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Purpose: The co-morbidity of non-alcoholic fatty liver disease (NAFLD) in patients with bipolar disorder (BD) has a negative impact
on patient treatment and prognosis. This study aimed to identify the prevalence of NAFLD in patients with BD and investigate the risk
factors of NAFLD.

Patients and Methods: A total of 678 patients with BD were included in the study. Clinical data were obtained from the hospital’s
electronic health record system. Data included fasting blood glucose, alanine aminotransferase, triglycerides, aspartate aminotransfer-
ase, high-density lipoprotein cholesterol (HDL), alkaline phosphatase, total cholesterol, glutamine transpeptidase, uric acid, apolipo-
protein Al, apolipoprotein B, and liver ultrasound findings.

Results: The prevalence of NAFLD was 43.66% in patients with BD. Significant differences in body mass index (BMI), mean age,
diabetes prevalence, course of BD, fasting blood glucose, alanine aminotransferase, HDL, alkaline phosphatase, triglycerides, aspartate
aminotransferase, uric acid, glutamine transpeptidase, apolipoprotein B, total cholesterol, and apolipoprotein A1 were seen between
the groups (all P<0.01). Male sex, age, BMI, course of BD, alanine aminotransferase, fasting blood glucose, aspartate aminotransfer-
ase, diabetes, glutamine transpeptidase, total cholesterol, alkaline phosphatase, triglycerides, uric acid, apolipoprotein B, HDL, and
apolipoprotein A1l levels were correlated with NAFLD (all P<0.05). In patients with BD, diabetes (OR=6.412, 95% CI=1.049-39.21),
BMI (OR=1.398, 95% CI=1.306—1.497), triglycerides (OR=1.456, 95% CI=1.036—2.045), and apolipoprotein A1 (OR=0.272, 95%
CI=0.110-0.672) were risk factors for NAFLD (all P<0.05).

Conclusion: Risk factors for NAFLD in patients with BD include diabetes, BMI, course of BD, and a low level of apolipoprotein A1l.
A proactive approach to disease management, such as appropriate physical activity and adoption of a healthy diet, and regular
monitoring of changes in patient markers should be adopted to reduce the prevalence of NAFLD.
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Introduction

Bipolar disorder (BD) is an episodic psychiatric disorder characterized by recurrent episodes of depressive and manic
symptoms that affects more than 1% of the global population.' Due to several factors, including the use of antipsychotic
drugs, unhealthy lifestyle habits, and unknown pathogenesis, the risk of comorbid somatic diseases such as metabolic
syndrome and related cardiovascular diseases is markedly higher in patients with BD than in the general population.* In
addition, negative eating behaviours and drug dependence, often adopted by adolescents, especially those with BD, in
pursuit of “pleasurable stimuli” in response to pressure, increase the prevalence of obesity and non-alcoholic fatty liver
disease (NAFLD).** BD is associated with a potential loss of approximately 10-20 years of life owing to physical
disease such as cardiovascular disease, which severely worsens patient prognosis.®
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NAFLD is currently the second most common liver disease in the world; NAFLD is characterized by excessive
accumulation of fat in the liver and is closely associated with metabolic syndrome.” NAFLD is an independent risk
factor for cardiovascular diseases, such as subclinical coronary or carotid atherosclerosis, cardiomyopathy, and
arrhythmias, and plays a negative role in patients’ life expectancy.® The prevalence of NAFLD is increasing
globally, with an average prevalence of over 30% as of 2019.° The prevalence of NAFLD is expected to increase
annually due to the rising global prevalence of diabetes, metabolic syndrome, and obesity.'® The incidence of
advanced liver disease, such as cirrhosis and hepatocellular carcinoma, may be increased as well."" Chinese
patients with psychiatric disorders have widespread hepatocellular steatosis and liver fibrosis.'?

