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Background: Previous evidence suggests that immune-inflammatory dysfunction
plays an important role in metabolic disorder (MD) of patients with schizophrenia, yet
studies on sex differences in the association between both are limited. The current
study aimed to investigate sex differences in the association between MD and
inflammatory cytokines in Han Chinese patients with chronic schizophrenia (CS).

Methods: This multicentre cross-sectional study was conducted in one general
hospital and two psychiatric hospitals in Anhui Province, China. General
information, metabolic parameters and inflammatory cytokine indicators were
collected from all participants, and the severity of their psychiatric symptoms was
assessed using the Positive and Negative Syndrome Scale (PANSS).

Results: A total of 324 patients completed the assessment and were included in
this study. The patients with MD had higher age and duration of illness, and lower
chlorpromazine equivalents and negative symptom score than those without
MD. Binary logistic regression showed that MD was significantly associated with a
higher IL-1B level in male patients, while this association was not significant in
females. Further multiple linear regression revealed that IL-1B level was
negatively correlated with polypharmacy only in male patients.

Conclusion: Sex differences in the association between MD and IL-1p level are
significant in patients with CS, and only in male patients is there a negative
correlation between MD and IL-1f level. Sex-specific prevention and intervention
strategies may contribute to reducing MD in patients with CS.
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1 Introduction

Schizophrenia is a severe and chronic psychotic disorder
characterized by heterogeneous domains of thought, perception,
behavior and cognition, which affects approximately 24 million
people globally (1). Compared with the general population, patients
with schizophrenia have a 2-3 times higher risk of premature
mortality, primarily due to cardiovascular problems resulting
from metabolic disorder (MD) (2, 3).

Patients with schizophrenia often suffer from obesity,
hypertension, hyperglycaemia/diabetes and hyperlipidaemia. Having
one or more of these conditions is considered to have MD (4) while
having three or more is considered to have metabolic syndrome
(MetS) (5). Two recent cross-sectional studies both indicated that
more than 60% of patients with schizophrenia had comorbid MD (4,
6). Another meta-analysis reported that the prevalence of MetS in
people with schizophrenia was 33.4%, significantly surpassing the rate
in healthy controls (7). In addition to increased risks of cardiovascular
disease and death, individuals with metabolic abnormalities also
experience significant declines in cognitive function and quality of
life (8, 9). In patients with schizophrenia, MD may have a negative
impact on sleep quality and medical comorbidities, leading to a worse
disease prognosis (5, 10). Several risk factors may explain the
comorbidity of schizophrenia and MD, such as aging, poor dietary
patterns, sedentary lifestyle and side effects of antipsychotics (11).
Furthermore, other intricate factors are thought to be involved in the
onset and progression of MD, including genetic susceptibility (12), sex
hormone (13) and oxidative stress imbalance (14), of which immune-
inflammatory dysfunction is currently considered to be a crucial
mechanism for the comorbidity of MD in schizophrenia (15).

Cytokines, primarily secreted by immune cells, are key
molecules in regulating inflammation and are also involved in
schizophrenia and MD pathophysiology. On the one hand,
previous studies have demonstrated that pro-inflammatory
cytokines are elevated at various levels in patients with
schizophrenia. A meta-analysis of 24,921 participants revealed
that consistently elevated levels of interleukin (IL)-1f, IL-6, and
tumor necrosis factor (TNF)-o in patients with acute and chronic
schizophrenia (CS) compared with healthy controls (16). An early
study found that IL-1f, IL-6 and TNF-o could inhibit cortical
neuronal dendritic development and possibly increase the risk of
schizophrenia (17). In addition, the IL-17 family is the newest
subclass of cytokines, and a recent case-control study suggested that
elevated IL-17A level may serve as a potential biomarker for
schizophrenia (18). On the other hand, studies have shown that
in both animals and humans, higher levels of inflammatory
cytokines are significantly associated with a higher risk of MetS.
For example, an animal study showed that long-term
administration of olanzapine may cause insulin resistance (IR), by
significantly increasing levels of IL-1B, IL-6 and TNF-c (19), and a
prospective study with 12-month follow-up found that
schizophrenics with a higher baseline IL-6 level had an increased
risk of subsequent MetS (20).

