
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p :   /  / c r e a t i  
v e c  o m m  o n  s  . o  r  g /  l i c  e n s   e s  /  b y  - n c  -  n d / 4 . 0 /.

Lian et al. BMC Gastroenterology          (2025) 25:137 
https://doi.org/10.1186/s12876-025-03706-4

BMC Gastroenterology

†Yu-E Lian and Yixuan Wang contributed equally to this work.

*Correspondence:
Jiayu Chen
chenjiayu65@163.com

Full list of author information is available at the end of the article

Abstract
Background Obesity is detrimental to liver health. Weight-adjusted waist circumference (WWI) is a new indicator 
of obesity that is superior to body mass index (BMI) and waist circumference (WC) in predicting obesity. There are 
limited studies on the relationship between Metabolic Associated Fatty Liver Disease (MASLD) and WWI. Therefore, 
this study aimed to investigate the association between WWI, Controlled Attenuation Parameters (CAP), and Liver 
Stiffness Measurement (LSM), with special attention to gender differences.

Methods This cross-sectional study included participants from the 2017 to 2020 National Health and Nutrition 
Examination Survey (NHANES). The study used multiple linear regression models, smoothed curves, and threshold 
effects analyses to describe the relationships between variables. Multiple regression analyses were used to examine 
the associations between the four obesity indicators and CAP and LSM. Subject work characteristics (ROC) curves 
were used to assess the predictive value of WWI and other traditional obesity indicators for hepatic steatosis and liver 
fibrosis, and predictive power was assessed by area under the curve (AUC).

Results The study involved 6713 participants, including 3072 men (46%) and 3641 women (54%). The results 
showed that among female participants, higher WWI was associated with hepatic steatosis (OR = 1.71, 95% CI: 1.43, 
2.04; P < 0.0001) and hepatic fibrosis (OR = 2.11, 95% CI: 1.58, 2.84; P < 0.0001). Smoothed curve fitting of WWI versus 
CAP showed a statistically significant positive correlation between WWI in male and female participants There was a 
statistically significant positive correlation with CAP for both male and female participants. The same significant non-
linear relationship was found between WWI and LSM, with no significant difference between males and females. WWI 
was also a good predictor of hepatic steatosis compared to other obesity indicators and was more pronounced in 
male participants (AUC = 0.8224). Whereas in the comparison of WWI with LSM, wBMI was a better predictor in female 
participants (AUC = 0.7751).
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Background
Non-alcoholic cirrhosis (NAFLD) is a chronic liver dis-
ease in which large amounts of fatty substances accu-
mulate in hepatocytes due to abnormalities in the 
functioning of fat metabolism. It is the most common 
chronic liver disease in clinical practice [1]. It is strongly 
associated with an elevated risk of developing type 2 dia-
betes, hypertension, cardiovascular disease, and chronic 
kidney disease [2, 3]. In 2020, an international panel of 
experts proposed renaming NAFLD as In 2020, an inter-
national panel of experts proposed renaming NAFLD as 
Metabolic Associated Fatty Liver Disease (MASLD) [4] 
Statistically, MASLD has become a global health problem 
affecting approximately 30% of the world’s population as 
the number of patients with obesity and metabolic syn-
drome continues to increase [5, 6]. Patients with MASLD 
are often associated with a variety of metabolic comor-
bidities including hyperglycaemia, hyperuricemia, and 
hyperlipidaemia, which are high-risk factors for type 2 
diabetes mellitus and the development of cardiovascular 
and cerebrovascular diseases [7]. In conclusion, the man-
agement of MASLD remains suboptimal.

Body mass index (BMI) is the simplest and most com-
monly used measure of obesity in humans. A recent study 
found that BMI is mainly limited to assessing obesity (fat 
mass), whereas the degree of abdominal obesity is a bet-
ter indicator of an individual’s health and mortality risk 
[8]. Therefore, waist circumference (WC) has been pro-
posed to indicate metabolic obesity [9]. In 2018 [10], 
researchers proposed and used WWI to measure central 
obesity in humans. In recent years, WWI has been found 
to be strongly associated with abdominal aortic calcifica-
tion, development of hypertension, and cardiovascular 
mortality [11–13].

However, there is a paucity of research on the rela-
tionship between WWI and MASLD, and only a few 
researchers have examined the predictive value of waist 
circumference as well as other body measurements for 
hepatic steatosis [14, 15]; therefore, the present study 
utilised the National Health and Nutrition Examination 
Survey (NHANES) to explore the relationship between 
WWI and hepatic steatosis and hepatic fibrosis in the US 
adult population.