Recent study has shown that NAFLD significantly increases the risk of developing BD compared to other psychiatric
disorders, which is a gene-level effect, suggesting that it is important to explore the relationship between BD and NAFLD."?
Prevalence of NAFLD is higher in patients with BD (28.4%) and is related to sex, metabolic function, and antipsychotic
medications.'*'> Our team has previously explored the risk factors for NAFLD in patients with BD of different genders,
however, unlike the present study, the previous study has not explored the prevalence of and risk factors for NAFLD in BD
patients as a whole, nor have they explored the in-depth mechanisms of risk factors and NAFLD.'® These shortcomings are
also present in other study.” NAFLD has a significant adverse effect on patients’ unnatural death and aggravates the disease
burden. The aim of this study was to investigate the prevalence of and factors influencing NAFLD in patients with BD and
provide a theoretical support for the development of future clinical treatment plans.

Materials and Methods

This retrospective cross-sectional study included first-episode and unmedicated inpatients with BD at the Hefei Fourth
People’s Hospital (Hefei, China) between July 2020 and June 2022. Patients’ demographic and clinical data were
collected in an anonymous format from an electronic health record system provided by Hefei Fourth People’s Hospital.
On the basis of compliance with the Declaration of Helsinki, the Medical Ethics Committee of the Fourth People’s
Hospital of Hefei City approved the study and waived the requirement for obtaining informed consent because the study
was retrospective, informed consent could not be obtained from all subjects in its entirety, all data were collected
anonymously, the study did not cause any harm to the patients, all data were encrypted, and all investigators signed
confidentiality agreements.

The inclusion criteria were as follows: patients who 1) were diagnosed with BD by two or more attending physicians
and had a BD diagnosis that met the 10" revision of the International Classification of Diseases (ICD-10) diagnostic
criteria;'” 2) were at least 18 years old; 3) had no diseases that cause fatty liver; 4) were not treated with liver-protective
drugs; and 5) had no systematic diagnosis and treatment of BD and fatty liver within the past 3 months. The exclusion
criteria were as follows: 1) a previous diagnosis of substance or drug abuse and 2) neurodegenerative diseases, including
mental retardation and Alzheimer’s disease. In total, 678 participants were included.

Clinical Assessment

All data were collected from the electronic health record system. To assess the somatic status of newly admitted
patients, biochemical tests and liver ultrasonography were routinely performed on all patients. Biochemical tests
included fasting blood glucose, alanine transaminase (ALT), alkaline phosphatase (ALP), total cholesterol (TC),
glutamyl transpeptidase (GGT), triglycerides (TG), aspartate aminotransferase (AST), high-density lipoprotein
cholesterol (HDL), apolipoprotein A1 (Apo Al), uric acid (UA), and apolipoprotein B (Apo B). All patients
had venous blood collected after 8 h of fasting between the night of admission and the early morning of the
next day between 06:00 and 07:00. The blood samples were sent to the testing department of the hospital for
biochemical tests within 1 h. An automatic biochemistry analyzer (AU480; Beckman Coulter, Brea, CA, USA)
was used to measure the plasma biochemical parameters using commercial kits (Roche, Basel, Switzerland).

Definition of NAFLD

The diagnostic criteria for NAFLD include: 1) the presence of definitive hepatic steatosis as evidenced by histology or
imaging and 2) the absence of other causes of hepatic fat accumulation, such as hepatitis, heavy alcohol consumption,
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hereditary diseases, or medications.'® After ensuring that the above criteria were met, all participants underwent liver
ultrasonography, a fairly sensitive and non-invasive tool for diagnosing NAFLD, performed by a uniformly trained
ultrasonographer.'® Based on the examination results, the participants were divided into two groups: NAFLD and non-
NAFLD.

Statistical Analyses

All analyses were performed using SPSS software (version 26.0; IBM Corp., Armonk, NY, USA). Categorical data are
presented as numbers and percentages. Means and standard deviations, or medians and interquartile ranges, are used to
represent continuous variables. Categorical variables were analyzed using the Chi-square test. Normality was tested using
the Shapiro—Wilk test. The independent samples #-test and Mann—Whitney U-test were used to analyze continuous data.
Cramer’s V correlation coefficient and Spearman’s rank correlation coefficient were used to determine the correlation
between variables. Regression analysis was used to analyze the factors influencing NAFLD. Adjusted odds ratios (ORs)
and 95% confidence intervals (Cls) were calculated. All statistical tests were two-tailed with an alpha level of 0.05.

