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Abstract
Visceral adipose tissue (VAT) is strongly linked to cardiometabolic risk, yet direct measurement is not routinely
feasible in health examination settings. The comparative performance of routine anthropometric indices, triglyceride-
glucose (TyG)-derived metrics, and formula-based adiposity indices for identifying VAT, as well as their clinical
relevance to fatty liver and atherosclerotic plaque, remains incompletely defined.

We analysed 821 adults who underwent routine health examinations. Spearman correlation analysis was used to
compare anthropometric, metabolic and TyG-derived variables with measured VAT. Receiver operating characteristic
analysis was used to compare lipid accumulation product (LAP), visceral adiposity index (VAI), a body shape index
(ABSI), body roundness index (BRI), metabolic score for insulin resistance (METS-IR) and metabolic score for visceral
fat (METS-VF) for identifying high VAT. Logistic regression was used to assess fatty liver and atherosclerotic plaque.

VAT was strongly associated with fatty liver than plaque, with stepwise prevalence increases across VAT quartiles.
For fatty liver, LAP, METS-IR, METS-VF, BRI, and VAI showed good model discrimination; for plaque, BRI, ABSI, and
METS-VF remained positive after age/sex adjustment, but discrimination was modest. TyG-WC, TyG-WWI, and WC
best reflected measured VAT, while METS-VF, LAP, BRI, and METS-IR effectively identified high VAT, supporting
preliminary risk stratification and targeted liver/vascular assessment.

Introduction
Central obesity is a major public health challenge and an important driver of cardiometabolic disease [1, 2]. Among
adiposity phenotypes, visceral adipose tissue (VAT) is especially relevant because it reflects pathogenic fat
distribution and is closely linked to insulin resistance, dyslipidaemia, glucose dysregulation, fatty liver and
atherosclerotic disease [3–5]. Compared with subcutaneous adipose tissue, VAT has greater lipolytic and
inflammatory activity and may promote free fatty acid flux, chronic low-grade inflammation, impaired insulin
signalling and lipotoxicity [6–8]. Identifying individuals with excess VAT is therefore important for early risk
stratification in health examination populations [9, 10].

Direct VAT assessment requires imaging or body-composition techniques, which are informative but limited by cost,
accessibility and feasibility in routine health examinations [10–12]. By contrast, body mass index (BMI), waist
circumference (WC) and waist-to-height ratio (WHtR) are simple and readily available [12–15]. However, BMI cannot
distinguish visceral from subcutaneous fat and is an imperfect surrogate for VAT. The triglyceride-glucose (TyG) index
and TyG-derived metrics may offer additional information because they combine anthropometric and metabolic
signals [16–18]. Their ability to reflect measured VAT, however, varies across cohorts [19–21].

Formula-based adiposity indices have also been developed, including lipid accumulation product (LAP), visceral
adiposity index (VAI), a body shape index (ABSI), body roundness index (BRI), metabolic score for insulin resistance
(METS-IR) and metabolic score for visceral fat (METS-VF) [22–27]. These indices are appealing because they integrate
body shape, lipid metabolism and insulin-resistance-related information [22–25]. Yet their comparative performance for
identifying excess VAT in real-world health examination cohorts remains uncertain [26–28].

Excess visceral adiposity is not only a body-composition phenotype but also a potential upstream contributor to
organ injury [3, 10]. Fatty liver is a common hepatic manifestation of visceral adiposity and metabolic dysfunction,
whereas atherosclerotic plaque reflects structural vascular injury and increased cardiovascular risk [29–37]. Previous
studies have examined obesity-related indices in relation to liver or vascular disease, but fewer have evaluated routine
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anthropometric and metabolic markers, formula-based indices, measured VAT and downstream outcomes within a
single analytical framework [38–41].

