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Background: More and more evidence shows that infection and immune abnormality are closely related to the increased severity of
schizophrenia symptoms. This study aimed to explore the correlation between inflammatory cell counts, sleep quality, and psychiatric
symptoms in first-episode schizophrenia patients.

Methods: A total of 103 first-episode schizophrenia patients (patient group) admitted to the Anhui Provincial Mental Health Center
from November 2021 to August 2022 were included in the study, while 57 healthy individuals (control group) who met the criteria
were recruited as the study subjects. The Positive and Negative Symptom Scale (PANSS) and Pittsburgh Sleep Quality Index (PSQI)
were used to evaluate the mental symptoms and sleep status of the patients. Blood analysis results were used to determine the
peripheral blood white blood cells (WBC) and lymphocytes of the two groups. Count neutrophils, monocytes, and platelets (PLT) of
the two groups. The neutrophil lymphocyte ratio (NLR), monocyte lymphocyte ratio (MLR), and platelet lymphocyte ratio (PLR) were
calculated. Differential, correlation, and regression analysis were performed on survey data using SPSS 26.0.

Results: Results showed WBC, neutrophils, monocytes, NLR, MLR higher in case vs control group (p<0.05). Correlation analysis
found monocytes negatively correlated with sleep time (rs=—0.205, p=0.037) and MLR with arousal factor (rs=—0.204, p=0.039).
Linear regression showed that MLR positively affected arousal score (B=7.196, t=2.781, p=0.006) and monocytes negatively affected
sleep time score (B=—0.851, t=—2.157, p=0.033). ROC analysis revealed high sensitivity and specificity of WBC, neutrophils,
monocytes, NLR, MLR for SCZ symptom prediction.

Conclusion: The study concluded that elevated WBC, neutrophils, monocytes, NLR, and MLR levels in the case group were
significantly associated with increased severity of schizophrenia symptoms, particularly affecting sleep and arousal factors, and
demonstrated high predictive validity for SCZ symptoms.
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Introduction

Schizophrenia (SCZ) is a severe mental illness characterized by unknown etiology, cognitive symptoms and emotional
dysregulation.' It is often associated with a poor prognosis compared to many other mental disorders™* and significantly
impacts patients’ lives. The disease burden associated with schizophrenia ranks among the highest of all diseases.’®
Previous research underscores the role of inflammation in SCZ pathology, with infection and immune irregularities
closely linked to its symptoms.* For instance, reduced levels of brain-derived neurotrophic factor (BDNF) and elevated
C-reactive protein (CRP) are associated with cognitive impairment and negative symptoms in SCZ patients.”® The

Neuropsychiatric Disease and Treatment 2025:21 373-38| 373
Received: 28 November 2024 © 2025 Hu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 14 February 2025
Published: 26 February 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2785-1505
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Hu et al

genetic inflammation vascular hypothesis posits’ that chronic systemic inflammation can impair the microvasculature of
the central nervous system, disrupting blood flow regulation and the blood—brain barrier, ultimately precipitating mental
illness. Despite the predominant focus on inflammatory factors in existing research, biomarkers such as serum white
blood cell count® and other inflammatory cell counts, along with their ratios like the neutrophil-to-lymphocyte ratio

%10 warrant attention as indicators

(NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR),
of inflammation. Previous studies have demonstrated elevated NLR in patients with schizophrenia, major depressive
disorder, and bipolar disorder compared to healthy controls.'' In patients with schizophrenia, female patients have higher
NLR and PLR than males, and they are positively correlated with antipsychotic dose and negatively correlated with
cognitive function.'? In addition, NLR, SII and PAR values and CRP level might be a state biomarker of inflammation in
bipolar patients in a manic phase.'’

