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Association of Tp-e Interval, Tp-e/QT and Tp-e/QTc ratios with the
triglyceride-glucose index: a retrospective cross-sectional study

Trigliserit-glikoz indeksi ile tp-e araligi, tp-e/qt ve tp-e/qtc oranlan arasindaki
iliski: retrospektif kesitsel bir calisma
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'Department of Cardiology, Faculty of Medicine, Karamanoglu Mehmetbey University, Karaman, Turkey

Abstract

Objective: The aim of this study was to evaluate the relationship between the triglyceride glucose (TyG) index, a
practical biomarker of insulin resistance, and the electrocardiographic indicators of ventricular repolarisation, namely the
Tp-e interval, Tp—-e/QT, and Tp—e/QTc ratios.

Materials and Methods: This retrospective cross-sectional study was conducted at the Department of Cardiology,
Faculty of Medicine, Karamanoglu Mehmetbey University, between 1 January 2024 and 31 September 2025. The
demographic, laboratory, and electrocardiographic data of 200 adult individuals who met the inclusion criteria were
retrieved from the electronic record system. The TyG index was calculated from fasting glucose and triglyceride levels,
and patients were divided into four quartiles (Q1-Q4) according to their TyG values. Tp-e, Tp-e/QT, and Tp-e/QTc
measurements were performed by two independent observers from digital ECG recordings. Intergroup differences were
evaluated using the ANOVA test, and relationships were assessed using correlation and multivariate regression analyses.

Results: The mean age of participants was 51.5 + 18.8 years, and 51% were male. With an increase in the TyG index,
the Tp-e duration (r = 0.558, p < 0.001), Tp-e/QT ratio (r = 0.374, p < 0.001), and Tp-e/QTc ratio (r = 0.422, p < 0.001)
significantly increased. In multivariate regression analysis, the TyG index remained an independent predictor of the Tp—e
interval (3 = 0.38, p < 0.001). According to ROC analysis, a TyG cutoff value > 8.70 predicted the presence of prolonged
Tp-e with 77% sensitivity and 72% specificity (AUC = 0.78, p < 0.001).

Conclusion: This study is the first to demonstrate an independent association between the TyG index and the Tp-e
interval, Tp—e/QT, and Tp-e/QTc ratios. These findings suggest that metabolic stress may contribute to cardiac electrical
instability by increasing the heterogeneity of ventricular repolarisation. The TyG index, as an easily calculable parameter,
may be a potential biomarker for early detection of subclinical arrhythmic risk.
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Oz
Amag: Bu calismanin amaci, insilin direncinin pratik bir biyobelirteci olan trigliserit glikoz (TyG) indeksi ile ventrikiiler

repolarizasyonun elektrokardiyografik gostergeleri olan Tp-e arali§i, Tp-e/QT ve Tp-e/QTc oranlarn arasindaki iliskiyi
degerlendirmektir.

Gereg ve Yontemler: Bu retrospektif kesitsel ¢calisma, 1 Ocak 2024 ile 30 Eyliil 2025 tarihleri arasinda Karamanoglu
Mehmetbey Universitesi Tip Fakiiltesi Kardiyoloji Anabilim Dali'nda yritildi. Dahil edilme kriterlerini karsilayan 200
yetiskin bireyin demografik, laboratuvar ve elektrokardiyografik verileri elektronik kayit sisteminden alindi. TyG indeksi,
aclik glikozu ve trigliserit seviyelerinden hesaplandi ve hastalar TyG degerlerine gore dort ceyrege (Q1-Q4) ayrildi. Tp-e,
Tp-e/QT ve Tp-e/QTc dlglimleri, dijital EKG kayitlarindan iki bagimsiz gdzlemci tarafindan yapildi. Gruplar arasi farkhliklar
ANOVA testiile, iliskiler ise korelasyon ve ¢ok degiskenli regresyon analizleri ile degerlendirildi.