Materials and methods
Survey description
Health examination information from a countrywide rep-
resentative sample of noninstitutionalised U.S. citizens 
and civilian populations was gathered from the National 
Health and Nutrition Examination Survey (NHANES) 
sample using a complicated, multistage sampling design 
[16].

The NCHS Research Ethics Review Board approved all 
NHANES study protocols and written informed consent 
was obtained from all survey participants. This investiga-
tion, was performed using the NHANES data, which cov-
ered the years 2017 to 2020 [17–20].

Study population
The study population was drawn from NHANES 2017 
to 2020. Figure 1 illustrates the process of including and 
excluding participants. A total of 15,560 participants 
were enrolled in this study, while those younger than 18 
years of age (n = 5,867), those with missing data on waist 
circumference and body weight (n = 1,249), those with 
alcoholism, hepatitis B or C virus infection (n = 1,163), 
those with missing data on vibration-controlled transient 
elastography (VCTE) (n = 387), and those with liver stiff-
ness quartiles ≥ 30% (n = 181) were excluded. Ultimately, 
6713 eligible participants were included in the final 
analysis.

Calculation of WWI
WC and body weight for obesity were predicted using 
WWI. WWI positively correlated with obesity [10]. In 
mobile examination centres, technically proficient health 
personnel gather anthropometric data on weight and 
waist circumference [21]. For subsequent analyses, par-
ticipants were categorised according to WWI quartiles, 
considering WWI as a continuous variable. The exposure 
variable in our study was WWI: WWI (cm/√kg) is com-
puted by dividing WC (cm) by the square root of body 
weight (kg).

Other indicators of obesity
The obesity indicators included in this study include 
waist-BMI ratio (wBMI) (Eq. 1), body mass index (BMI) 
(Eq.  2), and waist-to-height ratio (WHtR) (Eq.  3) These 
obesity indicators were determined based on the body 
measurements screening programme. The formulae for 
these indicators are as follows [22].

Conclusions Based on this study, WWI was significantly associated with the risk of hepatic steatosis and hepatic 
fibrosis in women, suggesting the potential of WWI as a screening tool. Due to the cross-sectional design, causality 
cannot be inferred. Longitudinal studies are needed to validate our findings.

Keywords Weight-adjusted waist circumference, Metabolic associated fatty liver disease, Cross-sectional study, 
NHANES
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 wBMI = WC (m) ∗ BMI  (1)

 
BMI = Weight (kg)

Height(m)2  (2)

 
WHtR = WC (cm)

Height (cm)  (3)

Measurement of hepatic steatosis and hepatic fibrosis
The primary objective of NHANES Ultrasound Transient 
Elastography of the Liver is to provide objective measure-
ments of liver disease manifestations, hepatic fibrosis, 
and steatosis. Liver ultrasound transient elastography 
is performed on a Fibro Scan instrument and reflects 
the degree of hepatic steatosis by measuring the Con-
trolled Attenuation Parameter (CAP). The FibroScan® 
uses ultrasound and VCTETM to determine liver stiff-
ness and to record the Controlled Attenuation Param-
eter (CAPTM) as an indicator of hepatic steatosis [23]. 
CAP ≥ 288 dB/m was considered to be a sign of steatosis. 
A recent meta-analysis showed that VCTE-derived liver 

stiffness measurements (LSM) have a low positive predic-
tive value, LSM < 8 kPa can be used to exclude advanced 
fibrosis, VCTE LSM between 8 and 12 kPa may be asso-
ciated with fibrotic NASH, and LSM > 12  kPa is associ-
ated with a high likelihood of advanced fibrosis [24, 25]. 
All participants were 18 years of age and older. Partici-
pants who were unable to lie on the examination table, 
were pregnant at the time of the examination (or were 
unsure if they were pregnant) were unable to obtain urine 
for a pregnancy test, had an implanted electronic medical 
device, had a bandage, or had an injury to the right side 
of the abdomen on the ribs (where measurements would 
be taken) were excluded.

Covariate
Demographic covariates included age, marriage, race, 
poverty-to-income ratio (PIR), and education level. 
Anthropometric and laboratory test covariates included 
body mass index (kg/m2), hip circumference (cm), tri-
glycerides (TG, mmol/L), low-density lipoprotein choles-
terol (LDL-C, mmol/L), total cholesterol (TC, mmol/L), 
high-density lipoprotein cholesterol (HDL-C, mmol/L), 
and urine creatinine (UCR, µmol/L). The remaining 
covariates were as follows: presence of smoking, presence 
of diabetes, hypertension, cardiovascular disease, hyper-
lipidaemia, sleep disorders, and sedentary time (hours/
week). Hypertension was defined as taking anti-hyper-
tensive medication, receiving a diagnosis of hypertension 
from a physician, or having three consecutive measure-
ments of systolic blood pressure ≥ 140 mmHg or dia-
stolic blood pressure ≥ 90 mmHg [26]. Body mass index 
was categorised as normal weight, overweight and obese. 
Standard measurement procedures for variables in this 
study are available at www.cdc.gov/nchs/nhanes. Covari-
ates are shown in Table 1 (end of text).