Results

Baseline Characteristics

Of the 678 participants, 343 were women (50.59%), and 335 were men (49.41%). The prevalence of NAFLD was
43.66%. The difference in the mean age between the NAFLD group (36.95+10.45) and non-NAFLD group (31.84
+10.49) was significant (P<0.001). There were no differences in the marital status and years of education between the
groups (all P>0.05) (Table 1).

Diabetes prevalence, body mass index (BMI), course of BD, blood glucose, ALT, apo B, TG, GGT, UA, ALP, TC,
and AST were higher in the NAFLD group than in the non-NAFLD group (all P<0.05). Apolipoprotein Al (apo Al) and
HDL were lower in the NAFLD group than in the non-NAFLD group (all P<0.05). The psychotic symptoms and types of
seizures did not differ significantly between the groups (P>0.05) (Table 2).

Correlation Analysis Between NAFLD and Variables

NAFLD status was positively and significantly correlated with male sex (7=0.129), diabetes (+=0.157), age (+=0.205),
BMI (#=0.590), course of BD (r=0.186), blood glucose (=0.245), ALT (+=0.334), ALP (»=0.187), AST (+=0.130), GGT
(r=0.386), TC (=0.198), TG (+=0.358), UA (=0.209), and apo B (»=0.283) (all P<0.05). NAFLD status was negatively
and significantly correlated with HDL (=—-0.229) and apo Al levels (=—0.120) (all P<0.05) (Table 3).

Table | Differences in Demographic Data Between the Groups

NAFLD group | Non-NAFLD group 2t P
(n=296) (n=382)
Sex 11.344 | 0.001*
Female 128 (43.24%) 215 (56.29%)
Male 168 (56.76%) 167 (43.71%)
Marital status 1.575 0.813
Married 146 (49.32%) 175 (45.81%)
Single 99 (33.45%) 137 (35.86%)
Divorced/Widowed 51 (17.23%) 70 (18.32%)
Age (years) 36.95+10.45 31.84+10.49 5.070 | <0.001*
Years of education (years) 10.97+4.04 11.28+4.13 —0.992 | 0322

Note: *Significant at P <0 0.05.
Abbreviation: NAFLD, non-alcoholic fatty liver disease.
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Table 2 Differences in Clinical Data Between the Groups

NAFLD group | Non-NAFLD group itz P
(n=296) (n=382)

Type of seizure 0.171 0.679

Depression 117 (39.53%) 157 (41.10%)

Mania 179 (60.47%) 225 (58.90%)
Psychotic symptoms 0.054 0817

Yes 79 (26.69%) 105 (27.49%)

No 217 (73.31%) 277 (72.51%)
Diabetes 16.681 <0.001*

Yes 17 (5.74%) 2 (0.52%)

No 279 (94.26%) 380 (99.48%)
BMI (kg/m?) 27.10+3.96 22.36%3.11 17.469 <0.001*
Course of BD (years) 59 15) 3 (6, 11.25) 4.830 <0.001*
Blood glucose (mmol/L) 5.53£1.83 4.84+0.88 6.475 <0.001*
ALT (U/L) 13 (22, 37) 9 (14, 20) 8.690 <0.001*
ALP (U/L) 72.55+22.07 66.04+34.44 2.836 0.005*
AST (U/L) 15 (20, 28) 13 (17, 24) 3.387 0.001*
GGT (U/L) 16 (25, 41.75) 11 (15, 22) 10.044 <0.001*
TC (mmol/L) 4.33+0.96 3.98+0.89 4.854 <0.001*
HDL (mmol/L) 1.15+0.63 3.98+0.89 —2.730 0.006*
TG (mmol/L) 1.02 (1.48, 2.13) 0.72 (0.98, 1.37) 9.323 <0.001*
UA (umol/L) 380.84+107.43 337.40+100.87 9.295 <0.001*
Apo B (g/L) 0.86+0.25 0.73+0.21 7478 <0.001*
Apo Al (g/L) 1.19£0.25 1.25+0.26 —3.080 0.002*

Note:*Significant at P <0 0.05.

Abbreviations: BMI, body mass index; Blood glucose, fasting blood glucose; ALT, alanine transaminase; ALP, alkaline phosphatase;
AST, aspartate aminotransferase; GGT, glutamyl transpeptidase; TC, total cholesterol; HDL, high-density lipoprotein; TG,
triglyceride; UA, uric acid; ApoAl, apolipoprotein Al; Apo B, apolipoprotein B; NAFLD, nonalcoholic fatty liver disease; BD,

bipolar disorder.

