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A B S T R A C T

Background and aims: The triglyceride–glucose (TyG) index is an established surrogate marker of insulin resis
tance and has been consistently associated with adverse cardiovascular outcomes. Composite indices combining 
TyG with anthropometric measures, such as body mass index (BMI) and waist circumference (WC), have been 
proposed to enhance risk prediction. However, their incremental prognostic value remains uncertain. This study 
aimed to compare the predictive performance of TyG, BMI, and WC with that of their derived multiplicative 
indices (TyG-BMI and TyG-WC) for all-cause and cardiovascular mortality.
Methods and results: Data were analysed from the multicentre URRAH cohort, including 17,742 participants for 
the evaluation of TyG-BMI and a sub-analysis of 7052 individuals for TyG-WC. Over a median follow-up of 11.7 
years, 2650 all-cause deaths occurred, including 1158 cardiovascular deaths. The TyG index showed a strong and 
independent association with both outcomes. Although TyG-BMI and TyG-WC were significantly associated with 
mortality, their risk patterns largely reflected those of their individual components. In multivariable models, 
inclusion of the derived indices did not meaningfully improve model fit, discrimination, individual risk pre
diction, or clinical usefulness.
Conclusion: In this large general cohort, the TyG index was confirmed as a robust predictor of all-cause and 
cardiovascular mortality. In contrast, derived indices combining TyG with BMI or WC did not confer meaningful 
incremental prognostic value beyond modelling TyG and anthropometric measures separately, supporting the 
use of TyG as a simple and clinically informative marker for mortality risk stratification.

1. Introduction

Insulin resistance (IR) is a pivotal pathophysiological mechanism 
linking metabolic abnormalities to cardiovascular disease and mortality 
[1]. Through its effects on glucose and lipid metabolism, IR promotes 
endothelial dysfunction, chronic low-grade inflammation, neurohor
monal activation, and adverse vascular and cardiac remodelling, 
thereby accelerating atherosclerotic processes and increasing cardio
vascular vulnerability [2,3]. Because IR often precedes overt diabetes 
and manifests sub-clinically for long periods, its early identification is 
particularly relevant for cardiovascular risk stratification in 
population-based and primary prevention settings.

Despite its clinical importance, direct assessment of IR remains un
realistic in routine care and large epidemiological studies. Gold- 
standard techniques are resource-intensive, and surrogate indices 
requiring insulin measurement are limited by cost, analytical variability, 
and availability [4]. Against this background, the triglyceride–glucose 
(TyG) index has emerged as a simple and accessible marker of IR, 
derived from fasting triglyceride and glucose concentrations routinely 
measured in clinical practice [5]. Experimental and observational evi
dence suggests that TyG reflects both hepatic and peripheral IR and 
captures key metabolic disturbances relevant to cardiovascular risk [6].

A growing body of epidemiological evidence has linked higher TyG 
values to adverse outcomes, including all-cause mortality [7–9], car
diovascular mortality [7,8,10], and cardiovascular risk factors [11–18]. 
These associations have been reported across heterogeneous pop
ulations and clinical contexts, often persisting after adjustment for 
traditional cardiovascular risk factors [19,20]. Collectively, these 

findings support TyG as a pragmatic indicator of long-term car
dio-metabolic risk. However, some variability in the methodological 
implementation of the TyG index across studies should be acknowledged 
[6]. Differences in formula presentation and analytical handling may 
affect comparability and the definition of shared thresholds, particularly 
when TyG is incorporated into derived indices. In parallel with the 
expanding use of TyG, composite indices combining TyG with anthro
pometric measures, most notably body mass index (BMI) and waist 
circumference (WC), have been proposed. These derived indices, such as 
TyG-BMI and TyG-WC, aim to integrate metabolic dysfunction with 
overall or central adiposity. Although pooled analyses showed a signif
icant predictive role of these indices [21,22], the single data on the 
comparison with TyG are heterogeneous, with reported improvements 
often modest, outcome-specific, or methodologically limited [23–27]. 
Moreover, combining a non-standardised marker such as TyG with 
anthropometric measures may amplify variability, generating indices 
that are more difficult to interpret and less generalisable. Whether these 
composite measures capture true biological synergy or largely re-scale 
information already conveyed by TyG or adiposity remains unclear.

Taken together, these considerations underscore the need for a 
rigorous evaluation of TyG-derived anthropometric indices, focusing on 
their incremental prognostic value, interpretability, and clinical use
fulness, particularly for hard endpoints such as all-cause and cardio
vascular mortality.

Accordingly, the aim of the present study was to compare the 
prognostic performance of the TyG index and conventional anthropo
metric measures, namely BMI and WC, with that of their derived mul
tiplicative indices (TyG-BMI and TyG-WC). Specifically, we examined 
whether these composite measures provide additional prognostic in
formation beyond their individual components, characterised the shape 
of their associations with mortality outcomes, and quantified their 1 Lanfranco D'Elia and Ferruccio Galletti joint first authorship.
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incremental value in terms of model fit, discrimination, and clinical 
usefulness.

2. Methods

2.1. Study population

The URRAH database is a multicentre, retrospective, observational 
cohort study including participants recruited from all regions of Italy, 
with an age range of 18–95 years. A detailed description of the URRAH 
project design and methodology has been published elsewhere [28,29]. 
The present report was prepared in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines [30] (Supplemental Table 1).

From a total of 27,078 participants, 17,742 were included for the 
evaluation of the TyG-BMI index for the current analysis. Participants 
were excluded if they had incomplete data, triglyceride levels >400 mg/ 
dL, or fasting glucose levels <60 or >300 mg/dL, to minimise distortion 
of the TyG index distribution and ensure clinical interpretability. In
dividuals with a history of cardiovascular events were also excluded. In 
addition, a sub-analysis evaluating the TyG-WC index was conducted in 
7052 participants, after further exclusion of individuals with missing 
WC measurements, applying the same eligibility criteria described 
above.

2.2. Data collection

The URRAH study procedures have been extensively described [28,
29]. Body weight and height were measured on a standard beam balance 
scale with an attached ruler. BMI was calculated according to the for
mula weight (kg)/height2 (m2). WC was measured in cm at the level of 
the umbilicus with the subject standing erect with a flexible and inex
tensible plastic tape.

The indices were calculated using the following formula: 

1. TyG: ln (TG-mg/dL x fasting glucose-mg/dL)/2;
2. TyG-BMI: TyG x BMI;
3. TyG-WC: TyG x WC.

2.3. Outcome

All-cause and cardiovascular mortality were evaluated at the end of 
the follow-up. Information on patients who had died was obtained from 
hospital records or death certificates. Mortality from cardiovascular 
disease was coded according to the International Classification of Dis
eases, Tenth Revision – ICD10 (i.e., myocardial infarction, heart failure, 
angina pectoris, transient ischemic attack, stroke, and hypertensive 
complications) [28].

