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Purpose: Sex-based differences in patients with bipolar disorders (BD) are well recognized, and it is well known that the prevalence 
and severity of nonalcoholic fatty liver disease (NAFLD) are both higher in men than in women. Although metabolic disorders such as 
NAFLD are common in patients with BD, sex differences and risk factors for NAFLD comorbidity in these patients have not been 
thoroughly explored. This study aimed to investigate sex differences in patients with comorbid NAFLD and BD and associated risk 
factors.
Methods: This retrospective cross-sectional study included 710 patients with BD. Clinical data of patients with BD, including 
information on fasting glucose, liver function-related enzymes, relevant lipid data, uric acid, the triglyceride-glucose index (TyG), and 
demographics, were derived from the hospital electronic medical record system from June 2020 to July 2022. We performed logistic 
regression analysis and calculated the odds ratios with 95% confidence intervals of factors using t-tests, χ²-tests, and receiver operating 
characteristic. NAFLD was diagnosed using liver ultrasonography.
Results: The prevalence of NAFLD was higher in male patients with BD than in female patients (50.9% vs 38.5%), and there were 
significant differences in the years of education and marital status (all P<0.05). Regression analysis showed that the risk factors for 
comorbidities were the body mass index (BMI), fasting glucose, and apolipoprotein B levels in male patients and the BMI, bipolar 
disease course, glutamine transpeptidase levels, and the TyG in female patients.
Conclusion: Sex-based differences exist in risk factors and in the prevalence of comorbid NAFLD among patients with BD. BMI is 
a sex-independent risk factor, and clinical attention should be targeted to risk factors associated with comorbid NAFLD related to sex, 
especially in female patients with BD who presenting a high TyG index.
Keywords: sex differences, triglyceride-glucose index, metabolic disorders, prevalence

Introduction
Bipolar disorder (BD) is a serious psychiatric disorder characterized by recurrent episodes of hypomania and depression.1 

It has affected over 1% of the global population, regardless of ethnicity, nationality, or socioeconomic status, and 
generally leads to impaired social functioning, a reduced quality of life, and cognitive impairment.2 It is also one of the 
leading causes of disability in young people.3 Patients with BD are considerably more likely to develop metabolic 
syndrome than the general population owing to factors such as antipsychotic use, unhealthy lifestyle, increased obesity 
rates, and unknown pathogenesis of the disease itself.4,5 Additionally, patients with BD have a higher incidence of 
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comorbid metabolic disorders such as nonalcoholic fatty liver disease (NAFLD) and obesity relative to the general 
population, and the risk in such patients is often insufficiently assessed, requiring early detection and intervention.5–7

NAFLD is a group of diseases closely associated with obesity and metabolic syndrome,8–10 the second most common 
liver disease after viral hepatitis,11 and the most common cause of chronic liver disease worldwide.12 The current global 
prevalence of NAFLD ranges from 6.3% to 45.0%, and the prevalence of NAFLD in Asia (27.4%) is slightly higher than 
the median (25.2%);13 previous Chinese reports have revealed that the prevalence of NAFLD among patients admitted to 
hospitals for psychiatric disorders increased yearly, increasing from 16.88% to 19.07% from 2014 to 2018 with an annual 
growth rate of 0.548%.14 The prevalence of NAFLD among Chinese adults is about 29.2%, with an annual incidence rate 
of about 5%, as found in a recent epidemiologic survey.15 NAFLD can develop into a form of nonalcoholic steatohe
patitis (NASH), characterized by fat accumulation, hepatocellular damage, and oxidative stress. The prevalence of 
NAFLD is expected to increase annually as the prevalence of obesity, diabetes mellitus, and metabolic syndrome 
continues to increase globally.16 NAFLD is often observed in conjunction with metabolic disorders such as hypertension, 
insulin resistance, hyperlipidaemia, and diabetes mellitus.17 Numerous studies have suggested that these factors are 
closely associated with the development of cardiovascular diseases, such as cardiomyopathy, arrhythmias, and coronary 
atherosclerosis,18–20 greatly increasing the risk of patients developing multiple diseases and ultimately imposing a huge 
medical and economic burden on society.21

