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Abstract 

Background It has been found that patients with schizophrenia are often accompanied by concomitant changes 
in inflammation levels during acute exacerbations, and some studies have suggested that the inflammatory indices 
neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), and monocyte/lymphocyte ratio (MLR) may be 
biomarkers of acute exacerbations in schizophrenia; however, few studies have simultaneously explored the differ-
ences in these inflammatory indices in the drug-free patients with schizophrenia in acute phase (DSA), medicated 
patients with schizophrenia in acute phase (MSA), medicated patients with schizophrenia in remission period (MSR), 
as well as the effects of different antipsychotic medications on inflammatory indices.

Method A total of 651 subjects including 184 healthy controls (HC), 167 DSA, 119 MSA, and 181 MSR were included 
in this study. Demographic and disease information was collected from each individual and venous blood was col-
lected to detect immune cells and calculate the inflammatory indices NLR, PLR, and MLR, and statistical methods such 
as analysis of variance (ANOVA) and multiple comparisons were utilized to explore the alteration of these inflamma-
tory indices under the influence of different antipsychotics and in HC, DSA, MSA, and MSR.

Results NLR was significantly higher in DSA and MSA than in HC after adjusting the confounders of sex, age, smok-
ing, years of education, marital status, BMI, diabetes, and hypertension. PLR and MLR were not significantly different 
in patients with schizophrenia and in HC, and were not significantly different in patients with schizophrenia in any 
group. In MSA and MSR, NLR was positively correlated with disease duration and negatively correlated with the use 
of mood stabilizers.

Conclusions NLR was significantly increased in acute phase of schizophrenia, regardless of use of antipsychotic 
drugs, but not significantly increased in stable phase, which might be a promising biomarker for acute phase 
of schizophrenia.
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Introduction
Schizophrenia is a very serious mental illness with a life-
time prevalence of about 1% worldwide [1, 2]. Patients 
with schizophrenia are often accompanied by significant 
mental abnormalities, cognitive deficits, and decline in 
social function and daily life ability [3]. Schizophrenia is 
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one of the top ten causes of long-term disability in the 
world and places a heavy financial burden on families 
and society. The causes of schizophrenia are very diverse, 
and genetic, environmental, and social factors may all 
contribute to its onset [4]. The pathogenesis of schizo-
phrenia is complex and remains inconclusive [1, 5, 6]. 
There are many evidences to suggest that the immune 
and inflammatory response may play an important role 
in the pathogenesis of schizophrenia, as many studies 
have shown that patients with schizophrenia, especially 
those in the acute phase, have significant abnormalities 
in the levels of inflammatory markers, cytokines [7–9]. 
Epidemiologic studies have also confirmed the associa-
tion between schizophrenia and infections and systemic 
inflammation [10–12].

Inflammatory index neutrophil/lymphocyte ratio 
(NLR), monocyte/lymphocyte ratio (MLR) and platelet/
lymphocyte ratio (PLR) are commonly used in adults in 
recent years because of their low cost and simple calcu-
lation method [13]. Relevant studies have confirmed that 
the NLR level is significantly increased in patients with 
schizophrenia [14]. In addition, NLR, MLR and PLR lev-
els are also significantly increased in patients with schiz-
ophrenia during relapse compared with those during 
remission [15]. Other studies have found that, in addi-
tion to schizophrenia, NLR and MLR of many patients 
with non-affective psychosis are significantly higher than 
those of healthy people, and different drug treatment sta-
tus, diagnosis and environment have little effect on the 
results [16, 17]. The study by Bhikram et  al. also found 
that NLR was significantly elevated in adult patients with 
schizophrenia, major depression, and bipolar disorder 
[18]. These findings collectively suggest that the abnor-
mal elevation of NLR and other inflammatory indexes 
may not be a unique feature of a certain mental disorder, 
but may be the pathological process of brain dysfunc-
tion in many mental disorders. Moreover, some studies 
have also suggested that these immune system markers 
are related to the outcome of schizophrenia. For exam-
ple, elevated white blood cell count, NLR, and C-reactive 
protein (CRP) levels at initial diagnosis are associated 
with high mortality in patients [19].

