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Purpose: Long-term hospitalized patients with schizophrenia (SCZ) are vulnerable to physical illness, leading to impaired life expectancy 
and treatment outcomes. There are few studies on the influence of non-alcoholic fatty liver disease (NAFLD) in long-term hospitalized 
patients. This study aimed to investigate the prevalence of and influence factors for NAFLD in hospitalized patients with SCZ.
Patients and Methods: This cross-sectional retrospective study included 310 patients who had experienced long-term hospitaliza-
tion for SCZ. NAFLD was diagnosed based on the results of abdominal ultrasonography. The T-test, Mann–Whitney U-test, correlation 
analysis, and logistic regression analysis were used to determine the influence factors for NAFLD.
Results: Among the 310 patients who had experienced long-term hospitalization for SCZ, the prevalence of NAFLD was 54.84%. 
Antipsychotic polypharmacy (APP), body mass index (BMI), hypertension, diabetes, total cholesterol (TC), apolipoprotein B (ApoB), 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), triglycerides (TG), uric acid, blood glucose, gamma-glutamyl 
transpeptidase (GGT), high-density lipoprotein, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio significantly differed 
between the NAFLD and non-NAFLD groups (all P<0.05). Hypertension, diabetes, APP, BMI, TG, TC, AST, ApoB, ALT, and GGT 
were positively correlated with NAFLD (all P<0.05). The results of the logistic regression analysis indicated that APP, diabetes, BMI, 
ALT, and ApoB were the influence factors for NAFLD in patients with SCZ.
Conclusion: Our results suggest a high prevalence of NAFLD among patients hospitalized long-term due to severe SCZ symptoms. 
Moreover, a history of diabetes, APP, overweight/obese status, and increased levels of ALT and ApoB were identified as negative 
factors for NAFLD in these patients. These findings may provide a theoretical basis for the prevention and treatment of NAFLD in 
patients with SCZ and contribute to the development of novel targeted treatments.
Keywords: schizophrenia, non-alcoholic fatty liver disease, prevalence, influence factors, long-term hospitalization

Introduction
The mechanism underlying schizophrenia (SCZ) development is multimodal, involving neurodevelopmental, genetic expression, 
and environmental factors.1,2 The lifetime prevalence of SCZ is approximately 1%, with typical onset in early adulthood, severely 
impairing the social and occupational functioning of patients and creating a serious burden on families and society.3 SCZ is also 
associated with reduced life expectancy, with patients having an average life expectancy 15 years shorter than that of the general 
population, and a 2% lifetime risk of suicide.4 A recent study has shown that there is high comorbidity between SCZ and non- 
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alcoholic fatty liver disease (NAFLD).5 Additionally, physical diseases exert a negative impact on the recurrence of SCZ.6 As the 
most prevalent type of liver disease, NAFLD refers to steatosis in >5% of the liver parenchyma after excluding alcohol abuse and 
long-term use of steatogenic drugs.7 NAFLD prevalence has been increasing worldwide, with the average exceeding 30% in 
2019.8 A recent national epidemiological survey found that the prevalence of NAFLD among Chinese adults was approximately 
29.2%, with an annual incidence of approximately 5%.9 NAFLD increases the risk of chronic kidney disease, type 2 diabetes 
mellitus, and cardiovascular disease, but cardiovascular disease is a common and life-threatening complication of NAFLD,10 as 
well as the leading cause of death in patients with SCZ.11

A large study in Brazil including 749,720 patients with severe mental illness (61.71% SCZ patients) found that 
cardiovascular disease caused significantly more deaths in hospitalized than non-hospitalized patients.12 Patients with 
SCZ who are hospitalized long-term are especially at risk of cardiovascular disease. The highest percentage of somatic 
diseases associated with death in patients with SCZ are circulatory and digestive diseases, resulting in a mortality rate 
almost 3.6 times higher than that of the general population.13,14 Patients with SCZ show evidence of adipose dysfunction 
such as reduced lipocali, which is a major factor in the increased risk of CVD in patients with NAFLD.15,16 Therefore, 
the prevalence of NAFLD, which has important implications for improving life expectancy and disease burden in long- 
term hospitalized patients with SCZ, should be explored.