Bulgular: Katimcilarin ortalamayasi 51,5 + 18,8 yil olup, %51'i erkekti. TyG indeksindeki artisla birlikte Tp-e stiresi (r = 0,558, p
<0,001), Tp-e/QT orani (r=0,374, p < 0,001) ve Tp-e/QTc orani (r = 0,422, p < 0,001) anlamli sekilde artti. Cok degiskenli regresyon
analizinde TyG indeksi, Tp-e araliginin bagimsiz bir ngorduriiclisu olarak kaldi (3 = 0,38, p < 0,001). ROC analizine gore, 8,70'in
Uzerindeki bir TyG esik degeri, uzamis Tp-e varligini %77 duyarlilik ve %72 6zgiillik ile 5ngérdi (AUC = 0,78, p < 0,001).
Sonuglar: Bu calisma, TyG indeksi ile Tp-e araligi, Tp-e/QT ve Tp-e/QTc oranlari arasindaki bagimsiz iliskiyi gdsteren
ilk cahsmadir. Bu bulgular, metabolik stresin ventrikiiler repolarizasyon heterojenligini artirarak kardiyak elektriksel
instabiliteye katkida bulunabilecegini diisiindirmektedir. Kolayca hesaplanabilen bir parametre olan TyG indeksi, subklinik
aritmik riskin erken tespiti icin potansiyel bir biyobelirte¢ olabilir.

Anahtar Kelimeler: trigliserit-glikoz indeksi, tp-e aralig), tp-e/qt orani, tp-e/qtc orani, ventrikiiler repolarizasyon, aritmik risk

Introduction

Ventricularrepolarisation heterogeneityis one of thefundamental
electrophysiological basis for malignant arrhythmias and sudden
cardiac death (SCD). The Tp-e interval (Tp—e), measured from
the peak (Tpeak) to the end of the T wave (Tend) on the surface
electrocardiogram (ECG), is a reliable indicator of the transmural
repolarisation distribution of the ventricular myocardium
and is considered an important parameter for determining
arrhythmogenic potential [1,2]. The Tp-e/QT and Tp-e/QTc
ratios, on the other hand, are derivative indicators that allow for
the assessment of repolarisation dispersion independently of
heart rate and are increasingly used in clinical research [3,4]. The
reported upper limit values for Tp—e and corrected Tp—e (Tp-e-c)
in healthy adults, approximately 90 ms and 100 ms respectively,
provide a practical reference range for evaluating subclinical
repolarisation prolongation [5]. As the spectrum of coronary
artery disease (CAD) progresses, a marked prolongation in Tp-e-
based parameters is observed, with Tp—e, Tp-e/QT, and Tp—e/ QTc
(corrected QT interval) ratios reported to increase significantly,

particularly in acute ischaemic syndromes [4,6,7].

The triglyceride-glucose (TyG) index, calculated from fasting
triglyceride and glucose levels, has been defined as an easily

applicable biomarker of insulin resistance [8]. In recent years,

data suggesting that the TyG index may be associated not only
with metabolic status but also with cardiovascular remodelling
and electrical instability have been increasing. Large cohort
studies have demonstrated that as TyG levels increase, the
likelihood of QTc prolongation is independently elevated [6].
Furthermore, recent studies have shown a significant, linear,
and independent association between increased TyG index and
the risk of developing atrial fibrillation (AF). These studies have
revealed that the TyG index is not only an indicator of metabolic
dysfunction but also a potential electrophysiological risk marker
reflecting cardiac electrical remodelling processes. The findings
suggest that glucose-lipid interaction associated with insulin
resistance and atherogenic dyslipidaemia may affect ion channel
expression and repolarisation continuity in myocytes, thereby
suggesting that the TyG index may be associated with subclinical
atrial arrhythmogenicity [9-11]. These findings suggest that
metabolic dysfunction may increase arrhythmogenic risk

through ventricular repolarisation dynamics.