Here, we compared routine anthropometric variables and TyG-derived metrics with measured VAT to identify practical
surrogates for health examination settings. We then evaluated six formula-based adiposity indices for identifying high
VAT. Finally, we examined associations of VAT with fatty liver and atherosclerotic plaque and assessed the
performance of the six formula-based indices for these outcomes. This stepwise approach was designed to inform
risk stratification in routine health examination practice.

Methods
Study population and data collection

We included 821 individuals who underwent routine health examinations at the Second Affiliated Hospital of Jiaxing
University. Demographic data (age and sex), anthropometric measures (height, weight, BMI, WC and WHtR),
laboratory indices (including TG, HDL-C and fasting blood glucose), measured VAT and derived indices were
collected. Because some variables had missing values, the effective sample size differed across analyses.

Definitions and grouping

VAT area was measured by abdominal computed tomography. High VAT was defined using previously reported sex-
specific thresholds for VAT measured at the L2/3 level in a Chinese population: >142 cm² in men and >115 cm² in
women [28]. Fatty liver was diagnosed by abdominal ultrasonography based on standard sonographic features.
Carotid atherosclerotic plaque was assessed by carotid ultrasonography and defined as plaque presence in the
carotid arteries. Fatty liver and carotid atherosclerotic plaque were treated as binary outcomes and recoded as 1 for
presence and 0 for absence before logistic regression analysis. For trend analyses, participants were categorised into
quartiles according to the distribution of measured VAT in the overall study population.

Calculation of anthropometric and adiposity indices

Body mass index (BMI) was calculated as weight in kilograms divided by height in metres squared. Waist-to-height
ratio (WHtR) was calculated as waist circumference (WC) divided by height, with both measurements expressed in
the same unit. The weight-adjusted waist index (WWI) was calculated as WC in centimetres divided by the square
root of body weight in kilograms.

The triglyceride-glucose (TyG) index was calculated as:

TyG = ln [fasting TG (mg/dL) × fasting glucose (mg/dL) / 2].

Fasting triglycerides and fasting glucose were converted to mg/dL for the calculation of TyG and TyG-derived indices.
TyG-derived indices were calculated by multiplying TyG by BMI, WHtR, WC, or WWI, yielding TyG-BMI, TyG-WHtR, TyG-
WC, and TyG-WWI, respectively.

The conicity index was calculated as:

Conicity index = WC (m) / [0.109 × √{weight (kg) / height (m)}].

Because the original values of the conicity index are close to 1, values were multiplied by 1000 for tabular
presentation. Accordingly, conicity index values are reported as ×1000 in the tables.
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The six formula-based adiposity indices were calculated according to their original definitions. Lipid accumulation
product (LAP) was calculated using sex-specific formulas: [WC (cm) − 65] × TG (mmol/L) for men and [WC (cm) − 58]
× TG (mmol/L) for women. Visceral adiposity index (VAI) was calculated as [WC/(39.68 + 1.88 × BMI)] × [TG/1.03] ×
[1.31/HDL-C] in men and [WC/(36.58 + 1.89 × BMI)] × [TG/0.81] × [1.52/HDL-C] in women, where WC was expressed in
centimetres, BMI in kg/m2, and TG and HDL-C in mmol/L.

A body shape index (ABSI) was calculated as:

ABSI = WC / [BMI2/3 × height1/2],

where WC and height were expressed in metres.

Body roundness index (BRI) was calculated as:

BRI = 364.2 − 365.5 × √{1 − [(WC / 2π)2 / (0.5 × height)2]},

where WC and height were expressed in the same unit.

The metabolic score for insulin resistance (METS-IR) was calculated as:

METS-IR = ln [2 × fasting glucose (mg/dL) + TG (mg/dL)] × BMI / ln [HDL-C (mg/dL)].

The metabolic score for visceral fat (METS-VF) was calculated as:

METS-VF = 4.466 + 0.011 × [ln(METS-IR)]3 + 3.239 × [ln(WHtR)]3 + 0.594 × ln(age) + 0.319 × sex,

where sex was coded as 1 for men and 0 for women. Unit conversions were performed when required to ensure
consistency with the original formula definitions.