Although several studies have investigated changes in 
inflammatory indices in schizophrenia, many of these 
studies have not adequately adjusted for confounding 
factors [17]. In addition, most studies often only focus 
on the comparison between patients in the acute phase 
and healthy controls, and few studies have conducted 
comprehensive comparisons among drug-free patients 
with schizophrenia in acute phase (DSA), medicated 
patients with schizophrenia in acute phase (MSA), medi-
cated patients with schizophrenia in remission period 
(MSR) [20–22]. And many of the current studies did 

not consider the effect of antipsychotics on inflamma-
tory indices. It is well known that antipsychotic medi-
cations have a significant effect on a variety of immune 
cells. Therefore, it is necessary to conduct a comprehen-
sive analysis of the changes of inflammatory indexes in 
patients at all stages of schizophrenia under the influence 
of different types of antipsychotic medications.

The main novelties of this study were as follows: (1) 
patients with schizophrenia were divided into DSA, MSA 
and MSR groups according to different disease stages 
and medications, and the changes of inflammatory index 
in each group were explored; (2) the effects of differ-
ent types of antipsychotic medications on inflammatory 
index were explored; (3) models adjusted for different 
numbers of covariates were constructed to examine the 
changes of inflammatory indices in each group.

Methods
Participants
This study was approved by the Medical Ethics Com-
mittee of Affiliated Xiaoshan Hospital, Hangzhou Nor-
mal University (Zhejiang Xiaoshan Hospital) (Approval 
NO. 2024–004). All procedures contributing to this 
work complied with the ethical standards of the rel-
evant national and institutional committees on human 
experimentation and with the Helsinki Declaration of 
1975, as revised in 2008. This study was a retrospective 
cross-sectional study, and we did not perform additional 
treatments or examinations on any of the individuals, so 
signed informed consent was not required.

Individuals with schizophrenia in this study were 
recruited from inpatients in the Department of Psychia-
try of Affiliated Xiaoshan Hospital, Hangzhou Normal 
University between 2020 and 2023. Subjects of HC group 
were recruited from the nearby community population 
who came to this hospital for health examination. Inclu-
sion criteria for individuals with schizophrenia in this 
study included: (1) age ranged from 15 to 70 years old; (2) 
Chinese Han population; (3) meeting the diagnostic cri-
teria for schizophrenia in the Structured Clinical Inter-
view for DSM-IV (SCID) [23]; (4) drug-free was defined 
as no previous medication or a washout period of more 
than 1  month after discontinuation; (5) medicated indi-
viduals with schizophrenia was defined as taking stable 
doses of antipsychotics for more than one month. Exclu-
sion criteria include: (1) history of infection or antimi-
crobial medication within previous month; (2) diagnosed 
with autoimmune diseases or have taken immunomodu-
latory drugs in the month prior to inclusion; (3) pregnant 
or lactating women.

The inclusion criteria for HC group were (1) and (2) of 
the inclusion criteria for subjects with schizophrenia, and 
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the exclusion criteria were the same as those for subjects 
with schizophrenia.

Collection of sociodemographic and treatment 
information
At the time of admission, the height and weight of indi-
viduals with schizophrenia were obtained by physical 
examination and body mass index (BMI) was calculated. 
The education level, smoking history, marital status, his-
tory of hypertension, history of diabetes, and duration 
of schizophrenia of subjects were obtained by asking 
patients or their family members and consulting clinical 
records.

Antipsychotic medication use in individuals with schiz-
ophrenia was collected and converted to chlorpromazine 
equivalent doses by the defined daily dose (DDD) method 
[24]. In addition, whether patients were taking mood sta-
bilizers was also recorded.

The above information of individuals in HC group was 
collected from physical examination during the health 
checkup, as well as from questioning and inquiry of the 
past medical records.

Analysis of effect of antipsychotic medications 
on inflammatory indices
In MSA and MSR groups, individuals were further 
grouped according to the types of antipsychotic medica-
tions (clozapine vs without clozapine, typical vs atypical) 
to analyze the possible effects of the different antipsy-
chotic drugs on the inflammatory index.

