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Background: Previous studies have reported the diagnostic values of multiple obesity indicators for predicting the risk of non- 
alcoholic fatty liver disease. However, the diagnostic values of obesity indicators for predicting the risk of metabolic dysfunction- 
associated fatty liver disease (MAFLD) in early postmenopausal women is still unknown. Therefore, this study investigated the 
predictive values of common obesity indices for estimating the risk of MAFLD in early postmenopausal Chinese women.
Methods: This study enrolled 2514 early postmenopausal women, aged between 45 and 55 years, who underwent abdominal 
ultrasonography examination at the Health examination center of the Huadong Sanatorium between June 2021 and December 2021. 
The values for six obesity indices, namely, body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), waist-to- 
height ratio (WHtR), body adiposity index (BAI), and Chinese visceral adiposity index (CVAI) were extracted from the medical 
records.
Results: Our data showed that all the six obesity indices were significantly associated with the risk of MAFLD (P < 0.05) in the obese 
subjects and five obesity indices except for BAI were significantly associated with the risk of MAFLD (P < 0.05) in the lean subjects. 
The six obesity indices showed a linear relationship with the risk of MAFLD (all P-values > 0.05). The ORs for the obesity indices 
with the exception of BAI showed proportional increase with the risk of MAFLD in the lean subjects. CVAI was the strongest 
predictor of the risk of MAFLD in both lean (AUC=0.868) and overweight/obese subjects (AUC=0.704) among the early post
menopausal women.
Conclusion: This study demonstrated that all the obesity indices were associated with an increased risk of MAFLD in the obese 
subjects and five obesity indices except for BAI were associated with an increased risk of MAFLD in the lean subjects among the early 
postmenopausal women. CVAI showed the strongest predictive performance in estimating the risk of MAFLD among early 
menopausal women.
Keywords: Chinese visceral adipose index, metabolic dysfunction associated fatty liver disease, early postmenopausal women, 
obesity indices

Introduction
Nonalcoholic fatty liver disease (NAFLD) has become a major public health concern, characterized by fatty infiltration of 
at least 5% of the hepatocytes, and affected approximately 30% of the general adult population worldwide.1–3 The Asian 
Pacific Association for the study of the liver (APASL) re-designated NAFLD as metabolic dysfunction-associated fatty 
liver disease (MAFLD) in 2020.4,5 The diagnostic criteria of NAFLD are complex and are based primarily on excluding 
subjects with excess alcohol consumption, viral hepatitis, immunological liver injury, or genetic disorders of lipid 

Diabetes, Metabolic Syndrome and Obesity 2023:16 607–617                                              607
© 2023 Lu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 December 2022
Accepted: 24 February 2023
Published: 6 March 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-5143-582X
http://orcid.org/0000-0002-9839-7960
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


metabolism.6 However, the diagnosis of MAFLD includes all the mixed etiologies and is defined as the co-existence of 
hepatic steatosis with other metabolic disorders such as overweight or obesity, type 2 diabetes mellitus, and/or metabolic 
syndrome.7 Recent studies have shown that the criteria for MAFLD are more accurate in identifying patients with high 
risk of fatty liver disease compared to the NAFLD criteria.8–10 Therefore, the impact of metabolic dysfunction on the 
natural progression of liver diseases such as chronic viral hepatitis or alcoholic hepatitis is studied using the MAFLD 
criteria.4

In the western countries, MAFLD is one of the leading causes of end-stage liver disease, cirrhosis, and hepatocellular 
carcinoma.11 MAFLD affects a quarter of the entire global population. A recent systematic review and meta-analysis 
demonstrated that the prevalence of MAFLD in the Chinese population was 29.81% (27.78–31.93%).12 Nearly 
314.58 million cases are projected to be diagnosed as MAFLD by 2030 in China.13 The socio-economic impact of 
MAFLD is significant on the health system in both developing and developed countries. Therefore, there is an urgent 
need to identify risk factors that can accurately predict the risk of MAFLD for improved diagnosis and preventive 
treatment of MAFLD.