Although Tp-e-based markers have been shown to be
elevated in various endocrine, inflammatory, and structural
heart diseases, reflecting increased arrhythmic risk [12-14].
Few studies have investigated the direct relationship between

these repolarisation markers and the TyG index, a marker
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of metabolic stress. Elucidating the relationship between
metabolic dysfunction and ventricular electrical heterogeneity
may provide valuable insights into the identification of

arrhythmogenic susceptibility in the early stages.

This retrospective cross-sectional study aimed to evaluate the
relationship between the Tp-e interval, Tp-e/QT, and Tp-e/QTc
ratios and the TyG index. The aim of our study is to reveal the
effect of the TyG index, an easily obtainable metabolic marker, on
ventricular repolarisation and to provide a new perspective on

the possible link between metabolic risk and electrical instability.
Material and Methods

This retrospective, single-centre, observational cross-sectional
study was conducted between 1 January 2024 and 31
September 2025 at the Department of Cardiology, Faculty
of Medicine, Karamanoglu Mehmetbey University, and the
Cardiology Clinic, Karaman Training and Research Hospital. The
aim of the study was to evaluate the relationship between the
triglyceride glucose (TyG) index and the electrocardiographic
indicators of ventricular repolarisation, namely the Tp-e interval,
Tp-e/QT ratio, and Tp-e/QTc ratio. Patient data were obtained
from the electronic hospital record system of individuals who

attended the cardiology outpatient clinic.

The study protocol was conducted in accordance with the
principles of the Helsinki Declaration and was approved by the
Clinical Research Ethics Committee of Karamanoglu Mehmetbey
University Faculty of Medicine (date: 16.10.2025, decision no: 24-
2025/20). As the study had a retrospective design, the requirement
for written informed consent was deemed exempt by the ethics
committee. All patient data were anonymised, and full compliance

with confidentiality and data security principles was ensured.

Patients aged 18 years or older with documented sinus rhythm
were eligible for inclusion, provided they had concurrent
measurements of electrolyte levels, urea, creatinine, fasting
blood glucose, and lipid profilesonthe samedayasastandard 12-
lead electrocardiogram (ECG) recorded at 25 mm/s and 10 mm/
mV. Conversely, patients were excluded if they exhibited rhythm
disturbances such as atrial fibrillation or flutter, a QRS duration
exceeding 120 ms, or a history of acute coronary syndrome,
coronary artery disease, myocardial infarction, congenital heart
disease, advanced heart failure, cardiomyopathy, or known

channelopathies. Additionally, individuals with electrolyte
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imbalances, those using medications known to affect the
QT interval, and those with incomplete or unanalysable ECG
or laboratory data were excluded. To ensure the accuracy of
baseline triglyceride-glucose (TyG) index values, patients with
a prior diagnosis of diabetes or hypertriglyceridaemia, as well
as those receiving lipid-lowering or glucose-altering therapies,
were also excluded from the study. According to these criteria,

200 adult patients were included in the study.
Electrocardiographic Measurements

ECG recordings were obtained in the supine position after 5
minutes of rest, at a speed of 25 mm/s and a calibration of 10
mm/mV. The Tp-e interval was measured as the time from the
peak of the T wave (Tpeak) to its end (Tend); the V5 lead was
preferred, with V4 or V6 leads used when inappropriate. The QT
interval was measured from the onset of the QRS complex to
the end of the T wave, and QTc was calculated using the Bazett
formula (QTc = QT/V/RR). All measurements were performed
digitally by two independent cardiologists, blinded to clinical
data. Each parameter was measured in three consecutive cycles,
and the mean value was taken. The Tp-e/QT and Tp-e/QTc ratios
were calculated by dividing Tp-e by QT and QTc, respectively.
Inter-observer measurement reliability was assessed using the

intraclass correlation coefficient (ICC) and found to be > 0.90.
Biochemical Measurements and TyG Index Calculation

