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Prognostic value of the
triglyceride-glucose Index in
elderly patients with acute
decompensated heart failure:
a one-year mortality analysis

Ahmet Yilmaz™ and Orhan Cicek’

'Department of Cardiology, Karamanoglu Mehmetbey University, Karaman, TUrkiye, 2Department of
Geriatrics and Clinical Gerontology, Konya Sehir Hastanesi, Konya, Turkiye

Background: The triglyceride-glucose (TyG) index, a simple surrogate marker of
insulin resistance, has been associated with adverse cardiovascular outcomes.
However, data on its prognostic value in elderly patients with acute
decompensated heart failure (ADHF) are limited. This study aimed to evaluate
the predictive role of the TyG index for one-year all-cause mortality in
geriatric ADHF patients.

Methods: This retrospective single-center study included 149 patients aged >65
years who were hospitalized with ADHF between January 2023 and December
2024. The TyG index was calculated as In [fasting triglyceride (mg/dL) x fasting
glucose (mg/dL)/2]. Patients were stratified into quartiles based on TyG levels,
and outcomes were compared across groups. Receiver operating
characteristic (ROC) curves, Kaplan—Meier survival analysis, and multivariate
Cox regression were applied to evaluate the prognostic performance of the
TyG index.

Results: Higher TyG quartiles were significantly associated with increased
glucose, triglyceride, and inflammatory marker levels (p <0.05). ROC analysis
demonstrated moderate discriminative ability for one-year mortality
(AUC =0.72, 95% Cl: 0.61-0.83, p=0.001), with an optimal cut-off value of
8.70. Kaplan—Meier curves showed significantly reduced survival in the highest
TyG quartile (45.9%) compared with the lowest (89.5%) (log-rank p < 0.001).
Although TyG was not an independent predictor in multivariate analysis (HR
1.68; 95% CI: 0.70-4.00; p = 0.25), it was significant in the subgroup with left
ventricular ejection fraction <40% (HR 1.91; 95% Cl. 1.02-3.59; p=0.04).
Adding the TyG index to a conventional risk model including age, sex, left
ventricular ejection fraction, hypertension, chronic obstructive pulmonary
disease, cardiovascular disease, and chronic kidney disease significantly
improved prognostic accuracy (NRI=0.273, IDI = 0.011, both p < 0.01).
Conclusion: Elevated TyG levels are associated with increased one-year
mortality and reduced survival in elderly ADHF patients. The TyG index
provides incremental prognostic value beyond conventional risk factors and in
daily clinical practice may serve as a simple, low-cost tool for risk stratification
in geriatric heart failure management.
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Introduction

Heart failure (HF) remains one of the leading causes of
morbidity and mortality worldwide, particularly among elderly
populations in whom physiological reserve is diminished and
comorbid metabolic disorders

are common (1). Despite

advances in pharmacological and device-based therapies,
outcomes in patients with acute decompensated heart failure
(ADHF) remain suboptimal, with one-year mortality rates
frequently exceeding 25%-30% in older cohorts. Identifying
simple and reliable biomarkers that can aid in early risk
stratification is therefore crucial for early risk stratification (2).
Insulin resistance (IR) has been recognized as a pivotal
metabolic disturbance contributing to both the development and
progression of HF. Beyond its classical role in glucose
homeostasis, IR promotes endothelial dysfunction, oxidative
stress, myocardial remodeling, and neurohormonal activation all
of which may exacerbate cardiac dysfunction (3). Although the
hyperinsulinemic-euglycemic clamp remains the gold standard
for measuring IR, its complexity and cost preclude widespread
clinical use. As a result, surrogate indices have gained attention,
among which the triglyceride-glucose (TyG) index has emerged
as a simple, reproducible, and cost-effective alternative derived
from fasting triglyceride and glucose levels. Fasting triglyceride
>150 mg/dL are generally considered metabolically

abnormal and prognostically relevant, especially when interpreted

levels

together with fasting glucose as part of the TyG index (4).

The triglyceride-glucose (TyG) index has been shown in
multiple studies to be strongly associated with insulin resistance
and to outperform HOMA-IR in predicting metabolic and
cardiovascular risk (4, 5). Elevated TyG values have been
associated  with  increased incidence of atherosclerotic
cardiovascular disease, left ventricular (LV) remodeling, and HF
onset in community-based populations (6). In the
Atherosclerosis Risk in Communities (ARIC) study, higher
baseline TyG index independently predicted new-onset HF and
LV dysfunction over two decades of follow-up, underscoring its
potential pathophysiological relevance (7).

Subsequent clinical investigations have extended these findings
to patients with established HF. Zhou et al. (8) demonstrated that
higher TyG tertiles were significantly associated with all-cause
and cardiovascular mortality in chronic HF, improving model
discrimination beyond conventional risk factors. A meta-analysis
by Khalaji et al. (3), encompassing over 770,000 participants,
confirmed that each unit increase in TyG index corresponded to
a 17% higher risk of HF incidence and adverse outcomes.
Similarly, Dou et al. (2) observed that lower triglyceride-glucose
index combined with body mass index (TyG-BMI) values were
linked to increased one-year mortality in hospitalized HF
patients, highlighting the complex bidirectional interplay between
metabolic status and cardiac outcomes.

Of particular relevance to geriatric cardiology, insulin
resistance and its metabolic sequelae often intersect with
frailty, sarcopenia, and systemic inflammation, compounding
vulnerability in elderly individuals (9). The TyG index and its
related measures [e.g., TyG-BMI, triglyceride-glucose index
combined with waist-to-height ratio (TyG-WHtR)] have recently
been shown to correlate with frailty indices, suggesting shared
metabolic pathways underlying both conditions. Despite these
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insights, evidence specifically addressing the prognostic
significance of the TyG index in elderly patients hospitalized
with acute decompensated heart failure (ADHF) remains scarce.
Most prior studies have focused on chronic HF populations or
mixed-age cohorts, leaving a critical knowledge gap in older
adults—who constitute the majority of ADHF admissions and
exhibit the highest post-discharge mortality.