However, previous studies on NAFLD in patients with SCZ have some limitations. A large observational study of 66,273 
patients with mental disorders in China reported a higher prevalence of NAFLD in patients with SCZ than in those with other 
mental disorders, further noting that NAFLD risk was strongly associated with antipsychotic use, diabetes, and other metabolic 
disorders.17 A recent study also showed the adverse effect of antipsychotics on the risk of NAFLD in patients with SCZ.18 

However, the relevance of some important blood indicators is not mentioned. Yan et al19 reported that BMI, drug dose, medication 
combinations, and TG were significantly associated with the onset of NAFLD in young male patients with SCZ. Nonetheless, 
their study was limited to young male hospitalized patients with SCZ and did not include women and older adults. Additionally, 
these studies did not examine the influence factors of NAFLD in long-term hospitalized patients with SCZ, and this gap in the 
literature should be addressed. Long-term hospitalized patients with SCZ were at high risk of developing NAFLD; the resulting 
complications such as cardiovascular disease increase the burden of disease and treatment outcomes, reducing the likelihood that 
patients will return to society. The present study aimed to explore the prevalence of NAFLD and its risk factors in long-term 
hospitalized patients with SCZ by analyzing general disease data and important blood indicators. We sought to provide 
a framework upon the development of strategies that can reduce the prevalence of NAFLD in this population, which may in 
turn help reduce disease burden and improve prognosis.

Materials and Methods
Study Design and Population
This cross-sectional retrospective study was approved by the Institutional Review Board of the Anhui Mental Health 
Center (Hefei, China). Due to the retrospective nature of the review, the Institutional Review Board of the Anhui Mental 
Health Center did not request informed consent from the participants and all data was collected anonymously.

We retrospectively reviewed the records of patients with SCZ who were continuously hospitalized for at least 2 years 
due to severe psychiatric symptoms or severely impaired social functioning at the Anhui Mental Health Center (Hefei, 
China) between August 2022 and October 2022. SCZ was diagnosed based on the criteria outlined in the 10th revision of 
the International Classification of Diseases (ICD-10) and was confirmed by two psychiatrists. The inclusion criteria 
were 1) age ≥18 years; 2) no history of hepatitis or other diseases causing a fatty liver, other than being treated with 
antipsychotics; 3) no prior treatment with hepatoprotective drugs; 4) no history of long-term alcohol use. The exclusion 
criteria were 1) one week or more difference between liver ultrasound and blood test; 2) history of neurodevelopmental 
or neurodegenerative disorders, including intellectual disability and Alzheimer’s disease;

Trained research assistants collected the following sociodemographic and clinical data from the electronic health records of 
Anhui Mental Health Center: sex, age, years of education, marital status at the time of consultation, weight, height, history of 
hypertension and diabetes, duration of SCZ, antipsychotic drug number and dose, Brief Psychiatric Rating Scale (BPRS) scores, 
and laboratory results, including biochemical parameters—total cholesterol (TC), triglycerides (TG), alanine aminotransferase 
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(ALT), alkaline phosphatase, aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), apolipoprotein A1, 
apolipoprotein B (ApoB), creatinine, high-density lipoprotein cholesterol (HDL), uric acid, and blood glucose—and hematolo-
gical parameters—platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and neutrophil-to-lymphocyte 
ratio (NLR).

