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increased prevalence of 
gallstones in American adults: a 
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Background: Metabolic Visceral Fat Score (METS-VF) recently introduced 
is posited to be a superior metric for assessing visceral adipose tissues (VAT) 
compared to traditional obesity indexes. This study aims to elucidate the 
correlation between METS-VF and the incidence of gallstones.

Methods: In this cross-sectional study, the data from the National Health and 
Nutrition Examination Survey (NHANES) during the period from 2013 to 2020 
were analyzed. And the correlation between METS-VF and the incidence 
of gallstones was explored through multivariate logistic regression analysis, 
receiver operating characteristic (ROC) curve, subgroup analysis and restricted 
cubic spline (RCS) regression.

Results: This study included 5,975 participants, of whom 645 (10.8%) were 
gallstone formers. As the quartile range of METS-VF increased, a notable rise 
in the prevalence of gallstones was observed (3.2% vs. 7.4% vs. 12.1% vs. 20.6%, 
p  <  0.001). Logistic regression analyses indicated a significant positive correlation 
between METS-VF and the risk of gallstones (OR  =  3.075, 95% CI: 2.158, 4.381). 
Subgroup analyses further revealed a stronger correlation between gallstones 
and METS-VF in subjects over 50  years old. RCS regression identified a non-
linear positive correlation, with an inflection point at 6.698. Finally, the area 
under the ROC curve (AUC) of METS-VF was significantly larger (AUC  =  0.705, 
95%: 0.685, 0.725) than those of traditional obesity indexes and other VAT 
surrogate markers.

Conclusion: This study is the first to reveal a significant positive correlation 
between the prevalence of gallstones and METS-VF, with METS-VF outperforming 
other VAT surrogate markers in the diagnosis of gallstones.
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Introduction

Gallstones are one of the most prevalent digestive diseases worldwide, and risk factors 
have been well established for gallbladder cancer as well (1, 2). Gallstones represent a 
substantial healthcare burden in the United States, impacting up to 15% of Americans (3, 4). 
Epidemiological data indicated that the prevalence of gallstones ranges from 10 to 15% among 
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adult Caucasians. which can be as high as 70% among American 
Indians (5, 6). While gallstones are typically asymptomatic, 10 to 25% 
of affected individuals may experience specific symptoms such as 
acute cholecystitis and biliary pain. Among these symptomatic cases, 
1 to 2% may develop severe complications (1, 7–9), which can result 
in significant pain and potentially life-threatening conditions. 
Although previous studies have identified risk factors correlated with 
the formation of gallstones, there is still an absence of dependable 
clinical indexes for the prevention of gallstones.

Pregnancy, female, race, and age over 40 years old are 
non-modifiable risk factors for the development of gallstones, each of 
which increases the risk of gallbladder by 4 to 10 times (3, 4). Among 
modifiable risk factors, metabolic syndrome, characterized by 
dyslipidemia, obesity, insulin resistance, and type 2 diabetes mellitus 
(T2DM), emerges as the most significant contributor to the 
development of gallstones (10). Obesity, particularly abdominal 
obesity, affecting approximately 25% of the population, is significantly 
correlated with the incidence of gallstones (3). Numerous studies have 
identified obesity as a risk factor for developing gallstones (11–13), 
with evidence indicating that the incidence of gallstones increased by 
a factor of 1.63 for every five-unit increment in body mass index 
(BMI) (12). Despite the strong correlation between obesity and the 
formation of gallstones, there is still a notable deficiency in reliable 
obesity indexes for predicting and assessing the risk of gallstones.

Studies have indicated that VAT exhibits a stronger correlation 
with metabolic diseases compared to subcutaneous fat (14–16). In 

a recent study, Bello-Chavolla et al. (17) found that METS-VF is 
significantly better than traditional obesity indexes in estimating 
VAT. METS-VF encompasses waist to height ratio (WHtR), BMI, 
hig-density lipoprotein cholesterol (HDL-C), fasting plasma 
glucose (FPG), triglycerides (TG), gender, and age. It can offer a 
comprehensive assessment of the metabolic impact and content of 
VAT. It can not only evaluate the distribution and content of 
glycolipid metabolism and body fat, but also incorporate gender 
and age differences in VAT. Recent studies have established 
METS-VF as a more effective predictor and assessor of metabolic 
disease risk, including hyperuricemia, hypertension, chronic 
kidney dysfunction (CKD), and T2DM, compared to traditional 
obesity indexes (18–22). Nevertheless, the correlation between 
gallstones and METS-VF, along with its potential utility in 
identifying individuals at increased risk for gallstones, 
remains undocumented.