Collection of immune system indicators
Individuals were asked to fast after 8:00 p.m. the night 
before blood collection and to complete venous blood 
collection from 7:00 a.m.-9:00 a.m. Immune system 
indicators including counts of white blood cells, neutro-
phils, lymphocytes, monocytes, eosinophils, basophils, 
red blood cells, hemoglobin, and platelets were col-
lected for each subject. In addition, the inflammatory 
indices NLR (neutrophil count/lymphocyte count), PLR 
(platelet count/lymphocyte count), and MLR (monocyte 
count/lymphocyte count) were calculated. Blood samples 
were sent to the laboratory immediately after collection 
and tested within 4  h. These indicators were tested by 
using the BC-5180 CRP Automated Blood Cell Analyzer 
(Brand: Myriad, Country of origin: China), and all opera-
tions were performed in accordance with the manufac-
turer’s instructions.

Statistical analysis
The process of this study is shown in Fig. 1. The one-way 
analysis of variance (ANOVA) was used to explore con-
tinuous variables that were significantly different between 

each group, bootstrapping sampling was performed and 
bias corrected accelerated 95% confidence interval (CI) 
was calculated. First, each variable was tested for homo-
geneity of variance, and variables that satisfied variance 
homogeneity were checked for significance by ANOVA 
results, variables that did not satisfy variance homoge-
neity were checked for significance by Welch Test and 
Brown-Forsythe Test, and they were considered signifi-
cant only if both Welch Test and Brown-Forsythe Test 
were satisfied with P value < 0.05. Variables that satisfied 
and did not satisfy variance homogeneity were subjected 
to multiple comparisons between groups by Tukey Test 
and Games-Howell Test, respectively. The Chi-square 
Test was used to test the significance of categorical vari-
ables. Missing values in this study were filled using mul-
tiple imputation. In addition, three separate models were 
constructed by binary logistic regression analysis, includ-
ing model 1 (without adjustment for covariates), model 2 
(adjusted covariates: gender, age), and model 3 (adjusted 
covariates: gender, age, smoking, years of education, mar-
ital status, BMI, diabetes and hypertension), to explore 
the difference of NLR in each group. Finally, the factors 
which significantly associated with NLR in each group 
were separately explored by using Pearson correlation for 
normally distributed continuous or categorical variables 
and using Spearman correlation for non-normally dis-
tributed continuous variables. All statistical analyses in 
this study were completed through SPSS 25.0.

Results
General information of the individuals
A total of 651 individuals were included in the statistical 
analysis of this study, including 167 DSA patients, 119 
MSA patients, 181 MSR patients, and 184 HCs. There 
were 12 cases with missing BMI values, accounting for 
1.8%, and the remaining information was complete. 
As shown in Table  1, there were significant differences 
between the 4 groups in age, gender, smoking, years of 
education, marital status, BMI, history of hypertension, 
and diabetes (all P < 0.05).

Immune cell differences between individuals in each group
As shown in Table  2, the results of multiple compari-
sons showed that the white blood cell counts of HC 
(t = -3.12, d = -0.33, P = 0.02, 95%CI: -0.97 ~ -0.07) and 
MSR (t = -3.21, d = -0.34, P = 0.01, 95%CI: -1.00 ~ -0.08) 
were significantly lower than those of DSA, the neutro-
phils count of HC was significantly lower than those of 
DSA (t = -5.16, d = -0.55, P < 0.001, 95%CI: -1.06 ~ -0.32) 
and MSA (t = -3.46, d = -0.41, P < 0.01, 95%CI: 
-0.88 ~ -0.13), the neutrophils count of MSR (t = -3.32, 
d = -0.36, P < 0.01, 95%CI: -0.81 ~ -0.08) was signifi-
cantly lower than that of DSA, the lymphocytes count 
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of HC (t = 3.87, d = 0.41, P < 0.001, 95%CI: 0.10 ~ 0.49) 
was significantly higher than that of MSR, the eosino-
phils count of MSR (t = 3.19, d = 0.34, P = 0.01, 95%CI: 
0.01 ~ 0.07) was significantly higher than that of DSA, 

the basophils count of HC was significantly higher 
than those of DSA (t = 8.59, d = 0.92, P < 0.001, 95%CI: 
0.01 ~ 0.01), MSA (t = 8.87, d = 1.04, P < 0.001, 95%CI: 
0.01 ~ 0.02), and MSR (t = 8.37, d = 0.88, P < 0.001, 