The height and weight of all patients were measured manually by a nurse, and body mass index (BMI) was calculated by 
dividing weight by the height squared. Antipsychotic polypharmacy (APP) was defined as concurrent use of at least two 
antipsychotic medications. The antipsychotic drug doses were uniformly converted into dose equivalents of chlorpromazine.20

Definition of NAFLD
The diagnostic criteria for NAFLD were 1) imaging or histological evidence of liver steatosis and 2) no other cause of fat 
accumulation in the liver, such as heavy drinking, hepatitis C, medication, or genetic diseases. After excluding patients with 
a history of alcoholic liver disease, hepatolenticular degeneration, viral hepatitis, autoimmune hepatitis, toxic liver disease, and 
biliary cirrhosis, liver ultrasound examination was conducted by experienced medical staff. Due to the high diagnostic accuracy of 
hepatic steatosis, ultrasound is widely used for the examination and diagnosis of NAFLD.21

Blood Tests
Patients’ blood samples were collected after an overnight fast and sent to the hospital laboratory for analysis within 1 h of 
collection. Plasma biochemical parameters were measured with an automatic biochemistry analyzer (AU480, Beckman 
Coulter, Brea, CA, USA) using commercial kits (Roche, Basel, Switzerland). Routine blood analysis was performed 
using an automatic hematology analyzer (Mindray BC-2800, Shenzhen, China). MLR, NLR, and PLR were calculated 
manually based on the hemogram results.

BPRS
BPRS was used to assess the severity of the patients’ symptoms.22 BPRS is divided into five subscales: positive 
symptoms (hallucinatory behavior, unusual thought content, conceptual disorganization, and grandiosity), negative 
symptoms (blunted affect, motor retardation, and emotional withdrawal), affinity (anxiety, guilt feelings, depressive 
mood, and somatic concern), resistance (hostility, uncooperativeness, and suspiciousness), and activation (excitement, 
tension, and mannerisms-posturing). The total score reflects the severity of the patient’s mental symptoms.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). The normality of 
continuous variables was tested using the Shapiro–Wilk test. Categorical data are expressed as numbers with percentages. 
Continuous variables are expressed as means with standard deviations or medians with interquartile ranges, as appropriate. 
Normally distributed continuous variables were compared using the independent samples T-test, whereas those with a skewed 
distribution were compared using the Mann–Whitney U-test. The chi-square test was used to analyze intergroup differences in 
categorical data. For the representation of correlations between variables and NAFLD, Spearman’s rank correlation coefficients 
were used for continuous variables, and Cramer’s V correlation coefficients were used for categorical variables. To investigate the 
influence factors for NAFLD, each variable was analyzed using univariate logistic regression analysis, and then meaningful 
variables were included in the multiple logistic regression analysis to derive possible influencing factors. All P-values were two- 
sided. P-values <0.05 were considered statistically significant.

Results
Baseline Characteristics
We identified 337 long-term hospitalized patients with SCZ. After excluding 15 patients with a history of alcohol use and 
12 patients with liver diseases, 310 eligible patients were included in this study.

Among the 310 patients (men, n=178, 57.42%; female, n=132, 42.58%), 170 (54.84%) had comorbid NAFLD 
(Table 1). The average ages were 48.36±11.67 and 47.81±13.3 years in the NAFLD and non-NAFLD groups, 
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respectively. Significant differences in hypertension, diabetes, APP, BMI, TC, AST, ALT, TG, GGT, high-density 
lipoprotein cholesterol, ApoB, uric acid, blood glucose, NLR, and PLR were observed between the groups (all 
P<0.05).