Moreover, sex-specific associations between schizophrenia and
MD have been identified in certain studies. For example, Zeng et al.
documented a significantly higher prevalence of MetS in females
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(13.4%) than in males (6.6%) of patients with schizophrenia (21).
Additionally, a previous study found that Body mass index (BMI)
was negatively associated with the Positive and Negative Symptom
Scale (PANSS) total score and the negative symptom subscale score
in male individuals with schizophrenia, but not in females (22). This
suggests that there may be sex differences in the associations
between metabolic parameters and psychopathology. Also, sex
differences have been found in inflammation levels among a
variety of neuro-psychiatric disorders, including Alzheimer’s
disease (23), depression (24), and schizophrenia (25). Two cross-
sectional studies of patients with schizophrenia showed that
elevated inflammatory cytokine levels may be associated with
more severe psychopathology and poorer sleep quality in females,
but not in males (25, 26).

Therefore, this study aimed (1) to investigate the associations
between MD and inflammatory cytokines levels, and (2) whether
there were sex differences in these associations, and (3) to further
analyze the influencing factors of inflammatory cytokines in
patients of different sexes with CS. We hypothesize that there will
be sex differences in the associations between MD and
inflammatory cytokines levels in patients with CS.

2 Methods
2.1 Study design and participants

This multicentre, cross-sectional study was conducted in one
general hospital (Chaohu) and two psychiatric hospitals (Hefei and
Ma’anshan) in Anhui Province, China, from May to December
2018. Patients were included, if they met the following criteria: (1)
Han Chinese, aged between 18 and 75 years; (2) diagnosed with
schizophrenia, based on the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition (DSM-5) using a structured Clinical
Interview; (3) duration of illness was more than 5 years (27).
Patients were excluded who had (1) any other psychiatric
disorders; (2) infectious or immune system diseases that may alter
the inflammatory state of the body, or other serious physical
diseases; (4) or were pregnant or breastfeeding women; (3)
recently used any non-steroidal anti-inflammatory drugs,
corticosteroids or other immunomodulatory agents.

All participants and their guardians signed informed consent forms
in accordance with the Declaration of Helsinki. The protocol of this
study was approved by the Medical Ethics Committee of Chaohu
Hospital of Anhui Medical University (201805-kyxm-03) and was
registered in the Chinese Clinical Trial Registry (ChiCTR1800017044).

2.2 Data collection measurements

2.2.1 Socio-demographic and
clinical characteristics

Socio-demographic and clinical data were collected via a
predesigned questionnaire, including age, sex, marital status,
education level, exercise, smoking, antipsychotic medications, age
of onset and duration of illness. The dose of antipsychotics per
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patient was converted to chlorpromazine equivalents using the
Defined Daily Dose (DDD) conversion method recommended by
the World Health Organization (28). Psychotic symptoms of the
patients were assessed by two experienced psychiatrists using the
Chinese version of the 30-item PANSS (29, 30), and the correlation
coefficients of repeated assessments was more than 0.8 between the
scorers. The scale consists of three subscales, including a positive
symptom subscale, a negative symptom subscale and a general
psychopathology subscale, with higher scores indicating more
severe symptoms (31).

2.2.2 Metabolic parameters and inflammatory
cytokines levels measurements

Height and weight were measured with patients dressed lightly
and with their shoes removed. BMI was calculated as weight (kg)/
height (m)*. Blood samples were collected from patients between
07:00 and 08:00 AM after an overnight fast. The samples were
numbered, centrifuged at 3,600 rpm for 10 minutes, and separated
into serum. The serum was immediately stored at -80°C and tested
within 30 days. Fasting blood glucose (FBG), triglyceride (TG) and
high density lipoprotein-cholesterol (HDL-C) levels were measured
by the oxidase method (Meikang Biotechnology Company,
Zhejiang, China), the GPO-PAP method (Beijing Lidan
Biochemical Company, Beijing, China) and the terminal method
(Neusoft Whitman Biotechnology Company, Jiangsu, China),
respectively. For inflammatory cytokines, IL-1f3, IL-6, IL-17 and
TNF-o levels were measured using the sandwich enzyme-linked
immunosorbent assay (Sangon Biotech Company, Shanghai,
China). The inflammatory cytokines levels were log-transformed
as the Kolmogorov-Smirnov test showed that they did not follow a
normal distribution.

