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Purpose: To investigate the relationship between hepatic steatosis index (HSI) and endometrial cancer (EC) and its diagnostic value 
for EC.
Patients and Methods: A total of 114 patients with pathologically diagnosed EC in Mindong Hospital, Ningde City, Fujian Province 
from 2016 to 2022 were retrospectively included as the EC group. A total of 175 patients with pathologically confirmed benign 
endometrial lesions (endometrial polyps and uterine submucosal fibroids) in the same hospital during the same period were selected as 
the control group. Non-parametric test were used to compare the differences in HSI and non-alcoholic fatty liver disease (NAFLD) 
between the two groups, and the diagnostic value of HSI and NAFLD levels on EC was analysed. The cut-off point of continuous 
variables was determined by receiver operating characteristic (ROC) curve analysis. Logistic regression analysis was used to calculate 
odds ratios (ORs).
Results: The results showed that compared with the control group, serum GGT, CA125, HDL-C and HSI were significantly increased 
in the EC group (P<0.05). 27.19% of the EC patients (31/114) and 12% of the control group (21/175) had NAFLD, and the difference 
between the two groups was statistically significant (P<0.05). The results of univariate logistic regression analysis showed that GGT, 
CA125, HDL-C, HSI and NAFLD were significantly correlated with the occurrence of EC (P<0.05). Further multivariate logistic 
regression analysis showed that CA125 and HSI elevation were independent risk factors for EC (P<0.05).
Conclusion: NAFLD is closely associated with EC, and elevated HSI is an independent risk factor for EC.
Keywords: nonalcoholic fatty liver disease, hepatic steatosis index, endometrial cancer

Introduction
Endometrial cancer (EC) is one of the three most common malignancies of the female reproductive system.1 According 
to the American Cancer Society, the incidence of EC increased by 0.6% to 1% per year between 2015 and 2019, and 
survival decreased, with the 5-year relative survival rate for black women being only 63% compared to 84% for white 
women.2 The results of a Chinese study also showed that the incidence of EC has increased since 2007.3 EC prevalence 
and mortality continue to increase with increasing risk factors.4 If EC is diagnosed and treated early, the prognosis is 
good.5 However, the early symptoms of EC are often insidious, or perimenopausal bleeding may go unnoticed, 
undiagnosed and untreated, and most patients may be diagnosed at intermediate and advanced stages, with poor 
outcomes. In addition, clinical practice guidelines do not recommend screening for EC in healthy individuals, so there 
is still a long way to go to improve the overall survival rate of EC.6
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Currently, serum CA125 is the most commonly used biomarker for early diagnosis of EC in clinical practice, but it is 
elevated in both benign and malignant tumours and lacks specificity. Cytology using urine and vaginal lavage fluid for 
the diagnosis of EC has also been studied,7 but has not been widely used due to data collection problems. Presently, the 
clinical diagnosis of EC is mainly based on transvaginal colour ultrasound, segmented diagnosis and curettage, and 
outpatient hysteroscopic endometrial biopsy, which have good diagnostic sensitivity, but the specificity of transvaginal 
colour ultrasound and segmented diagnosis and curettage is not high or causes pain to the patient. Hysteroscopic biopsy 
is limited by its invasive nature.8,9 It is particularly important to reduce the incidence and mortality of EC if new risk 
factors for EC can be explored to prevent or treat it in advance, or if new non-invasive, convenient and effective 
indicators for diagnosing EC can be explored.