Significant sex differences in patients with BD have been widely recognized.22,23 Numerous studies have shown that 
women are more likely to suffer from bipolar II, hypomania, and rapid cycling, while male patients are more likely to be 
comorbidly substance dependent.24–26 In addition, BD occurs later in women who are more susceptible to the seasonal 
effects of mood disorders.26 There are also studies that reveal sex-based differences in their comorbidities, with women 
having a higher incidence of inflammatory diseases such as Crohn’s disease, multiple sclerosis, and asthma than male 
patients with BD,27 although risk factors for their comorbidities have not been further investigated. Some studies have 
shown sex-based differences in obesity and metabolic syndrome in patients with schizophrenia but not in bipolar 
patients,28,29 and some studies have shown sex-based differences in obesity rates in patients with BD.30 Most current 
studies have mainly investigated sex differences in terms of general demographics, clinical symptoms, and biochemical 
indicators in patients with BD, while some studies have also preliminarily elaborated on the prevalence of other disorders 
in patients with comorbidities.31 However, there is still a lack of research on sex differences in and risk factors for 
comorbid NAFLD in patients with BD. Therefore, the purpose of this large cross-sectional study was to understand the 
sex-based differences in patients with comorbid NAFLD and BD and to explore the associated risk factors.

Materials and Methods
Research Population
This large cross-sectional study included 710 patients (male/female = 352/358) from June 2020 to July 2022 visiting the 
Anhui Provincial Mental Health Center. The general demographic data of the patients and the test results were collected 
anonymously from systematic electronic health records. The inclusion criteria were as followed: 1) diagnosis based on 
the Diagnostic Criteria of the International Classification of Diseases (ICD-10), 10th revision,32 confirmed by two 
psychiatrists with attending or higher titles; 2) age limit of 18–60 years; 3) no treatment with hepatoprotective drugs; 4) 
no history of hepatitis or other diseases that can cause fatty liver; 5) no use of psychiatric drugs and other drugs that 
could induce NAFLD within the last 3 months; and 6) no history of alcohol use disorder according to the diagnostic 
criteria. The exclusion criteria were as follows: 1) diagnosis of substance or drug abuse or history of such abuse; 2) 
pregnant women; 3) neurodegenerative diseases, including congenital neurodevelopmental delay and Alzheimer’s 
disease; and 4) combination of organic brain disease or severe physical illness. Based on these criteria, 710 patients 
were included in this study.

This study was performed in line with the principles of the Declaration of Helsinki. The study was approved by the 
Medical Ethics Committee (AMHC) of Anhui Mental Health Center. Because of the retrospective nature of the study and 
the fact that all data (including basic personal information and detailed medical records) were collected anonymously and 
encrypted, the Ethics Committee waived the requirement to obtain informed consent.
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Definition and Ultrasound Diagnosis of NAFLD
NAFLD requires imaging or histological confirmation of hepatic steatosis and the absence of other causes of liver fat 
accumulation, such as genetic disorders, drug use, hepatitis C, or significant alcohol consumption.33 NAFLD was 
diagnosed by experienced medical personnel on the basis of liver ultrasound examination and medical history. In this 
research, the ICD-10 code for NAFLD was K76.0. After confirming the diagnosis of hospitalized patients using ICD-10 
code K76.0, we further excluded patients with biliary cirrhosis (K74.3-K74.5), autoimmune hepatitis (K75.4), toxic liver 
disease (K71), viral hepatitis (B15-B19), and alcoholic liver disease (K70).

Blood Biochemistry Collection and Definition of the Triglyceride-Glucose Index
Blood samples were taken from the forearm vein of each patient on the morning of the first day of hospitalization (after 
12 h of fasting) by a specialized medical staff. The blood test tubes used for the blood testing were evacuated sterile 
plastic or polypropylene tubes capable of automatically drawing 3 mL of blood. Sodium/potassium ethylenediamine
tetraacetic acid potassium was used as an anticoagulant at a certain concentration (4.55±0.85 mmol/L) because it 
prevents coagulation by binding calcium. The samples were processed and analysed by flow cytometry within 30 min 
of collection by an independent laboratory test department. The triglyceride-glucose index (TyG) was then calculated 
from the test results using the formula TyG=LN [triglycerides (TG) (mg/dL) × plasma glucose (mg/dL)/2]. Several 
large studies including control groups have shown that the TyG index ranges from 4.62 ± 0.16 in healthy 
populations.34

Statistical Analysis
All analyses were performed using SPSS 27.0 (IBM Corp., Armonk, NY, USA). First, descriptive analyses were 
performed on the general demographic data and test results. Continuous variables that conformed to the normal 
distribution are expressed as mean±standard deviation (SD), and those that do not conform to the normal distribution 
were expressed as the median (interquartile range). Categorical variables are expressed as frequencies and percentages 
(%). A t-test was used for continuous variables that conformed to a normal distribution; otherwise, a Mann–Whitney 
U-test was used(z). A chi-square analysis was used for categorical variables(x2).