Fig. 1 Flow chart of this study. HC: healthy controls; DSA: drug-free patients with schizophrenia in acute phase, MSA: medicated patients 
with schizophrenia in acute phase, MSR: medicated patients with schizophrenia in remission period; ANOVA: analysis of variance
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Table 1 Sociodemographic and clinical characteristics of the participants

Data presented as n or mean ± standard deviation. The dose of antipsychotic medication was converted to equivalent chlorpromazine dose

Variables Total Group Corrected P-value

Healthy controls Drug-free 
schizophrenia 
patients with acute 
phase

Medicated 
schizophrenia 
patients with acute 
phase

Medicated 
schizophrenia 
patients with 
remission period

N 651 184 167 119 181

Age (years) 41.93 ± 12.42 34.78 ± 9.29 38.81 ± 11.65 42.53 ± 11.89 51.66 ± 9.74  < 0.001

Gender  < 0.001

 Male, n (%) 270 (41.5%) 47 (25.5%) 61 (36.5%) 57 (47.9%) 105 (58.0%)

 Female, n (%) 381 (58.5%) 137 (74.5%) 106 (63.5%) 62 (52.1%) 76 (42.0%)

Smoking  < 0.001

 Yes, n (%) 99 (15.2%) 6 (3.3%) 24 (14.4%) 28 (23.5%) 41 (22.7%)

 No, n (%) 552 (84.8%) 178 (96.7%) 143 (85.6%) 91 (76.5%) 140 (77.3%)

Years of education 12.27 ± 6.00 15.91 ± 1.36 10.32 ± 3.81 9.56 ± 3.72 12.15 ± 9.17  < 0.001

Marital status  < 0.001

 Unmarried, n (%) 248 (38.1%) 30 (16.3%) 80 (47.9%) 48 (40.3%) 90 (49.7%)

 Married, n (%) 304 (46.7%) 151 (82.1%) 65 (38.9%) 52 (43.7%) 36 (19.9%)

 Divorced, n (%) 81 (12.4%) 3 (1.6%) 19 (11.4%) 15 (12.6%) 44 (24.3%)

 Widowed, n (%) 18 (2.8%) 0 3 (1.8%) 4 (3.4%) 11 (6.1%)

BMI (kg/m2) 23.87 ± 4.56 22.51 ± 4.16 23.17 ± 4.59 24.95 ± 4.70 25.15 ± 4.36  < 0.001

Diabetes  < 0.001

 Yes, n (%) 62 (9.5%) 1 (0.5%) 6 (3.6%) 26 (21.8%) 29 (16.0%)

 No, n (%) 589 (90.5%) 183 (99.5%) 161 (96.4%) 93 (78.2%) 152 (84.0%)

Hypertension  < 0.001

 Yes, n (%) 92 (14.1%) 4 (2.2%) 13 (7.8%) 19 (16.0%) 56 (30.9%)

 No, n (%) 559 (85.9%) 180 (97.8%) 154 (92.2%) 100 (84.0%) 125 (69.1%)

White blood cell count 
(*10^9/L)

6.01 ± 1.57 5.81 ± 1.45 6.33 ± 1.80 6.20 ± 1.48 5.79 ± 1.48  < 0.01

Neutrophils count 
(*10^9/L)

3.62 ± 1.28 3.28 ± 1.10 3.97 ± 1.50 3.79 ± 1.31 3.53 ± 1.09  < 0.001

Lymphocytes count 
(*10^9/L)

1.90 ± 0.74 2.06 ± 0.60 1.91 ± 0.99 1.87 ± 0.64 1.76 ± 0.62  < 0.01

Monocytes count 
(*10^9/L)

0.43 ± 1.95 0.32 ± 0.10 0.68 ± 3.84 0.39 ± 0.13 0.35 ± 0.13  > 0.05

Eosinophils count 
(*10^9/L)

0.12 ± 0.11 0.12 ± 0.11 0.10 ± 0.08 0.10 ± 0.09 0.14 ± 0.14  < 0.01

Basophils count 
(*10^9/L)

0.02 ± 0.01 0.02 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01  < 0.001

Red blood cells count 
(*10^12/L)

5.34 ± 21.27 4.62 ± 0.40 4.53 ± 0.53 9.15 ± 49.73 4.32 ± 0.56  > 0.05

Hemoglobin (g/L) 135.89 ± 17.02 137.74 ± 14.28 134.83 ± 19.58 137.62 ± 19.63 133.83 ± 14.88  > 0.05