Given its simplicity and clinical practicality, the TyG index
may serve as a low-cost, accessible adjunct to conventional
prognostic models used in heart failure. Therefore, this study
aimed to evaluate the prognostic value of the triglyceride-
glucose index in elderly patients hospitalized with acute
decompensated heart failure (ADHF), focusing on one-year all-
cause mortality. By integrating both metabolic and
cardiovascular risk dimensions, we hypothesized that a higher
TyG index would be independently associated with increased
one-year mortality among elderly ADHF patients.

Methods
Study design and population

This retrospective, single-center, observational cohort study
was conducted at the Department of Cardiology, Karamanoglu
Mehmetbey University Faculty of Medicine, Karaman Training
and Research Hospital (Karaman, Tirkiye). The study aimed to
investigate the prognostic significance of the TyG index in
elderly patients hospitalized with acute decompensated
heart failure.

Between January 1, 2023 and December 31, 2024, a total of 497
consecutive patients admitted to the intensive care unit (ICU)
with a diagnosis of ADHF were retrospectively screened.
Patients were identified from the institutional electronic medical
record system using ICD-10 codes corresponding to heart
failure and acute decompensation. ADHF was defined according
to the 2023 Focused Update of the 2021 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure (1).
Accordingly, among these, 149 patients aged 65 years and older
who met all inclusion criteria were enrolled in the final analysis
(Figure 1).

To ensure data reliability and minimize bias, all clinical,
biochemical, and echocardiographic information was cross-
checked by two independent investigators. Laboratory
measurements, including fasting triglyceride and fasting glucose
levels, were obtained within the first 24 h of ICU admission.
The triglyceride-glucose (TyG) index was calculated according

to the following formula:

TyG index = In [fasting triglyceride (mg/dL)
x fasting glucose (mg/dL) / 2]

This formula has been validated as a reliable surrogate marker of
insulin resistance in cardiovascular and metabolic studies (4, 6).

Baseline demographic data (age, sex, body mass index),
comorbidities (hypertension, coronary artery disease, chronic
kidney disease, and atrial fibrillation), and medication history
were recorded. Echocardiographic parameters—including left
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497 patients with ADHF admitted to ICU (Jan 2023-Dec 2024)
[ )
Excluded (n = 348)
Prior diabetes or hypertriglyceridemia,
or use of lipid/glucose-altering drugs (n = 90)
- Age <65 years (n = 102)
- Missing fasting TG/glucose (n = 86)
- Terminal malignancy (n = 18)
- Non-cardiac ICU admissions (n = 27)
- Incomplete follow-up data (n = 25)
8 J
( )
149 elderly patients (=65 years)
with complete baseline and follow-up data
\& J
v
TyG index calculated as:
In [fasting TG x fasting glucose / 2]
N l J
[ 1\
Patients stratified into quartiles based on TyG index values:
Q1 (Lowest TyG) = Q4 (Highest TyG)
& J
FIGURE 1
Flowchart of the study population enrollment. ADHF, Acute decompensated heart failure; ICU, Intensive care unit; TG, Triglyceride; TyG, Triglyceride-
glucose index = In [fasting triglyceride (mg/dL) x fasting glucose (mg/dL)/2

ventricular ejection fraction (LVEF), left atrial diameter, and
diastolic function indices -were assessed according to current
ASE echocardiography guidelines (10). Laboratory data included
complete blood count, fasting glucose, renal and hepatic
tests, peptides.
Additionally, clinical heart failure severity scores—namely Killip
Association (NYHA)
functional class—were recorded. Treatment strategies including

function lipid profile, and natriuretic

classification and New York Heart

heart failure medications, intravenous diuretics, inotropes, and
vasodilator use were documented. Chronic kidney disease was
defined according to KDIGO criteria as an estimated glomerular
filtration rate <30 mL/min/1.73 m* (CKD stages 4-5), reflecting
severe renal dysfunction, or a documented prior diagnosis of
advanced CKD (11).

The duration of ICU stays and one-year follow-up outcomes
were retrieved from institutional electronic databases. For
patients with incomplete or missing follow-up information,

supplementary data were obtained through detailed review of
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individual hospital records and discharge summaries. In cases
where these sources were insufficient, structured telephone
the
unavailable, with their first-degree relatives to confirm survival

interviews were conducted with patients or, when

status and clinical outcomes.
Inclusion criteria

Patients were eligible for inclusion if they met all of the
following criteria:

« Patients aged >65 years were included. Although geriatric
medicine increasingly emphasizes >75 years, the >65-year
cutoff remains standard in cardiovascular research and
heart failure registries and was therefore adopted to
ensure consistency with the existing literature.

« Hospitalization in the ICU with a confirmed diagnosis
of ADHF
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o Availability of fasting triglyceride and fasting glucose
measurements obtained within the first 24 h of admission

o At least 12 months of clinical follow-up data

o Complete demographic, laboratory, and echocardiographic
records available in the hospital database.

Exclusion criteria
Patients were excluded if they had any of the following:

o Known terminal-stage malignancy or life expectancy
<3 months

o Admission to ICU for non-cardiac causes (e.g., trauma,
sepsis, respiratory failure)

o Incomplete or missing data preventing TyG calculation

o Loss to follow-up or lack of one-year outcome data

o Patients with a prior diagnosis of diabetes or

hypertriglyceridemia (very high fasting triglyceride levels

>500 mg/dL), or those using lipid-lowering or glucose-

altering medications that could confound baseline TyG

levels, were excluded to minimize potential selection bias.

Ethical considerations

The study protocol complied with the Declaration of Helsinki
and received approval from the Karamanoglu Mehmetbey
University Faculty of Medicine Clinical Research Ethics
Committee (date:10.09.2025, number: 23-2025/22). Owing to the
retrospective design, the requirement for written informed
consent was waived. All patient data were anonymized and
handled confidentially.

