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Purpose: Bipolar disorder (BD) predisposes patients to comorbid obesity and increases the risk of metabolic syndrome and cardiovas
cular disease. In this study, we investigated the prevalence of comorbid obesity and its risk factors in patients with BD in China.
Patients and Methods: We conducted a cross-sectional retrospective survey of 642 patients with BD. Demographic data were 
collected, physical examinations were performed, and biochemical indexes, including fasting blood glucose, alanine aminotransferase 
(ALT), aspartate aminotransferase, and triglycerides (TG) levels, were measured. Height and weight were measured on an electronic 
scale at admission, and body mass index (BMI) was in kg/m2. Pearson’s correlation analysis was used to analyze the correlation 
between BMI and variable indicators. Multiple linear regression analysis was used to analyze the risk factors for comorbid obesity in 
patients with BD.
Results: The prevalence of comorbid obesity in Chinese patients with BD was 21.3%. Obese patients had high levels of blood 
glucose, ALT, glutamyl transferase, cholesterol, apolipoprotein B (Apo B), TG, and uric acid in the plasma; however, the levels of 
high-density lipoprotein and apolipoprotein A1 were lower than those in non-obese patients. Partial correlation analysis showed that 
BMI was associated with ApoB, TG, uric acid, blood glucose, GGT, TC, ApoA1, HDL, and ALT levels. Multiple linear regression 
showed that ALT, blood glucose, uric acid, TG, and Apo B levels were important risk factors of BMI.
Conclusion: The prevalence of obesity is higher in patients with BD in China, and TG, blood glucose, liver enzymes, and uric acid 
are closely related to obesity. Therefore, more attention should be paid to patients with comorbid obesity. Patients should be 
encouraged to increase their physical activity, control sugar and fat intake, and reduce the prevalence of comorbid obesity and risk 
of serious complications.
Keywords: bipolar disorder, obesity, prevalence, risk factors, body mass index

Introduction
Bipolar disorder (BD) is a serious psychiatric disorder that is common in clinical practice; it manifests as recurrent, 
alternating, and irregular episodes of mania or hypomania and depression.1 As the condition worsens, cognitive and 
social functioning will continue to be impaired, affecting 1% of the global population. It has high morbidity, recurrence, 
disability, mortality, and comorbidity rates, resulting in significant medical, economic, and social burden.2 In the United 
States, the annual national economic burden of BD and its medical comorbidities is estimated at more than $195 billion.3 

The studies in China have found that Chinese men and women with BD lose 6.78 and 7.35 extra life years, respectively, 
with comorbid respiratory diseases, cardiovascular diseases, and cancer being the causes of death in most patients.4 BD 
with comorbid obesity is one of the causes of the heavy burden of disease. Numerous studies have found that compared 
to the general population, people with BD have an increased risk of obesity.5–8 In a cross-sectional analysis of 86,028 
subjects in the database of health management organizations abroad, it was found that the prevalence of obesity in BD 
patients (41.4%) was significantly higher than that in the general population (27.1%).7 In a study of hospitalized patients 
with BD, the rate of obesity increased from 25% to 36% in the first 4 weeks of acute treatment.9 Thus, after treatment, 
patients with BD had a higher body mass index (BMI) and a higher rate of comorbidities.10 A variety of factors 
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contributed to the increased prevalence of obesity in patients with BD. The most explicit was the use of antipsychotics, 
especially atypical antipsychotics. However, weight gain has also been found in studies of untreated patients with BD.11 

In addition to drug factors, BD and obesity share common neurobiological abnormality mechanisms, such as the 
thalamus, pituitary gland, adrenal axis (HPA), and neurotransmitter system dysfunction.12 It may also lead to an 
imbalance between energy intake and consumption due to reduced social function, poor living habits, and an irregular 
diet, resulting in obesity. In addition, the link between BD and obesity may be due to genetic factor drives.13