Venous blood samples taken after an 8-12-hour fast from
participants were used. Laboratory levels such as serum glucose,
triglycerides, total cholesterol, LDL, HDL, HbA1c, and creatinine
were obtained from the hospital information processing
electronic record system The TyG index was calculated using
the following formula TyG = In((Triglycerides (mg/dL) x Glucose
(mg/dL)) / 2) Participants were divided into four quartiles (Q1-
Q4) from low to high based on the median TyG value.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics
v.26.0 (IBM Corp., USA) software. Data distribution was assessed
using the Kolmogorov-Smirnov test.Variables showinganormal
distribution were expressed as mean =+ standard deviation (SD),
and those not normally distributed were expressed as median
interquartile range (IQR). For intergroup comparisons, one-way

ANOVA was used for variables showing a normal distribution,



and the Kruskal-Wallis test was used for those not normally
distributed. Categorical variables were evaluated using the chi-
square test. The relationship between the TyG index and Tp-e,
Tp-e/QT, and Tp-e/QTc was assessed using Pearson or Spearman
correlation analysis. Multivariate linear regression models were
created to determine the independent predictors affecting Tp-e
parameters. The predictive performance of the TyG index for
prolonged repolarisation markers (Tp-e > 75.5 ms or Tp-e/QTc
> 0.25) for the electrocardiogram [5, 15] was examined using
receiver operating characteristic (ROC) analysis; area under the
curve (AUQ), sensitivity, specificity, and Youden's index were

calculated. Statistical significance was set at p < 0.05.

Results

A total of 200 cases were included in the study. The mean age
of participants was 51.5 + 18.8 years, with ages ranging from 18
to 84 years. The male-to-female ratio was 51%. The mean body
mass index (BMI) was 26.7 + 4.1 kg/m2 (Table 1). The mean Tp-e
interval was 76.0 £ 5.8 ms, the Tp-e/QT ratio was 0.196 + 0.018,
and the Tp-e/QTc ratio was 0.177 + 0.015 (Table 2). According
to the Kolmogorov-Smirnov test, the variables of age, glucose,
triglycerides, HDL, and creatinine deviated from normal
distribution (p<0.05). Therefore, these variables are presented

as median (IQR), while the others are presented as mean + SD.

The cases included in the study were divided into four quartiles
(Q1-Q4) from low to high according to the distribution of the TyG
index. Demographic variables (age, gender, body mass index)
were found to be similar between groups (all p > 0.05). When
metabolic parameters were examined, a significant increase in
glucose (p=0.007)andtriglycerides(p <0.001)levelswasobserved
with increasing TyG quartiles, while a significant decrease in LDL
cholesterol levels (p = 0.036) was noted. This decrease is thought
to be due to age and gender. No differences were found between
groups in terms of HDL cholesterol, creatinine, and eGFR (p >
0.05). A gradual increase in the prevalence of hypertension was
observed according to TyG quartiles (24% in Q1, 42% in Q4), but
this increase did not reach statistical significance (p = 0.093);
only a trend-level increase was observed. The mean diastolic BP
increased from 76.4 + 9.8 mmHg in the Q1 group to 84.7 + 8.9
mmHg in the Q3 group. This trend, along with the increase in the

TyG index, suggests that there may be an increase in peripheral

A~
>

YILMAZ et al
I Triglyceride—glucose index and ventricular repolarization

vascular resistance and arterial stiffness (Table 1). These results
support the notion that TyG increases as a reflection of metabolic

impairment and cardiometabolic burden.

According to Pearson correlation analysis results, a significant
and positive relationship was found between the TyG index and
ventricular repolarisation parameters. A strong correlation was
found between the TyG index and Tp-e duration (r = 0.558, p <
0.001), Tp-e/QT ratio (r = 0.374, p < 0.001), and Tp-e/QTc ratio
(r=0.422, p < 0.001). These findings indicate that an increase
in the TyG index is associated with prolongation of ventricular
repolarisation parameters. No significant correlation was found
between the TyG index and QTc (Bazett) (p > 0.05).