Therefore, this study aims to evaluate the correlation between 
METS-VF and the prevalence of gallstones, and to compare the 
predictive value of METS-VF for gallstones with that of other VAT 
indexes (WHtR, visceral adiposity index (VAI), BMI, lipid 
accumulation product (LAP)), and IR related indexes (metabolic score 
for insulin resistance (METS-IR), triglyceride-glucose index (TyG)) 
within Americans.

Methods

Research subjects

The author obtained data from the National Health and Nutrition 
Examination Survey (NHANES),1 a national population-based cross-
sectional study conducted by the National Center for Health Statistics 
(NCHS) to explore health status in Americans (23). The survey is 
conducted every 2 years by taking physical examinations, interviews, 
and various sections covering dietary, demographic, examination, and 
laboratory data.

The baseline clinical data analyzed in this study were derived from 
NHANES 2013–2020. The data from subjects explicitly responding to 
questions regarding the presence of gallstones were included. A total 
of 44,960 participants completed the questionnaire. After excluding 
participants aged<20 years old (n = 17,306), missing data about 
gallstones (n = 11,525) and METS-VF (n = 8,789), the final sample 
comprised 5,975 participants, of whom 648 reported a history of 
gallstones by themselves (as shown in Figure 1).

Measurement of covariates

Demographics and lifestyle data came from the household 
interview questionnaires administered by highly trained medical 
personnel. Anthropometric indexes and biochemical parameters 
were obtained through medical examinations and subsequent 
laboratory assessments in the Mobile Examination Center (MEC). 
According to previous studies (5, 17), potential confounding 

1 www.cdc.gov/nchs/nhanes

FIGURE 1

Flowchart of the sample selection from the 2013–2020 NHANES.
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factors correlated with gallstones and METS-VF were incorporated 
into the final analysis. The factors included demographic variables 
(age, height, race, blood pressure, gender, waist circumference 
(WC), educational attainment, weight, and physical activity). Total 
cholesterol (TC), uric acid (UA), FPG, albumin, low-density 
lipoprotein cholesterol (LDL-C), alanine aminotransferase (ALT), 
TG, gamma-glutamyl transferase (GGT), aspartate 
aminotransferase (AST), creatinine, and HDL-C were collected in 
blood samples. Questionnaire survey covered alcohol 
consumption, hypertension, diabetes mellitus, dietary intake 
factors, encompassing fat, energy, water, and sugar intake. All 
participants from 2013 to 2020 completed 24-h dietary recalls, and 
the mean consumption rates derived from these two recalls were 
utilizes. Detailed measurement methodologies and data 
acquisition for each variable can be  accessed at www.cdc.gov/
nchs/nhanes.

Calculation formula of VAT surrogate 
markers

Various VAT and IR surrogate markers based on simple 
anthropometric measurements have been developed, such as 
metabolic score for insulin resistance (METS-IR), triglyceride-glucose 
index (TyG), METS-VF, lipid accumulation product (LAP) and 
visceral adiposity index (VAI).

METS-IR was calculated with the following formula (10, 
17, 24–26):

 [ ] [ ]METS IR Ln 2 FPG TG BMI / Ln HDL C− = × + × −

  ( ) ( )TyG Ln TG mg / dL FPG mg / dL / 2=  ×  

METS-VF was calculated with the following formula:

 

( )[ ] ( )[ ]

( ) ( ) ( )[ ]

3 3METS VF 3.239 Ln WHtR 0.011 Ln METS IR
0.319 gender

male 1,female 0 4.466 0.594 Ln Age year

− = × + × −
+ ×

= = + + ×

  ( ) ( )LAP male TG WC 65= ∗ −

  ( ) ( )LAP female TG WC 58= ∗ −

  ( ) [ [( ) ( ) ( )] ]VAI male WC / TG / 1.03 1.88 BMI ) 1.31 / HDL 39.68= × × × +

 ( ) [ [( ) ( ) ( )] ]VAI female WC / TG / 0.81 1.89 BMI ) 1.52 / HDL 36.58= × × × +