Statistical analysis

All statistical analyses were performed using IBM SPSS
(IBM Corp., Armonk, NY, USA).
were

Statistics version 26.0

Continuous variables expressed as mean * standard
deviation (SD) for normally distributed data and as median
(interquartile range, IQR) for non-normally distributed data,
whereas categorical variables were presented as counts and
percentages. Normality of distribution was assessed using the
Shapiro-Wilk
performed using the independent-samples t-test or one-way
(ANOVA) for
continuous variables and the Mann-Whitney U or Kruskal-
Wallis

appropriate. Categorical variables were compared using the Chi-

test. Comparisons between groups were

analysis of variance normally distributed

tests for non-normally distributed variables, as
square (x°) or Fisher’s exact test.

The TyG index was analyzed both as a continuous variable
and after stratification into quartiles (Q1-Q4) based on its
distribution within the study population. Quartile cut-off values
were determined according to the empirical distribution of TyG
values within the study sample (n =149), representing the 25th,
50th, and 75th percentiles calculated directly from the observed
dataset. The quartile cut-off values were as follows: Q1 (<8.370),
Q2 (8.371-8.770), Q3 (8.771-9.159), and Q4 (>9.160).
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Receiver operating characteristic (ROC) curve analysis was
performed to assess the predictive performance of the TyG index
for one-year all-cause mortality, and the optimal cut-off value was
determined using the Youden index. Univariate and multivariate
Cox proportional hazards regression analyses were conducted to
identify predictors of one-year mortality. All baseline demographic,
clinical, laboratory, and echocardiographic variables presented in
Table 1 were initially evaluated in univariate Cox regression
analyses. Variables with a p value <0.05, as well as clinically
established prognostic factors in heart failure, were entered into the
multivariate Cox regression model. Accordingly, age, sex, left
ventricular ejection fraction, hypertension, chronic obstructive
pulmonary disease, cardiovascular disease, and chronic kidney
disease were included a priori to ensure appropriate adjustment for
confounding. Survival curves were generated using the Kaplan-
Meier method and compared using the log-rank test.

A two-tailed p value <0.05 was considered statistically
significant.

Results
Participants and baseline characteristics

A total of 149 patients were included in the study. Patients
were divided into four quartiles (Q1-Q4) based on the
Triglyceride-Glucose (TyG) index, and their basic demographic,
laboratory, and clinical characteristics were compared. Patients’
age, renal function,

electrolytes, inflammatory markers,

hematological parameters, metabolic profile, and cardiac
indicators were evaluated according to TyG quartiles.

Significant differences were found between TyG quartiles in
glucose, triglycerides, total cholesterol, white blood cell (WBC),
neutrophil, platelet, and hemoglobin levels (all p<0.05). All of
these parameters were higher in the highest TyG group (Q4).
Follow-up duration showed a significant decrease as the TyG
level increased (p=0.009). No significant differences were
observed between variables such as ejection fraction, sodium,
creatinine, estimated glomerular filtration rate (eGFR), and
length of hospital stay (p > 0.05).

When examining the distribution of categorical variables
according to TyG quartiles, the proportion of female patients
increased significantly as the TyG level increased (p =0.006).
Additionally, NYHA functional class showed a significant
association with TyG, with an increased proportion of patients
in the high TyG group having NYHA class >3 (p=0.050).
Although chronic kidney disease (CKD) and one-year mortality
rates showed an increasing trend with TyG, they did not reach
statistical significance (p =0.065 and p =0.061, respectively). No
significant differences were observed between TyG groups in
terms of hypertension, chronic obstructive pulmonary disease
(COPD), cerebrovascular disease (CVD), Killip class, and in-
hospital mortality (all p>0.05) (Table 1).

When comparing the lowest (Q1) and highest (Q4) TyG
total WBC,

neutrophil, and platelet levels were found to be significantly

quartiles, glucose, triglycerides, cholesterol,
higher in the Q4 group, while the follow-up period was shorter
(p <0.05 for all). No statistically significant difference was found

in hemoglobin levels (Table 2).
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TABLE 1 Comparison of clinical, laboratory, and demographic characteristics according to TyG quartiles.

10.3389/fcvm.2026.1747197

Parameters Q1 Q2 Q3 Q4 p value
Demographic Characteristics

Age 73.50 [68.25-81.00] 81.00 [72.00-84.00] 79.00 [70.00-85.00] 81.00 [73.00-88.00] 0.065
Sex, Male n (%) 10 (26.3) 20 (54.1) 15 (40.5) 24 (64.9) 0.006
Laboratory findings

Creatinine(mg/dL) 1.14 [0.97-1.52] 1.20 [0.95-1.74] 1.28 [1.01-1.45] 1.38 [1.14-1.82] 0.278
e-GFR (mL/min/1.73m?) 59.23 [38.31-68.73] 48.46 [33.62-67.00] 45.75 [38.73-70.76] 41.00 [26.00-54.79] 0.068
Sodium (mmol/L) 139.00 [136.25-141.00] | 138.00 [136.00-140.00] | 139.00 [136.00-140.00] | 138.00 [134.00-139.00] 0.070
Potassium (mmol/L) 4.05+0.53 429 +£0.56 423+0.55 457 +0.61 0.002
CRP (mg/L) 14.35 [7.75-23.42] 13.35 [4.15-53.68] 14.00 [6.72-66.95] 11.60 [4.70-56.90] 0.925
Glucose (mg/dL) 91.00 [84.00-105.50] 112.00 [97.00-124.00] | 126.00 [105.00-152.00] | 210.00 [142.00-242.00] <0.001
LDL (mg/dL) 91.70 [67.25-104.15] 97.00 [76.60-119.60] 99.60 [80.80-116.20] 87.40 [74.40-111.10] 0.358
HDL (mg/dL) 37.00 [29.00-45.00] 41.00 [35.00-53.00] 41.00 [34.00-43.00] 40.00 [37.00-44.00] 0.132
Triglyceride (mg/dL) 70.50 [63.00-79.00] 94.00 [88.00-109.00] 121.00 [105.00-150.00] | 192.00 [121.00-226.00] <0.001
Total Cholesterol (mg/dL) 145.00 [114.00-158.75] | 149.00 [133.00-189.00] | 161.00 [147.00-187.00] | 165.00 [143.00-196.00] 0.003
Hemoglobin (g/dL) 11.10 [10.10-12.93] 12.40 [10.50-14.10] 12.80 [12.20-14.40] 11.40 [10.50-13.40] 0.014
WBC (10%/uL) 7.17 [6.03-9.02] 7.05 [5.65-9.56] 9.56 [8.15-11.08] 8.32 [6.79-12.85] 0.002
Platelet (10°/uL) 206.50 [170.25-270.75] | 226.00 [172.00-276.00] | 238.00 [197.00-273.00] | 255.00 [219.00-311.00] 0.041
Neutrophil (10*/uL) 5.62 [4.46-6.67] 5.66 [3.72-7.08] 6.94 [5.46-9.40] 6.12 [4.70-8.30] 0.008
Lymphocyte (10*/uL) 1.27 [1.02-1.60] 1.15 [0.94-1.84] 1.47 [0.77-1.95] 1.45 [1.17-2.09] 0.520
TyG Index 8.16 [8.02-8.26] 8.57 [8.49-8.67] 8.95 [8.86-9.08] 9.59 [9.40-9.96] <0.001
Comorbidities, n (%)