Obesity is a current global public health problem. It is a chronic and complex medical disease that most commonly 
manifests as excessive accumulation and abnormal distribution of adipose tissue in the body; as a result, the body is in 
a mild, chronic inflammatory state for a long time.14 If it is not controlled in a timely and effective manner it will increase 
the risk of cardiovascular disease, cancer, hypertension, hyperlipidemia, type 2 diabetes, and other diseases.15,16 In 
a meta-analysis of 239 prospective studies from four continents, obesity was independently associated with an increased 
risk of death after excluding confounding factors such as current smokers and pre-existing chronic conditions.17 In the 
United States, nearly 300,000 people die each year from obesity-related diseases.18 In China, overweight and obesity 
accounted for 11.1% of Non-Communicable Disease (NCD)-related deaths in 2019.19 According to the results of the 
2015–2019 China Chronic Disease and Nutrition Surveillance survey, the prevalence of obesity among Chinese adults 
was 16.4%, which was significantly higher than the prevalence of obesity (11.9%) from 2010–2012.20 Similarly, a WHO 
report published in May 2022 states that 60% of adults in the European Region are overweight or obese.21

Obesity increases the risk of metabolic and cardiovascular diseases in individuals with BD, leading to premature 
death. Retrospective studies have found that compared with non-obese BD patients, obese BD patients have an increased 
frequency of depressive and manic episodes and that BMI is positively correlated with disease severity, such as a history 
of suicide attempts.22 Prospective studies have shown that obese patients with BD have a shorter healthy period and more 
frequent relapses of depression.23 In patients with BD, the harm of obesity is unique as obesity can make patients have an 
inferiority complex, seriously affect medication compliance, leading to drug discontinuation or drug reduction, cause 
relapses, thus increasing the readmission rate and consumption of medical resources, and increase medical risks. The 
prevalence of BD comorbid obesity investigation is conducive to risk management. However, little is known about the 
current status of obesity with BD comorbidities. In other countries, studies have explored the prevalence of obesity in 
patients who were administered medication for BD.9 In China, one study found that the prevalence of obesity in patients 
with BD was 21%.24 Nevertheless, few studies have explored the prevalence of obesity and its risk factors in untreated 
BD patients. The prevalence and risk factors for BD with obesity differ significantly between regions and ethnic 
populations.

In this study, we aimed to investigate the prevalence of obesity in patients with BD in the Han Chinese population. 
The second objective was to explore the risk factors for obesity in unmedicated patients with BD. Among them, markers 
of metabolic activity are the key factors in this study. Our findings will potentially help reduce the morbidity and 
mortality of metabolic and cardiovascular diseases in patients with BD, reduce the family and social burdens caused by 
the disease, and improve patients’ quality of life.

Materials and Methods
Subjects
This cross-sectional study was conducted at the Anhui Provincial Mental Health Center. This hospital is one of the largest 
public psychiatric hospitals in China. A total of 840 newly admitted patients with BD aged 18–60 years were enrolled. 
A total of 136 patients did not meet the inclusion criteria, and 62 patients were within the exclusion criteria. Finally, 642 
patients with BD were included in the study. Data were extracted from electronic databases; patients’ general demo
graphic data and biochemical test results were collected anonymously. The inclusion criteria were as follows: (1) 
diagnosis met the 10th revision of the International Classification of Diseases (ICD-10) diagnostic criteria for BD, 
confirmed by two or more attending psychiatrists; (2) age of 18–60 years; (3) Han Chinese; (4) not taking psychiatric 
drugs in the 3 months prior to enrollment; (5) no alcohol, tobacco, or other substance dependence; (6) convulsive 
electroconvulsive measures had been implemented in the past 3 months. The exclusion criteria were as follows: (1) 
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pregnant and lactating women; (2) severe physical diseases, including severe central nervous system diseases, acute, 
unstable, or life-threatening diseases (eg, cancer, infection, autoimmune diseases). Finally, 642 patients with BD were 
included in this study. The study was approved by the Medical Ethics Committee (AMHC) of Anhui Mental Health 
Center. The requirement for obtaining informed consent was waived by the ethics committee because of the retrospective 
nature of this study and because all data, including basic personal information and detailed medical records, were 
encrypted. This study was performed in line with the principles of the Declaration of Helsinki.

