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Introduction: The triglyceride—glucose (TyG) index has been closely associated
with a range of cardiovascular diseases. However, the association between the
TyG index and left ventricular aneurysm (LVA) formation in patients with acute
ST-segment elevation myocardial infarction (STEMI) who underwent primary
percutaneous coronary intervention (PCI) remains unknown.

Methods: This study recruited 551 patients in the first cohort and 471 patients in
the validation cohort. To determine the independent risk factors associated
with LVA formation, a multivariable logistic regression analysis was conducted.
The predictive capability of both the TyG index and the composite variable
for LVA formation was evaluated through the use of ROC curve analysis.
Results: The prevalence of LVA was found to be 14.5% in the first cohort and 13.6%
in the validation cohort. In both cohorts, a higher TyG index correlated with an
increased incidence of LVA (20.5% vs. 8.0%, P<0.001 in the first cohort; 18.4%
vs. 8.6%, P=0.002 in the validation cohort). The TyG index was consistently
elevated in the LVA group in comparison to those without LVA (9.3+ 0.7 vs.
89+0.9, P<0.001 in the first cohort; 9.4+ 0.7 vs. 9.0+ 0.7, P<0.001 in the
validation cohort). Analysis using multivariable logistic regression showed that an
independent relationship exists between the TyG index and the risk of LVA in
both the first (OR =4.2, P=0.004) and validation (OR =2.11, P = 0.008) cohorts.
The applicability of the TyG index in predicting LVA had C statistics of 0.736 for
the first cohort and 0.738 for the validation cohort, which surpassed those of
triglycerides and fasting plasma glucose. The composite variable consisting of
the TyG index, left ventricular ejection fraction, and left anterior descending
artery (LAD) as the culprit vessel significantly improved the discriminant power
(C statistic = 0.913 in the first cohort and 0.89 in the validation cohort).
Discussion: A higher TyG index was independently linked to the development
of LVA in patients with acute STEMI who received primary PCI.

KEYWORDS

triglyceride-glucose index, left ventricular aneurysm, acute ST-segment elevation
myocardial infarction, primary percutaneous coronary intervention, risk prediction

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2025.1677922&domain=pdf&date_stamp=2020-03-12
mailto:hudong202508@163.com
mailto:Qinshuozhao1030@126.com
mailto:manhuachenwh@163.com
https://doi.org/10.3389/fcvm.2025.1677922
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2025.1677922

Hu et al.

Background

Left ventricular aneurysm (LVA) represents one of the most
severe complications following acute myocardial infarction
(AMI), characterized by the outward bulging of the infarcted
myocardium during both systole and diastole (1). Among
patients experiencing AMI, the incidence of LVA has been
reported to range from 5%-15% (2).
occurrence of major adverse cardiovascular and cerebrovascular

Furthermore, the

events is 2.5 times higher in patients with LVA compared to
those without (3), primarily due to an increased incidence of
arrhythmias, thromboembolic events, congestive heart failure,
and cardiac rupture (3, 4). Given the significant incidence and
mortality associated with LVA, it is crucial to identify AMI
patients at elevated risk for LVA formation to facilitate early
prevention and intervention strategies.

The triglyceride-glucose (TyG) index, derived from fasting
triglyceride (TG) and blood glucose levels, has been validated as
a reliable surrogate marker for insulin resistance, exhibiting high
concordance with the hyperinsulinemic-euglycemic clamp (5, 6).
Recent studies have increasingly demonstrated an association
between the TyG index and cardiovascular diseases (CVDs). In
a cohort study of 1,516 patients with symptomatic coronary
artery disease, Li et al. reported a significant positive correlation
between the TyG index and both coronary lesions and carotid
plaques (7). Similarly, a multicenter, retrospective cohort study
of 830 nondiabetic patients who underwent coronary artery
bypass grafting identified an association between the TyG index
and adverse cardiovascular events (6). Furthermore, a
retrospective study involving 6,697 patients with chronic heart
failure found a significant association between the TyG index
and mortality risk (8). A systematic review by Tao et al.
suggested that the metabolic fexibility, endothelial dysfunction,
coagulation disorders, and smooth muscle cell dysfunction are
likely the molecular mechanisms underlying the relationship
TyG index and CVDs (9). However, the
relationship between the TyG index and the risk of LVA

development in patients experiencing acute STEMI emains

between the

inadequately elucidated. To address this knowledge gap, we
conducted the present study to evaluate the predictive capacity
of the TyG index regarding the risk of LVA formation in
individuals experiencing acute ST-segment elevation myocardial
infarction (STEMI) within the Han Chinese population.

Methods
Study design and participants

A total of 706 consecutive patients with acute STEMI who
underwent primary percutaneous coronary intervention (PCI)
between December 2018 and February 2023 in the Central
Hospital of Wuhan were included in our study. Acute STEMI
was diagnosed according to the fourth universal definition of
myocardial infarction (10), which includes the following criteria:
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typical chest pain lasting over 30 min, with new ST-segment
elevation at the J point in at least two contiguous leads of
>2mm (0.2 mV) in men or >1.5mm (0.15mV) in women on
admission electrocardiogram, and an increase in cardiac enzyme
levels above the 99th percentile cut-off point for cardiac
troponin I (cTnl). The criteria for exclusion included cases of
non-ischemic cardiomyopathy (such as hypertrophic and dilated
types), congenital heart defects, ongoing infections, kidney or
liver failure, malignant neoplasms, individuals with a life
those
thrombolytic therapy before hospital admission, and patients

expectancy of less than one vyear, who received
lost to follow-up. Finally, the association analysis included a
total of 551 patients.

Additionally, a replicated cohort consisting of 619 patients
diagnosed with acute STEMI, who had received primary PCI at
Renmin Hospital of Wuhan University between July 2018 and
June 2022, was enrolled consecutively to independently assess
the predictive value of the TyG index regarding the formation of
LVA. The criteria for exclusion included cases of non-ischemic
cardiomyopathy (N=11), (N=2),
ongoing infections (N=12), kidney or liver failure (N=49),

congenital heart defects

malignant neoplasms (N =2), those who received thrombolytic
therapy before hospital admission (N=7), and patients lost to
follow-up (N =65). Finally, the association analysis included a
total of 471 patients.

This study was conducted in accordance with the principles of
the Declaration of Helsinki and received approval from the Review
Board of the Central Hospital of Wuhan (WHZXKYL2023-091)
and Renmin Hospital of Wuhan University (2023K-K007). All
patients provided informed consent before participating.

Echocardiography and PCI procedure

All patients underwent two-dimensional transthoracic
echocardiography (TTE) upon admission and again at the
conclusion of the first and sixth months of the follow-up period.
The diagnosis of LVA was established through TTE based on
the protocol delineated in the Coronary Artery Surgery Study
(CASS) (11).

followings: (I) bulging of the left ventricular wall during both

The criteria for diagnosing LVA were as

diastole and systole, exhibiting either akinesia or dyskinesia; (II)
clear demarcation of the infarcted segment; and (III) absence of
trabeculation in the affected segment.

Prior to primary PCI, all patients received aspirin (300 mg
loading dose followed by 100 mg daily), clopidogrel (600 mg
loading dose followed by 75 mg daily), or ticagrelor (180 mg
loading dose followed by 90 mg twice daily). Additionally, a
bolus of unfractionated heparin (UFH) was intravenously
administered at a dose of 70 U/kg of body weight. The primary
PCI procedure was performed using either the standard radial
or femoral approach, in accordance with current guidelines. All
patients have been deployed stent for the culprit artery. During
the PCI procedure, the operator could decide the use of balloon
pre-dilatation or post-dilatation, the type of stents (bare metal
or drug-eluting), and the use of thrombus aspiration. In
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accordance with the operator judgment, the glycoprotein IIb/IIIa
receptor inhibitor tirofiban was initiated during the PCI
procedure with 10 pg/kg intracoronary bolus followed by
0.15 pg/kg/min intravenous infusion. Residual stenosis <10% in
the culprit lesion after the procedure was regarded as technically
successful ~stent implantation. The results of coronary
angiograms, the extent and degree of stenosis of each major
coronary artery vessel were analyzed and determined by two
independent experts. Upon discharge, medical therapy was
prescribed based on the patient’s individual condition and

guideline recommendations for secondary prevention.