Data analysis
Data is analysed and displayed graphically using R (ver-
sion 4.1.3) and Empower Stats (version 2.0). Data were 
analysed and displayed graphically using R (version 4.1.3) 
and Empower Stats (version 2.0). Continuous variables 
were expressed as mean and standard error (SE) and cat-
egorical variables were expressed as proportions. Both 
CAP and LSM were statistically analysed as categorical 
variables. The WWI was divided into tertiles accord-
ing to their values, i.e., Q1, Q2, and Q3 representing the 
CAP different intervals. When categorised according to 
the WWI tertiles, the t-test or chi-square test was used 
to analyse the differences between the subjects. In this 
study, logistic regression analysis was used to analyse the 
association between WWI and the risk of hepatic steato-
sis and liver fibrosis (odds ratio (OR) and 95% confidence 
interval (CI)). Three different models were used to test 
the relationship between the variables. Model 1 is not 

Fig. 1 Chart for the selection of NHANES samples from 2017 to 2020

 

http://www.cdc.gov/nchs/nhanes
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adjusted for covariates. Model 2 adjusted for age, race, 
education level and marital status. Model 3 adjusted for 
age, race, education level and marital status, household 
income to poverty ratio, body mass index, hip circumfer-
ence, presence of hypertension, diabetes, hyperlipidaemia 
and sleep disorders. Smoothed curves were then fitted to 
determine whether there were linear or non-linear asso-
ciations between WWI and CAP and LSM. If non-linear 
associations existed, threshold effects analyses were used 
to provide each interval and calculate thresholds. Multi-
variate regression analyses were used to test for associa-
tions between the 4 obesity indicators and CAP and LSM. 
Subject work characteristics (ROC) curves were used to 
assess the predictive value of the WWI and other tradi-
tional obesity indicators for sensory hepatic steatosis and 
hepatic fibrosis, and discriminatory power was assessed 
by area under the curve (AUC).

Results
Baseline characteristics
The study included 6713 participants, 3072 (46.0%) males 
and 3641 (54.0%) females, with an age (mean ± stan-
dard deviation) of 48.107 ± 18.425. The study found that 
among the male participants, those in the highest tertile 
group compared to the lowest tertile tended to be older, 
non-Hispanic white, married or divorced, and had a had 
higher BMI, hip circumference, sedentary time, CAP lev-
els, smoked, and had hypertension, diabetes, hyperlipi-
daemia, and sleep disorders.

Female participants were the same as males, except 
that no significant differences were found in the number 
of sedentary hours among female participants. However, 

there was no significant difference in cardiovascular dis-
ease history between male and female participants.

Correlation between WWI and CAP and LSM
As shown in Table  1, logistic regression analyses indi-
cated a statistically significant association between WWI 
and CAP and LSM in fully adjusted models for females 
but not for male participants. Each 1-unit increase in 
WWI in women was associated with a 1.71-fold increase 
in the risk of hepatic steatosis (OR = 1.71, 95% CI: 1.43, 
2.04; P < 0.0001) and a 2.11-fold increase in the risk of 
liver fibrosis (OR = 2.11, 95% CI: 1.58, 2.84; P < 0.0001). 
In males, each 1-unit increase in WWI was associated 
with a 2.53-fold increase in the risk of hepatic steatosis 
(OR = 2.53, 95% CI: 1.98, 3.25; P < 0.0001). Subsequent 
sensitivity analyses using WWI as a categorical variable 
(tertiles) showed that in the highest tertile subgroup, 
WWI was statistically significantly associated with both 
CAP and LSM in female participants, whereas there was 
no statistically significant association between WWI and 
CAP and LSM in male participants.

Smoothed curve fitting showed that a non-linear rela-
tionship was found between WWI and CAP levels after 
adjusting for all variables (Fig. 2). There were differences 
in the relationship between WWI values and CAP by gen-
der. In male participants, there was a very strong positive 
association between WWI and CAP when WWI < 10.7 
(OR = 15.2, 95% CI: 10.2–22.5; P < 0.001), which gradually 
weakened after the inflection point (OR = 3.1, 95% CI: 2.5, 
3.9; P < 0.001). In female participants, the upward trend 
of CAP with increasing WWI became slower when WWI 
exceeded a certain value (Table 2).