Platelets count 
(*10^9/L)

231.88 ± 59.88 251.46 ± 56.18 232.13 ± 55.08 225.26 ± 55.83 216.10 ± 65.00  < 0.001

Neutrophil/lympho-
cyte ratio

2.11 ± 1.07 1.69 ± 0.65 2.33 ± 1.15 2.29 ± 1.24 2.24 ± 1.10  < 0.001

Platelet/
lymphocyte ratio

133.43 ± 52.74 129.65 ± 40.92 134.24 ± 45.87 133.95 ± 65.27 136.17 ± 59.88  > 0.05

Monocyte/
lymphocyte ratio

0.23 ± 0.67 0.16 ± 0.06 0.32 ± 1.32 0.24 ± 0.13 0.22 ± 0.08  > 0.05

Number of types 
of antipsychotic medi-
cations

1.54 ± 0.53 1.52 ± 0.57 1.55 ± 0.51  > 0.05

Dose of antipsychotic 
medications (mg)

432.74 ± 253.28 362.42 ± 269.94 478.98 ± 231.02  < 0.001
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95%CI: 0.01 ~ 0.01), the platelets count of HC was sig-
nificantly higher than those of DSA (t = 3.09, d = 0.33, 
P = 0.01, 95%CI: 3.24 ~ 25.42), MSA (t = 3.81, d = 0.45, 
P < 0.001, 95%CI: 8.50 ~ 43.91), and MSR (t = 5.78, 
d = 0.61, P < 0.001, 95%CI: 19.60 ~ 51.12), and the neu-
trophil/lymphocyte ratio of HC was significantly lower 
than those of DSA (t = -5.78, d = -0.62, P < 0.001, 95%CI: 
-0.90 ~ -0.38), MSA (t = -4.94, d = -0.58, P < 0.001, 

95%CI: -0.92 ~ -0.28), and MSR (t = -5.10, d = -0.53, 
P < 0.001, 95%CI: -0.80 ~ -0.31).

Immune cell differences between individuals 
after adjusting confounding factors
As shown in Table  3, after adjusting for gender, age, 
smoking, education age, marital status, BMI, diabetes, 
and hypertension as covariates, the results of binary 

Table 2 Immune cell differences between subjects in each group

HC Healthy controls, DSA Drug-free patients with schizophrenia in acute phase, MSA Medicated patients with schizophrenia in acute phase, MSR Medicated 
patients with schizophrenia in remission period, t statistic values for multiple comparisons, d effect value for multiple comparisons, with larger absolute values of d 
representing larger gaps, CI Confidence interval

Confounding factors were not controlled

Variables Group t d Corrected P-value 95%CI

White blood cell count HC DSA -3.12 -0.33 0.02 (-0.97,-0.07)

MSR DSA -3.21 -0.34 0.01 (-1.00,-0.08)

Neutrophils count HC DSA -5.16 -0.55  < 0.001 (-1.06,-0.32)

MSA -3.46 -0.41  < 0.01 (-0.88,-0.13)

MSR DSA -3.32 -0.36  < 0.01 (-0.81,-0.08)

Lymphocytes count HC MSR 3.87 0.41  < 0.001 (0.10,0.49)

Eosinophils count MSR DSA 3.19 0.34 0.01 (0.01,0.07)

Basophils count HC DSA 8.59 0.92  < 0.001 (0.01,0.01)

MSA 8.87 1.04  < 0.001 (0.01,0.02)

MSR 8.37 0.88  < 0.001 (0.01,0.01)

Platelets count HC DSA 3.09 0.33 0.01 (3.24,35.42)

MSA 3.81 0.45  < 0.001 (8.50,43.91)

MSR 5.78 0.61  < 0.001 (19.60,51.12)

Neutrophil/lymphocyte ratio HC DSA -5.78 -0.62  < 0.001 (-0.90,-0.38)

MSA -4.94 -0.58  < 0.001 (-0.92,-0.28)

MSR -5.10 -0.53  < 0.001 (-0.80,-0.31)

Table 3 Immune cell differences between subjects in each group after controlling for sociodemographic variables