Sleep is a crucial and intricate process essential for maintaining physiological homeostasis.'* Alterations in sleep
patterns are frequently observed among psychiatric patients.'> Inadequate sleep can induce changes in inflammatory
markers and mediators such as neutrophils, monocytes, and the neutrophil lymphocyte ratio (NLR),'® contributing to
a chronic inflammatory state and fatigue,'” which can exacerbate psychiatric symptoms such as cognitive symptoms.'®'?
Existing research indicates that in patients with schizophrenia, total sleep duration is negatively correlated with NLR and
platelet lymphocyte ratio (PLR), while sleep efficiency correlates negatively with neutrophil count and NLR. Conversely,
the latency to sleep onset, total activity during sleep, number of awakenings after sleep onset, and total awakenings are
positively correlated with white blood cell and neutrophil counts. Additionally, the average duration of awakenings
correlates positively with NLR and PLR.?® Compared with previous studies, this study innovatively focuses on patients
with first-episode schizophrenia and provides insights into the fine-grained correlations of key inflammatory markers
with sleep duration and psychiatric symptoms, which provides new biomarker perspectives for early identification and

intervention of schizophrenia and has important clinical applications.

Materials and Methods

Subjects
This study selected first-time schizophrenia patients who were hospitalized at the Anhui Provincial Mental Health Center
from November 2022 to August 2023. Inclusion criteria: (1) individuals who meet the diagnostic criteria for DSM-5
schizophrenia; (2) first onset, no use of antipsychotic drugs (including sedative and hypnotic drugs); (3) age range from
18 to 60 years old. Exclusion criteria: (1) individuals with diseases that may lead to abnormal peripheral blood count
results (such as chronic obstructive pulmonary disease, cardiovascular disease, hematological abnormalities, malignant
tumors, etc); (2) those who have a history of head injury, nervous system diseases, or other chronic diseases (such as
infectious diseases, diabetes, hypertension, autoimmune diseases, etc); (3) those who take drugs that may interfere with
peripheral blood levels (such as glucocorticoids, nonsteroidal anti-inflammatory drugs, antibiotics); (4) Leukocytosis
(>11 x 10"9/L), leukopenia (<4 x 10"9/L), thrombocytosis (>450 x 10"9/L), thrombocytopenia (<150 x 10"9/L). A total
of 103 first-time psychiatric patients were included in this study, including 52 male patients (50.4%) and 51 female
patients (49.6%) aged 18-58. Additionally, there were 57 healthy controls.

This study was reviewed and approved by the Medical Ethics Committee of the Affiliated Psychological Hospital of
Anhui Medical University (Ethics Number: HFSY-IRB-YJ-KYXM-ZXL). All participants had a clear understanding of
the research purpose and signed informed consent forms.

Research Design
General Data Collection

Collect demographic data of enrolled individuals, including gender, age, height, weight, body mass index (BMI), years of
education, and course of illness.

Peripheral Blood Cell Testing
Fasting venous blood samples were collected from the enrolled subjects the next day at 6-8 am and tested at the
Laboratory of Anhui Provincial Mental Health Center. Blood routine analysis was performed using an automatic blood
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analyzer (Mindray BC-2800, Shenzhen, China). We obtained serum white blood cell count (WBC), lymphocyte count,
neutrophil count, monocyte count, and platelet count (PLT) data, and calculated: NLR=neutrophil count/lymphocyte
count, PLR = platelet count/lymphocyte count.

Clinical Assessment

The Positive and Negative Syndrome Scale (PANSS) was used for evaluation, and a 5-factor model analysis was
performed, including cognitive factors (P2, N5, N7, G10, G11), excitatory factors (P4, P7, G4, G8, G14), depressive
factors (G2, G3, G6), negative factors (N1-N7), and positive factors (P1-P7). The evaluation was conducted by two
psychiatric clinical physicians who have undergone consistency training; the higher the score, the greater the severity of
the symptoms.