Statistical analysis

METS-VF values were categorized into quartiles (Q1: ≤6.27; 
Q2: 6.27–6.69; Q3: 6.69–7.00; Q4: ≥7.00). Differences among 
quartile groups were assessed with chi-square test or Kruskal-
Wallis H test. ORs and 95% CIs between gallstones and METS-VF 
were explored with multiple logistic regression models. The 
analysis incorporated three models: Model 1 (unadjusted), Model 
2 (adjusted for race, gender, and age), and Model 3 (fully adjusted 
for drinking, educational level, TC, moderate physical activities, 
T2DM, albumin, SBP, DBP, ALT, AST, creatinine, GGT, total fat, 
total water, uric acid, total energy, and total sugar intake). The 
potential modifications of the correlation by covariates were 
explored through interaction tests and subgroup analyses. 
Furthermore, the non-linear correlation between gallstones and 
METS-VF was assessed through RCS analyses. Inflection point 
values were identified through the natural ratio test upon detecting 
non-linear correlation. Finally, the diagnostic efficacy of 
METS-VF, METS-IR, TyG, BMI, LAP, WHtR, and VAI in detecting 
was evaluated through ROC analyses. Data analyses were 
conducted with R software and Free Statistics software, with a 
significance threshold at p < 0.05 for all statistical tests.

Results

Clinical baseline features of subjects

Baseline demographic characteristics of the enrolled 
participants are detailed in Table 1, with attributes categorized 
according to gallstone status. Apart from drinking, liver functions, 
educational level, uric acid, TC, LDL-C, and dietary parameters 
(total sugar and water intake), significant differences in baseline 
characteristics were identified between the two cohorts. 
Individuals with gallstones demonstrated higher values in BMI, 
age, WC, FPG, TG, and METS-VF. Additionally, the proportion of 
females was significantly higher, and the prevalence of 
hypertension and T2DM was also higher in this group. Conversely, 
subjects with gallstones showed lower levels of albumin, creatinine, 
HDL-C, and total energy fat intake.

The increase of METS-VF was positively 
correlated with the incidence of gallstones

As illustrated in Figure  2, the quartile range of METS-VF 
increased, with a notable rise in the prevalence of gallstones (3.2% 
vs. 7.4% vs. 12.1% vs. 20.6%, p < 0.001). In a fully adjusted model, 
each one-unit increase in METS-VF was correlated with a 2.075-
fold higher risk of developing gallstones (OR = 3.075, 95% CI: 
2.158, 4.381). According to the sensitivity analysis, METS-VF was 
categorized into quartiles, showing that in the fully adjusted 
Model 3, subjects in the second, third, and fourth quartiles 
exhibited a statistically significant increase in the risk of gallstones 
by 0.997, 1.702, and 2.363, respectively, compared to those in the 
lowest quartile (Table 2).
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TABLE 1 Baseline characteristics of participants.

Characteristic Non-stone formers Stone formers p value

Number 5,327 648 <0.001

Age, year 50.02 ± 17.42 57.67 ± 15.23 <0.001

Race, n% <0.001

Mexican American 696 (13.1) 101 (15.6)

  Other Hispanic 501 (9.4) 83 (12.8)

  Non-Hispanic White 1761 (33.1) 258 (39.8)

  Non-Hispanic Black 1,359 (25.5) 105 (16.2)

  Other Race 1,010 (19) 101 (15.6)

Moderate activities, n% 0.007

  Yes 2,234 (41.9) 236 (36.4)

  No 3,093 (58.1) 412 (63.6)

Diabetes, n% <0.001

  Yes 789 (15.3) 181 (28.8)

  No 4,363 (84.7) 448 (71.2)

Hypertension <0.001

  Yes 1937 (36.4) 351 (54.2)

  No 3,381 (63.6) 297 (45.8)

Education level, n% 0.357

  Less than high school 1,021 (19.2) 134 (20.7)

 High school or above 4,306 (80.8) 514 (79.3)

Drinking, n% 0.548

  Current or ever, % 4,616 (86.7) 567 (87.5)

  Never 711 (13.3) 81 (12.5)

