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Abstract

Background: Left ventricular (LV) remodeling after acute myocardial infarction (AMI) remains a key determinant of long-term progno-
sis. Insulin resistance (IR) has increasingly been recognized as an important metabolic mechanism influencing post-infarction myocardial
recovery. This study aimed to evaluate the associations of three noninsulin-based metabolic indices, the triglyceride—glucose (TyG) in-
dex, triglyceride-glucose body mass index (TyG-BMI), and the metabolic score for insulin resistance (METS-IR)—with LV remodeling
after percutaneous coronary intervention (PCI). Methods: A total of 1180 patients with AMI who underwent PCI and completed base-
line and 6-month follow-up echocardiography were retrospectively analyzed. LV remodeling was defined as a >20% increase in LV
end-diastolic volume. Multiple logistic regression and restricted cubic spline (RCS) analyses were used to assess linear associations,
and stratified analyses were conducted across key clinical subgroups. Results: During the 6-month follow-up, 269 patients (22.8%)
developed LV remodeling. After adjustment for confounders, higher levels of TyG, TyG-BMI, and METS-IR were independently and
positively associated with the risk of LV remodeling (TyG: odds ratio (OR) = 1.67, 95% confidence interval (CI) 1.24-2.26; TyG-BMI:
OR = 1.01, 95% CI 1.00-1.01; METS-IR: OR = 1.04, 95% CI 1.00-1.07). RCS analyses revealed linear positive associations with no
evidence of nonlinearity. Stratified analyses showed consistent results across all subgroups (all interaction p-values > 0.05). Conclusion:
Higher levels of TyG, TyG-BMI, and METS-IR are independently and positively associated with LV remodeling in patients with AMI
undergoing PCIL.
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such as homeostatic model assessment of insulin resistance
(HOMA-IR), have certain predictive value, but their clin-
ical applicability is limited by the need for insulin assays.
Recently, several non-insulin-based metabolic indices have
been proposed, such as the triglyceride-glucose (TyG) in-
dex, TyG-body mass index (TyG-BMI), and the metabolic
score for insulin resistance (METS-IR), which are based on
routine laboratory parameters and are both simple and re-
liable [5,6,7,8]. However, existing research has predom-
inantly focused on long-term prognosis or ischemic out-
comes, and very few studies have investigated whether
these indices can predict post-AMI LV remodeling—a crit-

1. Introduction

Acute myocardial infarction (AMI) remains one of the
leading causes of morbidity and mortality worldwide, de-
spite significant advances in reperfusion therapy, such as
percutaneous coronary intervention (PCI) [1]. While the
acute mortality rate has decreased significantly with PCI,
a substantial proportion of patients continue to experience
left ventricular (LV) remodeling after reperfusion, which
can lead to heart failure, arrhythmias, and other adverse
events, severely impacting long-term prognosis [2]. There-
fore, early identification of and timely intervention in pa-

tients at high risk of left ventricular remodeling has become
critical in clinical management.

The mechanisms underlying LV remodeling are com-
plex and involve multiple factors, including the extent of
myocardial injury, inflammation, neurohormonal activa-
tion, and metabolic abnormalities [3]. Among these, in-
sulin resistance (IR) has emerged as a key metabolic driver
of adverse LV remodeling [4]. Traditional measures of IR,

ical structural intermediate phenotype preceding heart fail-
ure. Moreover, to date, no study has systematically com-
pared all three commonly used metabolic indices (TyG,
TyG-BMI, and METS-IR) in the context of post-infarction
LV remodeling, resulting in an important evidence gap re-
garding their relative performance and clinical applicabil-
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Therefore, this study aimed to investigate the associ-
ations of TyG, TyG-BMI, and METS-IR with LV remod-
eling after an AMI and to evaluate their potential utility as
simple, non—insulin-based markers for identifying patients
atrisk for adverse structural cardiac changes following PCI.

2. Methods
2.1 Study Population

This single-center, retrospective, cohort study consec-
utively enrolled 1180 patients diagnosed with an AMI who
were hospitalized in the Department of Cardiology at Xu-
anwu Hospital, Capital Medical University, between Jan-
uary 2016 and July 2023. All enrolled patients underwent
PCI and had complete echocardiographic data at baseline
and at 6-month follow-up. This study was conducted in
accordance with the Declaration of Helsinki and was ap-
proved by the Ethics Committee of Xuanwu Hospital, Cap-
ital Medical University (Approval No. 2022161). The re-
quirement for written informed consent for research partic-
ipation was waived by the Ethics Committee because of the
retrospective nature of the study and the use of anonymized
clinical data.

