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ABSTRACT

Objective: There is an evidence gap regarding the predictive accuracy of the triglyceride-
glucose (TyG) index for long-term major adverse cardiovascular events (MACEs) in 
individuals with high cardiovascular risk. The aim of this investigation was to evaluate the 
predictive value of the TyG index for long-term MACEs in patients at high cardiovascular risk.
Methods: In total, 483 patients with high cardiovascular risk were included in this analysis. 
The study population was separated into 2 groups depending on the occurrence of long-
term MACEs. The independent predictors of long-term MACEs in patients with high 
cardiovascular risk were investigated. The long-term prognostic value of the TyG index in 
these patients was evaluated in terms of MACEs.
Results: Age, male sex, diabetes mellitus, and the TyG index were demonstrated to be 
independent predictors of long-term MACE occurrence in patients with high cardiovascular 
risk. The TyG index was independently related to long-term MACEs in patients with high 
cardiovascular risk (hazard ratio, 1.003; 95% confidence interval [CI], 1.001–1.006; p=0.011). 
The receiver operating characteristic curve revealed that the optimum value of the TyG index 
to predict long-term MACEs in the overall study cohort was >9.68, with 65% sensitivity and 
63% specificity (area under the curve, 0.71; 95% CI, 0.65–0.77; p<0.001).
Conclusion: The TyG index was demonstrated to be an independent predictor of long-term 
MACE occurrence in patients with high cardiovascular risk who had not been previously 
diagnosed with cardiovascular disease.
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the major cause of morbidity and mortality 
in modern society, emphasizing the need for its early detection and prevention.1 In current 
practice, available risk stratification models rely mostly on traditional cardiovascular risk 
parameters to estimate an individual’s risk of ASCVD.2 However, some cardiovascular risk 
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factors are potentially modifiable, and a prior study has revealed that insulin resistance (IR) is 
closely associated with new ASCVD events both in individuals with and without diabetes.3

The triglyceride-glucose (TyG) index is the natural logarithm of the product of the 
fasting triglyceride (TG) and fasting blood glucose (FBG) levels divided by 2. Large-scale 
epidemiological studies have found that the TyG index might be utilized as a simple and 
reliable surrogate indicator of IR.4 Studies have shown that the TyG index is associated 
with metabolic syndrome, stroke, and poorer outcomes in patients with chronic coronary 
syndrome.5-7 Furthermore, a prior study found that this index might predict major adverse 
cardiovascular events (MACEs) in individuals with acute coronary syndrome.8 Nevertheless, 
no evidence is available on the predictive accuracy of the TyG index for long-term MACEs 
in individuals with high cardiovascular risk. Therefore, this study aimed to contribute to 
the literature regarding the use of the TyG index in a primary prevention setting. The main 
goal of the investigation was to explore the predictive relevance of the TyG index for long-
term MACEs in patients with high cardiovascular risk. We hypothesized that the TyG index 
would be an independent predictor of long-term MACE occurrence in patients with high 
cardiovascular risk.

MATERIALS AND METHODS

1. Subjects
This is a retrospective chart review study. The medical files of patients who were evaluated 
at outpatient visits at a tertiary center were reviewed retrospectively. In this analysis, only 
individuals with a 10-year ASCVD risk score of ≥7.5%, who were stratified as having high 
cardiovascular risk, were included.9 ASCVD risk was calculated according to a previously 
proposed risk calculator.9 Patients aged <18 and >80 years old, as well as those with prior 
ASCVD, stroke, active infection, severe liver or renal illness, excessive obesity (body mass 
index [BMI] >45 kg/m2), auto-immune disease, thyroid disease, or cancer were excluded. 
Furthermore, individuals with incomplete health records were excluded from the final 
analysis. The hospital database was used to collect laboratory data and demographic 
information for all patients. Anthropometric data were used to calculate BMI. Blood pressure 
measurements were also performed to detect individuals with hypertension (HT). HT was 
defined as a systolic blood pressure (SBP) of >140 mmHg, diastolic blood pressure (DBP) of 
>90 mmHg, reported use of anti-hypertensive medications, or a history of HT. Participants 
were defined as having diabetes if their FBG level was >126 mg/dL, their hemoglobin A1c 
(HbA1c) level was >6.5%, or if they reported use of hypoglycemic medications or a history 
of diabetes. The standard biplane Simpson method was used to calculate the left ventricular 
ejection fraction (LVEF).10 The simplified biplane area-length approach was used to 
determine the left atrial volume index (LAVI), which was then adjusted for body surface area 
(BSA). To calculate the left ventricular mass index (LVMI), the Devereux formula was utilized, 
which was then adjusted by BSA. The study was authorized by the local ethics committee, 
and it was carried out in accordance with the Helsinki Declaration (IRB number: 22/261—
from Hamidiye School of Medicine Scientific Ethical Committee). This study was described 
according to the report guideline.