Table 1 Comparison of the Baseline Characteristics Between the NAFLD and Non-NAFLD Groups

NAFLD Group (n = 170) Non-NAFLD Group (n = 140) χ²/t/z P

Sex 0.70 0.404
Female 76 (44.71%) 56 (40%)

Male 94 (55.29%) 84 (60%)

Marital status 3.65 0.161
Married 73 (42.94%) 75 (44.12%)

Unmarried 46 (27.06%) 33 (19.41%)

Divorced 51 (30%) 32 (22.86%)
Hypertension 7.86 0.005

Yes 42 (24.71%) 17 (12.14%)
No 128 (75.29%) 123 (87.86%)

Diabetes 13.46 <0.001
Yes 36 (21.18%) 9 (6.43%)
No 134 (78.82%) 131 (93.57%)

APP 5.35 0.021
Yes 113 (66.47%) 75 (53.57%)
No 57 (33.53%) 65 (46.43%)

Age (years) 48.36 ± 11.67 47.81 ± 13.30 0.39 0.695

BMI (kg/m2) 26.95 ± 3.61 22.13 ± 3.22 12.28 <0.001
Duration of SCZ (years) 21.54 ± 9.98 20.94 ± 11.62 0.48 0.630

Years of education (years) 8.75 ± 3.71 8.81 ± 3.42 −0.15 0.881

BPRS score 28.14 ± 9.90 28.69 ± 10.48 −0.48 0.631
Affinity 5.45 ± 2.16 5.61 ± 2.31 −0.61 0.317

Negative symptoms 8.39 ± 3.65 8.41 ± 3.50 −0.05 0.516

Positive symptoms 5.82 ± 2.44 6.07 ± 2.95 −0.83 0.418
Activation 4.42 ± 1.80 4.33 ± 1.87 0.45 0.692

Resistance 4.05 ± 2.08 4.27 ± 1.87 −0.99 0.750

Drug doses (CPZ, mg/d) 539.68 ± 285.04 532.16 ± 277.54 0.23 0.815
ALT (U/L) 18 (10.75, 29) 11 (8, 16) 5.65 <0.001
AST (U/L) 16 (13, 23) 15 (12, 19) 3.20 0.001
ALP (U/L) 73.65 ± 23.89 74.86 ± 21.15 −0.47 0.640
GGT (U/L) 20 (14, 35) 15 (11, 21) 4.51 <0.001
TC (mmol/L) 4.23 (3.64, 4.87) 3.93 (3.36, 4.56) 3.18 0.001
HDL (mmol/L) 1.14 ± 0.25 1.22 ± 0.33 −2.45 0.015
TG (mmol/L) 1.49 (1.10, 2.20) 1.05 (0.73, 1.39) 6.01 <0.001
ApoA1 (g/L) 1.16 ± 0.24 1.19 ± 0.24 −1.04 0.300

ApoB (g/L) 0.80 (0.68, 0.94) 0.66 (0.54, 0.82) 6.264 <0.001
Creatinine (μmol/L) 65.84 ± 13.78 65.73 ± 12.38 0.08 0.940

UA (μmol/L) 349.37 ± 92.38 299.36 ± 65.18 5.39 <0.001
Blood glucose (mmol/L) 4.89 (4.49, 5.29) 4.61 (4.36, 5.08) 3.54 <0.001
NLR 1.60 (1.28, 2.18) 1.76 (1.34, 2.38) −1.64 0.101

MLR 0.19 ± 0.08 0.21 ± 0.08 −1.54 0.124

PLR 110.28 ± 39.78 122.05 ± 46.91 −2.39 0.017

Note: Statistically significant P−values are shown in bold. 
Abbreviations: NAFLD, non-alcoholic fatty liver disease; APP, antipsychotic polypharmacy; BMI, body mass index; BPRS, Brief Psychiatric Rating 
Scale (BPRS) scores; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpepti-
dase; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; UA, 
uric acid; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; SCZ, schizophrenia.
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Correlations Between Variables and NAFLD
As shown in Table 2, the following variables were positively correlated with NAFLD: hypertension (r=0.159, P=0.005), 
diabetes (r=0.208, P<0.001), APP (r=0.131, P=0.021), BMI (r=0.596, P<0.001), ALT (r=0.321, P<0.001), AST 
(r=0.182, P=0.001), GGT (r=0.256, P<0.001), TC (r=0.181, P=0.001), TG (r=0.342, P<0.001), and ApoB (r=0.356, 
P<0.001). No significant correlations were observed between any other variables and NAFLD (all P>0.05).