Data collection and definitions

Trained physicians blinded to the study’s purpose were
responsible for collecting patient demographic and clinical data
from the electronic medical recording system, including age,
gender, hypertension, diabetes, smoking status, left ventricular
ejection fraction (LVEF), angiographic evaluation results, and
medication used at discharge. Hypertension was defined as
either receiving treatment for hypertension before admission or
having a blood pressure measurement exceeding 140/90 mmHg.
Diabetes mellitus was defined as a fasting plasma glucose level
greater than 7.0 mmol/L, a postprandial blood glucose level
greater than 11.1 mmol/L, a hemoglobin Alc level greater than
6.5%, or receiving treatment for diabetes mellitus. Smoking
history was defined as having smoked more than 2 pack-years
and/or having smoked within the past year. Fasting elbow
venous blood samples were collected from all patients upon
admission to the emergency room, between 7:00 and 9:00 a.m.
To determine the peak value of cardiac enzyme levels, blood
samples for troponin I (Tnl) and lactate dehydrogenase (LDH)
were obtained every 12 h during the first 48 h and every 24 h
thereafter, after admission to the intensive coronary care unit,
from a peripheral vein. The Gensini score was calculated using
the method developed by Celebi et al. (12). The TyG index was
calculated using the following formula: In (fasting triglyceride
(mg/dl) x FPG (mg/dl)/2) (9).

Statistical analysis

Continuous variables were represented as mean * standard
deviation or as median with interquartile range, based on the
normality of the data distribution. Categorical variables were
presented as numbers (percent). The best cut-off value of the
TyG index to stratify patients into two groups was determined
to be 8.93 according to the receiver operating characteristic
(ROC) curve analysis in the first cohort (Sensitivity: 0.638;
Specificity: 0.73, Youden’s Index: 0.368). Differences among
groups were assessed using the chi-squared test for categorical
variables, independent-sample t-test for continuous variables
with a normal distribution, and Mann-Whitney U test for
continuous parameters with skewed distribution. Univariate
utilized to examine the

logistic regression analysis was
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association between different variables and the risk of LVA
formation. Variables with a significance level of P <0.05 in the
univariate analysis were included in the multivariate logistic
regression analysis.

All statistical analyses in the present study were performed
using SPSS 26 (IBM Corporation Armonk, NY, USA). All
comparisons were two-sided, and a significance level of p <0.05
was considered statistically significant.

Results
Patient characteristics

Figure 1 illustrates the comprehensive methodology workflow
for this study. The baseline characteristics of the first cohort
(N=551) and the validation cohort (N=471) are presented in
Table 1. The average (+ SD) age for the first cohort (19.8%
female) and validation cohort (16.1% female) were 61.2+12.9
and 60.5+12.2 years, respectively. Over the follow-up duration
for TTE, a total of 80 (14.5%) LVA in the first cohort and 64
(13.6%) in the validation cohort were observed.

Subsequently, we compared the baseline demographics and
clinical characteristics of the patients in groups with and
without LVA formation (Table 2). In the first cohort, individuals
in the LVA group were older and displayed elevated levels of
LDH, FPG, C-reactive protein, D-dimer, cTnl, TyG index,
diastolic blood pressure (DBP), and gensini score. Additionally,
there was a higher percentage of those using spironolactone,
ACEI/ARB, and thiazide/Loop diuretics, with left anterior
descending (LAD) artery noted as the culprit vessel when
compared to individuals in the non-LVA group (P<0.05).
Conversely, the LVA group demonstrated a lower percentage of
smokers and reduced levels of albumin and left ventricular
ejection fraction (LVEF) relative to the non-LVA group
(P<0.05). In the validation cohort, patients in the LVA group
were more likely to be female, exhibited higher levels of white
blood cell count (WBC), LDH, FPG, C reactive protein,
D-dimer, Peak ¢Tnl, TyG index, gensini score, and a higher
proportion of spironolactone use, ACEI/ARB use, thiazide/loop
diuretic use, and LAD as culprit vessel compared to those in the
non-LVA group (P <0.05). Conversely, the level of hemoglobin
and LVEF were lower in patients with LVA compared to those
without LVA (P < 0.05).

According to the criterion of Maximum Youden Index, we
determined the optimal cut-off value for the TyG index to
stratify patients into two groups: TyG < 8.93 and TyG >8.93. In
the first cohort (Table 3), patients in the TyG > 8.93 group were
younger and exhibited higher levels of red blood cell count
(RBC), hemoglobin, glycated hemoglobin (HbAlc), alanine
aminotransferase (ALT), FPG, total cholesterol (TC), TG, low-
density lipoprotein (LDL), C reactive protein, systolic pressure
(SBP), DBP, as well as a higher prevalence of diabetes and LVA
formation. On the contrary, patients with TyG > 8.93 had lower
levels of potassium, high-density lipoprotein (HDL), and LVEF.
In the validation cohort (Table 4), the differences observed
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Consecutive patients with acute STEMI who underwent
primary PCI (N= 706)
Non-ischemic cardiomyopathy (N= 15)
Congenital heart disease (N=4)
Active infection (N= 6)
Excluded Severe renal dysfunction (N= 20)
Severe liver dysfunction (N= 17)
Malignant tumors (N= 3)
Thrombolytic therapy before admission (N= 11)
Loss to follwo-up (N= 79)
First cohort (N= 551) | Validation cohort (N= 471)
\ Y J
| Grouped by the best cut-off value of TyG index in the first cohort |
[ )
TyG index< 8.93 TyG index> 8.93
L Y J
Logistic regression analysis
FIGURE 1
Flow diagram of patient selection. TyG, triglyceride-glucose; STEMI, acute ST-segment elevation myocardial infarction; PCl, percutaneous coronary
intervention.

between the TyG < 8.93 and TyG > 8.93 groups were comparable
to those in the first cohort, with the exception of age,
potassium, hemoglobin, LVEF, and SBP, which showed no
significant difference. Besides, the levels of WBC and uric acid
increased, while the proportion of multiple vessel disease
decreased in the TyG > 8.93 group.

Tyg index and the incidence of LVA

As shown in Figures 2A,B, the incidence of LVA formation
increased with the rise of TyG index (8.0% vs. 20.5%, P < 0.001
in the first cohort; 8.6% vs. 18.4%, P=0.002 in the validation
cohort). Furthermore, the LVA group exhibited a significantly
higher TyG index than the non-LVA group (9.3+0.7 vs.
89+0.9, P<0.001 in the first cohort; 9.4+0.7 vs. 9.0+0.7,
P <0.001 in the validation cohort; Figures 2C,D).

Additionally, the relationship between the TyG index and LVA
prevalence was evaluated across various subgroups. In the first
cohort (Figure 3), as the TyG index increased, the prevalence of
LVA rose in both male (7.4% vs. 18.5%, P<0.001) and female
(10.4% vs. 27.9%, P=0.024), those aged <65 (6.5% vs. 16.5%,
P=0.007) and >65 (9.7% vs. 27.4%, P<0.001), individuals
without hypertension (8.7% vs. 20.2%, P=0.009) and with
hypertension (7.4% vs. 20.7%, P =0.001), non-diabetics (7.8% vs.
21.7%, P<0.001), non-smokers (11.3% vs. 24%, P=0.008) and
smokers (5% vs. 17.6%, P <0.001), as well as in patients with
LVEF <50% (28.8% vs. 53.5%, P=0.003) and LVEF >50% (2%
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vs. 6.4%, P=0.024). In the validation cohort (Figure 4), the
similar results were observed as in the first cohort, except that
there was no difference in the incidence of LVA in the subgroup
of female (13.9% vs. 33.3%, P=0.224) and LVEF >50% (1.9%
vs. 2.6%, P=0.703). Meanwhile, the TyG index between the
non-LVA and LVA groups in these subgroups was also
compared and the results were presented in Supplementary File
1 and Supplementary File 2.

Association between the TyG index and
other cardiometabolic risk factors

To investigate the relationship between the TyG index and
other cardiometabolic risk factors, we conducted Spearman’s
rank or Pearson’s correlation analysis. As shown in Table 5, the
TyG index was positively associated with TC and C-reactive
protein in both cohorts. Conversely, the TyG index showed a
negative correlation with age and HDL.

Predictors for LVA formation

In order to evaluate the predictive value of variables for the
risk of LVA formation in patients with acute STEMI patients
who underwent PCI, logistic regression analysis was performed
in the first cohort. As demonstrated in Table 6, a total of 18
variables were found to be associated with LVA formation in
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TABLE 1 Baseline characteristics of the study population.