2.4. Statistical analysis

The statistical analyses were performed using the statistical package 
R (The R Project for Statistical Computing, version 4.5.2) and STATA 
Corp. software (version 17). A two-sided P value < 0.05 was considered 
statistically significant.

Continuous variables were reported as means (and standard devia
tion - SD) and categorical variables as percentages. The functional form 
of the association between the TyG index, anthropometric measures (i. 
e., BMI, WC), and the derived multiplicative indices (TyG-BMI and TyG- 
WC) with mortality outcomes was first explored using restricted cubic 
spline (RCS) regression. Spline models were fitted using four knots 
placed at the 5th, 35th, 65th, and 95th percentiles of each predictor 
distribution, with the median value used as the reference point for 
hazard estimation and graphical representation. RCS analyses were used 

to assess overall associations and the presence of non-linear components 
and to guide the specification (linear vs non-linear) of predictors in 
subsequent regression models. Associations with all-cause mortality 
were examined using Cox proportional hazards regression, after verifi
cation of the proportional hazards assumption. Cardiovascular mortality 
was analysed using the competing risk regression (Fine-Gray sub
distribution hazard model). For each exposure (TyG, BMI, WC, 
TyG–BMI, and TyG–WC), we fitted univariate Cox models, models 
adjusted for age and sex, and fully adjusted models including age, sex, 
hypertension, diabetes, renal function (estimated glomerular filtration 
rate), smoking status, and total cholesterol. Fully adjusted models were 
complete-case analyses (9% and 3% sample reduction in the TyG-BMI 
and TyG-WC datasets, respectively). Multivariable models then 
included TyG and the corresponding anthropometric measure, para
meterised according to the spline-derived functional form identified in 
the RCS analyses. To evaluate the incremental prognostic value of the 
derived indices, extended models including TyG-BMI or TyG-WC were 
compared with base models containing TyG and the respective anthro
pometric variable only.

For all-cause mortality, model performance was evaluated using 
likelihood-based χ2 statistics, Harrell's concordance statistic (C-index) 
with 95% confidence intervals (CIs), and information criteria (Akaike 
Information Criterion-AIC and Bayesian Information Criterion-BIC). 
Discrimination was quantified as Harrell's C-index from Cox propor
tional hazards models. Ninety-five percent CIs for the C-index and for 
between-model differences (ΔC) were obtained using nonparametric 
bootstrap resampling (2000 iterations, percentile method) on a common 
analysis sample, with ties handled using the Breslow method. For 
competing-risk analyses, model comparisons relied primarily on infor
mation criteria and overall model fit, complemented by concordance of 
predicted risks and decision-curve analyses. Predicted risks were 
derived from each model using the linear predictor for Cox models and 
the cumulative incidence function for competing-risk models. Concor
dance between predicted risks from base and extended models was 
quantified using Pearson correlation coefficients to evaluate changes in 
individual risk estimates. Collinearity among predictors (i.e., TyG, BMI, 
TyG-BMI; TyG, WC, TyG-WC) was assessed using variance inflation 
factors (VIF). The clinical usefulness was examined using decision curve 
analysis (DCA), estimating the net benefit of each predictor across a 
range of clinically relevant threshold probabilities for 10-year all-cause 
and cardiovascular mortality.

3. Results

3.1. TyG, BMI, TyG-BMI

This analysis included a total of 17,742 participants, who at baseline 
had a mean age of 56.1 years and an almost equal sex distribution 
(49.8% men, 50.2% women) (Supplemental Table 2). The mean BMI 
was 26.4 kg/m2, with 42.5% of individuals classified as overweight and 
17.6% as obese. Hypertension was present in 69.8% of the cohort, dia
betes mellitus in 10.8%, and 24.6% were current smokers. The baseline 
TyG index showed a mean value of 4.62 Unit (median 4.61).

Over a median follow-up of 11.7 years (140 months; 25th-75th: 
74–190 months), 2650 deaths from all causes (14.9%) were observed, 
of which 1158 (43.7%) were due to cardiovascular causes.

As expected, the uncentred TyG–BMI product was highly collinear 
with its components (VIF >400), whereas mean-centring mitigated this 
issue (mean VIF = 1.21).

3.1.1. All-cause mortality
RCS analysis demonstrated a strong association between TyG and all- 

cause mortality (overall χ2(3) = 271.1; P < 0.0001), with clear evidence 
of non-linearity (χ2 = 32.3; P < 0.0001) (Fig. 1). BMI was also 
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significantly associated with all-cause mortality (overall χ2(3) = 29.9; P 
< 0.0001), showing a non-linear relationship (χ2 = 22.0; P < 0.0001) 
characterised by a shallow U-shaped pattern, with higher risk at lower 
BMI values, a nadir in the normal-to-overweight range, and a modest 
increase at higher BMI levels (Fig. 1).

The TyG-BMI product was significantly associated with all-cause 
mortality (overall χ2(3) = 65.6; P < 0.0001); however, no evidence of 
non-linearity was observed (χ2 = 2.9; P = 0.233), indicating an essen
tially linear association. The spline curve closely mirrored the mono
tonic increase observed for TyG, suggesting that the combined index 
largely reflects the dominant contribution of TyG rather than generating 
a distinct risk pattern (Fig. 1).

In univariate Cox regression models, TyG emerged as the strongest 
predictor of all-cause mortality, with a highly significant global effect 
(overall χ2 (3) = 271.1; P < 0.0001), compared with a markedly weaker 
association for BMI (overall χ2 (3) = 29.8; P < 0.0001). The TyG–BMI 
product showed a significant global association when modelled with 
RCS (overall χ2(3) = 65.6; P < 0.0001), but remained inferior to TyG 
alone. Discrimination and information-criterion comparisons were 
concordant with these results and consistently favoured TyG over BMI 
and TyG–BMI (Tables 1 and 2). In fully adjusted Cox models including 
age, sex, estimated glomerular filtration rate, total cholesterol, smoking, 
diabetes, and hypertension, with RCS terms for TyG and BMI, the overall 
model association was strong (global Wald χ2 = 2058; df = 13; P <
0.0001). Adding the TyG–BMI product yielded only a modest improve
ment in likelihood-based fit (likelihood-ratio test χ2 (1) = 4.80; P =
0.0285), without meaningful improvement in discrimination and with 
no consistent support from information criteria (Tables 1 and 2).

Predicted risks were almost perfectly correlated between the base 
and extended models (r = 0.9988).

DCA confirmed these findings, TyG consistently provided the 
greatest net benefit across clinically relevant threshold probabilities, 
whereas BMI showed limited utility. The TyG-BMI product did not 
improve decision-making, with a net benefit curve virtually overlapping 
that of TyG alone, confirming the absence of incremental clinical value 
(Supplemental Fig. 1).

3.1.2. Cardiovascular mortality
In competing risk models, TyG showed a strong association with 

cardiovascular mortality (overall χ2(3) = 172.2; P < 0.0001), with a 
significant non-linear component (χ2 = 17.8; P = 0.00014). The spline 
curve indicated a distinctly non-linear risk pattern, characterised by a 
progressively steeper increase in hazard at higher TyG values (Fig. 2).