2.2 Inclusion and Exclusion Criteria

Patients were eligible for inclusion if they met the di-
agnostic criteria for an AMI, including both ST-segment
elevation myocardial infarction (STEMI) and non-ST-
segment elevation myocardial infarction (NSTEMI). The
inclusion criteria required patients to be between 18 and
80 years of age, have undergone PCI at Xuanwu Hospital,
and have completed both baseline and 6-month follow-up
echocardiographic assessments.

Patients were excluded if they had a history of malig-
nant tumors, were unable to undergo standard treatment, or
had previously undergone heart surgery (except coronary
artery bypass grafting). In addition, patients with signifi-
cant structural heart diseases such as valvular heart disease,
primary cardiomyopathy, congenital heart disease, or peri-
cardial disease were excluded. Patients with missing criti-
cal clinical variables were also excluded from the study.

2.3 Clinical and Laboratory Data Collection

Baseline clinical data were retrospectively collected
from the hospital information system (HIS), including age,
sex, body mass index (BMI), smoking history, alcohol con-
sumption, hypertension, diabetes, dyslipidemia, and medi-
cation history. Data on time from symptom onset to admis-
sion, time from symptom onset to vessel opening, infarct-
related artery, number of diseased vessels, and PCI pro-
cedures were also recorded. Laboratory data, including
fasting blood glucose (FPG), HbAlc, triglycerides (TG),
total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
serum creatinine, urea nitrogen, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and uric acid,

were collected at baseline. Complete blood count data, in-
cluding white blood cell count, hemoglobin, and platelet
count, were also collected.

2.4 Metabolic Indices Calculation

The following metabolic indices were calculated using
previously published standardized formulas: TyG index =
In[TG (mg/dL) x FPG (mg/dL) / 2] [9], TyG-BMI index =
TyG x BMI [10], METS-IR = In[(2 x FPG + TG) x BMI]
/ In(HDL-C) [11]. When laboratory results were expressed
inmmol/L, triglycerides were multiplied by 88.57, and FPG
by 18.02 to convert to mg/dL before calculation.

2.5 Echocardiographic Assessment

All patients underwent echocardiographic assess-
ments at baseline and 6 months after PCI, using a stan-
dardized echocardiographic protocol. Echocardiographic
examinations were performed by experienced echocardio-
graphers in accordance with the guidelines of the Ameri-
can Society of Echocardiography (ASE) [12]. Echocardio-
graphers were blinded to patients’ clinical information and
outcome status during image interpretation. The primary
parameters measured included left ventricular end-diastolic
diameter (LVEDD), left ventricular end-systolic diameter
(LVESD), interventricular septal thickness (IVST), and left
ventricular posterior wall thickness (LVPWT). Left ven-
tricular ejection fraction (LVEF) and left ventricular end-
diastolic volume (LVEDV) were calculated using the Simp-
son’s biplane method. In addition, baseline and follow-up
echocardiographic parameters were compared between pa-
tients with and without LV remodeling, and the results are
presented in Supplementary Table 1.

2.6 Left Ventricular Remodeling Definition

Left ventricular remodeling was defined as a >20%
increase in LVEDV from baseline to 6 months, based on
international guidelines and previous studies. Patients were
divided into two groups: remodeling and non-remodeling,
based on the occurrence of LV remodeling [13].

