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Triglyceride-Glucose Index as a Predictor of Cardiovascular Outcomes
in Acute Coronary Syndrome Patients

Indice Triglicerideos-Glicose como Preditor de Outcomes
Cardiovasculares em Doentes com Sindrome Coronaria Aguda
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Abstract:

Introduction: Cardiovascular diseases (CVD), particularly
acute coronary syndromes (ACS), remain a leading cause of
morbidity and mortality worldwide. Insulin resistance (IR) has
emerged as a pivotal but underrecognized contributor to car-
diovascular risk. The triglyceride-glucose (TyG) index is a simple
and validated surrogate marker of IR and has shown promise in
predicting adverse cardiovascular outcomes. However, its prog-
nostic role in ACS remains underexplored.

This study aimed to assess the impact of the TyG index on
cardiovascular outcomes in patients admitted with ACS who
underwent percutaneous coronary intervention (PCl). We further
evaluated whether combining the TyG index with the GRACE
score improves risk stratification and prognostic accuracy.

Methods: We conducted a retrospective, single-centre,
observational study including 534 adult patients admitted with
ACS between January 2019 and December 2023. Patients were
stratified into low and high TyG index groups (cut-off: 8.80) and
low and high GRACE score groups (cut-off: 109). Demographic,
clinical, laboratory, and angiographic data were collected. The
primary endpoint was the incidence of major adverse cardio-
vascular and cerebrovascular events (MACCE) at 12 months,
including myocardial infarction (AMI), stroke, revascularization,
and death. Kaplan-Meier survival analyses were performed.

Results: High TyG index patients were significantly younger
and had higher rates of diabetes, dyslipidaemia, obesity, and
chronic kidney disease. Despite no significant differences in cor-
onary anatomy or initial ACS presentation, metabolic markers
were markedly worse in the high TyG group. TyG index alone
was not associated with MACCE incidence but predicted AMI-
free survival significantly better than the GRACE score (p=0.046
vs p=0.068). Combining TyG index and GRACE score revealed
a statistically significant stratification for both MACCE-free and
AMl-free survival (p<0.0001 and p=0.030, respectively).

Conclusion: The TyG index is an accessible and cost-ef-
fective tool that reflects IR and cardiometabolic burden. While
not predictive of short-term MACCE alone, it enhances AMI
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risk stratification, particularly when combined with the GRACE
score. These findings suggest that integrating metabolic mark-
ers like the TyG index into routine ACS risk models may improve
long-term cardiovascular risk prediction.

Keywords: Acute Coronary Syndrome; Biomarkers; Trigly-
cerides.

Resumo:

Introducédo: As doencas cardiovasculares (DCV), em parti-
cular a sindrome coronaria aguda(SCA), continuam a ser uma
das principais causas de morbilidade e mortalidade em todo
o mundo. A resisténcia a insulina (RI) tem emergido como um
fator determinante, embora frequentemente subvalorizado, no
risco cardiovascular. O indice triglicerideos-glicose (TyG) é um
marcador simples e validado de RI, com potencial prognosti-
Co para eventos cardiovasculares adversos. No entanto, o seu
papel prognodstico na SCA permanece pouco estudado.

O nosso objetivo foi avaliar o impacto do indice TyG nos ou-
tcomes cardiovasculares de doentes internados por SCA sub-
metidos a intervengéo coronaria percutanea (ICP), e determinar
se a sua combinagao com o score GRACE melhora a estratifi-
cagao de risco e a acuidade prognostica.

Métodos: Estudo observacional, retrospetivo e unicéntrico,
incluindo 534 doentes adultos com diagndéstico de SCA entre
janeiro de 2019 e dezembro de 2023. Os doentes foram estra-
tificados em grupos de baixo e alto risco segundo o indice TyG
(cut-off: 8,80) e o score GRACE (cut-off. 109). Foram recolhidos
dados demogréficos, clinicos, laboratoriais e angiograficos. O
endpoint primario foi a ocorréncia de eventos cardiovasculares
e cerebrovasculares adversos maiores (MACCE) aos 12 meses,
incluindo enfarte agudo do miocardio (EAM), AVC, revasculari-
zacéo e morte. Foram realizadas andlises de sobrevivéncia de
Kaplan-Meier.

Resultados: Os doentes com indice TyG elevado eram sig-
nificativamente mais jovens e apresentavam maior prevaléncia
de diabetes, dislipidemia, obesidade e doenca renal cronica.
Apesar de ndo se observarem diferencas significativas na ana-
tomia coronaria ou no tipo de apresentagéo do SCA, os mar-
cadores metabdlicos estavam marcadamente piores no grupo
TyG elevado. Isoladamente, o indice TyG néo se associou a
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incidéncia de MACCE, mas previu significativamente melhor a
sobrevivéncia livre de EAM do que o score GRACE (p=0,046 vs
p=0,068). A combinagéo de ambos permitiu uma estratificacao
estatisticamente significativa da sobrevivéncia livre de MACCE
e EAM (p<0,0001 e p=0,030, respetivamente).

