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Abstract: To date, hematologic inflammation coefficients (HICs) have been considered as 

biological markers linking the functions of the immune, endocrine, and autonomous nervous 

systems. HICs are markers of immune abnormalities that accompany various pathologic 

conditions and, to a large extent, determine disease prognosis, survival time, and function. 

According to the results of a meta-analysis covering the results of examination of more than 168 

thousand patients, it was found that the ratio of neutrophils to lymphocytes (NLR) is associated 

with higher levels in patients with metabolic syndrome and can potentially be used for early 

detection of this pathology. Given these facts, it seems reasonable to test the assumption of the 

role of HICs in the pathogenesis of psychiatric disorders, their participation in the mechanisms of 

development of comorbid conditions, or predicting the outcome and effects of therapy. In 2024, 

the team of the Bekhterev Center began to perform work under the state assignment of the 

Ministry of Health of the Russian Federation, the purpose of which was to develop and validate a 

model for predicting individual risks of metabolic disorders in patients with psychiatric disorders, 

on the basis of which interpretive software will be presented. The team of authors of this article 

focused on conducting a systematic review of publications to test this hypothesis. 

Keywords: neutrophil-to-lymphocyte ratio (NLR); schizophrenia; metabolic syndrome; hematologic 

inflammation coefficients (HICs); systemic inflammation; psychiatric disorders; immune dysregulation; 

biomarkers; antipsychotic therapy; psychoneuroimmunology. 

 

1. INTRODUCTION 

The first mention of the significance of the index of absolute or percentage 

neutrophil-lymphocyte ratio (neutrophil-lymphocyte ratio, NLR) refers to the 

publication of a surgical intensive care unit physician who found that as the severity and 

multiorgan nature of surgical pathology increased, the gap between neutrophilia and 

lymphocytopenia indices according to the results of routine peripheral blood analysis 

increased [1]. The author designated this ratio as neutrophil-lymphocyte stress factor [1], 

and some of the followers - after his name - index Zahorec [2], emphasizing the deep 

biological meaning of NLR, which links the functions of the immune, endocrine and 

autonomous nervous system and determines the prognosis of diseases [3]. 

To date, hematologic inflammation coefficients (HIC) (Neutrophil to lymphocyte 

ratio/NLR, Monocyte lymphocyte ratio/MLR, Systemic immune-inflammation 

index/SII) are considered as biological markers of immune disorders accompanying 

various pathological conditions, largely determining survival and functioning time [4]. 
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Interest in HICs is related to their ability to characterize both innate and acquired 

immunity [5]. Studies have shown a significant correlation of HICs on the basis of 

routine clinical blood analysis with other established markers of inflammation (C-

reactive protein, oxidative stress indicators and some proinflammatory cytokines) in 

studies of somatic pathology [6,7]. It is important to note that the studies proved the 

absence of influence of modifying factors on HICs, which shows their advantage in 

comparison with other widely used inflammatory markers [5,8].    

The homeostasis of the organism is ensured by the coherent functioning of the 

immune system and metabolic processes [9]; imbalance of this coherence triggers 

dysfunctional cascades of reactions leading to the development of endocrine, 

cardiovascular and psychiatric diseases [10,11]. Moreover, a meta-analysis covering the 

results of more than 168,000 patients found that neutrophil to lymphocyte ratios are 

associated with higher levels in patients with metabolic syndrome and thus can 

potentially be used for early detection of metabolic syndrome [12] 

Bearing in mind that the NLR links the functions of the nervous, immune and 

endocrine systems [2,13], it is reasonable to test the assumption of its role, as a link of 

immune processes, in the pathogenesis of psychiatric disorders or in the mechanisms of 

development of comorbid conditions, or predicting the outcome and effects of therapy 

[14,15]. 

Inflammatory imbalance can affect mental functioning from the earliest stages of 

nervous system development [16] and, under certain conditions, lead to the formation 

of mental disorders and/or correlate with the severity of psychopathological 

manifestations, such as schizophrenia [17].  

