2.37+0.66
NEU (1079/L) 4.06+1.88 3.86+1.54 3.82+1.39 3.72+1.31 3.76x1.67 3.64£1.31
NLR 2.19£1.59 2.11£2.82 1.93+1.00 1.890+2.18 1.75+0.92 1.63+0.66
MLR 0.2310.14 0.21+0.27 0.20£0.11 0.18+0.15 0.17+0.08 0.16+0.06
PLR 127.94£54 .47 122.66+101.93 116.90+42.93 120.45+36.24 114.21£36.21 111.97+£33.53
Sl 543.89+492.49 476.82+451.78 452.16%260.62 451.73+238.00 433.97£310.15 411.22+212.21

Notes: SlI, platelet*monocyte/lymphocyte. All data are reported as mean * standard deviation.
Abbreviations: PLT, platelets; MON, monocyte; LYM, lymphocyte; NEU, neutrophil; NLR, neutrophil/lymphocyte; MLR, monocyte/lymphocyte; PLR, platelet/
lymphocyte.

Neuropsychiatric Disease and Treatment 2023:19 hetps: 1599

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhu et al Dove

Analyses of Inflammatory Indicators Spanning 3 Years

Using a generalized linear mixed model, we examined the impact of age, sex, diagnosis, and sampling time on
inflammatory markers. The diagnosis of schizophrenia was found to be associated with the MON and LYM counts,
the NLR, MLR, and SII (p < 0.05). A noteworthy trend towards correlation was observed between diagnosis and NEU
count (p = 0.051). Additionally, age and sex influenced several of the inflammatory markers (refer to Table 2).

Our primary focus was on inflammatory markers, such as MLR, NLR, PLR, and SII. Given that no interaction was
found between diagnosis and sex or diagnosis and sampling time for MLR, NLR, PLR, or SII (p > 0.05), these interaction
factors were removed. We then applied a generalized linear mixed model to further analyze the impact of each factor on
these inflammatory markers.

The diagnosis of schizophrenia was found to correlate with increased NLR, MLR, and SII. A schizophrenia diagnosis
increased the NLR by 0.319 (p = 0.004), MLR by 0.037 (p <0.001), and SII by 57.858 (p = 0.018). Additionally, sex and age
exerted a certain influence. The MLR was higher in males (£ = 0.033, p = 0.001), while SII (5 =-51.882, p = 0.042) and PLR
(B =-17.992, p <0.001) were lower. Moreover, SII showed a decrease with age (5 =2.721, p = 0.043) (see Table 3).

Table 2 The Influence of Various Factors on Inflammatory Markers

AGE SEX DIG TIME DIG*SEX | DIG*TIME
PLT F 7.590 33.871 3.192 5.450 3.975 2272
p 0.006 <0.001 0.074 0.004 0.046 0.104
MON F 0.580 27.438 8.485 4227 2.685 4.238
p 0.447 <0.001 0.004 0.015 0.102 0.015
LYM F 4.677 1.175 7.923 3.279 0.108 1.760
p 0.031 0.279 0.005 0.038 0.743 0.173
NEU F 4.001 1.482 3.821 1.803 1.775 1.019
p 0.046 0.224 0.051 0.165 0.183 0.361
NLR F 1.384 1.022 8.236 2.658 0.217 0.048
p 0.240 0.312 0.004 0.071 0.642 0.953
MLR F 0.393 10.189 14.197 2,983 0.147 0.112
p 0.531 0.001 <0.001 0.051 0.701 0.894
PLR F 0.511 15.316 2.941 7219 0.711 0.171
p 0.475 <0.001 0.087 0.001 0.399 0.843
Sl F 4.146 4.165 7.753 5.043 3.338 0910
p 0.042 0.041 0.005 0.007 0.068 0.403

Notes: SlI, platelet*monocyte/lymphocyte. Generalized Linear Mixed Model was used to assess the impact of age, gender, diagnosis and

sampling year on inflammatory markers.