Patients with NAFLD were sub-grouped according to sex and compared to derive indicators of significant differences. 
A t-test was then performed for patients with or without NAFLD of the same sex, and indicators with significant 
differences were considered clinically significant and were entered in the multivariate regression analysis model, even if 
they were not significant in the univariate regression analysis. We performed univariate logistic regression analyses for 
each variable and then included meaningful variables in multivariate logistic regression analyses to derive possible 
influences and in this way examined the risk factors for NAFLD. The differences in statistical results between the sex 
groups were compared, and the analysis provided corrected ratios and established 95% confidence intervals. Data were 
visualized using GraphPad Prism version 8.0 (GraphPad Software Inc., San Diego, CA, USA). The clinical translational 
value of the identified risk factors was evaluated by receiver operating characteristic (ROC) curve analysis. The area 
under the curve (AUC) between 0.5 and 0.6 suggests bad discrimination of the diagnostic test, between 0.6 and 0.7 
suggests sufficient discrimination, between 0.7 and 0.8 good discrimination. All statistical tests were two-tailed, and the 
alpha level was set at 0.05. At P<0.05, the results were considered statistically significant.

Results
Sex-Based Differences in General Demographics and Prevalence
The prevalence of NAFLD was significantly higher in male patients with BD than in female patients (50.9% vs 38.5%, 
P<0.001), and there was also a significant difference between male and female patients in terms of the years of education 
(11.34±3.49 vs 10.71±4.68, P<0.05) (Table 1). In terms of marital status, female patients also showed a significant 
difference compared to male patients (P<0.05), although there were no significant differences in terms of the age of onset 
and duration of the disease, or in the type of episode and the presence of psychotic symptoms.
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Sex-Based Differences in Clinical Variables
Male bipolar patients had significantly higher systolic and diastolic blood pressure than female bipolar patients (P<0.001, 
P=0.016), and there were also significant differences between male and female patients in glutamine transpeptidase (GGT), 
alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and TGs (all P<0.005), 
while high-density lipoprotein (HDL) levels were higher in female patients than in male patients [1.07(0.93, 1.25) vs 1.25 
(1.07, 1.46), P<0.001]. Our study also found that uric acid levels were significantly higher in male patients than in female 
patients with BD (396.42±103.97 vs 316.67±90.54, P<0.001); however, apolipoprotein A1 (ApoA1) levels were higher in 
female patients than in male patients [1.23(1.08, 1.42) vs 1.16(1, 1.36), P<0.005]. Finally, our study found that TyG index 
levels were higher in male patients with BD than in females [8.46(8.12, 8.89) vs 8.34(7.96, 8.78), P=0.006].

Differences in Patients with NAFLD by Sex
When patients with NAFLD were grouped and compared by sex, we found significant differences in the following 
indicators: years of education, duration of the disease, presence of psychotic symptoms, marital status, ALT, AST, 
triglycerides, HDL, and uric acid (as shown in Table 2).

Table 1 Clinical Characteristics of the Study Participants

Male Total (n=352) Female Total (n=358) t/χ²/Z P

Age (years) 34.06±11.03 35.37±12.05 1.51 0.137
Years of education (years) 11.34±3.49 10.71±4.68 −0.201 0.044
Age at onset (years) 24.35±8.59 25.23±9.40 1.31 0.192

Duration of illness (years) 9.78±7.86 10.33±8.91 0.87 0.384
Illness episode 2.246 0.134

Mania 220/352 (62.5%) 204/358(57%)

Depression 132/352 (37.5%) 154/358 (43%)
Psychotic symptoms 0.049 0.824

No 255/352 (72.4%) 262/358(73.2%)
Yes 97/252 (27.6%) 96/358(26.8%)

Marital status 8.228 0.016
Single 126/352 (35.8%) 95/358 (26.5%)
Married 163/352 (46.3%) 178/358 (49.7%)

Others 63/352 (17.9%) 85/358 (23.8%)

Cardiometabolic
SBP (mmHg) 123.45±9.15 120.96±9.74 −3.523 <0.001
DBP (mmHg) 78.44±8.73 76.75±9.79 −2.424 0.016
BMI (kg/m2) 24.62±3.74 24.24±4.56 −1.181 0.238
Glucose (mmol/L) 5.13±1.39 5.29±1.69 1.423 0.156