Previous studies have shown that obesity, diabetes, metabolic syndrome, polycystic ovary syndrome are high risk 
factors for EC.10–13 It is worth noting that these indicators are also high risk factors for non-alcoholic fatty liver 
disease(NAFLD). NAFLD involves a range of liver damage, ranging from simple steatosis to non-alcoholic steatohepa
titis, advanced fibrosis, and cirrhosis, and can lead to mild to moderate liver dysfunction. In recent years, several studies 
have shown that NAFLD is associated with a variety of extrahepatic malignancies.14,15 It is well known that type I EC is 
an estrogen-associated tumour, and estrogen is mainly metabolised in the liver. Meanwhile, estrogen plays an important 
role in maintaining lipid metabolism and its deficiency is associated with lipid accumulation in liver cells (hepatic 
steatosis), the development of NAFLD and insulin resistance.16 Meta-analyses of the observational cohort study by 
Mantovani et al suggest that NAFLD was a long-term risk factor for the development of certain extrahepatic malig
nancies, particularly gastrointestinal cancers, breast cancers and EC, ovarian cancer.14,15 And this view holds true after 
adjustment for potential confounders such as age, gender, smoking, obesity and diabetes.17 In recent years, in order to 
optimise the management of NAFLD, some scientists have proposed a new indicator, the Hepatic Steatosis Index (HSI), 
a non-invasive, simple, effective and well-performing screening tool for NAFLD, derived by a logistic regression model: 
HSI= 8 x(ALT/AST ratio)+BMI (+2 if female; +2 if diabetes mellitus). Previous studies have shown that HSI is 
significantly associated with cervical stromal involvement in type I EC patients without type 2 diabetes mellitus. The 
results of these previous studies suggest that NAFLD and HSI are closely related to EC, but the specific mechanism and 
whether HSI is related to the occurrence of EC remain to be explored. Therefore, the main purpose of this study is to 
investigate the correlation between NAFLD and HSI and the incidence of EC, in order to provide clinicians with a guide 
to identify high-risk groups for EC at an early stage.

Materials and Methods
Subjects of the Study
A total of 114 EC patients admitted to Mindong Hospital, Ningde City, Fujian Province, from 2016 to 2022 were selected 
as the EC group, and 175 age- and body mass index (BMI)-matched controls with benign endometrial lesions were 
selected as the control group. Inclusion criteria: (1) pathological diagnosis following clinical diagnosis and treatment; (2) 
complete clinical medical records; (3) Informed consent was obtained from all individual participants enrolled in the 
study. Exclusion criteria: (1) liver disease other than NAFLD; (2) previous radiotherapy, chemotherapy, hormonal and 
immunosuppressive therapy; (3) previous liver transplantation and carcinogenesis of other organs; (4) history of drug or 
alcohol abuse (female≥ 20g/d). This study was reviewed and approved by the Ethics Committee of Mindong Hospital, 
Ningde City, Fujian Province (No: K2024051002).

Sample Size
In our study, 114 patients with EC and 175 normal controls were included for analysis. We use online software 
http://powerandsamplesize.com to carry out the sample size calculation, results show that the sample size is 
sufficient, the power was 0.8, prompt the sample size of this study can get reliable results. Due to the small sample 
size of our study and the long time span, we cannot rule out that type 1 B errors may have been observed in our 
statistical analysis.
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Data Collection
Blood samples, weight, height and hepatobiliary ultrasound results of all enrolled patients were collected in the morning 
on a fasting basis within 7 days before surgery. Age, menopausal history, pathological tumour type, muscle invasion, 
pathological grade, depth of muscle invasion, International Federation of Obstetrics and Gynaecology (FIGO) stage and 
lymph node metastasis of EC patients were recorded.

Blood Biochemistry and Tumor Marker Indicators
Approximately 5 mL of fasting venous blood was collected from the EC group and the benign endometrial lesion group 
on the same day or early the next morning, and after standing at room temperature for 1 h, the upper serum was separated 
by centrifugation at 3000 rpm for 15 min (radius 10 cm). The electrochemiluminescence method was used to detect 
serum CA125 levels, and the Combase411 Roche E601 automatic chemiluminescence analyser and supporting reagents 
were purchased from Roche in Switzerland. The biochemical immunoassay method was used to determine blood ALT, 
AST, GGT, and HDL-C levels, and the Beckman biochemical immunoassay analyzer and supporting reagents were 
purchased from Beckman Instrument Company of the United States. The reference range of CA125 is 0~47U/mL, the 
reference range of serum AST is 13~45U/L, the reference range of serum ALT is 7~40U/L, the reference range of GGT is 
7~45U/L, and the reference range of HDL-C is 1.29~1.55mmol/L. Specimens included in the quality control measures 
shall be submitted for testing immediately after collection and within 2 hours. After testing, the experienced laboratory 
physician will perform the test according to the appropriate technical specifications and operating procedures. The test 
report must be carefully checked against the patient information and reviewed by another qualified testing physician.

