:' frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

|zabela Szymczak-Pajor,
Medical University of Lodz, Poland

Nikos Stalikas,

Cardiovascular Center, OLV Aalst, Belgium
Hanging Liu,

Zhejiang University, China

Xiaodong Zhang
m13604069261@163.com

Ying Liu
yingliu.med@gmail.com

Zhenwei Wang
1229445463@qgq.com

"These authors have contributed
equally to this work and share
first authorship

28 February 2025
30 July 2025
26 August 2025

Zhang X, Niu N, Yu S, Zhang X, Chen X, Yu M,
Zhang W, Liu Y and Wang Z (2025)
Correlation of the triglyceride-glucose index
with major adverse cardiovascular events in
type 2 diabetes mellitus patients with acute
myocardial infarction combined with HFpEF.
Front. Endocrinol. 16:1585067.

doi: 10.3389/fendo.2025.1585067

© 2025 Zhang, Niu, Yu, Zhang, Chen, Yu,
Zhang, Liu and Wang. This is an open-access
article distributed under the terms of the

Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Endocrinology

Original Research
26 August 2025
10.3389/fendo.2025.1585067

Correlation of the triglyceride-
glucose index with major
adverse cardiovascular events in
type 2 diabetes mellitus patients
with acute myocardial infarction
combined with HFpEF

Xiaodong Zhang'*!, Nan Niu?, Shenggin Yu*, Xinxin Zhang",
Xuefu Chen?, Ming Yu?, Wenmiao Zhang?, Ying Liu™
and Zhenwei Wang*

‘Department of Cardiology, The First Affiliated Hospital of Dalian Medical University, Dalian, China,
2Department of Cardiology, The Second Affiliated Hospital of Dalian Medical University, Dalian, China,
sDepartment of Cardiology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Aims: This study was conducted to evaluate the correlation between
triglyceride-glucose index (TyG) and major adverse cardiovascular events
(MACE) in patients with type 2 diabetes mellitus (T2DM) and heart failure with
preserved ejection fraction (HFpEF) after acute myocardial infarction (AMI).
Methods: This retrospective study at the First Affiliated Hospital of Dalian Medical
University included 400 AMI patients with T2DM and HFpEF who underwent
percutaneous coronary intervention (PCl) between 1 January 2018 and 1 January
2023. The study was conducted using univariate and multivariate Cox regression
analyses, subgroup analyses, receiver operating characteristic (ROC) curves, and
Kaplan—Meier survival curves to assess the correlation between the TyG index
and MACE.

Results: Multivariate Cox regression analyses showed that in model 3 with
variables fully adjusted, when TyG was used as a categorical variable, the risk
of MACE in the TyG T2 and T3 groups was 1.622 times and 2.247 times higher
than that in the T1 group, respectively (P < 0.05). When TyG was used as a
continuous variable, the risk of MACE increased by 49.5% for every 1 unit increase
in the TyG index (P < 0.001). In the subgroup analysis, elevated TyG index levels
were consistently associated with an increased risk of MACE across multiple
clinical subgroups (P < 0.05). ROC analysis showed that the TyG index
significantly predicted the occurrence of MACE (AUC: 0.635, 95% ClI: 0.580—
0.691, P < 0.001), all-cause death (AUC: 0.565, 95% CI: 0.508-0.622, P = 0.027),
non-fatal myocardial infarction (AUC: 0.617, 95% Cl: 0.542-0.693, P = 0.004),
and unplanned revascularization (AUC: 0.644, 95% CI: 0.578-0.710, P < 0.001).
The Kaplan—Meier survival curves revealed statistically significant differences in
survival probabilities for the occurrence of MACE, all-cause death, non-fatal
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myocardial infarction, and unplanned revascularization across the three TyG
index groups as the follow-up period progressed (P < 0.05).

Conclusions: The TyG index was independently associated with MACE in T2DM
patients with AMI combined with HFpEF.

triglyceride-glucose index, acute myocardial infarction, heart failure with preserved
ejection fraction, major adverse cardiovascular events, type 2 diabetes mellitus

1 Introduction

Over the past three decades, significant advances have been made
in the treatment of coronary heart disease (CHD) and acute
myocardial infarction (AMI). However, AMI, the most lethal and
prevalent form of CHD, continues to be the most serious and
dangerous type, remaining the leading cause of heart failure (HF)
(1, 2). According to a systematic review and meta-analysis published
in 2023 (with data updated through September 2022), the global
prevalence of MI is 3.8% in individuals under 60 years old and rises to
9.5% in those over 60, indicating a marked age-related increase (3).
MI is not only a critical manifestation of CHD but also a major
precipitating factor for HF. In recent years, there has been increased
attention on MI-related HF, particularly in the context of metabolic
dysfunction. The prognostic value of this condition in CHD patients
with type 2 diabetes mellitus (T2DM) is of paramount importance.
Given that diabetes accelerates atherosclerosis and increases the risk
of both MI and subsequent HF, understanding the interplay between
these conditions is essential for improving risk stratification and
guiding targeted interventions.

Several factors contribute to the risk of AMI, including poor
glycemic control, hypertension, hyperlipidemia, mental stress, air
pollution, and obesity (4, 5). If these risk factors are not effectively
managed, they can lead to adverse left ventricular remodeling, thereby
exacerbating the incidence of HF following AMI (6). Moreover, the
prognosis of HF after AMI is notably worse in patients with T2DM
compared to those without glucose disorders (7, 8). Furthermore, in a
large cohort of 4,082 Chinese patients with HF, the 12-month follow-
up revealed a high all-cause mortality rate of 19.6%, a rehospitalization
rate of 24.4%, and a composite event rate of 40.15%, with overall
health-related quality of life (HRQL) being poor as indicated by a mean
MLHEQ score of 42.9—significantly higher in women than in men—
and HRQL independently predicting both all-cause mortality and HF
hospitalization (9). Despite this, current research predominantly
focuses on the prevention and treatment of ischemic HF, with little
attention given to further classifying HF post-AMI or exploring the
link between glycemic metabolism abnormalities and HF onset,
particularly in the context of heart failure with preserved ejection
fraction (HFpEF) (10). This research gap is of critical importance, as
HFpEF now accounts for approximately half of all HF cases and is
closely associated with metabolic comorbidities such as diabetes,
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obesity, and hypertension, with emerging evidence indicating that
systemic inflammation, microvascular endothelial dysfunction, and
impaired myocardial energetics—often driven by glycemic
dysregulation—play central roles in its pathogenesis (11). Therefore,
it is crucial to examine whether risk factors associated with AMI in
T2DM patients influence the outcomes of HFpEF or affect long-term
cardiovascular outcomes following AMI.