Chronic neuroinflammation in schizophrenia along with oxidative stress reactions 

may be the factors that allow us to label schizophrenia as a syndrome of accelerated 

aging [18-21]. Life expectancy of schizophrenia patients is reduced by 10-15 years 

compared to the general population due to early cell degradation, decreased brain and 

bone tissue mass, humoral and, importantly, endocrine disorders [19,22,23]. The results 

of HICs screening in patients with various manifestations of psychiatric disorders can 

be very informative in terms of prognosis [26,27]. 

Many modern studies consider inflammation as a pathogenetic basis of metabolic 

disorders in schizophrenia and affective disorders [28].  At the same time, metabolic 

syndrome as a proinflammatory process [29] may lead to aggravation of the effects of 

oxidative stress, worsening the prognosis of schizophrenia [30].  

In 2024, the team of the Bekhterev Center started to perform work under the state 

assignment of the Ministry of Health of the Russian Federation, the purpose of which 

was to develop and validate a model for predicting individual risks of metabolic 

disorders formation in patients with psychiatric disorders, based on which interpretive 

software will be presented.  

These tasks seem feasible as we verify the hypothesis formulated before the 

beginning of all works: systemic inflammation factors are the link between psychiatric 

disorders and metabolic disorders (MD). Accordingly, the use of hematologic 

inflammation coefficients (HICs) in combination with the analysis of clinical and 

psychosocial factors allows to identify the risks of MD formation in a group of patients 

with psychiatric disorders.  

Working groups of researchers have already prepared narrative reviews on the role 

of hematologic indices in the development of psychiatric disorders in adolescents [31] 

and affective pathology in adults [32]. 

The team of authors of the present article focused on conducting a systematic 

review of publications to test the above hypothesis.  
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To conduct a systematic review of scientific publications suitable for testing the 

working hypothesis. 

 
2. MATERIAL AND METHODS  

The work was conducted from April to July 2024 according to the principles of the 

PRISMA guidelines for systematic reviews [33] (Figure 1) by a team of five physicians - 

psychiatrists, clinical pharmacologists and one data analyst, a mathematician.  

 

Figure 1. This a Block diagram of PRISMA 2020 [34] 

Searches were performed on PubMed and ScienceDirect libraries. 

Screening in databases 

A systematic literature review aimed at answering the question “Is NLR a risk 

marker for metabolic syndrome in schizophrenia?” within the PECO framework:  

P - patients with schizophrenia 

E - hematologic parameters 

C - comparison groups (healthy volunteers or patients with   different forms or at 

different stages of schizophrenia)  

O - risk of metabolic syndrome 

 

Search terms: 

Neutrophil to Lymphocyte Ratio/ NLR 

Monocyte to Lymphocyte Ratio/ MLR 

Systemic Immunoinflammation Index/SII 

Metabolic Syndrome 

Schizophrenia 

 

Search parameters: by terms in article titles and abstracts, no restrictions on dates, 

article language, article format. 

 

We performed a series of queries with null search results:  

query 1. markers + metabolic syndrome + schizophrenia (0 articles) 

(("Neutrophil to lymphocyte ratio" [Title/Abstract] OR "NLR" 

[Title/Abstract] OR ("monocyte lymphocyte ratio"[Title/Abstract] OR 

"MLR"[Title/Abstract])) OR ("Systemic immune-inflammation index" 
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[Title/Abstract] OR "SII" [Title/Abstract]) AND "metabolic syndrome" 

[Title/Abstract]) AND “schizophrenia” [Title/Abstract] 

 

query 2: Markers + metabolic syndrome + antipsychotics/neuroleptics (0 articles) 

(("Neutrophil to lymphocyte ratio"[Title/Abstract] OR "NLR" 

[Title/Abstract] OR "monocyte lymphocyte ratio" [Title/Abstract] OR 

"MLR"[Title/Abstract])) OR "Systemic immune-inflammation index" 

[Title/Abstract] OR "SII" [Title/Abstract]) AND "metabolic syndrome" 

[Title/Abstract]) AND “antipsychotics” [All Fields] 

After which we tried to modify the search strategies by removing some term 

restrictions.  