Abbreviations: PLT, platelets; MON, monocyte; LYM, lymphocyte; NEU, neutrophil; NLR, neutrophil/lymphocyte; MLR, monocyte/

lymphocyte; PLR, platelet/lymphocyte.

Table 3 The Influence of Various Factors on Inflammatory Markers and Their Coefficients

AGE SEX DIG TIME AGE SEX DIG TIME=2 TIME=3

NLR F 1.386 1.023 8.190 2.667 § —0.007 0.117 0.319 —-0.118 —0.264

p 0.239 0.312 0.004 0.070 p 0.239 0.312 0.004 0.329 0.021
MLR F 0.394 10.214 14.392 2.990 § 0>$>-0.001 0.033 0.037 —0.016 —0.025

p 0.530 0.001 <0.001 0.051 p 0.530 0.001 <0.001 0.140 0.016
PLR F 0.512 15.327 2.661 7.237 B —0.173 —-17.992 7.194 —5.760 —9.759

p 0.475 <0.001 0.103 0.001 p 0.475 <0.001 0.103 0.136 <0.001
Sl F 4.122 4.140 5.603 5.036 B -2.721 —51.882 57.858 —42.410 —66.118

p 0.043 0.042 0.018 0.007 p 0.043 0.042 0.018 0.065 0.002

Notes: Sll, platelet*monocyte/lymphocyte. Time=2 represents 2018, Time=3 represents 2019. Generalized Linear Mixed Model was used to assess the impact of age,

gender, diagnosis and sampling year on inflammatory markers.

Abbreviations: NLR, neutrophil/lymphocyte; MLR, monocyte/lymphocyte; PLR, platelet/lymphocyte;
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Table 4 Comparison of PLT, MON, LYM, NEU, PLR, NLR, MLR, and SII Between Patients with
Schizophrenia and Healthy Controls in 2019

Patients (n=187) | Healthy Controls (n=187) | Statistics (Z) | Significant
PLT (1079/L) 234.02+63.22 252.73+64.88 —2.902 0.004
MON (1079/L) 0.39£0.16 0.36+0.12 1.699 0.091
LYM (1079/L) 2.14£0.63 2.37+0.66 —3.466 0.001
NEU (1079/L) 3.82+1.39 3.64+1.31 1.275 0.204
NLR 1.93+1.00 1.63+0.66 3.504 0.001
MLR 0.20£0.11 0.16+0.06 3.923 <0.001
PLR 116.90+42.93 111.97+33.53 1.277 0.203
NI 452.16%260.62 411.224212.21 1.615 0.108

Notes: SlI, platelet*monocyte/lymphocyte. All data are reported as mean * standard deviation. Paired-sample nonparametric tests
were used to compare differences between groups.

Abbreviations: PLT, platelets; MON, monocyte; LYM, lymphocyte; NEU, neutrophil; NLR, neutrophil/lymphocyte; MLR, monocyte/
lymphocyte; PLR, platelet/lymphocyte;

Analyses of Inflammatory Indicators in 2019

Considering all patients in this study remained hospitalized from 2017 to 2019, we can surmise that the 2019 patient data
likely represent a treated/medicated state. We separately analyzed this data. The PLT and LYM counts were lower in
patients with schizophrenia compared to controls (p < 0.05), while no significant difference was observed in MON and
NEU counts. The NLR and MLR were higher in patients with schizophrenia compared to controls (p < 0.05), yet no
significant difference was observed in PLR and SII between the two groups (refer to Table 4).

Discussion
This study reveals a decrease in PLT and LYM counts, along with an increase in the NLR and MLR among patients
diagnosed with schizophrenia, reinforcing the conclusions of our previous research.**

A significant correlation was observed between schizophrenia and the NLR, MLR, and SII. Our analysis of data
spanning three years indicated that the abnormal inflammatory state observed in patients diagnosed with schizophrenia
was not transitory or incidental, but rather persistent and enduring. The constancy of NLR, MLR, and SII changes over
time suggests that they could serve as stable markers for the disease. Importantly, these anomalies were directly linked to
the disease, with no influence from age and gender interactions.