2.2.3 MD evaluation basis

According to the criteria recommended by the Chinese Diabetes
Society (32), individuals with MD have one or more of the following
items: (1) BMI > 25.0 kg/mz; (2) FPG = 6.1 mmol/L and/or 2-hour
postprandial glucose > 7.8 mmol/L and/or have been diagnosed
with diabetes and treatment; (3) systolic blood pressure/diastolic
blood pressure > 140/90 mmHg (1 mmHg = 0.133 kPa), and/or
have been diagnosed with hypertension and treatment; and (4) TG
> 1.7 mmol/L, and/or HDL-C < 0.9 mmol/L (male) or HDL-C < 1.0
mmol/L (female).

2.3 Statistical analysis

The continuous variables were described as mean + standard
deviation (SD) and the categorical variables were described as
frequency distributions (%). The Kolmogorov-Smirnov test was
used to test the normal distribution of continuous variables. To
compare sex differences in MD among patients with schizophrenia,
a two-way analysis of covariance (ANCOVA) was performed to test
the effects of diagnosis (with and without MD) and sex (male and
female). The main effects of diagnosis and sex, and the interaction
of diagnosis*sex were examined. Binary logistic regression models
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(Forward: LR) were used to examine the independent factors
associated with MD in male and female patients, with MD as the
dependent variable, and the variables which were significant in the
ANCOVA (P < 0.05) as the independent variables (e.g., age,
duration of illness, chlorpromazine equivalents, and negative
symptom score). Forward selection is a stepwise regression
method that starts with an empty model, adds variables one by
one, and selects the best predictor variables from the available
options by fine-tuning the model. The correlations between
inflammatory cytokines levels and other clinical data in the
patients were examined with Pearson or Spearman correlation
analyses. Then multivariate linear regression models (Forward:
LR) were used to examine any significant correlations (P < 0.05)
in correlation analyses. Statistical Product and Service Solutions
(SPSS) version 23.0 (SPSS incorporated, Chicago, Illinois, United
States of America) was used for statistical analyses. The P - values
were set as two-tailed o0 = 0.05.

3 Results
3.1 Participant characteristics

A total of 324 patients completed the assessment and were
included in the statistical analyses. As shown in Table 1, the mean
age of the patients was 45.10 years (SD = 11.67) and the mean
duration of illness was 18.99 years (SD = 10.47), with 192 males
(59.3%) and 132 females (40.7%). Of these patients, more than half
(56.8%) were being treated with polypharmacy, and 252 (77.8%)
had comorbid MD.

3.2 Sex differences in socio-demographic
and clinical characteristics between groups
with and without MD

As shown in Table 2, patients in the MD group had higher age
(F=4.81, P=0.029) and duration of illness (F=4.07, P=0.045),
and lower chlorpromazine equivalents (F=6.01, P=0.015) and
negative symptom score (F=4.17, P=0.042) than those in the
non-MD group. In addition, there were significant differences in the
positive symptom score (F=4.19, P= 0.042) and IL-1f level (F=
6.09, P=0.014) in the “diagnosis*sex” interaction. Further simple
effects analyses found that in the MD group, male patients had a
higher positive symptom score than female patients, and in the
males, patients with MD had a higher IL-1f level than those without
MD (all P < 0.05).

3.3 Factors associated with MD in male and
female patients
In male patients, binary logistic regression analysis found that

MD was significantly associated with lower chlorpromazine
equivalents [odds ratio (OR) = 0.999, 95% confidential interval
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TABLE 1 Socio-demographic and clinical characteristics of patients.