Male, n% 2,706 (50.8) 184 (28.4) <0.001

Weight, cm 82.33 ± 21.93 88.89 ± 23.44 <0.001

Body mass index, Kg/m2 29.37 ± 7.01 33.10 ± 8.16 <0.001

Height, cm 167.12 ± 10.02 163.71 ± 9.08 <0.001

Waist circumference, cm 99.78 ± 16.89 108.18 ± 16.86 <0.001

Systolic blood pressure, mmHg 125.50 ± 19.66 128.75 ± 20.76 0.019

Diastolic blood pressure, mmHg 72.30 ± 12.76 70.11 ± 14.88 0.017

FPG, mmol/L 6.26 ± 2.07 6.74 ± 2.32 <0.001

ALT, U/L 22.25 ± 18.50 21.89 ± 14.39 0.634

AST, U/L 21.92 ± 14.57 21.19 ± 10.44 0.215

GGT, U/L 32.25 ± 51.22 32.23 ± 40.96 0.994

Albumin, g/dl 4.02 ± 0.33 3.89 ± 0.35 <0.001

Creatinine, umol/L 75.00 (62.00, 88.00) 71.00 (59.00, 86.00) <0.001

Uric acid, umol/L 321.20 (261.70, 380.70) 315.20 (267.70, 368.80) 0.325

Total cholesterol, mmol/L 4.80 ± 1.06 4.74 ± 1.17 0.199

Triglycerides, mmol/L 1.17 (0.84, 1.67) 1.40 (0.98, 1.84) <0.001

HDL-cholesterol, mmol/L 1.39 ± 0.42 1.35 ± 0.36 0.006

LDL-cholesterol, mmol/L 2.84 ± 0.91 2.78 ± 1.03 0.153

PIR 2.61 ± 1.62 2.54 ± 1.51 0.310

Total sugar, g 87.48 (57.67, 127.44) 87.59 (57.98, 123.94) 0.797

Total energy, kcal 2037.58 ± 836.47 1892.53 ± 805.13 <0.001

(Continued)
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Non-linearity analysis between METS-VF 
and gallstones

To further explore the correlation between METS-VF and 
gallstones, RCS analyses on Model 3 was conducted. The results 
depicted in Figure  3 revealed a non-linear correlation between 
METS-VF and gallstones. A subsequent threshold effect analysis 
detailed in Table 3 identified an inflection point for METS-VF at 6.698 
(log-likelihood ratio < 0.001).

Subgroup analysis

To evaluate the robustness of the correlation between METS-VF 
and the prevalence of gallstones, subgroup analyses were performed. 
The results consistently demonstrated a notable correlation between 
METS-VF and gallstones within various subgroups (Figure 4). In the 
age subgroups, an elevated METS-VF was correlated with a higher 
prevalence of gallstones in the younger age subgroup.

Predictive value of METS-VF for gallstones

The ROC curve in Figure 5 presents the diagnostic performance 
of METS-VF, METS-IR, TyG, BMI, WHtR, LAP and VAI in 
identifying gallstones. As demonstrated in Table  4, METS-VF 
exhibited the highest diagnostic accuracy for gallstones, with an AUC 
value of 0.705 (95% CI: 0.685–0.725), significantly surpassing other 
VAT and IR surrogate markers (p < 0.001).

Discussion

This cross-sectional study encompassing 5,975 representative 
adults identified a notable positive correlation between METS-VF 
and gallstones. This correlation was particularly pronounced 
among younger individuals. Notably, non-linear correlation was 
observed between METS-VF and gallstones, with a saturation 
value of 6.698. Furthermore, among the seven indexes (WHtR, 
METS-VF, TyG, BMI, METS-IR, LAP, and VAI) evaluated, 

TABLE 1 (Continued)

Characteristic Non-stone formers Stone formers p value

Total fat, g 82.36 ± 39.00 77.81 ± 38.66 0.010

Total water, g 960.00 (450.00, 1618.28) 867.00 (445.88, 1567.50) 0.358

METS-VF 6.50 ± 0.64 6.88 ± 0.39 <0.001

Values are mean ± SD or number (%). P < 0.05 was deemed significant. BMI, body mass index; FPG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL-c, High density 
lipoprotein cholesterol; LDL-c, Low density lipoprotein cholesterol; GGT, glutamyl transpeptidase; METS-VF, metabolic score for visceral fat.

FIGURE 2

The prevalence of gallstones across quartiles of METS-VF.
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METS-VF demonstrated the largest AUC in predicting the odds 
of gallstones.

In recent years, there have been more and more scholars 
beginning to focus on the obesity and IR correlated with the 
development of gallstones. In a case–control study involving 881 
subjects, HOMA-IR, a conventional index of IR, was found to 
correlate with developing gallstones (27), corroborating the 
findings from Wang et  al. regarding the correlation between 
METS-IR and developing gallstones (10). Similarly, Wang et al. 
found that elevated triglyceride-glucose index, a novel indicator 
of IR, was correlated with the increased prevalence of gallstones 
(28). Furthermore, BMI, an index of overall adiposity, has been 
shown to double the risk of developing gallstones when individuals 
reach overweight or obese status (13, 29, 30). A Mendelian 
randomization study by Zhu et al. corroborated these findings by 
demonstrating an increased WC correlated with a heightened risk 
of developing gallstones (31). A reliable measure of central 
adiposity, WHtR, has also been identified in Taiwan and Iran as 
the most significant risk factor for developing gallstones among 
females (32, 33). However, the diagnostic utility of these indexes 
is constrained by the inability to distinctly differentiate between 
VAT and subcutaneous adipose tissue.