Hypertension 22 (57.9) 19 (51.4) 18 (48.6) 22 (59.5) 0.753
COPD 11 (28.9) 9 (24.) 8 (21.6) 8 (21.6) 0.865
Stroke 2(5.3) 4 (10.8) 4(10.8) 4 (10.8) 0.796
CKD 12 (31.6) 15 (40.5) 5 (13.5) 13 (35.1) 0.065
Cardiovascular findings

Ejection Fraction (%) 40.00 [25.75-45.00] 40.00 [30.00-45.00] 35.00 [30.00-45.00] 40.00 [30.00-45.00] 0.732
Killip >3 (%) 10 (26.3) 8 (21.6) 12 (32.4) 16 (43.2) 0.191
NYHA >3 (%) 14 (36.8) 11 (29.7) 16 (43.2) 16 (43.2) 0.050
Hospitalizations and mortality

Number of Hospitalizations (n) 3.00 [2.00-3.00] 2.00 [1.00-3.00] 2.00 [2.00-3.00] 2.00 [1.00-3.00] 0.103
Follow-up Duration (days) 390.50 [344.00-410.25] | 395.00 [351.00-415.00] | 371.00 [127.00-408.00] | 337.00 [139.00-393.00] 0.009
Hospital Stay (days) 7.00 [6.00-8.00] 6.00 [6.00-8.00] 7.00 [6.00-8.00] 7.00 [5.00-8.00] 0.755
In-hospital mortality at first admission, n (%) 0 (0.0) 0 (0.0) 3 (8.1) 3(8.1) 0.096
One Year Mortality, n (%) 11 (28.9) 10 (27.0) 15 (40.5) 20 (54.1) 0.061

Data are presented as median [interquartile range]. Continuous variables were compared using the Kruskal-Wallis H test, and normally distributed variables. Potassium levels were normally
distributed and analyzed by one-way ANOVA. Categorical variables were presented as number (percentage) and compared using the Chi-square test. Bold p-values indicate statistical
significance (p <0.05). (CKD, Chronic Kidney Disease; COPD, Chronic Obstructive Pulmonary Disease; CRP, C-Reactive Protein; EF:Ejection Fraction; e-GFR, Estimated Glomerular
Filtration Rate; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; NYHA, New York Heart Association; TyG, Triglyceride-Glucose Index; WBC, White Blood Cell;

p-value: statistical significance).

ROC analysis

The TyG index demonstrated moderate discriminative ability
for one-year mortality (AUC=0.72, 95% CI: 0.61-0.83,
p=0.001). An optimal cutoff value of 8.70 was identified,
providing a sensitivity of 62% and specificity of 55%, with a
Youden’s J index of 0.17. These findings indicate that higher
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TyG levels are significantly associated with increased mortality
risk and may serve as a clinically useful biomarker (Figure 2).

In the sensitivity analysis using the ROC-derived threshold of
8.70, the mortality rate was higher in the high TyG group
compared with the low TyG group (44.9% vs. 29.6%), indicating
an increased mortality risk above this cutoff. This threshold was
derived in patients aged >65 years hospitalized with acute
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TABLE 2 Pairwise comparison (Mann-Whitney U) between lowest (Q1) and highest (Q4) TyG quartiles and kruskal-wallis p-values.

Direction (Q4 vs. Q1)

Variable Q1 Mean Rank Q4 Mean Rank
Glucose (mg/dL) 20.78 55.69
Triglycerides (mg/dL) 19.97 56.51
Total cholesterol (mg/dL) 29.62 46.61
WBC (x10°/L) 32.68 43.46
Neutrophil (x10°/L) 35.01 41.07
Platelet (x10°/L) 31.66 44.51
Hemoglobin (g/dL) 37.17 38.85
Follow-up duration (days) 45.18 30.62

Kruskal-Wallis p

1 Higher in Q4 <0.001
1 Higher in Q4 <0.001
1 Higher in Q4 0.003
1 Higher in Q4 0.002
1 Higher in Q4 0.008
1 Higher in Q4 0.041
~ No difference 0.014
| Shorter in Q4 0.009

Mean ranks were obtained from the Mann-Whitney U-test (comparison between Q1 and Q4). Directional arrows (1/]) indicate the group with higher median values. All p-values are derived

from the Kruskal-Wallis H test. Bold p-value: statistical significance (WBC, White Blood Cell).

ROC Curve

0.6

Sensitivity

0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

FIGURE 2

ROC analysis of TyG Index for prediction of mortality. Area under the
curve (AUC)=0.72; 95% Cl: 0.61-0.83; p=0.001. Optimal cut-
off = 8.70 (Youden index)

decompensated heart failure and should be interpreted as
population-specific rather than universally applicable.

