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Abstract

Background: Metabolic syndrome (MetS) is a major physical comorbidity in schizophrenia and is associated with increased risks of
cardiovascular disease, diabetes, and poor prognosis. This study investigated the prevalence of MetS and its clinical correlates among
Chinese inpatients with schizophrenia, with particular attention to the metabolic-risk profiles of antipsychotic regimens. Methods: This
multicenter cross-sectional study included 1024 inpatients with schizophrenia from two tertiary psychiatric hospitals in Central China.
MetS was diagnosed according to the criteria of the Chinese Diabetes Society. Sociodemographic, clinical, medication, physical exami-
nation, and laboratory data were collected. Antipsychotic regimens were classified as non-high-risk, high-risk, or high-risk-plus-low-risk
combinations. Multivariable logistic regression was used to identify factors independently associated with MetS. Results: Overall, 398
of 1024 patients met the criteria for MetS, yielding a prevalence of 38.9% (95% confidence interval (CI), 35.9%41.9%). Compared
with patients without MetS, those with MetS were more likely to be male, older, have a higher body mass index, have a longer illness
duration, exhibit depressive symptoms, report a history of smoking and alcohol use, and have greater illness severity. In the multivariable
analysis, male sex (adjusted odds ratio [aOR] = 1.65, 95% CI, 1.21-2.25), older age (aOR = 1.02, 95% CI, 1.00-1.03), illness duration
>5 years (aOR = 1.55, 95% CI, 1.14-2.13), Calgary Depression Scale for Schizophrenia (CDSS)-defined depressive symptoms (aOR =
2.71, 95% CI, 1.87-3.92), and high-risk antipsychotic regimens (aOR = 1.54, 95% CI, 1.15-2.06) were independently associated with
MetS. High-risk-plus-low-risk combination regimens and chlorpromazine-equivalent (CPZ-eq) dose were not significantly associated
with MetS. Conclusions: MetS is highly prevalent in this sample of Chinese inpatients with schizophrenia. The findings highlight the
associations of both patient-level characteristics and antipsychotic regimen composition with MetS, whereas the current CPZ-equivalent
dose showed no significant association. Enhanced metabolic monitoring and individualized treatment strategies are warranted in inpatient
schizophrenia care.

Keywords: metabolic syndrome; schizophrenia; antipsychotic; depressive symptoms; inpatients

Main Points lection and cardiometabolic monitoring in patients with

1. The prevalence of metabolic syndrome among in- schizophrenia.

. . . . o
patients with schizophrenia was 38.9%. 1. Introduction

2. Male sex, older age, longer illness duration, depres-
sive symptoms, and high-metabolic-risk antipsychotic reg-
imens were independently associated with metabolic syn-
drome.

Among the physical comorbidities of schizophrenia,
metabolic syndrome (MetS) is of particular clinical impor-
tance because it is common and closely linked to cardio-
vascular disease, type 2 diabetes, and poor overall progno-
sis [1]. In people with schizophrenia, MetS refers to the
clustering of central obesity, hypertension, dysglycemia,
hypertriglyceridemia, and reduced high-density lipoprotein
cholesterol, and it has become a major target for integrated
psychiatric and medical care [2,3].

3. Patients receiving high- and low-metabolic-risk
combination regimens showed no significantly higher odds
of metabolic syndrome than those receiving non-high-risk
regimens, whereas high-risk regimens were associated with
higher odds of Metabolic syndrome (MetS).

4. These findings support incorporating the metabolic
profiles of individual antipsychotics into treatment se-
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Recent evidence indicates that the burden of MetS in
schizophrenia is consistently high. A classic meta-analysis
estimated that the prevalence of MetS in schizophrenia and
related disorders was approximately one-third worldwide
[3], while a more recent global meta-analysis reported an
even higher pooled prevalence of 41.3% [4]. In China,
a recent meta-analysis of 73 studies involving 34,655 pa-
tients reported a pooled prevalence of 31.4% [5]. In addi-
tion, a large multicenter study of hospitalized patients with
schizophrenia in China reported a prevalence of 34.9% us-
ing the Chinese Diabetes Society criteria [6]. Together,
these findings suggest that MetS is a highly prevalent and
clinically significant comorbidity in schizophrenia.

Existing research further suggests that MetS in
schizophrenia is multifactorial. Prior studies have exam-
ined a broad range of associated factors, including sociode-
mographic characteristics, lifestyle-related exposures, and
illness-related variables [7]. Across recent Chinese evi-
dence, older age, smoking, higher body mass index, and
longer illness duration have emerged as relatively consis-
tent correlates, whereas associations with sex, education,
and marital status have varied across samples [5,6]. In ad-
dition to these factors, depressive symptoms deserve partic-
ular attention. Depression is common across the course of
schizophrenia, and emerging evidence suggests that depres-
sive morbidity may be associated with greater metabolic
burden in this population. In a recent study of remit-
ted schizophrenia, MetS remained significantly associated
with comorbid major depressive disorder after adjustment
for key demographic and clinical variables, highlighting
the need to consider depressive symptoms alongside car-
diometabolic risk [8]. Although the mechanisms remain
incompletely understood, shared behavioral, inflammatory,
neuroendocrine, and metabolic pathways have been pro-
posed [2,9].

Antipsychotic treatment is one of the most clinically
modifiable determinants of metabolic risk, but the rela-
tionship between prescribing strategy and MetS remains
unsettled. Comparative evidence has consistently shown
marked differences in metabolic liability across agents,
with clozapine and olanzapine generally carrying the high-
est risk, whereas aripiprazole, lurasidone, and ziprasidone
tend to have more favorable metabolic profiles [10]. At the
same time, treatment guidelines and major reviews continue
to prioritize antipsychotic monotherapy whenever possi-
ble, because polypharmacy is often associated with greater
treatment complexity and a higher burden of adverse effects
[11,12]. However, the evidence regarding whether antipsy-
chotic polypharmacy itself confers a higher risk of MetS
than monotherapy remains conflicting [12].

The question becomes even more complex when dose
is considered. Recent dose-response meta-analytic evi-
dence suggests that metabolic adverse effects are not uni-
formly linear across antipsychotics; rather, the shapes of
the dose-response curves differ by drug, with plateau, as-

cending, and bell-shaped patterns all being observed [13].
Likewise, although adjunctive aripiprazole has shown po-
tential benefits for glycolipid metabolism in some higher-
risk regimens, the current evidence remains limited and
is not yet sufficient to support firm conclusions across
all combination strategies [14,15]. These inconsistencies
suggest that classifying exposure simply as monotherapy
versus polypharmacy, or relying on total chlorpromazine-
equivalent (CPZ-eq) dose alone, may be too crude to cap-
ture the true metabolic impact of different prescribing pat-
terns. More granular evidence is needed on combination
regimens composed of antipsychotics with different intrin-
sic metabolic liabilities.

Against this background, further evidence is needed
on the prevalence and correlates of MetS among Chinese
inpatients with schizophrenia, particularly in real-world set-
tings where chronic illness, reduced activity, and cumu-
lative medication exposure may heighten cardiometabolic
vulnerability. Therefore, the present study investigated the
prevalence of MetS and its associated factors among inpa-
tients with schizophrenia in two tertiary psychiatric hos-
pitals in Central China, with particular attention to the
metabolic risk profile of antipsychotic prescriptions. By ex-
amining not only overall antipsychotic exposure but also
combinations of antipsychotics with different metabolic
risk levels, this study aimed to provide evidence that may
help optimize antipsychotic selection and strengthen car-
diometabolic monitoring in routine clinical practice.

2. Materials and Methods
2.1 Study Design, Setting, and Participants

This multicenter cross-sectional study was conducted
at Wuhan Mental Health Center and Wuhan Wudong Hos-
pital (Wuhan Second Mental Hospital) between March 1,
2024, and October 1, 2025, the two largest municipal public
psychiatric specialty hospitals in Wuhan, Central China. In
2025, the two hospitals had a combined total of 1950 inpa-
tient beds, 25,272 inpatient discharges, and 524,280 outpa-
tient visits. Together, they served as major public providers
of mental health care for Wuhan, a city with approximately
13.86 million permanent residents [16].