Statistical analysis

Continuous variables were summarised as median and interquartile range because most anthropometric and
metabolic variables were not normally distributed. Categorical variables were presented as counts and percentages.
High-VAT and non-high-VAT groups were compared using the Mann-Whitney U test for continuous variables and the
chi-square test or Fisher's exact test for categorical variables, as appropriate.

Spearman correlation analysis was used to assess associations between VAT and anthropometric or metabolic
indices. ROC analysis was performed with high VAT as the outcome. The area under the curve (AUC), optimal cutoff,
sensitivity, specificity and Youden index were calculated. The optimal cutoff was determined by the maximum Youden
index.

Logistic regression was used to examine associations of VAT with fatty liver and atherosclerotic plaque, with VAT
entered per 10 cm² increase. Logistic regression was also used to compare the six formula-based adiposity indices
for fatty liver and atherosclerotic plaque, with each index standardised per 1-standard-deviation increase. Model 1
was unadjusted, and Model 2 was adjusted for age and sex. For logistic regression models, AUCs were calculated
from model-predicted probabilities. Because effective sample sizes varied across indices owing to missing data, AUC
comparisons were interpreted descriptively. Two-sided P values <0.05 were considered statistically significant.

Results
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Baseline characteristics according to high VAT status
Using sex-specific VAT thresholds, 821 participants were classified into the high-VAT group (n = 463) and the non-
high-VAT group (n = 358). The high-VAT group included a higher proportion of men than the non-high-VAT group
(61.3% vs 39.1%, P < 0.001) and was older [53.00 (43.00–61.00) vs 48.00 (37.00–58.00) years, P < 0.001].
Anthropometric measures were consistently higher in the high-VAT group, including weight, BMI, WC and WHtR (all P 
< 0.001). As expected, VAT was markedly higher in the high-VAT group [190.30 (156.75–236.90) vs 86.30 (66.95-
107.85) cm², P < 0.001]. Participants with high VAT also had a more adverse metabolic profile, including higher
triglycerides (TG), fasting blood glucose, TyG index, TyG-BMI, TyG-WHtR, TyG-WC, weight-adjusted waist index (WWI),
TyG-WWI and conicity index, together with lower high-density lipoprotein cholesterol (HDL-C) levels (all P < 0.001)
(Table 1).
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Table 1
Baseline characteristics according to high VAT status

Variable Total (n = 821) Non-high VAT (n = 
358)

High VAT (n = 463) P value

Male sex, n (%) 424 (51.6) 140 (39.1) 284 (61.3) < 0.001

Age, years 51.00 (41.00–60.00) 48.00 (37.00–58.00) 53.00 (43.00–61.00) < 0.001

Height, cm 166.00 (160.00–
172.00)

165.00 (159.00–
170.00)

167.00 (161.00–
172.00)

0.001

Weight, kg 66.00 (57.00–74.00) 59.00 (53.00–67.22) 70.00 (63.00–78.00) < 0.001

BMI, kg/m² 23.78 (21.91–26.00) 22.10 (20.58–23.57) 24.88 (23.44–27.35) < 0.001

Waist circumference, cm 84.00 (77.00–90.00) 77.00 (72.00–82.00) 89.00 (83.00–94.00) < 0.001

WHtR 0.51 (0.47–0.54) 0.47 (0.44–0.50) 0.53 (0.51–0.56) < 0.001

VAT, cm² 140.10 (93.00–
197.10)

86.30 (66.95–
107.85)

190.30 (156.75–
236.90)