Conclusédo: O indice TyG € um marcador acessivel e de
baixo custo que reflete a carga cardiometabdlica e a resisténcia
a insulina. Embora isoladamente ndo preveja MACCE a curto
prazo, melhora a estratificacdo do risco de EAM, sobretudo
quando combinado com o score GRACE. Estes dados suge-
rem que a integracao de marcadores metabdlicos como o TyG
nos modelos de risco em SCA podera melhorar a previsao de
risco cardiovascular a longo prazo.

Sindrome  Coronéria

Palavras-chave: Biomarcadores;

Aguda; Triglicerideos.

Introduction

Cardiovascular diseases (CVD) remain the leading cause of
mortality and disability worldwide," with coronary artery disease
(CAD) being one of the most prevalent manifestations. CAD im-
poses a significant burden on healthcare systems, contributing
to substantial morbidity, increased hospitalizations, and elevat-
ed healthcare costs. The clinical spectrum of CAD ranges from
stable angina to acute coronary syndrome (ACS), which can ul-
timately progress to heart failure (HF) if left untreated or inade-
quately managed.? Given this scenario, early diagnosis and risk
stratification are fundamental to guiding clinical decision-making
and optimizing patient outcomes.

ACS encompasses conditions ranging from unstable an-
gina (UA) to myocardial infarction (Ml), with or without ECG
changes or troponin elevation. Ml is diagnosed based on the
fourth universal definition, characterized by cardiomyocyte inju-
ry and troponin release, whereas UA involves ischemia without
necrosis, presenting as prolonged or worsening angina at rest
or minimal exertion.®

Despite continuous advancements in the management of
ACS - particularly through improvements in revascularization
techniques and pharmacological therapy® - the incidence of
adverse cardiovascular events remains high. Recurrent events,
in particular, pose a significant challenge, emphasizing the need
for early identification of high-risk patients. Traditional cardio-
vascular risk factors, such as hypertension, diabetes mellitus,
dyslipidaemia, and smoking, are well-established predictors
of CAD; however, growing evidence suggests that additional
metabolic and inflammatory markers could further enhance risk
assessment.

Insulin resistance (IR) is a central feature of metabolic syn-
drome, which predisposes individuals to a spectrum of cardio-
vascular complications. In this context, IR has emerged as an
important, yet often underrecognized, contributor to atheroscle-
rosis and cardiovascular disease progression.* IR is strongly
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associated with metabolic disorders, particularly obesity, type 2
diabetes, and dyslipidaemia,® and has been shown to acceler-
ate endothelial dysfunction and promote vascular inflammation.
Given the complexities involved in measuring IR through gold
standard techniques - such as the euglycemic-hyperinsulinemic
clamp test, which is labour-intensive and impractical for routine
clinical use® - there has been a growing interest in surrogate
markers that can provide a simpler and more accessible as-
sessment of IR. Since 2008, the triglyceride-glucose (TyG) index
has been introduced as a reliable and specific marker of IR.”

Studies have demonstrated a strong correlation between the
TyG index and IR, with performance comparable to the homeo-
stasis model assessment of IR (HOMA-IR).” More importantly,
emerging evidence supports the clinical relevance of the TyG
index in cardiovascular risk assessment.®® Elevated TyG levels
have been consistently associated with increased arterial stiff-
ness and the presence of coronary and carotid atherosclerotic
lesions.® Recent investigations further reinforce its prognostic
value, showing that higher TyG levels are predictive of CAD se-
verity, progression, and adverse cardiovascular outcomes.

Recent evidence suggests that the TyG index is closely as-
sociated with various molecular mechanisms contributing to
CVD pathogenesis, including metabolic inflexibility, endotheli-
al dysfunction, coagulation disorders, and smooth muscle cell
dysfunction.® These mechanisms collectively impair cardiac
function, promote myocardial cell death, facilitate thrombotic
and inflammatory processes, and induce structural alterations
such as cardiac fibrosis and ventricular stiffness. Consequently,
the TyG index serves as a valuable tool in predicting cardiovas-
cular risk and understanding the intricate metabolic pathways
linking IR to CVD.