 

query 3: markers + metabolic syndrome (118 articles) 

(("Neutrophil to lymphocyte ratio" [Title/Abstract] OR "NLR" 

[Title/Abstract]) OR ("monocyte lymphocyte ratio " [Title/Abstract] OR 

"MLR" [Title/Abstract]) OR ("Systemic immune-inflammation index" 

[Title/Abstract] OR "SII" [Title/Abstract]))  AND  "metabolic syndrome" 

[Title/Abstract] 

No papers on schizophrenia appeared among these publications.  

 

query 4. NLR + (metabolic syndrome OR schizophrenia) = 166 papers (("Neutrophil 

to lymphocyte ratio"[Title/Abstract] OR "NLR" [Title/Abstract]) AND 

("metabolic syndrome" [Title/Abstract] OR "schizophrenia" [Title/Abstract]) 

The same query in the ScienceDirect library provided 144 publications.  

 

Thus, an initial search of the two databases identified 310 publications. Each article 

was read independently by four experts. After removing duplicated articles, the 

following data were entered into the table: article title, authors, doi of publication, year 

of publication, sample size, number of patients with schizophrenia, number of 

comparison group patients, number of healthy controls, mean age of participants (with 

mean deviation), criteria for diagnosis verification, if there were indications in the text - 

features of the disease clinic, drug therapy at the time of the study, results of 

psychometric examination, NLR scores, metabolic syndrome scores.  

After extraction of the above data, articles and publications that met the search 

criteria were included in the review. 

Reviews and book chapters were not considered - there were 209 publications of 

this type of material.  

 
3. RESULTS 

Eligibility Assessment 

After screening procedures, 31 articles remained (Table 1) with publications of 

results from observational cohort and case-control studies. 

Methodological quality assessment was conducted using the Newcastle-Ottawa Scale 

(NOS) for observational studies by three physicians. The results were disparate due to 

imperfections in the evaluation methodology. For example, the NOS scale does not 

specify how many points a study should score to determine its methodological quality 

as high, medium, or low. This scale does not assess to what extent the influence of 

confounding factors was taken into account, etc. It is also important to note that the 

assessment of the methodological quality of studies is seriously hindered by the poor 
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quality of information presentation about their methods and results in publications from 

our search query in the PubMed and ScienceDirect knowledge bases. 

 
Table 1. Results of a systematic review of publications with neutrophil to lymphocyte ratio research results in patients with 

schizophrenia 

Study Group 
Total Group Size, 

people 
NLR Conclusions Bibliography 

Schizophrenia without additional 
data 

9148 2.27±1.43 

The general conclusion for 

all articles is that an 

increase in NLR is a sign of 

systemic inflammation and 

immune imbalance, which 

confirms the inflammatory 

hypothesis of schizophrenia 

and also opens up 

prospects for new 

treatment strategies 

targeting the immune 

system. 

[38-53] 

First Episode Schizophrenia 648 1.94±1.09 

The existence of a hidden 

predisposition of FEP 

patients to an increase in 

average NLR. 

[27,54-56] 

Schizophrenia in remission 3019 2.03-±1.17 

The results show that 
psychosis is associated with 
peripheral markers of 
inflammation in the early 
stages of mental 
pathology,and that 
inflammation may 
represent a condition that 
accompanies psychosis and 
decreases during clinical 
remission. 

[26,57-61] 

Schizophrenia without remission 1256 2.43±1.23 
Persistence of elevated NLR 
values in the acute period 

[27,55,56,62-64] 

Healthy controls 1150 1.62±0.78 
Lower indicators relative to 
patients suffering from 
schizophrenia. 

[27,38–40,42–
47,49–53,56–
58,63,65–67] 

Overall effect size:0.5976            Note:NLR-neutrophil to lymphocyte ratio;FEP-first episode psychosis schizophrenia. 