Fig. 2 Association between weight-adjusted waist circumference index and CAP. The solid red lines indicate smooth curves fitted between the variables. 
The blue bars indicate 95% confidence intervals of the fit. CAP, controlled attenuation parameters
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There was also a significant non-linear relationship 
between WWI and LSM. The effect of WWI on LSM 
was more pronounced at lower WWI values for females 
(OR = 3.60,95% CI: 2.69, 4.82; P < 0.0001) and more pro-
nounced at higher WWI values for males (OR = 2.74,95% 
CI: (2.12, 3.55); P < 0.0001). (Fig. 3; Table 2).

Correlation of four obesity indicators with hepatic steatosis 
and hepatic fibrosis
As shown in Table  3, WWI was also a good predictor 
of hepatic steatosis compared to other obesity indica-
tors and was a better predictor for male participants 
(AUC = 0.8224). analysis of the WWI versus LSM showed 
that wBMI was a better predictor for female participants 
(AUC = 0.7751) (Figs. 4 and 5).

Discussion
The study involved 6713 participants, including 3072 
men (46%) and 3641 women (54%). The results showed 
that higher WWI was associated with hepatic steatosis 
and hepatic fibrosis in female participants. The same sig-
nificant non-linear relationship was found between WWI 
and LSM, with no significant difference between males 
and females. WWI was also a good predictor of hepatic 
steatosis compared to other obesity indicators and was 
more pronounced in male participants. Whereas in the 
comparison of WWI with LSM, wBMI was a better pre-
dictor in female participants.

The association between obesity and the increasing 
prevalence of MASLD is well-documented [27]. MASLD 
is considered a multisystemic disease that is notably 

Table 3 Threshold effect analysis of WWI on CAP using a two-piecewise linear regression model
WWI CAP

Males Females Total
Fitting by the standard linear model
Adjust β(95%Cl) P-value 5.2 (4.5, 6.1) < 0.001 2.7(2.4,3.0) < 0.001 2.7 (2.5, 2.9) < 0.001
Fitting by two-piecewise linear model
Inflection point 10.7 11.7 11.4
<K segment effect
>K segment effect
Logarithmic likelihood ratio test P-value

15.2(10.2,22.5) < 0.001
3.1 (2.5, 3.9) < 0.001
< 0.001

4.5 (3.7, 5.4) < 0.001
1.3 (1.0, 1.6) 0.049
< 0.001

5.1 (4.4, 5.9) < 0.001
1.3 (1.1, 1.5) 0.003
< 0.001

WWI LSM
Males Females Total

Fitting by the standard linear model
Adjust β(95%Cl) P-value 2.47 (2.02, 3.03) < 0.0001 2.70 (2.25, 3.24) < 0.0001 2.58 (2.26, 2.96) < 0.0001
Fitting by two-piecewise linear model
Inflection point 10.55 12.09 12.1
<K segment effect
>K segment effect
Logarithmic likelihood ratio test P-value

1.76 (1.03, 3.02) 0.0404
2.74 (2.12, 3.55) < 0.0001
0.202

3.60 (2.69, 4.82) < 0.0001
1.57 (1.00, 2.47) 0.0506
0.009

2.93 (2.45, 3.49) < 0.0001
1.68 (1.12, 2.53) 0.0125
0.026

Fig. 3 Association between weigh t-adjusted waist circumference index and LSM. The solid red lines indicate smooth curves fitted between the variables. 
The blue bars indicate 95% confidence intervals of the fit. LSM, liver stiffness measurements
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Fig. 5 WWI, BMI, wBMI and WHtR predicted the area under the ROC curve for liver fibrosis. 1, males; 2, females; WWI, weight-adjusted waist circumference; 
wBMI, waist circumference-BMI ratio BMI, body mass index; WHtR, waist circumference-height ratio

 

Fig. 4 WWI, BMI, wBMI and WHtR predicted the area under the ROC curve for hepatic steatosis. 1, males; 2, females; WWI, weight-adjusted waist circum-
ference; wBMI, waist circumference-BMI ratio BMI, body mass index; WHtR, waist circumference-height ratio
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associated with metabolic comorbidities [28]. The under-
lying cause may be an imbalance in lipid metabolism, 
which triggers inflammation, tissue regeneration, and 
fibroplasia [29, 30]. The hallmarks of centripetal obesity 
include an excessive build-up of abdominal fat and an 
enlarged waist circumference; married females are more 
prone to this type of obesity than single females [31, 32].