At the molecular level, IR induces metabolic disturbances
such as increased lipid oxidation and impaired glucose metabo-
lism, reducing metabolic flexibility and cardiac efficiency.!" 2 En-
dothelial dysfunction, characterized by diminished nitric oxide
bioavailability and increased mitochondrial reactive oxygen
species, exacerbates myocardial cell death and angiogenesis
impairment.''* Additionally, heightened platelet hyperactivity,
increased adhesion molecules, and reduced prostaglandin 12
bioavailability contribute to coagulation abnormalities, promot-
ing thrombosis and inflammation.™ Smooth muscle cell dys-
function, driven by excessive glycosylation, smooth muscle
proliferation, and collagen deposition, results in structural cardi-
ac remodelling, leading to fibrosis and ventricular stiffness.'® To-
gether, these interconnected mechanisms underscore the role
of IR in cardiovascular pathology.

Given the increasing recognition of metabolic dysfunction as
a key driver of cardiovascular risk, the role of the TyG index in
ACS patients warrants further exploration. While conventional
risk stratification models primarily rely on traditional risk factors
and established scoring systems,'” integrating novel biomark-
ers such as the TyG index may provide additional prognostic
value. The ability to refine risk prediction could lead to earlier
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therapeutic interventions and personalized treatment strategies,
ultimately improving patient outcomes.

The GRACE score is a well-established tool for risk strat-
ification in ACS, predicting major adverse cardiovascular and
cerebrovascular events (MACCE). Whether integrating TyG
index with the GRACE score enhances prognostic accuracy
remains unclear.'®

Therefore, this study aims to assess the impact of base-
line TyG levels on cardiovascular outcomes in patients admitted
with ACS who underwent percutaneous coronary intervention
(PCI). Furthermore, we seek to determine whether the combi-
nation of the TyG index with current conventional cardiovascu-
lar prognostic scores enhances risk stratification and improves
prognostic accuracy in this population. By addressing these
questions, our findings could contribute to the refinement of
risk assessment strategies in contemporary ACS management
and potentially support the integration of metabolic markers into
clinical practice.

Material and Methods

We performed a retrospective, observational, longitu-
dinal study on adult patients hospitalized with a diagnosis
of ACS in an Intermediate Care Unit of a secondary hos-
pital, admitted between January of 2019 and December of
2023. The study population included patients with ST-seg-
ment elevation myocardial infarction (STEMI), non-STEMI
(NSTEMI), and unstable angina (UA). Patients with suspect-
ed or confirmed familial hypertriglyceridemia were exclud-
ed, given its distinct metabolic profile.

Data were collected through a detailed review of electron-
ic medical records. Demographic data (age, gender, autono-
my as assessed by the Clinical Frailty Scale, and body mass
index), comorbid diseases (hypertension, diabetes mellitus,
dyslipidaemia, smoking, heart failure, atrial fibrillation, chronic
kidney disease, previous acute myocardial infarction, previous
stroke, previous coronary intervention), and diagnostic infor-
mation were obtained at admission. Routine laboratory tests,
including glycemia, creatinine, low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
total cholesterol (TC), and triglyceride (TG), were performed
using fasting blood samples. Echocardiographic findings were
also reviewed - particularly left ventricular ejection fraction
(LVEF). The angiographic data, including the number of dis-
eased vessels, location of target lesions, number of stents,
and number of treated vessels, were also collected. Prescrip-
tion patterns pre-admission and at hospital discharge were
assessed, focusing on beta-blockers, renin-angiotensin-aldo-
sterone system (RAAS) inhibitors, mineralocorticoid receptor
antagonists, and sodium-glucose co-transporter 2 inhibitors
(SGLT2i). Follow-up data were collected, through the outpa-
tient or readmission charts, for up to 12 months post-event,
capturing clinical evolution, medication adherence, repeat
echocardiography findings, and laboratory results.
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All data were collected retrospectively using a standardized
data collection form.

The incidence of major adverse cardiovascular and cerebro-
vascular events (MACCE) was documented, defined as a com-
posite of myocardial infarction (AMI), stroke, cardiovascular and
all-cause death, and revascularization.

The TyG index was calculated as In [(fasting triglyceride
(mg/dL)xfasting glucose (mg/dL))/2]. Calculation of the GRACE
Score was based on the clinical data obtained at admission
(age, heart rate, systolic blood pressure, Killip class, creatinine
level, ST-segment deviation, elevated cardiac enzymes, and
cardiac arrest).

Both TyG index and GRACE score used cut-offs derived
from our study population. Specifically, the thresholds (TyG =
8.80; GRACE = 109) correspond to the median values in our
cohort, thereby dividing patients into two equally sized groups.
This approach ensured balanced comparison and avoided
overfitting to externally defined cut-offs.

All participants were separated into low-risk and high-risk
according to the TyG index levels: Low-TyGl (n=267, TyG-I
<8.80), High-TyGl (n=267, TyGl >8.80); and the GRACE Scores
levels: Low-GS (n=267, GS <109), High-GS (n=267, GS>109).