When ventricular repolarisation parameters were compared
according to TyG quartiles, significant differences were found
between groups in terms of Tp-e, Tp-e/QT ratio, and Tp-e/QTc
ratio (p < 0.001, one-way ANOVA). Homogeneity of variance was
confirmed by the Levene test (p > 0.05). According to the Tukey
HSD post-hoc analysis, Tp-e, Tp-e/QT, and Tp-e/QTc values in the
highest TyG quartile (Q4) were significantly higher thanin Q1, Q2,
and Q3 (all p < 0.001), whereas no significant differences were
observed among the lower quartiles themselves (all p > 0.05).
This pattern suggests a clear dose-response relationship, with a

marked step-up in repolarisation indices at the highest TyG levels.

In the multivariate linear regression analysis, the Tp-e interval
was included as the dependent variable; age, gender, BMI, LDL,
HDL, and TyG index were included as independent variables in
the model. The TyG index remained an independent predictor
of the Tp-e interval (standardized 3 = 0.38, 95% Cl: 0.21-0.56;
p < 0.001; R* = 0.29-0.31). Each one-unit increase in the TyG
index corresponded approximately to a 5.8 ms increase in
absolute Tp-e duration, indicating a clinically relevant effect
size, whereas none of the other covariates showed a significant

association with Tp-e (all p > 0.05).

The power of the TyG index in predicting prolonged Tp-e was
evaluated in ROC curve analysis. The AUC value for TyG was
calculated as 0.78 (95% Cl: 0.71-0.85; p < 0.001). When the
cut-off value was TyG > 8.70, sensitivity was 77%, specificity
was 72%, and the Youden index was 0.49. The TyG index also
demonstrated significant discriminatory performance in

predicting Tp-e/QTc > 0.25 (AUC = 0.74, p < 0.001) (Figure 1).
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Figure 1.Tp-e interval and QT interval measurement.
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Figure 2. ROC curve analysis shows the discriminatory performance
of the Triglyceride-Glucose (TyG) index in predicting the presence of
prolonged Tp-e. (AUC) 0.78 (95% Cl: 0.71-0.85; p < 0.001).

Boxplot analyses revealed a gradual increase in Tp-e, Tp-e/QT,
and Tp-e/QTc values across TyG quartiles. Both the median and
spread were markedly increased in the Q4 group, supporting
that increased metabolic stress parallels ventricular electrical

heterogeneity (Figure 2).
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Figure 3. Distribution of ventricular repolarisation parameters
according to TyG index quartiles (Q1-Q4). (The upper panel shows
the Tp-e duration, the middle panel shows the Tp-e/QTc ratio, and the

lower panel shows the Tp-e/QT ratio.)

These findings indicate a marked tendency for prolongation
in transmural heterogeneity of ventricular repolarisation with
increasing metabolic risk, suggesting a potential increase in

arrhythmogenic risk in individuals with high TyG levels.
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Discussion

In this study, the effect of the triglyceride-glucose (TyG) index
on ventricular repolarisation parameters was evaluated.
According to our findings, significant differences were
detected in Tp-e duration, Tp-e/QT ratio, and Tp-e/QTc
ratio among the four quartile groups formed based on the
TyG index (p<0.001). In particular, these parameters were
significantly prolonged in patients in the highest TyG quartile
(Q4) (p<0.001). The findings support the adverse effects of
metabolic stress and insulin resistance on cardiac electrical
stability and suggest that the TyG index may be a potential
biomarker for identifying subclinical arrhythmogenic risk.

The TyG index is accepted as an easy and reliable indicator
of insulin resistance and has been associated with various
metabolic and cardiovascular risk factors [16]. Previous studies
have reported that high TyG levels are associated with subclinical

atherosclerosis, endothelial dysfunction, and cardiac remodelling
[17] . In recent years, studies investigating the effect of the TyG
index on cardiac electrical activity have also increased. Lee et al.
reported that QTc prolongation increased independently as the
TyG index rose in Chinese male workers [6]. Similarly, Tian et al.
noted that insulin resistance and glycaemic markers showed a
significant correlation with major ECG abnormalities in an elderly
population [9]. Studies by Vandael et al. and Zhao et al. also
reported that high TyG levels are associated with QT dispersion
and repolarisation heterogeneity [17,18]. Furthermore, the UK
Biobank analysis demonstrated a linear relationship between the
TyG index and atrial fibrillation risk [11].