Sonographic Features of Ultrasound in the Diagnosis of NAFLD
Studies had shown that sonographic features of NAFLD were the strongest independent predictors of NAFLD.18 Firstly, 
viral hepatitis, autoimmune liver disease, alcoholic liver disease and hereditary disorders should be excluded. NAFLD 
could be considered if any 4 of the following 5 sonographic features were present: (1) rapid attenuation of the image 
within 4–5 cm of depth; (2) diffuse echogenicity, but it is particularly important to note the brightness within the first 
2–3 cm of depth; (3) uniformly heterogeneous liver; (4) thick subcutaneous depth (> 2 cm); and (5) liver filling the entire 
field with no visible edges.19

Hepatic Steatosis Index (HSI)
The Hepatic Steatosis Index (HSI), an indicator derived from standard laboratory tests and anthropometric parameters, is 
a non-invasive, simple, effective and well-performing screening tool for NAFLD.20 It is obtained by fitting readily 
available serum alanine aminotransferase (ALT)/aspartate aminotransferase (AST) ratios, body mass index (BMI) and 
diabetes factors to multiple regression models. The HSI has a sensitivity of up to 93% for excluding NAFLD and 
a specificity of 92% for detecting NAFLD.21 It is calculated as follows HSI = 8×ALT/AST ratio + BMI (+2 for diabetes; 
+2 if female).

Statistical Analysis
SPSS 26.0 software was used for statistical analysis. The continuous variables were first tested for normality, the mean 
(standard deviation) was used to describe the normal distribution and the t-test was used for comparison between the two 
groups.The non-normal distribution was described by the median (interquartile range) and the rank-sum test was used for 
comparison between the two groups. The categorical variables were described by the number of cases (percentage) and 
the chi-squared test was used for comparison between the two groups. The ROC curve was plotted to analyse the 
diagnostic value of each index for EC. Univariate analysis of risk factors for EC was performed using binary logistic 
regression. The Hosmer and Lemeshow test was used to test logistic regression model hypotheses. When logistic 
regression analysis was performed in this study, cases with missing values were automatically excluded from the 
analysis. Based on the univariate analysis, all variables with P<0.05 were included in the multivariate model to analyse 
the independent risk factors for EC. P<0.05 was statistically significant.
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Results
Comparison of Baseline Data Between the EC Group and the Control Group
In the EC group, there were 42 premenopausal cases (36.84%) and 72 postmenopausal cases (63.16%). In the control 
group, there were 101 premenopausal cases (57.71%) and 74 postmenopausal cases (42.29%), and there was no 
significant age difference between the two groups (P>0.05, Table 1). In the EC group, 75 cases (65.79%) had a BMI 
< 25 kg/m2 and 39 cases (34.21%) had a BMI ≥ 25 kg/m2. In the control group, 136 cases (77.71%) with a BMI < 25 kg/ 
m2 and 39 cases (22.29%) with a BMI ≥ 25 kg/m2, and there was no significant difference in BMI between the two 
groups (P>0.05, Table 1). Results are detailed in Table 1.

Correlations Between Clinical Features and EC
There was a statistically significant difference in NAFLD between the two groups (P<0.05), there was no statistical 
difference in serum AST and ALT (P>0.05), and there were significant differences in serum GGT, CA125, HDL-C and 
HSI between the EC group and the control group (P<0.05), and the above indices were higher in the EC group than in the 
control group. The specific results are detailed in Table 1 and Figure 1.