Table 3 Correlations Between NAFLD and Other Variables

Variables n r P
Sex 678 0.129* 0.001*
Marital status 678 0.048° 0.813
Type of seizure 678 0.016 0.679
Psychotic symptoms 678 0.009° 0817
Diabetes 678 0.157% <0.001*
Age 678 0.205° <0.001%*
Years of education 678 —0.054° 0.157
BMI 678 0.590° <0.001*
Course of BD 678 0.186° <0.001*
Blood glucose 678 0.245° <0.001*
ALT 678 0.334° <0.001*
ALP 678 0.187° <0.001*
AST 678 0.130° 0.001*
GGT 678 0.386° <0.001*
TC 678 0.198° <0.001*
HDL 678 -0.229° <0.001*
TG 678 0.358° <0.001*
(Continued)
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Table 3 (Continued).

Variables n r P

UA 678 0.209° <0.001*
Apo B 678 0.283° <0.001*
Apo Al 678 -0.120° 0.002*

Note: *Significant at P <0 0.05.

Abbreviations: BMI, body mass index; Blood glucose, fasting blood glucose; ALT,
alanine transaminase; GGT, glutamyl transpeptidase; ALP, alkaline phosphatase; AST,
aspartate aminotransferase; TG, triglyceride; UA, uric acid; HDL, high-density lipopro-
tein; TC, total cholesterol; Apo Al, apolipoprotein Al; Apo B, apolipoprotein B;
NAFLD, nonalcoholic fatty liver disease; BD, bipolar disorder. * Cramer’s V value was
used to evaluate the correlations between categorical variables and NAFLD; b
Spearman’s rank correlation coefficients were used to evaluate the correlations
between continuous variables and NAFLD.

Risk Factors for NAFLD

To further screen out factors for NAFLD, all variables were first included in unitary logistic regression one by one, and
variables with statistically significant results were uniformly included in multiple logistic regression. The final results
were as follows: diabetes (OR=6.412, 95% CI=1.049-39.215), BMI (OR=1.398, 95% CI=1.306—1.497), TG (OR=1.456,
95% CI=1.036—2.045), and low apo Al levels (OR=0.272, 95% CI=0.110-0.672) were risk factors for NAFLD in
patients with BD (all P<0.05) (Table 4).

Table 4 Risk Factors for NAFLD in Patients with BD

Variables Univariate Logistic Regression | Multivariate Logistic Regression
OR 95% CI P OR 95% CI P

Male Sex 1.690 1.244-2.295 0.001* 1.287 0.811-2.042 0.285
Married 0.938 0.629-1.397 0.751

Divorced 0.877 0.145-5.286 0.886

Type of manic 1.068 0.783—1.455 0.679

Psychotic symptoms | 0.960 0.682—1.352 0817

Diabetes 11.577 | 2.653-50.517 | 0.001* 6.412 1.049-39.215 0.044*
Age 1.037 1.022-1.053 | <0.001* | 1.019 0.995-1.043 0.124
Years of education 0.981 0.946-1.019 0.321

BMI 1.484 1.393-1.582 | <0.001* | 1.398 1.306—1.497 <0.001*
Course of BD 1.044 1.023-1.066 | <0.001* | 1.007 0.976—1.038 0.675
Blood glucose 1.659 1.384-1.989 | <0.001* | I.121l 0.911-1.379 0.279
ALT 1.021 1.012-1.030 | <0.001* | 1.007 0.999-1.016 0.099
ALP 1.010 1.003-1.018 0.005* 1.001 0.995-1.007 0.665
AST 1.007 0.998-1.016 0.141

GGT 1.029 1.019-1.038 | <0.001* | 1.005 0.996—-1.015 0.252
TC 1.510 1.269-1.796 | <0.001* | 1.164 0.786—1.724 0.447
HDL 0.377 0.216-0.666 0.001* 1.124 0.737-1.713 0.587
TG 3.115 2.387-4.064 | <0.001* | 1.456 1.036—2.045 0.030*
UA 1.004 1.003—1.006 | <0.001* | 1.002 1.000—1.004 0.090
Apo B 12.520 | 6.102-25.687 | <0.001* | 1.464 0.314-6.816 0.628
Apo Al 0.384 0.207-0.712 0.002* 0.272 0.110-0.672 0.005*

Note: *Significant at P<0 0.05.