Variables Total sample (N = 324)

N (%)

Male 192 (59.3)

Marital status

Single 231 (71.3)

Married 93 (28.7)
Exercise 78 (24.1)
Smoking 125 (38.6)
Antipsychotic medications

Monotherapy 140 (43.2)

Polypharmacy 184 (56.8)
Metabolic disorder 252 (77.8)

Mean (SD)

Age (years) 45.10 + 11.67
Education (years) 8.07 + 3.62
Age of onset (years) 26.12 + 8.30
Duration of illness (years) 18.99 + 10.47

Chlorpromazine equivalents (mg/d) 455.81 + 258.37

PANSS total score 77.96 + 24.34
Positive symptom score 17.95 £ 7.50
Negative symptom score 21.53 £ 7.63
General psychopathology score 38.48 £ 12.76

Metabolic parameters
BMI (kg/m?) 24.10 + 3.84

Systolic blood pressure (mmHg) 114.78 + 12.24

Diastolic blood pressure (mmHg) 7594 + 8.11
FBG (mmol/L) 536 + 1.37
TG (mmol/L) 224 +1.52
HDL-C (mmol/L) 1.05 + 0.27
Inflammatory cytokines
Log IL-1PB (pg/mL) 0.46 + 0.46
Log IL-6 (pg/mL) 0.01 +£0.53
Log IL-17 (pg/mL) 0.72 + 059
Log TNF-a. (pg/mL) 1.30 + 0.23

PANSS, Positive and Negative Symptom Scale; BMI, body mass index; FBG, fasting blood
glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; IL, interleukin; TNF,
tumor necrosis factor; SD, standard deviation.

(CI) = 0.997-1.000] and negative symptom score (OR = 0.939, 95%
CI=0.896-0.984), and a higher level of IL-1f (OR = 2.719,95% CI =
1.052-7.026) (all P < 0.05) (Table 3). Unfortunately, there were no
significant differences in socio-demographic and clinical
characteristics between the groups in female patients (all P > 0.05).

Frontiers in Psychiatry

10.3389/fpsyt.2024.1520279

3.4 Sex differences in correlations between
IL-1pB level and other clinical variables

The results were shown in Table 4. In male patients, IL-1[ level
was negatively correlated with duration of illness (r = -0.172, P =
0.017) and polypharmacy (r = -0.183, P = 0.011), and was positively
correlated with MD (r = 0.163, P = 0.024) and level of TG (r = 0.195,
P =0.007). However, there were no significant correlations between
IL-1B level and other clinical variables in female patients (all P >
0.05). Further multivariate linear regression analyses showed that in
male patients, IL-1f level was negatively correlated with
polypharmacy (8 = -0.185, P = 0.009, R* = 0.061) and positively
correlated with MD (3 = 0.165, P = 0.020, R? = 0.061).

4 Discussion

In this study, we investigated the associations between MD with
clinical variables and inflammatory cytokines, and their sex
differences. Subsequently, the factors influencing inflammatory
cytokines in patients with CS of different sexes were further
analyzed. Consistent with previous studies in both healthy
populations and clinical patients, we observed that age and
duration of illness were significant risk factors for MD (33, 34).
For instance, a prospective study of patients with recent-onset
psychosis reported that age was an effective predictor of changes
in FBG level (34). In addition, Zhang et al. found that ageing had a
significant effect on other components of MD besides impaired FBG
(35). It is important to note that duration of illness is not only
associated with age, but also reflects the degree of antipsychotic
exposure in patients with CS, both of which are related to an
increased risk of MD (36).

We also found the negative associations between MD with
negative symptoms and chlorpromazine equivalents in patients
with CS. The current evidence on the association between MD
and negative symptoms is controversial. Previous studies of first-
episode and chronic patients with schizophrenia found that
negative symptoms were negatively associated with BMI (37, 38),
while other studies reported opposite results. Two studies from the
United States and Spain indicated that negative symptoms were
positively associated with MetS and IR in patients with
schizophrenia (39, 40). In this study, the patients with MD had a
lower negative symptom score, possibly due to their better efficacy
and response to antipsychotics. A recent meta-analysis showed that
clozapine and olanzapine, although prone to metabolic side effects,
were significantly better than other antipsychotics at improving
psychiatric symptoms in patients with schizophrenia (41).
Additionally, several neuroimaging studies suggested that
dysregulated reward system function may mediate the association
between MD and negative symptoms in patients with
schizophrenia. For instance, a recent study found that a higher
risk of weight gain with antipsychotics was associated with a greater
connectivity between reward-related regions and other functional
regions of the brain (42). Another cross-sectional study from
Switzerland showed that scores on the apathy dimension of
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TABLE 2 Socio-demographic and clinical characteristics of male and female patients with schizophrenia with and without MD.