Hospitalized patients were consecutively screened for
eligibility from the psychiatric wards of the two hospitals
during the study period. Patients were eligible if they: (1)
had a diagnosis of schizophrenia established by attending
psychiatrists according to the International Classification of
Diseases, Tenth Revision (ICD-10); (2) were aged 18 years
or older.

Patients were excluded if they: (1) had an organic
brain disorder or an unstable or severe medical condition
that precluded participation; (2) had a comorbid psychoac-
tive substance use disorder; (3) had an intellectual disabil-
ity; (4) were unable to complete the study assessment be-
cause of severe agitation, acute suicidal risk, or another
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1406 inpatients with schizophrenia based on ICD-10 criteria

382 patients excluded:

* n= 130 with incomplete data on variables required
for MetS ascertainment

¢ n= 163 with missing antipsychotic treatment data

* 1= 89 with missing demographic information

A total of 1024 patients were included in the final analysis

Fig. 1. Flowchart of participant selection. ICD-10, International Classification of Diseases, Tenth Revision; MetS, Metabolic syn-

drome.

acute psychiatric condition; or (5) were pregnant or breast-
feeding.

A total of 1406 inpatients with schizophrenia were
identified from the study database. For the present analysis,
382 patients were excluded because of incomplete data re-
quired for MetS ascertainment (n = 130), missing antipsy-
chotic treatment data (n = 163), or missing demographic
information (n = 89). The final analytic sample therefore
comprised 1024 patients (72.8% of the screened sample;
Fig. 1).

The study protocol was approved by the Medical
Ethics Committee of Wuhan Mental Health Center, written
informed consent was obtained from the patients and their
family members, and verbal informed consent was obtained
from the treating psychiatrists.

2.2 Clinical and Medication Assessments

Sociodemographic and clinical data were collected
from medical records and face-to-face assessments, includ-
ing age, sex, education level, marital status, employment
status, smoking history, alcohol use history, family history
of psychiatric disorders, age at illness onset, duration of
illness, depressive symptoms, current antipsychotic treat-
ment, and daily antipsychotic dose.

At study enrollment, depressive symptoms and over-
all illness severity were assessed by psychiatrists who
had received standardized training in scale administra-
tion. Depressive symptoms were evaluated using the val-
idated Chinese version of the Calgary Depression Scale for
Schizophrenia (CDSS) [17], a 9-item clinician-rated scale
with a total score ranging from 0 to 27; a score =5 was
used to indicate clinically significant depressive symptoms
[18]. Overall illness severity was assessed using the Clini-
cal Global Impression—Severity (CGI-S), rated from 1 (nor-
mal, not at all ill) to 7 (among the most extremely ill),
with scores >4 categorized as moderate-to-severe illness

&% IMR Press

[19]. Formal inter-rater reliability was not quantified in the
present study.

To account for differences in current overall antipsy-
chotic dose, CPZ-eq daily dose was included as a covariate
in the analyses. For descriptive and regression analyses,
CPZ-eq dose was further categorized into three predefined
analytical groups: low (<200 mg/day), medium (201-400
mg/day), and high (>400 mg/day) [20,21].

2.3 Physical Examination and Laboratory Measurements

Trained nurses conducted physical examinations in ac-
cordance with standardized protocols. Waist circumference
was measured to the nearest 0.1 cm using a non-elastic tape
at the midpoint between the lower rib margin and the il-
iac crest. Height and body weight were measured, and
body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared. Blood pressure
was measured on the right arm in the seated position us-
ing a regularly calibrated medical-grade electronic sphyg-
momanometer (Omron Healthcare Co., Ltd., Kyoto, Japan)
after the participant had rested for at least 5 minutes. Each
physical parameter was measured twice, and the average
value was used in the analyses.

Laboratory assessments included fasting triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), and
fasting blood glucose (FBG). All participants fasted for at
least 8 hours before blood sampling. Fasting venous blood
samples were collected by nurses on the following morning
and analyzed in the hospital clinical laboratory using stan-
dard enzymatic colorimetric methods on automated analyz-
ers (Shenzhen Mindray Bio-Medical Electronics Co., Ltd.,
Shenzhen, China). In cases of markedly abnormal results,
retesting or repeat sampling was performed in accordance
with standard operating procedures.
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2.4 Definition of Antipsychotic Metabolic-Risk Profiles
and MetS

To better characterize the metabolic-risk profile of
antipsychotic treatment, the 10 antipsychotics used in the
present sample were first classified according to their estab-
lished metabolic liability. Clozapine and olanzapine were
classified as high-metabolic-risk antipsychotics; quetiap-
ine, risperidone, and paliperidone as moderate-metabolic-
risk antipsychotics; and aripiprazole, lurasidone, ziprasi-
done, perospirone, and amisulpride as low-metabolic-risk
antipsychotics, based on evidence from comparative studies
and expert consensus [10,22,23,24]. At the regimen level,
current antipsychotic prescriptions were operationally cat-
egorized into three mutually exclusive groups: non-high-
risk regimens, high-risk regimens, and high-risk-plus-low-
risk combination regimens. Non-high-risk regimens con-
tained no high-risk antipsychotic and could therefore con-
sist of moderate-risk and/or low-risk agents. High-risk reg-
imens contained at least one high-risk antipsychotic but no
low-risk agent, whereas high-risk-plus-low-risk combina-
tion regimens contained at least one high-risk and at least
one low-risk antipsychotic. Detailed distributions and daily
doses of individual antipsychotics are provided in Supple-
mentary Table 1, and the specific current antipsychotic
regimens are shown in Supplementary Table 2.

The high-risk-plus-low-risk group was analyzed sepa-
rately because the metabolic consequences of antipsychotic
polypharmacy may depend on regimen composition rather
than simply on the number of agents used, and previous
evidence regarding the association between polypharmacy
and MetS has been heterogeneous [11,12,25]. In addition,
lower-metabolic-risk agents, particularly aripiprazole, have
been used adjunctively with higher-risk antipsychotics and
may have favorable metabolic effects in selected settings,
although the evidence remains insufficient to establish such
combinations as metabolically protective [14]. Accord-
ingly, this category was defined as a practice-informed,
hypothesis-generating classification rather than an estab-
lished low-risk treatment.

MetS was diagnosed according to the criteria recom-
mended by the Chinese Diabetes Society of the Chinese
Medical Association [26]. Participants were considered
to have MetS if they met at least three of the following
five criteria: (1) abdominal obesity, defined as a waist cir-
cumference =90 cm in men and =85 cm in women; (2)
hyperglycemia, defined as FBG >6.1 mmol/L and/or pre-
viously diagnosed diabetes under treatment; (3) hyperten-
sion, defined as blood pressure >130/85 mmHg and/or pre-
viously diagnosed hypertension under treatment; (4) TG
>1.70 mmol/L; and (5) HDL-C <1.04 mmol/L.

2.5 Other Covariates

Other covariates included demographic characteris-
tics, lifestyle factors, and illness-related variables. Educa-
tion level was categorized into three groups: primary school

or below, middle/high school, and college or above. Mar-
ital status was categorized as unmarried, married, and di-
vorced/widowed. Employment status was categorized as
employed versus unemployed/retired.

Smoking history and alcohol use history were each
recorded as never, former, or current. Because the num-
ber of former users was limited, former and current users
were combined into ever-use categories for analysis.

For descriptive subgroup analyses, illness duration
was further categorized into early-course (<5 years) and
late-course (>5 years) illness. Age at onset was di-
chotomized as <18 years and =18 years, using the conven-
tional age threshold for early-onset schizophrenia [27].

2.6 Statistical Analysis

All statistical analyses were performed using R soft-
ware (version 4.3.1; R Foundation for Statistical Comput-
ing, Vienna, Austria). Descriptive statistics were used to
summarize demographic and clinical characteristics. Cate-
gorical variables were presented as frequencies and percent-
ages and were compared using the chi-square test. Con-
tinuous variables with approximately normal distributions
were expressed as mean =+ standard deviation (SD) and were
compared using the independent-samples ¢ test. Variables
with skewed distributions were summarized as medians and
interquartile ranges (IQRs) and were compared using the
Mann—Whitney U test.