The Pittsburgh Sleep Quality Index (PSQI) was used, which was developed by psychiatrists at the University of
Pittsburgh in 1989.%" Tt consists of 9 questions, divided into 7 dimensions: sleep quality, sleep onset time, duration of
sleep, sleep efficiency, sleep disorders, use of sleep medication, and daytime functional impairment. Each dimension is
scored from 0 to 3, with a total score of 21 points. The higher the score, the lower the sleep quality.*>

Data Analysis

SPSS 26.0 was used for statistical analysis. Normally distributed data were represented as mean + standard deviation (x
+s), while skewed distribution data were represented as median (P25, P75). Measurement data that followed a normal
distribution were compared between two groups using independent sample 7-tests, while measurement data that did not
follow a normal distribution were compared using Mann—Whitney U-tests. Count data were compared using chi-square
tests, expressed as [n (%)]. The receiver operating characteristic (ROC) curve was used to predict the influencing factors
on the prognosis of first-episode schizophrenia. A 95% confidence interval was used, and a difference of P <0.05 was
considered statistically significant.

Results
Comparison of General Information Between the Patient Group and the Control
Group

The results showed that there was no significant difference in gender, age, BMI, and years of education between the
patient group and the control group (all P>0.05), as shown in Table 1.

Comparison of Inflammatory Cells Between the Patient Group and the Control
Group

The number of white blood cells, neutrophils, monocytes, NLR, and MLR in the patient group was significantly higher than
those in the control group, and the differences were statistically significant (all P<0.05). The results are shown in Table 2.

Table 1 Comparison of General Information Between Patient Group and
Control Group

Project Patient Group | Control Group | P-value
Gender (eg male/female) 52/51 26/31 0.206
Age (years X £ S), 33.79 £ 10.18 32.75 +9.86 0.536
BMI (kg/m?, X £ S) 2237 £ 3.65 22.19 + 2.80 0.726
Education years (years X + S) 12.05 * 3.67 12.82 + 3.89 0.212
Disease duration (months X + S) | 4.37 + 3.50 -

Note: - represents the absence of this data.
Abbreviation: BMI, the body mass index.
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Table 2 Comparison of Peripheral Blood Cell Differences Between the Patient Group and the Control Group

Group Example Peripheral Blood Cells [M (p2s, p7s), 1091
C t
oun WBC Neutrophil | Lymphocyte | Monocyte | PLT NLR MLR PLR
Count Count Count

Patient 103 747 4.84 1.97 0.49 213.29 2.68 0.28 117.91
group (5.93,9.13) | (3.5,5.68) (1.53,2.35) (0.36,0.57) (172,260) (1.74,3.05) | (0.19,0.3) | (85.66140.78)
Control 57 5.57 3.19 1.91 210.12 1.77 0.17 188.53
group (4.49,6.28) | (2.38,3.72) (1.48,2.27) (186,245) (1.40,2.02) | (0.14,0.2) | (90.96136.48)
Z-value —5.068 —-5.831 —0.390 —6.585 —0.362 —4.762 —6.091 —5.068
P-value <0.001** <0.001** 0.696 <0.001** 0.718 <0.001** <0.001** | 0.547

Note: ** p<0.0l.
Abbreviations: WBC, white blood cell count; PLR, platelet count; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Correlation Analysis Between WBC, Neutrophil Count, Monocyte Count, NLR, MLR,
PANSS, and PSQI Scores in the Patient Group

The Spearman rank correlation results showed a negative correlation between monocyte count and sleep time factor (rs=
—0.205, P=0.037), and MLR and excitatory factor (rs=—0.204, P=0.039), as shown in Table 3.

Multiple Linear Regression Analysis of Factors Affecting Excitability and Sleep Time in
the Patient Group

Using variables with significant correlation in correlation analysis, ie, dividing excitatory factors as the dependent
variable and MLR as the independent variable; PSQI sleep time is the dependent variable, and monocyte count is the
independent variable. The results showed that MLR had a positive effect on excitatory factor scores (f=7.196, t=2.781,
P=0.006); The number of monocytes has a negative impact on the sleep time factor score (B=—0.851, t=—2.157, P=0.033),
as shown in Table 4.