Previous studies have demonstrated that obesity is strongly associated with the development and progression of 
MAFLD.14 Inflammation is associated with both NAFLD and increased BMI. Most of the indices used in determination 
of NAFLD are somewhat associated with inflammation,15,16 especially obesity-related indices. Furthermore, waist 
circumference and visceral adipose tissue (VAT) show better association with the progression of MAFLD compared to 
BMI.17,18 These results suggested that the obesity-related indices may be used for predicting the risk of MAFLD. The 
body composition of early postmenopausal women is influenced by reduced estrogen expression and is characterized by 
changes in the distribution of fat from the subcutaneous to the visceral adipose tissues. Therefore, early postmenopausal 
women are more susceptible to MAFLD compared to the premenopausal women. Furthermore, MAFLD is reported in 
19.2% of lean subjects with BMI < 23 kg/m2 and 40.8% of MAFLD patients are non-obese.19 Moreover, histological 
severity of the MAFLD disease is comparable between non-obese and lean subjects. Therefore, factors that increase the 
risk of MAFLD in lean subjects require in-depth investigation.

It had been reported that obesity-related indicators such as body mass index (BMI), waist circumference (WC), waist- 
to-hip ratio (WHR), waist-to-height ratio (WHtR), body adiposity index (BAI), and VAT are associated with accumula
tion of visceral fat. However, Chinese visceral adiposity index (CVAI) to estimate abdominal fat is calculated with 
parameters such as age, BMI, WC, total triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C), and shows 
better performance in predicting the risk of metabolic disorders than the VAI.20,21 However, currently, there is no 
consensus regarding the anthropometric parameters that can be used in the clinic to quantify and predict MAFLD in the 
early postmenopausal women. Therefore, in this study, we investigated the diagnostic performances of the obesity indices 
such as BMI, WC, WHR, WHtR, BAI, and CVAI for predicting the risk of MAFLD among early postmenopausal women 
in China.

Materials and Methods
Study Population
This cross-sectional study analyzed the clinical data of 2514 Chinese women between the ages of 45 and 55 years, and 
within ten years after menopause, that were evaluated at the Health Examination Center, Huadong Sanatorium between 
June 2021 and December 2021. Menopause was defined as at least one year since the last menstrual period. The study 
subjects were divided into lean group (n=1194) with BMI < 23 kg/m2 and obese group (n=1320) with BMI ≥ 23 kg/m2. 
All the participants underwent comprehensive anthropometric measurements, abdominal ultrasonography, and fasting 
blood tests. The exclusion criteria included incomplete medical records, surgical menopause, hormone replacement 
therapy, and severe medical diseases such as cancer or organ failure. This study was conducted in accordance with the 
principles of the Declaration of Helsinki and approved by the Ethics and Research Committee of Huadong Sanatorium 
(Approval No. ECHS2023-01). The requirement for written informed consent was waived because of the retrospective 
nature of the study and the data analysis was anonymous and confidential.
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Anthropometric Measurements and Clinical Examination
A structured and detailed survey designed by professional physicians was used to collect the demographic and clinical 
parameters of the study subjects including self-reported illness and the currently used medications. The number of 
subjects in the smoking and alcohol consumption groups were low among early postmenopausal women, and were 
therefore excluded from analysis. Systolic and diastolic blood pressure was measured using an electronic brachial 
sphygmomanometer (T30J, OMRON, Japan). Anthropometric parameters including height, weight, waist circumference, 
and hip circumference were measured using standard procedures by well-trained nurses. Blood samples (8–10 mL) were 
collected from the antecubital vein after at least 8 h of overnight fasting and evaluated in the laboratory center within 24 
h. Metabolic biomarkers and liver function parameters including fasting blood glucose (FBG), triglycerides (TGs), total 
cholesterol (TC), low-density-lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum uric 
acid (UA), serum aspartate aminotransferase (AST), and serum alanine aminotransferase (ALT) levels were measured. 
Furthermore, the blood counts of white blood cells (WBC) and neutrophils (NE) were also analyzed. Abdominal 
ultrasonography was performed using the SIEMENS ACUSON S2000 ABVS ultrasound scanner (Siemens 
Healthineers, Erlangen, Germany), and was operated by experienced ultra-sonographers. The data was recorded in the 
electronic medical system of the Health Examination Center.