10.3389/fcvm.2025.1677922

Variables First cohort (N = 551) Validation cohort (N = 471)

Demographics

Gender, female, (%) 109 (19.8) 76 (16.1) 0.13
Age (years) 61.2+12.9 60.5+12.2 0.41
Medical history, n (%)

Hypertension 300 (54.4) 260 (55.2) 0.81
Diabetes 176 (31.9) 138 (29.3) 0.36
Smoking 298 (54.1) 269 (57.1) 0.33
Laboratory parameters

Sodium (mmol/L) 139.1£3.1 139.1+£29 091
Potassium (mmol/L) 4.0+05 4103 0.04
WBC (x109/L) 9.7 (7.8-12.1) 11.3 (9.5-13.8) <0.001
RBC (x109/L) 4.5+0.7 4.6 £0.6 0.00
Hemoglobin (g/L) 138.4+214 140.7 £ 18.7 0.07
HbAlc, (%) 6.0 (5.6-6.9) 6.1 (5.7-7.4) 0.09
ALT, (U/L) 28.1 (17.9-48.4) 32.0 (17.0-53.0) 0.15
AST, (U/L) 58.5 (25-160.2) 71 (38-184) <0.001
ALB, (g/L) 41.0+5.3 39.1+£3.0 <0.001
LDH, (U/L) 312 (202-573) 458 (295-686) <0.001
Uric acid (umol/L) 371.0 (307.8-439.3) 373.0 (311.8-446.0) 0.83
FPG (mmol/L) 6.7 (5.4-9.3) 6.7 (5.6-8.7) 0.72
TC (mmol/L) 47412 45+1.0 0.00
TG (mmol/L) 1.4 (0.9-2.0) 1.4 (1.1-2.0) 0.06
HDL (mmol/L) 1.0 (0.8-1.1) 1.0 (0.8-1.2) 0.27
LDL (mmol/L) 3.1+1.1 29+1.0 0.01
C reactive protein (mg/L) 0.7 (0.2-1.9) 0.7 (0.2-2.0) 0.93
D-dimer (ug/ml) 0.4 (0.2-0.7) 0.4 (0.2-0.8) 0.33
Peak ¢Tnl (ng/ml) 19.7 (3.5-50.0) 21.2 (7.0-39.3) 0.49
TyG index 9.0+0.9 9.1+0.7 0.03
LVEEF, (%) 542+85 49.0+7.8 <0.001
SBP (mmHg) 129.3+£20.7 122.0£20.1 <0.001
DBP (mmHg) 80.9+14.4 76.2£13.0 <0.001
Medication at hospital discharge, n (%)

Statin 551 (100.0) 471 (100.0) >0.99
Aspirin 551 (100.0) 471 (100.0) >0.99
Clopidogrel/Ticagrelor 551 (100.0) 471 (100.0) >0.99
Beta blocker 474 (86.0) 415 (88.1) 0.32
Spironolactone 198 (35.9) 160 (34.0) 0.51
ACEI/ARB 405 (73.5) 365 (77.5) 0.14
Thiazide/loop diuretic 199 (36.1) 162 (34.4) 0.57
Coronary artery injury

LAD as Culprit vessel, (%) 289 (52.5) 283 (60.1) 0.01
Multiple vessel disease, (%) 376 (68.2) 306 (65.0) 0.27
Gensini Score 72 (47-92) 64 (40-83) <0.001
LVA, (%) 80 (14.5) 64 (13.6) 0.60

WBC, white blood cell count; RBC, red blood cell count; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; LDH, lactate
dehydrogenase; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL; high-density lipoprotein; LDL, low-density lipoprotein; TyG, triglyceride-glucose; LVEF, left
ventricular ejection fraction; SBP, systolic pressure; DBP, diastolic pressure; ACEI/ARB, angiotensin converting enzym inhibitor/angiotensin receptor blocker; LAD, left anterior

descending artery; LVA, left ventricular aneurysm.

univariate logistic regression analysis. These variables included
age, smoking, HbAlc, aspartate aminotransferase (AST),
albumin (ALB), LDH, FPG, TG, C reactive protein, Peak
cTnl, LVEF, DBP, spironolactone use, ACEI/ARB use,
thiazide/loop diuretic use, LAD as culprit vessel, Gensini
Score, and TyG index. The multivariable logistic regression
model analysis were adjusted for age, smoking, HbAlc, AST,
ALB, LDH, FPG, TG, C reactive protein, Peak c¢Tnl, LVEF,
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DBP, spironolactone use, ACEI/ARB use, thiazide/loop
diuretic use, LAD as culprit vessel, and Gensini Score.
Table 6 revealed that only LVEF (OR=0.82, 95% CI=0.78-
0.87, P<0.001), ACEI/ARB use (OR=3.19, 95% CI=1.15-
8.86, P=0.026), LAD as culprit vessel (OR=7.24, 95%
CI=2.79-18.75, P<0.001) and TyG index (OR=4.2, 95%
CI=1.60-11.06, P=0.004) remained significantly correlated
with the risk of LVA development.
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TABLE 2 Baseline characteristics of the LVA and Non-LVA groups.

10.3389/fcvm.2025.1677922

d dble ono dlidad OnNno
A patie A patie a2 O A patie A patie 3
4 80 40 64
Demographics
Gender, female, (%) 87 (18.5) 22 (27.5) 0.061 59 (14.5) 17 (26.6) 0.015
Age (years) 60.5+12.8 65.1+12.9 0.003 60.1+12.2 63.1+12.1 0.067
Medical history, n (%)
Hypertension 256 (54.3) 44 (55) 0.93 229 (56.3) 31 (48.4) 0.242
Diabetes 147 (31.2) 29 (36.3) 0.378 116 (28.5) 22 (34.4) 0.337
Smoking 263 (55.8) 35 (43.8) 0.043 237 (58.2) 32 (50.0) 0.216
Laboratory parameters
Sodium (mmol/L) 139.2+3.0 138.8+3.5 0.36 139.1+2.9 139.4+3.1 0.387
Potassium (mmol/L) 4.0+0.5 4.0+0.5 0.63 41+03 41+03 0.686
WBC (x109/L) 9.7 (7.8-12.1) 9.6 (7.6-12.5) 0.72 11.0 (9.4-13.8) 12.7 (10.4-14.5) 0.005
RBC (x109/L) 45+0.7 44+0.6 0.5 46+0.6 44+0.8 0.05
Hemoglobin (g/L) 139.1+21.6 134.6 +20.0 0.08 141.9+17.8 133.4+22.9 0.006
HbAlc, (%) 6.0 (5.6-6.9) 6.1 (5.7-7.8) 0.18 6.1 (5.7-7.4) 6.1 (5.6-8.3) 0.915
ALT, (U/L) 27.8 (18.0-47.0) 31.3 (17.6-54.5) 0.47 32 (16-53) 33 (20.3-59.8) 0.201
AST, (U/L) 57.7 (25.0-154.7) 68.2 (26.1-233.2) 0.15 71 (39-179.5) 71 (35-248.5) 0.935
ALB, (g/L) 41.4+52 38.9+5.5 <0.001 39.2+3.0 38.6+2.6 0.102
LDH, (U/L) 284 (199-535) 471 (238-748) <0.001 444 (280-657) 654 (394-968) <0.001
Uric acid (umol/L) 373 (308-440) 352 (306-426) 0.32 370.0 (310.5-437.3) 400.5 (312.5-477.5) 0.102
FPG (mmol/L) 6.4 (5.2-8.9) 7.9 (6.7-12.5) <0.001 6.6 (5.5-8.5) 7.7 (6.0-10.7) 0.008
TC (mmol/L) 47412 48+ 1.1 0.26 45+1.0 45+1.14 0.68
TG (mmol/L) 1.3 (0.8-2.1) 1.6 (1.1-2.0) 0.079 1.3 (1.0-1.8) 1.5 (1.1-2.3) 0.086
HDL (mmol/L) 1.0 (0.8-1.1) 1.0 (0.8-1.2) 0.6 1.0 (0.8-1.2) 0.9 (0.8-1.2) 0.269
LDL (mmol/L) 31+1.1 33+ 1.1 0.11 29+1.0 29+1.0 0.891
C reactive protein 0.6 (0.2-1.6) 2.0 (0.4-4.3) <0.001 0.6 (0.2-1.8) 1.9 (0.4-5.4) <0.001
(mg/L)
D-dimer (ug/ml) 0.4 (0.2-0.6) 0.5 (0.3-1.0) 0.002 0.4 (0.2-0.7) 0.8 (0.4-2.2) <0.001
Peak c¢Tnl (ng/ml) 16.2 (3.5-48.3) 26.8 (4.9-50.0) 0.04 19.5 (6.5-39.7) 32 (11.6-39.0) <0.001
TyG index 89+0.9 9.3+0.7 <0.001 9.0+0.7 9.4+0.7 <0.001
LVEF, (%) 56.0+7.1 43.2+8.1 <0.001 50.5+6.8 39.8+6.6 <0.001
SBP (mmHg) 129.2+21.0 129.6+18.5 0.891 122.7 +20.0 117.4 +20.4 0.051
DBP (mmHg) 80.4 +14.7 84.1+11.7 0.034 76.6+12.7 739 +14.1 0.127
Medication at hospital discharge, n (%)
Statin 471 (100.0) 80 (100.0) >0.999 407 (100.0) 64 (100.0) >0.999
Aspirin 471 (100.0) 80 (100.0) >0.999 407 (100.0) 64 (100.0) >0.999
Clopidogrel/Ticagrelor 471 (100.0) 80 (100.0) >0.999 407 (100.0) 64 (100.0) >0.999
Beta blocker 407 (86.4) 67 (83.8) 0.526 362 (88.9) 53 (82.8) 0.159
Spironolactone 143 (30.4) 55 (68.8) <0.001 114 (28.0) 46 (71.9) <0.001
ACEI/ARB 336 (71.3) 69 (86.3) 0.005 308 (75.7) 57 (89.1) 0.017
Thiazide/loop diuretic 145 (30.8) 54 (67.5) <0.001 114 (28.0) 48 (75.0) <0.001
Coronary artery injury
LAD as Culprit 221 (46.9) 68 (85.3) <0.001 224 (55.0) 59 (92.2) <0.001
vessel, (%)
Multiple vessel 315 (66.9) 61 (76.3) 0.096 267 (65.6) 39 (60.9) 0.467
disease, (%)
Gensini Score 65 (44-89) 88 (64-106) <0.001 60 (40-80) 80 (48-96) <0.001