Statistical analysis was conducted using GraphPad Prism
v.10.4.1. Categorical variables were expressed as absolute fre-
quencies (n) and percentages (%), with comparisons performed
using the Chi-square test or Fisher’s exact test. Continuous vari-
ables were described as means + standard deviation (SD). Ka-
plan-Meier curves were used to assess event-free survival, with
comparisons between groups made using the log-rank test. A
p-value < 0.05 was considered statistically significant.

The study was conducted in accordance with ethical stan-
dards and received approval from the local Ethics Committee.

Results

During the selected period, a total of 534 patients diagnosed
with ACS were included in the study. Among them, 35,58%
(n=190) presented with STEMI, 61.24% (n=327) with NSTEMI,
and 3.18% (n=17) with UA. The population consisted of 401
men and 133 women, aged between 31 to 99 years (mean
63.95+12.39). Most patients (89.51%) were previously auton-
omous, classified as Clinical Frailty Scale (CFS) 1-3 (n=478).
A history of coronary artery disease was identified in 20.22%
(n=108) of patients, while a family history of cardiovascular dis-
ease was reported in 15.17% (n=81).

Only 4 patients had no known or stratified VRF. Among
the remaining population, 7.68% had one VRF, 31.65%
had two, 37.27% had three, and 22.66% had four or more.
Dyslipidaemia (DL) was the most prevalent VRF, affecting
85.21% (n=455) of patients, followed by arterial hyperten-
sion (HT) in 65.73% (n=351). Diabetes mellitus (DM) was
present in 34.08% (n=182). Smoking was identified as a
risk factor in 64.61% (n=345), and obesity was document-
ed in 26.97% (n=144).
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younger than those in the Low TyG Index group (62.64+12.69
vs 65.27+11.96 years, p=0.014). The prevalence of obesity
(86.33% vs 17.60%, p<0.0001), diabetes (48.69% vs 19.48%,
p<0.0001), dyslipidaemia (90.64% vs 79.78%, p=0.0006), and

Patients were stratified into low or high-risk both for TyG
Index. The baseline characteristics of the study population
are shown in Table 1.

Patients in the High TyG Index group were significantly

Table 1: Baseline characteristics (Adherent Group versus Non-Adherent Group)

ALL Low TyG Index High TyG Index —value
(n=534) (n=267) (n=267) P~

Demographic data

Age (years) Age (years) 65.27+11.96 62.64+12.69 0.014*
Male, n (%) Male, n (%) 203 (76.03%) 198 (74.16%) 0.6891
CFS 1-3, n (%) CFS 1-3, n (%) 237 (88.76%) 241 (90.26%) 0.574
Comorbidities
Obesity, n (%) 144 (26.97%) 47 (17.60%) 97 (36.33%) <0.0001*
Smoking exposure, n (%) 345 (64.61%) 172 (64.42%) 173 (64.79%) >0.9999
Diabetes, n (%) 182 (34.08%) 52 (19.48%) 130 (48.69%) <0.0001*
Dyslipidaemia, n (%) 455 (85.21%) 213 (79.78%) 242 (90.64%) 0.0006*
Hypertension, n (%) 351 (65.73%) 176 (65.92%) 175 (65.54%) >0.9999
Heart failure, n (%) 51 (9.55%) 27 (10.11%) 24 (8.99%) 0,7687
Atrial fibrillation, n (%) 47 (8.80%) 26 (9.74%) 21 (7.87%) 0.5416
Chronic kidney disease, n (%) 56 (10.49%) 20 (7.49%) 36 (13.48%) 0.0334*
Peripheral arterial disease, n (%) 51 (9.55%) 22 (8.24%) 9 (10.86%) 0.3772
Personal history of coronary disease, n (%) 108 (20.22%) 54 (20.22%) 54 (20.22%) >0,9999
Family history of coronary disease, n (%) 81 (156.17%) 37 (13.86%) 4 (16.48%) 0.4693
Cardiovascular event
STEMI, n (%) 190 (85.58%) 101 (37.83%) 89 (33.33%)
NSTEMI, n (%) 327 (61.24%) 157 (58.80%) 170 (63.67%) 0.5134
UA, n (%) 17 (3.18%) 9 (3.37%) 8 (3.00%)
Laboratory values at hospital admission
Fasting blood glucose (mg/dL) 129.82+51.07 109.36+23.12 150.27+62.06 <0.0001*
HbA1c (%) 6.38+1.40 5.88+0,80 6.87+1.66 <0.0001*
Total cholesterol (mg/dL) 181.05+52.68 167.07+44.16 195.02+56.73 <0.0001*
LDL cholesterol (mg/dL) 112.91+44.52 106.26+40.52 119.61+47.36 0.0005*
Triglyceride (mg/dL) 134.67+86.09 86.20+23.49 183.13+97.85 <0.0001*
eGFR (mL/min/1.73 m2) 71.26+23.58 77.07+20.78 68.67+24.79 <0.0001*
Echocardiographic findings (missing data: n=3)
LVEF >=50% (pEF) 304 (57.25%) 147 (55.06%) 157 (58.80%)
40% < LVEF < 50% (mrEF) 110 (20.72%) 55 (20.60%) 55 (20.60%) 0.6939
LVEF <=40% 117 (22.03%) 62 (23.22%) 55 (20.60%)
Angiographic coronary anatomy (missing data: n=11)
1-vessel disease 273 (562.20%) 145 (54.31%) 128 (47.94%) 01617
Multivessel disease 250 (47.80%) 117 (43.82%) 133 (49.81%) '
Medications prior event and at discharge (missing data: n=10)
Prior event 151 (28.28%) 70 (26.22%) 81 (30.34%) 0.3370