< 0.001

TG, mmol/L 1.24 (0.92–1.83) 1.02 (0.76–1.37) 1.50 (1.08–2.16) < 0.001

HDL-C, mmol/L 1.27 (1.07–1.52) 1.42 (1.19–1.62) 1.18 (1.02–1.37) < 0.001

Fasting blood glucose,
mmol/L

4.93 (4.62–5.33) 4.82 (4.50–5.10) 5.05 (4.71–5.55) < 0.001

TyG index 8.52 (8.20–8.93) 8.29 (7.97–8.59) 8.74 (8.39–9.13) < 0.001

TyG-BMI 202.61 (181.93–
227.16)

182.90 (167.42–
199.38)

219.18 (201.03–
244.99)

< 0.001

TyG-WHtR 4.35 (3.88–4.80) 3.84 (3.59–4.22) 4.67 (4.34–5.05) < 0.001

TyG-WC 716.80 (628.44–
804.33)

634.35 (594.80–
687.06)

778.72 (711.58–
847.06)

< 0.001

WWI 10.32 (9.89–10.78) 9.99 (9.63–10.42) 10.52 (10.14–10.91) < 0.001

TyG-WWI 88.67 (82.06–95.95) 83.00 (77.86–88.95) 92.43 (86.65–98.99) < 0.001

Conicity index, ×1000 1219.62 (1164.61–
1273.01)

1181.09 (1125.56–
1226.77)

1247.01 (1201.92–
1292.97)

< 0.001

Data are presented as median (interquartile range) or number (percentage), as appropriate. High VAT was defined
using sex-specific thresholds: VAT > 142 cm² in men and > 115 cm² in women. P values were calculated using the
Mann-Whitney U test for continuous variables and the chi-square test for categorical variables.

Associations of anthropometric and metabolic indices with VAT
VAT correlated most strongly with TyG-WC (R = 0.6726, P < 0.001), followed by TyG-WWI (R = 0.6593, P < 0.001), WC
(R = 0.6553, P < 0.001), WWI (R = 0.6443, P < 0.001), TyG-WHtR (R = 0.6310, P < 0.001), TyG-BMI (R = 0.6085, P < 0.001),
WHtR (R = 0.6057, P < 0.001), BMI (R = 0.5774, P < 0.001) and body weight (R = 0.5710, P < 0.001). VAT was also
positively correlated with conicity index (R = 0.4606, P < 0.001), TyG index (R = 0.3978, P < 0.001), TG (R = 0.3344, P < 
0.001), height (R = 0.2443, P < 0.001) and fasting blood glucose (R = 0.1668, P < 0.001). HDL-C was inversely
correlated with VAT (R = -0.3591, P < 0.001) (Table 2). Fitted trends showed the strongest positive associations for
TyG-WC, TyG-WWI, WC, WWI, TyG-WHtR and TyG-BMI, together with a clear inverse association with HDL-C (Fig. 1).
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Table 2
Spearman correlations of VAT with anthropometric and metabolic indices

Variable n Spearman R P value

TyG-WC 516 0.6726 < 0.001

WC 523 0.6553 < 0.001

TyG-WWI 497 0.6593 < 0.001

WWI 504 0.6443 < 0.001

TyG-BMI 739 0.6085 < 0.001

BMI 748 0.5774 < 0.001

TyG-WHtR 497 0.6310 < 0.001

WHtR 504 0.6057 < 0.001

Weight 748 0.5710 < 0.001

Conicity index, ×1000 504 0.4606 < 0.001

TyG 804 0.3978 < 0.001

TG 807 0.3344 < 0.001

Height 749 0.2443 < 0.001

Fasting blood glucose 805 0.1668 < 0.001

HDL-C 807 -0.3591 < 0.001

Spearman correlation coefficients were calculated using available cases for each variable. Missing values were
not imputed.