Variables Diagnosis Diagnosis*sex
Female (N Female (N
( W e p F P
=107) = 25)
Age (years) 45.08 + 11.53 46.88 + 11.29 42,60 +12.66 = 42.28 + 11.35 4806 | 0.029 | 0210 0.647 | 0.427 0.514
Education (years) 8.37 + 331 8.25 % 3.93 6.70 + 3.46 8.20 £ 3.91 2937 | 0.088 1913 0.168  2.589 0.109
Single/Married 115/34 63/44 37/10 16/9 0242 | 0.622 14265 | <0.001 - -
Exercise (yes/no) 31/114 29/78 12/35 6/19 0.043 | 0.835  0.726 0394 - -
Smoking (yes/no) 91/54 5/102 29/18 0/25 0113 | 0737 113792  <0.001 - -
Age of onset (years) 25.81 + 7.66 26.76 + 8.46 25.55 + 9.29 26.20 % 9.46 0125 0724 0471 0493 0.016 0.898
Duration of illness (years) | 19.43 + 10.37 19.81 + 10.75 17.30 £ 1001 16.08 % 10.48 4066 | 0.045  0.083 0773 | 0.301 0.584
Chlorpromazine 405.09 48047 + 27041 0218 557.30 £ 28425 | 6013  0.015 3385 | 0067 0082 0775
equivalents (mg/d) +220.97 +296.50
Monoth
onotherapy/ 66179 44/63 22125 8/17 0090 0764 1322 | 0250 | - -
Polypharmacy
PANSS total score 81.26 + 25.02 71.94 + 24.03 82.66 £ 21.64 7572 +22.10 0.598 | 0.440 5909 0.016  0.126 0.722
Positive symptom score ~ 19.10 + 7.86* 16.47 + 6.94 17.32 + 7.61 18.92 + 6.62 0.104 | 0747 0250 0.617  4.186 0.042
Negative
21.99 + 7.33 19.50 + 7.38 2549 + 7.82 20.20 % 7.17 4167 | 0.042 14246  <0.001 = 1843 0.176
symptom score
General
40.19 + 13.38 36.04 £ 12.56 39.85+ 1127  36.60 £ 11.25 0.004 | 0949 4399 0.037 | 0.065 0.799
psychopathology score
Metabolic parameters
BMI (kg/m?) 24.43 + 3.84 25.59 + 3.67 2092 + 2.14 21.85 + 2.42 55581  <0.001 4.610 0.033 | 0.053 0.817
Systolic blood 109.06
114.94 + 1076 | 117.23 + 13.93 114.04 + 11.64 7365 | 0.007 | 4720 0.031  0.646 0.422
pressure (mmHg) +11.10
Diastolic blood
76.33  8.28 77.13 £ 8.13 72.66 £ 7.36 74.76 + 6.93 7342 0.007 1692 0.194  0.340 0.560
pressure (mmHg)
FBG (mmol/L) 543 £ 1.39 5.60  1.63 4.88 + 0.53 473 £ 052 14.407 = <0.001 = 0.001 0970  0.756 0.385
TG (mmol/L) 245 + 147 2.64 + 1.75 1.20 +0.30 1.25 +0.30 44572 <0.001 = 0.347 0556  0.127 0.722
HDL-C (mmol/L) 0.95 + 0.24 1.07 + 0.24 117 £ 0.26 131 £0.25 46147 = <0.001 1426 <0.001 = 0.137 0.711
Inflammatory cytokines
Log IL-1B (pg/mL) 0.49 + 0.45" 0.44 £ 047 0.33 £ 0.31* 0.59 % 0.61 0.004 | 0949 2791 0.096 | 6.092 0.014
Log IL-6 (pg/mL) -0.001 + 0.51 0.04 £ 0.57 -0.04 £ 0.46 0.06 + 0.58 0011 | 0917 0875 0350 0.150 0.699
Log IL-17 (pg/mL) 0.66 + 0.57 0.78 + 0.58 0.69 + 0.61 0.84 + 0.71 0343 | 0559 2733 0.099 | 0.041 0.840
Log TNE-o. (pg/mL) 1.30 £ 0.21 132028 129 +0.13 132 £0.29 0.005 = 0942 0565 0453 | 0.015 0.901

MD, metabolic disorder; PANSS, Positive and Negative Symptom Scale; BMI, body mass index; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; IL,

interleukin; TNF, tumor necrosis factor; Bolded P values < 0.05.