One key factor in the development of cardiovascular diseases
(CVD) is insulin resistance (IR), which is often a hallmark of
metabolic disorders and systemic inflammation (12). IR
frequently coexists with obesity, hypertension, and dyslipidemia,
all of which are significant risk factors for CVD development and
prognosis. The triglyceride-glucose index (TyG), derived from
fasting triglyceride (TG) and fasting plasma glucose (FPG) levels,
has emerged as a reliable indicator of IR in high-risk populations
(13). In addition to its association with diabetes, the TyG index
is also strongly linked to hypertension, dyslipidemia, metabolic
syndrome, cardiovascular diseases, and mortality (13-17).
Furthermore, Sun et al. demonstrated in a retrospective study of
2,055 ischemic HF patients undergoing percutaneous coronary
intervention (PCI) that the TyG index was independently and
positively associated with the risk of major adverse cardiovascular
events (MACE), with higher TyG levels corresponding to an
increased incidence of adverse outcomes (18). Additionally, in a
multicenter cohort study of 277 patients with newly diagnosed
ischemic cardiomyopathy and HFpEF undergoing coronary artery
bypass grafting (CABG), Ruan et al. demonstrated that the TyG
index was an independent predictor of MACE, showing a linear
positive association with risk, and that incorporating the TyG index
into traditional cardiovascular risk models significantly improved
prognostic accuracy through enhanced discrimination, calibration,
and reclassification metrics (19).

However, despite the accumulation of substantial research
evidence, some studies—particularly those focusing on patients with
T2DM complicated by AMI and HFpEF—have yet to establish a clear
association between the TyG index and MACE. This indicates that
further validation is needed to confirm the predictive value of the TyG
index for MACE in this specific patient population. Therefore, to
address this research gap, the present study aims to focus on T2DM
patients with AMI and HFpEF who have undergone interventional
therapy, exploring the association between the TyG index and MACE.
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2 Methods
2.1 Study population and grouping

This was a single-center, retrospective cohort study that
included patients with T2DM and AMI who were admitted to the
Department of Cardiology at the First Affiliated Hospital of Dalian
Medical University for PCI. These patients were diagnosed with
HFpEF between 1 January 2018 and 1 January 2023. Patients with
end-stage hepatic or renal failure, coagulation abnormalities, aortic
coarctation, or incomplete data, as well as those lost to follow-up or
who did not undergo PCI, were excluded from the study. After
excluding these individuals, a total of 400 patients were finally
included in the analysis. All procedures were conducted in
compliance with the Declaration of Helsinki and its amendments.
The study protocol was approved by the Institutional Review Board
of the First Affiliated Hospital of Dalian Medical University.
Informed consent was obtained from all participants prior to the
collection of clinical data.

2.2 Data collection and definitions

All clinical data and study information were collected from
Yidu Cloud, one of the largest medical databases in China, at the
First Hospital of Dalian Medical University. These data included
patient demographics, comorbidities, medication information,
anthropometrics, blood biomarkers, medication regimens,
echocardiographic results, and data related to PCI procedures.

Demographic data comprised age, gender, smoking, and family
history of CHD. Smoking was defined as continuous or cumulative
smoking for 6 months or more prior to enrollment. A CHD family
history was defined as a genetic predisposition to the disease, with at
least two or more close relatives affected.

Comorbidity data included hypertension, stroke, and atrial
fibrillation (AF). Hypertension in adults was diagnosed based on
a systolic blood pressure (SBP) 2140 mmHg and/or a diastolic
blood pressure (DBP) 290 mmHg (20). Diabetes was diagnosed in
patients with symptoms such as polydipsia, polyuria, polyphagia,
and weight loss, combined with a blood glucose level greater than
11.1 mmol/L at any time, a fasting blood glucose greater than 7.0
mmol/L, or hemoglobin Alc (HbAlc) 26.5%, or a 2-h oral glucose
tolerance test blood glucose greater than 11.1 mmol/L (21). Stroke
was defined as the impairment of blood circulation in the brain,
leading to brain tissue damage due to the obstruction or rupture of
cerebral blood vessels, including both ischemic and hemorrhagic
stroke types (22). AF was defined as a rapid arrhythmia with
disordered electrical activity in the atria, resulting in irregular and
rapid fibrillation waves. The study included all forms of AF,
including first diagnosis, paroxysmal, persistent, long-term
persistent, and permanent atrial fibrillation (23). HFpEF was
diagnosed based on the fulfillment of all the following three
criteria: 1) the presence of typical HF symptoms and/or signs,
such as shortness of breath, fatigue, or reduced exercise capacity;
2) a left ventricular ejection fraction (LVEF) of 50% or higher; and
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3) objective indicators of diastolic dysfunction and/or elevated left
ventricular filling pressures (24). These indicators included
structural abnormalities (e.g., left atrial volume index >34 mL/m?,
left ventricular mass index >95 g/m® in women or >115 g/m* in
men, or relative wall thickness >0.42), functional impairments (e.g.,
E/e’ ratio >9, tricuspid regurgitation velocity >2.8 m/s, or
pulmonary artery systolic pressure >35 mmHg), and elevated
levels of natriuretic peptides [N-terminal pro-B-type natriuretic
peptide (NT-proBNP) >125 pg/mL or B-type natriuretic peptide
(BNP) >35 pg/mL in sinus rhythm; NT-proBNP >365 pg/mL or
BNP >105 pg/mL in atrial fibrillation] (24).

Anthropometric data included body mass index (BMI), SBP,
and DBP. BMI was calculated using the formula: BMI = weight
(kg)/height (m)?. Additional data collected included the presence of
ST-segment elevation myocardial infarction (STEMI) and Killip
classification. STEMI was defined as marked ST-segment elevation
on the electrocardiogram, usually caused by the rupture of an
intracoronary plaque or thrombosis leading to coronary
occlusion, which results in sustained myocardial ischemia and
hypoxia, ultimately causing myocardial necrosis (25). The Killip
classification, a grading system for assessing the cardiac functional
status of patients with AMI, is divided into four grades (I-IV), with
the condition progressively worsening (26).