2.7 Statistical Analysis

All analyses were performed using R software, ver-
sion 4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria), and Free Statistics software, version 2.1 (Bei-
jing Free Clinical Medical Technology Co., Ltd., Beijing,
China). Continuous variables were expressed as mean =+
standard deviation (X £ s) or median (interquartile range)
based on normality. Independent ¢-tests were used for nor-
mally distributed data, while the Mann—Whitney U test was
used for non-normally distributed data. Categorical vari-
ables were expressed as counts (percentages), and group
comparisons were performed using the 3> test. Multiple
logistic regression was used to identify factors influenc-
ing LV remodeling in AMI patients. Covariates included
in the multivariable logistic regression models were se-
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lected based on clinical relevance, prior evidence on pre-
dictors of post-infarction left ventricular remodeling, re-
sults from univariable analyses, and a change-in-estimate
approach. Specifically, variables were retained if their in-
clusion resulted in a clinically or statistically meaningful
change (=10%) in the estimated effect of the primary expo-
sure, or if they were considered potential confounders based
on clinical knowledge. Results were presented as odds ra-
tios (ORs) with 95% confidence intervals (95% CIs). An
RCS analysis based on the logistic regression model was
used to explore whether metabolic indices had a nonlinear
relationship with LV remodeling. Subgroup analyses as-
sessed potential interaction effects between metabolic in-
dices and clinical variables. Receiver operating character-
istic (ROC) curve analyses were performed to assess the
discriminatory ability of TyG, TyG-BMI, and METS-IR
for left ventricular remodeling. The area under the curve
(AUC) and 95% ClIs were calculated. Multicollinearity
among covariates was evaluated using the generalized vari-
ance inflation factor (GVIF), with adjusted GVIF values >5
considered indicative of substantial multicollinearity. All
tests were two-tailed, and a p < 0.05 was considered statis-
tically significant.

2.8 Sensitivity Analysis

Left ventricular end-diastolic volume indexed to body
surface area (LVEDVi) was used to redefine left ventricular
remodeling. LVEDVi was calculated as LVEDV divided by
body surface area, and indexed remodeling was defined as
a >20% increase in LVEDVi at 6 months compared with
baseline. Multivariable logistic regression analyses were
repeated to assess the significance of the findings.

3. Results

3.1 Baseline Characteristics of Patients

A total of 1180 patients with an AMI were included
in this study, of whom 911 (77.2%) did not develop LV re-
modeling and 269 (22.8%) did (Table 1). There were no
significant differences between the two groups in age or sex
distribution, with a median age of 62.0 years and approxi-
mately 80% being male. In terms of lifestyle factors, the
proportion of current smokers was significantly higher in
the LV remodeling group than in the non-remodeling group
(»=0.031), while no significant difference was observed in
alcohol consumption between the two groups (p = 0.522).
The prevalence of hypertension and diabetes mellitus was
similar between the two groups, with no statistically signif-
icant differences (both p > 0.05). Patients in the remodel-
ing group had markedly higher levels of ALT and AST, as
well as elevated neutrophil counts, indicating greater hep-
atic and inflammatory stress (all p < 0.01). Other biochem-
ical indices, including lipid profiles, glucose levels, and
renal function, showed no significant differences between
groups. The distribution of culprit vessels and infarct loca-
tion was comparable between the groups (both p > 0.05),
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with the left anterior descending artery and an anterior wall
infarction being the most frequent. The use of ACEI/ARB
was significantly lower in the remodeling group than in the
non-remodeling group (p = 0.012), whereas the use of as-
pirin and statins was nearly universal and did not differ sig-
nificantly between groups. There were no significant dif-
ferences in the metabolic indices, including the TyG in-
dex, TyG-BMI, and METS-IR (all p > 0.05). Baseline and
6-month echocardiographic parameters are summarized in
Supplementary Table 1.

3.2 Association Between TyG-Related Indices and Left
Ventricular Remodeling After AMI

Univariable logistic regression analyses were per-
formed to evaluate the crude associations between clinical
variables and left ventricular remodeling (Supplementary
Table 2). In these analyses, TyG, TyG-BMI, and METS-
IR were not significantly associated with left ventricular
remodeling, which was consistent with the baseline com-
parisons presented in Table 1. However, after adjustment
for potential confounding factors, these indices became sig-
nificantly associated with left ventricular remodeling in the
multivariable models.

After adjustment for age, sex, hypertension, diabetes
mellitus, systolic blood pressure (SBP), diastolic blood
pressure (DBP), alcohol consumption, uric acid, HDL-C,
and infarct-related artery, all three insulin resistance-related
indices were independently associated with LV remodel-
ing. Each one-standard-deviation increase in the TyG index
was associated with a 1.67-fold higher risk of LV remod-
eling (OR = 1.67, 95% CI: 1.24-2.26, p = 0.001). Simi-
larly, higher TyG-BMI (OR = 1.01, 95% CI: 1.00-1.01, p
= 0.008) and METS-IR (OR = 1.04, 95% CI: 1.00-1.07, p
=0.048) were also independently associated with increased
odds of LV remodeling. These findings indicate that in-
sulin resistance-related metabolic indices, particularly the
TyG index, are independently associated with adverse LV
remodeling after an AMI, irrespective of traditional cardio-
vascular risk factors (Table 2).