 

For further analysis of the extracted data, we defined criteria for the pathological 

conditions of interest: 

 Schizophrenia criteria: Diagnosis based on the current international classification 

systems at the time of the study (DSM-IV, DSM-5, ICD-10, or ICD-11) - found 17 articles. 

Metabolic syndrome criteria [35-37] at least three of the following metabolic risks: 

increased waist circumference (men >102 cm; women >88 cm); elevated triglyceride 

levels (≥150 mg/dL); reduced high-density lipoprotein (HDL) cholesterol levels (men <40 

mg/dL; women <50 mg/dL); elevated fasting glucose (fasting glucose ≥100 mg/dL or 

taking medication for hyperglycemia); and elevated blood pressure (≥130/85 mm Hg or 

taking medication for hypertension). This item (indication of diagnostic criteria for 

metabolic syndrome) was not fulfilled in any of the studies. 

https://paperpile.com/c/wQaALf/OqQY+z1SS+ovvo+55zN+W6Lp+Ub2I+Rhoj+e8we+TCNs+FZ3L+scXR+tafD+kUwP+KmfC+uP38+xho7+qiV6+haJ7+ky5K+8vHt+TJ5J+Wohd
https://paperpile.com/c/wQaALf/OqQY+z1SS+ovvo+55zN+W6Lp+Ub2I+Rhoj+e8we+TCNs+FZ3L+scXR+tafD+kUwP+KmfC+uP38+xho7+qiV6+haJ7+ky5K+8vHt+TJ5J+Wohd
https://paperpile.com/c/wQaALf/OqQY+z1SS+ovvo+55zN+W6Lp+Ub2I+Rhoj+e8we+TCNs+FZ3L+scXR+tafD+kUwP+KmfC+uP38+xho7+qiV6+haJ7+ky5K+8vHt+TJ5J+Wohd
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 Consequently, a consensus decision was made to focus on the role of NLR in the 

pathogenesis of schizophrenia, taking into account its stages. 

 All 31 identified articles contained information about the number of participants in 

different comparison groups, their mean age - 37.245 in the group of patients with 

schizophrenia and -36.02 in the group of healthy volunteers. 

 We calculated the difference in mean NLR values for all schizophrenia groups and 

healthy controls. A positive value indicates that patients with schizophrenia have higher 

NLR than healthy people in the control group. 

95% Confidence Interval 

This is a range of values within which we can be 95% confident that the true effect 

value in the population lies. If the confidence interval (CI) does not include zero, it 

indicates a statistically significant difference between patients with schizophrenia and 

healthy individuals from the control group. 

Forest plot 

 Graphically shows individual effect sizes for each schizophrenia subgroup with 

their confidence intervals and the overall effect size across all subgroups. 

Calculation Formula 

The weighted average for all schizophrenia subgroups is calculated as: 

Weighted average = Σ(n_i * Mean_i) / Σ(n_i),  

where n_i is the sample size and Mean_i is the mean of each subgroup. This gives 

us the average NLR value across all schizophrenia subgroups, weighted by sample size. 

The result is 2.22. 

The pooled standard deviation (SD) for schizophrenia groups is calculated as: 

Pooled SD = √[Σ(n_i * (SD_i^2 + (Mean_i - Weighted average)^2)) / Σ(n_i)],  

where SD_i is the standard deviation of each subgroup. This gives us the overall 

standard deviation for schizophrenia groups, accounting for different sample sizes and 

deviations from the overall mean. The result is 1.35. 

The difference in means (effect size) is calculated as: 

Difference in means = Weighted average (Schizophrenia) - Mean (Control) = 2.22 - 

1.62 = 0.5976. 

This is the difference in NLR between the combined schizophrenia group and the 

control group. 

The standard error of this difference is calculated as: 

SE = √[(Pooled SD^2 / N_schizophrenia) + (SD_control^2 / N_control)] = √[(1.35^2 / 

14071) + (0.78^2 / 1150)] = 0.0257. 
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This gives us the precision of our estimate of the difference in means. 