Hematological biomarkers included FPG, HbAlc, albumin, uric
acid (UA), estimate glomerular filtration rate (eGFR) [calculated using
the Modification of Diet in Renal Disease (MDRD) equation: eGFR =
175 x (serum creatinine [(mg/dL)])’l'234 x (age [years])’o'179 x 0.79
(if female)] (27), TG, total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
fibrinogen (FIB), D-dimer, high-sensitivity C-reactive protein (Hs-
CRP), cardiac biomarkers (troponin I), and B-type natriuretic
peptide (BNP).

Discharge medication data included the use of antiplatelet
agents (such as aspirin, clopidogrel, and ticagrelor), statins,
angiotensin-converting enzyme inhibitors (ACEIs), angiotensin IT
receptor blockers (ARBs), and -blockers. Echocardiographic data
included LVEF. All echocardiographic data were recorded by an
experienced cardiac sonographer using a cardiac ultrasound
machine. Procedure-related data included details on the
multivessel disease. Multivessel disease was defined as lesions
involving two or more coronary arteries with >50% stenosis.

2.3 Study endpoints and follow-up

In this study, patients were enrolled for follow-up starting from
the date of their first hospitalization, with the follow-up period
extending until either the patient’s death or 31 July 2024. The
median follow-up time was 24.63 months. The study endpoint was
MACE, defined as a composite of one or more of the following: all-
cause death, unplanned revascularization, and non-fatal myocardial
infarction. To identify clinical characteristics associated with
adverse cardiovascular outcomes, baseline variables were
compared between patients with and without MACE. This
grouping approach was intended to explore potential risk factors
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for MACE. All enrolled patients were encouraged to monitor their
condition regularly through outpatient services. For those who did
not complete the follow-up program, efforts were made to contact
them by telephone to ensure data completeness.

2.4 Calculation method of the TyG index

FPG and TG levels were collected for all patients during
hospitalization. Specifically, blood samples were obtained in the
early morning of the day following admission after an overnight fast
of at least 8 h. All biochemical measurements were performed at the
same clinical laboratory within the hospital using standardized
procedures, ensuring consistency in both testing methods and
fasting conditions. The formula for calculating the TyG index was
as follows: TyG = Ln [fasting TG (mg/dL) x FPG (mg/dL)/2] (28).
Based on the tertiles of the TyG index, patients were divided into
three groups: T1 (<8.76), T2 (8.77-9.51), and T3 (>9.51). This
tertile-based stratification is widely used in metabolic and
cardiovascular research to ensure statistical comparability across
groups and avoid arbitrary threshold selection. Baseline
characteristics were analyzed across these TyG tertiles to evaluate
the association between metabolic risk status and clinical features
or outcomes.

2.5 Statistical analysis

Statistical analyses were performed using SPSS statistical software
version 26.0 (SPSS Inc., Chicago, IL, USA). Categorical variables were
expressed as percentages. Continuous variables that were normally
distributed were presented as means + standard deviation, while non-
normally distributed continuous variables were expressed as medians
with interquartile ranges. To compare the differences between two or
more groups, the chi-square test was used for categorical variables.
For continuous variables, the independent samples -test was applied
for two-group comparisons with a normal distribution, while one-
way ANOVA was used for comparisons involving three groups. For
non-normally distributed data, the Mann-Whitney U test or
Kruskal-Wallis test was applied, depending on the number of
groups. Univariate and multivariate Cox regression analyses were
performed to identify independent factors predicting the MACE. The
proportional hazards assumption was tested using Schoenfeld
residuals, and no significant violations were observed. Covariates
included in the multivariate logistic regression analysis were those
that showed a statistically significant association with MACE (P <
0.05) in the univariate logistic regression analysis. In addition,
subgroup analyses were performed using Cox regression within
different clinical subgroups (such as age, sex, hypertension, STEMI
status, Killip classification, and multivessel disease) to evaluate the
association between TyG tertiles and MACE in each category. The
rationale for conducting subgroup analyses was to explore whether
the predictive value of the TyG index for MACE remained consistent
across various clinically relevant populations. These subgroups were
selected based on their known associations with cardiovascular risk
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and their clinical importance in the context of HF, AMI, and MACE.
Receiver operating characteristic (ROC) curve analysis was
performed to evaluate the predictive power of the TyG index for
the events. The area under the curve (AUC) was calculated for each
endpoint to determine the diagnostic accuracy. Kaplan-Meier
analysis was employed to estimate the cumulative incidence of
clinical adverse events, while the log-rank test was applied to
compare survival distributions across groups. A two-sided P-value
of <0.05 was considered statistically significant.

3 Results

3.1 Baseline demographics and clinical
characteristics

Table 1 presents the clinical characteristics of the population,
grouped according to the occurrence of MACE. The results showed
that, compared to the group without MACE, the MACE group had
a higher median age; a higher probability of being classified as Killip
class III-IV; and elevated SBP, FPG, FIB, D-dimer, BNP, and TyG
index levels. Moreover, the MACE group had higher rates of
clopidogrel use and multivessel disease (P < 0.05). In contrast, the
MACE group had lower rates of STEMI and use of aspirin and
ticagrelor and lower levels of eGFR (P < 0.05).

Table 2 displays the clinical characteristics of the cohort,
grouped according to TyG tertiles. The TyG tertiles were defined
as follows: TyG-T1: <8.76, TyG-T2: 8.77-9.51, and TyG-T3: >9.51.
The results indicated that significant differences were observed
among the three TyG groups in terms of age, Killip classification,
SBP, DBP, FPG, HbAlc, TG, TC, LDL-C, HDL-C, UA, eGFR, FIB,
use of B-blockers, LVEF, all-cause death, MACE, non-fatal
myocardial infarction, and unplanned revascularization (P <
0.05). Specifically, the incidence of all-cause death, MACE, non-
fatal myocardial infarction, and unplanned revascularization
increased with higher TyG tertile levels (P < 0.05).