Table 3 Correlation Between PANSS Scale,
Inflammatory Cells in Patient Group

PSQI Scale and Peripheral

group NLR MLR WBC | Neutrophil Monocyte
Count Count
PANSS total score —0.061 | —0.190 | 0.138 | 0.104 —0.008
Cognitive factors —0.010 | —0.098 | 0.067 | 0.067 —0.011
Excitatory factor —0.163 | —0.204a | 0.113 0.040 —0.007
Depressive factors —0.138 | —0.158 | —0.069 | —0.093 —0.179
Positive factors —0.126 | —0.102 | 0.117 | 0.057 0.100
Negative factors 0.106 —0.061 0.032 0.067 —0.092
PSQI total score 0.116 —0.041 0.050 0.056 -0.130
Sleep quality 0.046 | —0.049 | 0.159 | 0.114 0.031
Sleep time 0.030 | -0.045 | -0.108 | —0.086 —0.170
Sleep time 0.114 | -0.039 | —0.055 | —0.013 —0.205 *
Sleep efficiency 0.040 0.002 —0.070 | —0.056 —-0.112
Sleep disorders 0.135 0.030 0.052 0.065 —0.081
Daytime Dysfunction | 0.013 —0.024 | 0.075 0.049 —0.009

Note: *p<0.05;
Abbreviations: WBC, white blood cell count; L, lymphocyte count; PLR, platelet count; NLR, neutro-
phil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Table 4 Multiple Linear Regression Analysis of Factors Affecting Excitability and Sleep Time in
the Patient Group

Dependent Variable | Independent Variable | B SE B T-value | P-value

Excitatory factor Constant 7.807 | 2.632 | - 2.966 0.003**
MLR 7.196 | 2.588 | 0.24 2.781 0.006**

Sleep time Constant 1.061 0.180 | - 5.909 <0.001**
Monocyte count -0.851 | 0.395 | —0.169 | —2.157 | 0.033*

Notes: *p<0.05;** p<0.01.

ROC Curve Analysis of WBC, Neutrophil Count, Monocyte Count, NLR, and MLR in
Predicting the Prognosis of SCZ

The number of white blood cells, neutrophils, monocytes, NLR, and MLR in the patient group was significantly higher
than those in the control group. The ROC curve was used to evaluate these inflammatory cells that may affect the
prognosis of SCZ. WBC was detected separately, with a cut-off value of 6.315, AUC=0.744, sensitivity of 0.631, and
specificity of 0.768, 95% confidence interval (0.671, 0.825); neutrophil Count was detected separately, with a cut-off
value of 3.735, AUC=0.779, sensitivity of 0.718, and specificity of 0.772, 95% confidence interval (0.707, 0.850); NLR
detection alone, cut-off value 2.144, AUC=0.728, sensitivity 0.563, specificity 0.542, 95% confidence interval (0.649,
0.806); MLR alone detection, cut off value 0.209, AUC 0.791, sensitivity 0.650, specificity 0.807, 95% confidence
interval (0.719, 0.862); monocyte count alone detection, cut-off value 0.425, AUC 0.815, sensitivity 0.592, specificity
0.912, 95% confidence interval (0.749, 0.880), as shown in Figure 1.

Discussion

Previous studies have focused on the role of inflammatory cells in the pathogenesis of schizophrenia, but less attention has
been paid to their direct correlation with patients’ sleep and psychiatric symptoms. The present study systematically
investigated for the first time the correlation between monocyte count, MLR, and other inflammatory cell indices with
sleep quality and psychiatric symptoms in patients with first-episode schizophrenia, filling a research gap in this field.
Extensive research”* has highlighted the pivotal role of inflammation in the pathophysiology of schizophrenia, where
inflammatory factors are closely linked to alterations in brain structure and function.>> Immune cell counts in peripheral blood
are included in routine blood tests and represent an indicator of systemic immunity. The study of the relationship between
peripheral immune cells in routine blood tests and the symptoms of schizophrenia can, on the one hand, strengthen the immune
hypothesis of schizophrenia and, on the other hand, is simple and easy to perform, with good clinical application value.*®
Recent studies have reported elevated levels of white blood cells, neutrophils, lymphocytes, and monocytes in SCZ patients