BMI was also significantly associated with cardiovascular mortality 
(overall χ2(3) = 16.7; P = 0.0008), displaying a non-linear relationship 
(χ2 = 10.6; P = 0.005). The analysis showed that cardiovascular risk 
increased predominantly at higher BMI levels, consistent with a curvi
linear or plateau-shaped pattern rather than a uniform risk gradient 
across the BMI distribution (Fig. 2).

The TyG-BMI product was significantly associated with cardiovas
cular mortality (overall χ2(3) = 45.9; P < 0.0001); however, spline 
modelling provided no evidence of non-linearity (P = 0.27), indicating 
an essentially linear association. The risk profile closely followed that of 
TyG and did not introduce additional curvature beyond that captured by 
TyG and BMI modelled separately, suggesting limited incremental in
formation conveyed by the derived index (Fig. 2).

In univariate competing-risk analyses, TyG was the most informative 
predictor of cardiovascular mortality, showing a strong and highly sig
nificant global effect (overall χ2(3) = 172.2; P < 0.0001), whereas BMI 
displayed a markedly weaker association (overall χ2 (3) = 16.7; P =
0.0008). The TyG–BMI product showed intermediate performance 
(overall χ2(3) = 45.9; P < 0.0001), but remained inferior to TyG alone. 
Information-criterion comparisons (AIC/BIC) consistently supported 
these patterns and are reported in Table 2.

In multivariable competing-risk models including non-linear terms 
for TyG and BMI and the main covariates, the overall model association 
was strong (global Wald χ2: 1274.3 in the base model vs 1277.4 in the 
extended model). Adding TyG–BMI did not improve model fit, and in
formation criteria did not support the more complex specification 
(Table 2).

Predicted cardiovascular risk scores were virtually identical between 
the base and extended models (r = 0.9978), supporting the absence of 
meaningful incremental prognostic value.

Fig. 1. TyG, BMI-related indices and all-cause mortality 
Restricted cubic spline curves showing the association of the triglyceride–glucose (TyG) index, body mass index (BMI), and the TyG-BMI product with all-cause 
mortality. Hazard ratios and 95% confidence intervals were estimated using Cox proportional hazards models, with the median value of each exposure as refer
ence. Histograms show the distribution of the predictors.
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DCA for 10-year cardiovascular mortality further supported these 
results: TyG consistently yielded the highest net benefit across clinically 
relevant threshold probabilities, whereas BMI contributed minimally. 
The TyG-BMI product did not enhance decision utility, with a net benefit 
curve closely overlapping that of TyG throughout the examined range. 
Collectively, these findings indicate that TyG provides superior clinical 
usefulness for cardiovascular risk prediction, while the derived index 
offers no incremental value (Supplemental Fig. 1).

3.2. TyG, WC, TyG-WC

This analysis included a total of 7052 participants, who at study 
entry had a mean age of 54.5 years and a modest predominance of men 
(53.8%) (Supplemental Table 2). Adiposity measures indicated a mean 
BMI of 26.5 kg/m2, with 41.1% of individuals classified as overweight 
and 19.1% as obese, and a mean WC of 90.6 cm. Cardio-metabolic risk 
factors were common, with hypertension present in 51.4% of partici
pants, diabetes mellitus in 11.7%, and current smoking in 23.9%. The 

baseline TyG index averaged 4.58 Unit (median: 4.57).
During a median follow-up of 12.0 years (144 months; 25th-75th: 

81–163 months), 553 deaths from all causes (7.8%) occurred, 
including 184 cardiovascular deaths (33.3%).

As expected, the product term showed structural multicollinearity 
when modelling with TyG and WC simultaneously (VIF> 350), which 
was largely mitigated by mean-centring of the component terms (mean 
VIF = 1.37).

3.2.1. All-cause mortality
In this sub-dataset, TyG was significantly associated with all-cause 

mortality (overall χ2(3) = 54.2; P < 0.0001), with no evidence of non- 
linearity (χ2 = 2.46; P = 0.293), indicating an essentially linear and 
monotonically increasing relationship with mortality risk (Fig. 3). WC 
was likewise significantly associated with all-cause mortality (overall 
χ2(3) = 57.4; P < 0.0001), and the absence of a significant non-linear 
component (χ2 = 5.74; P = 0.0566) supported a predominantly linear 
risk gradient across the WC distribution (Fig. 3).

The TyG-WC product showed a strong overall association with all- 
cause mortality (overall χ2(3) = 72.4; P < 0.0001) and, in contrast to 
TyG and WC considered individually, exhibited a significant non-linear 
component (χ2 = 10.8; P = 0.0045). The resulting spline curve suggested 
a curved risk profile largely driven by the progressively increasing 
pattern of WC rather than by a distinct synergistic interaction between 
the two components (Fig. 3).

In univariate Cox regression analyses, TyG and WC were both 
significantly associated with all-cause mortality (overall χ2(3) = 54.2 
and 57.4, respectively; both P < 0.0001), while the TyG–WC product 
showed the strongest global association (overall χ2 (3) = 72.4; P <
0.0001). Discrimination and information-criterion comparisons are re
ported in Tables 1 and 2 and were consistent with these findings. 
However, inspection of the spline profile suggested that the apparent 
advantage of the product term primarily reflected the dominant 
contribution of WC rather than a distinct synergistic effect. In fully 
adjusted Cox models including age, sex, estimated glomerular filtration 
rate, total cholesterol, smoking, diabetes, and hypertension, with TyG 
and WC modelled as linear terms, adding the TyG–WC product 
(modelled with RCS) did not improve model fit (likelihood-ratio test 
χ2(3) = 4.38; P = 0.2234). Discrimination and information-criterion 
results similarly did not support the more complex specification and 
are detailed in Tables 1 and 2

In an exploratory analysis, WC was positively associated with TyG (β 
= 0.00599, P < 0.001). However, adjustment for TyG did not attenuate 
the association between WC and all-cause mortality, as the WC coeffi
cient moved slightly further from the null (from − 0.00547 to 
− 0.00654).

Predicted risk scores remained highly concordant between the base 
and extended models (r = 0.9976), indicating only minimal changes in 
individual risk estimates. DCA for 10-year all-cause mortality further 
supported these findings: the TyG-WC product did not improve decision 
utility, as its net benefit curve overlapped those of TyG and WC and 
never exceeded them across the examined range. Overall, these results 
indicate that the combined index offers no incremental clinical value 
beyond TyG and WC when used separately (Supplemental Fig. 2).