ALT (U/L) 21(13, 35) 13(9, 19) −9.223 <0.001
AST (U/L) 21(15, 30.75) 17(13, 22) −6.181 <0.001
ALP (U/L) 72.95±20.33 65.67±36.01 −3.306 <0.005
GGT (U/L) 24(16.25, 38.75) 14(11, 20.25) −11.211 <0.001
TC (mmol/L) 4.04(3.42, 4.59) 4.11(3.6, 4.67) −1.42 0.156
TG (mmol/L) 1.24(0.89, 1.72) 1.06(0.75, 1.53) −3.718 <0.001
HDL (mmol/L) 1.07(0.93, 1.25) 1.25(1.07, 1.46) 5.999 <0.001
Uric acid (μmol/L) 396.42±103.97 316.67±90.54 −10.905 <0.001
Apo A1 (g/L) 1.16(1, 1.36) 1.23(1.08, 1.42) 3.461 <0.005
ApoB (g/L) 0.79(0.64, 0.96) 0.75(0.62, 0.9) −1.568 0.117

TyG (g/L) 8.46(8.12, 8.89) 8.34(7.96, 8.78) −2.836 0.006
Prevalence of NAFLD 179/352 (50.9%) 138/358 (38.5%) 10.874 <0.001

Note: Bold font indicates that the p-value is less than 0.05. 
Abbreviations:SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; ALP, alkaline phosphatase; GGT, glutamine transpeptidase; TC, total cholesterol; TG, triglyceride; HDL, high-density lipopro
tein; Apo A1: apolipoprotein A1; ApoB, apolipoprotein B; TyG, triglyceride-glucose index; NAFLD, nonalcoholic fatty liver disease.
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Differences in NAFLD and Non-NAFLD Groups in Male/Female Patients with BD
When comparing the comorbid NAFLD group with the non-NAFLD group in men with BD, significant differences were 
found in the following indicators: BMI, glucose, ALP, GGT, TGs, ApoB, and TyG (as shown in Table 3). Significant 
differences were found for women in the following indicators: duration of the disease, marital status, BMI, glucose, ALT, 
GGT, TGs, HDL and TyG levels (Table 4).

Analysis of Risk Factors for NAFLD in Patients with BD
The indicators previously found to be significantly different in the t-tests were included in the regression equation 
analysis and the following results were obtained: in male patients with BD, the risk factors for nonalcoholic fatty liver 
were BMI (odds ratio [OR]=1.626, P<0.001), glucose (OR=1.644, P<0.001), and apolipoprotein B (OR=5.908, P<0.005) 
(as shown in Table 5). In contrast, the risk factors for comorbid NAFLD in female patients with BD were BMI 
(OR=1.284, P<0.001), disease duration (OR=1.039, P=0.017), GGT (OR=1.041, P<0.001), and TyG (OR=2.157, 
P<0.005) (Table 6).

Table 2 Comparison of Parameter Differences Between Males and Females in Patients with BD 
Manifesting NAFLD

Male Total (n=179) Female Total (n=138) t/χ²/Z P

Age (years) 35.81±10.92 39.43±11.85 −2.82 0.006
Years of education (years) 11.45±3.59 9.93±4.54 3.30 <0.001
Age at onset (years) 24.96±8.24 26.66±9.39 −1.71 0.088
Duration of illness (years) 10.68±7.88 13.25±10.12 −2.55 0.011
Illness episode 14.78 <0.001
Mania 109/179 (60.9%) 84/138 (60.9%)
Depression 70/179 (39.1%) 54/138 (39.1%)

Psychotic symptoms 1.28 0.258
No 126/179 (70.4%) 105/138 (76.1%)

Yes 53/179 (29.6%) 33/138 (23.9%)

Marital status 18.12 <0.001
Single 69/179 (38.5%) 23/138 (16.7%)

Married 78/179 (43.6%) 81/138 (58.7%)

Others 32/179 (17.9%) 34/138 (24.6%)
Cardiometabolic

SBP(mmHg) 124.11±8.99 123.36±9.66 0.71 0.477

DBP(mmHg) 79.34±9.11 77.93±11.97 1.19 0.236
BMI (kg/m2) 26.73±3.41 27.23±4.56 −1.12 0.261

Glucose (mmol/L) 5.47±1.73 5.88±2.28 −1.79 0.084

ALT (U/L) 28(17, 43) 15.5(10.75, 25.25) −6.52 <0.001
AST (U/L) 22(16, 31) 17.5(14, 23) −4.454 <0.001
ALP (U/L) 74.65±21.91 71.57±22.26 1.24 0.217