Abbreviations: BMI, body mass index; Blood glucose, fasting blood glucose; ALT, alanine transaminase; GGT,
glutamyl transpeptidase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; TG, triglyceride; UA, uric acid;
HDL, high-density lipoprotein; TC, total cholesterol; Apo Al, apolipoprotein Al; Apo B, apolipoprotein B; NAFLD,
nonalcoholic fatty liver disease; BD, bipolar disorder.
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Discussion

The prevalence of NAFLD in the 678 participants was 43.66%, which is higher than the recent average reported among
Chinese adults (29.2%).20 We found significant differences in diabetes prevalence, BMI, course of BD, blood glucose,
ALT, ALP, AST, GGT, TC, TG, UA, and apo B levels between the groups. Moreover, male sex, diabetes, age, BMI,
course of BD, blood glucose, ALT, ALP, AST, GGT, TC, UA, apo B, HDL, TG, and apo A1l levels were correlated with
the prevalence of NAFLD. Furthermore, diabetes, BMI, TG, and low levels of apo Al were risk factors for NAFLD in
patients with BD.

BD adversely affects patients not only in terms of impairment of social functioning and cognitive abilities, but also in
terms of many complex somatic disorders. Patients with BD are at high risk for NAFLD, hyperlipidemia, and ischemic
heart disease.'**"*** In up to 40% of individuals with nonpsychiatric disorders, portal vein and lobular inflammation and
hepatocyte injury progress to nonalcoholic steatohepatitis; some of these patients develop progressive fibrosis and
cirrhosis.”® Therefore, it is reasonable to speculate that NAFLD poses a serious health risk and is a significant adverse
factor in the normal life expectancy of patients with BD.

In this study, significant differences in BMI were noted between the NAFLD and non-NAFLD groups, and regression
analysis revealed that BMI was a risk factor for NAFLD in patients with BD. As a recurrent mood disorder, BD is often
accompanied by unhealthy lifestyle habits such as eating disorders and reduced physical activity during the long course
of the disease, leading to metabolic dysfunction and cardiovascular disease.”* An increased BMI often implies the
presence of obesity. An increase in BMI promotes the inward flow of fatty acids in hepatocytes, during which the
overproduction of reactive oxygen species further leads to oxidative stress, which in turn leads to mitochondrial
dysfunction when mitochondrial respiratory chain activity and ATP formation are impaired, further contributing to the
accumulation of fat in the liver.>> This increases the risk of developing NAFLD. Patients with BD have a higher
prevalence of obesity than the general population.”® Patients with BD show significantly more sedentary behavior and
less physical activity than individuals without BD, and a higher BMI is associated with a decrease in physical activity

1.7 Physical inactivity has been confirmed to be an independent risk factor for NAFLD.?® A large

above a moderate leve
study in the United States showed that people who were sedentary for more than 8 h per day had a 44% higher risk of
developing NAFLD than healthy active people.”’ Therefore, performing an appropriate amount of exercise could play
a positive role in reducing the prevalence of NAFLD in patients with BD by lowering their BMI.

Studies have shown that people with BD are more likely to have abnormal weight than healthy individuals because
alleles that are associated with BD are also associated with a higher BMIL>° Weight gain leads to adipose tissue
dysfunction, resulting in local inflammation and the upregulation of cytokines that promote insulin resistance, which
increases blood sugar concentration.’’ Insulin resistance, in turn, impairs the ability of adipocytes to store fat, causing
free fatty acids to be released into the bloodstream and absorbed by the liver, ultimately leading to fat accumulation in the
liver.”® These results explain why TG is a risk factor for NAFLD in patients with BD. Simultaneously, the accumulation
of fatty acids in hepatocytes promotes the synthesis of triglycerides, wherein diacylglycerol intermediates accumulate and
weaken liver insulin signal transduction by activating the protein kinase ¢ epsilon.>® This process further aggravates the
body’s insulin resistance. In the context of obesity and hyperinsulinemia, the liver promotes NAFLD using carbohydrates
to produce fat, which leads to steatosis.>®