ASA, n (%)

At discharge 151 (28.28%) 70 (26.22%) 81 (30.34%) 0.3370
P2Y12 receptor Prior event 38 (7.12%) 7 (6,.37%) 21 (7.87%) 0.6140
antagonists, n (%) At discharge 480 (91.60%) 242 (92.72%) 238 (90.49%) 0.4314

Prior event 248 (46.44%) 111 (41.57%) 137 (51.31%) 0.0301*

Statin, n (%)

At discharge 511 (97.52%) 255 (97.70%) 256 (97.34%) >0.9999
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Table 1: Baseline characteristics (Adherent Group versus Non-Adherent Group) - (Cont.)

ALL
(QELRZ)]

Medications prior event and at discharge (missing data: n=10)

Low TyG Index
(n=267)

High TyG Index _value
(n=267) p-

Prior event 255 (47.75%)
RAAS inhibitor, n (%)
At discharge 355 (67.75%)
Prior event 154 (28.84%)
Beta-blocker, n (%)
At discharge 457 (87.21%)
Prior event 48 (8.99%)
SGLT2i, n (%)
At discharge 128 (24.43%)

111 (41.57%) 144 (53.93%) 0.0056*
168 (64.37%) 187 (71.10%) 0.1122
65 (24.34%) 89 (33.33%) 0.0280*
226 (86.59%) 231 (87.83%) 0.6963
15 (5.62%) 33 (12.36%) 0.0101*
44 (16.86%) 84 (31.94%) <0.0001*

ASA - acetylsalicylic acid; eGFR - estimated glomerular filtration rate; HbA1c - glycated haemoglobin; LDL - low-density lipoprotein; LVEF - left ventricular ejection
fraction; NSTEMI — non ST-segment elevation myocardial infarction; RAAS - renin-angiotensin-aldosterone system; SGLT2i - sodium-glucose cotransporter 2 (SGLT-2)
inhibitors; STEMI - ST-segment elevation myocardial infarction; TyG Index - triglyceride-glucose index; UA - unstable angina.

chronic kidney disease (13.48% vs 7.49%, p=0.0334) was sig-
nificantly higher in the High TyG Index group. No significant
differences were observed for sex distribution, smoking ex-
posure, hypertension, heart failure, atrial fibrillation, peripheral
arterial disease, personal history of coronary disease, or family
history of coronary disease between the two groups.

No significant differences were observed in the distribu-
tion of STEMI, NSTEMI, or UA between groups (p=0.5134).
No significant differences were found in echocardiograph-
ic parameters (p=0.6939) or coronary anatomy (p=0.1617).
Laboratory values at admission also showed marked differ-
ences, with the High TyG Index group presenting significantly
higher fasting blood glucose, HbA1c, total cholesterol, LDL
cholesterol, and triglyceride - the observed differences in
metabolic parameters between the High TyG Index and Low
TyG Index groups align with the fundamental components of
the TyG Index, which is derived from fasting triglyceride and
glucose levels.

150~

100_ 99 99

50+

32 33

Low TyG Index

At baseline, the overall use of cardioprotective therapies
was suboptimal, particularly for statins and RAAS inhibitors,
although patients with higher TyG index were more frequently
on these drugs as well as on SGLT2 inhibitors, reflecting rec-
ognition of their higher metabolic risk.

At discharge, aspirin was prescribed to the majority of
patients (96.18% overall), with no significant difference be-
tween the Low (95.40%) and High (96.96%) TyG Index groups
(p=0.3726). Similarly, the use of P2Y12 receptor antagonists
(91.60%), statins (97.52%), RAAS inhibitors (67.75%), and be-
ta-blockers (87.21%) did not significantly differ between groups
(p>0.05 for all). However, a significant difference was observed
in the prescription of SGLT2 inhibitors, which were more fre-
quently prescribed in the High TyG Index group (31.94%) com-
pared to the Low TyG Index group (16.86%) (p<0.0001).