GGT (U/L) 32(22, 48) 18(13, 29.25) −6.94 <0.001
TC (mmol/L) 4.25(3.63, 4.88) 4.33(3.82, 4.84) −0.658 0.511

TG (mmol/L) 1.51(1.05, 2.17) 1.39(0.95, 1.94) −1.598 0.011
HDL (mmol/L) 1.04(0.9, 1.17) 1.18(1.05, 1.37) −5.846 <0.005
Uric acid (μmol/L) 409.95±107.34 338.95±87.26 6.32 <0.001
Apo A1 (g/L) 1.15(0.99, 1.31) 1.19(1.05, 1.38) −2.134 0.074

ApoB (g/L) 0.86(0.7, 1.03) 0.83(0.69, 0.97) −0.988 0.323
TyG (g/L) 8.73(8.33, 9.19) 8.66(8.27, 9.12) −0.695 0.487

Note: Bold font indicates that the p-value is less than 0.05. 
Abbreviations:SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ALT, alanine aminotrans
ferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, glutamine transpeptidase; TC, total cholesterol; TG, 
triglyceride; HDL, high-density lipoprotein; Apo A1: apolipoprotein A1; ApoB, apolipoprotein B; TyG, triglyceride-glucose 
index.
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Table 3 Comparison of Parameters in Male Patients with BD

NAFLD Group (n=179) Non-NAFLD Group (n=173) t/χ²/Z P

Age (years) 35.81±10.92 32.25±10.90 −3.06 <0.005
Years of education (years) 11.45±3.59 11.22±3.40 −0.61 0.543

Age at onset (years) 24.96±8.24 23.71±8.90 −1.36 0.173

Duration of illness (years) 10.68±7.88 8.85±7.76 −2.19 0.029
Illness episode 0.40 0.527

Mania 109/179 (60.9%) 111/173 (64.2%)

Depression 70/179 (39.1%) 62/173 (35.8%)
Psychotic symptoms 0.77 0.381

No 126/179 (70.4%) 129/173 (74.6%)
Yes 53/179 (29.6%) 44/173 (25.4%)

Marital status 1.36 0.306

Single 69/179 (38.5%) 57/173 (32.9%)
Married 78/179 (43.6%) 85/173 (49.1%)

Others 32/179 (17.9%) 31/173 (18.0%)

Cardiometabolic
SBP (mmHg) 124.11±8.99 122.77±9.29 −1.37 0.171

DBP (mmHg) 79.34±9.11 77.51±8.25 −1.96 0.051

BMI (kg/m2) 26.73±3.41 22.44±2.67 −13.12 <0.001
Glucose (mmol/L) 5.47±1.73 4.78±0.77 −4.83 <0.001
ALT (U/L) 28(17, 43) 16(11, 25) −6.617 <0.001
AST (U/L) 22(16, 31) 20(14, 30) −2.037 0.042
ALP (U/L) 74.65±21.91 71.18±18.47 −1.61 0.018
GGT (U/L) 32(22, 48) 20(13.5, 28) −7.019 0.035
TC (mmol/L) 4.25(3.63, 4.88) 3.85(3.27, 4.41) −4.3 0.028
TG (mmol/L) 1.51(1.05, 2.17) 1.05(0.81, 1.42) −6.379 <0.001
HDL (mmol/L) 1.04(0.9, 1.17) 1.14(0.96, 1.30) −3.597 <0.005
Uric acid (μmol/L) 409.95±107.34 382.43±98.74 −2.50 0.031
Apo A1 (g/L) 1.15(0.99, 1.31) 1.17(1.01, 1.40) −1.377 0.169

ApoB (g/L) 0.87±0.27 0.73±0.21 −5.57 0.027
TyG (g/L) 8.73(8.33, 9.19) 8.31(7.99, 8.56) −7.32 <0.001

Note: Bold font indicates that the p-value is less than 0.05. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, glutamine transpeptidase; TC, total cholesterol; TG, triglyceride; 
HDL, high-density lipoprotein; Apo A1: apolipoprotein A1; ApoB, apolipoprotein B; TyG, triglyceride-glucose index.

