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Abstract

This study was to investigate the association between sex hormone levels and metabolic
syndrome (MetS) risk in female schizophrenia inpatients. In total, 93 female schizophre-
nia patients were enrolled based on their electronic medical records of hospitalization at
the Zigong Psychiatric Research Center, China, between August 2022 to September 2022.
Baseline information was collected retrospectively from medical records 6 months before.
Logistic regression analysis was applied to assess the potential relationship between sex
hormone levels and the risk of developing MetS. 31.2% (29/93) of the total patients, 25.5%
(12/47) of the 18—49 age group, and 37.0% (17/46) of the>50 age group had a history
of MetS; the newly-developed MetS prevalence among all female schizophrenia patients
was 15.05% (14/93), which was slightly higher but not statistically significant in older
patients (age >50) than in younger patients (age 18-49) (>50 vs. 18-49, 21.74% vs. 8.5%,
p=0.074). Univariate analysis of sex hormone levels and developed MetS discovered that
only high prolactin levels correlated with developed MetS in total participants (p =0.006),
especially in older patients (p=0.004), while estradiol and testosterone levels were not
associated. Furthermore, univariate logistic regression analysis of the total participants and
with an adjusted model of the >50 age group confirmed the association of prolactin with
MetS in all (OR=1.016, 95%CI:1.002-1.029, p=0.023), and older female schizophre-
nia patients (OR=1.04, 95%CI: 1.01-1.07, p=0.008). High serum levels of prolactin in
older patients (age >50) were strongly correlated with the risk of developing MetS among
female schizophrenia patients.
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Introduction

Schizophrenia, which affects over 21 million people worldwide, is a debilitating and
chronic mental disorder characterized by clinical behavioral symptoms and underly-
ing abnormalities in brain function [1]. The life expectancy of schizophrenia patients
is approximately 10-20 years less than that of the general population [2, 3]. Antipsy-
chotic drugs are the main form of treatment for schizophrenia, and long-term mainte-
nance antipsychotic treatment can protect against all-cause mortality (RR=0.71, 95%
CI: 0.59-0.84, n=11) compared with no use of anti-psychotics [4]. However, almost all
antipsychotic drugs lead to the development of metabolic syndrome (MetS) [5].

MetS includes changes in pathological, clinical, and metabolic parameters and at
least three of five medical conditions, namely, abdominal obesity, high blood sugar,
high serum triglycerides, high blood pressure, and low serum high-density lipopro-
tein. Studies have estimated a 37 ~67% prevalence of MetS in schizophrenia patients,
which is significantly higher than that in the general population [6, 7]. It is reported
that MetS is a major cause of reduced life expectancy in schizophrenia patients [8],
especially as MetS is a high-risk factor for cardiovascular diseases [9], significantly
increasing the mortality risk (RR=2 to 3) in schizophrenic patients compared with
their non-schizophrenic counterparts [10]. The comorbidity of schizophrenia and the
MetS is common, and is associated with disturbances of glucose and lipid metabolism
related to antipsychotic drugs [11], inadequate individual nutrition education [12],
and self-neglect [13]. Thus, it is critical to closely examine the development of MetS
in schizophrenia for the early detection, management of these issues and the improve-
ment of outcomes in these patients.

Studies have reported a strong association between the levels of sex hormones and
MetS risk in patients with schizophrenia. These include an increased cortisol-to-testos-
terone (C/T) ratio [14] or cortisol-to-dehydroepiandrosterone sulfate (C/D) ratio [15], and
estrogen(16). Nevertheless, to our knowledge, most studies on the associations between
sex hormones and MetS risk have focused mainly on male schizophrenic patients. Thus,
the present study investigated the issue in female patients with schizophrenia to test the
hypothesis that sex hormone levels are also associated with MetS risk in female schizo-
phrenia patients.

Materials and Methods
Study Design and Patient Profile

This study design was observational and retrospective. The data were collected from 155
hospitalized female patients with stable schizophrenia from August 2022 to September
2022 at the Zigong Psychiatric Research Center, China. The schizophrenia diagnosis was
performed by two highly trained psychiatrists following the “International Classification
of Disease, 10th revision guidelines”. The patients were excluded if they had: 1) severely
impaired hepatic or renal function, 2) autoimmune disease, 3) were undergoing antitumor
therapies, and/or 4) had missing clinical data or recent hospitalization. Ultimately, 93 female
patients with schizophrenia were enrolled in this study, of which 47 were 18-49 years old
and 46 were aged over 50. This investigation strictly followed the Declaration of Helsinki,
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and received ethical approval from the Zigong Psychiatric Research Center in western China
(IRB number: 20210101).