The Independent Risk Factors for EC
Based on the analysis results of the non-parametric test in Table 1, we included the indicators with significant differences 
between EC and the control group, including GGT, CA125, HDL-C and HSI, in the ROC curve analysis and determined 
the cut-off value according to the Youden index (all P<0.05, Figure 2). We then included these serum markers and 
NAFLD in univariate logistic regression analysis. The results of univariate logistic regression analysis showed that GGT, 
CA125, HDL-C, HSI and NAFLD were significantly correlated with the occurrence of EC (P<0.05, Table 2). Further 
multivariate logistic regression analysis showed that CA125 and HSI elevation were independent risk factors for EC 
(P<0.001, Figure 3). The goodness of fit test, multicollinearity test, sensitivity analysis and prediction ability evaluation 
of logistic regression analysis model in this study all show that the model has good prediction efficiency (Supplement 
Tables 1–4). In addition, to further evaluate the association between HSI and prognosis in EC patients, we conducted 
subgroup analysis according to stage, pathological grade, pathological type, muscular invasion, and lymph node 

Table 1 Comparison of Baseline Data Between the EC Group and the Control 
Group

Characteristic EC Group Control Group P value
N=114 N=175

Age 56.69±9.67 54.62±5.51 0.052

Menopause No 42(36.84%) 101(57.71%) 0.001
Yes 72(63.16%) 74(42.19%)

BMI <25kg/m2 75(65.79%) 136(77.71%) 0.199

≥25kg/m2 39(34.21%) 39(22.29%)
NAFLD (Ultrasound tips) Yes 31(27.19%) 21(12.00%) 0.001*

No 83(72.81%) 154(88.00%)

CA125, U/mL 66.89±145.81 15.45±8.41 <0.001*

HDL-C, mmol/L 1.27±0.31 1.42±0.36 0.043*

GGT,U/L 37.56±54.20 24.28±17.06 <0.001*
ALT,U/L 20.62±12.00 19.05±9.65 0.615

AST,U/L 21.40±9.14 21.25±7.57 0.353

HSI 34.47±6.00 32.47±3.71 0.04*

Notes: EC is endometrial cancer, BMI is body mass index, NAFLD is nonalcoholic fatty liver disease, 
CA125 is serum carbohydrate antigen 125, HDL-C is serum high-density lipoprotein C, GGT is serum 
glutamyl transpeptidase, ALT is serum alanine aminotransferase, AST is serum aspartate aminotransfer
ase, and HSI is hepatic steatosis index, *P<0.05. P<0.05 indicates significant differences.
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metastasis, and the study results showed that HSI and NAFLD were not significantly correlated with these indicators 
(Supplement Table 5).

Discussion
This study aims to elucidate the relationship between NAFLD, HSI and EC. A review of the data of patients diagnosed 
with benign EC and endometrial lesions in Mindong Hospital, Ningde City, Fujian Province over the past 6 years, non- 
parametric analysis, ROC curve, univariate and multivariate logistic analysis data showed that women with NAFLD and 
the higher the HSI, the more likely they were to have EC, and HSI may be an independent risk factor for EC. With the 
accelerated pace of life and work, high-calorie diet, lack of exercise and other factors, NAFLD is the most common 
chronic liver disease in the world and has become a serious public health problem worldwide.22 This risk factor continues 
to increase the prevalence of EC. Although some studies have shown an association between NAFLD and extrahepatic 
malignancies,15 this study provides an easier way to demonstrate this association by examining the association between 
HSI and EC. Therefore, raising awareness of NAFLD and EC is essential for the development of EC prevention 
interventions.