3.2 Association between TyG and MACE

Table 3 presents the results of the univariate Cox regression
analysis for MACE. The analysis showed that age, STEMI, Killip
classification III-IV, hypertension, SBP, FPG, eGFR, troponin I,
BNP, aspirin, clopidogrel, ticagrelor, ACEI/ARB, multivessel
disease, and the TyG index were all significantly correlated with
the risk of MACE (P < 0.05).

Table 4 displays the results of the multivariate Cox regression
analyses for TyG and MACE. In the unadjusted model 1, as well as
in model 2 (which was adjusted for age, hypertension, STEMI, and
Killip classification), both TyG as a categorical variable and as a
continuous variable were strongly associated with the risk of MACE
(P < 0.05). Furthermore, in model 3, which was fully adjusted for
age, hypertension, STEMI, Killip classification, eGFR, aspirin,
ACEI/ARB, and multivessel disease, when TyG was used as a
categorical variable, the risk of MACE in the TyG-T2 and T3
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TABLE 1 Clinical characteristics according to MACE.

10.3389/fendo.2025.1585067

Variables Total population Non-MACE MACE P-value
Age, years 74.39 + 11.15 71.84 + 10.93 75.88 + 11.03 <0.001
Male, n (%) 209 (52.3) 84 (56.8) 125 (49.6) 0.167
Smoking, n (%) 121 (30.3) 48 (32.4) 73 (29.0) 0.466
STEML, n (%) 172 (43.0) 82 (55.4) 90 (35.7) <0.001
Killip class, n (%) 0.027

I 197 (49.3) 82 (55.4) 115 (45.6)

il 147 (36.8) 55 (37.2) 92 (36.5)

il 32 (8.0) 7 (4.7) 25 (9.9)

v 24 (6.0) 4(2.7) 20 (7.9)
Family history of CHD, n (%) 62 (15.5) 23 (15.5) 39 (15.5) 0.986
Hypertension, n (%) 278 (69.5) 95 (64.2) 183 (72.6) 0.077
Stroke, n (%) 53 (13.3) 18 (12.2) 35 (13.9) 0.623
AF, n (%) 36 (9.0) 8 (5.4) 28 (11.1) 0.054
BMI, kg/m2 26.76 + 3.95 26.93 + 427 26.66 + 3.76 0.515
SBP, mmHg 132,11 + 29.59 128.16 + 28.67 134.43 + 29.93 0.040
DBP, mmHg 74.74 + 1531 74.46 + 15.69 74.90 + 15.11 0.779
FPG, mmol/L 8.84 (5.80, 13.44) 6.36 (5.21, 8.84) 10.56 (6.61, 14.84) <0.001
HbAlc, % 7.40 (6.13, 8.80) 7.30 (6.00, 8.90) 7.50 (6.30, 8.80) 0.163
TG, mmol/L 1.28 (0.94, 1.84) 1.37 (0.98, 1.82) 1.25 (0.92, 1.85) 0.465
TC, mmol/L 4.67 +1.29 473 +1.32 463 + 127 0.423
LDL-C, mmol/L 2,92 + 093 2.95 + 0.88 2.90 + 0.95 0.549
HDL-C, mmol/L 1.02 +0.29 1.04 +0.31 1.02 +0.28 0.443
Albumin, g/L 35.97 + 3.96 36.21 + 4.10 35.83 + 3.87 0.354
UA, umol/L 387.55 + 127.87 394.12 + 121.86 383.69 + 131.35 0.432
eGFR, mL/min 67.50 (46.25, 85.00) 71.00 (53.25, 88.50) 65.00 (40.00, 84.75) 0.008
Hs-CRP, mg/L 44.70 (24.00, 88.80) 44.70 (21.75, 90.05) 44.80 (24.35, 87.50) 0.880
FIB, g/L 3.59 (2.78, 4.43) 3.35 (2.59, 4.15) 3.73 (2.93, 4.49) 0.029
D-dimer, mg/L 240.00 (0.77, 779.37) 130.00 (0.60, 630.00) 310.00 (1.14, 779.37) 0.004
Troponin I, ng/mL 8.16 (1.50, 48.94) 9.76 (1.96, 94.86) 7.63 (1.40, 39.11) 0.100
BNP, pg/mL 696.59 (523.73, 1,078.49) 650.83 (508.30, 958.26) 735.39 (529.34, 1,146.09) 0.015
Discharge medication, n (%)

Aspirin 295 (73.8) 121 (81.8) 174 (69.0) 0.005

Clopidogrel 234 (58.5) 73 (49.3) 161 (63.9) 0.004

Ticagrelor 166 (41.5) 75 (50.7) 91 (36.1) 0.004

Statins 374 (93.5) 138 (93.2) 236 (93.7) 0.873

ACEI/ARB 308 (77.0) 106 (71.6) 202 (80.2) 0.050

B-Blockers 274 (68.5) 101 (68.2) 173 (68.7) 0.932
LVEF, % 54.73 + 3.05 54.86 + 2.91 54.66 + 3.13 0.528
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TABLE 1 Continued

Variables

Total population

Non-MACE

10.3389/fendo.2025.1585067

Discharge medication, n (%)

Multivessel disease, n (%)

189 (47.3)

59 (39.9)

130 (51.6)

0.023

TyG index

9.17 £ 0.75

8.95 + 0.68

9.30 £ 0.77

<0.001

MACE, major adverse cardiovascular events; STEMI, ST-elevation myocardial infarction; CHD, coronary heart disease; AF, atrial fibrillation; BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbAlc, hemoglobin Alc; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; UA, uric acid; eGFR, estimated glomerular filtration rate; Hs-CRP, high-sensitivity C-reactive protein; FIB, fibrinogen; BNP, B-type natriuretic peptide; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; LVEF, left ventricular ejection fraction; TyG index, triglyceride-glucose index.

TABLE 2 Clinical characteristics according to TyG tertiles.