ROC analysis of six formula-based adiposity indices for identifying high VAT
Among the six formula-based adiposity indices, METS-VF showed the highest discrimination for high VAT, with an
AUC of 0.837 (95% CI 0.800-0.874), an optimal cutoff of 6.352, sensitivity of 0.799 and specificity of 0.765. LAP and
BRI showed comparable performance, each with an AUC of 0.827, followed closely by METS-IR (AUC 0.825). VAI
showed moderate discrimination (AUC 0.733), whereas ABSI had the lowest AUC (0.642) (Table 3). Overall, METS-VF,
LAP, BRI and METS-IR identified high VAT well, while VAI was moderate and ABSI weaker (Fig. 2).

Page 7/18



Table 3
ROC analysis of six formula-based adiposity indices for identifying high VAT

Indicator n AUC AUC (95% CI) Optimal
cutoff

Sensitivity Specificity Youden
index

METS-VF 497 0.837 0.837 (0.800 to
0.874)

6.352 0.799 0.765 0.565

LAP 518 0.827 0.827 (0.791 to
0.864)

25.48 0.776 0.749 0.525

BRI 504 0.827 0.827 (0.789 to
0.864)

3.127 0.882 0.660 0.543

METS-IR 739 0.825 0.825 (0.794 to
0.856)

33.262 0.839 0.702 0.541

VAI 499 0.733 0.733 (0.689 to
0.778)

1.537 0.656 0.738 0.394

ABSI 504 0.642 0.642 (0.593 to
0.691)

0.078 0.647 0.633 0.280

High VAT was defined using sex-specific thresholds: VAT > 142 cm² in men and > 115 cm² in women. Optimal
cutoffs were determined using the maximum Youden index.

Associations of VAT with fatty liver and atherosclerotic plaque
Logistic regression showed that VAT was associated with both fatty liver and atherosclerotic plaque. For every 10
cm² increase in VAT, the odds ratio (OR) for fatty liver was 1.119 (95% CI 1.095–1.144, P < 0.001) in the unadjusted
model and 1.114 (95% CI 1.087–1.141, P < 0.001) after adjustment for age and sex. VAT was also associated with
atherosclerotic plaque, although the effect size was smaller, with an OR of 1.039 (95% CI 1.020–1.059, P < 0.001) in
the unadjusted model and 1.032 (95% CI 1.011–1.053, P = 0.003) in the adjusted model (Table 4).

Table 4
Logistic regression analyses of VAT with fatty liver and atherosclerotic plaque

Outcome n Model 1
OR

Model 1
95% CI

Model 1 P
value

Model 2
OR

Model 2
95% CI

Model 2 P
value

Fatty liver 821 1.119 1.095 to
1.144

< 0.001 1.114 1.087 to
1.141

< 0.001

Atherosclerotic
plaque

821 1.039 1.020 to
1.059

< 0.001 1.032 1.011 to
1.053

0.003

VAT was entered per 10 cm² increase. Model 1 was unadjusted, and Model 2 was adjusted for age and sex.

Predictive performance of six formula-based adiposity indices for
fatty liver and plaque
For fatty liver, all six formula-based indices remained significantly associated after adjustment for age and sex. Based
on Model 2 AUCs, LAP (AUC 0.840), METS-IR (AUC 0.837), METS-VF (AUC 0.820), BRI (AUC 0.797) and VAI (AUC
0.787) showed useful discrimination, whereas ABSI performed less well (AUC 0.673). Adjusted ORs per 1-standard-
deviation increase were 6.416 for LAP (95% CI 4.313–9.545, P < 0.001), 7.766 for VAI (95% CI 4.565–13.212, P < 
0.001), 1.539 for ABSI (95% CI 1.222–1.937, P < 0.001), 3.810 for BRI (95% CI 2.827–5.135, P < 0.001), 5.508 for
METS-IR (95% CI 4.186–7.246, P < 0.001) and 6.927 for METS-VF (95% CI 4.635–10.354, P < 0.001). For
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atherosclerotic plaque, BRI and ABSI were associated in unadjusted models, whereas LAP, VAI, METS-IR and METS-VF
were not. After adjustment for age and sex, BRI (OR 1.512, 95% CI 1.256–1.821, P < 0.001; AUC 0.638), METS-VF (OR
1.310, 95% CI 1.073–1.599, P = 0.008; AUC 0.630) and ABSI (OR 1.264, 95% CI 1.062–1.506, P = 0.009; AUC 0.604)
were positively associated with plaque. METS-IR yielded a modest adjusted AUC (0.618) but was not independently
associated after adjustment (P = 0.073), and LAP and VAI were also not independently associated. Thus, the indices
were more informative for fatty liver than for atherosclerotic plaque, although BRI, ABSI and METS-VF provided
modest plaque-related risk signals (Table 5).
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Table 5
Logistic regression comparison of six adiposity indices for predicting fatty liver and atherosclerotic plaque