HC Healthy controls, DSA Drug-free patients with schizophrenia in acute phase, MSA Medicated patients with schizophrenia in acute phase, MSR Medicated patients 
with schizophrenia in remission period, B regression coefficient, which represents the amount of change in the dependent variable corresponding to a unit change in 
the independent variable, OR Odds ratio, CI Confidence interval

Gender, age, smoking, education age, marital status, BMI, diabetes, and hypertension were adjusted to covariates

Variables Group B OR Corrected P-value 95%CI

White blood cell count HC DSA 0.23 1.26 0.10 (0.96,1.65)

MSR DSA -0.32 0.73  < 0.001 (0.61,0.88)

Neutrophils count HC DSA 0.49 1.62 0.01 (1.13,2.34)

MSA 0.38 1.46 0.11 (0.91,2.35)

MSR DSA -0.47 0.63  < 0.001 (0.49,0.79)

Lymphocytes count HC MSR -0.44 0.65 0.21 (0.33,1.28)

Eosinophils count MSR DSA 2.83 16.95 0.07 (0.76,376.33)

Basophils count HC DSA -74.48  < 0.01  < 0.01 (0,0)

MSA -175.03  < 0.001  < 0.001 (0,0)

MSR -115.79  < 0.001  < 0.001 (0,0)

Platelets count HC DSA -0.01 0.99 0.12 (0.99,1.00)

MSA -0.01 0.99 0.02 (0.98,1.00)

MSR -0.01 0.99 0.02 (0.98,1.00)



Page 7 of 10Zheng et al. BMC Psychiatry          (2024) 24:876  

logistic regression analysis showed that, compared with 
MSR, DSA had a significantly higher level of white blood 
cell counts (B = -0.32, OR = 0.73, P < 0.001). DSA had 
a significantly higher level of neutrophils count than 
HC (B = 0.49, OR = 1.62, P = 0.01), and DSA had a sig-
nificantly higher level of neutrophil count than MSR 
(B = -0.47, OR = 0.63, P < 0.001). Compared with HC, 
DSA (B = -74.48, OR < 0.01, P < 0.01), MSA (B = -175.03, 
OR < 0.001, P < 0.001), MSR (B = -115.79, OR < 0.001, 
P < 0.001) had significantly lower levels of basophils 
counts. Compared with HC, MSA (B = -0.01, OR = 0.99, 
P = 0.02), and MSR (B = -0.01, OR = 0.99, P = 0.02) had 
significantly lower levels of platelets counts.

Differences in NLR between HC and patients 
with schizophrenia
As shown in Table 4, NLR was significantly higher in DSA 
and MSA than in HC in all models (all P < 0.01). NLR of 
MSR was significantly higher than that of HC in unad-
justed model (model 1) and model adjusted for sex and 
age (model 2) (both P < 0.01), but not in model adjusted 
for sex, age, smoking, years of education, marital status, 
BMI, diabetes, and hypertension (model 3) (P > 0.05).

Analysis of related factors of NLR
As shown in Fig.  2, the results of correlation analysis 
showed that NLR and hypertension were significantly 

Table 4 Differences in neutrophil/lymphocyte ratio between healthy controls and patients with schizophrenia

OR Odds ratio, CI Confidence interval

Group 1: Drug-free patients with schizophrenia in acute phase VS. healthy controls, group 2: Medicated patients with schizophrenia in acute phase VS. healthy 
controls, group 3: Medicated patients with schizophrenia in remission period VS. healthy controls; model1: unadjusted model, model 2: model adjusted for gender 
and age, model 3: model adjusted for sex, age, smoking, years of education, marital status, BMI, diabetes, and hypertension

Group Model 1 Model 2 Model 3

OR (95%CI) Corrected P-value OR (95%CI) Corrected P-value OR (95%CI) Corrected P-value