WBC, white blood cell count; RBC, red blood cell count; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; LDH, lactate
dehydrogenase; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL; high-density lipoprotein; LDL, low-density lipoprotein; TyG, triglyceride-glucose; LVEF, left
ventricular ejection fraction; SBP, systolic pressure; DBP, diastolic pressure; ACEI/ARB, angiotensin converting enzym inhibitor/angiotensin receptor blocker; LAD, left anterior

descending artery; LVA, left ventricular aneurysm.

Similarly, logistic regression analysis was performed in the
validation cohort to investigate the relationship between various
variables and the risk for LVA formation. Univariate logistic
regression analysis identified 18 variables that were correlated
with the risk for LVA formation, which included gender, WBC,
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RBC, hemoglobin, AST, ALB, LDH, FPG, TG, C reactive
protein, Peak c¢Tnl, LVEF, spironolactone use, ACEI/ARB use,
thiazide/loop diuretic use, LAD as culprit vessel, Gensini Score,
and the TyG index. Multivariate regression models corrected for
variables included gender, WBC, RBC, hemoglobin, AST, ALB,
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TABLE 3 Baseline characteristics of patients stratified by TyG index in the first cohort.

Demographics

10.3389/fcvm.2025.1677922

Gender, female, (%) 48 (18.3) 61 (21.2) 0.39
Age (years) 62.7 £12.1 59.8+13.4 0.01
Medical historyy, n (%)

Hypertension 136 (51.7) 164 (56.9) 0.22
Diabetes 45 (17.1) 131 (45.5) <0.001
Smoking 139 (52.9) 159 (55.2) 0.58
Laboratory parameters

Sodium (mmol/L) 40+05 40%05 0.807
Potassium (mmol/L) 139.6 £2.8 138.7+3.3 <0.001
WBC (x109/L) 9.7 (7.7-12.0) 9.8 (7.8-12.2) 0.59
RBC (x109/L) 4.4+0.6 4.5+0.7 0.022
Hemoglobin (g/L) 136.0 £ 19.1 140.6 £ 23.1 0.011
HbAlc, (%) 5.8 (5.5-6.2) 6.4 (5.8-8.3) <0.001
ALT, (U/L) 25.6 (15.9-43.8) 31.2 (18.9-51.4) 0.03
AST, (U/L) 61.8 (24.4-169.9) 56.9 (25.9-156.5) 0.5
ALB, (g/L) 40.9+5.0 41.2+5.6 0.579
LDH, (U/L) 311 (200-585) 316 (205-556) 0.94
Uric acid (umol/L) 359 (304-433) 377 (311-445) 0.35
FPG (mmol/L) 5.6 (4.9-6.9) 8.0 (6.3-11.7) <0.001
TC (mmol/L) 44+12 49+1.1 <0.001
TG (mmol/L) 0.9 (0.6-1.3) 2.0 (1.6-2.9) <0.001
HDL (mmol/L) 1.0 (0.9-1.2) 0.9 (0.8-1.1) <0.001
LDL (mmol/L) 3.0+1.1 32+1.1 0.003
C reactive protein (mg/L) 0.6 (0.2-1.6) 0.8 (0.3-2.2) 0.046
D-dimer (ug/ml) 0.4 (0.2-0.7) 0.4 (0.2-0.7) 0.82
Peak ¢Tnl (ng/ml) 19.7 (3.9-50.0) 19.8 (3.1-50.0) 0.43
TyG index 8.3+0.6 9.6+0.6 <0.001
LVEEF, (%) 55.0+8.3 53.4+8.6 0.033
SBP (mmHg) 126.5+18.8 131.8£22.0 0.003
DBP (mmHg) 78.7£13.5 83.0+14.8 <0.001
Medication at hospital discharge, n (%)

Statin 263 (100.0) 288 (100.0) >0.99
Aspirin 263 (100.0) 288 (100.0) >0.99
Clopidogrel/Ticagrelor 263 (100.0) 288 (100.0) >0.99
Beta blocker 232 (88.2) 242 (84.0) 0.16
Spironolactone 86 (32.7) 112 (38.9) 0.13
ACEI/ARB 185 (70.3) 220 (76.4) 0.11
Thiazide/loop diuretic 86 (32.7) 113 (39.2) 0.11
Coronary artery injury

LAD as Culprit vessel, (%) 132 (50.2) 157 (54.5) 0.31
Multiple vessel disease, (%) 175 (66.5) 201 (69.8) 0.41
Gensini Score 71.5 (46-92) 74 (48-92) 091
LVA, (%) 21 (8.0) 59 (20.5) <0.001

WBC, white blood cell count; RBC, red blood cell count; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; LDH, lactate
dehydrogenase; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL; high-density lipoprotein; LDL, low-density lipoprotein; TyG, triglyceride-glucose; LVEF, left

ventricular ejection fraction; SBP, systolic pressure; DBP, diastolic pressure; ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; LAD, left anterior

descending artery; LVA, left ventricular aneurysm.

LDH, FPG, TG, C reactive protein, Peak cTnl, LVEEF,
spironolactone use, ACEI/ARB use, thiazide/loop diuretic use,
LAD as culprit vessel, Gensini Score. Table 7 revealed that only
C reactive protein (OR =1.178, 95% CI = 1.023-1.356, P =0.023),
Peak ¢Tnl (OR=1.066, 95% CI=1.033-1.1, P<0.001), LVEF
(OR=0.772, 95% CI=0.709-0.841, P<0.001), LAD as culprit
vessel (OR=7.712, 95% CI=1.894-31.405, P=0.004), and the
TyG index (OR=2.11, 95% CI=1.21-3.66, P=0.008) remained
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significantly correlated with the risk for LVA development using

multivariate logistic regression analysis.

Discriminative power analysis

ROC analysis was conducted to evaluate and compare the
predictive capabilities of FPG, TG, TyG index, and the

frontiersin.org



Hu et al.

TABLE 4 Baseline characteristics of patients stratified by TyG index in the validation cohort.