Influence Factors for NAFLD
As shown in Table 3, variables that differed significantly between the NAFLD and non-NAFLD groups were further 
analyzed via logistic regression analysis. The following variables were found to be statistically significant in univariate 

Table 2 Correlation Between the Variables and NAFLD in 
Patients with SCZ

Variables n r P 95% CI

Sex 310 0.047 0.404 0.524−1.298
Marital status 310 0.108 0.161 −0.013−0.207

Hypertension 310 0.159 0.005 1.283−4.393

Diabetes 310 0.208 <0.001 1.812−8.438
APP 310 0.131 0.021 1.084−2.722

Age 310 0.001 0.989 −0.103−0.108

BMI 310 0.596 <0.001 0.506−0.667
Duration of SCZ 310 0.038 0.507 −0.073−0.163

Years of education 310 −0.031 0.586 −0.142−0.081

BPRS score 310 −0.034 0.547 −0.148−0.081
Affinity 310 −0.041 0.477 −0.160−0.080

Negative symptoms 310 −0.016 0.784 −0.074−0.169

Positive symptoms 310 −0.025 0.655 −0.136−0.097
Activation 310 0.032 0.569 −0.081−0.147

Resistance 310 −0.069 0.226 −0.180−0.056

Drug doses 310 −0.014 0.807 −0.133−0.107
ALT 310 0.321 <0.001 0.0.223−0.417

AST 310 0.182 0.001 0.065−0.285
ALP 310 −0.060 0.291 −0.166−0.059

GGT 310 0.256 <0.001 0.152−0.365

TC 310 0.181 0.001 0.067−0.295
HDL 310 −0.110 0.053 −0.215−-0.014

TG 310 0.342 <0.001 0.227−0.447

ApoA1 310 −0.057 0.317 −0.174−0.055
ApoB 310 0.356 <0.001 0.247−0.449

Creatinine 310 0.006 0.915 −0.088−0.112

UA 310 0.286 <0.001 0.177−0.390
Blood glucose 310 0.201 <0.001 0.101−0.318

NLR 310 −0.093 0.101 −0.209−0.020

MLR 310 −0.101 0.077 −0.206−0.014
PLR 310 −0.119 0.036 −0.234−-0.001

Notes: Value of Cramer’s V was used to evaluate the correlations between 
categorical variables and NAFLD; Spearman’s rank correlation coefficients were 
used to evaluate the correlations between continuous variables and NAFLD; 
Statistically significant P−values are shown in bold. 
Abbreviations: APP, antipsychotic polypharmacy; BMI, body mass index; BPRS, Brief 
Psychiatric Rating Scale (BPRS) scores; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; 
TC, total cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; UA, uric acid; PLR, platelet-to- 
lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to- 
lymphocyte ratio; NAFLD, non-alcoholic fatty liver disease; SCZ, schizophrenia; CI, 
confidence interval.
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logistic regression analysis: hypertension (odds ratio [OR]=2.374, 95% confidence interval [CI]=1.283−4.393, P=0.006), 
blood glucose (OR=1.477, 95% CI=1.1.099−1.985, P=0.010), PRL (OR=0.994, 95% CI=0.988−0.999, P=0.019), 
diabetes (OR=3.910, 95% CI=1.812−8.438, P=0.001), APP (OR=1.718, 95% CI=1.084−2.722, P=0.021), BMI 
(OR=1.536, 95% CI=1.389−1.98, P<0.001), ALT (OR=1.072, 95% CI=1.045−1.100, P<0.001), AST (OR=1.074, 95% 
CI=1.034−1.115, P<0.001), GGT (OR=1.027, 95% CI=1.012−1.042, P<0.001), apoB (OR=55.120, 95% CI=14.321 
−212.148, P<0.001), TC (OR=1.535, 95% CI=1.178−2.000, P=0.001), HDL (OR=0.364, 95% CI=0.158−0.837, 
P=0.017), and TG (OR=1.639, 95% CI=1.214−2.213, P=0.001). After including the above significant variables in the 
multiple logistic regression analysis, the following variables were found to be statistically significant: diabetes 
(OR=4.291, 95% CI=1.380−13.342, P=0.012), APP (OR=2.261, 95% CI=1.110−4.400, P=0.016), BMI (OR=1.456, 