The asterisk (*) indicates the comparison between males and females with schizophrenia with or without MD.
The plus sign (+) indicates the comparison between schizophrenics with and without MD in males and females.

negative symptoms in schizophrenia were negatively correlated
with ventral striatal functional connectivity, which plays an
important role in reward processes (43). Therefore, the patients
with lower negative symptoms may have less impaired reward
responsiveness and may be more likely to use food intake as an
available reward cue, whereas uncontrolled food consumption
ultimately leads to MD (37). Moreover, negative symptoms may
affect the chlorpromazine equivalents in patients with CS, and
collectively are involved in the regulation of metabolism.

Frontiers in Psychiatry

However, our results should be interpreted with caution given
that the OR values in this study are modest. Further studies are
needed to confirm whether these statistically significant results also
carry clinical significance across different races, regions, and phases
of illness in patients.

This study also found that there were significant interactions
between MD and sex on positive symptoms and IL-1f level. First,
male patients had a higher positive symptom score than female
patients in the MD group, but not in the non-MD group. Sex
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TABLE 3 Independent factors associated with MD in male patients.

Variables OR 95% ClI
Lower
Chlorpromazine equivalents (mg/d) 0.048  0.999 0.997 1.000
Negative symptom score 0.008 = 0.939  0.896 0.984
Log IL-1PB (pg/mL) 0.039 | 2.719 1.052 7.026

1L, interleukin; OR, odds ratio; CI, confidential interval; Bolded P values < 0.05.

differences have been a topic of great interest in schizophrenia
research, and brain imaging studies have shown that there may be
differences in the functioning of brain regions in male and female
patients. Salehi et al. suggested that sex differences in schizophrenia
may influence the interaction between positive symptoms and
temporal cortex activation (44). Another longitudinal study found
that among first-episode psychosis patients, males and those with
more severe positive symptoms were more likely to be resistant to
treatment, suggesting that they may have residual psychiatric

TABLE 4 Correlations between IL-1p level and other clinical variables in
male and female patients.

Variables Female
r P
Age (years) -0.133 0.067 -0.166 0.057
Education (years) 0.041 0.576 0.060 0.491
Single/Married -0.090 0.215 -0.142 0.104
Exercise (yes/no) -0.091 0.211 -0.088 0.317
Smoking (yes/no) -0.008 0916 -0.001 0.996
Age of onset (years) -0.055 0.450 -0.134 0.126
Duration of illness (years) -0.172 0.017% -0.119 0.173*
Monotherapy/Polypharmacy -0.183 0.011 0.044 0.620
Chlorpromazine equivalents (mg/d) | -0.094 0.192 -0.016 0.853
Metabolic disorder (yes/no) 0.163 0.024% -0.119 0.175%
PANSS total score 0.097 0.182 -0.092 0.292
Positive symptom score 0.108 0.136 -0.046 0.597
Negative symptom score 0.015 0.838 -0.147 0.093
General psychopathology score 0.107 0.140 -0.064 0.465
Metabolic parameters
BMI (kg/m?) 0.054 0.456 0.016 0.858
Systolic blood pressure (mmHg) -0.023 0.753 -0.097 0.271
Diastolic blood pressure (mmHg) | -0.117 0.107 -0.119 0.174
FBG (mmol/L) -0.027 0.713 0.007 0.938
TG (mmol/L) 0.195 0.007* 0.125 0.152°
HDL-C (mmol/L) -0.063 0.383" 0.073 0.407°

PANSS, Positive and Negative Symptom Scale; BMI, body mass index; FBG, fasting blood
glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; a, Spearman
correlation analysis; Bolded P values < 0.05.
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symptoms during the chronic course of the illness (45). An
additional possible explanation is that MD exacerbates the
severity of positive symptoms in male but not female
schizophrenics, which may be related to the neuroprotective
effects of estrogen, including anti-inflammatory and anti-oxidative
stress (46, 47).