To examine factors associated with MetS in inpa-
tients with schizophrenia, a multivariable logistic regres-
sion model was constructed with MetS status (MetS vs. no
MetS) as the dependent variable. Covariates included in the
multivariable model were selected based on clinical rele-
vance and evidence from previous literature and included
age, sex, age at illness onset, illness duration, education
level, marital status, depressive symptoms, illness sever-
ity, ever smoking, ever alcohol use, CPZ-equivalent dose,
and antipsychotic metabolic-risk profile. BMI was not in-
cluded in the multivariable model because it is an adipos-
ity measure closely related to waist circumference, a defin-
ing component of MetS, and adjustment for BMI could lead
to overadjustment. Multicollinearity among covariates was
assessed using variance inflation factors (VIFs), with no
evidence of problematic multicollinearity (maximum VIF
= 1.99). Potential nonlinear associations of age and ill-
ness duration with MetS were assessed using 3-degree-
of-freedom natural spline models. In a sensitivity analy-
sis, illness duration was additionally modeled as a contin-
uous variable, with effect estimates expressed per 5-year
increase. The strength of association was estimated using
adjusted odds ratios (aORs) and 95% confidence intervals
(95% ClIs). As a sensitivity analysis, modified Poisson re-
gression with robust variance estimation was performed to
estimate adjusted prevalence ratios (aPRs). All tests were
two-sided, and p < 0.05 was considered statistically signif-
icant.
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3. Results
3.1 Demographics and Clinical Characteristics

A total of 1024 patients were included in the final anal-
ysis after participant screening (Fig. 1). Among them, 398
met the diagnostic criteria for MetS, yielding a prevalence
0f 38.9% (95% CI: 35.9%-41.9%).

As shown in Table 1, compared with the non-MetS
group, patients with MetS were more likely to be male and
had significantly older age and higher BMI. They were also
more likely to have an illness duration of more than 5 years,
clinically significant depressive symptoms, and greater ill-
ness severity as indicated by a CGI-S score of >4. In ad-
dition, smoking and alcohol use history were more com-
mon among patients with MetS, who also exhibited a sig-
nificantly different education level distribution compared to
the non-MetS group. By contrast, no significant between-
group differences were observed for marital status, employ-
ment status, age at onset, or family history of psychiatric
disorders.

With respect to antipsychotic treatment, the distri-
bution of medication regimen strategies differed signifi-
cantly between the MetS and non-MetS groups. Specifi-
cally, patients in the MetS group were more likely to receive
high-risk regimens and less likely to receive high-risk-plus-
low-risk combination regimens than those in the non-MetS
group. Additionally, a significant between-group differ-
ence was observed in CPZ-eq dose categories.

3.2 Factors Associated With MetS Among Inpatients With
Schizophrenia

The results of the multivariable logistic regression
analysis are presented in Table 2. After adjustment for co-
variates, male sex, older age, illness duration of more than
5 years, depressive symptoms, and treatment with high-risk
antipsychotic regimens remained independently associated
with higher odds of MetS.

Specifically, male patients had a significantly greater
likelihood of MetS than female patients (adjusted odds ratio
[aOR] = 1.65, 95% CI: 1.21-2.25, p = 0.002). Increasing
age was also associated with MetS (aOR = 1.02, 95% CI:
1.00-1.03, p = 0.041), indicating a modest increase in risk
with each additional year of age. Patients with an illness
duration of more than 5 years had higher odds of MetS than
those with a shorter illness duration (aOR = 1.55, 95% CI:
1.14-2.13, p = 0.006). The presence of depressive symp-
toms was strongly associated with MetS (aOR =2.71, 95%
CI: 1.87-3.92, p <0.001).

Regarding medication-related variables, compared
with non-high-risk regimens, high-risk regimens were sig-
nificantly associated with increased odds of MetS (aOR =
1.54,95% CI: 1.15-2.06, p = 0.004). In contrast, high-risk-
plus-low-risk combination regimens were not significantly
associated with MetS (aOR = 1.39, 95% CI: 0.82-2.36, p =
0.226). Similarly, CPZ-eq dose was not independently as-
sociated with MetS, as neither the medium-dose nor high-

&% IMR Press

dose group differed significantly from the low-dose group.
In sensitivity analyses, illness duration modeled as a contin-
uous variable remained significantly associated with MetS
(aOR per 5-year increase = 1.13, 95% CI: 1.04-1.24, p =
0.006). No statistically significant evidence of nonlinear-
ity was detected for age or illness duration (p for nonlin-
earity = 0.132 and 0.105, respectively). Modified Poisson
regression with robust variance estimation yielded a pattern
of associations consistent with the primary logistic regres-
sion analysis (Supplementary Table 3).

4. Discussion

In this multicenter cross-sectional study of 1024 inpa-
tients with schizophrenia from two tertiary psychiatric hos-
pitals in Central China, 38.9% met the diagnostic criteria
for MetS. After multivariable adjustment, male sex, older
age, illness duration of more than 5 years, clinically sig-
nificant depressive symptoms, and treatment with high-risk
antipsychotic regimens remained independently associated
with MetS. By contrast, high-risk-plus-low-risk combina-
tion regimens and CPZ-eq dose were not independently as-
sociated with MetS. Taken together, these findings indicate
that MetS was highly prevalent in the present inpatient sam-
ple and that cardiometabolic risk in this setting is shaped not
only by demographic and illness-related factors, but also by
depressive burden and the intrinsic metabolic liability of the
prescribed antipsychotic regimen.

The observed prevalence of 38.9% is clinically note-
worthy. It is higher than the pooled prevalence of 31.4%
reported in a recent meta-analysis of Chinese patients with
schizophrenia and also exceeds the 34.9% prevalence re-
ported in a recent multicenter study of hospitalized patients
with schizophrenia in China using the Chinese Diabetes
Society criteria [5,6]. At the same time, our estimate re-
mains slightly lower than the recent global pooled preva-
lence of 41.3% [4]. International evidence from both inpa-
tient and outpatient populations has likewise shown consid-
erable variation across treatment settings, with no consis-
tent direction of difference between settings [3,28]. Several
factors may help explain the relatively high prevalence ob-
served in our sample. Our study focused exclusively on in-
patients from tertiary psychiatric hospitals, and nearly two-
thirds of participants had an illness duration of more than 5
years, indicating a predominantly chronic clinical popula-
tion. In addition, differences in diagnostic criteria, patient
characteristics, regional lifestyle patterns, and prescribing
and hospitalization practices may contribute to variation in
prevalence across studies. Clinically, the finding that nearly
two in five inpatients met criteria for MetS underscores the
importance of integrating cardiometabolic monitoring into
routine psychiatric care.

Older age and longer illness duration were indepen-
dently associated with MetS in the present study, which
is consistent with prior Chinese evidence identifying age
and chronic illness course as relatively robust correlates of
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Table 1. Demographic and clinical characteristics of inpatients with schizophrenia by MetS status.