Table 3 Influence Factors for NAFLD in Patients with SCZ

Variables Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P OR 95% CI P

Male Sex 0.825 0.524−1.298 0.405

Married 1.432 0.825−2.485 0.202
Divorced 1.368 0.813−2.303 0.238

Hypertension 2.374 1.283−4.393 0.006 1.273 0.555−2.919 0.569

Diabetes 3.910 1.812−8.438 0.001 4.291 1.380−13.342 0.012
APP 1.718 1.084−2.722 0.021 2.261 1.11−4.400 0.016
Age 1.004 0.986−1.022 0.694

BMI 1.536 1.389−1.698 <0.001 1.456 1.299−1.634 <0.001
Duration of SCZ 1.005 0.984−1.026 0.628

Years of education 0.995 0.935−1.060 0.880

BPRS score 0.995 0.973−1.017 0.630
Affinity 0.969 0.876−1.072 0.544

Negative symptoms 0.998 0.938−1.063 0.961

Positive symptoms 0.965 0.888−1.049 0.407
Activation 1.029 0.910−1.163 0.649

Resistance 0.945 0.844−1.058 0.323

Drug doses 1.000 0.999−1.001 0.815
ALT 1.072 1.045−1.100 <0.001 1.063 1.007−1.122 0.027
AST 1.074 1.034−1.115 <0.001 0.984 0.906−1.069 0.709

ALP 0.998 0.988−1.008 0.639
GGT 1.027 1.012−1.042 <0.001 0.998 0.980−1.017 0.833

TC 1.535 1.178−2.000 0.001 1.123 0.675−1.866 0.655

HDL 0.364 0.158−0.837 0.017 1.404 0.373−5.279 0.615
TG 1.639 1.214−2.213 0.001 0.928 0.669−1.288 0.657

ApoA1 0.606 0.236−1.560 0.299
ApoB 55.120 14.321−212.148 <0.001 13.134 1.115−154.728 0.041
Creatinine 1.001 0.984−1.018 0.939

UA 1.008 1.005−1.011 <0.001 1.004 0.999−1.009 0.114
Blood glucose 1.477 1.099−1.985 0.010 1.001 0.681−1.471 0.998

NLR 0.778 0.603−1.005 0.054

MLR 0.108 0.006−1.895 0.128
PLR 0.994 0.988−0.999 0.019 0.931 0.692−1.253 0.638

Note: Statistically significant P−values are shown in bold. 
Abbreviations: APP, antipsychotic polypharmacy; BMI, body mass index; BPRS, Brief Psychiatric Rating Scale (BPRS) 
scores; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma- 
glutamyl transpeptidase; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; ApoA1, 
apolipoprotein A1; ApoB, apolipoprotein B; UA, uric acid; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to- 
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; CI, confidence interval; SCZ, schizophrenia.
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95% CI=1.299−1.634, P<0.001), ALT (OR=1.063, 95% CI=1.007−1.122, P=0.027), and apoB (OR=13.134, 95% 
CI=1.115−154.728, P=0.041).

Discussion
We investigated the prevalence of and influence factors for NAFLD in long-term hospitalized patients with SCZ. Our 
analysis indicated that 54.84% of these patients had comorbid NAFLD, which is a significantly higher rate than that 
observed in the general Chinese population and in patients with other mental disorders.17 When compared with the non- 
NAFLD group of the current study, the NAFLD group exhibited trends toward significance in terms of abnormal levels 
of liver enzymes, lipids, inflammatory markers, and glucose, as well as significant increases in the prevalence of obesity, 
hypertension, diabetes, and APP. Moreover, diabetes, APP, BMI, ALT, and ApoB may be influence factors for NAFLD in 
these patients.