Definition of MAFLD and Obesity Indices
The diagnosis of MAFLD was based on the presence of hepatic steatosis plus any one of the following three criteria:5 (1) 
overweight and obesity defined as BMI ≥23 kg/m2; (2) type 2 diabetes mellitus; and/or (3) metabolic dysregulation. 
Metabolic dysregulation was defined by the occurrence of at least two of the following risks for metabolic disorders:22 

(1) waist circumference ≥80 cm in Asian women; (2) blood pressure ≥130/85 mmHg or specific drug treatment for 
controlling blood pressure; (3) plasma triglyceride ≥1.7 mmol/L or specific drug treatment; (4) plasma high-density 
lipoprotein cholesterol <1.3 mmol/L for women or specific drug treatment; (5) prediabetes with fasting glucose levels 
between 5.6 to 6.9 mmol/L; and/or (6) homeostasis model assessment of insulin resistance (HOMA-IR) score ≥2.5. 
Hepatic steatosis was diagnosed by the presence of hepato-renal echo contrast, ultrasound beam attenuation, liver 
parenchymal brightness, and vascular blurring.23,24

All the selected obesity-related indices were included in this study. In addition to waist circumference (WC), five other obesity 
indicators were calculated by following equations:

Statistical Analysis
The statistical analyses were performed using the SPSS 25.0 software and the STATA 16.0 software packages. Continuous 
variables were described as means ± standard deviation or medians with interquartile ranges, depending on the normality test. 
Categorical variables were represented as numbers (n) with percentages (%). The baseline characteristics and the biochemical 
parameters were compared using the Student’s t-test for normally distributed continuous variables, Mann–Whitney U-test for non- 
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normally distributed continuous variables and the chi-square test for the categorical variables. Multivariable logistic regression 
analysis was performed to determine the relationship between obesity indices (per SD increase) and MAFLD. Adjusted odds 
ratios (ORs) were presented with 95% confidence intervals (CIs). Restricted cubic spline regression analysis was performed to 
estimate the association between multivariable-adjusted obesity indices and MAFLD in the lean and overweight/obese subjects 
and the knots were placed at the 5th, 35th, 65th, and 95th percentiles. Receiver operating characteristic (ROC) curves and area 
under the curve (AUC) values were used to compare the diagnostic values of the obesity indices for predicting the risk of MAFLD. 
A two-tailed P-value <0.05 was considered statistically significant.

Results
Basic Characteristics of the Study Participants
The demographic data, general clinical characteristics, obesity-related indices, and biochemical parameters of the 
2514 included study subjects are described in Table 1. Among these participants, 51 subjects (4.3%) were diagnosed 

Table 1 Baseline Characteristics of the Study Population

Parameters Lean Subjects (BMI<23.0 kg/m2) Overweight/Obese Subjects (BMI≥23.0 kg/m2)

MAFLD (+) (n=51) MAFLD (-) (n=1143) P-value MAFLD (+) (n=407) MAFLD (-) (n=913) P-value

Age (years) 52.10±2.25 51.43±2.40 0.052 51.07±2.18 51.26±2.45 0.183

BMI (kg/m2) 22.01±0.86 21.09±1.36 <0.001 26.79±2.69 25.35±1.94 <0.001

WC (cm) 75.51±4.26 71.63±4.80 <0.001 84.17±6.96 79.76±5.55 <0.001

WHR 0.85 [0.83,0.88] 0.80 [0.78,0.84] <0.001 0.87 [0.85,0.90] 0.84 [0.81,0.87] <0.001

WHtR 0.47 [0.45,0.50] 0.45 [0.43,0.47] <0.001 0.52 [0.50,0.55] 0.50 [0.48,0.52] <0.001