Height and Weight Measurement
Height measurement was fixed according to the requirements, and when measuring, the shoes were removed to ensure 
the correct standing posture of the subject, and the horizontal plate was placed on the top of the head at a 90-degree angle 
to the scale. The weight scale was calibrated prior to each measurement, and all subjects removed their shoes. BMI was 
calculated as: body weight (kg)/height squared (m2). According to the Guidelines for Medical Nutrition Treatment of 
Overweight/Obesity in China, a BMI ≥ 28 kg/m2 is defined as obesity.25

Demographic Variables
The researchers used a basic patient information collection form to collect detailed demographic data of patients with BD 
who met the inclusion criteria. Variables included sex, age, education, age of onset, number of hospital stays, course of 
illness, marital status, height, and weight.

Measurement of Biochemical Indicators
All data were collected by nurses from 06:00 to 07:00 after overnight fasting (8~12 h). Blood samples were sent to the 
hospital laboratory department for blood sample analysis within 1h. Plasma biochemical parameters were measured with 
an automatic biochemistry analyzer using commercial kits. Blood glucose, total cholesterol (TC), high-density lipopro
tein cholesterol (HDL-C), triglycerides (TG), alanine aminotransferase (ALT), glutaminase (AST), alkaline phosphatase 
(ALP), glutamine transpeptidase (GGT), apolipoprotein A1 (ApoA1), apolipoprotein B (Apo B), and uric acid levels 
were measured.

Statistical Analysis
All analyses were performed using SPSS version 26.0. First, patients were divided into obese and non-obese groups. 
For descriptive analysis of general demographic data and test results, categorical variables are expressed as frequency 
and percentage (%), and continuous variables are expressed as mean ± standard deviation. The t-test was used for 
continuous variables, and the chi-square test was used for categorical variables to analyze demographic characteristics 
and clinical variables. Pearson’s correlation analysis was used to analyze the correlation between BMI and variable 
indicators. After controlling for age, sex, education level, and disease course variables as covariates, we further 
analyzed the partial correlation between BMI and biochemical variables. Multiple linear regression was used to detect 
risk factors for BMI. All statistical tests were double-tailed, and a P-value of <0.05 was considered statistically 
significant.

Results
Demographic Characteristics of Patients with BD and the Prevalence of Obesity
A total of 642 patients with BD were included in the study. Among them, 290 were female, and 352 were male. The 
mean age of the patients was 35.47 ± 11.39 years, the average number of years of schooling was 10.88 ± 4.11, the mean 
age of onset was 25.25 ± 9.07 years, and the mean course of illness was 10.35 ± 8.45. Among them, 137 were obese, and 
the prevalence of obesity was 21.3%. In addition, the obesity rate in female patients was higher than that in male patients 
(25.17% vs 18.18%, χ ²=4.629, P=0.031) (Table 1).
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Obese Patients with BD Have Metabolic Abnormalities
As shown in Table 1, BMI was higher in the obese group than in the non-obese group (t=−30.642; P<0.001), older age (t=−1.34; 
P<0.05), longer BD course (t=−3.199; P=0.001), shorter years of education (t=2.304; P<0.05), higher blood glucose (t=−4.804; 
P<0.001), ALT level (t=−3.669; P<0.001), GGT level (t=−3.414; P=0.001), increased TC level (t=−2.582; P<0.05), increased 
TG level (t=−6.361; P<0.001), elevated Apo B level (t=−4.081; P<0.001), and elevated uric acid level (t=−2.613; P<0.05). 
However, HDL-C (t=3.207; P=0.001) and Apo A1 levels (t=2.155; P<0.05) were decreased in the obese group. There were no 
significant differences between the two groups in terms of marital status, presence or absence of psychotic symptoms, systolic 
blood pressure, diastolic blood pressure, AST, ALP, and age at BD onset (all P>0.05) (Table 1).