2. Laboratory analysis
After at least 8 hours of fasting, blood specimen collection was performed in the early 
morning. The FBG and lipid profile, including serum TG, were measured using conventional 
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biochemical techniques. If the TG level was ≤400 mg/dL, the Friedewald equation was 
used to calculate low-density lipoprotein cholesterol. The TyG index was calculated as: TyG 
Index=Ln [Fasting TG (mg/dL)×FBG (mg/dL)/2].

3. Outcomes
The mean follow-up duration of the investigation was 44.3±3.9 months. MACEs were 
defined as cardiovascular mortality, non-fatal myocardial infarction (MI), and undergoing 
percutaneous coronary intervention (PCI) or aortocoronary bypass grafting (ACBG) in 
long-term follow-up. Outpatient visits, phone interviews, and national and hospital medical 
databases were used to gather information on long-term MACEs.

4. Statistical analysis
SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was used for all statistical tests. To 
illustrate categorical data, frequencies and percentages were employed. To compare 
categorical data between groups, the χ2 test was performed. All continuous variables had 
non-normal distributions. As a consequence, the medians (interquartile ranges) for these 
variables were presented. To assess the normality of variable distributions, the Kolmogorov-
Smirnov test was applied. To analyze all variables with skewed distributions, the Kruskal-
Wallis test was performed. To identify variables independently related to long-term MACEs, 
univariable and multivariable Cox regression models were used (using the enter method). 
Parameters having a p-value of 0.05 in the univariable analysis were integrated into the 
multivariable Cox regression analysis. The cumulative survival of patients based on the TyG 
index was shown using the Kaplan-Meier and log-rank tests. The optimum cut-off value 
of the TyG index for long-term MACEs in all patients and patients without diabetes was 
determined using a nonparametric receiver operating characteristic (ROC) curve analysis. All 
data were presented in the form of hazard ratios (HRs) and 95% confidence intervals (CIs). 
As the level of statistical significance, a p-value of ≤0.05 was chosen.

RESULTS

483 patients with high cardiovascular risk were included in this analysis. Long-term MACEs 
were observed in 87 (18%) patients. The participants in this research were separated into 
patients without long-term MACEs (n=396) and those with long-term MACEs (n=87).

The baseline characteristics, echocardiographic data, and laboratory results for all patients 
are presented in Table 1. The patients with long-term MACEs were older and had a higher 
male-to-female ratio, SBP, and DBP. Diabetes mellitus (DM), HT, and hyperlipidemia were 
more prevalent in patients with long-term MACEs. In terms of echocardiographic data, the 
LVEF, LAVI, and LVMI were similar in both groups. In regard to laboratory measurements, 
the patients with long-term MACEs had significantly higher levels of FBG, creatinine, TG, the 
TyG index, and HbA1c and significantly lower high-density lipoprotein cholesterol (HDL-C) 
levels. In total, 66 patients developed non-fatal MI and 83 patients underwent PCI and/or 
ACBG during long-term follow-up. The overall all-cause mortality was 3.7% (n=18).

The findings of univariable and multivariable Cox proportional regression analysis for 
independent predictors of long-term MACEs can be seen in Table 2. Age, male sex, SBP, 
DBP, HT, DM, TG, FBG, the TyG index, creatinine, HDL-C, and HbA1c each predicted the 
occurrence of long-term MACEs using univariable Cox proportional regression analysis. After 
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Table 1. Baseline characteristics, laboratory parameters, and echocardiographic findings of all patients
Characteristics Patients without incident MACEs (n=396) Patients with incident MACEs (n=87) p-value
Age (yr) 58.0 (53.0–63.0) 65.0 (61.0–68.0) <0.001
Sex, male 171 (43.2) 64 (73.6) <0.001
BMI (kg/m2) 28.9 (25.8–32.6) 28.4 (25.4–31.4) 0.370
SBP (mmHg) 142 (132–151) 152 (143–159) <0.001
DBP (mmHg) 82 (72–90) 86 (75–97) 0.007
Heart rate (beat per min) 76 (69–82) 76 (69–83) 0.874
Risk factors