Fig. 1 illustrates the distribution of vascular risk factors
(VRF) among patients stratified by TyG index levels. In the low
TyG Index group, the majority of patients had 2 or 3 VRFs (99

mm No VRF
= 1VRF
100 m 2 VRF
= mm 3VRF
mm 4+ VRF

70

High TyG Index

Figure 1: Distribution of the number of traditional vascular risk factors (VRF) among patients stratified by TyG Index category.
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patients each, 37.08%), while fewer had 4+ VRFs (33 patients,
12.40%), 1 VRF (32 patients, 11.99%), or no VRFs (4 patients,
1.50%). Conversely, in the High TyG Index group, there was
a notable shift toward a higher burden of VRFs, with 100 pa-
tients (37.45%) having 3 VRFs and 88 patients (32.96%) hav-
ing 4+ VRFs, while only 9 patients (3.37%) had 1 VRF and
none had O VRFs.

During the 12-month follow-up period, 68 patients
(12.73% of the total population) experienced primary endpoint
events, which consisted of 34 (6.37%) all-cause deaths, out of
which 16 (3.00%) cardiovascular-related; 21 (3.93%) myocar-
dial infarctions, 6 (1.12%) ischemic strokes, and 19 (3.56%)
ischemia-driven coronary revascularization. The incidence of
MACCEs and the individual events showed no significant dif-
ference among the groups. The occurrence of MACCEs and
individual events per group are summarized in Fig. 2.

To address the benefit of TyG Index along GRACE Score,
as a prognostic tool, patients were also divided by Low/High
GRACE Score, which were then combined, allowing for a divi-
sion in four groups: (1) Low GS/Low TyGl (n=119), (2) Low GS/
High TyGl (n=148), (3) High GS/Low TyGl (n=148), and (4) High
GS/High TyGl (n=119).

MACCE incidence was highest in Group 3 (n=40), followed
by Group 4 (n=33), Group 2 (n=14) and Group 1 (n=9). Ka-
plan-Meier survival analysis using only GS showed a significant
decline in MACCE-free survival with higher scores (p<0.0001).
Using TyGl alone to assess the same risk stratification did not
show a relevant difference between groups. By combining TyGl
with GS, we found a statistically significant distinction among
all groups (p<0.0001), with a trend towards lower MACCE-free
survival in Group 4 compared to Group 3. When addressing
AMlI-free survival, however, TyGl alone, unlike GS, showed a
significant decline with higher scores (p=0.046 vs p=0.068).

ORIGINAL ARTICLES

When combining both scores, Group 4 (High GRACE / High
TyG) and Group 2 (Low GRACE / High TyG) showed significantly
lower event-free survival compared with their respective low-
TyG counterparts (Groups 3 and 1). Overall, event-free survival
differed significantly across all four groups (log-rank p = 0.030).
Figs. 3 and 4 depict these findings.

Discussion

The present study sought to evaluate the prognostic sig-
nificance of the TyG Index in patients with ACS. Our findings
provide valuable insights into the interplay between IR, meta-
bolic dysfunction, and cardiovascular risk, particularly when in-
tegrating the TyG index with traditional stratification tools such
as the GRACE score. By analysing the association between
the TyG index and clinical, biochemical, and prognostic out-
comes, we aimed to assess whether this marker could refine
existing risk models and guide more personalized therapeutic
strategies.

Our results revealed that patients with a high TyG index
were significantly younger and had a higher prevalence of obe-
sity, diabetes, dyslipidemia, and chronic kidney disease com-
pared to those in the low TyG index group. This observation
aligns with previous studies indicating that an elevated TyG
index is strongly associated with metabolic dysfunction and
IR, which are well-established risk factors for cardiovascular
disease.® IR fosters a pro-inflammatory, pro-thrombotic en-
vironment that accelerates endothelial dysfunction, oxidative
stress, and plague instability - key mechanisms in ACS patho-
physiology. The clustering of metabolic comorbidities in pa-
tients with elevated TyG index values underscores the need for
comprehensive risk modification strategies targeting glucose
metabolism, lipid homeostasis, and renal function to mitigate
cardiovascular risk.

60-
m MACCE
28 m AMI
40- B STROKE
Bl CV-Death
= All cause death
20+ _ = .. Bl Revascularization
" 11
0_
A P S, s S, 0 S, s e ¥
GNGT AGAET A@TNET AZNGT AT NN
\¢b\¢b \¢b\¢b {\b ¢b \¢b ¢b \{\b@b \¢b\¢b

&\

XN
SRS SIS IR S IRV S IES IS

Vo ®§ VO Q*\&\ VO Q'\\f‘b(\ \’o Q\‘é\ VO @‘&’(\ Vo Qs\é\

o 00 <)

o0

o0

Figure 2: Incidence of major adverse cardiovascular and cerebrovascular events (MACCE) and individual cardiovascular outcomes
(acute myocardial infarction (AMI), stroke, cardiovascular death (CV-Death), all-cause death, and revascularization in patients) strati-

fied by TyG Index category.
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Figure 3: Acute myocardial infarction (AMI)-free survival curves stratified by TyG Index and GRACE score. (A) Kaplan-Meier survival
analysis showing recurring AMI-free survival based on the combination of TyG Index and GRACE Score categories. (B) AMI-free
survival comparison between Low and High GRACE score groups. (C) AMI-free survival comparison between Low and High TyG
Index groups. Significant differences were observed among the groups (p-values indicated in the graphs).