METS-VF is a novel VAT estimator recently developed by 
Bello-Chavolla et al. It has undergone a comprehensive validation 
and development, which has been documented in detail elsewhere 
(17). Due to the computational simplicity and high accuracy of 
METS-VF in predicting visceral obesity, increasing researchers 
have explored and corroborated the superior efficacy in assessing 
and forecasting the risk of diseases correlated with visceral obesity. 
In the studies, Yu et al. demonstrated that METS-VF exhibited a 
strong predictive capacity for CKD compared to alternative 
markers of central adiposity (18). Furthermore, METS-VF has 
shown applicability and reliability as a predictor of T2DM and 
hypertension in Chinese, outperforming other obesity evaluation 
indexes (34, 35). For non-obese females, METS-VF is instrumental 
in guiding the management and prevention of hyperuricemia (22). 
The correlation between METS-VF and gallstones, however, has 
not been studied to date. This study identified a significant and 
non-linear positive correlation between METS-VF and the 
prevalence of gallstones in a nationally representative sample for 
the first time. As a result of the ROC analysis, METS-VF possessed 
a significantly higher diagnostic value for gallstones than other 

VAT, IR surrogate markers, such as BMI, WHtR, VAI, LAP, 
METS-IR, TyG. These findings align with prior studies on 
METS-VF. These studies collectively supports the assertion that 
METS-VF is a superior predictive and diagnostic tool compared 
to traditional VAT surrogate indexes, with extensive potential 
applications in diseases correlated with visceral obesity.

Additionally, this study identified an age-related effect on the 
prevalence of gallstones through interaction testing. Consistent 
with the results, previous studies have demonstrated that the 
impact of obesity and metabolic syndrome on gallstones is more 
pronounced in younger individuals (36). The dietary patterns of 
younger individuals were typically characterized by the levels of 
calories, cholesterol, and fat, coupled with inadequate intake of 
dietary fiber. In addition, the rising incidence of obesity among 
this demographic was correlated with disruptions in lipid 
metabolism, thereby heightening the risk of gallstones formation 
(36–38). Furthermore, this is due to the fact that the prevalence of 
gallstones is already at a higher level in the older population and 
therefore its changes with METS-VF are flatter.

There are possible mechanistic explanations for the correlation 
between METS-VF and gallstones. (1) According to a study 
conducted in a high-risk Hispanic population, IR changes 
gallbladder function by increasing cholesterol-supersaturated bile 
production, which develop gallstones (27). Moreover, animal 
experiments have shown that mice with isolated hepatic IR are more 
likely to develop cholesterol gallstones (39). It is possible that the 
observed mechanism is correlated with increased expression of 
biliary cholesterol transporters, which is caused by the disinhibition 
of the forkhead transcription factor FoxO1. An alternative 
mechanism could involve hepatic IR, which diminishes the 
expression of bile acid synthetic enzymes, consequently producing 
a lithogenic bile salt profile. (2) There is a link between obesity and 
increased cholesterol secretion, leading to cholesterol-supersaturated 
bile precipitating as cholesterol gallstones (33). Gallstones may 
be  developed in obese individuals due to impaired gallbladder 
motility for decreased sensitivity to cholecystokinin. (3) Through its 
regulation of bile acid metabolism, leptin, a hormone essential in the 
development of obesity, has been implicated in cholelithiasis 
development (40). (4) Rapid weight loss after metabolic bariatric 
surgery increasingly performed nowadays leads also to the 
development of gallstones in the long-term due to cholesterol 
supersaturation and reduced mobility of gallbladder (41).

TABLE 2 Logistic regression analysis between METS-VF with gallbladder stone prevalence.