3.2.2. Cardiovascular mortality
In competing risk models, TyG was significantly associated with 

cardiovascular mortality (overall χ2(3) = 21.4; P < 0.0001), with no 
evidence of non-linearity (χ2 = 0.06; P = 0.97), indicating a fully linear 
relationship across the TyG distribution (Fig. 4). WC was likewise 
significantly associated with cardiovascular mortality (overall χ2(3) =
23.9; P < 0.0001), and the absence of a significant non-linear compo
nent (χ2 = 2.15; P = 0.34) supported an essentially linear risk gradient 
across WC values (Fig. 4). The TyG-WC product was also significantly 
associated with cardiovascular mortality (overall χ2(3) = 27.7; P <
0.0001); however, spline modelling did not demonstrate a statistically 

Table 1 
C-index for TyG, BMI, and their derived indices (TyG–BMI and TyG–WC) in 
predicting mortality risk.

TyG, BMI, TyG-BMI

C-index 95% CI

Univariate Model
TyG (non-linear) 0.5909 0.5798 to 

0.6018
BMI (non-linear) 0.5127 0.5023 to 

0.5247
TyG-BMI (linear) 0.5401 0.5282 to 

0.5515
ΔC: TyG vs BMI 0.0782 0.0639 to 

0.0910
ΔC: TyG vs TyG-BMI 0.0508 0.0402 to 

0.0613
ΔC: BMI vs TyG-BMI − 0.0274 − 0.0312 to 

− 0.0195

Multivariate Model
Model 1: Age, Sex, TyG, BMI, GFR, total Cholesterol, 

smoke, diabetes, hypertension
0.8219 0.8145 to 

0.8297
Model 2: Model 1 + TyG-BMI 0.8222 0.8147 to 

0.8299
ΔC: Model 2 vs Model 1 0.0003 − 0.0001 to 

0.0009

TyG, WC, TyG-WC

C-index 95% CI

Univariate Model
TyG (linear) 0.5919 0.5680 to 

0.6154
WC (linear) 0.5943 0.5710 to 

0.6191
TyG-WC (non-linear) 0.6050 0.5839 to 

0.6302
ΔC: TyG vs WC − 0.0024 − 0.0317 to 

0.0253
ΔC: TyG vs TyG-WC − 0.0131 − 0.0366 to 

0.0062
ΔC: WC vs TyG-WC − 0.0107 − 0.0222 to 

− 0.0021

Multivariate Model
Model 1: Age, Sex, TyG, WC, GFR, total cholesterol, 

smoking, diabetes, hypertension
0.8046 0.7904 to 

0.8210
Model 2: Model 1 + TyG-WC 0.8049 0.7911 to 

0.8214
ΔC: Model 2 vs Model 1 0.0003 − 0.0003 to 

0.0029

BMI: body mass index; CI: confidence interval; TyG: triglyceride-glucose; WC: 
waist circumference.
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significant non-linear component (χ2 = 5.16; P = 0.076), indicating a 
predominantly linear association. The shape of the risk curve closely 
resembled that of its individual components, particularly WC, and did 
not introduce meaningful deviations beyond those captured by TyG and 
WC modelled separately (Fig. 4).

In univariate competing-risk analyses, TyG and WC were signifi
cantly associated with cardiovascular mortality when modelled with 
RCS (overall χ2(3) = 21.4 and 23.9, respectively; both P < 0.0001). The 
TyG–WC product also showed a significant global association when 
modelled with RCS (overall χ2(3) = 27.7; P < 0.0001). Information- 
criterion comparisons are reported in Table 2 and showed only a 

modest advantage for the derived product. However, this pattern was 
consistent with the dominant risk contribution of WC rather than a 
genuine gain in prognostic information.

In fully adjusted competing-risk models including the main cova
riates, with TyG and WC modelled as linear terms, adding the TyG–WC 
product did not improve model fit. The global association statistic 
decreased slightly (global Wald χ2: 290.54 in the base model vs 284.67 
in the extended model), and information criteria did not support the 
more complex specification (Table 2).

Similarly, in competing-risk analysis for cardiovascular mortality, 
adjustment for TyG did not attenuate the association with WC, as the WC 

Table 2 
Akaike information criterion (AIC) and Bayesian information criterion (BIC) for TyG, BMI, and their derived indices (TyG–BMI and TyG–WC) in predicting mortality 
risk.

TyG, BMI, TyG-BMI

All-cause mortality

Univariate Model
​ AIC ΔAIC (vs best) ​ ​ BIC ΔBIC (vs best) ​

TyG 49026 best ​ ​ 49049 best ​
BMI 49305 +279 ​ ​ 49328 +279 ​
TyG-BMI 49269 +243 ​ ​ 49277 +228 ​

Multivariate models
​ AIC 

(Base)
​ AIC 

(Extended)
ΔAIC (Extended vs 
Base)

BIC 
(Base)

BIC 
(Extended)

ΔBIC (Extended vs 
Base)

Base (TyG + BMI +
covariates)

40198 Extended (Base + TyG- 
BMI)

40194 − 4 40297 40302 +5

Cardiovascular mortality
Univariate Model
​ AIC ΔAIC (vs best) ​ ​ BIC ΔBIC (vs best) ​

TyG 21626 best ​ ​ 21650 best ​
BMI 21806 +180 ​ ​ 21830 +180 ​
TyG-BMI 21779 +153 ​ ​ 21787 +137 ​

Multivariate models
​ AIC 

(Base)
​ AIC 

(Extended)
ΔAIC (Extended vs 
Base)

BIC 
(Base)

BIC 
(Extended)

ΔBIC (Extended vs 
Base)

Base (TyG + BMI +
covariates)

18226 Extended (Base + TyG- 
BMI)

18228 +2 18325 18335 +10

TyG, WC, TyG-WC
All-cause mortality
​ ​ AIC ΔAIC (vs best) ​ BIC ΔBIC (vs best) ​
Univariate Model

TyG 9345 +25 ​ 9352 +12 ​
WC 9342 +22 ​ 9349 +10 ​
TyG-WC 9320 best ​ 9340 best ​

Multivariate models
​ AIC 

(Base)
​ AIC 

(Extended)
ΔAIC (Extended vs 
Base)

BIC 
(Base)

BIC 
(Extended)

ΔBIC (Extended vs 
Base)

Base (TyG + WC +
covariates)

8402 Extended (Base + TyG- 
WC)

8404 +2 8464 8486 +22

Cardiovascular mortality
​ ​ AIC ΔAIC (vs best) ​ BIC ΔBIC (vs best) ​
Univariate Model

TyG 3120 +12 ​ 3127 +12 ​
WC 3113 +5 ​ 3120 +7 ​
TyG-WC 3108 best ​ 3115 best ​

Multivariate models
​ AIC 

(Base)
​ AIC 

(Extended)
ΔAIC (Extended vs 
Base)

BIC 
(Base)

BIC 
(Extended)

ΔBIC (Extended vs 
Base)

Base (TyG + WC +
covariates)

2754 Extended (Base + TyG- 
WC)

2755 +1 2815 2823 +8

BMI: body mass index; CI: confidence interval; TyG: triglyceride-glucose; WC: waist circumference.
Covariates: age, sex, estimated glomerular filtration rate, total cholesterol, smoking, diabetes, hypertension.
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coefficient moved slightly further from the null (from − 0.00099 to 
− 0.00129).