The chi-square test revealed that this difference was borderline
statistically significant (y*=3.71, p=0.054). Fisher’s exact test
confirmed that this difference was unidirectionally significant
(p=0.039). These results indicate that mortality risk tends to
increase in patients with TyG >8.70 and that this threshold
value can be used as a clinically discriminative cutoff.

Survival analysis

The Kaplan-Meier survival demonstrated a
significant decrease in survival time with an increase in the
Triglyceride-Glucose (TyG) index (Log-rank p <0.001). The

median survival time in the lowest TyG quartile (Ql) was

analysis

approximately 420 days, and this group had the highest
survival rate (89.5%). In contrast, the median survival time in
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the highest TyG quartile (Q4) decreased to approximately
360 days, and the survival rate was found to be 45.9%. In
the Kaplan-Meier curves, the curve for the Q4 group showed
a marked decline in the early period, supporting the
association between high TyG levels and increased mortality
risk (Figure 3).

According to the Kaplan-Meier curves created based on the
TyG=8.7 threshold obtained from the ROC analysis, the
survival rate was significantly lower in patients with TyG >8.7; it
was calculated as 70% vs. 55% at day 427 (log-rank p=0.05)
(Figure 4).

Multivariable analysis

In the multivariate Cox proportional hazards analysis
including age, sex, EF, hypertension, COPD, CVD, and CKD
variables, TyG (continuous variable) was not found to be a
significant independent predictor of mortality (HR 1.68; 95% CI:
0.70-4.00; p =0.25). However, an approximately 68% increase in
mortality risk was observed with increasing TyG levels.
Similarly, TyG quartiles did not show significance (p =0.868).
No other variables were found to be significant independent
predictors (all p > 0.05).

When TyG was
regression model as a categorical variable based on the ROC-
derived cutoff (8.70), patients with TyG >8.70 had a
significantly higher risk of one-year mortality (HR = 1.86, 95%
CI: 1.03-3.37, p = 0.04).

entered into the multivariate Cox

Subgroup analyses

In subgroup analysis, the effect of TyG on mortality was
particularly pronounced in patients with low left ventricular
ejection fraction (EF) (HR 1.91, 95% CI: 1.02-3.59, p =0.04).
The risk of all-cause mortality was significantly increased in
cases with TyG >8.7 (HR 1.86, 95% CI: 1.03-3.37, p =0.04). The
interaction between age, sex, and TyG was not statistically
significant (all p > 0.05) (Table 3).

The predictive performance of the model was assessed using
discrimination and reclassification metrics. Adding the TyG
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FIGURE 3
Kaplan—meier survival curves by TyG quartiles. Survival significantly decreased with increasing TyG levels (log-rank p < 0.001).
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Kaplan—meier survival curves according to TyG Cut-off (8.70). Survival was significantly lower in patients with TyG >8.70 (log-rank p = 0.039).

index to classic risk wvariables significantly improved the
discriminative power of the model in predicting mortality. The
area under the ROC curve (AUC) for the baseline model
(age, gender, EF, HT, COPD, CVD, CKD) was 0.710 (95% CI:
0.641-0.776), while the AUC increased to 0.723 with the
addition of the TyG variable. This increase in AUC was found
to be statistically significant (p<0.01). According to the

Frontiers in Cardiovascular Medicine

reclassification analysis, the new model showed a net
improvement of 27.3% in correct risk classification (NRI=0.273,
95% CI: 0.213-0.334, p<0.01) and a 1.1% increase in the
average discrimination index (IDI=0.011, 95% CI: 0.008-0.015,
p <0.01). These findings indicate that adding the TyG index to
existing clinical variables provides additional prognostic value in

predicting mortality risk (Table 4).
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TABLE 3 Subgroup Cox regression analysis for All-cause mortality.

Subgroup HR (95% Cl) p-value Interaction p
Age (65-74 vs. >75) 1.43 (0.77-2.66) 0.26 0.42
Gender (Male vs. Female) 1.58 (0.82-3.02) 0.17 0.38

EF (<40 vs. >40) 1.91 (1.02-3.59) 0.04 0.03

TyG Cut-off (>8.7 vs. <8.67) 1.86 (1.03-3.37) 0.04 —

EF, Ejection Fraction; TyG, Triglyceride-Glucose Index; bold p-value: statistical significance.

TABLE 4 Incremental predictive value of TyG for All-cause mortality.

Model AUC (95% Cl) AAUC NRI (95% Cl) IDI (95% Cl) p-value
Model 1: Age + Sex + EF + HT + COPD + CVD + CKD 0.710 (0.641-0.776) — — — —
Model 2: Model 1+ TyG 0.723 (0.658-0.789) +0.013 0.273 (0.213-0.334) 0.011 (0.008-0.015) <0.01

AUC, Area Under the Curve; CI, Confidence Interval; AAUC, Change in AUC; NRI, Net Reclassification Improvement; IDI, Integrated Discrimination Improvement; CVD, cerebrovascular
disease CKD, Chronic kidney disease; TyG, Triglyceride-Glucose Index; EF, Ejection Fraction; HT, Hypertension; COPD, Chronic obstructive pulmonary disase; bold p-value,

statistical significance.

Discussion

This study comprehensively examined the prognostic effect of
the Triglyceride-Glucose (TyG) index on all-cause mortality in
geriatric patients hospitalized due to acute decompensated heart
failure. Our findings show that high TyG values are significantly
associated with both short-term and one-year mortality. These
findings align with the current literature emphasizing the
importance of the TyG index as a cardiometabolic risk marker.

The TyG index is an easily calculable surrogate marker of
insulin resistance and is considered an important indicator of
metabolic stress, particularly in the elderly patient population.
Large cohort studies in recent years have reported that the TyG
index is a strong predictor of cardiovascular events,
atherosclerotic burden, and mortality (2, 3). A systematic review
published by Gounden and colleagues in 2024 demonstrated
that the TyG index is a valuable biomarker for assessing insulin
resistance due to its simplicity in clinical practice and strong
predictive performance (12).