HT 270 (68.2) 75 (86.2) 0.001
Diabetes mellitus 164 (41.4) 63 (72.4) <0.001
Hyperlipidemia 76 (19.2) 26 (29.9) 0.027
Smoking 172 (43.4) 41 (47.1) 0.530

Echocardiographic data
LVEF 61 (60–63) 61 (60–62) 0.605
LAVI (mL/m2) 29.0 (24.2–34.0) 29.6 (24.4–35.5) 0.886
LVMI (g/m2) 85.5 (72.8–94.9) 89.3 (81.6–97.6) 0.063

Laboratory analysis
FBG (mg/d) 106 (97–126) 132 (104–165) <0.001
Creatinine (mg/dL) 0.81 (0.74–0.91) 0.86 (0.77–1.00) 0.012
BUN (mg/dL) 14 (13–18) 15 (12–20) 0.777
AST (U/L) 20 (17–24) 19 (16–23) 0.219
ALT (U/L) 21 (16–28) 20 (15–28) 0.840
LDL-C (mg/dL) 134 (114–163) 142 (122–161) 0.598
HDL-C (mg/dL) 43 (38–51) 41 (35–48) 0.013
TG (mg/dL) 146 (106–202) 189 (147–289) <0.001
TyG index 8.2 (5.6–11.7) 12.6 (8.5–21.3) <0.001
Hs-CRP (mg/dL) 0.00 (0.00–0.30) 0.00 (0.00–0.30) 0.645
Hs-troponin (ng/mL) 0.02 (0.01–0.03) 0.02 (0.01–0.03) 0.251
HbA1c (%) 6.0 (5.7–6.5) 6.5 (6.0–7.1) <0.001
TSH (mIU/L) 1.5 (1.0–2.2) 1.3 (0.9–2.0) 0.161
T4 (ng/dL) 1.0 (0.9–1.0) 1.0 (0.9–1.1) 0.639

Long-term MACEs
Non-fatal MI 0 (0.0) 66 (75.9)
PCI-ACBG 0 (0.0) 83 (95.4)
Cardiovascular mortality 0 (0.0) 18 (20.7)

Follow-up (mon) 45 (41–48) 43 (41–48)
Continuous variables are presented as median (interquartile range), nominal variables are presented as frequency (%).
MACE, major adverse cardiovascular event; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HT, hypertension; DM, diabetes 
mellitus; LVEF, left ventricular ejection fraction; LAVI, left atrial volume index; LVMI, left ventricular mass index; FBG, fasting blood glucose; BUN, blood 
urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TG, triglyceride; TyG, triglyceride-glucose; hs-CRP, high-sensitive C-reactive protein; hs-troponin, high-sensitivity troponin; TSH, thyroid-stimulating 
hormone; MI, myocardial infarction; PCI, percutaneous coronary intervention; ACBG, aortocoronary bypass grafting.

Table 2. Univariable and multivariable model for long-term major adverse cardiovascular events
Characteristics Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value
Age 1.125 (1.089–1.163) <0.001 1.153 (1.114–1.194) <0.001
Male sex 2.990 (1.856–4.817) <0.001 3.848 (2.324–6.372) <0.001
SBP 1.031 (1.018–1.045) <0.001 1.030 (1.011–1.048) 0.001
DBP 1.019 (1.005–1.034) 0.008 - -
HT 2.422 (1.317–4.456) 0.004 - -
DM 2.870 (1.793–4.592) 0.001 2.862 (1.688–4.852) <0.001
TG* 1.004 (1.003–1.006) <0.001 - -
FBG* 1.007 (1.004–1.010) <0.001 - -
TyG index 1.004 (1.002–1.015) <0.001 1.003 (1.001–1.006) 0.011
Creatinine 3.744 (1.143–12.258) 0.029 - -
HDL-C 0.980 (0.959–1.002) 0.072 - -
HbA1c 1.199 (1.064–1.352) 0.003 - -
All clinically relevant parameters were included in the model.
SBP, systolic blood pressure; DBP, diastolic blood pressure; HT, hypertension; DM, diabetes mellitus; TG, triglyceride; TyG, triglyceride-glucose; HDL-C, high-density 
lipoprotein cholesterol; HbA1c, hemoglobin A1c; HR, odds ratio; CI, confidence interval.
*These parameters were not included in the multivariable model as they are components of the TyG index.



including all of the aforementioned variables in a multivariable Cox proportional regression 
analysis, age, male sex, DM, and the TyG index (HR, 1.003; 95% CI, 1.001–1.006; p=0.011) 
were shown to be independently related to long-term MACEs.