Statistic

Characteristics Non-MetS (N = 626) MetS (N=398) Total (N=1024) T p-value
X

Sex 19.21 <0.001
Male 288 (46.0%) 239 (60.1%) 527 (51.5%)
Female 338 (54.0%) 159 (39.9%) 497 (48.5%)

Age (years) 36.9 (12.6) 40.0 (11.8) 38.1(12.4) 4.01 <0.001

BMI (kg/m?) 239 (4.1) 26.9 (4.1) 25.1(4.3) 11.55 <0.001

Marital status 5.42 0.066
Unmarried 332 (53.0%) 185 (46.5%) 517 (50.5%)
Married 192 (30.7%) 149 (37.4%) 341 (33.3%)
Divorced/Widowed 102 (16.3%) 64 (16.1%) 166 (16.2%)

Employment status 1.65 0.198
Employed 69 (11.0%) 34 (8.5%) 103 (10.1%)
Unemployed/Retired 557 (89.0%) 364 (91.5%) 921 (89.9%)

Education level 7.35 0.025
Primary school or below 137 (21.9%) 115 (28.9%) 252 (24.6%)
Middle and High School 385 (61.5%) 231 (58.0%) 616 (60.2%)
College or Above 104 (16.6%) 52 (13.1%) 156 (15.2%)

Age of onset (years) 3.77 0.052
<18 133 (21.2%) 65 (16.3%) 198 (19.3%)
>18 493 (78.8%) 333 (83.7%) 826 (80.7%)

Illness duration (years) 14.52 <0.001
<5 256 (40.9%) 116 (29.1%) 372 (36.3%)
>5 370 (59.1%) 282 (70.9%) 652 (63.7%)

CGI-S score 10.05 0.002
<3 (Mild) 204 (32.6%) 93 (23.4%) 297 (29.0%)
>4 (Moderate/Severe) 422 (67.4%) 305 (76.6%) 727 (71.0%)

Family history of psychiatric disorders 0.50 0.481
No 588 (93.9%) 378 (95.0%) 966 (94.3%)
Yes 38 (6.1%) 20 (5.0%) 58 (5.7%)

Depressive symptoms (CDSS >5) 35.90 <0.001
No 551 (88.0%) 292 (73.4%) 843 (82.3%)
Yes 75 (12.0%) 106 (26.6%) 181 (17.7%)

Smoking history 28.14 <0.001
Never 548 (87.5%) 297 (74.6%) 845 (82.5%)
Ever (former or current) 78 (12.5%) 101 (25.4%) 179 (17.5%)

Alcohol use history 26.10 <0.001
Never 587 (93.8%) 334 (83.9%) 921 (89.9%)
Ever (former or current) 39 (6.2%) 64 (16.1%) 103 (10.1%)

CPZ-eq dose (mg/day) 6.95 0.031
Low (<200) 265 (42.3%) 159 (39.9%) 424 (41.4%)
Medium (201-400) 247 (39.5%) 186 (46.7%) 433 (42.3%)
High (>400) 114 (18.2%) 53 (13.3%) 167 (16.3%)

Medication regimen strategy 9.24 0.010
Non-high-risk Regimens 273 (43.6%) 144 (36.2%) 417 (40.7%)
High-risk Antipsychotic Regimens 290 (46.3%) 223 (56.0%) 513 (50.1%)
High-risk-plus-low-risk Combination Regimens 63 (10.1%) 31 (7.8%) 94 (9.2%)

Note: Data are presented as mean (standard deviation) for continuous variables and number (percentage) for categorical variables. Group

comparisons were performed using the independent-samples #-test or Mann—Whitney U test for continuous variables and the Pearson chi-

square (y?) test for categorical variables. Comparisons were performed between the MetS and non-MetS groups. Among the 179 ever

smokers, 14 were former smokers and 165 were current smokers. Among the 103 ever alcohol users, 12 were former users and 91 were

current users.

Bold values denote statistical significance (p < 0.05). Abbreviations: MetS, Metabolic Syndrome; BMI, Body Mass Index; CGI-S, Clinical
Global Impression - Severity; CDSS, Calgary Depression Scale for Schizophrenia; CPZ-eq, chlorpromazine-equivalent.
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Table 2. Multivariable logistic regression analysis of demographic and clinical characteristics associated with MetS.

Variables Coefficient Standard error Wald x>  aOR (95% CI) p-value
Age (years) 0.016 0.008 4.179  1.02 (1.00-1.03) 0.041
Onset age >18 years (versus <18 years) 0.102 0.201 0.256  1.11 (0.75-1.64) 0.613
Male (versus Female) 0.500 0.159 9.880  1.65(1.21-2.25) 0.002
Duration >5 (versus <5 years) 0.440 0.160 7.581 1.55(1.14-2.13) 0.006
Middle and high school (versus Primary school or below) —-0.133 0.169 0.619  0.88(0.63-1.22) 0.431
College or above (versus Primary school or below) —-0.224 0.232 0.934  0.80(0.51-1.26) 0.334
Married (versus Unmarried) 0.153 0.179 0.732  1.17 (0.82-1.65) 0.392
Divorced/Widowed (versus Unmarried) -0.178 0.233 0.584 0.84(0.53-1.32) 0.445
Depressive symptoms (versus no) 0.997 0.188 28.024 2.71(1.87-3.92) <0.001
CGI-S >4 (versus <3) 0.140 0.164 0.732  1.15(0.83-1.59) 0.392
Smoking history (versus Never) 0.296 0.228 1.693  1.34 (0.86-2.10) 0.193
Alcohol use history (versus Never) 0.350 0.279 1.575  1.42 (0.82-2.45) 0.209
Medium CPZ-eq dose (versus Low) 0.055 0.152 0.132  1.06 (0.78-1.42) 0.717
High CPZ-eq dose (versus Low) —-0.255 0.217 1.382  0.78 (0.51-1.19) 0.240
High-risk antipsychotic regimens (versus Non-high-risk Regimens) 0.432 0.148 8.497  1.54(1.15-2.06) 0.004
High-risk-plus-low-risk combination regimens (versus Non-high- 0.327 0.270 1.468  1.39(0.82-2.36) 0.226

risk Regimens)

Note: A multivariable logistic regression analysis was conducted with the presence of metabolic syndrome (MetS) as the dependent variable

(the Non-MetS group served as the reference category). All variables listed in the table were mutually adjusted in the model. For categorical

independent variables, the reference group is indicated in parentheses.

Bold values denote statistical significance (p < 0.05). Abbreviations: aOR, adjusted odds ratio; CI, Confidence Interval.

metabolic burden in schizophrenia. These findings are bio-
logically and clinically plausible. Over time, patients with
schizophrenia may accumulate multiple cardiometabolic
insults, including long-term antipsychotic exposure, re-
duced physical activity, poor dietary patterns, sleep and
circadian disruption, and persistent stress-related neuroen-
docrine dysregulation. In addition, schizophrenia itself has
been linked to metabolic abnormalities through inflamma-
tory, genetic, and endocrine pathways, which may further
amplify the effect of prolonged illness duration on car-
diometabolic risk [2,29,30]. From a clinical standpoint,
these results support a life-course approach to metabolic
prevention: patients with longer illness duration and ad-
vancing age should not simply undergo the same annual
screening as lower-risk patients, but may warrant more in-
tensive and repeated metabolic surveillance.

Male sex emerged as an independent correlate of MetS
in our adjusted model. This finding differs from the re-
cent Chinese meta-analysis, which did not identify a con-
sistent pooled sex difference [5], but is directionally com-
patible with broader evidence suggesting that male sex
may predict greater vulnerability to antipsychotic-related
metabolic dysregulation in some settings [10,31,32]. The
discrepancy likely reflects the context dependence of sex
effects in schizophrenia. In inpatient samples, men may
have a greater accumulation of behavioral and illness-
related metabolic risks over time, including more adverse
lifestyle exposures and a higher burden of central adipos-
ity, even when some of these factors do not remain inde-
pendently significant after covariate adjustment. In addi-
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tion, sex differences may vary according to age structure,
treatment composition, and the specific diagnostic criteria
used for MetS. Therefore, our findings should not be in-
terpreted as proving a universal male disadvantage across
all schizophrenia populations; rather, they suggest that in
chronic inpatient settings, male sex may serve as a prag-
matic marker of elevated cardiometabolic vulnerability.

An important finding of the present study is the strong
independent association between depressive symptoms and
MetS. Patients with clinically significant depressive symp-
toms had nearly threefold higher odds of MetS, even after
adjustment for demographic and treatment-related factors.
This result is conceptually consistent with the recent study
by Avan et al. [8], which showed that MetS remained sig-
nificantly associated with comorbid major depressive dis-
order in remitted schizophrenia after adjustment for key so-
ciodemographic and clinical variables. Although our study
evaluated depressive symptoms rather than a formal diag-
nosis of major depressive disorder, both findings point to
a clinically meaningful link between depressive morbid-
ity and cardiometabolic burden in schizophrenia. Several
pathways may explain this association. Depressive symp-
toms may worsen inactivity, emotional eating, sleep distur-
bance, poor treatment adherence, and self-care deficits, all
of which can increase metabolic risk [9,33,34]. At the same
time, shared biological mechanisms, including inflamma-
tion, neuroendocrine dysregulation, and broader metabolic
vulnerability, may contribute to both depressive symptoms
and MetS in schizophrenia [2,35,36]. Clinically, this find-
ing highlights that depressive symptoms in schizophrenia
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should not be viewed only as a psychiatric symptom cluster;
they may also signal elevated metabolic risk and therefore
justify parallel cardiometabolic assessment.