Table 4 Comparison of Parameters in Female Patients with BD

NAFLD Group (n=138) Non-NAFLD Group (n=220) t/χ²/Z P

Age (years) 39.43±11.85 32.83±11.49 −5.23 <0.001
Years of education (years) 9.93±4.54 11.20±4.72 2.52 0.012
Age of onset (years) 26.66±9.39 24.34±9.32 −2.29 0.023
Duration of illness (years) 13.25±10.12 8.50±7.54 −5.08 <0.001
Illness episode 1.38 0.239
Mania 84/138 (60.9%) 120/220 (54.5%)

Depression 54/138 (39.1%) 100/220 (45.5%)

Psychotic symptoms 0.96 0.326
No 105/138 (76.1%) 157/220 (71.4%)

Yes 33/138 (23.9%) 63/220 (28.6%)

Marital status 11.96 <0.005
Single 23/138 (16.7%) 72/220 (32.7%)

(Continued)
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Predictive Value of NAFLD Risk Factors
ROC analysis was used to assess the threshold value of the identified risk factors for predicting the development of NAFLD 
in patients with BD. The following three risk factors predicted NAFLD: For male patients, a BMI at a cut-off value of 
24.05 kg/m² (AUC: 0.828, 95% CI: 0.809–0.888, sensitivity: 79.9%, and specificity: 77.5%); glucose levels at a cut-off 
value of 4.945 mmol/L (AUC: 0.653, 95% CI: 0.595–0.710, sensitivity: 54.2%, and specificity: 72.4%); and ApoB levels at 
a cut-off value of 0.765 g/L (AUC: 0.666, 95% CI: 0.610–0.722, sensitivity: 65.4%, and specificity: 60.7%) (Figure 1). For 
female patients, a BMI at a cut-off value of 24.19 kg/m² (area under the curve [AUC]: 0.814, 95% CI: 0.767–0.862, 

Table 5 Risk Factors for NAFLD in Male Patients with BD

Variables β OR 95% CI P

BMI (kg/m2) 0.486 1.626 1.449–1.824 <0.001
Glucose (mmol/L) 0.497 1.644 1.219–2.218 <0.001
ApoB (g/L) 1.776 5.908 1.821–19.171 <0.005

Note: bold font indicates that the p-value is less than 0.05. 
Abbreviations:OR, odds ratio; CI, confidence interval; BMI, body mass index; ApoB, apolipoprotein B.

Table 4 (Continued). 

NAFLD Group (n=138) Non-NAFLD Group (n=220) t/χ²/Z P

Married 81/138 (58.7%) 97/220 (44.1%)

Others 34/138 (24.6%) 51/220 (23.2%)
Cardiometabolic

SBP (mmHg) 123.36±9.66 119.45±9.51 −3.77 <0.001
DBP (mmHg) 77.93±11.97 76.01±8.08 −1.81 0.071
BMI (kg/m2) 27.23±4.56 22.38±3.44 −11.44 <0.001
Glucose (mmol/L) 5.88±2.28 4.93±1.05 −5.32 <0.001
ALT (U/L) 15.5(10.75, 25.25) 12(8, 17) −4.643 <0.001
AST (U/L) 17.5(14, 23) 16(13, 22) −1.466 0.143

ALP (U/L) 71.57±22.26 61.98±42.05 −2.47 0.014
GGT (U/L) 18(13, 29.25) 13(10, 17) −6.363 <0.001
TC (mmol/L) 4.33(3.82, 4.84) 4.01(3.49, 4.55) −3.279 <0.005
TG (mmol/L) 1.39(0.95, 1.94) 0.93(0.67, 1.33) −6.64 <0.001
HDL (mmol/L) 1.18(1.05, 1.37) 1.29(1.09, 1.55) −3.552 <0.001
Uric acid (μmol/L) 338.95±87.26 302.69±89.96 −3.76 <0.001
Apo A1 (g/L) 1.19(1.05, 1.38) 1.25(1.1, 1.43) −2.01 0.044

ApoB (g/L) 0.83(0.69, 0.97) 0.72(0.58, 0.84) −4.71 <0.001
TyG (g/L) 8.66(8.27, 9.12) 8.18(7.82, 8.55) 8.36 <0.001

Note: Bold font indicates that the p-value is less than 0.05. 
Abbreviations:SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, glutamine transpeptidase; TC, total cholesterol; TG, triglyceride; 
HDL, high-density lipoprotein; Apo A1: apolipoprotein A1; ApoB, apolipoprotein B; TyG, triglyceride-glucose index.