Predicted cardiovascular risk scores were strongly concordant be
tween the base and extended models (r = 0.9987), indicating that the 
product induced only minimal changes in individual risk estimates. DCA 
for 10-year cardiovascular mortality further corroborated these find
ings: the TyG-WC product did not improve decision utility, as its net 
benefit curve closely overlapped those of TyG and WC and never 
exceeded them across the examined range. Overall, these results indi
cate that the combined metric offers no incremental value over TyG or 

WC for competing risk–adjusted cardiovascular mortality prediction 
(Supplemental Fig. 2).

4. Discussion

In this large multicentre observational cohort, our findings 
strengthen evidence from the URRAH population by supporting the TyG 
index as a strong and consistent predictor of both all-cause and cardio
vascular mortality. TyG showed graded associations across the primary 
and secondary analyses, with clear dose–response relationships and, for 

Fig. 2. TyG, BMI-related indices and cardiovascular mortality 
Restricted cubic spline curves showing the association of the triglyceride–glucose (TyG) index, body mass index (BMI), and the TyG-BMI product with cardiovascular 
mortality. Subdistribution hazard ratios and 95% confidence intervals were obtained from competing risk regression, using the median value of each exposure as 
reference. Histograms show the distribution of the predictors.

Fig. 3. TyG, waist circumference–related indices and all-cause mortality 
Restricted cubic spline curves depicting the association of the triglyceride–glucose (TyG) index, waist circumference (WC), and the TyG-WC product with all-cause 
mortality. Hazard ratios and 95% confidence intervals were estimated using Cox proportional hazards models, with the median exposure as reference. Histograms 
show the distribution of the predictors.
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cardiovascular mortality, a marked non-linear increase in risk at higher 
values. In contrast, BMI displayed weaker and more heterogeneous as
sociations, often with non-linear or threshold-type patterns that varied 
by outcome. In the WC sub-analysis, WC showed univariate discrimi
nation comparable to TyG, but contributed limited incremental infor
mation once TyG was included in multivariable models.

Although indices combining TyG with BMI or WC were statistically 
associated with mortality, their risk profiles closely mirrored those of 
their dominant components. TyG-BMI largely tracked the monotonic 
gradient of TyG, whereas TyG-WC predominantly followed the WC 
pattern, indicating that these multiplicative indices did not capture 
meaningful additional prognostic information beyond modelling the 
components separately. Consistently, TyG–WC ranked best by infor
mation criteria in univariate models, but this apparent advantage was 
not retained in multivariable comparisons and was accompanied by 
negligible changes in discrimination and predicted risks, supporting a 
WC-driven pattern rather than incremental prognostic content. This 
interpretation is consistent with the model-comparison results: for all- 
cause mortality, adding TyG–BMI improved model fit statistically, but 
the magnitude of improvement was small and was not accompanied by 
better discrimination or more favourable information criteria; predicted 
risks were virtually unchanged between base and extended models.

The prognostic performance of TyG is biologically plausible, given its 
ability to reflect IR–related metabolic perturbations linked to cardio
vascular risk [6]. By comparison, BMI and WC provide more distal 
proxies of metabolic risk and contributed limited independent infor
mation once TyG was included, particularly when non-linear terms were 
used to capture their risk shapes.

Recent evidence also supports the clinical relevance of the TyG index 
in patients with chronic kidney disease, in whom higher TyG values 
have been associated with a more adverse metabolic profile and poorer 
cardiovascular prognosis [31,32]. These findings are broadly consistent 
with our results. In our cohort, however, adjustment for renal function 
did not materially change the observed associations. Nevertheless, 
comparisons with chronic kidney disease-specific populations should be 
interpreted cautiously, since renal dysfunction may substantially affect 
metabolic and cardiovascular risk pathways. As expected, the uncentred 
product terms exhibited marked structural multicollinearity with their 
component variables (high VIFs), whereas mean-centring TyG and 
BMI/WC reduced residual multicollinearity to negligible levels (mean 

VIF: 1.2–1.4), indicating that the lack of incremental prognostic value is 
unlikely to be an artefact of residual collinearity but rather reflects 
substantial informational overlap. Because strong structural multi
collinearity and non-linear specifications render the product-term co
efficient difficult to interpret and potentially unstable, any incremental 
value was therefore appraised primarily through overall model perfor
mance (discrimination, information criteria, and concordance of pre
dicted risks). Taken together, these results suggest that TyG captures 
most of the IR–related risk gradient, while anthropometric measures add 
only modest information, and that joint effects are predominantly ad
ditive rather than multiplicative in terms of risk prediction.

Consistently, exploratory analyses assessing whether adjustment for 
TyG attenuated the association between WC and the study outcomes 
showed no evidence of attenuation for either all-cause or cardiovascular 
mortality, which does not support a substantial mediating role of TyG in 
this dataset.

The limited incremental prognostic value of TyG-derived anthropo
metric products may reflect both a true lack of biological synergy and 
methodological features of these indices. Because multiplicative terms 
mainly re-scale their components, they tend to track the dominant risk 
gradient rather than add distinct prognostic information. Moreover, 
using single baseline measurements may further dilute any additional 
signal, given within-person changes in metabolic status and adiposity 
over follow-up.

Evidence from meta-analyses indicates that TyG-derived indices are 
associated with incident cardiovascular outcomes. A recent meta- 
analysis of cohort studies reported a significant and largely linear as
sociation between higher TyG-BMI levels and the incidence of cardio
vascular disease in populations free of cardiovascular disease at baseline 
[21]. However, this evidence was based mainly on analyses of incident 
events and categorical comparisons and did not assess whether TyG-BMI 
provides incremental prognostic information beyond the TyG index for 
mortality outcomes, limiting direct comparability with the present 
findings. Similarly, another meta-analysis of prospective cohorts showed 
that higher TyG-BMI and TyG-WC levels were associated with an 
increased risk of incident stroke [22], although substantial 
between-study heterogeneity was observed and neither non-linear risk 
patterns nor incremental prognostic value over TyG were formally 
evaluated. Findings from large population-based cohorts further high
light variability across settings. Analyses conducted in NHANES 