In the present study, diabetes was found to be a risk factor for NAFLD in patients with BD. A recent study showed
that the risk of developing type 2 diabetes was 2.1 times higher in people with BD than in the healthy population,
suggesting that people with BD face a serious risk of diabetes.>* These results can be corroborated by the results of Chen
et al that identified a higher risk of diabetes for patients with BD up to three years before the onset of BD.?> After the first
onset of BD, the risk of up to 15 chronic somatic diseases such as liver disease and diabetes continues to increase.>®
A complex bidirectional relationship exists between diabetes mellitus and NAFLD. Diabetes exacerbates the impairment
of the glucolipid metabolic pathways, significantly increasing the risk of NAFLD.?” In addition, NAFLD exacerbates
insulin resistance, which increases the release of cytokines and hepatic factors, and promotes diabetes development.*®
Insulin resistance leads to increased hepatic de novo lipogenesis as well as a reduction in insulin-inhibition of lipolysis in
adipose tissue, with the net effect of increasing hepatic lipid content.'” Notably, insulin resistance-associated
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inflammation, oxidative stress, and mitochondrial dysfunction are widespread in the population of patient with BD, not
only promoting the development of BD but also leading to NAFLD.'® The treatment and improvement of BD and
diabetes are often synchronized, suggesting that equal attention should be paid to prevention and treatment.*®

A previous study found that patients with BD had significantly lower levels of Apo Al compared to healthy
individuals.*® This phenomenon has been observed before the onset of the disease.*” Apo A1, the major apolipoprotein
fraction of HDL, is a 243 amino acid polypeptide that is of fundamental importance in maintaining the structural integrity
of HDL particles.*' Apo Al has been shown to have a protective effect against NAFLD, effectively reducing steatosis,
inflammation, liver coefficient, total liver cholesterol, triglyceride, and LDL levels to reduce liver fat accumulation
through its anti-oxidative stress effects.*” Apo Al may protect against hepatocyte lipid accumulation by inhibiting
peroxisome proliferator-activated receptors, including peroxisome proliferator-activated receptors A, G, and D.*
Increased human apo Al expression can lead to decreased levels of endoplasmic reticulum stress and lipid gene-
related proteins, including acetyl-CoA carboxylase, sterol regulatory element-binding protein 1, and fatty acid
synthase.** In addition, some apoptotic gene products associated with endoplasmic reticulum stress are also affected
by increased apo Al expression, suggesting that increased apo Al expression can reduce lipid levels and inhibit
endoplasmic reticulum stress and adipogenesis in hepatocytes to reduce steatosis and the risk of NAFLD.**

Limitations

This study has some limitations. First, the effects of the antipsychotic drugs could not be completely excluded, which
may have led to erroneous results. Second, the study did not include a healthy population as a control group. Therefore,
we could not compare NAFLD prevalence between patients with BD and healthy individuals. Third, owing to its cross-
sectional design, this study could not explore the causal relationships between the variables.

Conclusions

Patients with unmedicated BD have a higher risk of developing NAFLD than the general population. Risk factors include
BMI, diabetes, course of BD, and a low level of apo Al. Special attention should be paid to the risk of NAFLD in
patients with BD during the course of treatment, especially after the use of psychotropic medications. Blood lipids and
BMI should be constantly monitored, especially in patients with diabetes and a long course of the disease, and risk
factors should be actively eliminated. Simultaneously, attention should be paid to supervising patients with BD to
maintain a healthy lifestyle and healthy dietary habits and engage in physical exercise in moderation to reduce the risk of
NAFLD.

Abbreviations

ALP, Alkaline phosphatase; ALT, Alanine transaminase; Apo Al, Apolipoprotein Al; Apo B, Apolipoprotein B; AST,
Aspartate aminotransferase; BD, Bipolar disorder; BMI, Body mass index; GGT, Glutamyl transpeptidase; HDL, High-
density lipoprotein; NAFLD, Non-alcoholic fatty liver disease; TC, Total cholesterol; TG, Triglyceride; UA, Uric acid.
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