BAI 26.36 [25.24,27.68] 26.01 [24.60,27.39] 0.101 29.71 [27.91,31.77] 29.02 [27.58,30.86] <0.001

CVAI 79.72 [71.24,88.51] 53.33 [40.58,66.12] <0.001 97.95 [82.10,114.23] 83.03 [71.31,95.08] <0.001

FBG (mmol/L) 5.84 [5.40,7.09] 5.09 [4.84,5.37] <0.001 5.38 [4.99,5.98] 5.24 [4.98,5.58] <0.001

Diabetes (n, %) 16 (31.4) 28 (2.4) <0.001 68 (16.7) 33 (3.6) <0.001

SBP (mmHg) 122.82±14.01 113.15±14.63 <0.001 124.06±15.96 118.93±15.27 <0.001

DBP (mmHg) 74.96±9.24 69.24±9.65 <0.001 76.30±10.44 73.21±10.21 <0.001

Hypertension (n, %) 7 (13.7) 53 (4.6) 0.011 62 (15.2) 83 (9.1) 0.002

TG (mmol/L) 2.13 [1.52,2.99] 1.03 [0.77,1.50] <0.001 1.58 [1.12,2.08] 1.22 [0.86,1.72] <0.001

TC (mmol/L) 5.47 [4.60,5.85] 5.25 [4.67,5.79] 0.596 5.03 [4.43,5.76] 5.13 [4.56,5.71] 0.384

LDL-C (mmol/L) 3.41 [2.89,3.93] 3.32 [2.79,3.84] 0.594 3.04 [2.54,3.61] 3.29 [2.77,3.86] <0.001

HDL-C (mmol/L) 1.15 [1.04,1.37] 1.56 [1.31,1.84] <0.001 1.33 [1.11,1.64] 1.41 [1.21,1.66] <0.001

AST (IU/L) 18.00 [16.00,21.00] 18.00 [15.00,21.00] 0.262 19.00 [18.00,21.00] 18.75 [16.00,21.00] <0.001

ALT (IU/L) 22.00 [15.00,33.00] 16.00 [12.00,23.00] <0.001 34.00 [26.00,40.00] 20.00 [14.00,31.00] <0.001

UA (μmol/L) 329.79±88.72 285.81±61.05 <0.001 337.27±91.46 315.48±68.56 <0.001

WBC (×109/L) 5.80 [5.02,6.59] 5.08 [4.37,5.90] <0.001 6.00 [5.10,6.82] 5.39 [4.65,6.27] <0.001

NE(×109/L) 2.95 [2.44,3.53] 2.69 [2.17,3.30] 0.012 3.27 [2.78,3.80] 2.84 [2.38,3.49] <0.001

Notes: Continuous data are expressed as mean ± standard deviation or median (interquartile range) according to normal distribution test of data, and categorical 
data are described as numbers (percentages). P-values were determined using the Chi-square test, independent t-test, or the Mann–Whitney U-test. 
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; WC, waist circumference; WHR, waist-hip ratio; WHtR, waist- 
height ratio; BAI, body adiposity index; CVAI, Chinese visceral adipose index; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; UA, uric acid; WBC, white blood cell; NE, neutrophil.
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with MAFLD among the 1194 lean subjects, and 407 subjects (30.8%) were diagnosed with MAFLD among the 
1320 obese subjects. Obesity indicators such as BMI, WC, WHR, WHtR, BAI, and CVAI were significantly higher 
in the obese subjects with MAFLD compared to those without MAFLD. However, except for BAI, the other five 
obesity indices showed significant differences between the lean subjects with or without MAFLD. Furthermore, the 
proportion of subjects with chronic diseases such as diabetes and hypertension were significantly higher in the 
MAFLD groups than the non-MAFLD groups among both lean and obese subjects (P < 0.05). Moreover, based on 
the lipid profiles, we observed significant differences in the TG and the HDL-C levels between the MAFLD and non- 
MAFLD subjects among both the groups (P < 0.001), whereas LDL-C levels were significantly higher in the 
MAFLD subjects than those without MAFLD in the obesity group (P < 0.05). The obese subjects showed 
significantly higher ALT, UA, WBC, and NE levels compared to the lean subjects, whereas AST levels were 
significantly higher in the subjects with MAFLD compared to those without MAFLD in both the lean and obese 
groups.