Variables T1 T2 3 P-value
Age, years 76.70 + 10.06 74.03 + 11.16 72.44 + 11.83 0.007
Male, 1 (%) 77 (57.9) 65 (48.9) 67 (50.0) 0.275
Smoking, 1 (%) 37 (27.8) 39 (29.3) 45 (33.6) 0.568
STEMI, 7 (%) 56 (42.1) 57 (42.9) 59 (44.0) 0.950
Killip class, n (%) 0.038

I 69 (51.9) 71 (53.4) 57 (42.5)

il 50 (37.6) 49 (36.8) 48 (35.8)

111 11 (8.3) 6 (4.5) 15 (11.2)

v 3(2.3) 7(5.3) 14 (10.4)
Family history of CHD, n (%) 15 (11.3) 21 (15.8) 26 (19.4) 0.185
Hypertension, n (%) 85 (63.9) 91 (68.4) 102 (76.1) 0.091
Stroke, 1 (%) 20 (15.0) 14 (10.5) 19 (14.2) 0515
AF, n (%) 13 (9.8) 6 (4.5) 17 (12.7) 0.061
BMI, kg/m? 26.50 + 4.28 26.43 + 3.75 27.36 + 3.77 0.099
SBP, mmHg 129.37 +31.25 129.62 + 24.89 137.30 + 31.65 0.045
DBP, mmHg 72.95 + 15.11 73.54 + 12.84 77.71 + 17.30 0.021
FPG, mmol/L 5.53 (4.85, 6.24) 9.02 (6.55, 12.35) 14.34 (10.99, 17.13) <0.001
HbAlc, % 6.50 (5.80, 7.50) 7.50 (6.15, 8.75) 8.30 (7.28, 9.60) <0.001
TG, mmol/L 0.92 (0.74, 1.18) 1.31 (1.01, 1.65) 2.04 (145, 2.87) <0.001
TC, mmol/L 424+ 1.19 4.57 + 1.07 519 + 1.41 <0.001
LDL-C, mmol/L 2.80 + 0.84 2.88 + 0.93 3.07 + 1.00 0.048
HDL-C, mmol/L 1.06 + 0.33 1.04 + 0.27 0.96 + 0.26 0.012
Albumin, g/L 35.70 + 3.79 36.15 + 3.87 36.07 + 421 0.613
UA, umol/L 388.10 + 133.64 366.77 + 122.97 407.63 + 124.41 0.033
eGFR, mL/min 71.00 (50.50, 86.00) 70.00 (51.00, 93.50) 57.50 (36.50, 79.25) 0.002
Hs-CRP, mg/L 47.20 (24.00, 89.85) 48.20 (29.90, 92.10) 41.50 (21.30, 83.60) 0.130
FIB, g/L 332 (2.59, 4.04) 351 (2.71, 4.36) 3.73 (3.13, 4.99) 0.001
D-dimer, mg/L 290.00 (1.20, 779.37) 130.00 (0.63, 690.00) 215.00 (0.97, 779.37) 0.086
Troponin I, ng/mL 9.95 (1.33, 69.68) 6.41 (1.79, 52.51) 8.06 (1.46, 41.50) 0.934
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TABLE 2 Continued
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VELEL]ES T1 T2 T3 P-value
Killip class, n (%) 0.038
BNP, pg/mL 697.62 (529.29, 1,067.11) 656.07 (501.76, 968.20) 755.61 (540.76, 1,137.00) 0.117
Discharge medication, n (%)
Aspirin 89 (66.9) 104 (78.2) 102 (76.1) 0.084
Clopidogrel 88 (66.2) 69 (51.9) 77 (57.5) 0.058
Ticagrelor 45 (33.8) 64 (48.1) 57 (42.5) 0.058
Statins 126 (94.7) 127 (95.5) 121 (90.3) 0.177
ACEI/ARB 97 (72.9) 102 (76.7) 109 (81.3) 0.262
B-Blockers 81 (60.9) 87 (65.4) 106 (79.1) 0.004
LVEF, % 55.43 + 3.05 54.40 = 2.90 54.37 + 3.09 0.005
Multivessel disease, 1 (%) 57 (42.9) 68 (51.1) 64 (47.8) 0.397
All-cause death, n (%) 52 (39.1) 43 (32.3) 66 (49.3) 0.018
MACE, n (%) 67 (50.4) 81 (60.9) 104 (77.6) <0.001
Non-fatal myocardial infarction,
1 (%) 13 (9.8) 18 (13.5) 29 (21.6) 0.021
Unplanned revascularization, 10 (75) 28 (21.1) 34 (25.4) <0.001

n (%)

TyG, triglyceride-glucose index; STEMI, ST-elevation myocardial infarction; CHD, coronary heart disease; AF, atrial fibrillation; CKD, chronic kidney disease; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1lc, hemoglobin Alc; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; UA, uric acid; eGFR, estimated glomerular filtration rate; FIB, fibrinogen; BNP, B-type natriuretic peptide; ACEI, angiotensin-converting enzyme
inhibitor; ARB, angiotensin II receptor blocker; LVEF, left ventricular ejection fraction; MACE, major adverse cardiovascular events.

groups was 1.622 times and 2.247 times higher than that in the T1
group, respectively (HR: 1.622, 95% CI: 1.169-2.251, P = 0.004; HR:
2.247, 95% CI: 1.639-3.082, P < 0.001). When TyG was treated as a
continuous variable, the risk of MACE increased by 49.5% for every
1-unit increase in the TyG index (HR: 1.495, 95% CI: 1.272-1.757,
P < 0.001).

3.3 Hierarchical association of TyG and
MACE

Table 5 presents the hierarchical association between the TyG
index and MACE. The results indicated that in the subgroup
analysis, elevated TyG index levels were consistently associated
with an increased risk of MACE across multiple clinical subgroups.
Among patients aged <75 years, the TyG-T2 and T3 groups had
significantly higher MACE risks compared to T1 (HR = 2.060, P =
0.014; HR = 2.865, P < 0.001, respectively), and similar associations
were observed in those aged 275 years (T2: HR = 1.630, P = 0.019;
T3: HR = 1.942, P = 0.001). For women, both T2 and T3 groups
showed significantly elevated risks (HR = 2.347 and 2.638, both P <
0.001), while in men, only the T3 group was significantly associated
with increased MACE (HR = 2.052, P = 0.001). In non-STEMI
patients, both the T2 and T3 groups were at significantly higher
risk (HR = 1.944 and 2.244, both P < 0.001); among STEMI
patients, the T3 group was significant (HR = 2.659, P < 0.001).
The association remained robust in patients with hypertension (T2:
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HR = 1.477, P = 0.050; T3: HR = 1.994, P < 0.001) and was even
stronger in those without hypertension (T2: HR = 2.308, P = 0.008;
T3: HR = 2.899, P = 0.001). In Killip classification I patients, both
the T2 and T3 groups were associated with higher MACE risk (HR
=1.850 and 2.842, P = 0.011 and <0.001), while in classification II-
IV, only the T3 group showed significance (HR = 1.955, P = 0.002).
Finally, in patients with or without multivessel disease, both the T2
and T3 tertiles were significantly linked to increased MACE risk,
with the strongest association seen in the T3 group without
multivessel disease (HR = 2.926, P < 0.001).