While we could not gather information on patients’ psychopathology and medications for this study, all participants
had been hospitalized from 2017 to 2019. This suggests that they underwent consistent treatment for a minimum of two
years, equivalent to a full course of schizophrenia treatment. Data from 2019 revealed that the MLR and NLR in patients
with schizophrenia remained significantly higher than those in healthy individuals. This indicates that the abnormal
inflammatory state does not diminish even after a full course of treatment. While some researchers argue that
antipsychotic medications affect inflammatory indicators, such as c-reactive protein, erythrocyte sedimentation rate,
IL-6, IL-1p, and TNF-0,** others contend that specific antipsychotics, such as clozapine, do not significantly impact
the ratios of the inflammatory markers we investigated.>

Our findings lend further support to the hypothesis that there is a connection between inflammation and schizo-
phrenia. While we did not observe an increase in NEU counts in patients, as some prior studies have reported, we did
note a decrease in LYM counts and elevations in NLR and MLR. This aligns with the results of previous research,>***
indicating the existence of an inflammatory response in patients with schizophrenia. Although the inflammatory state in
schizophrenia patients is clear, the causal link between schizophrenia and inflammation remains speculative, pending
further research.

There have been few studies that examine the relationship between sex, age, and the PLR, MLR, NLR, and SII. Two
substantial studies among healthy Chinese individuals attempted to explore the effect of age and sex on these
inflammatory markers, but yielded inconsistent results.***° Our study showed that males have higher MLR, but lower

50,51

SIT and PLR. Estrogen, which exhibits anti-inflammatory properties and may alleviate psychiatric symptoms, could
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account for these differences in inflammatory markers. However, body-produced estrogen levels fluctuate, and consider-
ing the impact of female menopause adds further complexity. Our findings suggest that age impacts SII, but compre-
hensive research on age and sex would necessitate a larger sample size. Consequently, our study can only provide
reference points for future related research, given our limited number of participants.

This research has several strengths. Our team is the first to use these inflammatory markers to study schizophrenia in
a Chinese population, thereby addressing a racial data gap in the field. The application of SII analysis, in particular, is
a pioneering approach in the context of schizophrenia research. Additionally, we amassed data from hundreds of
individuals over a retrospective three-year period, a scale rarely seen in similar studies. By carefully matching patient
and control groups on a one-to-one basis according to age and sex, we minimized confounding factors. Moreover, the use
of a generalized linear mixed model made our analysis of influencing factors more comprehensive.

However, this study is not without its limitations. As an observational and retrospective study, we did not carry out medical
interventions or establish groups and comparisons based on these interventions, which restricts our ability to make causal
inferences. Although we inferred the treatment status of the patients based on data continuity, gathering more precise
information on treatment and disease status at the time of sampling would have enhanced our research. We observed that
inflammatory markers did not change significantly over the three-year study period, possibly because the time span was too
brief. Future studies with a longer tracking period might provide a more rigorous evaluation of these markers.

This study’s focus on the relationship between schizophrenia and several inflammatory factors could also be viewed
as a limitation. The etiology of schizophrenia is multifaceted, with links to adipokine dysregulation, metabolic syndrome,
and stress, among other factors.’>>* Additionally, adipokine dysregulation, stress, smoking, weight, and lifestyle can
affect immune response.’>® Interactions between these elements complicate the pathogenesis of schizophrenia, yet our
study was unable to delve deeper into these aspects. Future research that considers these intricate factors and their
interrelationships may enhance our understanding of schizophrenia’s pathogenesis.

Conclusion

Our findings highlight a distinctive inflammatory profile in patients with schizophrenia compared to healthy individuals. The
alterations in these inflammatory markers appear stable and remain unaffected by systemic treatments. We propose that this
persistent, treatment-resistant inflammatory state provides a critical lens for comprehending the complex nature of schizo-
phrenia. Further exploration in this area may pave the way for new strategies in managing this multifaceted disorder.
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