Pathophysiologically, chronic exposure to hyperglycaemia
and elevated triglyceride levels creates a metabolic milieu
that is unfavourable for stable myocardial electrophysiology.
Experimental and clinical data suggest that oxidative stress,
and ion-channel

lipotoxicity, remodelling—particularly
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involving repolarizing potassium currents (I_Kr and |_
Ks)—may collectively prolong action potential duration
and increase transmural dispersion of repolarisation.
Hyperglycaemia-related oxidative stress further modifies
ion-channel kinetics, while the accompanying autonomic
imbalance characterised by enhanced sympathetic activity
and reduced vagal tone augments dispersion of repolarisation.
Clinically, these mechanisms manifest as prolongation of Tp-e
and its derivatives, which are strong predictors of malignant
ventricular arrhythmias and sudden cardiac death [19].
Indeed, Porthan et al. demonstrated that Tp-e parameters
outperform QTc in predicting sudden cardiac death in the
general population [7]. Consistent with this literature, our
study demonstrates a significant association between the TyG

index and ventricular repolarisation dispersion.

Tp-e and Tp-e—derived ratios offer a more specific assessment
of arrhythmogenic risk than QTc because they directly reflect
transmural dispersion of repolarisation, the key substrate
for malignant ventricular arrhythmias. QTc represents global
repolarisation duration, whereas Tp-e captures regional
heterogeneity across the myocardial wall. Supporting this,
Porthan et al. showed that Tp-e parameters outperform QTc
in predicting sudden cardiac death [7]. In this context, the
independentassociation betweenTyGandTp-e-based markers
in our study reinforces the electrophysiological relevance of
TyG as a potential indicator of ventricular vulnerability.

In our correlation analysis, significant positive relationships
werefoundbetweentheTyGindexand Tp-e duration (p<0.001),
Tp-e/QT ratio (p<0.001), and Tp-e/QTc ratio (p<0.001). This
result supports the notion that ventricular repolarisation
is prolonged with increasing metabolic impairment.
Regression analysis also demonstrated that the TyG index is
an independent predictor of Tp-e and related ratios, with each
unit increase in TyG corresponding to an approximate 5.8 ms
prolongation in Tp-e duration. This finding suggests that the
TyG index may be an indicator not only of metabolic but also

of electrophysiological risk.

In addition, recent studies have demonstrated a significant
association between the TyG index and cardiac autonomic
nervous system function. For example, Balcioglu et al.
examined the TyG index in 400 adults without metabolic
syndrome using 24-hour Holter-ECG-based HRV (Heart Rate
Variability) and HRT (Heart Rate Turbulence) parameters; they
reported that TyG was an independent predictor of HRV/HRT
[20]. In this context, it is thought that the Tp-e and Tp-e/QTc
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prolongation observed with high TyG levels in our study may
also be related to impaired autonomic cardiac regulation
mechanisms. This theory supports the idea that insulin
resistance and high triglycerides may increase transmural
repolarisation heterogeneity by decreasing vagal tone and
increasing sympathetic tone.

The literature has shown that in cases with obstructive
coronary artery disease, the Tp-e interval is independently
associated with cardiac death, while QTc may remain normal
[1,21]. In our study, the parallel increase in the TyG index
with the prolongation of Tp-e, Tp-e/QT, and Tp-e/QTc ratios
suggests that metabolic dysfunction may converge with
atherosclerotic processes on a common pathophysiological
axis. The effect of TyG on repolarisation, when combined with
ischaemic mechanisms, suggests that both metabolic stress
and coronary flow impairment may increase cardiac electrical
heterogeneity. Therefore, the significant prolongation of Tp-e,
Tp-e/QT, and Tp-e/QTc ratios (p<0.001) parallel to the increase
inTyG in our study may be an indicator of subclinical ischaemia
and early electrical reflections of atherosclerotic processes.