Covariates

Information on covariates was obtained from patients who had been hospitalized for over
6 months. The patients were defined as having developed MetS if they had one or more
MetS symptoms, including hypertension, diabetes or hyperlipidemia, between August 2022
and September 2022, and which had been absent during the previous six months before.
The names and necessary information on patients were obtained from the hospital’s elec-
tronic record. The baseline information included age, weight, height, disease duration,
marital status, smoking and drinking history, COVID-19 history, menarche age, menstrual
status, antipsychotic drug usage (typical or atypical), and reported MetS history including
diabetes, hypertension, and hyperlipidemia. Diabetes, hypertension, and hyperlipidemia
comorbidities were assessed based on their corresponding diagnostic criteria. Univariate
analysis data with p-values <0.05 associated with MetS were subjected to model correc-
tion. We generated an adjusted model with statistically significant variables such as Body
Mass Index (BMI) and prolactin levels for enrolled patients > 50 years old.

Statistical Analyses

All data analyses were performed by SPSS 25.0 software. A two-sided p-value <0.05 was
set as the significance threshold. Data are presented as means + standard deviations, num-
bers (percentages), or median (p25, p75). Comparisons between the MetS and non-MetS
groups were performed using rank-sum tests, Student’s t-test, or Pearson’s chi-square tests
as appropriate. Logistic regression analysis was used to investigate the potential association
between serum sex hormone levels with MetS risk among female schizophrenic patients.
Covariates were included in model correction only if they were statistically significant
according to the single-factor analysis (p <0.05).

Results

This study had certain limitations. Firstly, the inpatients were from only one center. Sec-
ondly, the sample size was relatively small, and the data of some older inpatients were
missing. Thirdly, this is a case—control study with some missing and irreparable informa-
tion. For example, there were no comprehensive data on all sex hormones, and only the
information on estradiol, prolactin and testosterone was relatively complete. Despite these
limitations, however, we obtained some useful results. In the future, more comprehensive
prospective investigations, from multiple centers with larger patient populations, broader
age ranges, and follow-up durations are needed to confirm our results.

Figure 1 depicts the patient selection process for this retrospective investigation. Over-
all, 155 female patients with schizophrenia who were hospitalized between August 2022
and September 2022 were enrolled. Of these, 26 patients had short hospitalizations and 15
patients had been recently hospitalized and, therefore, did not have clinical data from the
previous six months. Furthermore, 10 patients with severely impaired hepatic and renal
function, 6 patients with autoimmune disease, and 5 patients who were undergoing anti-
tumor treatment were excluded. Ultimately, 93 patients were included in the analysis.
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Records identified through
electronic record (n=155)

Lost clinical data (41):
short hospitalization: 26

v recently hospitalization: 15

Included after screening :
hospitalized for over 6 months
(n=114) Exclude (21):
severely impaired hepatic or renal function:10

autoimmune disease: 6

v

\ 4 underwent anti-tumor therapies:5

Included for logistic
regression (n=93)

Fig. 1 Flow-chart of the patient selection process. The number of patients excluded or maintained at each
step is reported with the related reasons

Table 1 summarizes the data from developed MetS patients versus non-developed MetS
patients. Overall, 31.2% (29/93) of the total patient cohort, including 25.5% (12/47) of
the 1849 aged group and 37.0% (17/46) of the>50 age group had a history of MetS.
The prevalence of recently developed MetS in all the female patients with schizophrenia
was 15.05% (14/93); this was slightly higher in older patients (aged > 50) than in younger
patients (aged 18-49) (>50 vs. 18-49, 21.74% vs. 8.5%, p=0.074) although the difference
was not statistically significant. Meanwhile, age, marital status, disease duration, menarche
age, MetS history, antipsychotic drug usage (typical or atypical), and amenorrhea status
did not differ significantly between the MetS and non-MetS patients. None of the patients
had a history of drinking, smoking, or COVID-19 (data not shown). However, compared
with the non-MetS group, MetS was associated with significantly higher levels of serum
cholesterol in the 18—49 age group (p=0.009) and BMI in the > 50 age group (p =0.036).

Univariate analysis of sex hormone levels and MetS showed that only high levels of
serum prolactin were correlated with MetS risk in the overall patients (p=0.006) and
the>50 age group (p=0.004) (Table 2). Univariate logistic regression analysis of high
prolactin levels (p=0.023, OR=1.016, 95%CI:1.002-1.029) in all participants indicated
an increased risk of developing MetS. We further adjusted the potential confounders,
including an increase in BMI and high prolactin levels in the > 50 age group, and the data
verified the association of elevated prolactin levels with an increased risk of developing
MetS (p=0.008, OR=1.04, 95%CI:1.01-1.07; Table 3).