Analysis of Factors Related to Comorbid Obesity in Patients with BD
Correlation analysis of BMI and various indicators showed that BMI was positively correlated with blood glucose 
(r=0.194, P<0.001), ALT (r=0.172, P<0.001), TC (r=0.150, P=0.001), TG (r=0.311, P<0.001), Apo B (r=0.252, 

Table 1 Comparison of Demographic Characteristics and Metabolic Indexes Between Patients with 
Bipolar Disorder with or without Obesity

Obese Group (n=137) Non-Obese Group (n=505) T or X² P

Age (years) 36.63 ± 10.85 35.16 ± 11.53 −1.341 0.018

Sex 4.629 0.031

Female 73/137 (53.3%) 217/505 (43.0%)
Male 64/137 (46.7%) 288/505 (57.0%)

Education (years) 10.16 ± 4.38 11.07 ± 4.03 2.304 0.022

Age of onset (years) 24.70 ± 8.19 25.40 ± 9.30 0.801 0.423
Duration of illness (years) 12.39 ± 8.93 9.80 ± 8.24 −3.199 0.001

Type of onset 2.857 0.091
Mania 92/137 (67.2%) 206/505 (40.79%)

Depression 45/137 (32.8%) 299/505 (59.20%)

Psychotic symptoms 0.267 0.605
No 101/137 (73.72%) 361/505 (71.49%)

Yes 36/137 (26.28%) 144/505 (28.51%)

Marital status 1.621 0.445
Unmarried 34/137 (24.82%) 150/505 (29.70%)

Married 70/137 (51.09%) 252/505 (49.90%)

Other 33/137 (24.09%) 103/505 (20.40%)
Systolic pressure, mmHg 123.45 ± 9.54 122.41 ± 9.41 −1.143 0.254

Diastolic pressure, mmHg 78.72 ± 9.43 77.62 ± 9.25 −1.229 0.219

Height (m) 1.67 ± 0.09 1.68 ± 0.08 1.582 0.114
Weight (kg) 86.58 ± 11.82 65.47 ± 10.03 −20.994 0.000

BMI (kg/m²) 30.93 ± 2.57 23.05 ± 2.69 −30.642 0.000

Glucose (mmol/L) 5.88 ± 2.19 5.15 ± 1.37 −4.804 0.000
ALT (U/L) 32.65 ± 33.25 22.95 ± 25.65 −3.669 0.001

AST (U/L) 24.45 ± 16.27 23.58 ± 18.88 −0.492 0.623

ALP (U/L) 72.90 ± 22.39 69.61 ± 32.19 −1.123 0.262
GGT (U/L) 34.58 ± 28.82 25.86 ± 25.86 −3.414 0.001

Total cholesterol (mmol/L) 4.32 ± 0.98 4.09 ± 0.92 −2.582 0.010

Triglyceride (mmol/L) 1.81 ± 0.93 1.29 ± 0.82 −6.361 0.000
HDL cholesterol (mmol/L) 1.12 ± 0.26 1.20 ± 0.28 3.207 0.001

Uric acid (μ mol/L) 381.57 ± 104.16 355.29 ±104.50 −2.613 0.009

ApoA1 (g/L) 1.18 ± 0.24 1.24 ± 0.27 2.155 0.031
Apo B (g/L) 0.87 ± 0.24 0.78 ± 0.24 −4.081 0.000

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ApoA1, apolipoprotein A1; Apo B, apolipoprotein B; 
AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; GGT, gamma-glutamyl transpeptidase; 
HDL, high-density lipoprotein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
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P<0.001), uric acid (r=0.184, P<0.001), and GGT (r=0.212, P=0.005) levels, age (r=0.143, P<0.001), and disease course 
(r=0.176, P<0.001). However, HDL (r=−0.209, P<0.001), education level (r=−0.143, P<0.001) were negatively corre
lated (P < 0.05). ApoA1 (r=−0.076, P=0.053) and sex (r=−0.030, P=0.441) were not associated with BMI. After 
controlling for age, sex, education level, and disease course variables as covariates, we further analyzed the partial 
correlation between BMI and biochemical variables. The results revealed that blood glucose (r=0.151, P<0.001), ALT 
(r=0.186, P<0.001), TC (r=0.134, P=0.001), TG (r=0.301, P<0.001), Apo B (r=0.240, P<0.001), uric acid (r=0.230, 
P<0.001), and GGT (r=0.229, P<0.001). However, HDL (r=−0.235, P<0.001) and ApoA1 (r=−0.105, P=0.008) were 
negatively correlated (Table 2). Scatterplots of Pearson correlation between BMI and Apo B and between BMI and uric 
acid are shown in Figures 1 and 2, respectively.