Outcome Indicator n Model
1 OR

Model
1 95%
CI

Model
1 P

Model
1 AUC

Model
2 OR

Model
2 95%
CI

Model
2 P

Model
2 AUC

Fatty liver LAP 518 6.203 4.285
to
8.981

< 
0.001

0.830 6.416 4.313
to
9.545

< 
0.001

0.840

Fatty liver VAI 499 7.604 4.510
to
12.819

< 
0.001

0.773 7.766 4.565
to
13.212

< 
0.001

0.787

Fatty liver ABSI 504 1.514 1.253
to
1.830

< 
0.001

0.627 1.539 1.222
to
1.937

< 
0.001

0.673

Fatty liver BRI 504 3.369 2.578
to
4.402

< 
0.001

0.773 3.810 2.827
to
5.135

< 
0.001

0.797

Fatty liver METS-IR 740 5.439 4.193
to
7.055

< 
0.001

0.836 5.508 4.186
to
7.246

< 
0.001

0.837

Fatty liver METS-
VF

497 3.756 2.817
to
5.009

< 
0.001

0.770 6.927 4.635
to
10.354

< 
0.001

0.820

Atherosclerotic
plaque

LAP 518 1.068 0.895
to
1.276

0.465 0.504 1.026 0.857
to
1.229

0.781 0.614

Atherosclerotic
plaque

VAI 499 0.957 0.799
to
1.145

0.628 0.504 0.955 0.785
to
1.161

0.641 0.610

Atherosclerotic
plaque

ABSI 504 1.308 1.102
to
1.552

0.002 0.592 1.264 1.062
to
1.506

0.009 0.604

Atherosclerotic
plaque

BRI 504 1.569 1.310
to
1.879

< 
0.001

0.635 1.512 1.256
to
1.821

< 
0.001

0.638

Atherosclerotic
plaque

METS-IR 740 0.917 0.793
to
1.060

0.242 0.525 0.872 0.750
to
1.013

0.073 0.618

Atherosclerotic
plaque

METS-
VF

497 1.105 0.923
to
1.321

0.276 0.525 1.310 1.073
to
1.599

0.008 0.630

Model 1 was unadjusted, and Model 2 was adjusted for age and sex. Each adiposity index was entered per 1-
standard-deviation increase. AUCs were calculated from model-predicted probabilities.

Trends in fatty liver and plaque prevalence across VAT quartiles
When participants were stratified by VAT quartiles, fatty liver prevalence increased progressively from 13.6% in Q1 to
31.7% in Q2, 47.3% in Q3 and 63.9% in Q4. Atherosclerotic plaque prevalence also increased across VAT quartiles,
from 44.7% in Q1 to 48.8% in Q2, 57.6% in Q3 and 72.7% in Q4 (Fig. 3). Thus, higher VAT burden was accompanied by
a greater prevalence of both fatty liver and atherosclerotic plaque, with a stronger gradient for fatty liver.
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Discussion

Principal findings
This study evaluated practical approaches for identifying visceral adiposity and related organ risk in a routine health
examination setting. Four findings emerged. First, TyG-WC, TyG-WWI, WC, WWI, TyG-WHtR and TyG-BMI were the
routine and TyG-derived variables most closely associated with measured VAT. Second, METS-VF, LAP, BRI and METS-
IR showed good discrimination for high VAT, whereas VAI was moderate and ABSI weaker. Third, VAT was associated
with fatty liver and atherosclerotic plaque after adjustment for age and sex, and both outcomes increased across VAT
quartiles. The association was stronger for fatty liver than for plaque. Fourth, formula-based indices performed more
consistently for fatty liver than for plaque. For plaque, BRI, ABSI and METS-VF were positively associated after
adjustment, but their AUCs were modest, supporting a cautious exploratory interpretation.