3.4 ROC curves and Kaplan—Meier curve
analyses

As shown in Figure 1, ROC curve analysis demonstrated that
the TyG index was a significant predictor for the risk of MACE
(AUC: 0.635, 95% CI: 0.580-0.691, P < 0.001). It also predicted all-
cause death (AUC: 0.565, 95% CI: 0.508-0.622, P = 0.027), new-
onset myocardial infarction (AUC: 0.617, 95% CI: 0.542-0.693, P =
0.004), and second PCI (AUC: 0.644, 95% CI: 0.578-0.710,
P < 0.001).

Additionally, as shown in Figure 2, the Kaplan-Meier survival
curves revealed statistically significant differences in the survival
probabilities for MACE, all-cause death, non-fatal myocardial
infarction, and unplanned revascularization across the three TyG
index groups over time (log-rank P < 0.05). Notably, patients in the
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TABLE 3 Univariate Cox regression analysis of MACE.

Variables HR 95% Cl P-value
Age 1.026 1.013-1.039 <0.001
Male 0.834 0.651-1.068 0.151
Smoking 0.872 0.664-1.145 0.326
STEMI 0.599 0.463-0.776 <0.001
Killip class
1 Ref
11 1.186 0.902-1.561 0.222
11 1.605 1.041-2.476 0.032
v 2.468 1.532-3.975 <0.001
i?ré’%)hismw 1.092 0.776-1.536 0.615
Hypertension 1.382 1.048-1.824 0.022
Stroke 1210 0.847-1.730 0.295
AF 1.472 0.993-2.182 0.054
BMI 0.995 0.965-1.025 0.720
SBP 1.006 1.002-1.010 0.004
DBP 1.001 0.993-1.009 0.757
FPG 1.068 1.048-1.089 <0.001
HbAlc 1.026 0.962-1.094 0.429
TG 1.026 0.904-1.165 0.689
TC 0.950 0.859-1.050 0.312
LDL-C 0.969 0.845-1.112 0.655
HDL-C 0.859 0.562-1.312 0.481
Albumin 0.986 0.956-1.017 0.378
UA 1.000 0.999-1.001 0.472
eGFR 0.993 0.989-0.997 0.001
Hs-CRP 1.000 0.998-1.002 0.890
FIB 1.049 0.963-1.143 0.272
D-dimer 1.000 1.000-1.000 0.321
Troponin I 0.999 0.998-1.000 0.047
BNP 1.000 1.000-1.000 0.001
Discharge medication
Aspirin 0.634 0.485-0.829 0.001
Clopidogrel 1.402 1.084-1.814 0.010
Ticagrelor 0.713 0.551-0.922 0.010
Statins 1.085 0.654-1.800 0.752
ACEI/ARB 1437 1.054-1.959 0.022
B Blockers 1.068 0.818-1.394 0.629
LVEF 0.987 0.949-1.027 0.529
(Continued)
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TABLE 3 Continued

Variables HR 95% CI P-value
Discharge medication
Multivessel disease ‘ 1.318 ‘ 1.029-1.688 0.029

TyG index ‘ 1.470 ‘ 1.256-1.722 < 0.001

HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events;
STEMI, ST-elevation myocardial infarction; CHD, coronary heart disease; AF, atrial
fibrillation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; HbAlc, hemoglobin Alc; TG, triglycerides; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; UA, uric acid; eGFR, estimated glomerular filtration rate; Hs-CRP, high-
sensitivity C-reactive protein; FIB, fibrinogen; BNP, B-type natriuretic peptide; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; LVEF, left
ventricular ejection fraction; TyG, triglyceride-glucose index.

TyG T3 group demonstrated the steepest decline in event-free
survival. The estimated HRs for MACE from Kaplan-Meier
analysis were 1.535 (95% CI: 1.109-2.124, P = 0.010) for the TyG
T2 group and 2.141 (95% CI: 1.573-2.915, P < 0.001) for the TyG
T3 group, both compared with the T1 group.

4 Discussion

This study comprehensively investigated the association
between the TyG index and the risk of MACE in patients with
T2DM and HFpEF following AMI. Our findings revealed a clear
and consistent relationship between elevated TyG levels and
increased incidence of MACE. Patients in the highest TyG tertile
(T3) had a more than twofold increased risk of MACE compared to
those in the lowest tertile (T1), even after adjusting for multiple
clinical confounders. Moreover, the risk of MACE increased by
nearly 50% for each 1-unit rise in the TyG index. Subgroup analyses
confirmed the robustness of this association across various clinical
strata, including age, sex, hypertension status, Killip classification,
and presence of multivessel disease. These findings were further
supported by Kaplan-Meier survival curves and ROC analysis,
where the TyG index demonstrated modest but significant
predictive power for MACE and related outcomes.

Left ventricular dilation and dysfunction caused by ischemic
heart disease—specifically, structural and functional remodeling of
the left ventricle—can result in decreased LVEF or hemodynamic
abnormalities. However, in many patients with ischemic heart
disease, including those with CAD and coronary microvascular
dysfunction, this dysfunction can be delayed, inhibited, or even
reversed due to the widespread use of PCI. This phenomenon,
referred to as HFpEF caused by either coronary large vessel
obstruction or microvascular dysfunction, has become more
widely recognized (29, 30). Increasingly, researchers have focused
on the relationship between metabolic disorders and the
development of HFpEF after myocardial infarction, especially in
the context of glucose metabolism, a field that remains
underexplored (31, 32).

In our study, the clinical characteristics grouped according to
TyG tertiles revealed statistically significant differences in outcomes
such as all-cause death, MACE, non-fatal myocardial infarction,
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TABLE 4 Multivariate Cox regression analysis of TyG and MACE.