With regard to medication-related findings, the
present study adds clinically useful nuance by mov-
ing beyond the simple distinction between antipsychotic
monotherapy and polypharmacy. We found that high-risk
antipsychotic regimens were independently associated with
significantly greater odds of MetS, whereas high-risk-plus-
low-risk combination regimens were not. This pattern sug-
gests that metabolic associations may differ according to
regimen composition rather than simply the number of an-
tipsychotics prescribed. This is consistent with previous
evidence showing that antipsychotics differ substantially in
metabolic liability, with clozapine and olanzapine gener-
ally carrying the highest risk, and aripiprazole, lurasidone,
and ziprasidone having more favorable metabolic profiles
[10,37,38].

The pharmacological explanation for the higher MetS
risk associated with high-risk regimens is plausible and sup-
ported by prior literature. Clozapine and olanzapine exhibit
high affinity for histamine H1 and serotonin 5-HT2C re-
ceptors, receptor actions that are strongly implicated in hy-
perphagia, reduced satiety, and weight gain [39]. In ad-
dition, muscarinic M3 receptor antagonism has been linked
to impaired insulin secretion and glucose dysregulation that
may occur partly independently of weight gain [40]. These
mechanisms provide biological plausibility for the observed
association between high-risk regimens and MetS. More
broadly, antipsychotic-related metabolic dysregulation ap-
pears to involve not only increased appetite and adipos-
ity, but also direct effects on glucose homeostasis, lipid
metabolism, and insulin sensitivity [41,42,43].

By contrast, the high-risk-plus-low-risk combination
group did not show a statistically significant increase in
MetS odds relative to the non-high-risk group. Given the
wide confidence interval and the cross-sectional design,
including the possibility that metabolic abnormalities had
prompted prior treatment changes, this finding should be in-
terpreted cautiously and should not be regarded as evidence
of'a metabolically protective effect. Nevertheless, the find-
ing remains clinically relevant and hypothesis-generating,
as the metabolic consequences of combination treatment
may vary according to the metabolic liabilities of the indi-
vidual agents involved. Previous studies have reported sub-
stantial heterogeneity in the relationship between antipsy-
chotic polypharmacy and metabolic outcomes, suggesting
that combination treatment should not necessarily be con-
sidered a uniform exposure [12,44]. In the present study,
however, the high-risk-plus-low-risk category comprised
several different combinations, and the sample was not de-
signed to evaluate individual drug pairs. Further regimen-
specific and longitudinal studies are therefore needed to
clarify whether metabolic associations differ across specific
combinations.

Another notable result is that CPZ-eq dose was not
independently associated with MetS in the fully adjusted
model, despite a significant crude association. This find-
ing deserves separate consideration. It should not be in-
terpreted to mean that dose is irrelevant for metabolic risk.
One possible explanation is that total CPZ-eq may be too
crude a metric to fully characterize the metabolic burden
of antipsychotic exposure. CPZ-eq standardizes antipsy-
chotic potency for antipsychotic efficacy, but it does not
standardize affinity for receptors implicated in metabolic
dysregulation, such as H1, 5-HT2C, and M3 [45]. There-
fore, two regimens with similar CPZ-eq doses may dif-
fer substantially in metabolic liability because of their dif-
ferent receptor-binding profiles and drug-specific pharma-
codynamics [40,46,47]. In addition, the dose-response
relationship for metabolic adverse effects is not uniform
across antipsychotics. Wu et al. (2022) [13] showed
that antipsychotic-induced weight gain can follow different
dose-response shapes across drugs, including plateau, as-
cending, and bell-shaped patterns. This suggests that once
certain receptor occupancy thresholds or early metabolic
changes have occurred, further increases in current dose
may not translate into proportionally greater cross-sectional
MetS risk. These findings suggest that the metabolic li-
ability of specific antipsychotic regimens may contribute
to MetS risk. However, the lack of association between
current CPZ-eq dose and MetS should be interpreted cau-
tiously, as current dose may not fully reflect overall an-
tipsychotic exposure. Taken together, these considerations
suggest that clinicians should be cautious about relying on
CPZ-eq dose alone as a metabolic risk stratification tool.

The present study has several clinical implications.
First, our findings support risk-stratified metabolic moni-
toring in inpatient schizophrenia care, with particular at-
tention to male patients, older patients, those with longer
illness duration, and those with depressive symptoms. Sec-
ond, the results suggest that antipsychotic selection should
incorporate not only psychiatric efficacy but also intrinsic
metabolic liability. When high-risk agents such as cloza-
pine or olanzapine are clinically necessary, psychiatrists
should anticipate elevated MetS risk and implement proac-
tive monitoring of waist circumference, blood pressure,
fasting glucose, and lipid parameters. Third, current med-
ication regimen and CPZ-eq dose do not capture cumu-
lative antipsychotic exposure or prior treatment changes,
and reverse causation cannot be excluded. In practice, the
metabolic characteristics of individual antipsychotic regi-
mens may provide additional information beyond current
CPZ-eq dose. Finally, because depressive symptoms were
strongly associated with MetS, screening for depressive
burden may help identify patients who require more in-
tensive metabolic assessment and collaborative psychiatric-
medical management.
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Limitations

This study also has strengths and limitations. Among
its strengths are the relatively large inpatient sample, the
multicenter design, and the attempt to classify antipsy-
chotic exposure according to metabolic-risk profile rather
than only monotherapy versus polypharmacy. This prag-
matic classification better reflects real-world prescribing
decisions and may offer more clinically actionable infor-
mation. However, several limitations should be acknowl-
edged. First, the cross-sectional design precludes causal
inference and does not establish temporality between de-
pressive symptoms, antipsychotic exposure, and MetS. Pos-
itive and negative symptoms and extrapyramidal symptoms
(EPS) were not separately assessed; despite the discrimi-
nant validity of the CDSS [17], residual symptom-related
confounding cannot be excluded. Second, the sample was
drawn from two tertiary psychiatric hospitals in a single
city, which may limit generalizability to patients in other
regions of China, secondary hospitals, outpatient settings,
or community services. Third, current medication regi-
men and CPZ-eq dose do not capture cumulative antipsy-
chotic exposure, prior switching patterns, or treatment du-
ration with specific agents. Reverse causation is also pos-
sible, as patients who developed metabolic abnormalities
may have undergone dose reduction, switching, or addition
of'a lower-metabolic-risk antipsychotic before study enroll-
ment. Accordingly, the observed medication-related find-
ings should be interpreted as cross-sectional associations
rather than comparative metabolic effects of specific reg-
imen strategies. Fourth, the regimen-level categories were
operationally defined and necessarily encompassed hetero-
geneous individual antipsychotics and combinations. Al-
though detailed descriptive information on their composi-
tion is provided, the present study was not designed or pow-
ered to estimate comparative effects of individual antipsy-
chotics or specific combinations. Smoking and alcohol ex-
posure were assessed categorically, without detailed quan-
titative measures such as smoking pack-years or amount of
alcohol consumption. Finally, several potentially important
confounders, including diet, physical activity, sedentary be-
havior, sleep, socioeconomic status, hospitalization-related
factors, and concomitant medications, were not fully as-
sessed; therefore, residual confounding, particularly for the
associations with depressive symptoms and antipsychotic
regimens, cannot be excluded. Future longitudinal stud-
ies should examine specific drug combinations, cumulative
exposure, and changes in metabolic parameters over time
to clarify the metabolic consequences of different regimen
compositions.