A
100
'  Low GRACE, Low TyG
= ll_h._"H o Wiy
> —— Low GRACE, High TyG
% - High GRACE, Low TyG
2 —— High GRACE, High TyG
&
w
[&]
Q
<
E e,
75 T T 1 1
0 100 200 300 400
Days
B 100
- “ . Low GRACE - « Low TyG
2 o5\ — -1 High GRACE 2 .. High TyG
1 4
B g0 e, . g
é 85 h A E
2 o0 " 01 §
= = 747
o 10 20 30 400
Days

Figure 4: MACCE-free survival curves stratified by TyG Index and GRACE score. (A) Kaplan-Meier survival analysis showing major
adverse cardiovascular and cerebrovascular event (MACCE)-free survival based on the combination of TyG Index and GRACE
score categories. (B) MACCE-free survival comparison between low and High GRACE score groups. (C) MACCE-free survival
comparison between low and High TyG Index groups. Significant differences were observed among the groups (p-values indicated

in the graphs).
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In analysing the burden of vascular risk factors across
TyG index subgroups, we observed that patients with a high
TyG index exhibited a markedly greater prevalence of multi-
ple VRFs, particularly in those with three or more risk factors
(188 vs 132 in the low TyG group). This pattern again sug-
gests a strong association between IR and the clustering
of vascular risk factors. Patients with multiple VRFs face a
compounded risk of adverse cardiovascular events, due to
the synergistic effects of dysglycemia, dyslipidaemia, and
vascular dysfunction, necessitating a multifaceted approach
to risk reduction. These findings highlight the need for tar-
geted interventions in high-risk metabolic phenotypes.

Prescription patterns findings suggest that high TyG pa-
tients already represent a metabolically high-risk phenotype,
often targeted with more intensive therapy even before ACS.
Nevertheless, residual risk persists despite treatment, as ev-
idenced by their adverse outcomes. The greater prescription
of SGLT2 inhibitors at discharge in this group may reflect
clinicians’ awareness of their cardiometabolic burden, sup-
porting the potential role of TyG in guiding earlier and more
aggressive preventive strategies.

However, it is key to note that neither TyG index values
nor IR do necessarily capture all traditional cardiovascular
risk factors, and, therefore, it should not be considered a
standalone risk predictor but rather an adjunct to estab-
lished clinical models to refine stratification.

Laboratory findings demonstrated that the High TyG
index group had significantly higher fasting glucose, HbA1c,
total cholesterol, LDL cholesterol, and triglyceride levels.
These differences are expected, as the TyG index is derived
from fasting glucose and triglyceride levels. Nevertheless,
the marked disparities in metabolic parameters reinforce the
utility of the TyG index as a surrogate marker for IR and car-
diometabolic risk.

Despite the metabolic differences between groups,
no significant variations were found in the distribution of
STEMI, NSTEMI, or UA between the high and low TyG index
groups. Likewise, no notable differences were observed in
echocardiographic parameters or coronary anatomy. This
suggests that while the TyG index reflects an underlying
metabolic risk, it may not directly correlate with the acute
presentation or anatomical burden of coronary artery dis-
ease. This raises the possibility that the TyG index reflects a
functional rather than a purely structural risk. Patients with
a High TyG index may have more vulnerable plague phe-
notypes or a greater propensity for microvascular dysfunc-
tion, which is not always captured by conventional imaging
modalities. Future research utilizing advanced imaging
techniques, such as coronary computed tomography an-
giography (CCTA),' optical coherence tomography (OCT)?°
or intravascular ultrasound (IVUS) in PCI,?' could help elu-
cidate these potential differences in plaque characteristics
between TyG index subgroups.