Model1 OR (95% CI), p value Model 2 OR (95% CI), p 
value

Model 3 OR (95% CI), p 
value

METS-VF 4.913 (3.945, 6.120), <0.001 4.066 (3.115, 5.307), <0.001 3.075 (2.158, 4.381), <0.001

METS-VF (Quartile)

Q1 Reference Reference Reference

Q2 2.418 (1.71, 3.419), <0.001 2.246 (1.576, 3.199), <0.001 1.997 (1.291, 3.088), 0.002

Q3 4.13 (2.978, 5.728), <0.001 3.436 (2.428, 4.863), <0.001 2.702 (1.747, 4.178), <0.001

Q4 7.805 (5.704, 10.68), <0.001 5.901 (4.101, 8.492), <0.001 3.363 (2.080, 5.438), <0.001

p for trend <0.001 <0.001 <0.001

Model 1: None covariates were adjusted; Model 2: gender, age and race were adjusted; Model 3: gender, age, race, drinking, educational level, TC, moderate physical activities, diabetes, 
albumin, SBP, DBP, ALT, AST, creatinine, GGT, uric acid, total water, total energy, total sugar and total fat were adjusted.
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The accuracy of transabdominal ultrasound in detecting gallstones 
is more than 95% (42). In this study, high METS-VF was found to 
be  positively correlated with the risk of developing gallstones, 
particular for participants with METS-VF greater than 6.698. 

Therefore, transabdominal ultrasound testing is necessary to screen 
for gallstones in participants with METS-VF greater than 6.698.

Study strengths and limitations

The study’s primary strength is its distinction as the first cross-
sectional analysis to explore the correlation between METS-VF and 
gallstones, supported by a sufficiently large and representative sample 
size. However, this study really had limitations that should 
be acknowledged. Firstly, cross-sectional studies are limited in their 
ability to establish causality, leaving the causal correlation between 
METS-VF and gallstones, as well as the directionality of this potential 
correlation, to be elucidated through further research. Secondly, a 
notable limitation of this study is the reliance on self-reported 
diagnoses of gallstones by subjects, which introduces an inherent 
recall bias. Consequently, future prospective studies are warranted to 

FIGURE 3

Restricted cubic spline fitting for the association between METS-VF levels and gallstones.

TABLE 3 Threshold effect analysis of METS-VF on gallbladder stone using 
the two-piecewise regression model.

METS-VF Adjusted OR (95% 
CI)

p value

Inflection point 6.698

METS-VF < 6.698 4.708 (2.368, 9.362) <0.001

METS-VF > 6.698 2.780 (1.151, 6.714) 0.023

Log likelihood ratio <0.001

METS-VF, metabolic score for visceral fat, statistically significant: p < 0.05. Gender, age, race, 
drinking, educational level, TC, moderate physical activities, diabetes, albumin, SBP, DBP, 
ALT, AST, creatinine, GGT, uric acid, total water, total energy, total sugar and total fat were 
adjusted.
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address these limitations. Thirdly, there are numerous potential 
influencing factors for METS-VF and gallstones. Despite the model’s 
inclusion of as many pertinent covariates as possible, it remains 

challenging to completely eliminate the influence of other variables, 
such as blood disorders, previous bariatric surgeries and 
genetic factors.

FIGURE 4

Association between METS-VF and the risk of gallstones in various subgroups.
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Conclusion

In conclusion, the present study identified a significant 
correlation between elevated METS-VF and an increased 
prevalence of gallstones. Compared to other indexes, METS-VF 
emerges as a more convenient and effective surrogate marker for 
VAT measurement. It holds potential for personalizing 
interventions and aiding physicians in identifying populations 
that may benefit from gallstone screening, thereby reducing both 

the economic burden and the risk of serious complications 
correlated with gallstones.

Data availability statement

Publicly available datasets were analyzed in this  
study. This data can be  found at: NHANES, http://www.cdc.
gov/nhanes.

FIGURE 5

ROC analysis of METS-VF, METS-IR, BMI, WHtR, LAP and VAI to IR among American adults.

TABLE 4 The AUC for each index to discriminate gallbladder stone.

AUC 95% CI Cutoff value Sensitivity Specificity

METS-VF 0.705 0.685–0.725 6.767 0.731 0.610

METS-IR 0.637 0.616–0.659 42.06 0.710 0.502

TyG 0.597 0.575–0.619 8.71 0.585 0.574

BMI 0.645 0.623–0.666 30.15 0.607 0.619

WHtR 0.674 0.654–0.695 0.621 0.648 0.620

LAP 0.645 0.624–0.665 52.20 0.653 0.584

VAI 0.612 0.590–0.634 1.235 0.776 0.416

METS-VF, metabolic score for visceral fat; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose index; BMI, body mass index; WHtR, waist-to-height ratio; LAP, lipid 
accumulation product; VAI, visceral adiposity index.
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