5. Conclusions

In conclusion, MetS was highly prevalent in this mul-
ticenter sample of Chinese inpatients with schizophrenia,
affecting nearly two in five patients. Male sex, older age,
illness duration of more than 5 years, depressive symp-
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toms, and high-risk antipsychotic regimens were indepen-
dently associated with greater odds of MetS, whereas high-
risk-plus-low-risk combination regimens and CPZ-eq dose
were not. These findings suggest that in real-world inpa-
tient practice, cardiometabolic risk is associated with pa-
tient vulnerability and the metabolic characteristics of pre-
scribed antipsychotic regimens.

From a clinical perspective, the present study supports
amore individualized approach to antipsychotic prescribing
and metabolic surveillance. In particular, clinicians should
consider incorporating regimen-based metabolic risk strati-
fication into routine treatment planning, rather than relying
solely on CPZ-eq dose or the simple presence of polyphar-
macy. When the use of metabolically high-risk antipsy-
chotics is unavoidable, enhanced metabolic monitoring and
early lifestyle or medical intervention should be imple-
mented proactively. At the same time, depressive symp-
toms should be viewed as a clinically relevant marker for
broader cardiometabolic assessment in schizophrenia. Fu-
ture longitudinal and regimen-specific studies are needed,
but the current findings already suggest a practical direction
for care: optimize antipsychotic selection according to both
psychiatric efficacy and metabolic liability, and integrate
psychiatric and metabolic monitoring as a standard part of
inpatient schizophrenia management.

Abbreviations

MetS, Metabolic syndrome; ICD-10, International
Classification of Diseases, 10th Revision; CDSS, Calgary
Depression Scale for Schizophrenia; BMI, Body mass in-
dex; TG, Triglyceride; HDL-C, High-density lipoprotein
cholesterol; FBG, Fasting blood glucose; SD, Standard de-
viation; IQRs, Interquartile ranges; aOR, adjusted odds
ratio; aPR, adjusted prevalence ratio; CI, Confidence in-
terval; CPZ-eq, Chlorpromazine-equivalent; CGI-S, Clini-
cal Global Impression—Severity scale; EPS, extrapyramidal
symptoms.

Availability of Data and Materials

The datasets used and analysed during the current
study are available from the corresponding authors on rea-
sonable request.

Author Contributions

BLZ and CYZ designed the study, interpreted of data
for the study, revised the paper critically for important in-
tellectual content, and gave final approval of the version to
be submitted; HQ acquired and analyzed data for the study
and critically reviewed the final manuscript for important
intellectual content, MT and SHC interpreted of data for the
study, and wrote the main body of the paper; All authors
have read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.


https://www.imrpress.com

Ethics Approval and Consent to Participate

The study was conducted in accordance with the Dec-
laration of Helsinki. Under a centralized ethical review
model, the study protocol and informed consent procedures
were approved by the Medical Ethics Committee of Wuhan
Mental Health Center (Approval No. KY2024.0115.01;
Date of approval: 18 January 2024), which served as the
central ethics committee for both participating hospitals.
In this dual-center cross-sectional study, researchers con-
ducted interviews with all patients and their family mem-
bers who met the inclusion criteria. These interviews de-
tailed the study’s background, significance, assurance of
anonymity, and the voluntary nature of participation. Pa-
tients were enrolled, and their clinical data were collected,
only after written informed consent was formally obtained
from both the patients and their family members.

Acknowledgment

The authors thank all the patients and their families
involved in this study for their cooperation and support.

Funding

This research was funded by the Health Commission
of Hubei Province Scientific Research Project, grant num-
ber: WJ2019F012.

Conflicts of Interest

The authors declare no conflicts of interest. Bao-
Liang Zhong is serving as one of the Editorial Board mem-
bers of this journal. We declare that Bao-Liang Zhong had
no involvement in the peer review of this article and has
no access to information regarding its peer review. Full
responsibility for the editorial process for this article was
delegated to Renato de Filippis.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work, the authors used
Doubao 2.19.9 Pro exclusively to refine language flu-
ency, enhance readability, and correct grammatical inaccu-
racies. No Al-generated content was incorporated into the
manuscript at any stage of the writing process. The concep-
tual framework, methodological design, data interpretation,
and scholarly conclusions remain entirely original to the au-
thors. After using this tool/service, the authors reviewed
and edited the content as needed and take full responsibil-
ity for the content of the published article.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/AP56362.

10

References

(1]

(2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[12]

[13]

De Hert M, Dekker JM, Wood D, Kahl KG, Holt RIG, Moller
HJ. Cardiovascular disease and diabetes in people with severe
mental illness position statement from the European Psychiatric
Association (EPA), supported by the European Association for
the Study of Diabetes (EASD) and the European Society of
Cardiology (ESC). European Psychiatry. 2009; 24: 412-424.
https://doi.org/10.1016/j.eurpsy.2009.01.005

Manta A, Georganta A, Roumpou A, Zoumpourlis V, Spandi-
dos DA, Rizos E, et al. Metabolic syndrome in patients with
schizophrenia: Underlying mechanisms and therapeutic ap-
proaches (Review). Molecular Medicine Reports. 2025; 31: 114.
https://doi.org/10.3892/mmr.2025.13479

Mitchell AJ, Vancampfort D, Sweers K, van Winkel R, Yu W,
De Hert M. Prevalence of metabolic syndrome and metabolic
abnormalities in schizophrenia and related disorders—a system-
atic review and meta-analysis. Schizophrenia Bulletin. 2013; 39:
306-318. https://doi.org/10.1093/schbul/sbr148

Salari N, Maghami N, Ammari T, Mosafer H, Abdullahi R, Ra-
soulpoor S, et al. Global Prevalence of Metabolic Syndrome
in Schizophrenia Patients: A Systematic Review and Meta-
Analysis. Journal of Prevention (2022). 2024; 45: 973-986.
https://doi.org/10.1007/s10935-024-00798-8

Feng L, Yan G, Wang M, Lei T, Sun L, Zhou T. Prevalence of
metabolic syndrome in Chinese patients with schizophrenia: a
systematic review and meta-analysis. BMC Psychiatry. 2025;
25: 1065. https://doi.org/10.1186/s12888-025-07517-5

Liao Z, Lin J, Zhou Y, Ye S, Yu H, Jin X, et al. Prevalence
and associated factors of metabolic syndrome in patients with
schizophrenia: a multicenter cross-sectional study in China.
Schizophrenia (Heidelberg, Germany). 2026; 12: 4. https://do
i.org/10.1038/s41537-025-00707-w

DE Hert M, Correll CU, Bobes J, Cetkovich-Bakmas M, Cohen
D, Asai I, et al. Physical illness in patients with severe mental
disorders. 1. Prevalence, impact of medications and disparities
in health care. World Psychiatry. 2011; 10: 52—77. https://doi.or
2/10.1002/j.2051-5545.2011.tb00014.x

Avan M, Hamurcu HD, Pekiyi Avan B, Caykoyli A. As-
sociation of metabolic syndrome with comorbid major de-
pressive disorder in remitted schizophrenia: a cross-sectional
study. BMC Psychiatry. 2026; 26: 391. https://doi.org/10.1186/
s12888-026-08050-9

Pan A, Keum N, Okereke OI, Sun Q, Kivimaki M, Rubin RR, et
al. Bidirectional association between depression and metabolic
syndrome: a systematic review and meta-analysis of epidemi-
ological studies. Diabetes Care. 2012; 35: 1171-1180. https:
//doi.org/10.2337/dc11-2055

Pillinger T, McCutcheon RA, Vano L, Mizuno Y, Arumuham
A, Hindley G, et al. Comparative effects of 18 antipsychotics
on metabolic function in patients with schizophrenia, predictors
of metabolic dysregulation, and association with psychopathol-
ogy: a systematic review and network meta-analysis. The
Lancet. Psychiatry. 2020; 7: 64-77. https://doi.org/10.1016/
S2215-0366(19)30416-X

American Psychiatric Association. The American Psychiatric
Association practice guideline for the treatment of patients
with schizophrenia. American Psychiatric Association Pub-
lishing: Washington. 2020. https://doi.org/10.1176/appi.books
9780890424841

Ijaz S, Bolea B, Davies S, Savovi¢ J, Richards A, Sullivan S,
et al. Antipsychotic polypharmacy and metabolic syndrome in
schizophrenia: a review of systematic reviews. BMC Psychiatry.
2018; 18: 275. https://doi.org/10.1186/s12888-018-1848-y