Risk Factors for Obesity in Patients with BD
After partial correlation analysis, we found that Apo B, TG, uric acid, blood glucose, GGT, TC, ApoA1, HDL, and ALT 
were correlated with BMI. Hence, we used Apo B, TG, uric acid, blood glucose, GGT, TC, ApoA1, HDL, and ALT as the 

Table 2 Matrix of Partial Correlation 
Coefficients Between BMI and 
Biochemical Indicators

Variable r p

Glucose 0.151 <0.001

ALT 0.186 <0.001
GGT 0.229 <0.001

HDL −0.235 <0.001

TC 0.134 0.001
Uric acid 0.230 <0.001

Apo B 0.240 <0.001
Apo A1 −0.105 0.008

TG 0.301 <0.001

Notes: Age, sex, education level, and disease course 
were used as covariates for partial correlation analysis. 
Abbreviations: BMI, body mass index; ALT, ala
nine aminotransferase; ApoA1, apolipoprotein A1; 
Apo B, apolipoprotein B; GGT, gamma-glutamyl 
transpeptidase; HDL, high-density lipoprotein; 
TC, total cholesterol; TG, triglyceride.

Figure 1 Body mass index (BMI) is positively correlated with Apo B (r =0.252, n = 642, P < 0.001).
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independent variables. BMI was the dependent variable in the regression equation analysis. Results of stepwise multiple 
linear regression analysis showed that Apo B (β=1.895, t=2.737, P<0.05), uric acid (β=0.005, t=3.039, P<0.05), TG 
(β=0.901, t=4.709, P<0.05), blood glucose (β=0.339, t=3.468, P<0.05), and ALT (β=0.014, t=2.399, P<0.05) were risk 
factors for high BMI. Ultimately, HDL was found to be associated with BMI (β=−2.018, t=−3.744, P<0.001) (Table 3).

Discussion
Obesity and its complications are major causes of increased mortality in patients with BD. However, little is known about 
the current status of obesity with BD comorbidities. In China, one study found that the prevalence of obesity in patients 
with BD was 21%.24 In other countries, studies have explored the prevalence of obesity in patients who were 
administered medication for BD.9 Nevertheless, few studies have explored the prevalence of obesity and its risk factors 
in untreated BD patients. The prevalence and risk factors for BD with obesity differ significantly between regions and 
ethnic populations. This study showed that the prevalence of comorbid obesity in Chinese patients with BD was 21.3%, 
which was higher than the prevalence of obesity in the general population in China by 16.4%.20 We also found that 
several clinical variables were risk factors for obesity with BD, including level of ALT, blood glucose, TG, uric acid, and 
Apo B. In addition, we found that patients with obesity diagnosed with BD have low levels of HDL.

In this study, the level of Apo B in the obese group was higher than that in the non-obese group of patients with BD, 
and BMI increased with an increase in the Apo B level, which is an important risk factor for obesity. Plasma Apo B is the 
main lipid transporter in the blood, the only protein component of LDL, which transmits cholesterol to all tissues of the 
body through the LDL receptor pathway and induces an inflammatory response when deposited in organs, causing cell 

Figure 2 Body mass index (BMI) is positively correlated with uric acid (r =0.184, n = 642, P < 0.001).

Table 3 Multiple Linear Regression Analysis of Factors That Influence BMI

Variable β Standard 
Error

Standardization 
Coefficient

t P 95% CI

Lower 
Limiting Value

Upper Limit 
Value

TG 0.901 0.191 0.189 4.709 <0.001 0.525 1.276

Glucose 0.339 0.098 0.130 3.468 0.001 0.147 0.531
Uric acid 0.005 0.002 0.115 3.039 0.002 0.002 0.008