After further adjustment for the use of ACEI/ARB, the
associations of TyG and TyG-BMI with left ventricular re-
modeling remained statistically significant, whereas the as-
sociation for METS-IR was attenuated and no longer sta-
tistically significant (Supplementary Table 5). Notably,
the direction of the association for METS-IR remained con-
sistent with the primary analysis, although the effect size
was reduced after additional adjustment. After further ad-
justment for infarct severity and baseline cardiac function,
including peak CK-MB, Killip class, emergency PCI sta-
tus, and baseline LVEF, the associations between TyG-
related indices and left ventricular remodeling remained un-
changed (Supplementary Table 6). Using BSA-indexed
LV end-diastolic volume (LVEDVi) to define left ventric-
ular remodeling, patients with remodeling showed signifi-
cantly greater increases in indexed LV volumes (Supple-
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Table 1. Baseline characteristics of patients with and without left ventricular remodeling after acute myocardial infarction.

Variables

Total (n = 1180)

Without remodeling (n = 911) With remodeling (n =269) p value

Demographics
Age, years
Male, n (%)
Lifestyle factors
Current smoking, n (%)
Alcohol drinking, n (%)
Comorbidities
Hypertension, n (%)
Diabetes mellitus, n (%)
Laboratory findings
Uric acid, pmol/L
HDL-C, mmol/L
LDL-C, mmol/L
ApoA-I, g/L
ApoB, g/L

Triglycerides, mmol/L

Total cholesterol, mmol/L

Fasting glucose, mmol/L
HbAlc, %

ALT, UL

AST, U/L

Urea, mmol/L

hs-CRP, mg/L
Neutrophil count, x10°/L
Platelet count, x10°/L

Lymphocyte count, x10%/L

Peak CK-MB, U/L

Infarct-related features

Infarct-related artery, n (%)

LAD
RCA
LCX

Number of diseased vessels, n (%)

Single-vessel
Double-vessel
Triple-vessel
Infarct location, n (%)
Anterior wall
Inferior wall
Lateral wall
Medication at discharge
Aspirin, n (%)
Clopidogrel, n (%)
Statins, n (%)
ACEI/ARB, n (%)
SGLT2i, n (%)
MRA, n (%)
B-blockers, n (%)
Metabolic indices
TyG index

62.0 (55.0, 69.0)
950 (80.5)

502 (60.3)
606 (73.2)

653 (57.2)
399 (33.8)

347.0 (287.0, 416.0)
1.054 + 0.292
2.705+0.815
1.112 +0.207
0.919 % 0.245

1.505 (1.040, 2.170)
4.338 +0.996
62(5.2,8.2)

65+ 1.5
28.0 (18.0, 49.0)
65.0 (28.0, 164.0)
5.6(4.5,7.1)
5.2(1.9, 16.7)
6.8(5.0,9.3)

219.0 (181.0,262.2)

1.6 (1.1,2.1)
419 (11.1, 135.8)

502 (55.5)
300 (33.2)
102 (11.3)

132 (42.7)
85 (27.5)
92 (29.8)

324 (49.3)
299 (45.5)
34 (5.2)

720 (99.9)
665 (93.9)
717 (100.0)
622 (98.9)
14 (21.2)
60 (55.6)
553 (96.3)

9.0 (8.5,9.4)

62.0 (55.0, 69.0)
734 (80.6)

376 (58.3)
474 (73.7)

502 (56.7)
320 (35.1)

343.0 (287.0, 411.0)
1.048 £ 0.296
2.705 +0.833
1.107 £ 0.207
0.921 % 0.254

1.480 (1.035, 2.150)
4334+ 1.020
6.1(5.2,8.0)

6.5+ 1.5
27.0 (18.0, 46.0)
56.0 (27.0, 147.5)
5.5(4.4,7.0)
5.1(1.9,16.8)
6.7 (4.9,9.2)

219.0 (181.0, 260.0)

1.6 (1.1,2.2)
34.0 (10.0, 119.0)

383 (55.3)
229 (33.0)
81(11.7)

105 (44.3)
64 (27.0)
68 (28.7)

242 (49.8)
220 (45.3)
24 (4.9)