10.3389/fcvm.2025.1677922

ariable 8 8 o
Demographics
Gender, female, (%) 37 (15.9) 39 (16.3) 0.913
Age (years) 61.6+11.9 59.4+12.4 0.054
Medical history, n (%)
Hypertension 123 (53.0) 137 (57.3) 0.348
Diabetes 45 (19.4) 93 (38.9) <0.001
Smoking 123 (53.0) 146 (61.1) 0.077
Laboratory parameters
Sodium (mmol/L) 4103 4.1+03 0.19
Potassium (mmol/L) 139.3+£2.7 138.9+3.2 0.097
WBC (x109/L) 10.8 (9.2-13.2) 11.8 (9.8-14.2) 0.008
RBC (x109/L) 4.5+0.6 4.7 £0.6 0.009
Hemoglobin (g/L) 139.4+£17.6 142.1 £19.8 0.12
HbAlc, (%) 5.8 (5.5-6.2) 6.8 (5.9-8.5) <0.001
ALT, (U/L) 29.5 (15.3-48.8) 34.0 (19.0-59.0) 0.038
AST, (U/L) 71 (36.3-186.3) 70.5 (39-178.3) 0.712
ALB, (g/L) 39.0+1.9 39.3+3.7 0.216
LDH, (U/L) 448 (273.5-662.5) 471.5 (320-703.3) 0.242
Uric acid (umol/L) 357 (299.3-423.8) 386 (329-461.3) 0.002
FPG (mmol/L) 5.8 (5.2-6.7) 8.5 (6.6-12.2) <0.001
TC (mmol/L) 42+09 48+1.1 <0.001
TG (mmol/L) 1.1 (1.0-1.3) 1.9 (1.5-2.4) <0.001
HDL (mmol/L) 1.1 (0.9-1.2) 0.9 (0.8-1.1) <0.001
LDL (mmol/L) 2.8+0.8 3.1+1.0 0.002
C reactive protein (mg/L) 0.5 (0.2-1.8) 1.0 (0.3-2.5) <0.001
D-dimer (ug/ml) 0.4 (0.2-0.7) 0.4 (0.2-1.0) 0.177
Peak ¢Tnl (ng/ml) 23.3 (6.5-40.9) 19.8 (7.6-38.6) 0.806
TyG index 8.6+0.2 9.6+0.6 <0.001
LVEEF, (%) 49472 48.6+8.3 0.316
SBP (mmHg) 121.0£19.3 123.0£20.9 0.277
DBP (mmHg) 75.0+12.4 774+13.4 0.048
Medication at hospital discharge, n (%)
Statin 232 (100.0) 239 (100.0) >0.99
Aspirin 232 (100.0) 239 (100.0) >0.99
Clopidogrel/Ticagrelor 232 (100.0) 239 (100.0) >0.99
Beta blocker 206 (88.8) 209 (87.4) 0.652
Spironolactone 69 (29.7) 91 (38.1) 0.056
ACEI/ARB 173 (74.6) 192 (80.3) 0.134
Thiazide/loop diuretic 71 (30.6) 91 (38.1) 0.088
Coronary artery injure
LAD as Culprit vessel, (%) 138 (59.5) 145 (60.7) 0.793
Multiple vessel disease, (%) 164 (70.7) 142 (59.4) 0.01
Gensini Score 60 (40-80) 72 (40-84) 0.244
LVA, (%) 20 (8.6) 44 (18.4) 0.002

WBC, white blood cell count; RBC, red blood cell count; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; LDH, lactate
dehydrogenase; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL; high-density lipoprotein; LDL, low-density lipoprotein; TyG, triglyceride-glucose; LVEF, left

ventricular ejection fraction; SBP, systolic pressure; DBP, diastolic pressure; ACEI/ARB, angiotensin converting enzym inhibitor/angiotensin receptor blocker; LAD, left anterior

descending artery; LVA, left ventricular aneurysm.

composite variable (TyG index combined with LVEF and LAD
as culprit vessel). In the first cohort, the average AUCs for FPG,
TG, TyG index, and the composite variable were 0.628 (0.586-
0.668), 0.65 (0.608-0.690), 0.736 (0.697-0.773), and 0.913
(0.886-0.935), respectively (Figure 5A and Table 8). In
the validation cohort, the AUCs for FPG, TG, TyG index, and
the composite variable were 0.656 (0.609-0.701), 0.664
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(0.617-0.708), 0.738 (0.694-0.779), and 0.89 (0.856-
0.918), respectively (Figure 5B and Table 8). In both
cohorts, the TyG index demonstrated significantly
higher AUCs for predicting the risk of LVA formation
compared to TG (P<0.05) and FPG (P <0.05). Furthermore,
the composite variable exhibited the highest predictive value
(P<0.001).
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FIGURE 2
The association between the TyG index and the prevalence of LVA (A,B) and comparison of the TyG index level between the LVA and non-LVA groups
(C,D) in the first (A,C) and validation (B,D) cohorts. TyG, triglyceride-glucose; LVA, left ventricular aneurysm; * P<0.05.

Subgroup analysis

We performed a subgroup analysis to further assess the
independent predictive significance of the TyG index with
regard to LVA formation across various clinically relevant
subgroups. In the first cohort, the TyG index demonstrated a
significant predictive effect on LVA formation in specific
subgroups, including males and females, individuals with age
<65 and >65 years, with and without hypertension, without
diabetes, with and without smoking, individuals with
LVEF <50% and LVEF > 50%, as well as individuals with LAD
as the culprit vessel and those with multiple vessel disease
(Figure 6). Notably, similar results were observed in the
validation cohort, with the exception of the subgroups of
females and individuals with LVEF > 50% (Figure 7).

Frontiers in Cardiovascular Medicine

Discussion

To the best of our knowledge, this study was the first to assess
the association between the TyG index and the risk of LVA
formation in patients with STEMI who underwent primary PCIL.
Our findings indicate a significant correlation between a higher
TyG index and an increased risk of LVA formation in both the
first and validation cohorts. The TyG index, serving as a
surrogate marker of IR, showed a significant association with
cardiometabolic risk factors. The relationship between the TyG
index and LVA formation remained consistent across subgroups
of male, individuals with age <65 and >65 years, with and
without hypertension, without diabetes, with and without
smoking, individuals with LVEF <50%, as well as individuals
with LAD as the culprit vessel and those with multiple vessel
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FIGURE 3

The impact of the TyG index on the prevalence of LVA across subgroups of age (A), gender (B), HBP status (C), DM status (D), smoking status (E), and
LVEF (F) in the first cohort. TyG, triglyceride-glucose; LVA, left ventricular aneurysm; HBP, hypertension; DM, diabetes mellitus; LVEF, left ventricular

disease in both cohorts. Additionally, the TyG index displayed
superior predictive ability for LVA formation compared to both
TG and FPG. Notably, the composite variable exhibited the
strongest predictive value.

Insulin resistance (IR) is a pathological condition marked
by impairments in glucose uptake and oxidation, reduced
glycogen synthesis, and diminished capacity to suppress lipid
(13). Individuals with IR consistently exhibit
elevated levels of circulating triglycerides (TG) and decreased
concentrations of HDL (13). Recently, the triglyceride-glucose
(TyG) index, derived from TG and fasting plasma glucose

oxidation

(FPG), has emerged as a novel surrogate marker for IR.
A study conducted by Fernando et al. demonstrated a
significant association between the TyG index and IR,
indicating that it closely parallels the hyperinsulinaemic-
euglycaemic clamp method in evaluating insulin sensitivity
(14). Furthermore, the TyG index has been shown to
outperform the HOMA2-IR in a Brazilian cohort with diverse
adiposity and glucose tolerance levels (15). Additionally, the
TyG index has been linked to various metabolic disorders,
including diabetes and hypertension (16, 17). Consistent with
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previous studies (16, 18), our study also identified a higher
likelihood of diabetes in individuals with an elevated TyG
index. Moreover, our findings, corroborating previous studies
(19, 20), also suggested that the TyG index was associated
with other cardiometabolic risk factors.

Recently, a substantial of studies have been conducted to
investigate the association between the TyG index and the
cardiovascular diseases (21-25). A systematic review and
meta-analysis identified an
association between the TyG index and both the prognosis
and risk of heart failure (8). In a retrospective study involving
1,574 patients with acute coronary syndrome (ACS), Zhu
et al. found that an elevated TyG index was positively
correlated with in-stent restenosis following the implantation
Zhang et al.

by Amirmohammad et al

of drug-eluting stents (26). Furthermore,
conducted a study on 1,618 critically ill patients with
coronary heart disease, demonstrating that the TyG index
serves as independent predictor of increased
mortality (27). Recent findings also indicate that a higher

TyG index can significantly predict future ischemic heart

a strong

disease in nondiabetic Koreans (25). Nonetheless, no research
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The impact of the TyG index on the prevalence of LVA across subgroups of age (A), gender (B), HBP status (C), DM status (D), smoking status (E), and
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TABLE 5 Association between TyG index and other cardiometabolic risk factors.

Variables First cohort Validation cohort
Correlation coefcient (r) P-value Correlation coefcient (r)

Age —0.221 <0.001 —0.096 0.037
Uric acid 0.0447 0.298 0.188 <0.001
TC 0.222 <0.001 0.278 <0.001
HDL —0.272 <0.001 —-0.296 <0.001
LDL 0.076 0.077 0.09 0.051
C reactive protein 0.112 0.009 0.193 <0.001

TyG, triglyceride-glucose; TC, total cholesterol; HDL; high-density lipoprotein; LDL, low-density lipoprotein.

has been performed to explore the relationship between the
TyG index and the formation of LVA. This study provides the
first evidence that TyG index > 8.93 is significantly linked to a
heightened risk of LVA formation when compared to TyG
index < 8.93. Notably, the risk of LVA formation in patients
with a TyG index > 8.93 was more than 2-fold higher than in
those with a TyG index < 8.93.