Apo B 1.895 0.692 0.109 2.737 0.006 0.535 3.255

ALT 0.014 0.006 0.090 2.399 0.017 0.002 0.025
HDL −2.018 0.539 −0.140 −3.744 <0.001 −3.076 −0.959

Note: After partial correlation analysis, we found that the factors mentioned in the table were correlated with BMI, and hence, we used these 
factors as the independent variables for multiple linear regression analysis, while BMI was used as the dependent variable. 
Abbreviations: ALT, alanine aminotransferase; Apo B, apolipoprotein B; TG, triglyceride; HDL, high-density lipoprotein.
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damage.26 In a study in the United States on the relationship between Apo B gene variation and obesity, Apo B gene 
variation was found to be associated with obesity risk.27 Obesity is a familial disease with a strong genetic component, 
and variants in the Apo B gene may cause obesity in a variety of various ways.28 Apo B mutations may favor liver 
absorption of dietary fats or VLDL secretion.29 Apo B mutations also result in altered association with capillary 
lipoprotein lipase, which favors triglyceride hydrolysis and fat deposition. Some previous studies have found that Apo 
B levels are stronger risk factors for obesity than LDL.30 In this study, BMI in patients with BD increased with elevated 
Apo B levels, which is an important indicator of obesity. Therefore, it is possible to provide timely clinical intervention 
when Apo B levels begin to be higher than normal to avoid the occurrence and development of obesity in patients with 
BD and reduce the incidence of metabolic diseases and cardiovascular events.

We found a positive correlation between BMI and uric acid levels, a risk factor for elevated BMI and obesity. Uric 
acid is the final oxidation product of purine nucleotide degradation. As an oxidant, uric acid can increase oxygen free 
radicals during blood circulation, promote lipid oxidation and inflammation, increase oxidative stress, and damage organ 
functions. Uric acid also promotes the secretion of inflammatory factors and adipocytokines, leading to the occurrence 
and development of metabolic diseases and cardiovascular diseases.31–33 For example, hyperuricemia has been found to 
be an underlying contributor to hypertension, insulin resistance, diabetes, and central obesity.34–37 Another cross- 
sectional study showed that in 27,009 middle-aged and elderly Chinese patients, BMI increased significantly with the 
increase of uric acid, which showed that uric acid is an important risk factor that promotes the occurrence and 
development of obesity.38 In a study that investigated the relationship between serum uric acid levels and visceral fat 
in Japanese men, visceral fat accumulation was found in 56.1% of hyperuricemia patients, and the visceral fat area was 
significantly positively correlated with serum uric acid levels.33 Recent clinical studies have shown that elevated serum 
uric acid levels in patients with BD compared with normal controls may be due to purine dysfunction during the course 
of the disease.39,40 Patients with hyperuricemia have a very high chance of developing various metabolic syndromes, 
including obesity. This study found that the BMI of patients with BD increased with elevated uric levels. Therefore, when 
elevated uric acid levels occur in patients with BD, special attention should be paid to the occurrence of obesity and 
cardiovascular disease. More clinical attention should be paid to patients with BD and hyperuricemia, as high uric acid 
not only implies a risk of gout but is also strongly associated with obesity and cardiovascular disease.

In patients with BD, TG levels were significantly higher in obese patients than in non-obese patients, and TG is a risk 
factor for obesity. TG is closely related to energy metabolism, and abnormal triglycerides suggest energy imbalances.41 

TG is the main form of fatty acid storage and transport in cells and plasma, and excess TG leads to increased synthesis of 
adipose tissue, accumulation in the liver, heart, or other organs, reduced mRNA expression levels of lipoprotein lipase in 
adipose tissue, and decreased lipoprotein lipase activity in skeletal muscle (which hinders lipolysis), further leading to 
tissue accumulation of fat.42 In a cross-sectional study of 15,464 adult participants (8430 men and 7034 women, mean 
age 43.71 ± 8.90 years), TG was positively associated with the risk of obesity, and this association was not associated 
with other risk factors. Regarding psychiatric disorders, studies have found that patients with BD have a high incidence 
of TG.43,44 This study found that TG is an important risk factor for obesity;41 thus, more attention should be paid to TG 
in clinical practice to reduce the burden of physical diseases in patients with TG.