Fig. 4. TyG, Waist circumference–related indices and cardiovascular mortality 
Restricted cubic spline curves showing the association of the triglyceride–glucose (TyG) index, waist circumference (WC), and the TyG-WC product with cardio
vascular mortality. Subdistribution hazard ratios and 95% confidence intervals were estimated using competing risk regression, with the median exposure as 
reference. Histograms show the distribution of the predictors.
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populations showed that TyG-BMI and TyG-WC were associated with 
cardiovascular mortality but did not consistently demonstrate higher 
predictive performance compared with the TyG index alone [23]. Dif
ferences in outcome definition, population characteristics, and the 
limited range of comparative performance metrics used in those ana
lyses should be considered when relating these findings to the present 
study, which applied a broader modelling framework. In another 
NHANES-based cohort with extended follow-up, both TyG and TyG-BMI 
were independently associated with all-cause and cardiovascular mor
tality, with TyG showing the highest discriminative ability for all-cause 
mortality [24]. However, the absence of an analysis including TyG-WC 
and the predominant reliance on ROC-based measures constrain direct 
comparison with our results. Additional heterogeneity is observed in the 
UK Biobank data. In that cohort, TyG-BMI did not show a consistent 
association with mortality after multivariable adjustment, whereas 
TyG-WC exhibited a more apparent relationship with risk [25]. More
over, differences in the functional form of the associations were 
observed, with TyG-BMI showing relatively flat or irregular risk pat
terns, in contrast to the monotonic associations identified in our spline 
analyses. These differences in the shape of association, together with the 
focus on association and discrimination metrics rather than formal as
sessments of incremental prognostic value, further limit direct compa
rability across studies. Other investigations have addressed different 
clinical contexts. Studies conducted in Chinese populations focused 
primarily on incident ischemic stroke or incident cardiovascular disease 
and mainly evaluated TyG-BMI, without directly comparing its predic
tive performance with that of the TyG index alone [26,27]. Variations in 
outcome definition, population characteristics, and analytical ap
proaches may therefore partly explain the heterogeneity observed across 
studies and underscore the need for cautious interpretation when 
comparing results.

4.1. Strengths and limitations

The strengths of this study include the large sample size, the long 
duration of follow-up, and the availability of both all-cause and car
diovascular mortality outcomes. In addition, the use of advanced sta
tistical approaches allowed a detailed assessment of non-linear 
associations, incremental prognostic value, and model performance 
across multiple complementary metrics, thereby providing a compre
hensive evaluation of the predictive role of TyG and its derived indices.

Several limitations should also be acknowledged. The analyses relied 
on single baseline measurements, which do not account for longitudinal 
changes in metabolic status over time. Moreover, insulin concentrations 
were not available, preventing direct comparisons with insulin-based 
indices of IR. In the cardiovascular mortality sub-analysis (i.e., TyG, 
WC, and TyG-WC), the relatively limited number of events may have 
reduced the stability of spline-based estimates at the extremes of the 
exposure distributions, and these results should therefore be interpreted 
with caution. Finally, the study population consisted predominantly of 
Caucasian individuals, which may limit the generalisability of the 
findings to other ethnic groups. In particular, variations in visceral 
adiposity at similar BMI or WC levels across populations may partly 
affect the relative prognostic performance of TyG-derived indices.

5. Conclusions

The present findings indicate that multiplicative indices derived 
from the TyG index do not meaningfully improve mortality risk pre
diction compared with modelling TyG and anthropometric measures 
separately. Increasing index complexity, therefore, does not appear to 
translate into clearer prognostic insights and may reduce interpretability 
without providing tangible advantages in risk stratification.

From a practical perspective, the TyG index represents a simple and 
practical marker for large-scale epidemiological risk assessment, as it 
relies on routinely available laboratory parameters and does not require 

insulin measurement. At the same time, established anthropometric 
indices such as BMI and WC retain independent clinical and epidemio
logical relevance and should not be disregarded, as they capture com
plementary aspects of cardio-metabolic risk. This is consistent with the 
WC sub-analysis, where WC performed comparably in univariate 
models, yet multiplicative TyG–WC combinations did not yield incre
mental gains once TyG and WC were modelled jointly. In contrast, the 
routine use of TyG-derived anthropometric indices should be 
approached with caution, particularly in large-scale settings where 
standardisation and interpretability are essential and where any in
crease in complexity should be justified by clear and consistent gains 
across discrimination, information criteria, and decision utility.

Future research should prioritise the standardisation of TyG defini
tions, assess the prognostic relevance of longitudinal changes in TyG, 
and evaluate its performance across diverse populations and clinical 
contexts. Importantly, before TyG-derived anthropometric indices are 
adopted in epidemiological or clinical frameworks, their ability to pro
vide superior and consistent prognostic information compared with TyG 
alone, and beyond that offered by conventional anthropometric mea
sures, should be clearly demonstrated. Such efforts may help consolidate 
the role of TyG as a practical tool for large-scale cardiovascular risk 
stratification while avoiding unnecessary complexity.
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triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with 
the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab 2010;95: 
3347–51.

[6] D'Elia L. Is the triglyceride-glucose index ready for cardiovascular risk assessment? 
Nutr Metabol Cardiovasc Dis 2024 Dec;21:103834. https://doi.org/10.1016/j. 
numecd.2024.103834.

[7] D'Elia L, Masulli M, Virdis A, Casiglia E, Tikhonoff V, Angeli F, Barbagallo CM, 
Bombelli M, Cappelli F, Cianci R, Ciccarelli M, Cicero AFG, Cirillo M, Cirillo P, 
Dell'Oro R, Desideri G, Ferri C, Gesualdo L, Giannattasio C, Grassi G, Iaccarino G, 
Lippa L, Mallamaci F, Maloberti A, Masi S, Mazza A, Mengozzi A, Muiesan ML, 
Nazzaro P, Palatini P, Parati G, Pontremoli R, Quarti-Trevano F, Rattazzi M, 
Reboldi G, Rivasi G, Russo E, Salvetti M, Tocci G, Ungar A, Verdecchia P, Viazzi F, 
Volpe M, Borghi C, Galletti F. Triglyceride-glucose Index and mortality in a large 
regional-based Italian database (Urrah Project). J Clin Endocrinol Metab 2024 Mar; 
14. https://doi.org/10.1210/clinem/dgae170. dgae170.

[8] Li S, An L, Fu Z, Zhang W, Liu H. Association between triglyceride-glucose related 
indices and all-cause and cause-specific mortality in the general population: a 
cohort study. Cardiovasc Diabetol 2024 Aug 7;23(1):286. https://doi.org/ 
10.1186/s12933-024-02390-0.

[9] Xu X, Huang R, Lin Y, Guo Y, Xiong Z, Zhong X, Ye X, Li M, Zhuang X, Liao X. High 
triglyceride-glucose index in young adulthood is associated with incident 
cardiovascular disease and mortality in later life: insight from the CARDIA study. 
Cardiovasc Diabetol 2022 Aug 12;21(1):155. https://doi.org/10.1186/s12933- 
022-01593-7.

[10] He G, Zhang Z, Wang C, Wang W, Bai X, He L, Chen S, Li G, Yang Y, Zhang X, Cui J, 
Xu W, Song L, Yang H, He W, Zhang Y, Li X, Chen L. Association of the triglyceride- 
glucose index with all-cause and cause-specific mortality: a population-based 
cohort study of 3.5 million adults in China. Lancet Reg Health West Pac 2024 Jul 6; 
49:101135. https://doi.org/10.1016/j.lanwpc.2024.101135.