Recently, the LVA incidence after acute STEMI has decreased
from 10%-30% to 8-15% due to the developments in the
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treatment (12). In accordance with these data, our study
revealed that the occurrence of LVA in acute STEMI patients
who underwent primary PCI were 14.5% in the first cohort and
13.6 in the validation cohort. Several predictors have been
identified for LVA formation following acute myocardial
infarction (AMI). You et al. reported that longer symptom-to-
balloon time, higher initial and residual SYNTAX score, lower
LVEF, and persistent ST segment elevation were independent
predictors for LVA formation (3). A case-control study by Feng
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TABLE 6 Association of TyG index with left ventricular aneurysm formation in logistic regression models in the first cohort.

Variables Univariate logistic regression analysis Multivariate logistic regression
ENEIWSH
(0] 95% ClI P-value 95% ClI P-value

Age (years) 1.03 1.010-1.051 0.003

Smoking 0.62 0.382-0.992 0.046

HbAlc, (%) 117 1.030-1.324 0.015

AST, (U/L) 1.00 1.000-1.003 0.024

ALB, (g/L) 0.91 0.872-0.956 <0.001

LDH, (U/L) 1.00 1.000-1.002 0.002

FPG 1.10 1.05-1.16 <0.001

TG (mmol/L) 0.77 0.61-0.97 0.029

C reactive protein (mg/L) 1.10 1.039-1.154 0.001

Peak cTnl (ng/ml) 1.01 1.003-1.023 0.012

LVEE, (%) 0.83 0.805-0.865 <0.001 0.82 0.78-0.87 <0.001
DBP (mmHg) 1.02 1.001-1.034 0.036

Spironolactone 5.05 3.024-8.420 <0.001

ACEI/ARB 2.52 1.294-4.910 0.007 3.19 1.15-8.86 0.026
Thiazide/loop diuretic 4.67 2.812-7.754 <0.001

LAD as Culprit vessel 6.41 3.381-12.155 <0.001 7.24 2.79-18.75 <0.001
Gensini Score 1.01 1.007-1.020 <0.001

TyG index (<8.93/28.93) 2.97 1.75-5.04 <0.001 42 1.60-11.06 0.004

HbAlc, glycated hemoglobin; AST, aspartate aminotransferase; ALB, albumin; LDH, Lactate dehydrogenase; FPG, fasting plasma glucose; TG, triglyceride; LVEF, left ventricular ejection
fraction; DBP, diastolic pressure; ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; LAD, left anterior descending artery; LVA, left ventricular
aneurysm; TyG, triglyceride-glucose.

TABLE 7 Association of TyG index with left ventricular aneurysm formation in logistic regression models in the validation cohort.

Variables Univariate logistic regression analysis Multivariate logistic regression analysis
OR 95% ClI P-value OR 95% ClI P-value

Gender 2.133 1.148-3.964 0.017

WBC (x109/L) 1.109 1.039-1.183 0.002

RBC (x109/L) 0.586 0.379-0.904 0.016

Hemoglobin (g/L) 0.977 0.964-0.990 <0.001

AST, (U/L) 1.002 1.001-1.003 <0.001

ALB, (g/L) 0.88 0.77-0.99 0.047

LDH, (U/L) 1.002 1.001-1.002 <0.001

FPG (mmol/L) 1.05 1.001-1.10 0.045

TG (mmol/L) 1.24 1.03-1.51 0.026

C reactive protein (mg/L) 1.106 1.046-1.169 <0.001 1.178 1.023-1.356 0.023
Peak cTnl (ng/ml) 1.019 1.000-1.038 0.049 1.066 1.033-1.1 <0.001
LVEF, (%) 1277 1.202-1.355 <0.001 0.772 0.709-0.841 <0.001
Spironolactone 0.152 0.085-0.274 <0.001

ACEI/ARB 0.382 0.169-0.865 0.021

Thiazide/loop diuretic 0.130 0.071-0.238 <0.001

LAD as Culprit vessel 9.640 3.790-24.520 <0.001 7.712 1.894-31.405 0.004
Gensini Score 1.012 1.005-1.020 <0.001

TyG index (<8.93/>8.93) 2.780 1.607-4.810 <0.001 2.11 1.21-3.66 0.008

WBC, white blood cell count; RBC, red blood cell count; AST, aspartate aminotransferase; ALB, albumin; LDH, lactate dehydrogenase; FPG, fasting plasma glucose; TG, triglyceride; LVEF,
left ventricular ejection fraction; ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; LAD, left anterior descending artery; LVA, left ventricular aneurysm;
TyG, triglyceride-glucose.

et al. identified decreased glomerular filtration rate and abnormal  the time between the onset of pain and balloon time, presence
ferritin levels as the independent risk factors for LVA formation  of QS-waves on initial electrocardiogram were the independent
after AMI (28). In a retrospective study involving 1,823 STEMI  predictors of early-onset LVA (29). However, there are still
patients, Zhang et al. found that female sex, peak NT-pro BNP,  disagreements regarding these risk factors among different
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Receiver operating characteristic curve analysis of the TyG index to predict LVA formation in the first (A) and validation (B) cohorts. AUC, area under
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TABLE 8 Analysis of the ROC curve for predictive power of left ventricular
aneurysm formation.

| Cohorts ____Variables ___AUC__SE__95% CI
FPG

First cohort 0.628 0.032 0.586-0.668
TG 0.65 0.033 0.608-0.690
TyG index 0.736 0.028 0.697-0.773
Composite variable 0.913 0.014 0.886-0.935
Validation cohort FPG 0.656 0.04 0.609-0.701
TG 0.664 0.04 0.617-0.708
TyG index 0.738 0.035 0.694-0.779
Composite variable 0.89 0.022 0.856-0.918

ROC, receiver operating characteristic; FPG, fasting plasma glucose; TG, triglyceride; TyG,
triglyceride-glucose; AUC, area under curve; SE, standard error; CI, confidence interval.

cohort studies. Furthermore, these studies primarily focused on
single variables, most of which had modest or small effects on
predicting LVA. In the present study, we introduced the TyG
index for the first time as a predictor for LVA formation in
patients with STEMI. The odds ratios for LVA occurrence in
individuals with a TyG index of >8.93 were 4.2 in the first
cohort and 2.11 in the validation cohort. Additionally, LVEF
and LAD as culprit vessel were also identified as the
independent predictor for LVA formation in both cohorts,
which aligns with previous research (30, 31). Moreover, the
TyG index showed enhanced predictive capability for LVA
formation when compared to both TG and FPG, with the
composite  variable providing the most significant
predictive value.

Importantly, no significant associations were identified

between the TyG index and LVA in female patients, those
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with diabetes, individuals with an LVEF >50%, patients
without LAD as the culprit vessel, and those without
multivessel disease (P>0.05) in the validation cohort. This
lack of association is likely due to the limited sample size of
female patients, those with diabetes, and individuals without
multivessel disease, as well as the lower incidence of LVA in
patients with an LVEF >50% and those without LAD as the
culprit vessel.

The precise mechanisms underlying the relationship
between the TyG index and LVA formation are not yet fully
understood. First, the TyG index serves as a reliable indicator
of insulin resistance. Previous studies have shown that insulin
resistance may cause inflammation, oxidative stress, and
apoptosis in cardiomyocytes (30, 31), which could increase
the risk of LVA. Second, the association of an elevated TyG
index with arterial stiffness and

increased coronary

artery calcification may represent another significant
mechanism (32, 33).

Some limitations should be acknowledged in our present
study. First, this study could not establish the causality
between the TyG index and LVA formation due to the nature
of an observational study. Second, routine measurements of
insulin levels were not conducted in these patients, which
hindered a meaningful comparison of the predictive values
between HOMA-IR the TyG Third, we

concentrated exclusively on baseline levels of serum TG and

and index.
FPG, neglecting the temporal variations in the TyG index that
might have offered crucial insights into the underlying
mechanisms. Forth, although our findings suggest a notable
correlation between the TyG index and the risk of LVA
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No. of Total no. of
Variables X OR (95%Cl) Risk of LVA formation
LVA patients

Gender

Male 58 442 2.82 (1.54-5.20) ——t

Female 22 109 3.32(1.13-9.80) >
Age, years

<65 39 321 2.85(1.31-6.22) ——

265 41 230 3.52 (1.69-7.31)  h—————t
Hypertension

No 36 251 2.66 (1.25-5.68) ——i

Yes 44 300 3.30 (1.56-6.95) ! ——
Diabetes :

No 51 375 3.27 (1.75-6.10) P ——

Yes 29 176 2.42 (0.79-7.38) —_
Smoking

No 45 253 2.49 (1.25-4.94) ——t

Yes 35 298 4.03 (1.70-9.55) —_—
LVEF,%

<50% 63 145 2.84 (1.40-5.75) —_——

250% 17 406 3.44 (1.10-10.73)
LAD as Culprit vessel

No 12 262 3.15 (0.83-11.90)

Yes 68 289 2.96 (1.62-5.39) —_——
Multiple vessel disease

No 19 175 1.85 (0.69-4.95) H——

Yes 61 376 3.51 (1.86-6.63) D ———
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FIGURE 6

Forest plot investigating the association between the TyG index and the risk of LVA formation in different subgroups in the first cohort. TyG,
triglyceride-glucose; LVA, left ventricular aneurysm; LVEF, left ventricular ejection fraction; LAD, left anterior descending artery; OR, odds ratio.