Wu H, Siafis S, Hamza T, Schneider-Thoma J, Davis JM, Salanti
G, et al. Antipsychotic-Induced Weight Gain: Dose-Response
Meta-Analysis of Randomized Controlled Trials. Schizophrenia

&% IMR Press


https://doi.org/10.31083/AP56362
https://doi.org/10.31083/AP56362
https://doi.org/10.1016/j.eurpsy.2009.01.005
https://doi.org/10.3892/mmr.2025.13479
https://doi.org/10.1093/schbul/sbr148
https://doi.org/10.1007/s10935-024-00798-8
https://doi.org/10.1186/s12888-025-07517-5
https://doi.org/10.1038/s41537-025-00707-w
https://doi.org/10.1038/s41537-025-00707-w
https://doi.org/10.1002/j.2051-5545.2011.tb00014.x
https://doi.org/10.1002/j.2051-5545.2011.tb00014.x
https://doi.org/10.1186/s12888-026-08050-9
https://doi.org/10.1186/s12888-026-08050-9
https://doi.org/10.2337/dc11-2055
https://doi.org/10.2337/dc11-2055
https://doi.org/10.1016/S2215-0366(19)30416-X
https://doi.org/10.1016/S2215-0366(19)30416-X
https://doi.org/10.1176/appi.books.9780890424841
https://doi.org/10.1176/appi.books.9780890424841
https://doi.org/10.1186/s12888-018-1848-y
https://www.imrpress.com

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Bulletin. 2022; 48: 643—654. https://doi.org/10.1093/schbul/sba
c001

Wei T, Jiang L, Zhang R, Su H, Sun Z, Sun J. A systematic re-
view and meta-analysis of the effects of combined aripiprazole
on glycolipid metabolism in schizophrenia. Frontiers in Psy-
chiatry. 2025; 15: 1496986. https://doi.org/10.3389/fpsyt.2024.
1496986

Gupta B, Chee KS, Neo LQ, Tang C, Hariram J, Tan GCY,
et al. Effect of aripiprazole as an adjunct to atypical an-
tipsychotics on weight and metabolic profile: a 12-week
open-label trial. Therapeutic Advances in Psychopharmacol-
ogy. 2021; 11: 20451253211046765. https://doi.org/10.1177/
20451253211046765

Wuhan Municipal Bureau of Statistics & National Bureau of
Statistics Wuhan Survey Office. Statistical Communiqué on Na-
tional Economic and Social Development of Wuhan City in
2025.2026. (In Chinese) Available at: https://tjj.wuhan.gov.cn/t
Jfw/tjgb/202604/t20260408 2750693 .shtml (Accessed: 24 July
2026).

Xiao W, Liu H, Zhang H, Liu Q, Fu P, Chen J, et al. Reliability
and validity of the Chinese version of the Calgary Depression
Scale for Schizophrenia. The Australian and New Zealand Jour-
nal of Psychiatry. 2009; 43: 548-553. https://doi.org/10.1080/
00048670902873672

Sarrd S, Duefias RM, Ramirez N, Arranz B, Martinez R, Sdnchez
IM, et al. Cross-cultural adaptation and validation of the Span-
ish version of the Calgary Depression Scale for Schizophrenia.
Schizophrenia Research. 2004; 68: 349-356. https://doi.org/10.
1016/S0920-9964(02)00490-5

Busner J, Targum SD. The clinical global impressions scale: ap-
plying a research tool in clinical practice. Psychiatry (Edgmont
(Pa.: Township)). 2007; 4: 28-37.

Stahl SM. Stahl’s Essential Psychopharmacology: Neurosci-
entific Basis and Practical Applications. 5th edn. Cambridge
University Press: Cambridge. 2021. https://doi.org/10.1017/
9781108975292

Inada T, Inagaki A. Psychotropic dose equivalence in Japan.
Psychiatry and Clinical Neurosciences. 2015; 69: 440-447.
https://doi.org/10.1111/pen. 12275

Allison DB, Mentore JL, Heo M, Chandler LP, Cappelleri JC,
Infante MC, et al. Antipsychotic-induced weight gain: a compre-
hensive research synthesis. The American Journal of Psychiatry.
1999; 156: 1686—1696. https://doi.org/10.1176/ajp.156.11.1686
American Diabetes Association, American Psychiatric Associa-
tion, American Association of Clinical Endocrinologists, North
American Association for the Study of Obesity. Consensus de-
velopment conference on antipsychotic drugs and obesity and
diabetes. Diabetes Care. 2004; 27: 596—601. https://doi.org/10.
2337/diacare.27.2.596

Buchanan RW, Kreyenbuhl J, Kelly DL, Noel JM, Boggs DL,
Fischer BA, et al. The 2009 schizophrenia PORT psychophar-
macological treatment recommendations and summary state-
ments. Schizophrenia Bulletin. 2010; 36: 71-93. https://doi.or
2/10.1093/schbul/sbp116

Fan X, Borba CPC, Copeland P, Hayden D, Freudenreich O,
Goff DC, et al. Metabolic effects of adjunctive aripiprazole in
clozapine-treated patients with schizophrenia. Acta Psychiatrica
Scandinavica. 2013; 127: 217-226. https://doi.org/10.1111/ac
ps.12009

Chinese Schizophrenia Coordination Group. Chinese expert
consensus on the management of metabolic syndrome in pa-
tients with schizophrenia. Chinese Journal of Psychiatry. 2020;
53: 3-10. https://doi.org/10.3760/cma.].issn.1006-7884.2020.
01.002 (In Chinese)

McClellan J, Stock S, American Academy of Child and Adoles-
cent Psychiatry (AACAP) Committee on Quality Issues (CQI).

&% IMR Press

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Practice parameter for the assessment and treatment of children
and adolescents with schizophrenia. Journal of the American
Academy of Child and Adolescent Psychiatry. 2013; 52: 976—
990. https://doi.org/10.1016/j.jaac.2013.02.008

Sugai T, Suzuki Y, Yamazaki M, Shimoda K, Mori T, Ozeki Y,
et al. Difference in prevalence of metabolic syndrome between
Japanese outpatients and inpatients with schizophrenia: A na-
tionwide survey. Schizophrenia Research. 2016; 171: 68-73.
https://doi.org/10.1016/j.schres.2016.01.016

Henderson DC, Vincenzi B, Andrea NV, Ulloa M, Copeland
PM. Pathophysiological mechanisms of increased car-
diometabolic risk in people with schizophrenia and other severe
mental illnesses. The Lancet. Psychiatry. 2015; 2: 452-464.
https://doi.org/10.1016/S2215-0366(15)00115-7

Papanastasiou E. The prevalence and mechanisms of metabolic
syndrome in schizophrenia: a review. Therapeutic Advances in
Psychopharmacology. 2013; 3: 33-51. https://doi.org/10.1177/
2045125312464385

Sneller MH, de Boer N, Everaars S, Schuurmans M, Gulok-
suz S, Cahn W, et al. Clinical, Biochemical and Genetic Vari-
ables Associated With Metabolic Syndrome in Patients With
Schizophrenia Spectrum Disorders Using Second-Generation
Antipsychotics: A Systematic Review. Frontiers in Psychiatry.
2021; 12: 625935. https://doi.org/10.3389/fpsyt.2021.625935
LiS,LiuN, Qi D, Niu L, Li Y, Lu C, et al. Sex differences in
plasma lipid profiles, but not in glucose metabolism in patients
with first-episode antipsychotics-naive schizophrenia. Brain Re-
search. 2025; 1846: 149282. https://doi.org/10.1016/j.brainres
.2024.149282

DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk
factor for noncompliance with medical treatment: meta-analysis
of the effects of anxiety and depression on patient adherence.
Archives of Internal Medicine. 2000; 160: 2101-2107. https:
//doi.org/10.1001/archinte.160.14.2101

Penninx BWJH, Milaneschi Y, Lamers F, Vogelzangs N. Un-
derstanding the somatic consequences of depression: biolog-
ical mechanisms and the role of depression symptom pro-
file. BMC Medicine. 2013; 11: 129. https://doi.org/10.1186/
1741-7015-11-129