540 (99.8)
500 (94.0)
542 (100.0)
472 (99.6)
12 (26.7)
44 (57.1)
416 (96.7)

9.0 (8.5,9.4)

62.0 (53.8, 69.0)
216 (80.3)

126 (67.0)
132 (71.4)

151 (58.8)
79 (29.4)

365.0 (287.0, 434.0)
1.072 + 0.280
2707 £0.752
1.129 +0.208
0.911£0215

1.580 (1.050, 2.220)
435440914
6.4(5.3,8.6)

65+1.6
35.0 (19.0, 65.0)
97.0 (36.0, 235.0)
5.7(4.7,7.2)

5.4 (1.9, 16.6)
7.5(5.4,9.8)
218.0 (182.0, 265.0)
1.6 (1.1, 2.0)
76.0 (17.8, 204.0)

119 (56.4)
71 (33.6)
21 (10.0)

27 (37.5)
21(29.2)
24 (33.3)

82 (48.0)
79 (46.2)
10 (5.8)

180 (100.0)
165 (93.8)
175 (100.0)
150 (96.8)
2(9.5)
16 (51.6)
137 (95.1)

9.1(8.6,9.5)

0.486
0.921

0.031
0.522

0.562
0.079

0.057
0.255
0.964
0.121
0.574
0.275
0.768
0.115
0.597
<0.001
<0.001
0.173
0.703
0.006
0.879
0.429
<0.001

0.784

0.579

0.855

1.000
0.910
1.000
0.012
0.195
0.601
0.374

0.175
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Table 1. Continued.

Variables Total (n = 1180) Without remodeling (n=911)  With remodeling (n =269)  p value
TyG-BMI index  228.8 (206.9, 253.9) 228.0 (206.0, 253.0) 233.2(208.9, 259.3) 0.177
METS-IR 39.1(34.8,43.9) 39.1(34.7,43.7) 39.2(35.2,44.1) 0.464

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoA-I,
apolipoprotein A-I; ApoB, apolipoprotein B; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, as-
partate aminotransferase; hs-CRP, high-sensitivity C-reactive protein; CK-MB, creatine kinase-MB; LAD, left anterior
descending artery; RCA, right coronary artery; LCX, left circumflex artery; ACEI, angiotensin-converting enzyme in-
hibitor; ARB, angiotensin II receptor blocker; SGLT21i, sodium-glucose cotransporter 2 inhibitor; MRA, mineralocorti-
coid receptor antagonist; TyG, triglyceride-glucose index; TyG-BMI, triglyceride-glucose body mass index; METS-IR,
metabolic score for insulin resistance.

Note: Percentages were calculated using the number of participants with available data for each corresponding variable
as the denominator. Available sample sizes varied across variables because of missing baseline information and incom-
plete prescription records. Medication use was calculated among patients with available prescription records; therefore,
denominators may differ across medications and may be smaller than the total cohort. Continuous variables are presented
as mean = SD or median (IQR), and categorical variables as number (percentage). p-values were derived from Student’s
t-test, Mann—Whitney U test, or ¥ test, as appropriate.

Table 2. Logistic regression analysis of the association between TyG-related indices and left ventricular remodeling after AMI.

Variable  Total (n) Events, n (%) Crude OR (95% CI) p value Adjusted OR (95% CI) p value
TyG 1180 269 (22.8) 1.18 (0.98-1.42) 0.086 1.67 (1.24-2.26) 0.001
TyG-BMI 1180 269 (22.8) 1.00 (1.00-1.01) 0.115 1.01 (1.00-1.01) 0.008
METS-IR 1180 269 (22.8) 1.01 (0.99-1.03) 0.492 1.04 (1.00-1.07) 0.048

Adjusted for age, gender, hypertension, diabetes, SBP, DBP, alcohol consumption, uric acid, HDL-C, and
infarct-related artery.

Abbreviations: AMI, acute myocardial infarction; TyG, triglyceride-glucose index; TyG-BMI,
triglyceride-glucose body mass index; METS-IR, metabolic score for insulin resistance; OR, odds ratio;

CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density

lipoprotein cholesterol.

mentary Table 3). In sensitivity analyses, the associa-
tions between TyG-related indices and left ventricular re-
modeling remained consistent with the primary analysis
(Supplementary Table 4). ROC curve analyses showed
that TyG, TyG-BMI, and METS-IR had similar, albeit
modest, discriminatory ability for left ventricular remod-
eling, with AUCs of 0.655 (95% CI, 0.593-0.716), 0.660
(95% ClI, 0.599-0.720), and 0.652 (95% CI, 0.592-0.713),
respectively (Supplementary Table 7).