Figure 1 HSI levels and serum CA125, GGT and HDL-C levels in the EC group and the benign endometrial lesion group. 
Notes: The NC was the control group of benign endometrial lesions; The EC was the endometrial cancer case group; HSI is hepatic steatosis index; CA125 is serum 
carbohydrate antigen 125; GGT is serum glutamyl transpeptidase; HDL-C is serum high-density lipoprotein C; *P< 0.05. P<0.05 indicates significant differences. (a) HSI levels 
in the EC group and the benign endometrial lesion group; (b) Serum CA125 levels in the EC group and the benign endometrial lesion group; (c) Serum GGT levels in the EC 
group and the benign endometrial lesion group; (d) Serum HDL-C levels in the EC group versus the benign endometrial lesion group.

International Journal of Women’s Health 2025:17                                                                               https://doi.org/10.2147/IJWH.S497621                                                                                                                                                                                                                                                                                                                                                                                                    829

Zheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=497621.docx


Non-alcoholic fatty liver disease (NAFLD) is a hepatic component of diseases associated with metabolic dysfunction 
and was first proposed by Ludwig et al in 1980.23 NAFLD is a continuum of disease ranging from more than 5% steatosis 
with or without mild inflammation (non-alcoholic fatty liver disease) to non-alcoholic steatohepatitis (NASH) in the 
absence of excessive alcohol consumption (≥30g/day for men and ≥20g/day for women) or other chronic liver disease. 

Figure 2 The ROC curve. 
Notes: CA125 is serum carbohydrate antigen 125; GGT is serum glutamyl transpeptidase; HDL-C is serum high-density lipoprotein C; HSI is hepatic steatosis index. (a) The 
ROC curve for CA125; (b) The ROC curve for GGT; (c) The ROC curve for HDL-C; (d) The ROC curve for HSI. The cutoff values for these indicators were identified. 
P<0.05 indicates significant differences.

Table 2 Univariate and Multivariate Logistics Analysis of Independent Risk Factors for 
Endometrial Cancer

Characteristic Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

NAFLD Yes 2.739(1.481–5.065) 0.001* 1.508(0.642–3.542) 0.346

NoR

CA125 ≥18.18 5.236(3.116–8.800) <0.001* 4.369(2.34–8.155) <0.001*

<18.18R

GGT ≥22.5 2.555(1.564–4.173) <0.001* 1.372(0.716–2.63) 0.341
<22.5R

HSI ≥38.65 25.851(5.997–111.435) <0.001* 21.868(2.725–175.483) 0.004*

<38.65R

HDL-C ≥1.51 0.423(0.226–0.791) 0.007* 0.7(0.347–1.412) 0.319

<1.51R

Notes: EC is endometrial cancer, BMI is body mass index, NAFLD is nonalcoholic fatty liver disease, CA125 is 
serum carbohydrate antigen 125, HDL-C is serum high-density lipoprotein C, GGT is serum glutamyl transpep
tidase, and HSI is hepatic steatosis index, *P<0.05. P<0.05 indicates significant differences, R is reference.
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NAFLD is currently the most common cause of chronic liver disease worldwide, with a global prevalence of up to 
25–30%.24 The data from this study suggest that NAFLD is significantly associated with EC, and previous studies have 
shown that NAFLD itself is an independent cancer risk factor and is not associated with metabolic disorders such as 
obesity and type 2 diabetes in NAFLD.25 NAFLD is undoubtedly a global public health problem, and the gold standard 
for diagnosing NAFLD is liver biopsy. However, its invasive nature and high cost make it difficult to perform routinely in 
the general population. The Hepatic Steatosis Index (HSI), an indicator derived from standard laboratory tests and 
anthropometric parameters, is a non-invasive, simple, effective and well-performing screening tool for NAFLD.20 It is 
obtained by fitting readily available serum alanine aminotransferase (ALT)/aspartate aminotransferase (AST) ratios, body 
mass index (BMI) and diabetes factors to multiple regression models. The HSI has a sensitivity of up to 93% for 
excluding NAFLD and a specificity of 92% for detecting NAFLD.21 Overall, the agreement between the HSI and the 
diagnosis of NAFLD was good,15 but the cut-off value of the HSI in this study was different from the conventional 
diagnosis of NAFLD. Previous studies have shown that HSI>36 can detect NAFLD by ultrasound,25 and in this study, the 
prevalence of EC increased with HSI>38.65, which could not exclude the association of single-centre limited studies and 
differences between northern and southern populations.