Table 6 Risk Factors for NAFLD in Female Patients with BD

Variables β OR 95% CI P

BMI (kg/m2) 0.25 1.284 1.192–1.383 <0.001
Duration of illness (years) 0.04 1.039 1.008–1.071 0.017
GGT (U/L) 0.04 1.041 1.016–1.067 <0.001
TyG (g/L) 0.77 2.157 1.283–3.625 <0.005

Note: Bold font indicates that the p-value is less than 0.05. 
Abbreviations:OR, odds ratio; CI, confidence interval; BMI, body mass index; GGT, glutamine transpeptidase; TyG, 
triglyceride-glucose index.
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sensitivity: 77.5%, and specificity: 78.2%); duration of illness at a cut-off value of 11.5 years (AUC: 0.657, 95% CI: 0.599– 
0.715, sensitivity: 47.1%, and specificity: 76.4%); GGT level at a cut-off value of 19.5 U/L (AUC: 0.699, 95% CI: 0.643– 
0.756, sensitivity: 45.7%, and specificity: 84.1%); and TyG index at a cut-off value of 8.20 (AUC: 0.737, 95% CI: 0.685– 
0.789, sensitivity: 83.3%, and specificity: 53.2%) (Figure 2).

Figure 1 The predictive value of influencing factors on NAFLD in male patients with BD. (A) ROC curve of BMI in predicting NAFLD; (B) ROC curve of Glucose in 
predicting NAFLD; (C) ROC curve of ApoB in predicting NAFLD.

Figure 2 The predictive value of influencing factors on NAFLD in female patients with BD. (A) ROC curve of BMI in predicting NAFLD; (B) ROC curve of Duration of 
illness in predicting NAFLD; (C) ROC curve of GGT in predicting NAFLD; (D) ROC curve of TyG in predicting NAFLD.
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Discussion
This study investigated sex differences and risk factors and the prevalence of NAFLD in Chinese patients with BD for 
which limited information is available. The major findings of our research are the following: 1) the prevalence of 
NAFLD was significantly higher in men and there were significant differences in the years of education, marital status, 
and metabolic indicators; 2) there were sex differences in metabolic and biochemical indicators between patients with 
NAFLD and differences in metabolic and biochemical indicators between patients of the same sex with and without 
NAFLD; and 3.) risk factors for comorbid NAFLD in patients with BD differed according to sex. BMI was a common 
risk factor for both sexes, and the risk factors for female patients with BD included disease duration, GGT, and TyG, 
whereas those for male patients with BD included blood glucose and apolipoprotein B in addition to BMI.

BD is a serious and common psychiatric disorder that imposes a heavy burden on society and families and seriously 
affects the daily lives of patients. This effect manifests itself not only in the impairment of social functioning and 
cognitive abilities, but also in the tendency to have comorbidities of many complex somatic disorders.14,35,36 

Furthermore, studies have shown that patients with BD have a significantly increased risk of NAFLD, hyperlipidaemia, 
and ischemic heart disease.35,37–39 NAFLD, a common comorbidity in bipolar patients, is a liver disease characterized by 
an excessive accumulation of fat in hepatocytes. Existing studies have shown sex differences in the duration and type of 
attacks in male and female patients with BD,26 but little is known about the presence of comorbid NAFLD, making it 
particularly important to investigate risk factors for comorbid NAFLD in different sexes. Our previous study find 
significantly higher rates of comorbid obesity in patients with BD and higher plasma levels of ALT, blood glucose, 
uric acid and TG in obese patients;7 building on this finding, we take it a step further to examine sex differences in 
comorbid NAFLD in patients with BD, targeting sex-specific risk factors.

This study found significant differences in general demographic data, blood biochemical parameters, and liver 
enzymes in BD patients by sex and also found a higher prevalence of NAFLD in men with BD than in women. Since 
a high BMI suggests the accumulation of fat in internal organs such as the liver, which in turn can cause hepatocellular 
steatosis and a variety of metabolic conditions, studies have confirmed that obesity is an independent risk factor for 
NAFLD.40 It is not difficult to explain why BMI is a risk factor for comorbid NAFLD, shared by different sexes. 
Furthermore, although some studies have found that higher educational attainment leads to a lower risk of NAFLD,41 our 
study found that although male BD patients had higher educational level than female BD patients, their prevalence of 
NAFLD was not lower than that in women. This may be due to the fact that the mean age of the study subjects was lower 
than the age of female menopause, and for this age group, men were more likely to develop NAFLD.42,43

In our study, ApoB, which is synthesized in the liver, directly reflected low-density lipoprotein cholesterol (LDL- 
CHOL) levels and is the major structural protein of LDL-CHOL. It has also been found to be a risk factor in men. 
Increased ApoB levels have been found in clinical studies to be a risk factor for coronary heart disease and represents 
a better marker of atherosclerosis among all lipid markers.44 Elevated ApoB levels can also indicate an increased risk of 
diabetes, renal impairment, and obstructive jaundice,45–47 and higher ApoB levels in male patients imply a greater 
susceptibility to liver involvement that may be influenced by these diseases, ultimately increasing the odds of comorbid 
NAFLD. This may, to some extent, explain why ApoB is a risk factor for male patients with BD, but not for women.