Why some indices better reflect VAT
VAT is a more informative marker of cardiometabolic risk than general obesity, but direct measurement remains
difficult in routine practice. BMI is widely used to define obesity, yet it cannot distinguish fat from lean mass or
visceral from subcutaneous fat. Consistent with this limitation, BMI was associated with VAT but was not the
strongest surrogate [1–5]. WC directly captures abdominal fat accumulation and remained one of the strongest
anthropometric correlates of measured VAT. Correlations strengthened when WC or related body-shape measures
were combined with the TyG index, as shown by the leading performance of TyG-WC and TyG-WWI. TyG-derived
metrics integrate anthropometric and metabolic information and may better reflect insulin resistance and metabolic
dysfunction [12–16]. In this cohort, TyG-WC, TyG-WWI, TyG-WHtR and TyG-BMI were all closely related to VAT,
suggesting that combining body-size or body-shape information with metabolic information may improve VAT
identification. Among formula-based indices, METS-VF, LAP, BRI and METS-IR showed similarly good high-VAT
discrimination. This pattern is biologically plausible because these indices capture complementary dimensions of
visceral adiposity, including central body geometry, lipid accumulation, insulin-resistance-related metabolism and, for
METS-VF, age and sex. The comparable AUCs suggest that no single formula-based index clearly dominated in this
cohort; the most practical choice may depend on which variables are available in a given health examination workflow
[25–28,39−40].

VAT and downstream clinical outcomes
VAT was strongly associated with fatty liver, and fatty liver prevalence increased markedly across VAT quartiles [3, 10].
This association is biologically plausible because VAT is an important source of free fatty acids and pro-inflammatory
mediators. Excess VAT may increase portal free fatty acid delivery, aggravate insulin resistance, promote hepatic lipid
deposition and amplify metabolic inflammation, thereby contributing to fatty liver development and progression [29–

34]. VAT also remained associated with atherosclerotic plaque after adjustment for age and sex, and plaque
prevalence increased from the lowest to the highest VAT quartile. This finding suggests that visceral fat accumulation
may be linked to structural vascular injury, but the magnitude of the VAT-plaque association was smaller than that
observed for fatty liver. The plaque association should therefore be interpreted cautiously. Atherosclerotic plaque
formation is long term and multifactorial, with contributions from age, blood pressure, lipid profile, inflammation,
smoking, glycaemic status and genetic susceptibility [39–41]. In addition, plaque was recorded as a binary variable
rather than as plaque number, plaque burden or another quantitative vascular phenotype. The present study therefore
could not assess the dose-response relationship between VAT and plaque severity [37, 38, 42].

Implications for health examination-based screening
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These findings may support risk stratification in routine health examination settings. In clinical practice, decisions
about additional liver imaging or vascular assessment are often empirical [4, 10, 17–18]. Simple examination-based
indices may help identify individuals who are more likely to have excess VAT and fatty liver [25, 28, 29, 43, 44]. For VAT
screening, TyG-WC, TyG-WWI and WC were closely aligned with measured VAT, whereas METS-VF, LAP, BRI and METS-
IR showed good high-VAT discrimination. For fatty liver, LAP, METS-IR, METS-VF, BRI and VAI showed useful model-
based performance. The association between VAT and plaque, together with the increase in plaque prevalence across
VAT quartiles, suggests that individuals with high visceral fat burden may warrant closer vascular risk assessment.
However, formula-based plaque models had only modest AUCs. Although BRI, ABSI and METS-VF remained positively
associated with plaque after age and sex adjustment, their discrimination was insufficient for stand-alone vascular
screening. These indices should therefore be viewed as preliminary screening or risk-alert tools, not as substitutes for
standardised vascular imaging [42, 43].