3.3 Dose—Response Relationship Between TyG-Related
Indices and Left Ventricular Remodeling After AMI

RCS analysis was conducted to evaluate the dose—
response relationships between TyG-related indices and the
risk of LV remodeling following an AMI. TyG and TyG-
BMI exhibited approximately linear associations with LV
remodeling (p for nonlinearity = 0.629 and 0.222, respec-
tively). For METS-IR, although there was no evidence of
nonlinearity (p for nonlinearity = 0.429), the overall asso-
ciation with LV remodeling was not statistically significant
(p for overall association = 0.135) (Fig. 1).
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3.4 Subgroup Analyses of the Associations Between
TyG-Related Indices and Left Ventricular Remodeling

Subgroup analyses (Fig. 2) showed that all three in-
sulin resistance-related metabolic indices (TyG, TyG-BMI,
and METS-IR) were consistently and positively associated
with LV remodeling in most clinical subgroups. No sig-
nificant interactions were observed for sex, age, smoking,
alcohol consumption, diabetes, hypertension, or other base-
line characteristics (all p for interactions> 0.05).

4. Discussion

LV remodeling following an AMI remains a major de-
terminant of adverse prognosis despite advances in early
reperfusion therapy [3,14]. Although infarct size, inflam-
mation, and neurohormonal activation are well-established
contributors, emerging evidence indicates that IR and
metabolic dysregulation play a pivotal role in maladaptive
cardiac remodeling [4]. In this context, non—insulin-based
metabolic indices such as the TyG index, TyG-BMI, and
the METS-IR have attracted growing attention as simple yet
powerful markers of systemic metabolic stress [15,16,17].

In our cohort of 1180 AMI patients treated with PCI,
269 (22.8%) developed LV remodeling at 6-month follow-
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Fig. 1. Restricted cubic spline (RCS) curves showing the dose—response relationship between TyG-related indices and the risk of

left ventricular remodeling after AMI. Models were adjusted for age, gender, hypertension, diabetes, SBP, DBP, alcohol consumption,
uric acid, HDL-C, and infarct-related artery. (A) TyG index (B) TyG-BMI (C) METS-IR.

A B C
Variables  n (%) OR (95%C1) P Plorinteractior Variables 1 (%) OR (95%CI) P Pforinteraction Variables (%) OR (95%CI) P Pfor interaction
All patients 1180 (100.00) 1.68 (1.24 ~ 2.26) — <001 All patients 1180 (100.00) 1.01 (100 ~ 1.01) et 0.007 Allpatients 1180 (100.00) 1.04 (1.00 ~ 1.07) ——t 0.045
Gender 0.955 0233 Gender 0.505
Male 950 (80.51) 170 (122 ~ 2.35) —— 0.002 Make 950 (80.51)  1.01 (1.00 ~ 1.02) —— 0.002 Male 950 (80.51) 105 (1.01 ~ 1.09) ] 0.019
Femalte  230(1949)  1.65(0.68~398)  ———i 0.267 Female  230(19.49) 1.0 (098 ~ 1.01) ] 0.884 Female  230(1949)  0.99 (0.0~ 1.09) et 0.850
SMOKE 0.081 SMOKE 0434 SMOKE 0.795
No BLGIM)  197(107~365) et 0,030 No 331(39.74) 100 0.9 ~ 1.01) —t— 0715 No 331(39.74) 100 (094 ~ 1.07) —_— 0.897
Yes 502(60.26) 1S3 (107~2.18) et 0.020 Yes 502(60.26)  1.01 (1.00 ~ 1.02) —— 0.004 Yes 502(60.26) 105 (101 ~ 1.10) —— 0023
ALCHOHOL 0.568 ALCHOHOL 0.431 ALCHOHOL 0.564
No 222(2681)  2.84(1.46 ~5.52) 0.002 No 222(26.81)  1.01 (1.00 ~ 1.02) H—— 0.114 No 222(26.81)  1.06 (0.98 ~ 1.14) ————— 0.150
Yes 606 (73.19)  1.45 (1.03 ~ 2.04) — 0.035 Yes 606 (73.19)  1.01 (1.00 ~ 1.01) e 0.031 Yes 606(73.19)  1.03 (0.99 ~ 1.08) H—— 0.126
Diabetes 0.622 Diabetes 0.502 Diabetes 0.505
Nu‘ 781(66.19)  1.78 (1.20 ~ 2.63) —_— 0.004 No 781 (66.19)  1.01 (1.00 ~ 1.02) —— 0.017 No 781 (66.19)  1.04 (0.9 ~ 1.08) ——t 0.116
Yes 399(38D)  L58(095~262) i 0.078 Yes 399(3381) 1,00 (0.99 ~ 1.01) e 0.546 Yes 39933.81) 101 (0.95~ 1.08) —_— 0.651
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Fig. 2. Subgroup analyses showing the associations between (A) TyG, (B) TyG-BMI, and (C) METS-IR with the risk of left
ventricular remodeling after acute myocardial infarction, stratified by baseline clinical characteristics.