10.3389/fendo.2025.1585067

Model 1 Model 2 Model 3
Variables

HR 95% ClI P-value HR 95% ClI HR 95% ClI
T1 Ref Ref Ref
T2 1.535 1.109-2.124 | 0.010 1.661 1.198-2303 | 0.002 1.622 1.169-2.251  0.004
T3 2.141 1.573-2.915 | <0.001 2.304 1.680-3.160 | <0.001 2.247 1.639-3.082  <0.001
TyG index 1.470 1.256-1.722 | <0.001 1.505 1.282-1.767 | <0.001 1.495 1272-1.757  <0.001

Model 1: unadjusted; model 2: adjusted for age, hypertension, STEMI, and Killip classification; model 3: adjusted for age, hypertension, STEMI, Killip classification, eGFR, aspirin, ACEI/ARB,

and multivessel disease.

HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events; TyG, triglyceride-glucose index; T1, tertile 1; T2, tertile 2; T3, tertile 3; STEMI, ST-elevation myocardial
infarction; eGFR, estimated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

and unplanned revascularization among the three TyG groups. The
incidence of MACE, non-fatal myocardial infarction, and
unplanned revascularization increased with higher TyG levels.
Specifically, in patients with T2DM and HFpEF following AMI,
those with a TyG index reaching or exceeding 9.51 (in the T3 group)
should be closely monitored for potential MACE, non-fatal
myocardial infarction, and unplanned revascularization events.
After adjusting for confounding factors, the TyG index remained
an independent predictor of MACE in this population.

While previous studies have not extensively investigated the
correlation between the TyG index and ischemia-induced HFpEF or

TABLE 5 Stratified association of TyG and MACE.

its adverse outcomes, multiple studies have reported correlations
between the TyG index and various CVD as well as the risk of
cardiovascular events. For instance, Lyu et al. (33) found a non-
linear relationship between the TyG-BMI index and all-cause
mortality and HF-related rehospitalizations in HF patients. They
reported an inverse “J”-shaped curve, where the risk of all-cause
mortality decreased when the TyG-BMI index was below 240.0.
Similarly, Guo et al. (34) identified TyG and TG/HDL-C as
significant predictors of in-hospital mortality in non-diabetic
AMI patients. This finding aligns with the results of our study,
where TyG remained a key predictor for poor outcomes in patients

T1 T2 T3
Subgroups
HR (95% CI) HR (95% CI) HR (95% CI) P for trend

Age

<75 years Ref 2.060 (1.160-3.660) = 0.014 2.865 (1.691-4.854) <0.001 <0.001

>75 years Ref 1.630 (1.083-2.453)  0.019 1.942 (1.291-2.922)  0.001 0.004
Gender

Male Ref 1.132 (0.709-1.807)  0.603 2.052 (1.354-3.109)  0.001 0.002

Female Ref 2.347 (1.443-3.818)  0.001 2.638 (1.620-4.297) <0.001 <0.001
STEMI

Yes Ref 1.246 (0.713-2.176)  0.440 2.659 (1.583-4.468) <0.001 <0.001

No Ref 1.944 (1.294-2.922)  0.001 2.244 (1.512-3.332) <0.001 <0.001
Hypertension

Yes Ref 1.477 (1.000-2.184)  0.050 1.994 (1.381-2.879) <0.001 0.001

No Ref 2.308 (1.245-4.279) | 0.008 2.899 (1.520-5.532)  0.001 0.002
Killip classification

I Ref 1.850 (1.154-2.964)  0.011 2.842 (1.761-4.585) <0.001 <0.001

-1v Ref 1.446 (0.915-2.284)  0.114 1.955 (1.284-2.976)  0.002 0.006
Multivessel disease

Yes Ref 1.646 (1.043-2.596) | 0.032 1.850 (1.188-2.882)  0.007 0.016

No Ref 1.714 (1.055-2.784)  0.030 2.926 (1.884-4.546) <0.001 <0.001

HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events; TyG, triglyceride-glucose index; T1, tertile 1; T2, tertile 2; T3, tertile 3; STEMI, ST-elevation

myocardial infarction.
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FIGURE 1

The ROC analysis of TyG for predicting MACE (A), all-cause death (B), non-fatal myocardial infarction (C), and unplanned revascularization (D). ROC,
receiver operating characteristic; TyG, triglyceride-glucose index; AUC, area under the curve; Cl, confidence interval; MACE, major adverse
cardiovascular events.
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FIGURE 2

The Kaplan—Meier analysis of TyG with MACE (A), all-cause death (B), non-fatal myocardial infarction (C), and unplanned revascularization (D). TyG,

triglyceride-glucose index; MACE, major adverse cardiovascular events.
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with T2DM following AMI. Furthermore, Wang et al. (35)
demonstrated that the TyG index independently predicted future
MACE in diabetic patients with acute coronary syndrome (ACS),
with Kaplan-Meier survival curves showing significant event-free
survival differences between TyG quartiles. In our study, the
stratified analysis demonstrated that elevated TyG index levels
were consistently associated with an increased risk of MACE
across multiple clinical subgroups. Among patients aged <75
years, the risk of MACE in the TyG T2 and T3 groups was 2.060
and 2.865 times higher than in the T1 group, respectively. In those
aged =75 years, the risk was 1.630 times higher in T2 and 1.942
times higher in T3 compared to T1. In terms of sex, women in the
T2 and T3 groups had 2.347-fold and 2.638-fold higher risks,
respectively. Among men, only the T3 group showed a significant
increase in risk (2.052-fold). In patients without STEMI, the T2 and
T3 groups had 1.944-fold and 2.244-fold higher risks, respectively,
while in STEMI patients, the T3 group showed a 2.659-fold
increase. For patients with hypertension, the MACE risk was
1.477 times higher in T2 and 1.994 times higher in T3. Among
those without hypertension, the risk increased to 2.308 times in T2
and 2.899 times in T3. Among patients with Killip classification I,
the T2 and T3 groups had 1.850-fold and 2.842-fold higher risks,
respectively. In those with Killip classification II-IV, only the T3
group showed a notable increase (1.955-fold). For patients with or
without multivessel disease, both T2 and T3 groups demonstrated
elevated MACE risks. Notably, in patients without multivessel
disease, the T3 group had the highest risk, with a 2.926-fold
increase. In summary, the TyG index was positively associated
with MACE across various subgroups, with particularly stronger
predictive value in women, non-STEMI patients, those without
hypertension, and those without multivessel disease—highlighting
its potential utility in risk stratification for targeted management in
high-risk populations.