012 4 6 8 10 12
OR (95%CI)

formation, the practical clinical relevance of this correlation
calls for validation in future prospective research. Finally, our
findings are based on a cohort of patients from the Chinese
Han acute STEMI and

population who experienced
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underwent PCI treatment. The applicability of the proposed
TyG index cut-off value (8.93) and the model to other
ethnicities, patients with non-STEMI, or those treated with
different strategies requires further validation.
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No. of Total no. of
Variables i OR (95%Cl) Risk of LVA formation
LVA patients
Gender
Male 47 395 2.49 (1.31-4.73) ———
Female 17 76 2.07 (0.63-6.76) ——
Age, years
<65 35 288 2.69 (1.21-5.97) ——
265 29 183 2.30 (1.02-5.20) ——
Hypertension :
No 33 211 2.84 (1.15-7.01) ——
Yes 31 260 2.16 (1.04-4.47) ——
Diabetes
No 42 333 2.32 (1.19-4.50) ———t
Yes 20 138 2.46 (0.78-7.76) "
Smoking :
No 32 202 2.97 (1.19-7.43) X
Yes 32 269 2.08 (1.01-4.26) r—o—c
LVEF,% :
<50% 59 248 2.91 (1.56-5.43) D ——————
250% 5 223 1.42 (0.23-8.66) —
LAD as Culprit vessel :
No 5 188 0.66 (0.11-4.04) b o
Yes 59 283 2.90 (1.56-5.40) ! et
Multiple vessel disease
No 25 165 1.99 (0.78-5.06) ——
Yes 39 306 2.60 (1.28-5.29) ——y
w-i-v-rr-l-l-rnﬂ-rr-l-l-'w-l
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FIGURE 7
Forest plot investigating the association between the TyG index and the risk of LVA formation in different subgroups in the validation cohort. TyG,
triglyceride-glucose; LVA, left ventricular aneurysm; LVEF, left ventricular ejection fraction; LAD, left anterior descending artery; OR, odds ratio

Conclusions

In conclusion, our research has shown that the TyG index
serves as an important predictor for LVA formation in
with STEMI
Furthermore, the TyG index on its own demonstrated strong
predictive capabilities for LVA development, while the
combination of the TyG index, LVEF, and the LAD as the
culprit vessel notably enhanced the ability to discriminate.

individuals acute receiving primary PCIL

Overall, our results indicate the promising application of the
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TyG index in clinical settings as a preferred predictor for LVA
formation in patients with acute STEMI who have undergone
primary PCIL.

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 authors.

frontiersin.org



Hu et al.

Ethics statement

The studies involving humans were approved by the Review
Board of the Central Hospital of Wuhan (WHZXKYL2023-091)
and Renmin Hospital of Wuhan University (2023K-K007). This
study was conducted in accordance with the principles of the
Declaration of Helsinki. The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate
in this study.

Author contributions

DH: Writing - original draft, Formal analysis, Funding
acquisition, Methodology, Investigation, Software, Data curation,
Validation, Project administration, Conceptualization. JZ: Project
administration, Formal analysis, Writing - original draft,
Investigation, Software, Funding acquisition. TH:
Conceptualization, Data curation, Methodology, Writing -
original  draft. QZ: Data
Methodology, review & editing,

Supervision, Software. M-HC: Writing — review & editing, Formal

Conceptualization, curation,

Writing - Investigation,

analysis, Resources, Methodology, Data curation, Visualization.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
supported by the project from Wuhan Science and Technology
Bureau (2023020201020538), Department of Science and
Technology of Hubei Province (2023AFB464, 2024AFB349).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Zhang K, Yang L, Wu X, Zheng X, ZhaoY. Urea nitrogen-to-albumin ratio
predicts ventricular aneurysm formation in ST-segment elevation myocardial
infarction. ESC Heart Fail. (2024) 11(2):974-85. doi: 10.1002/ehf2.14620

2. Ning X, Ye X, Si Y, Yang Z, Zhao Y, Sun Q, et al. Prevalence and prognosis of
ventricular tachycardia/ventricular fibrillation in patients with post-infarction left
ventricular aneurysm: analysis of 575 cases. ] Electrocardiol. (2018) 51:742-6.
doi: 10.1016/j.jelectrocard.2018.03.010

3. YouJ, Gao L, Shen Y, Guo W, Wang X, Wan Q, et al. Predictors and long-term
prognosis of left ventricular aneurysm in patients with acute anterior myocardial
infarction treated with primary percutaneous coronary intervention in the
contemporary era. /] Thorac Dis. (2021) 13:1706-16. doi: 10.1002/ccd.28712

4. Bai W, Tang H. Left ventricular pseudoaneurysm following acute myocardial
infarction. Anatol ] Cardiol. (2018) 20:E10-11. doi: 10.14744/AnatolJCardiol.2018.
39001

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1677922

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025.
1677922/full#supplementary-material

SUPPLEMENTARY FILE 1

Comparison of the TyG index between non-LVA and LVA groups in the
subgroups of age (A), gender (B), HBP status (C), DM status (D), smoking
status (E), and LVEF (F) in the first cohort. TyG, triglyceride-glucose; LVA,
left ventricular aneurysm; HBP, hypertension; DM, diabetes mellitus; LVEF,
left ventricular ejection fraction.

SUPPLEMENTARY FILE 2

Comparison of the TyG index between non-LVA and LVA groups in the
subgroups of age (A), gender (B), HBP status (C), DM status (D), smoking
status (E), and LVEF (F) in the validation cohort. TyG, triglyceride-glucose;
LVA, left ventricular aneurysm; HBP, hypertension; DM, diabetes mellitus;
LVEF, left ventricular ejection fraction.

5. Abbasi F, Reaven GM. Comparison of two methods using plasma triglyceride
concentration as a surrogate estimate of insulin action in nondiabetic subjects:
triglyceridesxglucose versus triglyceride/high-density lipoprotein cholesterol. Metab
Clin Exp. (2011) 60:1673-6. doi: 10.1016/j.metabol.2011.04.006

6. Wu Z, Xie L, Guo D, Chen §, Liu X, Sun X, et al. Triglyceride-glucose index in
the prediction of adverse cardiovascular events in patients without diabetes mellitus
after coronary artery bypass grafting: a multicenter retrospective cohort study.
Cardiovasc Diabetol. (2023) 22:230. doi: 10.2337/dc09-0749

7.1iJ, Dong Z, Wu H, Liu Y, Chen Y, Li S, et al. The triglyceride-glucose index is
associated with atherosclerosis in patients with symptomatic coronary artery disease,
regardless of diabetes mellitus and hyperlipidaemia. Cardiovasc Diabetol. (2023)
22:224. doi: 10.3390/medicina54050071

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

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1677922/full#supplementary-material
https://doi.org/10.1002/ehf2.14620
https://doi.org/10.1016/j.jelectrocard.2018.03.010
https://doi.org/10.1002/ccd.28712
https://doi.org/10.14744/AnatolJCardiol.2018.39001
https://doi.org/10.14744/AnatolJCardiol.2018.39001
https://doi.org/10.1016/j.metabol.2011.04.006
https://doi.org/10.2337/dc09-0749
https://doi.org/10.3390/medicina54050071

Hu et al.

failure: results from a retrospective cohort study in China. Cardiovasc Diabetol.
(2023) 22:171. doi: 10.1016/j.jchf.2017.06.013

9. Tao L-C, Xu J-N, Wang T-T, Hua F, Li J-J. Triglyceride-glucose index as a
marker in cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol.
(2022) 21:68. doi: 10.2337/dc18-1920

10. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth
universal definition of myocardial infarction (2018). ] Am Coll Cardiol. (2018)
72:2231-64. doi: 10.1016/j.jacc.2018.08.1038

11. Bourassa MG, Fisher LD, Campeau L, Gillespie MJ, McConney M, Lespérance
J. Long-term fate of bypass grafts: the coronary artery surgery study (CASS) and
montreal heart institute experiences. Circulation. (1985) 72:V71-8.