up. Higher TyG, TyG-BMI, and METS-IR levels were in-
dependently associated with a higher risk of LV remodel-
ing, consistent with previous evidence linking IR-related
indices to adverse cardiovascular outcomes [18]. These
associations were linear and significant across all clini-
cal subgroups, suggesting that systemic insulin resistance
contributes to post-infarction myocardial adaptation inde-
pendent of traditional cardiovascular risk factors. The ab-
sence of statistically significant between-group differences
in TyG-related indices in the unadjusted baseline compar-
ison does not preclude their independent association with
LV remodeling, since crude comparisons do not account
for potential confounding factors. After multivariable ad-
justment, TyG, TyG-BMI, and METS-IR remained signifi-
cantly associated with LV remodeling, indicating that these
indices may capture metabolic risk not fully reflected in
unadjusted analyses. In addition, sensitivity analyses us-
ing BSA-indexed LVEDYV yielded consistent results, fur-
ther supporting the significance of the observed associa-
tions and indicating that these findings were not materi-
ally influenced by differences in body size. Furthermore,

after additional adjustment for the use of ACEI/ARB, the
associations of TyG and TyG-BMI with left ventricular re-
modeling remained significant, whereas the association for
METS-IR was attenuated.

4.1 Insulin Resistance as a Driver of Post-Infarction
Remodeling

Mechanistically, IR impairs myocardial energy
metabolism by reducing glucose uptake and enhancing
fatty acid oxidation, leading to mitochondrial dysfunc-
tion, lipotoxicity, and accumulation of reactive oxygen
species (ROS) [19,20,21].  These alterations promote
cardiomyocyte injury and extracellular matrix remodeling,
contributing to ventricular dilation—hallmarks of adverse
remodeling. In addition, IR contributes to endothelial
dysfunction and microvascular inflammation [22], which
may impair perfusion of the peri-infarct zone and promote
myocardial fibrosis [5,23,24,25,26].

Our study found that patients in the LV remodel-
ing group exhibited significantly higher levels of liver en-
zymes (ALT and AST) and neutrophil counts compared
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with those without remodeling, suggesting enhanced in-
flammatory and metabolic stress in these patients. Ele-
vated ALT and AST levels may indicate greater myocar-
dial injury as well as hepatic metabolic overload, both of
which are exacerbated by insulin resistance. The higher
neutrophil count observed in the remodeling group un-
derscores the contribution of systemic inflammation—a
well-recognized consequence of IR—to adverse ventricu-
lar structural changes. These findings highlight the close
interplay between metabolic stress and inflammation in the
development of post-infarction LV remodeling.

4.2 Evidence From Clinical Studies

Recent cohort studies and meta-analyses have vali-
dated TyG-related indices as reliable surrogate markers of
IR, which are strongly associated with cardiovascular mor-
bidity and mortality [17,18,27]. A meta-analysis by Wang
et al. [18] reported that an elevated TyG index was asso-
ciated with higher risks of major adverse cardiovascular
events (MACE) and all-cause mortality in patients under-
going PCL. Li et al. [17] reported that TyG-BMI indepen-
dently predicted the incidence of cardiovascular disease in
middle-aged and elderly adults. Our study extends these
findings by linking TyG, TyG-BMI, and METS-IR directly
to structural LV remodeling assessed by echocardiography,
reflecting earlier stages of post-AMI cardiac adaptation be-
fore overt heart failure.