The 95% confidence interval is calculated as: 

95% CI = Difference in means ± (1.96 * SE) = 0.5976 ± (1.96 * 0.0257) = [0.5472, 0.6480]. 

Finally, the Z-score and p-value are calculated as: 

Z = Difference in means / SE = 0.5976 / 0.0257 = 23.2773, 

p-value = 2 * (1 - Φ(|Z|)), 

where Φ is the cumulative distribution function of the standard normal distribution. 

This Z-score is extremely high, resulting in a p-value that is effectively zero (< 0.0001). 

This indicates a statistically significant difference in NLR between patients with 

schizophrenia and the control group. 

Python 3.11 and libraries numpy 1.25.2 and matplotlib 3.7.1 were used for 

calculation of indicators and visualization.  

 

Figure 2. Graphical representation of neutrophil to lymphocyte ratio differences in 
schizophrenia 

Each row represents a subgroup of schizophrenia or a combined group. Blue dots 

indicate the mean difference in NLR between each schizophrenia group and the control 

group, with horizontal blue lines showing the 95% confidence interval for this difference. 

The vertical dashed line at 0 represents no difference between the schizophrenia and 

control groups. The size of each blue dot is proportional to the sample size (n) of each 

group, which is also indicated on the right side of the graph. 

 4.DISCUSSION 

Unfortunately, we must acknowledge a null result for the initially planned query. We 

were unable to answer the question "Is NLR a marker of metabolic syndrome risk in 

schizophrenia?" This may be due to imperfections in the methodology of the systematic 

review conducted. First of all, the null result may be a consequence of the fact that we 
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only accounted for publications from two knowledge bases, without including articles 

from other scientific repositories in the search. 

However, it can be assumed that the formulated research hypothesis has not yet been 

tested regarding the risk of metabolic syndrome development depending on systemic 

inflammation indicators in patients with schizophrenia. Whereas for other mental 

disorders, in particular bipolar disorder, clinical and biological associations have already 

been found [68]. Thus, the hypothesis is a posteriori and requires verification in both 

cohort and case-control design studies, as evidenced by publications of individual cases 

predicting hematological abnormalities in the process of metabolic syndrome 

development during schizophrenia treatment [69]. In this article about a clinical case of 

a 48-year-old female patient with schizophrenia, an increase in hematological 

inflammation coefficients was recorded against the background of treatment for 

symptom exacerbation after clozapine prescription, which preceded the development of 

metabolic syndrome. The authors suggest causal relationships of these processes and 

propose widespread implementation of hematological predictors of metabolic 

syndrome in real clinical practice to improve the safety of antipsychotic therapy [69]. 

Our mathematical analysis of NLR indicators (Fig. 2) clearly illustrates that in 

schizophrenia, the NLR level is significantly higher than among healthy individuals 

(control group) Z = 23.2773 and p < 0.00001. It can be seen that the maximum NLR level 

is observed in the group of patients with schizophrenia in the acute stage, and the 

minimum level is in the group of patients with first-episode schizophrenia. Patients in 

remission have intermediate values. As expected, the groups of schizophrenia without 

additional specifications and combining all patients with schizophrenia, regardless of 

stage (combined), have similar NLR indicators and are average in the patient group. This 

once again confirms the correlation between the NLR level and the stage of 

schizophrenia. 

5. CONCLUSIONS 

                                       Our review demonstrates that the hypothesis about the role of hematologic  

inflammation ratio in the pathogenesis of psychiatric disorders, their participation in the 

mechanisms of comorbid conditions development regarding the risk of metabolic 

syndrome development depending on the indicators of systemic inflammation in 

patients with schizophrenia has been insufficiently studied to date, with only a few 

publications available. It is necessary to continue studying the relationship between the 

ratio of neutrophils and lymphocytes and metabolic syndrome in schizophrenia. 
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