12. Celebi S, Celebi OO, Cetin S, Cetin HO, Tek M, Gokaslan S, et al. The
usefulness of admission plasma NT-pro BNP level to predict left ventricular
aneurysm formation after acute ST-segment elevation myocardial infarction. Arg
Bras Cardiol. (2019) 113:1129-37. doi: 10.5935/abc.20190226

13. Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuiiga FA. Association
between insulin resistance and the development of cardiovascular disease. Cardiovasc
Diabetol. (2018) 17:122. doi: 10.1016/j.1f5.2012.10.028

14. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-
Abundis E, Ramos-Zavala MG, Hernandez-Gonzalez SO, et al. The product of
triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with
the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab. (2010)
95:3347-51. doi: 10.1210/jc.2010-0288

15. Vasques ACJ, Novaes FS, MdS dO, Souza JRM, Yamanaka A, Pareja JC, et al.
Tyg index performs better than HOMA in a Brazilian population: a hyperglycemic
clamp validated study. Diabetes Res Clin Pract. (2011) 93:¢98-€100. doi: 10.1016/j.
diabres.2011.05.030

16. da Silva A, Caldas APS, Rocha DMUP, Bressan J. Triglyceride-glucose index
predicts independently type 2 diabetes mellitus risk: a systematic review and meta-
analysis of cohort studies. Prim Care Diabetes. (2020) 14:584-93. doi: 10.1016/j.pcd.
2020.09.001

17. Wang Y, Yang W, Jiang X. Association between triglyceride-glucose index and
hypertension: a meta-analysis. Front Cardiovasc Med. (2021) 8:644035. doi: 10.3389/
fcvm.2021.644035

18. Park B, Lee HS, Lee Y-]J. Triglyceride glucose (TyG) index as a predictor of
incident type 2 diabetes among nonobese adults: a 12-year longitudinal study of
the Korean genome and epidemiology study cohort. Transl Res. (2021) 228:42-51.
doi: 10.1016/j.trs1.2020.08.003

19. Kim MK, Ahn CW, Kang S, Nam JS, Kim KR, Park JS. Relationship between the
triglyceride glucose index and coronary artery calcification in Korean adults.
Cardiovasc Diabetol. (2017) 16:108. doi: 10.2337/diacare.23.1.57

20. Mao Q, Zhou D, Li Y, Wang Y, Xu S-C, Zhao X-H. The triglyceride-glucose
index predicts coronary artery disease severity and cardiovascular outcomes in
patients with non-ST-segment elevation acute coronary syndrome. Dis Markers.
(2019) 2019:6891537. doi: 10.1016/j.jcmg.2015.12.023

21. Akbar MR, Pranata R, Wibowo A, Sihite TA, Martha JW. The association
between triglyceride-glucose index and major adverse cardiovascular events in

Frontiers in Cardiovascular Medicine

17

10.3389/fcvm.2025.1677922

patients with acute coronary syndrome—dose-response meta-analysis. Nutr Metab
Cardiovasc Dis. (2021) 31:3024-30. doi: 10.1016/j.numecd.2021.08.026

22. Chen Q, Xiong S, Zhang Z, Yu X, Chen Y, Ye T, et al. Triglyceride-glucose
index is associated with recurrent revascularization in patients with type 2 diabetes
mellitus after percutaneous coronary intervention. Cardiovasc Diabetol. (2023)
22:284. doi: 10.1001/jama.299.13.1561

23. Hao Q, Yuanyuan Z, Lijuan C. The prognostic value of the triglyceride glucose
index in patients with acute myocardial infarction. J Cardiovasc Pharmacol Ther.
(2023) 28:10742484231181846. doi: 10.1177/10742484231181846

24. Wang M, Zhou L, Su W, Dang W, Li H, Chen H. Independent and joint
associations between the triglyceride-glucose index and NT-proBNP with the risk
of adverse cardiovascular events in patients with diabetes and acute coronary
syndrome: a prospective cohort study. Cardiovasc Diabetol. (2023) 22:149. doi: 10.
1136/bm;j.k1497

25. Park B, Lee Y-J, Lee HS, Jung D-H. The triglyceride-glucose index predicts
ischemic heart disease risk in Koreans: a prospective study using national health
insurance service data. Cardiovasc Diabetol. (2020) 19:210. doi: 10.3346/jkms.2017.
32.5.718

26. Zhu Y, Liu K, Chen M, Liu Y, Gao A, Hu C, et al. Triglyceride-glucose index is
associated with in-stent restenosis in patients with acute coronary syndrome after
percutaneous coronary intervention with drug-eluting stents. Cardiovasc Diabetol.
(2021) 20:137. doi: 10.1016/j.cmet.2011.07.015

27. Zhang R, Shi S, Chen W, Wang Y, Lin X, Zhao Y, et al
Independent effects of the triglyceride-glucose index on all-cause
mortality in critically ill patients with coronary heart disease: analysis of the
MIMIC-III database. Cardiovasc Diabetol. (2023) 22:10. doi: 10.1016/j.cjca.2020.
02.066

28. Feng Y, Wang Q, Chen G, Ye D, Xu W. Impaired renal function and abnormal
level of ferritin are independent risk factors of left ventricular aneurysm after acute
myocardial infarction: a hospital-based case-control study. Medicine (Baltimore).
(2018) 97:€12109. doi: 10.1097/MD.0000000000012109

29. Zhang Z, Guo J. Predictive risk factors of early onset left ventricular aneurysm
formation in patients with acute ST-elevation myocardial infarction. Heart Lung.
(2020) 49:80-5. doi: 10.1016/j.hrtlng.2019.09.005

30. Wu H, Ballantyne CM. Skeletal muscle inflammation and insulin resistance in
obesity. J Clin Invest. (2017) 127:43-54. doi: 10.2337/db08-0943

31 Yang T, Li G, Wang C, Xu G, Li Q, Yang Y, et al. Insulin
resistance and coronary inflammation in patients with coronary artery disease: a
cross-sectional study. Cardiovasc Diabetol. (2024) 23:79. doi: 10.1007/s00330-020-
07069-0

32.Wu S, Xu L, Wu M, Chen S, Wang Y, Tian Y. Association between triglyceride-
glucose index and risk of arterial stiffness: a cohort study. Cardiovasc Diabetol. (2021)
20:146. doi: 10.1186/s12933-021-01342-2

33. Wang J, Huang X, Fu C, Sheng Q, Liu P. Association between triglyceride
glucose index, coronary artery calcification and multivessel coronary disease in
Chinese patients with acute coronary syndrome. Cardiovasc Diabetol. (2022)
21:187. doi: 10.1186/s12944-020-1187-0

frontiersin.org


https://doi.org/10.1016/j.jchf.2017.06.013
https://doi.org/10.2337/dc18-1920
https://doi.org/10.1016/j.jacc.2018.08.1038
https://doi.org/10.5935/abc.20190226
https://doi.org/10.1016/j.lfs.2012.10.028
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1016/j.diabres.2011.05.030
https://doi.org/10.1016/j.diabres.2011.05.030
https://doi.org/10.1016/j.pcd.2020.09.001
https://doi.org/10.1016/j.pcd.2020.09.001
https://doi.org/10.3389/fcvm.2021.644035
https://doi.org/10.3389/fcvm.2021.644035
https://doi.org/10.1016/j.trsl.2020.08.003
https://doi.org/10.2337/diacare.23.1.57
https://doi.org/10.1016/j.jcmg.2015.12.023
https://doi.org/10.1016/j.numecd.2021.08.026
https://doi.org/10.1001/jama.299.13.1561
https://doi.org/10.1177/10742484231181846
https://doi.org/10.1136/bmj.k1497
https://doi.org/10.1136/bmj.k1497
https://doi.org/10.3346/jkms.2017.32.5.718
https://doi.org/10.3346/jkms.2017.32.5.718
https://doi.org/10.1016/j.cmet.2011.07.015
https://doi.org/10.1016/j.cjca.2020.02.066
https://doi.org/10.1016/j.cjca.2020.02.066
https://doi.org/10.1097/MD.0000000000012109
https://doi.org/10.1016/j.hrtlng.2019.09.005
https://doi.org/10.2337/db08-0943
https://doi.org/10.1007/s00330-020-07069-0
https://doi.org/10.1007/s00330-020-07069-0
https://doi.org/10.1186/s12933-021-01342-2
https://doi.org/10.1186/s12944-020-1187-0

	Association between the triglyceride-glucose index and the risk of left ventricular aneurysm formation among patients with acute ST-segment elevation myocardial infarction
	Background
	Methods
	Study design and participants
	Echocardiography and PCI procedure
	Data collection and definitions
	Statistical analysis

	Results
	Patient characteristics
	Tyg index and the incidence of LVA
	Association between the TyG index and other cardiometabolic risk factors
	Predictors for LVA formation
	Discriminative power analysis
	Subgroup analysis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