The Six Obesity Indices are Associated with the Risk of MAFLD in Early 
Postmenopausal Women
Table 2 shows the association of six obesity indices (BMI, WC, WHR, WHtR, BAI, and CVAI) with the risk of MAFLD 
in early postmenopausal women. After adjusting for potential confounding factors, except for BAI, the remaining five 
obesity indices were significantly associated with the risk of MAFLD in the lean group and all the six obesity indices 
were associated with the risk of MAFLD in the obese group. Among all the obesity indices, CVAI showed the strongest 
association with the risk of MAFLD among all the participants (OR=5.73, 95% CI: 2.84–11.54 for lean subjects; 
OR=2.26, 95% CI:1.90–2.70 for overweight/obese subjects, P-value < 0.001). Furthermore, BAI showed the weakest 
correlation among all the obesity indices with the risk of MAFLD in the overweight/obese subjects (OR=1.20, 95% 
CI:1.04–1.38, P-value < 0.05).

The Six Obesity Indices Show Linear Relationship with the Risk of MAFLD
Multivariable adjusted restricted cubic spline regression analysis confirmed a linear relationship between the six obesity 
indices and the risk of MAFLD (all P-value > 0.05) (Figure 1). The OR values for the risk of MAFLD in the lean group 
of early postmenopausal women increased proportionately for all the obesity indices except BAI. Furthermore, the risk of 
MAFLD in the overweight/obese group of early postmenopausal women also showed incremental increase with all the 
obesity indices. The risk of MAFLD in the early postmenopausal women increased when the CVAI values were above 
80.20 and 92.01 for lean subjects and overweight/obese subjects, respectively (Figure 1).

Table 2 Association Between Six Obesity Indices and Risk of MAFLD in the Lean and Obese Subjects

Obesity Indices  
(Per SD Increase)

Lean Subjects Overweight/Obese Subjects

Univariable Multivariable Univariable Multivariable

BMI 2.80 (1.81–4.33) 2.38 (1.40–4.05) *** 1.86 (1.65–2.11) 1.65 (1.44–1.89) ***

WC 2.24 (1.68–3.00) 1.92 (1.32–2.78) *** 2.08 (1.82–2.37) 1.85 (1.61–2.14) ***

WHR 2.72 (2.01–3.67) 2.37 (1.61–3.50) * 2.30 (2.00–2.64) 2.09 (1.80–2.43) **

WHtR 2.59 (1.94–3.46) 2.24 (1.56–3.23) *** 2.00 (1.75–2.28) 1.75 (1.52–2.01) ***

BAI 1.30 (0.98–1.73) 1.27 (0.91–1.77) 1.33 (1.17–1.51) 1.20 (1.04–1.38) *

CVAI 4.98 (3.43–7.22) 5.73 (2.84–11.54) *** 2.21 (1.93–2.54) 2.26 (1.90–2.70) ***

Notes: Adjusted for diabetes, hypertension, LDLC, HDLC, TG, AST, ALT WBC, NE, and UA. ***P<0.001; **P<0.01; *P<0.05.
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CVAI Shows the Highest Predictive Value for MAFLD
The optimal cut-off points for all the obesity indices and the corresponding ROC curves are shown in Table 3 and 
Figures 2 and 3. The predictive values of the six obesity indices for estimating the risk of MAFLD were based on the 
AUC values obtained from the ROC curve analyses. CVAI showed the highest prediction value (AUC=0.820, 95% CI: 
0.801–0.839) compared to the remaining five obesity parameters in all the early postmenopausal women. CVAI also 
showed the highest predictive value among lean subjects (AUC=0.868, 95% CI: 0.847–0.886) and overweight/obese 
subjects (AUC=0.704, 95% CI: 0.679–0.729). The prediction value of BAI did not show statistical significance among 
the lean subjects (P>0.05).