Strengths and limitations
This study has several strengths. Measured VAT, rather than an estimated surrogate, was used as the reference
standard, providing a stronger basis for comparing alternative indices. The study also evaluated routine
anthropometric and TyG-derived variables before comparing formula-based indices, creating a stepwise framework
from basic examination measures to VAT and clinically relevant outcomes. This structure improves the practical
relevance of the findings for health examination workflows. Several limitations should be acknowledged. The cross-
sectional design precludes causal inference. Missing data led to small differences in sample size across analyses.
Plaque was recorded as a binary rather than quantitative variable, which may have underestimated its relationship
with VAT. The study population came from a specific examination cohort, so external validity should be tested in
broader and more diverse cohorts. Finally, the performance of formula-based indices may vary by ethnicity,
population structure, measurement units and disease prevalence.

Conclusions
Among routine and TyG-derived examination variables, TyG-WC, TyG-WWI and WC most closely reflected measured
VAT. Among the six formula-based adiposity indices, METS-VF, LAP, BRI and METS-IR identified high VAT with good
discrimination. VAT was strongly associated with fatty liver and remained associated with atherosclerotic plaque
after adjustment for age and sex, and both outcomes increased across VAT quartiles. Formula-based indices
performed more consistently for fatty liver than for plaque, with LAP, METS-IR, METS-VF, BRI and VAI showing useful
fatty liver discrimination. For plaque, BRI, ABSI and METS-VF showed statistically significant but modest adjusted
signals, whereas LAP, VAI and METS-IR were not independently associated. These findings support the use of simple
health examination-based adiposity indices for preliminary identification of excess visceral fat and for guiding further
evaluation of fatty liver and vascular risk. Their utility for vascular screening should be validated using quantitative
vascular phenotypes.
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Figures

Figure 1

Page 16/18



Associations between VAT and anthropometric or metabolic indices. Scatter plots and fitted trends are shown for
height, weight, WHtR, BMI, TG, TyG, TyG-BMI, TyG-WHtR, WC, TyG-WC, conicity index, fasting blood glucose, HDL-C,
WWI and TyG-WWI. Each point represents one participant, and the solid line indicates the fitted linear trend. Panel
titles show Spearman correlation coefficients (R). TyG-WC, TyG-WWI, WC, WWI, TyG-WHtR, TyG-BMI and WHtR
showed relatively strong positive correlations with VAT, whereas HDL-C showed an inverse correlation.

Figure 2

ROC curves of six formula-based adiposity indices for identifying high VAT. Curves are shown for LAP, VAI, ABSI, BRI,
METS-IR and METS-VF. High VAT was defined using sex-specific cutoffs (VAT >142 cm² in men and >115 cm² in
women). Discrimination was evaluated by the area under the curve (AUC). METS-VF showed the highest AUC,
whereas LAP, BRI and METS-IR showed similarly good performance. VAI showed moderate discrimination, and ABSI
showed weaker discrimination.
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Figure 3

Prevalence of fatty liver and atherosclerotic plaque across VAT quartiles. Participants were stratified into four
groups (Q1-Q4) according to VAT quartile. Fatty liver prevalence increased progressively with higher VAT quartiles.
Atherosclerotic plaque prevalence also increased across quartiles, indicating that greater VAT burden was associated
with a higher prevalence of both hepatic and vascular outcomes.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Graphicalabstract.png

Page 18/18

https://assets-eu.researchsquare.com/files/rs-10738259/v1/1ce3939a00fd5cecb5ac221f.png