27

compared to healthy controls,”" consistent with findings from our study. However, unlike previous studies, we further

analyzed the correlation of these inflammatory cellular markers with patients’ sleep quality and psychiatric symptoms and
found that monocyte count and MLR were significantly correlated with patients’ sleep disturbances and psychiatric symptom
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0.8

2 2 2 2
2 s 3 S 0.6 S 06
S 06 s = ] 2
2 [ 2 £ 04 § 0.
5 04 5 & cut-off=3.735 & cut-off=0.425 3 cut-0ff=0.209 K cut-off=2.144
3 cut-off=6.315 AUC=0.791
. AUC=0.779 AUC=0.815 ot AUC=0.728
0.2 AUC=0.744 0.2 A 0.2 ? 0.2 95% C1(0.719, 0.862) 0.2 %
. 95% C1(0.671, 0.825) 95% C1(0.707, 0.850) 95% CI(0.749, 0.880) 95% C1(0.649, 0.806)
0.0 0.0-F T T T T 1 0.0¥ T T T T 1 0.0-¥ T T T T 1 0.0¥ T T T T 1
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity
A:WBC detection of ROC  B:Neutrophil Count detection of C:Monocyte Count detection of D:MLR detection of ROC E:NLR detection of ROC
ROC ROC

Figure 1 ROC curve analysis of leukocytes, neutrophils, monocytes, NLR and MLR to predict prognosis in SCZ.
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severity. These results not only complement existing studies on the role of inflammatory cells in schizophrenia but also provide
new perspectives for understanding the potential link between inflammation and clinical symptoms.

In this study, there was a notable correlation between MLR and symptoms. MLR, reflecting the ratio of monocytes to
lymphocytes, is particularly significant due to the role of lymphocytes in physiological stress and their regulatory function
in the immune system.”® Recent research has implicated B lymphocytes in the pathogenesis of schizophrenia,?® with
correlations identified between CD19+ and CD20+ B lymphocytes and schizophrenia.*® These associations may be linked
to the major histocompatibility complex (MHC) region on chromosome 6.>' A recent international study involving 200
schizophrenia patients found positive correlations between MLR and NLR and negative symptoms, with a specific positive
correlation with PRL in male patients.”’** The study revealed significantly higher counts of white blood cells, neutrophils,
monocytes, NLR, and MLR in the patient group compared to the control group. Further investigation explored whether
these inflammatory markers serve as predictive factors for schizophrenia. ROC curve analysis demonstrated that the AUC
values for WBC, neutrophil count, monocyte count, NLR, and MLR were all greater than 0.7, indicating their potential to
predict SCZ prognosis and further supporting the association between schizophrenia and inflammation.”**-** The study
focuses on patients with first-episode schizophrenia, a group with unique pathophysiologic characteristics and treatment
responses during the disease process. Compared to chronic patients, studies of first-episode patients can reveal more clearly
the relationship between inflammation and clinical symptoms in the early stages of the disease, providing new targets and
ideas for early intervention and treatment. This study not only focuses on the quantitative analysis of inflammatory cells but
also combines the detailed analysis of sleep quality assessment and psychiatric symptoms. Through the comprehensive
multidimensional assessment, we revealed the potential link between inflammatory cells and clinical symptoms, providing
new perspectives for understanding the complex pathomechanisms of schizophrenia.