4.3 Biological Plausibility

Hyperinsulinemia enhances sympathetic drive and ac-
tivates the renin—angiotensin—aldosterone system (RAAS),
increasing afterload and promoting myocardial hypertrophy
[28]. Chronic inflammation further promotes extracellu-
lar matrix turnover and fibrosis [29,30]. These pathways
provide a biologically plausible explanation for the associ-
ation between insulin resistance and adverse LV remodel-
ing. Taken together, these indices may be best interpreted as
simple adjunctive metabolic markers that can complement
conventional clinical assessment rather than as standalone
predictors of post-AMI remodeling.

4.4 Clinical Implications

The clinical implications of these findings are note-
worthy. Unlike HOMA-IR, which requires insulin assays,
TyG, TyG-BMI, and METS-IR are derived from routine
fasting laboratory parameters, making them practical for
large-scale screening. Integrating these indices into post-
AMI risk stratification frameworks may provide comple-
mentary information for identifying patients at risk for ad-
verse remodeling. However, given the relatively modest ef-
fect sizes observed for some indices, particularly TyG-BMI
and METS-IR, these markers should be viewed as adjunc-
tive rather than standalone tools. Given the modest discrim-
inatory performance of these indices, TyG, TyG-BMI, and
METS-IR may be more appropriately interpreted as sup-
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plementary metabolic markers rather than stand-alone pre-
dictive tools, and may provide additional information when
combined with established clinical risk factors.

Recent randomized trials have demonstrated that
improving insulin  sensitivity—via  sodium-glucose
cotransporter-2  inhibitors (SGLT2i), glucagon-like
peptide-1 (GLP-1) receptor agonists, or structured exercise
programs—attenuates LV remodeling and lowers the
incidence of heart failure [31,32]. However, only 21.2%
of our cohort received SGLT2i, suggesting a significant
opportunity for therapeutic optimization. In addition, we
observed that the use of ACEI/ARB was significantly lower
in the remodeling group (96.8% vs 99.6%, p = 0.012),
despite guideline recommendations for its universal use
in post-AMI patients. These observations highlight the
need for integrated management strategies that combine
optimal pharmacologic therapy with metabolic risk control
to mitigate adverse LV remodeling.

4.5 Strengths and Limitations

This study has several strengths. It enrolled a rela-
tively large cohort of AMI patients, all treated with PCI,
ensuring a strong clinically representative group of patients.
Detailed metabolic and clinical data were systematically
collected, and standardized echocardiographic assessments
were performed both at baseline and 6-month follow-up to
ensure consistency in evaluating LV remodeling. The con-
sistent associations across three independent IR-related in-
dices reinforce the significance and generalizability of our
conclusions.

Nonetheless, several limitations warrant mention. As
a single-center retrospective study, external validation in
larger and more diverse populations is required. De-
spite significant statistical associations, causality cannot be
inferred, and residual confounding by unmeasured vari-
ables cannot be excluded. Although no substantial mul-
ticollinearity was detected based on GVIF assessment,
potential model dependence should still be considered
when interpreting the multivariable results. Some co-
variates included in the adjusted models may be biolog-
ically related; therefore, the observed associations may
partly depend on model specification, and residual model-
dependent uncertainty cannot be completely excluded. For-
mal intra-observer and inter-observer reproducibility anal-
yses were not performed in the present study, which may
have introduced measurement variability. Specifically,
some clinically relevant variables, including the precise
time from symptom onset to reperfusion, the intensity of
guideline-directed medical therapy, and complete medica-
tion records for certain therapies—particularly some an-
tidiabetic medications—were not consistently available in
the retrospective database, which may also contribute to
residual confounding. In addition, mechanistic biomark-
ers, such as inflammatory cytokines, oxidative stress mark-
ers, or metabolomic signatures, were not measured, limiting
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insight into the underlying biological pathways. In conclu-
sion, increasing evidence, including our findings, supports
the concept that insulin resistance-related metabolic indices
are independently associated with LV remodeling after an
AMLI. These indices may reflect systemic metabolic and in-
flammatory stress and have potential clinical utility in pa-
tients following an AMI.

5. Conclusion

These findings indicate a positive association between
TyG-related metabolic indices and left ventricular remodel-
ing after an AMI, suggesting that higher insulin resistance
may be associated with an increased risk of adverse struc-
tural cardiac changes.
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