Discussion

This study investigated the association of sex hormone levels with the risk of developing
MetS in female inpatients with schizophrenia. Specifically, serum estradiol and testosterone
levels showed no significant association with the development of MetS within six months
in the entire cohort while high serum prolactin levels were found to be associated with an
increased risk of developing MetS in patients over the age of 50. Besides, the BMI values
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Table 3 Logistic regression
analysis of the factors associated
with the metabolic syndrome Xz P-Value OR (95% CI)

Variable

Total participants

Prolactin 5.170 0.023 1.016 (1.002, 1.029)
>50 years old

BMI 4.325 0.038 1.495 (1.023, 2.183)
Prolactin 6.948 0.008 1.04 (1.01, 1.07)

Total participants: univariate logistic regression analysis of Prolactin

> 50 years old: adjusting for BMI and Prolactin

of patients aged 50 and over and the cholesterol levels of patients aged 18—49 differed sig-
nificantly between the MetS and non-MetS groups. Based on our results and in terms of
the association of sex hormones with MetS risk, we strongly recommend that clinicians
pay close attention to prolactin levels and BMI in female patients with schizophrenia over
the age of 50 years, as well as cholesterol levels, rather than estradiol or testosterone, in
patients aged between 18 and 49.

Schizophrenia is a chronic psychiatric disorder that requires the lifelong use of medica-
tion. Antipsychotic drugs are both the first-line and main treatment for schizophrenia(4,
17). Previous studies have shown associations between a higher risk of MetS and the dura-
tion of the illness and continuous use of antipsychotic drugs in schizophrenic patients
[18, 19]. Interestingly, the disease duration showed no significant difference between the
developed and non-developed MetS groups in this study. In other words, the results of our
study contrasted with previous thinking that there was no link between MetS prevalence
and long-term antipsychotic drug use in female schizophrenic patients. These differences
may be due to two main reasons: 1) the sample size was small; 2) this was a case—control
study with some missing and irreparable information, such as the use of antihypertensive
or hypolipidemic drugs. Larger patient populations and longer follow-ups involving pro-
spective data collection and analysis are warranted to confirm these differences.

A previous study found that antipsychotic treatment of schizophrenia increased the
levels of prolactin [20]. Another study proposed that abnormalities in the prolactin pathway
may contribute to schizophrenia, type 2 diabetes, and/or MetS [21]. Consistently, we also
observed a strong association between high prolactin levels and MetS risk in the present
study. Notably, testosterone and estradiol levels showed no such association. Gallagher
et al. found that cortisol and dehydroepiandrosterone sulfate (DHEA-S) levels were
significantly increased in chronic schizophrenia patients [22]. DHEAS can be converted
to either androgens or estrogens depending on the gender. Testosterone and cortisol levels
in men could be a better predictor of MetS risk than the cortisol-to-testosterone ratio [23].
However, in the present study, testosterone levels did not differ significantly between
female schizophrenia patients and the normal control [24], implying that testosterone
levels in female schizophrenia patients did not do any harm. These results also suggest that
excessive measurement of serum testosterone levels is unnecessary as a simple assessment
of MetS risk. A recent meta-analysis suggested that estradiol can be an effective and safe
adjunct treatment for female schizophrenia patients [25]. Riordan et al. found similar results
in adult female Sprague—Dawley rats [26]. Although we found no statistically significant
association of estradiol levels with MetS, we did observe a lower level of estradiol in the
MetS group. The most likely reason for the difference could be that the number of enrolled
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patients was relatively small, leading to a possible discrepancy. Studies with lager sample
sizes and broader age groups should be undertaken to confirm the potential relationship
between low estradiol levels and MetS in female patients with schizophrenia.

In addition, the association between prolactin levels and MetS risk was inconsistent
in the different age groups. Only those over 50 years of age showed a strong relationship
between high prolactin levels and MetS risk. The prolactin levels in patients aged 18-49
showed no association with MetS risk, however, the cholesterol levels showed a signif-
icant difference between the MetS and non-MetS groups. Moreover, the adjusted model
verified that the BMI of female patients aged 50 and over was also significantly associated
with MetS risk. These results imply that precise clinical intervention should be undertaken
according to the patient’s age to reduce the risk of MetS development, specifically, by pay-
ing close attention on cholesterol levels in younger patients (18—49) and BMI and prolactin
levels in patients older than 50 years.

Conclusions

The findings showed that high serum levels of prolactin in the > 50 age group were strongly
associated with MetS risk in female patients with schizophrenia.
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