Insulin resistance is increasingly recognized as a key
mechanism linking metabolic dysregulation to frailty, cognitive
decline, and physical impairment in older adults. Prediabetic
states and insulin resistance have been associated with increased
vulnerability and adverse outcomes in geriatric populations.
Accordingly, the association between elevated TyG index values
and increased mortality observed in our study may reflect not
only metabolic risk but also a broader frailty-related phenotype
in elderly patients hospitalized with acute decompensated heart
failure, supporting the biological plausibility of our findings (13).

Cui et al. (14) reported that high TyG values in acute cardiac
conditions may lead to cardiac dysfunction by increasing
inflammatory activation and oxidative stress (14). In our study,
it was observed that glucose, triglycerides, total cholesterol,
WBC, neutrophil, and platelet counts increased significantly as
the TyG level increased. These findings are consistent with
previously defined pathophysiological mechanisms suggesting
that TyG represents not load but

only glycemic also
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inflammation and dyslipidemia. Furthermore, the findings
obtained in our study are consistent with increasing evidence
that the TyG index is associated not only with metabolic
disorders but also with heart failure mortality. Furthermore,
Zhao et al. (15) demonstrated that the TyG index is an
independent predictor of subclinical atherosclerosis in the
elderly population; this finding supports the observation in our
study that patients with high TyG levels had a significantly
higher inflammatory and metabolic profile (15). Again, these
findings indicate that not only glycemic control but also
triglyceride-based metabolic dysfunction is important in this
patient group.

Adams-Huet et al. (16) demonstrated that TyG reflects not
only glycemic load but also a unique lipotoxic profile, thereby
significantly contributing to cardiometabolic risk classification
(16). Additionally, Tao et al. (17) reported that high TyG levels
are strongly associated with vascular stiffness and endothelial
dysfunction; these pathophysiological processes provide
biological links that explain increased mortality, particularly in
the frail geriatric population (17).

Saylik et al. (18) reported that the TyG index is significantly
associated with mortality and complication risk in acute
coronary syndromes (18). It is known that insulin resistance,
inflammation, oxidative stress, and cardiometabolic dysfunction
form a vicious cycle in older age. Our findings are consistent
suggest that
elevated TyG during ADHF may be an indicator of acute
metabolic burden in older individuals and a consistent

with this pathophysiological framework and

prognostic tool across different cardiovascular subgroups.

The survival analyses in our study have more clearly
demonstrated the effect of the TyG index on clinical outcomes.
that
significantly as the TyG level increases. It has been shown that
survival is significantly lower in patients with high TyG levels.

Kaplan-Meier curves show survival time decreases

One-year survival was 89.5% in the QI group and 45.9% in the
Q4 group. The fact that median survival was significantly
reduced in the highest TyG quartile and that a rapid decline was
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observed in the early period supports the notion that TyG may be
one of the determinants of short- and medium-term
mortality risk.

In the ROC analysis, the AUC value was found to be 0.72,
suggesting that TyG may be a moderately strong biomarker for
distinguishing mortality. This result is consistent with the
“moderate-to-high level of discriminatory power” of TyG in
predicting vascular damage, atherosclerotic burden, mortality,
and cardiometabolic risk reported in the literature by Tao and
Gounden (12, 17). Furthermore, the significant increase in
mortality rates in patients above the 8.70 cut-off value obtained
from the ROC analysis (44.9% vs. 29.6%) suggests that TyG may
offer a practically applicable threshold value in clinical settings.
Accordingly, the moderate standalone ROC performance of the
TyG index should be interpreted in light of its significant
incremental prognostic value beyond conventional risk factors,
as demonstrated by reclassification analyses. However, it should
be noted that this cut-off value was obtained in a single center
and limited sample size, and it needs to be validated in
prospective studies for clinical use.

In our multivariate Cox regression analysis, the TyG index did
not remain an independent predictor of one-year mortality (HR
1.68, p=0.25). Several methodological and clinical factors may
explain this attenuation of independent significance. First, the
relatively modest sample size (n=149) may have limited
statistical power, particularly in multivariable models including
several strong competing covariates. Second, dominant
prognostic factors such as age, chronic kidney disease, reduced
left ventricular ejection fraction, and overall comorbidity burden
each included a priori in the multivariate model may have
outweighed the incremental prognostic contribution of TyG, a
phenomenon consistent with confounder dominance. To avoid
multicollinearity, fasting glucose and triglyceride levels were not
entered separately into the multivariate model, as they constitute
the components of the TyG index. Therefore, the loss of
likely attributable to
overlapping prognostic information with established clinical
variables rather than true biological irrelevance of the TyG index.

independent significance is more

Moreover, mortality in geriatric ADHF is inherently
multifactorial and is often heavily influenced by hemodynamic
instability and multimorbidity, which may overshadow the
prognostic impact of insulin resistance-related biomarkers.
Notably, although TyG was not an independent predictor in the
overall cohort, it demonstrated a significant association with
mortality in patients with reduced ejection fraction (EF <40%)
(HR 1.91, p =0.04), suggesting that metabolic stress may exert a
clinical effect in this subgroup. This

interaction may indicate that metabolic stress represented by

more pronounced

TyG disproportionately affects patients with reduced EF, whose
myocardium is already more vulnerable to energetic deficits,
inflammation, and microvascular dysfunction. In such patients,
increased metabolic load further impairs mitochondrial ATP
generation and amplifies oxidative stress, accelerating myocardial
deterioration. Supporting this interpretation, Zhao et al. (15)
reported  strong  links TyG and
atherosclerosis, arterial stiffness, and endothelial dysfunction in

between subclinical

elderly individuals—mechanisms that may partly explain the

increased mortality observed in our high-TyG, low-EF patients
(15). Together, these considerations indicate that the lack of
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statistical independence in the Cox model is more likely
methodological than biological, a conclusion further reinforced
by the clear gradient in survival curves and the significant NRI/
IDI improvement after adding TyG to the baseline risk model.