The ROC curve revealed that the optimum value of the TyG index to predict long-term MACEs 
in the overall study cohort was >9.68, with 65% sensitivity and 63% specificity (area under 
the curve [AUC], 0.71; 95% CI, 0.65–0.77; p<0.001) (Fig. 1A). Meanwhile, the optimum value 
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Fig. 1. (A) A ROC curve analysis of the TyG index for long-term MACEs for patients with high cardiovascular risk. (B) A ROC curve analysis of the TyG index in long-
term MACEs for patients without diabetes who had high cardiovascular risk. 
ROC, receiver operating characteristic; TyG, triglyceride-glucose; MACE, major adverse cardiovascular event; CI, confidence interval.
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Fig. 2. Kaplan-Meier survival analysis of long-term MACEs according to cut-off values determined through 
receiver operating characteristic curve analysis. 
TyG, triglyceride-glucose; MACE, major adverse cardiovascular event.



of TyG index to predict long-term MACEs in patients without diabetes was >8.28, with 66% 
sensitivity and 67% specificity (AUC, 0.66; 95% CI, 0.56–0.77; p<0.001) (Fig. 1B). According 
to the Kaplan-Meier survival curves, individuals with high cardiovascular risk who had a TyG 
index of more than 9.68 had a lower probability of surviving during long-term follow-up (log-
rank test: χ2=24.07) (Fig. 2).

DISCUSSION

Age, male sex, DM, and the TyG index were demonstrated to be independent predictors of 
long-term MACE occurrence in patients with high cardiovascular risk. This investigation is 
the first study evaluating the predictive value of the TyG index in terms of long-term MACEs 
in patients with high cardiovascular risk.

Age, male sex, and DM are well-known risk factors for cardiovascular disease.11 The TyG 
index has been shown to have associations with poor outcomes in several cardiovascular 
diseases, including in patients with stable coronary artery disease, less developed 
collateral networks in the coronaries, and chronic total occlusions.12,13 However, the precise 
pathophysiology underlying the relationship between the TyG index and cardiovascular 
disease remains obscure. The TyG index calculation includes fasting TG and FBG levels, 
which are globally accepted as risk factors for atherosclerosis. IR has also been linked to 
coronary artery disease in recent decades.14 Interestingly, Guerrero-Romero et al.15 showed 
that the TyG index served as a marker of IR, which may explain the close relationship 
between the TyG index and coronary artery disease IR, which is significantly correlated 
with the TyG index, leads to endothelial dysfunction, coagulation disorders, myocardial 
cell death, smooth muscle cell dysfunction, cardiac fibrosis, and ventricular stiffness.16,17 
However, other investigations have also failed to show a relationship between the TyG 
index and adverse cardiovascular events.18,19 Undiagnosed disorders in glucose and TG 
metabolism may be the underlying reason for those non-significant findings. Differences 
in treatment modalities between patients with diabetes and dyslipidemia may also have 
caused the lack of a relationship between the TyG index and adverse cardiovascular events 
in these studies. Despite inconsistent results among investigations of the TyG index, 
most studies have reported a clear relationship between the TyG index and cardiovascular 
diseases, such as acute coronary syndrome, in-stent restenosis, arterial stiffness, coronary 
artery calcification, and heart failure.7,20-23 However, there is an evidence gap regarding 
the relationship between the TyG index and long-term MACEs in patients with high 
cardiovascular risk. Our study presents important follow-up data, including both patients 
with and without diabetes who had high cardiovascular risk, and our findings emphasize the 
substantial role of the TyG index in primary prevention. The TyG index can be suggested as 
a surrogate marker in patients with high cardiovascular risk for long-term MACE prediction. 
Thus, patients with a higher TyG index may require aggressive treatment strategies 
concomitant with healthy lifestyle habits in order to prevent MACEs. The TyG index, which 
is easily calculable in all patients, may play a role in directing primary prevention strategies 
in patients with high cardiovascular risk.

Our study has several limitations. First, there might have been an elevated risk for numerous 
confounding factors due to the retrospective study design. However, all consecutive patients 
with high cardiovascular risk were included and patients’ follow-up was applied in compliance 
with a standard protocol including outpatient visits and phone calls. Second, the mortality 
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reasons were not elaborated upon since we did not know the causes of death for most patients 
in the study population. Therefore, all-cause mortality was analyzed as an outcome.

In conclusion, the TyG index was demonstrated to be an independent predictor of long-term 
MACE occurrence in patients with high cardiovascular risk who had not been previously 
diagnosed with ASCVD.
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