Supporting our findings, Eyiol et al. demonstrated that higher
TyG levels independently predict greater disease severity and
adverse outcomes in myocarditis, underscoring TyG as a marker
of metabolic burden and cardiac vulnerability [22]. Additionally,
Tezcan et al. showed that metabolic disturbances such as
vitamin D deficiency significantly influence repolarization
markers, while their complementary work in fibromyalgia
highlighted the contribution of autonomic imbalance to
repolarization behaviour. Together, these studies emphasize
that both metabolic stress and autonomic dysregulation play
key roles in shaping ventricular electrical heterogeneity [23,24].

A strength of this study is that the relationship between the
TyG index and repolarisation parameters was evaluated in the
same cohort using multivariate statistical analyses (ANOVA,
post-hoc, correlation, regression). However, the cross-sectional
design of the study limits causal interpretations. Nevertheless,
the homogeneous

patient distribution and systematic

measurement method mitigate the impact of these limitations.

One of the key findings of our study is that when the cut-off
value for TyG is >8.70, the TyG index can predict the presence of
prolonged Tp-e with 77% sensitivity and 72% specificity (AUC
= 0.78) (p<0.001). This cut-off value represents the optimal
threshold determined in our study for ventricular repolarisation
prolongation. However, the mean values reported in the
literature for the TyG index vary according to the metabolic risk



profile of the population. For example, TyG is generally reported
to be in the range of 8.6-9.0 in individuals with metabolic
syndrome or prediabetes, and in the range of 7.8-8.4 in the
healthy population [6]. Therefore, external validation in diverse
and prospective cohorts is required before this cut-off value
can be generalized to broader clinical practice. The cut-off point
of 8.70 in our study is close to the upper limit of these ranges,
indicating the threshold for early metabolic dysfunction.
Therefore, in individuals with TyG > 8.70, not only metabolic
impairment but also the onset of subclinical cardiac electrical
instability should be considered. This cut-off value can be used
as an "early warning" indicator in clinical practice.

Limitations of the study

This study has several important limitations that should be
acknowledged. First, the retrospective and single-centre design
restricts the establishment of causal relationships and may
limit the generalisability of the findings to broader populations.
Second, because the study lacked longitudinal follow-up, we
were unable to evaluate the occurrence of clinical arrhythmic
events or determine whether the observed repolarisation
Third,
several potential confounders that may influence ventricular

abnormalities translated into adverse outcomes.
repolarisation could not be fully controlled. These include
variability in electrolyte levels (particularly potassium and
calcium), the use of medications known to affect QT and Tp-e
intervals, and the absence of objective assessments of autonomic
function—such as heart rate variability (HRV) or heart rate
turbulence (HRT). Despite excluding patients with overt rhythm
disturbances or metabolic derangements, residual confounding
remains possible. Finally, prospective, multicentre studies with
detailed electrophysiological evaluation and arrhythmic follow-
up are needed to validate our findings and clarify the clinical
implications of the TyG-repolarisation relationship.

In conclusion, to our knowledge, this is the first study in
the literature to statistically demonstrate the independent
relationship between the TyG index and the Tp-e interval,
Tp-e/QT, and Tp-e/QTc ratios within the same model.
Previous studies have generally associated the TyG index
with QTc prolongation or atrial arrhythmias; however, our
study, which examines the direct relationship with Tp-e-
based parameters reflecting the transmural heterogeneity of
ventricular repolarisation, is valuable as it is the first study in
the literature in this regard. In this respect, our study makes
a unigue contribution to the literature by demonstrating the
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bridge mechanism between metabolic stress and cardiac
electrical instability at the clinical level. The findings support
that insulin resistance may be a determinant not only of
metabolic dysfunction but also of subclinical ventricular
arrhythmogenicity risk. These results suggest that the TyG
index is practical, easy to calculate, and could potentially be
used as an early arrhythmic risk indicator. Future prospective
studies will make an important contribution to confirming the
predictive value of TyG for arrhythmic events.
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