Discussion
This cross-sectional study evaluated the diagnostic value of six commonly used, non-invasive obesity-related indicators 
for accurately predicting MAFLD in early postmenopausal women that belonged to lean and obese groups. In our study, 
CVAI showed the highest AUC value among all the obesity indices for predicting MAFLD (AUC=0.868 for lean 
subjects; AUC=0.704 for overweight/obese subjects).

Figure 1 Dose-response relationship between obesity indices and the risk of MAFLD in the lean and overweight/obese group of early postmenopausal women after 
adjusting for parameters such as diabetes, hypertension, LDLC, HDLC, TG, AST, ALT WBC, NE, and UA. The solid line represents obesity index values when OR is equal to 
1. The red line represents mean OR values. The area between the dashed lines represents the 95% confidence interval (CI) values of OR.
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Previous studies showed that obesity, abnormal metabolic features, and environmental factors contributed signifi
cantly to the risk of developing MAFLD.25 Rapid changes in lifestyle and dietary culture have resulted in widespread 
prevalence of obesity in most Asian countries and caused serious socio-economic burden on the society and human 
health resources.26 Therefore, screening of relevant risk factors of MAFLD is of great importance for early detection and 
preventive treatment. Liver biopsy is an invasive measure that is commonly used to diagnose MAFLD in suspected 
patients, but is not widely recommended for large-scale routine healthcare check-ups. Therefore, alternative non-invasive 
indicators are used to predict the occurrence of MAFLD in high-risk patients.26 MAFLD is confirmed in high-risk 
patients using a liver biopsy or imaging method to verify the histopathological and imaging features, respectively. 
Excessive accumulation of visceral adipose tissue is associated with increased risk of MAFLD in Asians. The early 
postmenopausal women are more vulnerable to MAFLD because of significant changes in the sex hormones, increase in 
the abdominal adipose tissue deposits, abnormal lipid metabolism, and the onset of insulin resistance.27

Previous studies have recommended BMI as an indicator of visceral fat accumulation and is widely used to evaluate 
fatty liver disease.28,29 BMI is a better predictor of NAFLD compared with WC and WHtR. Moreover, the AUC of BMI 
in subgroup analysis was greater than 0.8, and represented its good predictive performance in most populations.30 

However, previous study had not explored its predictive value of MAFLD among early postmenopausal women, and 
BMI may not reflect the abdominal adipose tissue accumulation among women after menopause. Besides, the validity of 
BMI as a valuable indicator of regional adipose distribution remains controversial because of its inability to distinguish 

Table 3 Cut-off Points and AUC (95% CI) Values of Different Obesity Indices for Predicting MAFLD in 
Early Postmenopausal Women

AUC (95% CI) Sensitivity (%) Specificity (%) Youden Index Cut-Off Value

BMI 0.803(0.782–0.823) 0.852 0.613 0.465 23.48

WC 0.799(0.778–0.819) 0.718 0.712 0.430 78.5

WHR 0.750(0.727–0.774) 0.666 0.691 0.357 0.845

WHtR 0.800(0.780–0.821) 0.799 0.664 0.463 0.486

BAI 0.703(0.677–0.729) 0.651 0.349 0.302 28.27

CVAI 0.820(0.801–0.839) 0.828 0.660 0.488 75.82

Figure 2 ROC curves to estimate the predictive value of obesity indices for MAFLD among lean subjects.
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between fat mass and lean body mass.31 Additionally, studies also indicated that WHR and WHtR had been suggested as 
most useful predictor of MAFLD only in relatively young Chinese males; Furthermore, BAI represents the overall 
adipose accumulation and does not reflect the characteristics of abdominal fat accumulation. Although previous studies 
demonstrated the relative association of BMI and BAI with fatty liver disease,30 the diagnostic performance of both BMI 
and BAI was inferior compared to the other visceral obesity indices in the early postmenopausal women. Furthermore, 
characteristics such as sex, age or ethnicity can influence the prediction of MAFLD.