1 2.24 (1.70,2.96)  < 0.001 2.15 (1.62,2.85)  < 0.001 2.83 (1.53,5.22)  < 0.001

2 2.14 (1.57,2.91)  < 0.001 1.85 (1.35,2.53)  < 0.001 2.59 (1.33,5.07)  < 0.01

3 2.24 (1.66,3.03)  < 0.001 1.73 (1.16,2.58)  < 0.01 1.76 (0.95,3.29) 0.07

Fig. 2 Factors associated with NLR in HC, DSA, MSA and MSR group. Spearman correlation was used to calculate the correlation of age, smoking 
years, disease duration, years of education, BMI, antipsychotic types, and antipsychotic doses with NLR. Pearson correlation was used to calculate 
the correlation of gender, diabetes, hypertension, mood stabilizer and sedative hypnotics with NLR. NLR: neutrophil/lymphocyte ratio; HC: healthy 
controls; DSA: drug-free patients with schizophrenia in acute phase, MSA: medicated patients with schizophrenia in acute phase, MSR: medicated 
patients with schizophrenia in remission period. * Significant at P < 0.05; ** Significant at P < 0.01
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positively correlated in HC (r = 0.21, P < 0.01). NLR and 
years of education were significantly negatively correlated 
in DSA (ρ = -0.17, P = 0.03). In MSA, NLR was signifi-
cantly positively correlated with age (ρ = 0.31, P < 0.001) 
and duration of illness (ρ = 0.27, P < 0.01), and was sig-
nificantly negatively correlated with use of mood stabi-
lizers (r = -0.29, P < 0.01). In MSR, NLR was significantly 
positively correlated with disease duration (ρ = 0.19, 
P = 0.01) and significantly negatively correlated with BMI 
(ρ = -0.20, P < 0.01), and use of mood stabilizers (r = -0.17, 
P = 0.02).

Effects of different antipsychotics on immune cells
Among 119 MSA patients, 58 were treated with clozapine 
and 61 were not. Among them, 1 was treated with typi-
cal antipsychotics, 102 with atypical antipsychotics, and 
16 with both typical and atypical antipsychotics. Among 
181 MSR patients, 83 were treated with clozapine and 98 
were not. Among them, 4 were treated with typical antip-
sychotics, 154 were treated with atypical antipsychotics, 
and 23 were treated with both typical and atypical antip-
sychotics. Given that clozapine may have a greater impact 
on immune cells such as white blood cells and neutro-
phils [25, 26], we investigated the effect of clozapine on 
immune cells in MSA and MSR group, respectively. As 
shown in Table S1, there was no significant difference in 
all immune cells between patients taking clozapine and 
those not taking clozapine in MSA and MSR groups (all 
adjusted P > 0.05). Besides, there was no significant differ-
ence in all immune cells in patients taking typical antip-
sychotics or atypical antipsychotics in the MSA and MSR 
groups (all adjusted P > 0.05) (Table S2).

Discussion
The main findings of this study were: (1) neutrophil 
counts were significantly higher in DSA than in HC and 
MSR, basophil counts were significantly lower in DSA, 
MSA, and MSR than in HC, and platelet counts were sig-
nificantly lower in MSA and MSR than in HC; (2) com-
pared with healthy populations and stable schizophrenia, 
high NLR was an independent risk factor for acute 
exacerbation of schizophrenia; (3) in individuals taking 
antipsychotic medications, there were no significant dif-
ferences between different types of medications on the 
level of immune cells and inflammatory indices (NLR, 
MLR, PLR).

Although numerous previous studies have explored 
altered levels of immune cells in patients with schizo-
phrenia, most have not considered the effects of medi-
cations on immune cells and the alterations of immune 
cells in patients at different stages of the disease. For 
example, some previous studies have found significantly 
higher NLR in patients with schizophrenia compared 

with healthy population. However, it should be noted 
that in these studies, subjects with schizophrenia were 
either simply first-episode, drug-naïve patients in the 
acute phase or patients with long-term hospitalization 
(we tend to think that these patients should be mostly 
classified as MSR), or patients with acute exacerbations 
(without distinguishing whether or not they were tak-
ing medication) [21, 27–29]. We believe that it is neces-
sary to explore inflammatory markers in patients with 
schizophrenia at various disease stages simultaneously 
in the same study, in order to eliminate the concern that 
the results of different disease periods may differ due to 
the heterogeneity of samples in different studies. In the 
present study, there were no significant differences in 
immune cells between patients using clozapine and those 
not using clozapine, or between those using typical antip-
sychotics and those using atypical antipsychotics, which 
seemed to indicate that the different types of antipsy-
chotics did not have much of an effect on the outcome of 
patients’ immune cell levels. The inflammatory indicator 
of primary interest in this study was NLR, which was sig-
nificantly increased in patients with schizophrenia in the 
acute phase regardless of whether they were taking antip-
sychotic medications after adjustment for confounding 
factors, while NLR levels were elevated but not signifi-
cantly in patients in remission. We believe that this result 
is of great interest because it represents a difference in 
NLR levels between acute phase and remission phase of 
schizophrenia, which raises the possibility of using it as a 
biomarker for acute phase.