In this study, BMI and diabetes showed a strong significant relationship with NAFLD. For most adults, BMI is mainly 
related to changes in body weight. Weight gain is associated with a significant expansion of adipose tissue, which may 
lead to adipocyte dysfunction and insulin resistance, as well as an impaired ability of adipocytes to store fat, leading to 
the release of free fatty acids into the circulation and their absorption and accumulation in ectopic organs, such as the 
liver, increasing the risk of NAFLD.23 Abnormal weight gain is common in patients with SCZ. Previous studies have 
identified unhealthy lifestyle and dietary habits and antipsychotic drug use as the main causes of weight gain in patients 
with SCZ.24 Weight gain may be associated with gray matter atrophy in the brain. In the recent years, several studies 
have demonstrated significant gray matter atrophy in patients with SCZ, including atrophy of the frontal lobe, temporal 
pole, occipital lobe and putamen, which begins early in the disease process and gradually worsens as the disease 
progresses.25–27 The reduced size of the putamen, a component of the striatum, may increase the likelihood of binge 
eating by inhibiting the sensitivity of dopamine D2 receptors to make food intake less rewarding.28,29 Additionally, 
reduced gray matter volume in the precentral gyrus of the frontal lobe impairs the patient’s ability to perceive the size and 
weight of food, increasing the likelihood of binge eating and the risk of obesity.30 Notably, obesity is an important 
influencing factor in diabetes and, in turn, these two conditions affect each other.31 Unmedicated patients with first- 
episode SCZ have significant insulin resistance and impaired glucose tolerance that persisted for the subsequent duration 
of the disease,32 which significantly increases the risk of diabetes. When diabetes is present in patients with SCZ, insulin 
resistance exacerbates adipocyte dysfunction and perpetuates the production of de novo fat in the liver, with increased 
free serum fatty acids and adipose tissue inflammation following the course of disease.33 Free fatty acids account for 60% 
of the liver fat content in patients with NAFLD, which is a significantly higher proportion than that of de novo fat in the 
liver, and the increase in free fatty acids leads to increased liver fat accumulation and promotes NAFLD development.34

In the current study, APP was identified as another influence factor for NAFLD in patients with SCZ. Antipsychotic 
medications are widely used in the treatment of SCZ, and their rational use plays an irreplaceable role in reducing the 
length of hospitalization and improving treatment adherence among patients.35 However, other observational studies have 
found that APP may not only increase the number of hospitalizations of patients with SCZ, but may also prolong the 
length of stay, suggesting that APP may have adverse effects on patients who are hospitalized long-term.36,37 The side 
effects associated with antipsychotic medications, such as dyslipidemia, weight gain, systemic inflammation, and insulin 
resistance, increase the incidence of NAFLD.38,39 Centorrino et al40 found that when the total dose of antipsychotics was 
similar, there was a 56% higher risk of adverse effects and a 55% longer hospital stay in patients with SCZ treated with 
APP compared to SCZ patients treated with monotherapy. A review by Gallego et al found that APP is strongly 
associated with metabolic abnormalities such as hyperprolactinemia and diabetes mellitus.41 Further studies found that 
APP increased the occupancy of dopamine receptors, histamine H1 receptors, adrenergic α1 and α2 receptors, and 
muscarinic M3 receptors, and while this increased clinical efficacy to some extent, it also increased the risk of 
hyperprolactinemia and abnormal leptin secretion, resulting in significant weight gain.42 Additionally, APP may reduce 
the responsiveness of pancreatic beta cells to blood glucose and impair glucose metabolism through antagonism of 
5-hydroxytryptamine-related receptors and M3 receptors, reducing the ability to transport glucose and increasing the risk 
of insulin resistance.43,44 The above studies show that APP increases the risk of metabolic abnormalities in patients with 
SCZ and increases the risk of NAFLD. The World Federation of Societies of Biological Psychiatry guidelines for the 
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treatment of schizophrenia recommend that to reduce the incidence of adverse drug reactions, the use of APP should only 
be considered in certain individual cases (eg, treatment-resistant patients with SCZ).45 The effect of antipsychotic drugs 
on NAFLD cannot be ignored; therefore, medical professionals should choose a single medication based on the effective 
antipsychotic treatment for each patient.