One of the important contributions of this study is that the
addition of the TyG index to clinical risk models significantly
increases prognostic power. Indeed, in model performance
analyses (increased AUC, NRI, and IDI), the addition of TyG to
existing clinical parameters provides a significant improvement
in risk prediction, strongly supporting the index’s additional
prognostic value. In particular, the NRI value showing a
clinically meaningful reclassification contribution of 27%
demonstrates that the TyG index provides information beyond
classic risk factors. This result is fully consistent with the
findings reported by Adams-Huet (16) that “TyG captures
residual risk that traditional risk factors cannot identify by
reflecting the combined metabolic effects of lipotoxicity and
glycemic load” (16). Similarly, Gounden (12) demonstrated in
their recent systematic review, which evaluated numerous
prospective cohorts, that the TyG index provides a significant
prognostic contribution to traditional parameters in predicting
cardiometabolic risk (12). In our study, the achievement of
meaningful reclassification gains with the addition of TyG to the
model confirms that this index is a complementary biomarker
that can strengthen clinical decision-making processes in
geriatric ADHF populations. However, because no internal
(e.g., Dbootstrapping or
performed, the improvements observed in ROC, NRI, and IDI
analyses may carry a risk of overfitting.

validation cross-validation)  was

Our study has several strengths. First, it is one of the first
studies in the literature to focus exclusively on the geriatric
ADHF population. The multifaceted analysis of TyG using robust
statistical methods in a homogeneous geriatric ADHF population,
the evaluation of its performance using reclassification analyses
such as Kaplan-Meier, ROC, Cox, and NRI/IDI, and the
provision of a clinically meaningful cut-off value enhance our
study’s contribution to the literature. Information about in-
hospital and long-term mortality can be obtained using the TyG
index, which is calculated using only two routine laboratory
parameters, and this information can be used in patient discharge
planning and determining long-term treatment strategies.

Limitations

This that should be
acknowledged. First, the study was conducted in a single center

study has several limitations
with a relatively small sample size (n=149), which may limit
the generalizability of the findings. Second, the retrospective
design restricts the ability to establish a causal relationship
between the TyG index and mortality. Third, the TyG index was
calculated from single baseline measurements of fasting glucose
and triglyceride levels during hospitalization; serial changes over
time were not assessed. Fourth, we did not include other insulin
resistance markers such as the HOMA-IR index or direct
measures of insulin sensitivity for comparison. Fifth, long-term
medication data (such as SGLT2 inhibitors, statins, or beta-
blockers) and nutritional status were not comprehensively
recorded, which might have influenced metabolic parameters.
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The absence of systematically recorded long-term treatment
data and standardized nutritional or frailty assessments
represents an additional limitation, as these factors may
modulate metabolic status and prognosis in elderly patients with
acute decompensated heart failure.

Additionally, excluding patients with diabetes or lipid-
lowering therapy may have systematically reduced TyG values
and introduced a selection bias, potentially limiting the
representativeness of the study cohort.

Although patients aged >65 years are commonly classified as
elderly in cardiovascular and heart failure studies, contemporary
geriatric definitions increasingly emphasize older age thresholds
(>75 years) and functional status rather than chronological age
alone; this heterogeneity should be considered when interpreting
our findings.

Despite these limitations, the study provides
preliminary evidence that the TyG index could serve as a simple,

valuable

cost-effective marker for risk stratification in geriatric heart failure
patients. Future multicenter studies with larger sample sizes and
prospective designs are needed to validate these findings.

Conclusion

In this study, elevated triglyceride-glucose (TyG) index levels
were significantly associated with increased one-year mortality
with
decompensated heart failure. The TyG index showed moderate
discriminative ability and provided incremental prognostic value

and reduced survival in elderly patients acute

beyond conventional risk factors, particularly among patients
with reduced ejection fraction. Given its simplicity, cost-
effectiveness, and availability from routine laboratory data, the
TyG index may serve as a practical and reproducible biomarker
for early risk stratification in geriatric heart failure management.
Larger prospective multicenter studies are warranted to confirm
these findings and to explore the clinical utility of TyG-guided
risk assessment in daily practice.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

Ethics statement

The studies involving humans were approved by the Karamanoglu
Mehmetbey University Faculty of Medicine Clinical Research
Ethics Committee (date: 10.09.2025, number: 23-2025/22). The
study protocol complied with the Declaration of Helsinki. The
studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2026.1747197

participation was not required from the participants or the
participants’ legal guardians/next of kin because owing to the
retrospective design, the requirement for written informed consent
was waived. Al data
handled confidentially.

patient were anonymized and

Author contributions

AY: Writing - original draft, Writing - review & editing,
Methodology, Supervision. OC: Data curation, Writing
original draft, Supervision, Writing - review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. The author(s) verify and take full
responsibility for the use of generative Al in the preparation of
this manuscript. Generative AI was used only for language
polishing, grammar refinement, and improving clarity of
expression. All analyses, interpretations, scientific content, and
conclusions were generated, verified, and approved by the
author(s). No generative Al tools were used for data analysis,
statistical results, or the creation of original scientific content.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fcvm.2026.1747197

Yilmaz and Cicek

References

1. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Béhm M, et al.
Focused update of the 2021 ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure: developed by the task force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of Cardiology
(ESC) with the special contribution of the heart failure association (HFA) of the
ESC. Eur Heart J. (2023) 44(37):3627-39. doi: 10.1093/eurheartj/ehad195

2. DouJ, Guo C, Wang Y, Peng Z, Wu R, Li Q, et al. Association between triglyceride
glucose-body mass and one-year all-cause mortality of patients with heart failure: a
retrospective study utilizing the MIMIC-IV database. Cardiovasc Diabetol. (2023)
22(1):309. doi: 10.1186/s12933-023-02047-4

3. Khalaji A, Behnoush AH, Khanmohammadi S, Ghanbari Mardasi K, Sharifkashani
S, Sahebkar A, et al. Triglyceride-glucose index and heart failure: a systematic review
and meta-analysis. Cardiovasc Diabetol. (2023) 22(1):244. doi: 10.1186/s12933-023-
01973-7

4. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The product of
fasting glucose and triglycerides as surrogate for identifying insulin resistance in
apparently healthy subjects. Metab Syndr Relat Disord. (2008) 6(4):299-304.
doi: 10.1089/met.2008.0034

5. Unger G, Benozzi SF, Perruzza F, Pennacchiotti GL. Triglycerides and glucose
index: a wuseful indicator of insulin resistance. Endocrinol Nutr. (2014)
61(10):533-40. doi: 10.1016/j.endonu.2014.06.009

6. Zheng H, Wu K, Wu W, Huang Z, Wang X, Fu P, et al. Relationship of the
trajectory of the triglyceride-glucose index with heart failure: the kailuan study.
Lipids Health Dis. (2024) 23(1):257. doi: 10.1186/512944-024-02254-2

7.Huang R, Lin Y, Ye X, Zhong X, Xie P, Li M, et al. Triglyceride-glucose index in the
development of heart failure and left ventricular dysfunction: analysis of the ARIC
study. Eur ] Prev Cardiol. (2022) 29(11):1531-41. doi: 10.1093/eurjpc/zwac058

8. Zhou Y, Wang C, Che H, Cheng L, Zhu D, Rao C, et al. Association between the
triglyceride-glucose index and the risk of mortality among patients with chronic heart
failure: results from a retrospective cohort study in China. Cardiovasc Diabetol.
(2023) 22(1):171. doi: 10.1186/512933-023-01895-4

9.Yin H, Guo L, Zhu W, Li W, Zhou Y, Wei W, et al. Association of the triglyceride-
glucose index and its related parameters with frailty. Lipids Health Dis. (2024)
23(1):150. doi: 10.1186/s12944-024-02147-4

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2026.1747197

10. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster MC, et al.
Guidelines for performing a comprehensive transthoracic echocardiographic
examination in adults: recommendations from the American society of
echocardiography. | Am Soc Echocardiogr. (2019) 32(1):1-64. doi: 10.1016/j.echo.
2018.06.004

11. Levin A, Ahmed SB, Carrero JJ, Foster B, Francis A, Hall RK, et al. Executive
summary of the KDIGO 2024 clinical practice guideline for the evaluation and
management of chronic kidney disease: known knowns and known unknowns.
Kidney Int. (2024) 105(4):684-701. doi: 10.1016/j.kint.2023.10.016

12. Gounden V, Devaraj S, Jialal I. The role of the triglyceride-glucose index as a
biomarker of cardio-metabolic syndromes. Lipids Health Dis. (2024) 23(1):416.
doi: 10.1186/s12944-024-02412-6

13. Santulli G, Visco V, Varzideh F, Guerra G, Kansakar U, Gasperi M, et al.
Prediabetes increases the risk of frailty in prefrail older adults with hypertension:
beneficial effects of metformin. Hypertension. (2024) 81(7):1637-43. doi: 10.1161/
HYPERTENSIONAHA.124.23087

14. Cui C, Qi Y, Song J, Shang X, Han T, Han N, et al. Comparison of triglyceride
glucose index and modified triglyceride glucose indices in prediction of
cardiovascular diseases in middle aged and older Chinese adults. Cardiovasc
Diabetol. (2024) 23(1):185. doi: 10.1186/s12933-024-02278-z

15. Zhao M, Xiao M, Tan Q, Lu F. Triglyceride glucose index as a predictor of
mortality in middle-aged and elderly patients with type 2 diabetes in the US. Sci
Rep. (2023) 13(1):16478. doi: 10.1038/s41598-023-43512-0

16. Adams-Huet B, Zubiran R, Remaley AT, Jialal I. The triglyceride-glucose index is
superior to homeostasis model assessment of insulin resistance in predicting
metabolic syndrome in an adult population in the United States. J Clin Lipidol.
(2024) 18(4):e518-e24. doi: 10.1016/j.jacl.2024.04.130

17. Tao LC, Xu JN, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a marker in
cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol. (2022)
21(1):68. doi: 10.1186/s12933-022-01511-x

18. Saylik F, Cinar T, Selguk M, Tanboga IH. The predictive value of triglyceride-
glucose index for in-hospital and one-year mortality in elderly non-diabetic
patients with ST-segment elevation myocardial infarction. Journal of Geriatric
Cardiology: JGC. (2022) 19(8):610. doi: 10.11909/j.issn.1671-5411.2022.08.006

frontiersin.org


https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1186/s12933-023-02047-4
https://doi.org/10.1186/s12933-023-01973-7
https://doi.org/10.1186/s12933-023-01973-7
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1016/j.endonu.2014.06.009
https://doi.org/10.1186/s12944-024-02254-2
https://doi.org/10.1093/eurjpc/zwac058
https://doi.org/10.1186/s12933-023-01895-4
https://doi.org/10.1186/s12944-024-02147-4
https://doi.org/10.1016/j.echo.2018.06.004
https://doi.org/10.1016/j.echo.2018.06.004
https://doi.org/10.1016/j.kint.2023.10.016
https://doi.org/10.1186/s12944-024-02412-6
https://doi.org/10.1161/HYPERTENSIONAHA.124.23087
https://doi.org/10.1161/HYPERTENSIONAHA.124.23087
https://doi.org/10.1186/s12933-024-02278-z
https://doi.org/10.1038/s41598-023-43512-0
https://doi.org/10.1016/j.jacl.2024.04.130
https://doi.org/10.1186/s12933-022-01511-x
https://doi.org/10.11909/j.issn.1671-5411.2022.08.006
https://doi.org/10.3389/fcvm.2026.1747197

	Prognostic value of the triglyceride-glucose Index in elderly patients with acute decompensated heart failure: a one-year mortality analysis
	Introduction
	Methods
	Study design and population
	Inclusion criteria
	Exclusion criteria

	Ethical considerations
	Statistical analysis

	Results
	Participants and baseline characteristics
	ROC analysis
	Survival analysis
	Multivariable analysis
	Subgroup analyses

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