ORIGINAL ARTICLES

The increased prescription of sodium-glucose co-trans-
porter 2 (SGLT2) inhibitors in the High TyG index group sug-
gests that clinicians may already recognize the metabolic
burden in these patients. The significantly higher prevalence
of DM and CKD likely influenced this prescribing pattern
on this subset of the population. Given the emerging evi-
dence supporting the cardioprotective benefits of SGLT2 in-
hibitors®? and GLP-1 receptor agonists,? it is plausible that
integrating the TyG index into routine cardiovascular risk as-
sessment could facilitate early initiation of such therapies.
These novel therapeutic agents exert pleiotropic effects
beyond glycaemic control, including reductions in inflam-
mation, oxidative stress, and endothelial dysfunction2> -
mechanistic pathways that align closely with the metabolic
derangements captured by the TyG index. Thus, identifying
High-risk patients via the TyG index could potentially enable
more targeted metabolic interventions in the secondary pre-
vention of ACS.

During the 12-month follow-up, 12.73% of the total study
population experienced MACCE, including all-cause death,
cardiovascular death, myocardial infarction, ischemic stroke,
and ischemia-driven coronary revascularization. Notably, no
significant differences in MACCE incidence were observed
between the high and low TyG index groups when analysed
independently. One possible explanation for this observation
is that the TyG index predominantly reflects long-term meta-
bolic dysfunction rather than the acute determinants of car-
diovascular events. While IR and dyslipidaemia contribute to
atherosclerosis and endothelial dysfunction, these process-
es develop gradually and may not immediately translate into
increased short-term event rates, although a trend could al-
ready be seen on recurring AMI rates.

The GRACE score remains a dominant predictor of ad-
verse outcomes, likely due to its incorporation of key clini-
cal parameters such as age, heart rate, blood pressure, and
renal function,’ which are well-established determinants of
short-term prognosis in ACS patients. When integrating the
TyG index with the GRACE score, a more nuanced risk strat-
ification approach emerged. Notably, MACCE incidence was
highest in patients with a High GRACE score, regardless of
TyG category, whereas differences between TyG strata were
smaller. This pattern suggests that GRACE remains the pre-
dominant determinant of adverse outcomes in our cohort,
with TyG contributing additional—but more modest—risk
stratification. However, an intriguing finding emerged when
AMI-free survival was analysed: the TyG index alone demon-
strated significant prognostic value, whereas the GRACE
score did not. This raises the hypothesis that while the
GRACE score effectively captures acute cardiovascular risk,
it may not adequately account for the chronic metabolic and
inflammatory milieu that predisposes patients to recurrent
myocardial infarction. IR reflected by an elevated TyG index,
is closely linked to chronic vascular inflammation, endothelial
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dysfunction, and atherothrombosis, all of which contribute to
plaque instability and recurrent ischemic events. Thus, the
TyG index may serve as an independent marker of long-term
susceptibility to atherosclerotic progression, even among
patients with initially lower GRACE scores.

Kaplan-Meier survival analyses further reinforced these
findings by demonstrating that combining the TyG index with
the GRACE score improved risk stratification. Patients with
both High GRACE scores and High TyG index values exhibit-
ed lower MACCE-free and AMI-free survival rates compared
to other groups. This suggests a synergistic effect, where
traditional clinical risk factors and metabolic dysfunction col-
lectively drive adverse outcomes. From a clinical standpoint,
these findings underscore the potential value of incorporating
metabolic markers into contemporary risk assessment mod-
els for ACS. As such, the TyG index may enhance prognostic
accuracy, particularly in identifying patients at elevated risk
for recurrent myocardial infarction who might otherwise be
overlooked by traditional scoring systems.

Several limitations should be acknowledged. This was a
retrospective, observational study conducted in a single cen-
tre, which may limit the generalizability of our findings. The
follow-up period was limited to 12 months, and longer-term
outcomes were not assessed, which may hinder the detection
of long-term trends and underpower statistical analyses.

Future prospective studies with larger sample sizes and
extended follow-up periods are needed to validate our find-
ings. Additionally, exploring the relationship between the TyG
index and novel biomarkers of inflammation, oxidative stress,
and endothelial dysfunction could provide further insights into
its pathophysiological significance. Given the growing interest
in precision medicine, integrating the TyG index into machine
learning models alongside conventional risk scores and ge-
netic risk factors may improve cardiovascular risk prediction.
Such an approach could help identify high-risk subgroups that
may benefit from intensified preventive measures or novel ther-
apeutic strategies.

Conclusion

This study highlights the potential value of incorporating
metabolic markers, such as the triglyceride-glucose (TyG)
index, into contemporary cardiovascular risk assessment
models. The TyG index is an easily accessible and cost-effec-
tive tool, requiring only fasting triglyceride and glucose levels
- parameters routinely measured in ACS patients - making it
a practical addition to existing risk stratification models. While
traditional tools like the GRACE score effectively predict ad-
verse cardiovascular events, it does not account for IR or met-
abolic dysfunction, which play a pivotal role in atherosclerosis
progression. The integration of the TyG index into established
risk models may enhance risk stratification, offering a more
nuanced understanding of long-term cardiovascular risk in pa-
tients with ACS. l
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