[11] D'Elia L, Masulli M, Barbato A, Rendina D, Iacone R, Russo O, Strazzullo P, 
Galletti F. Triglyceride-Glucose Index, HOMA Index and metabolic syndrome in a 
sample of adult men. Minerva Med 2024 Jun;115(3):301–7. https://doi.org/ 
10.23736/S0026-4806.24.09155-9.

[12] Son DH, Lee HS, Lee YJ, Lee JH, Han JH. Comparison of triglyceride-glucose index 
and HOMA-IR for predicting prevalence and incidence of metabolic syndrome. 
Nutr Metabol Cardiovasc Dis 2022 Mar;32(3):596–604. https://doi.org/10.1016/j. 
numecd.2021.11.017.

[13] Zhao Y, Yang X, Wu Y, Huang H, Hu F, Zhang M, Sun L, Hu D. Association of 
triglyceride-glucose index and its 6-year change with risk of hypertension: a 

prospective cohort study. Nutr Metabol Cardiovasc Dis 2023 Mar;33(3):568–76. 
https://doi.org/10.1016/j.numecd.2022.12.001.

[14] D'Elia L, Rendina D, Iacone R, Russo O, Strazzullo P, Galletti F. Triglyceride- 
glucose index, HOmeostatic Model Assessment index, and new-onset hypertension 
in middle-aged men. J Hypertens 2025 Sep 25. https://doi.org/10.1097/ 
HJH.0000000000004162.

[15] Chen CL, Liu L, Lo K, Huang JY, Yu YL, Huang YQ, Feng YQ. Association between 
triglyceride–glucose index and risk of new onset diabetes among Chinese adults: 
findings from the China Health and Retirement Longitudinal Study. Front 
Cardiovasc Med 2020;7:610322. https://doi.org/10.3389/fcvm.2020.610322.

[16] D'Elia L, Rendina D, Iacone R, Strazzullo P, Galletti F. Triglyceride-Glucose Index 
and new-onset type 2 diabetes Mellitus in middle-aged men. Metabolites 2025 Aug 
8;15(8):537. https://doi.org/10.3390/metabo15080537.

[17] D'Elia L, Masulli M, Rendina D, Iacone R, Russo O, Zarrella AF, Abate V, 
Strazzullo P, Galletti F. Predictive role of triglyceride-glucose index and HOMA 
index on development of arterial stiffening in non-diabetic men. Nutr Metabol 
Cardiovasc Dis 2024 Nov;34(11):2464–71. https://doi.org/10.1016/j. 
numecd.2024.07.005.

[18] Lee SB, Ahn CW, Lee BK, Kang S, Nam JS, You JH, Kim MJ, Kim MK, Park JS. 
Association between triglyceride glucose index and arterial stiffness in Korean 
adults. Cardiovasc Diabetol 2018 Mar 21;17(1):41. https://doi.org/10.1186/ 
s12933-018-0692-1.

[19] Zhang Y, Ding X, Hua B, Liu Q, Gao H, Chen H, Zhao XQ, Li W, Li H. Predictive 
effect of triglyceride–glucose index on clinical events in patients with type 2 
diabetes mellitus and acute myocardial infarction: results from an observational 
cohort study in China. Cardiovasc Diabetol 2021;20(1):43. https://doi.org/ 
10.1186/s12933-021-01236-3.

[20] D'Elia L, Galletti F, Maria M, Virdis A, Casiglia E, Tikhonoff V, Angeli F, 
Barbagallo CM, Bombelli M, Cappelli F, Cianci R, Ciccarelli M, Cicero AFG, 
Cirillo M, Cirillo P, Desideri G, Ferri C, Gesualdo L, Giannattasio C, Grassi G, 
Iaccarino G, Lippa L, Mallamaci F, Maloberti A, Masi S, Mazza A, Mengozzi A, 
Muiesan ML, Nazzaro P, Palatini P, Parati G, Pontremoli R, Quarti-Trevano F, 
Rattazzi M, Reboldi G, Rivasi G, Russo E, Salvetti M, Tocci G, Ungar A, 
Verdecchia P, Viazzi F, Volpe M, Borghi C, Working Group on Uric Acid and 
Cardiovascular Risk of the Italian Society of Hypertension (SIIA). Triglyceride- 
glucose index threshold for cardiovascular mortality in hypertensive individuals - 
URRAH project. Am J Prev Cardiol 2025 Jun 29;23:101053. https://doi.org/ 
10.1016/j.ajpc.2025.101053.

[21] Rao X, Xin Z, Yu Q, Feng L, Shi Y, Tang T, Tong X, Hu S, You Y, Zhang S, Tang J, 
Zhang X, Wang M, Liu L. Triglyceride-glucose-body mass index and the incidence 
of cardiovascular diseases: a meta-analysis of cohort studies. Cardiovasc Diabetol 
2025 Jan 22;24(1):34. https://doi.org/10.1186/s12933-025-02584-0.

[22] Yang Y, Li B, Cheng Y, Bai R, Wang L, Sun L, Meng M. Association of triglyceride- 
glucose index and its related parameters with the risk of stroke: a meta-analysis. 
BMC Neurol 2025 Oct 9;25(1):416. https://doi.org/10.1186/s12883-025-04349-4.

[23] He HM, Xie YY, Chen Q, Li YK, Li XX, Fu SJ, Li N, Han YR, Gao YX, Zheng JG. The 
synergistic effect of the triglyceride-glucose index and a body shape index on 
cardiovascular mortality: the construction of a novel cardiovascular risk marker. 
Cardiovasc Diabetol 2025 Feb 7;24(1):69. https://doi.org/10.1186/s12933-025- 
02604-z.

[24] Lin Z, Yuan S, Li B, Guan J, He J, Song C, Li J, Dou K. Insulin-based or non-insulin- 
based insulin resistance indicators and risk of long-term cardiovascular and all- 
cause mortality in the general population: a 25-year cohort study. Diabetes Metab 
2024 Sep;50(5):101566. https://doi.org/10.1016/j.diabet.2024.101566.

[25] Zhang Z, Guo H, Sun Z, Zhang D, Lin Y, Huang L, Guo Z, Tan L. Associations of 
modified triglyceride-glucose indices and the triglyceride/high-density lipoprotein 
ratio with all-cause and cause-specific mortality in the general population: an 
analysis of the UK biobank database. Lipids Health Dis 2025 Apr 1;24(1):126. 
https://doi.org/10.1186/s12944-025-02540-7.

[26] Miao Y, Wang Y, He Y, Yan P, Wan Q. TyG-BMI as a predictor of ischemic stroke 
over 10 years in middle-aged and older adults: findings from the China 
cardiometabolic disease and cancer cohort (4C) study. Front Neurol 2025 Jul 2;16: 
1609853. https://doi.org/10.3389/fneur.2025.1609853.