In this study, the correlation between WWI and CAP 
was found to be stronger in older adult women. This 
observation may be due to the effect of estrogen on lipid 
metabolism and fat distribution [33–35]. In women, 
hypogonadism and increased liver enzymes are associ-
ated with a higher prevalence of MASLD and advanced 
fibrosis. The prevalence of MASLD is higher in post-
menopausal women compared with premenopausal 
women. Limited data suggest that higher free testos-
terone levels in premenopausal women are associated 
with an increased risk of MASLD after menopause [36]. 
In addition, there is an association between higher tes-
tosterone levels and lower serum estradiol levels and 
NASH [37]. Limited studies have demonstrated the ben-
efits of hormone replacement therapy for MASLD [38]. 
The present study shows that WWI is positively associ-
ated with hepatic steatosis and hepatic fibrosis, and that 
an apparently relevant increase in abdominal obesity is 
strongly associated with the severity and progression of 
MASLD, although a direct causal relationship has not 
been established.

Prolonged sedentary behaviour can have a significant 
impact on the relationship between WWI and CAP. In 
the Nurses’ Health Study (NHS) [38], sedentary female 
participants had a much higher risk of obesity, which 
was associated with levels of physical activity; even a 
slight increase in moderate physical activity significantly 
reduced their risk of obesity [39]. Thus, sedentary behav-
iour may be a risk factor for MASLD and an independent 
predictor.

Strengths and limitations
The present study has the following four strengths. 
Firstly, this study provides clinical evidence supporting 
the association of WWI with CAP and provides a rich 
and relevant literature for early prevention of hepatic ste-
atosis and hepatic fibrosis in obesity. Second, the present 
study adjusted for many covariates and enhanced control 
for confounding variables. Third, this study enhances the 
current understanding of the WWI as a novel predictor 
for the early assessment of MASLD and provides a sim-
ple anthropometric measure for the early prevention of 
MASLD in obese men and women, which can help pre-
vent hepatic steatosis associated with pseudo-obesity. 
Finally, the sample in this study was representative of the 
real world.

However, this study has several limitations. First, the 
cross-sectional design precluded causal inferences. Sec-
ond, hepatic steatosis and hepatic fibrosis were assessed 

Table 4 Comparison of AUC values between WWI and other obesity indicators
Test AUC 95%CL Best threshold Sensitivity Specificity

CAP
Males

WWI 0.8224 0.8078–0.8371 28.5950 0.7207 0.7681
wBMI 0.7579 0.7412–0.7746 10.6350 0.5585 0.8444
BMI 0.8075 0.7922–0.8228 28.8350 0.7445 0.7246
WHtR 0.5907 0.5701–0.6113 1.1450 0.6071 0.5204

Females
WWI 0.7826 0.7672–0.7980 28.0050 0.6311 0.7862
wBMI 0.7239 0.7070–0.7408 11.3150 0.6378 0.7128
BMI 0.7706 0.7548–0.7865 28.7050 0.6162 0.7881
WHtR 0.6172 0.5972–0.6373 1.2450 0.6887 0.4862

LSM
Males

WWI 0.6901 0.6598–0.7203 11.1050 0.6718 0.6697
wBMI 0.7001 0.6660–0.7342 36.2600 0.8097 0.5380
BMI 0.6874 0.6528–0.7220 32.4050 0.7984 0.5198
WHtR 0.5565 0.5222–0.5908 1.1050 0.6813 0.4121

Females
WWI 0.7213 0.6923–0.7503 11.4050 0.600 0.7668
wBMI 0.7751 0.7466–0.8035 33.5100 0.699 0.7376
BMI 0.7649 0.7354–0.7944 31.6750 0.6710 0.7447
WHtR 0.6362 0.6001–0.6722 1.2450 0.6531 0.5618
AUC, area under the curve; 95%CI, confidence interval; WWI, weight-adjusted waist waist; wBMI, waist circumference-BMI ratio BMI, body mass index; WHtR, waist 
circumference-height ratio
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by non-invasive indicators (e.g., CAP, FIB-4) rather than 
liver biopsy, which may introduce classification bias. 
Third, residual confounding by unmeasured variables 
(e.g., genetic factors, pharmacological factors) cannot be 
excluded.

Conclusion
Our study demonstrated that elevated WWI was strongly 
associated with the FibroScan® parameters used to sup-
port and monitor MASLD in adult women in the U.S. 
Based on our findings, WWI was significantly associ-
ated with the risk of hepatic steatosis and hepatic fibro-
sis in women, suggesting that WWI has the potential to 
be a screening tool. More advanced statistical techniques 
and study designs are needed to minimise the effects of 
confounding variables, and more data are needed for 
validation.
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