A recent study by Aaroe et al46 found that the serum ALT levels are related to the development of NAFLD in patients 
with SCZ. Other recent studies have reported that higher ALT levels are positively associated with the risk of hepatic 
steatosis and metabolic syndrome in patients with SCZ. A large cohort study conducted in China demonstrated that 
higher activity of ALT over time significantly increased the risk of metabolic syndrome in individuals with SCZ,47 which 
increases NAFLD risk.48 A previous study has suggested ALT as a marker of liver cell damage, reflecting the response of 
hepatocytes to oxidative stress in patients with NAFLD.49 However, Sookoian et al50 proposed a different view. They 
reported that, in the context of NAFLD, the body exists in a state of metabolic overload, with significantly increased 
expression of liver-related genes and proteins to accommodate the high energy demand, resulting in changes in the 
amount of amino acids released into the circulation. Therefore, they suggested that ALT and other transaminases reflect 
the degree of hepatocyte damage and play an active role in determining liver metabolism.

Apolipoprotein is closely related to lipid metabolism. ApoA1 can reduce circulating cholesterol level by combining 
with high-density lipoproteins.51 Unlike apoA1, apoB, the important scaffold protein for assembling extremely low- 
density lipoprotein, is significantly positively related to the risk of hyperlipidemia.52 Mabrouk et al53 found that the 
reduced activity of paraoxonase 1 was associated with lipid disorders in patients with SCZ exhibiting significant 
increases in ApoB levels. In addition, antipsychotic drugs increase serum ApoB levels in patients with SCZ by affecting 
cholesterol biosynthesis.54 Therefore, APP may make this effect even more pronounced. Previous studies have identified 
a positive association between ApoB and NAFLD prevalence, which is consistent with our finding that elevated serum 
ApoB level is a risk factor for NAFLD.55,56

This study had some limitations. First, due to the retrospective cross-sectional design, we could not determine 
a temporal-causal relationship between NAFLD and the identified risk factors. Second, because the sample size was 
small and the study population included only long-term hospitalized patients, there may have been a degree of selection 
bias, making it difficult to extrapolate the results to all patients with SCZ. Third, different antipsychotic drugs have 
different pathways of action and different degrees of effect on NAFLD. Herein, we did not classify or analyze 
antipsychotic medications, which may have affected the accuracy of the results. Lastly, although the correlations of 
waist circumference, waist-to-height ratio, and waist-to-hip ratio with NAFLD have been verified,57 we were unable to 
include these parameters in the study due to the limitations of the retrospective design. Therefore, further large-scale 
prospective studies with larger sample sizes that address these limitations are warranted to complement and validate our 
findings.

Conclusion
Our findings suggest that long-term hospitalized patients with SCZ have a significantly high risk of NAFLD, with 
influence factors including above-normal BMI, diabetes, APP, and increased levels of ALT and ApoB. Hence, weight, 
ALT levels, and ApoB levels should be monitored during SCZ treatment, particularly in those with APP and comorbid 
diabetes, and Influence factors should be actively addressed to prevent NAFLD. Our findings may provide directions for 
the prevention and treatment of NAFLD in patients with SCZ and promote the development of more effective targeted 
therapies for improving prognosis and disease burden in these patients.
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