[27] Tu W, Xu R, Wang D, Luo N, Wu M, Zhou Y, Ning J. Triglyceride-glucose index and 
its related factors may be predictors for cardiovascular disease among Chinese 
postmenopausal women: a 12-year cohort study. Lipids Health Dis 2025 Jun 19;24 
(1):218. https://doi.org/10.1186/s12944-025-02643-1.

[28] Virdis A, Masi S, Casiglia E, Tikhonoff V, Cicero AFG, Ungar A, Rivasi G, Salvetti M, 
Barbagallo CM, Bombelli M, Dell'Oro R, Bruno B, Lippa L, D'Elia L, Verdecchia P, 
Mallamaci F, Cirillo M, Rattazzi M, Cirillo P, Gesualdo L, Mazza A, Giannattasio C, 
Maloberti A, Volpe M, Tocci G, Georgiopoulos G, Iaccarino G, Nazzaro P, Parati G, 
Palatini P, Galletti F, Ferri C, Desideri G, Viazzi F, Pontremoli R, Muiesan ML, 
Grassi G, Borghi C, from the Working Group on Uric Acid and Cardiovascular Risk 
of the Italian Society of Hypertension. Identification of the uric acid thresholds 
predicting an increased total and cardiovascular mortality over 20 years. 
Hypertension 2020 Feb;75(2):302–8. https://doi.org/10.1161/ 
HYPERTENSIONAHA.119.13643.

[29] Desideri G, Virdis A, Casiglia E, Borghi C, Working Group on Uric Acid and 
Cardiovascular Risk of the Italian Society of Hypertension. Exploration into Uric 
and Cardiovascular Disease: Uric Acid Right for heArt Health (URRAH) Project. 
A Study protocol for a retrospective observational Study. High Blood Pres 
Cardiovasc Prev 2018 Jun;25(2):197–202. https://doi.org/10.1007/s40292-018- 
0250-7.

L. D'Elia et al.                                                                                                                                                                                                                                   Nutrition, Metabolism and Cardiovascular Diseases 36 (2026) 104726 

10 

https://doi.org/10.1016/j.numecd.2026.104726
https://doi.org/10.1016/j.numecd.2026.104726
https://doi.org/10.1038/nrdp.2015.19
https://doi.org/10.1038/nrdp.2015.19
https://doi.org/10.1007/s40292-017-0240-1
https://doi.org/10.1016/j.numecd.2011.05.007
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref4
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref4
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref4
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref5
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref5
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref5
http://refhub.elsevier.com/S0939-4753(26)00188-2/sref5
https://doi.org/10.1016/j.numecd.2024.103834
https://doi.org/10.1016/j.numecd.2024.103834
https://doi.org/10.1210/clinem/dgae170
https://doi.org/10.1186/s12933-024-02390-0
https://doi.org/10.1186/s12933-024-02390-0
https://doi.org/10.1186/s12933-022-01593-7
https://doi.org/10.1186/s12933-022-01593-7
https://doi.org/10.1016/j.lanwpc.2024.101135
https://doi.org/10.23736/S0026-4806.24.09155-9
https://doi.org/10.23736/S0026-4806.24.09155-9
https://doi.org/10.1016/j.numecd.2021.11.017
https://doi.org/10.1016/j.numecd.2021.11.017
https://doi.org/10.1016/j.numecd.2022.12.001
https://doi.org/10.1097/HJH.0000000000004162
https://doi.org/10.1097/HJH.0000000000004162
https://doi.org/10.3389/fcvm.2020.610322
https://doi.org/10.3390/metabo15080537
https://doi.org/10.1016/j.numecd.2024.07.005
https://doi.org/10.1016/j.numecd.2024.07.005
https://doi.org/10.1186/s12933-018-0692-1
https://doi.org/10.1186/s12933-018-0692-1
https://doi.org/10.1186/s12933-021-01236-3
https://doi.org/10.1186/s12933-021-01236-3
https://doi.org/10.1016/j.ajpc.2025.101053
https://doi.org/10.1016/j.ajpc.2025.101053
https://doi.org/10.1186/s12933-025-02584-0
https://doi.org/10.1186/s12883-025-04349-4
https://doi.org/10.1186/s12933-025-02604-z
https://doi.org/10.1186/s12933-025-02604-z
https://doi.org/10.1016/j.diabet.2024.101566
https://doi.org/10.1186/s12944-025-02540-7
https://doi.org/10.3389/fneur.2025.1609853
https://doi.org/10.1186/s12944-025-02643-1
https://doi.org/10.1161/HYPERTENSIONAHA.119.13643
https://doi.org/10.1161/HYPERTENSIONAHA.119.13643
https://doi.org/10.1007/s40292-018-0250-7
https://doi.org/10.1007/s40292-018-0250-7


[30] https://www.equator-network.org/reporting-guidelines/strobe/; Last access: 
October 30, 2025.

[31] Assanto E, Brigato C, Gammaitoni G, Pellicano C, Rosato E, Iannazzo F, 
Muscaritoli M, Cianci R, Gigante A. Assessment of Triglyceride/High-Density 
lipoprotein cholesterol ratio and triglyceride-glucose index threshold in patients 
with chronic kidney disease: evaluation of clinical features and outcomes. High 
Blood Pres Cardiovasc Prev 2026 Mar;33(2):217–25. https://doi.org/10.1007/ 
s40292-025-00771-4.

[32] Petramala L, Galardo G, Marino L, Circosta F, Nardoianni G, Baratta F, Caprioni 
Grasso L, Moscucci F, Tocci G, Desideri G, Letizia C. Clinical use of the 
Triglycerides/Glucose (TyG) index in the early assessment of metabolic alterations 
and cardiovascular remodeling in essential hypertensive patients. High Blood Pres 
Cardiovasc Prev 2026 Mar;33(2):239–48. https://doi.org/10.1007/s40292-025- 
00772-3.

L. D'Elia et al.                                                                                                                                                                                                                                   Nutrition, Metabolism and Cardiovascular Diseases 36 (2026) 104726 

11 

https://www.equator-network.org/reporting-guidelines/strobe/
https://doi.org/10.1007/s40292-025-00771-4
https://doi.org/10.1007/s40292-025-00771-4
https://doi.org/10.1007/s40292-025-00772-3
https://doi.org/10.1007/s40292-025-00772-3

	Triglyceride–glucose index and its derived anthropometric indices: a comparative analysis for mortality prediction in the p ...
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Data collection
	2.3 Outcome
	2.4 Statistical analysis

	3 Results
	3.1 TyG, BMI, TyG-BMI
	3.1.1 All-cause mortality
	3.1.2 Cardiovascular mortality

	3.2 TyG, WC, TyG-WC
	3.2.1 All-cause mortality
	3.2.2 Cardiovascular mortality


	4 Discussion
	4.1 Strengths and limitations

	5 Conclusions
	Authors’ contributions
	Ethics approval and consent to participate
	Data availability statement
	Use of AI and AI-assisted technologies statement
	Funding
	Conflict of interest
	Acknowledgments
	Appendix A Supplementary data
	References