Sleep impairment in SCZ patients is also related to the inflammatory hypothesis.>> Studies have shown that reduced
sleep time and sleep deprivation can increase inflammatory markers in SCZ patients.>® Maintaining regular sleep habits and
sufficient sleep can help improve the clinical status of SCZ patients by regulating their inflammatory response.
Approximately, 46% of patients with mental disorders experience sleep abnormalities, such as early awakening, difficulties
falling asleep, and reduced sleep quality.®”*® Sleep deprivation can further exacerbate symptoms of schizophrenia, such as
positive symptoms.>® A recent study found that insomnia and inflammation were significantly associated among SCZ
patients, with insomnia significantly correlated with elevated levels of interleukin-6 (IL-6) and leptin.*° In this study, the
monocyte count was found to be negatively correlated with sleep duration, consistent with previous findings linking
elevated peripheral blood monocytes to changes in dopamine neurons in the brain, potentially contributing to rapid eye
movement sleep behavior disorder (RBD) and impacting sleep duration.*' Sleep and immunity share a bidirectional
relationship,*” immune system activation can influence sleep patterns, which in turn affects our body’s innate and adaptive
defense mechanisms. Disruptions in sleep can trigger abnormal increases in inflammatory responses,’ illustrating the
interplay between these two factors. It might be helpful to integrate the findings into particular neurobiological models, such
as dopaminergic or cytokine-mediated pathways. It may be helpful to incorporate findings into specific neurobiological
models, such as dopaminergic-mediated pathways. For example, sleep deprivation induces dopaminergic pathways that
control mood,** and dopamine signaling in the basolateral amygdala initiates rapid eye movement sleep in mice.*
Inflammation can affect dopamine release,*® suggesting a complex interaction between inflammation and the dopaminergic
system that may regulate sleep and mood states by affecting dopamine synthesis and release.

Several limitations of the present study are worth noting. First, all the data in this study came from peripheral blood cell
counts without other inflammatory markers. Inflammatory factors (eg, C-reactive protein, interleukin, tumor necrosis factor,
etc.) are more intuitively reflective of a patient’s inflammatory state than inflammatory cells, and we will add these data to
subsequent studies, which may provide more information about the link between sleep and inflammation. Second, the present
study was a cross-sectional study, and it was not possible to observe the pattern of change with disease duration between
immune indicators and symptoms and sleep, obvious correlations do not guarantee causality, and further studies can be
conducted subsequently to illustrate the dynamic pattern of change among the three. Third, a limitation of this study was the
inadequate sample size; the smaller sample size may have limited the statistical efficacy of the findings, thus affecting the
significance level of certain analyses; future studies need to expand the sample size to validate the findings of this study and
to further explore the relationship between inflammatory cellular markers and clinical symptoms.
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This study found that improving the inflammatory response in patients with schizophrenia may help control
symptoms and treat insomnia, which has important implications for the prevention and treatment of the disorder.*’
Future research can explore several promising directions. For instance, longitudinal studies can help elucidate the
temporal relationships between inflammation, sleep, and schizophrenia symptoms, providing insights into the
potential causality. Additionally, investigating pro-inflammatory cytokine levels, which are known to be altered

* can offer a more detailed understanding of the inflammatory processes involved.**° This

in schizophrenia,
could include studying how changes in cytokine levels over time correlate with symptom fluctuations and sleep
quality. These future directions hold the potential to deepen our understanding of the complex interplay between

sleep, inflammation, and schizophrenia, ultimately leading to more effective prevention and treatment strategies.

Conclusion

In summary, significant differences in peripheral blood cells exist between patients with schizophrenia and healthy
controls, which may contribute to psychiatric symptoms and disturbances in sleep patterns among SCZ patients.
Enhancing the management of inflammatory responses in individuals with schizophrenia could potentially mitigate
symptoms and address insomnia, thereby offering substantial implications for disease prevention and treatment strategies.

Abbreviations
SCZ, schizophrenia; WBC, white blood cell count; N, neutrophil count; L, lymphocyte count; M, monocyte count; PLR,
platelet count; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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