We found that the duration of biphasic disease was on average longer in women than in men in the different sex groups 
with NAFLD, and there is no doubt that a longer duration of BD has a greater impact on the lifestyles of patients. Lifestyle 
has been shown to have a significant effect on the prevalence of NAFLD.48,49 Therefore, as a risk factor for female patients 
with BD, the duration of the disease can increase the odds of comorbid NAFLD. GGT levels are lower in women than in 
male BD patients. However, some studies have found that GGT may be more sensitive in female patients, suggesting 
atherosclerosis and cardiovascular risks.50,51 Furthermore, GGT in the blood is significantly higher when the liver is affected, 
such as in obstructive jaundice, acute hepatitis, active chronic hepatitis, biliary tract infection, and cirrhosis.52,53 This may be 
due to increased cellular production of GGT and the inflammatory stimulating effect in and around injured tissue, which 
increases the permeability of the hepatocyte membrane, resulting in an increase in blood GGT. Our findings suggest that not 
only can high GGT levels indicate the risk of disease, but low GGT levels are also a risk factor of concern in sex-specific and 
disease-specific conditions such as comorbid NAFLD in female patients with BD.
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A high TyG index is a risk factor for comorbid NAFLD in female patients, while higher blood glucose is a risk 
factor for comorbid NAFLD in male patients. The current study showed that the determination of TyG is a simple 
and effective method for the early evaluation of NAFLD54 and that the TyG index is significantly and positively 
correlated with the severity of cirrhosis and the presence of liver fibrosis in patients with NAFLD.55 A previous 
study that included 1969 participants also observed that the association between the TyG index and NAFLD in 
Asian populations was more pronounced in women than in men.56 Some studies have suggested that TyG is more 
clinically significant in the prediction of cardiovascular risks, such as hypertension, diabetes, and atherosclerosis, 
in women than in men.57–59 Our findings also suggest that a higher TyG index is a more significant risk factor for 
comorbid NAFLD in women with BD, while for men, focusing on fasting glucose levels may be a better marker.

We identified three limitations of this study. First, as this study was a retrospective cross-sectional study, the 
inherent limitations of cross-sectional and retrospective studies prevent us from drawing definitive conclusions of 
a causal nature from the observed differences. Second, it was not possible to completely exclude the effect of the 
medications because although we strictly limited the participants by selecting patients who had not taken psychiatric 
medications or medications that could induce NAFLD in the last three months. Therefore, we could not quantify the 
association between medications and NAFLD. Further exploration in this area is required for future research. Finally, 
the information collected on the study population is not fully exhaustive, specifically risk factors that can be 
associated with NAFLD, such as low-density lipoprotein, smoking history, and patient lifestyle prior to hospital 
admission. These factors that were not included in the analysis may have influenced the results of the risk factors 
associated with NAFLD in our research. This is important information to consider, collect, and analyse in future 
studies.

Conclusion
This study identified sex differences in general demographics, clinical indicators, and prevalence of NAFLD in patients with 
BD. The higher prevalence of NAFLD in male patients than in female patients may make them more susceptible to a multitude 
of chronic diseases including hypertension, cardiovascular disease, diabetes, and stroke.60,61 Although several biopsychosocial 
causes, such as estrogenic effects, neurodevelopmental differences, and genetic susceptibility, have been proposed to explain 
this sex-based difference, clinicians should pay closer attention to sex differences between male and female patients in the 
course of treatment and continuously monitor their respective risk factors. At the same time, psychiatrists should be aware of 
the differences between male and female patients and encourage them to exercise, lead a healthy lifestyle, control sugar intake, 
fat intake, and increase physical activity, and body weight according to their respective characteristics to prevent the 
development of NAFLD. This study has important implications for the therapeutic management of comorbid NAFLD in 
patients with BD, particularly with regard to the further reduction of the incidence of cardiovascular diseases, improvement of 
long-term prognosis, and facilitation of individualized treatment for patients of different sexes with BD.
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