Kucerova J, Babinska Z, Horska K, Kotolova H. The com-
mon pathophysiology underlying the metabolic syndrome,
schizophrenia and depression. A review. Biomedical Papers
of the Medical Faculty of the University Palacky, Olomouc,
Czechoslovakia. 2015; 159: 208-214. https://doi.org/10.5507/
bp.2014.060

Mikulska J, Juszczyk G, Gawronska-Grzywacz M, Herbet
M. HPA Axis in the Pathomechanism of Depression and
Schizophrenia: New Therapeutic Strategies Based on Its Partici-
pation. Brain Sciences. 2021; 11: 1298. https://doi.org/10.3390/
brainscil 1101298

Huhn M, Nikolakopoulou A, Schneider-Thoma J, Krause M,
Samara M, Peter N, et al. Comparative efficacy and tolerability
of 32 oral antipsychotics for the acute treatment of adults with
multi-episode schizophrenia: a systematic review and network
meta-analysis. Lancet (London, England). 2019; 394: 939-951.
https://doi.org/10.1016/S0140-6736(19)31135-3
Rummel-Kluge C, Komossa K, Schwarz S, Hunger H, Schmid
F, Lobos CA, et al. Head-to-head comparisons of metabolic
side effects of second generation antipsychotics in the treat-
ment of schizophrenia: a systematic review and meta-analysis.
Schizophrenia Research. 2010; 123: 225-233. https://doi.org/
10.1016/j.schres.2010.07.012

Kroeze WK, Hufeisen SJ, Popadak BA, Renock SM, Stein-
berg S, Ernsberger P, et al. H1-histamine receptor affinity pre-
dicts short-term weight gain for typical and atypical antipsy-
chotic drugs. Neuropsychopharmacology. 2003; 28: 519-526.

11


https://doi.org/10.1093/schbul/sbac001
https://doi.org/10.1093/schbul/sbac001
https://doi.org/10.3389/fpsyt.2024.1496986
https://doi.org/10.3389/fpsyt.2024.1496986
https://doi.org/10.1177/20451253211046765
https://doi.org/10.1177/20451253211046765
https://tjj.wuhan.gov.cn/tjfw/tjgb/202604/t20260408_2750693.shtml
https://tjj.wuhan.gov.cn/tjfw/tjgb/202604/t20260408_2750693.shtml
https://doi.org/10.1080/00048670902873672
https://doi.org/10.1080/00048670902873672
https://doi.org/10.1016/S0920-9964(02)00490-5
https://doi.org/10.1016/S0920-9964(02)00490-5
https://doi.org/10.1017/9781108975292
https://doi.org/10.1017/9781108975292
https://doi.org/10.1111/pcn.12275
https://doi.org/10.1176/ajp.156.11.1686
https://doi.org/10.2337/diacare.27.2.596
https://doi.org/10.2337/diacare.27.2.596
https://doi.org/10.1093/schbul/sbp116
https://doi.org/10.1093/schbul/sbp116
https://doi.org/10.1111/acps.12009
https://doi.org/10.1111/acps.12009
https://doi.org/10.3760/cma.j.issn.1006-7884.2020.01.002
https://doi.org/10.3760/cma.j.issn.1006-7884.2020.01.002
https://doi.org/10.1016/j.jaac.2013.02.008
https://doi.org/10.1016/j.schres.2016.01.016
https://doi.org/10.1016/S2215-0366(15)00115-7
https://doi.org/10.1177/2045125312464385
https://doi.org/10.1177/2045125312464385
https://doi.org/10.3389/fpsyt.2021.625935
https://doi.org/10.1016/j.brainres.2024.149282
https://doi.org/10.1016/j.brainres.2024.149282
https://doi.org/10.1001/archinte.160.14.2101
https://doi.org/10.1001/archinte.160.14.2101
https://doi.org/10.1186/1741-7015-11-129
https://doi.org/10.1186/1741-7015-11-129
https://doi.org/10.5507/bp.2014.060
https://doi.org/10.5507/bp.2014.060
https://doi.org/10.3390/brainsci11101298
https://doi.org/10.3390/brainsci11101298
https://doi.org/10.1016/S0140-6736(19)31135-3
https://doi.org/10.1016/j.schres.2010.07.012
https://doi.org/10.1016/j.schres.2010.07.012
https://www.imrpress.com

[40]

[41]

[42]

[43]

12

https://doi.org/10.1038/sj.npp.1300027

Reynolds GP, Kirk SL. Metabolic side effects of antipsychotic
drug treatment—pharmacological mechanisms. Pharmacology &
Therapeutics. 2010; 125: 169—-179. https://doi.org/10.1016/j.ph
armthera.2009.10.010

Teff KL, Rickels MR, Grudziak J, Fuller C, Nguyen HL, Rick-
els K. Antipsychotic-induced insulin resistance and postprandial
hormonal dysregulation independent of weight gain or psychi-
atric disease. Diabetes. 2013; 62: 3232-3240. https://doi.org/10.
2337/db13-0430

De Hert M, Detraux J, van Winkel R, Yu W, Correll CU.
Metabolic and cardiovascular adverse effects associated with
antipsychotic drugs. Nature Reviews. Endocrinology. 2011; 8:
114-126. https://doi.org/10.1038/nrendo.2011.156
Weston-Green K, Huang XF, Deng C. Second generation
antipsychotic-induced type 2 diabetes: a role for the muscarinic
M3 receptor. CNS Drugs. 2013; 27: 1069—1080. https://doi.org/
10.1007/s40263-013-0115-5

[44]

[45]

[46]

[47]

Keepers GA, Fochtmann LJ, Anzia JM, Benjamin S, Lyness JM,
Mojtabai R, et al. The American Psychiatric Association Prac-
tice Guideline for the Treatment of Patients With Schizophre-
nia. The American Journal of Psychiatry. 2020; 177: 868-872.
https://doi.org/10.1176/appi.ajp.2020.177901

Leucht S, Samara M, Heres S, Davis JM. Dose Equivalents for
Antipsychotic Drugs: The DDD Method. Schizophrenia Bul-
letin. 2016; 42: S90-S94. https://doi.org/10.1093/schbul/sbv
167

Nasrallah HA. Atypical antipsychotic-induced metabolic side
effects: insights from receptor-binding profiles. Molecular
Psychiatry. 2008; 13: 27-35. https://doi.org/10.1038/sj.mp.
4002066

Correll CU, Detraux J, De Lepeleire J, De Hert M. Effects of
antipsychotics, antidepressants and mood stabilizers on risk for
physical diseases in people with schizophrenia, depression and
bipolar disorder. World Psychiatry. 2015; 14: 119-136. https:
//doi.org/10.1002/wps.20204

&% IMR Press


https://doi.org/10.1038/sj.npp.1300027
https://doi.org/10.1016/j.pharmthera.2009.10.010
https://doi.org/10.1016/j.pharmthera.2009.10.010
https://doi.org/10.2337/db13-0430
https://doi.org/10.2337/db13-0430
https://doi.org/10.1038/nrendo.2011.156
https://doi.org/10.1007/s40263-013-0115-5
https://doi.org/10.1007/s40263-013-0115-5
https://doi.org/10.1176/appi.ajp.2020.177901
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1038/sj.mp.4002066
https://doi.org/10.1038/sj.mp.4002066
https://doi.org/10.1002/wps.20204
https://doi.org/10.1002/wps.20204
https://www.imrpress.com

	Main Points
	1. Introduction
	2. Materials and Methods
	2.1 Study Design, Setting, and Participants
	2.2 Clinical and Medication Assessments
	2.3 Physical Examination and Laboratory Measurements
	2.4 Definition of Antipsychotic Metabolic-Risk Profiles and MetS
	2.5 Other Covariates
	2.6 Statistical Analysis

	3. Results
	3.1 Demographics and Clinical Characteristics
	3.2 Factors Associated With MetS Among Inpatients With Schizophrenia

	4. Discussion
	Limitations

	5. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process
	Supplementary Material
	References