Our findings demonstrated that CVAI was a superior predictor of MAFLD compared to five other obesity indices in 
early postmenopausal women. The AUC and Youden’s index values were higher for CVAI than the other obesity indices 
for predicting MAFLD among all the participants. CVAI which includes BMI, WC, TG, and HDL-C is used to estimate 
the visceral adiposity index and predict the occurrence of metabolic disorders. CVAI is widely used in predicting the 
incidence of diabetes, hypertension, and cardiovascular diseases.20,32–36 Multivariable regression analysis in our study 
also showed increased risk of MAFLD with every standard deviation (SD) increase in the CVAI value in the lean subjects 
(adjusted OR=5.73) and overweight/obese subjects (adjusted OR=2.26) among early postmenopausal women. This 
suggested that lean subjects with low BMI but higher visceral adipose deposits were at an increased risk of developing 
MAFLD than the overweight/obese subjects.

Chronic low-grade inflammation promotes development and progression of MAFLD, and also plays a role in the 
hepatic and extrahepatic complications.37,38 Our results demonstrated that the level of white blood cells and neutrophils 
were significantly higher in those with MAFLD group compared to those without MAFLD among the early postmeno
pausal women (all P-value < 0.05). Visceral adipose tissues upregulate the expression of inflammatory factors and 
influence the development of metabolic disorders such as chronic inflammation and insulin resistance.39 Moreover, 
macrophage infiltration is observed in the abdominal adipose in subjects with metabolic syndrome. Furthermore, 
infiltration of inflammatory cells and the production of pro-inflammatory cytokines by the macrophages adversely affect 
insulin-dependent tissues and and pancreatic beta cells, and promote glycometabolic disorders.

Early postmenopausal women are more susceptible to metabolic dysfunction because of sex hormones disturbances. 
Estrogen has been shown to regulate insulin sensitivity and metabolic homeostasis, decreases inflammation in the white 
adipose tissues, and reduces immune cell infiltration and oxidative stress in the adipose tissues caused by the ectopic lipid 
accumulation in the skeletal muscle and the liver.40,41 Furthermore, women show higher rates of non-oxidative free fatty 
acid disposal and lower level of basal fatty acid oxidation than men. This increases the levels of very low-density 
lipoprotein (VLDL) and TG and accelerates the progression of various metabolic disorders.42,43 This may explain the 

Figure 3 ROC curves to estimate the predictive value of the obesity indices for MAFLD in obese subjects.
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increased risk of MAFLD in early postmenopausal women with higher CVAI. CVAI is the strongest non-invasive 
predictor of MAFLD among common obesity indicators in early postmenopausal women. Therefore, CVAI can be 
recommended as an early screening indicator for identifying large health check-up populations among early postmeno
pausal women with high risk of developing MAFLD.

This study has several limitations. Firstly, this was a single-center, cross-sectional, and retrospective study that could 
not confirm the causal association between the obesity indices and the risk of MAFLD. Therefore, in the future, a large- 
cohort, multi-center, prospective study is required to confirm our findings. Secondly, this study included early post
menopausal women from China. This may have resulted in bias and may not be applicable to subjects from other 
countries. Finally, abdominal ultrasonography is a reliable and non-invasive approach to diagnose MAFLD. However, it 
does not adequately estimate the levels of hepatic steatosis and fibrosis. Therefore, we could not verify if the obesity 
indicators increased the risk of hepatic steatosis or fibrosis.

Conclusion
This study of early postmenopausal women demonstrated that five of the six obesity indices (except BAI) were 
significantly associated with the risk of MAFLD in the lean subjects and all the six obesity indices were significantly 
associated with the risk of MAFLD in the obese subjects. CVAI was the strongest predictor of MAFLD among all the six 
obesity indicators. Therefore, our study demonstrates that CVAI is a promising non-invasive diagnostic biomarker for 
identifying subjects with high risk of developing MAFLD.
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