Beyond its cardiovascular implications, the TyG index has been
explored as a non-invasive marker for various diseases. Liu and
colleagues found that the TyG index was an effective predictor for
non-alcoholic fatty liver disease and related hepatic conditions,
including hepatic fibrosis, when coupled with TyG-derived indices
like TyG-BMI (36, 37). Additionally, research by Jiang et al. (38)
suggested that the TyG index was causally associated with a reduced
stroke risk, a finding that aligns with our results. In our study, ROC
curve analysis revealed that the TyG index significantly predicted
the risk of MACE, all-cause death, non-fatal myocardial infarction,
and unplanned revascularization, all with statistically significant
predictive value. Moreover, the Kaplan-Meier survival curves
showed significant differences between the TyG tertiles in the
survival probabilities for MACE, all-cause death, non-fatal
myocardial infarction, and unplanned revascularization over time.
Patients in the higher TyG groups exhibited the fastest decline in
survival probability, suggesting that a higher TyG index (above
9.51) correlates with worse clinical prognosis. In conclusion, while
the TyG index has been linked to the prediction of a range of
diseases, including CVD, liver fibrosis, and stroke, its association
with ischemia-induced HFpEF remains underexplored. However,
our study demonstrated that the TyG index was significantly
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correlated with the occurrence of MACE in T2DM patients with
AMI and HFpEF. Therefore, clinicians should maintain a high level
of vigilance for MACE, non-fatal myocardial infarction, and
unplanned revascularization in patients with higher TyG indices,
particularly when the index exceeds 9.51.

The mechanisms by which the TyG index contributes to MACE
in HFpEF patients following AMI are likely multifactorial. First, TyG
is a recognized surrogate marker of IR, a metabolic state that
promotes myocardial lipid accumulation, fibrosis, and impaired
ventricular relaxation, all of which contribute to diastolic
dysfunction and the development of HFpEF (39-42). Second,
elevated TyG levels have been associated with microvascular
dysfunction, particularly in diabetic populations. This dysfunction,
characterized by reduced nitric oxide bioavailability and endothelial
inflammation, leads to coronary microcirculatory impairment,
exacerbating myocardial ischemia and remodeling (43, 44). Third,
IR-induced alterations in myocardial calcium handling and activation
of profibrotic signaling pathways promote left ventricular
hypertrophy and reduced compliance, further worsening diastolic
performance (45, 46). These pathophysiologic processes—IR,
microvascular dysfunction, and diastolic impairment—together
may explain the observed association between higher TyG index
values and increased MACE risk in HFpEF patients. Our findings
underscore the importance of early glycemic-lipid metabolic
assessment and intervention, especially in T2DM patients post-
AMI with preserved ejection fraction, to mitigate cardiovascular
risk and improve long-term outcomes.

This study had several limitations. First, being retrospective in
nature, selection bias may be unavoidable. Second, patients with HFpEF
were primarily diagnosed using transthoracic echocardiography, which
lacks the sensitivity of exercise stress echocardiography and may lead to
missed diagnoses. Third, the lack of statistical significance for some
survival analysis outcomes could be attributed to the small sample size
and single-center design of the study. Fourth, the study population was
confined to Liaoning Province, China, which may limit the
generalizability of the findings to other populations. Fifth, this study
did not employ propensity score matching (PSM) or inverse probability
of treatment weighting (IPTW) to further control for potential
confounding. The primary reasons for this were the relatively small
sample size and missing data in some covariates, which limited the
feasibility and stability of such analyses. While multivariable Cox
regression was used to adjust for known clinical covariates,
unmeasured confounding cannot be entirely excluded. Future
prospective studies with larger and more diverse populations should
consider incorporating PSM or IPTW to strengthen causal inference
and reduce residual bias. Sixth, patients lost to follow-up and those who
did not undergo interventional procedures were excluded from the
analysis. While this was done to ensure data completeness and
treatment consistency, it may have introduced survivorship bias, as
individuals with early adverse events could have been inadvertently
excluded. We acknowledge this potential bias and recommend that
future studies adopt strategies such as prospective design, improved
follow-up systems, or multiple imputation to minimize its impact.
Seventh, although the TyG index was found to be statistically associated
with MACE, its overall predictive value was limited. This suggests that,

frontiersin.org


https://doi.org/10.3389/fendo.2025.1585067
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhang et al.

while the TyG index may have some prognostic relevance, it alone may
not provide strong discriminatory power in clinical practice. Moreover,
this study did not compare the TyG index with established risk scoring
systems such as the Global Registry of Acute Coronary Events
(GRACE) score and the Thrombolysis in Myocardial Infarction
(TIMI) score, due to the unavailability of complete data required
for those calculations. This lack of comparison limits the ability to
contextualize the TyG index within existing clinical risk assessment
frameworks. Future studies should include these established tools
to better evaluate the added value of the TyG index in cardiovascular
risk stratification. Eighth, while the TyG index was found to be
associated with MACE, the underlying biological mechanisms—such
as insulin resistance, chronic inflammation, or endothelial
dysfunction—were not directly investigated in this study. As this was
a retrospective analysis based on routine clinical records, mechanistic
biomarkers such as fasting insulin (for Homeostasis Model
Assessment of Insulin Resistance), inflammatory cytokines (e.g.,
interleukin-6, tumor necrosis factor-alpha), or markers of
oxidative stress were not collected. This limits the ability to explore
the potential pathophysiological pathways linking TyG to adverse
cardiovascular outcomes. Future prospective studies incorporating
metabolic and inflammatory biomarkers are warranted to better
elucidate the biological basis of the observed associations. Lastly,
although the TyG index shows promise in predicting and
assessing various diseases, there remains no standardized range or
critical value for the index across studies. Further research with larger,
multicenter, and prospective designs is necessary to clarify the
diagnostic cutoff points and prognostic value of the TyG index in
different diseases.

5 Conclusions

Our study found that in T2DM patients with HFpEF combined
with AMI, the incidence of MACE was higher, and the prognosis
worsened as the TyG index increased. The TyG index proved to be
an independent predictor of MACE and could serve as a valuable
tool for risk stratification and prognosis in this population.
Clinicians should be particularly alert to the risks associated with
left ventricular dysfunction in patients with elevated TyG indices
during the management of AML
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