We found that elevated blood glucose levels in patients with BD were strongly associated with obesity. Elevated 
blood glucose levels are an important risk factor for obesity. In the past, high dietary fat was thought to be the main cause 
of obesity. However, a growing body of research suggests that the hyperglycemic load has a more important effect on 
obesity.45,46 Hyperglycemia is caused by an increase in gluconeogenesis and hepatic glucose production. The availability 
of substrates and the imbalance between glucagon and insulin action contribute to this process.47,48 According to the 
carbohydrate-insulin model, the hyperglycemic load increases insulin secretion, which allows substrates to be deposited 
into fat and promotes weight gain.49–51 This hypothesis is supported by several observational studies and clinical 
trials.52,53 Conversely, obesity is a symptom of metabolic diseases that indicates a series of metabolic disorders such 
as insulin resistance, which in turn leads to the development of diabetes and cardiovascular disease. For example, studies 
have shown that hepatic Rap1a activation can inhibit gluconeogenic gene expression and improve glucose tolerance by 
Akt-mediated FoxO1 inhibition, while Rap1a activation is inhibited in the liver of obese mice.54 In previous studies, the 
prevalence of diabetes mellitus (T2D) in patients with BD ranged from 6.7 to 26%.55–57 This study found that 
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hyperglycemia leads to abnormal fat deposition, further increasing the risk of obesity in patients with BD; thus, patients 
should be advised to use a combination of low-fat and low-sugar diets to prevent and manage obesity in clinical practice.

We found that the ALT level is a risk factor for obesity. As ALT levels increase, so does the risk of obesity. ALT is the 
most sensitive and specific liver enzyme for the clinical assessment of liver function and is also an early sensitive 
indicator of liver fatty deposition and metabolic dysfunction. Elevated ALT levels are often associated with liver injury 
from viral hepatitis, autoimmune hepatitis, and nonalcoholic fatty liver disease, which predicts an increased risk of 
metabolic syndrome and cardiovascular disease in the general population.58 Elevated serum ALT levels not only increase 
liver and serum triglyceride levels, but are also independently associated with higher serum LDL cholesterol and lower 
HDL cholesterol levels.59 Elevated ALT levels are often accompanied by metabolic diseases such as hyperlipidemia, 
which is an important factor that promotes the development of obesity. More importantly, elevated ALT levels have been 
shown to correlate with higher BMI.60 The use of ALT to screen children and adolescents for overweight or obesity for 
NAFLD has been advocated for in the United States.61 In addition, in a retrospective analysis of natural mortality risk 
and protective factors for BD, ALT was found to be elevated in metabolic disorders and chronic inflammatory states, 
which may be risk factors for early natural mortality in patients with BD.62 Elevation of ALT is closely related to the 
occurrence and development of obesity. Therefore, to prevent the occurrence and progression of obesity when elevated 
ALT is found in patients with BD, relevant interventions should be given in a timely manner.

This study has some limitations. First, its retrospective and naturalistic design is a major limitation, which cannot 
prove a direct causal relationship between any variable and obesity in individuals with BD. Second, we only conducted 
a cross-sectional study of BD patients who had not taken psychiatric drugs 3 months before enrollment, which was an 
innovation in this study. However, we also failed to include the effects of psychiatric drugs. Third, we only examined the 
prevalence of obesity in patients with BD and did not use a control group for comparison. Fourth, this study only 
explored the factors related to biochemical lipid parameters and did not study the sociological factors related to obese and 
overweight populations, such as smoking, family history of obesity, physical activity, genetic factors, eating habits, and 
economic status. Not including these factors may limit our study, and these factors should be considered in future studies. 
Fifth, we only measured height and weight, using BMI to measure obesity. There are other ways to measure obesity, such 
as waist circumference and the waist-hip ratio, which may be more accurate; only obese patients were included in this 
study, and no grouping of normal weight, overweight, and underweight was included. However, we did not specifically 
explore the prevalence of obesity in patients with depression and mania in BD. In addition, owing to bias in sample size 
selection, our results should be confirmed by longitudinal studies with larger sample sizes.

Conclusion
In summary, the prevalence of obesity in patients with BD is significantly higher than that in the general population, and 
the risk factors for BD with comorbid obesity include blood glucose, ALT, ApoB, TG, and uric acid. To avoid serious 
medical illnesses and complications, lipids, liver enzyme levels, and BMI should be monitored regularly during treatment 
to actively exclude risk factors for risk management. Simultaneously, psychiatrists should pay attention to the patient’s 
lifestyle, encourage patients to increase their physical activity, control sugar, and fat intake and weight, and prevent the 
occurrence of obesity. In addition, healthcare facilities can develop specific and targeted policies to serve patients.
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