However, the mechanism by which NAFLD contributes to endometrial cancer is not well understood. Studies have 
shown that NAFLD has chronic metabolic inflammation and insulin resistance, and excess fat leads to metabolic 
imbalance in redox homeostasis and immune dysregulation, resulting in a chronic pro-inflammatory environment that 
provides tumour cells with a microenvironment for tumour cell proliferation, replication, angiogenesis, invasion and 
metastasis, thereby promoting tumour initiation and development.17,26,27 In our study, elevated HSI consistently showed 
a significant correlation with EC in both univariate and multivariate analyses. Therefore, elevated HSI and NAFLD may 
increase the risk of EC.

In recent years, the management of gynaecological cancers, particularly endometrial and ovarian cancers, has 
undergone changes based on developments in tumour biology and inheritance patterns, as well as the emergence of 
the fragility index (a predictor of overall and major complications after EC surgery and a tool to assist clinicians in 
perioperative management).28,29 If HSI, EC molecular typing and fragility index can be combined to screen, correctly 
evaluate and diagnose EC, evaluate the complexity of surgical methods, predictability of postoperative complications, 
prognostic risk stratification, and formulate postoperative adjuvant treatment strategies, it will form a standardised EC 
management. It has important guiding significance for the screening, evaluation, diagnosis, treatment and prognosis of 
EC patients.

CA125 is found in the endothelial and mesothelial cells of the female reproductive system and, when stimulated by 
inflammation or damaged by tumour cells, is released into the blood where it is highly expressed. Therefore, serum 
CA125 is likely to be elevated in patients with tumour lesions. Previous studies have shown that CA125 is closely 
associated with the occurrence and development of EC. In agreement with previous studies, our results suggest that 

Figure 3 Multivariate Logistics regression forest diagram of EC and NC. 
Notes: CA125 is serum carbohydrate antigen 125; GGT is serum glutamyl transpeptidase; HDL-C is serum high-density lipoprotein C; HSI is hepatic steatosis index. P<0.05 
indicates significant differences.
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CA125 is a high risk factor for the development of EC.30 However, as CA125 can be significantly elevated in patients 
with inflammation31 and other tumours,32–34 it is not specific. Therefore, in this study, HSI and CA125 were combined 
for a comprehensive assessment to screen high-risk groups for EC.

This study has several limitations. Firstly, it was a cross-sectional study without causal arguments, and a large 
prospective cohort study in the population is needed to demonstrate the risk of EC in HSI and even NAFLD; secondly, 
the sex hormone level status of the study subjects was not included in this study, and EC includes multiple types and is 
a heterogeneous disease complex, which does not exclude diseases from the source of standard sex hormones, leading to 
error. In addition, the vast majority of the study population was from the Ningde region of Fujian Province, which may 
have introduced selection bias and limited regional power. Nevertheless, the main advantage of this study is the use of 
a simple, convenient, non-invasive method to show the relationship between elevated HSI/NAFLD and endometrium. To 
date, only a few studies have reported on the relationship between HSI and EC.

Conclusion
In a cross-sectional study, it was concluded that NAFLD was closely associated with the risk of EC and that elevated HSI was 
one of the independent risk factors for EC. More attention needs to be paid to women with elevated HSI, lifestyle improvement, 
active EC monitoring, reduction of EC prevalence and improvement of quality of life. However, multicentre, large-sample 
prospective studies are needed to further investigate the relationship between the occurrence, development and prognosis of 
elevated HSI and EC, and to confirm the recommendations for EC screening in women with elevated HSI. 
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