Second, we found a positive association between MD and IL-1(3
level in male patients with CS. Similarly, previous studies have
shown that MD was associated with elevated level of IL-1B both in
the general population and in patients with schizophrenia (48, 49).
IL-1fB is a major pro-inflammatory cytokine secreted mainly by
monocytes/macrophages, and its elevated levels indicate that the
body is in a state of immune-inflammatory activation. The current
view suggests that MD is associated with a chronic low-grade
inflammatory state, and that elevated levels of pro-inflammatory
cytokines may lead to IR or other metabolic comorbidities (50). On
the one hand, an animal study found that IL-1B could promote
adipogenesis by directly targeting adipocyte precursors (51). On the
other hand, apart from maintaining energy homeostasis, adipose
tissue has been shown to have endocrine regulatory properties,
releasing a variety of inflammatory cytokines and chemokines that
induce chronic low-grade inflammation (52). In addition, obesity
promotes the transition of macrophages to the M1 phenotype,
which secretes more pro-inflammatory cytokines (e.g., TNF-a, IL-6,
and IL-1B) (53). Overall, increased IL-1[ level may be both a cause
and a consequence of MD, whereas the exact mechanism has not
been clarified and further studies are needed to explore the
associations between them. Notably, we found that there was a
positive correlation between MD and IL-1B level only in male
patients. Similarly, Fang et al. discovered that patients with
schizophrenia in the MetS group had a significant higher level of
IL-6 than those in the non-MetS group, and that this difference was
only found in males (54). Interestingly, Bosia et al. also found a
significant interaction of IL-1f3 genotype with MetS and sex in
cognitive function, with T-carrier females with MetS performing
worse in executive function (55). To the best of our knowledge, few
systematic studies have examined sex differences between MD and
inflammatory cytokine levels in patients with schizophrenia, in
which sex hormones may play a moderating role. Imano et al.
observed that a pro-inflammatory environment appeared earlier in
male mice than in females during the high-fat diet-induced obesity
process, which may be related to the regulation of senescence-
associated T cells by estrogen (56). Furthermore, studies have
shown that estradiol and progesterone may also indirectly reduce
IL-1 level by enhancing the production of prostaglandin E2 (57).
Therefore, our findings indicate that male patients may experience
more pronounced immune-inflammatory responses under MD
conditions, which could contribute to a greater risk of
physical disease.

Finally, we further examined the factors influencing IL-1P level
in patients with CS, and the multivariate regression analyses showed
that the IL-1P level was negatively correlated with polypharmacy
only in male patients. In patients with schizophrenia, antipsychotics
could reduce levels of proinflammatory cytokines to improve
immune-inflammatory activation. A meta-analysis of 43 studies
reported an average 23.16% reduction in IL-1fB level after
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risperidone treatment, particularly in patients with CS (58). In
contrast, Zhao et al. reported that BMI, FBG level and IL-1f level
were significantly increased after clozapine administration in
patients with schizophrenia, and positive associations were found
between IL-1f level and daily dose of clozapine (59). Thus, taking
into account drug interactions, metabolic side effects, the impact on
inflammation, and heterogeneity in response to treatment, our
results should be considered preliminary.

Some limitations were noted in this study. Firstly, this study was
cross-sectional design, the results were not able to address the
direction of causality between MD and IL-1P level. Therefore,
future studies could consider a longitudinal design to better assess
their causal relationships. Secondly, this study included only
inpatients with CS, and further research could enrol patients with
different phases to explore deeper. Thirdly, this study did not
measure the sex hormone levels of the participants and did not
assess the menstrual status of the female patients, which may affect
our further interpretation of the results. Finally, the patients
included had been treated with different antipsychotics. Although
these antipsychotics were converted to equal doses of
chlorpromazine, this may not have eliminated all possible
confounding effects.

5 Conclusion

In conclusion, age and duration of illness are significant risk
factors for MD, and patients with MD have less severe negative
symptoms. The results also show that there are significant sex
differences in the association between MD and IL-1f level in
patients with CS, with the negative association between MD and
IL-1 levels only in males. These findings provide new insights into
the inflammatory immune regulation of metabolism in
schizophrenia and might help direct further research into this
important aspect. Given the clinical utility, regular monitoring of
metabolic parameters and inflammatory cytokine levels will
be necessary.
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