The results of the present study are both similar and 
different from those of previous studies. For example, 
the results of Rangel et al. showed that NLR, PLR, and 
MLR values were significantly higher in patients with 
schizophrenia in relapse period than in HC, and MLR 
and PLR were also significantly higher in patients in 
remission period. NLR, MLR, and PLR values of the 
same patient were significantly higher in relapse period 
than in remission period [21]. However, in the present 
study, we only found differences in NLR among the 
groups, while MLR and PLR did not differ significantly 
among the groups. The role of neutrophils in schizo-
phrenia may be related to their release of neutrophil 
extracellular traps (NETs), exacerbated NETs can trig-
ger chronic inflammation [30, 31]. Some studies have 
found that the level of NETs in the blood of patients 
with early schizophrenia is significantly increased, and 
it is not affected by confounding factors such as gen-
der and BMI [32]. These findings to some extent explain 
the mechanism of elevated neutrophils in schizophre-
nia, and NETs released by activated neutrophils may 
play an important role in the chronic inflammatory 
state of schizophrenia by promoting the release of some 
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inflammatory cytokines such as IL6. In addition, some 
diseases known to be associated with NETs, such as 
diabetes, psoriasis, and cardiometabolic disorders, are 
also often common comorbidities of schizophrenia, 
which also proves the correlation between NETs and 
schizophrenia to a certain extent [33, 34].

This study also found that in MSA and MSR, NLR 
values were significantly positively associated with dis-
ease duration and significantly negatively associated 
with mood stabilizer use. This was the first time that an 
association between NLR and disease duration has been 
found in medicated schizophrenia patients. Patients with 
longer duration of disease have relatively higher NLR, 
and the longer the duration of disease often represents 
the longer the treatment time of antipsychotic medica-
tions. The increasing NLR in patients with schizophrenia 
is due to the long-term use of antipsychotic medica-
tions or the long-term chronic inflammatory process of 
schizophrenia, which is not yet clear. Studies have shown 
that white blood cell counts in patients with schizophre-
nia decrease after short-term treatment with antipsy-
chotic drugs, but increase after long-term treatment [35]. 
Whether this complex nonlinear association is also pre-
sent between NLR and antipsychotic medications war-
rants further investigation. On the other hand, in order to 
control psychiatric symptoms, patients with schizophre-
nia often need to take mood stabilizers (such as lithium, 
sodium valproate, lamotrigine). Although many studies, 
including this one, have focused on the effect of antipsy-
chotic drugs on inflammatory indexes, few studies have 
focused on mood stabilizers. Future studies should also 
explore the effects of different classes of mood stabilizers 
on NLR.

One of the limitations of our study was that although 
all the patients were assessed with the Positive and Nega-
tive Syndrome Scale (PANSS), the assessment was per-
formed independently by different physicians, which 
raised questions about the reliability and robustness of 
the assessment, and we had to abandon the use of these 
scale results. In addition, another limitation of this study 
was that we did not detect the inflammatory factors such 
as cytokines in individuals, so we could not explore the 
changes of these inflammatory factors in subjects and 
the effect of antipsychotic drugs on them. Third, DSA 
included both patients who had never taken antipsy-
chotic medications and those who had previously taken 
antipsychotic medications and discontinued them for 
more than 1  month, and these two subgroups may also 
have different inflammatory indexes. Fourth, as stated 
in the Results 3.1 section, there were a small number of 
missing values in this study, and although we have used 
multiple imputation to fill in the missing values, the 
results of the study are inevitably biased.

In conclusion, this study investigated the changes of 
inflammatory indices in patients with schizophrenia at 
different disease stages and taking different antipsychotic 
drugs, and demonstrated the potential of NLR as a bio-
marker for acute exacerbation of schizophrenia. However, 
as the effects of antipsychotics and mood stabilizers on 
NLR may change over time, more research is needed in this 
area to explore the characteristics of biomarkers such as 
peripheral blood inflammation index in schizophrenia.
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