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Abstract
Background: Triglyceride-glucose index (TyG index) has been regarded as a reliable alternative marker of insulin resistance and an independent predictor of
cardiovascular outcomes. Whether TyG index predicts adverse cardiovascular events in patients with diabetes and acute coronary syndrome (ACS) remains
uncertain. The aim of the present study was to investigate the prognostic value of TyG index in patients with diabetes and ACS.
Methods: A total of 2531 consecutive patients with diabetes who underwent coronary angiography for ACS were enrolled in the study. Patients were divided
into 3 tertiles according to TyG index. The primary outcomes included the occurrence of major adverse cardiovascular events (MACE), defined as all-cause
death, non-fatal myocardial infarction and non-fatal stroke. The TyG index was calculated as ln (fasting triglyceride level (mg/dL) ×fasting glucose level
(mg/dL)/2).
Results: The incidence of MACE increased with TyG index tertiles after 3-year follow-up. Kaplan-Meier curves showed significant differences in event-free
survival rates among TyG index tertiles (P=0.005). Multivariate Cox hazards regression analysis revealed that TyG index was an independent predictor of
MACE (95% CI 1.201-1.746; P<0.001). The optimal TyG index cut-off for predicting MACE was 9.323 (sensitivity 46.0% ; specificity 63.6%; area under the curve
0.560; P=0.001 ).Furthermore, adding TyG index to the prognostic model for MACE improved the C-statistic value (P=0.010), the integrated discrimination
improvement value(P=0.001) and the net reclassification improvement value(P=0.019).
Conclusions TyG index predicts future recurrent cardiovascular events in patients with diabetes and ACS, independently of known cardiovascular risk factors，
suggesting that TyG index may be a useful marker for risk stratification and prognosis in patients with diabetes and ACS.

Background
Diabetes is known one of the major risk factors for coronary artery disease (CAD) [1]. Up to 37% patients presenting with acute coronary syndrome (ACS)
suffer from diabetes mellitus in China [2]. Compared with those without diabetes, patients with diabetes and ACS remain at higher risk for recurrent ischemic
cardiovascular events (CVEs) despite optimal treatment according to current guidelines [2–4]. Therefore, it is crucial to identify patients at high risk of
developing future CVEs so that intense treatment can be provided. Seeking rapidly available and reliable markers may have great clinical significance to
optimize the risk stratification of recurrent cardiovascular risk.
Triglyceride-glucose index (TyG index), which is calculated from fasting glucose and triglycerides, has been proposed as a reliable marker of insulin resistance
(IR) in clinical practice [5, 6]. TyG index showed better performance for assessing IR than the homeostasis model assessment of IR(HOMA-IR) [7, 8]. A number
of studies have found a positive association between TyG index and cardiovascular risk, including systematic CAD, carotid atherosclerosis, hypertension,
metabolic syndrome, arterial stiffness and coronary calcification [9–15]. Furthermore, recent data suggest that TyG index could provide significant prognostic
information in patients with established CAD [16–19]. In fact, TyG index is associated with not only the incidence of cardiovascular disease (CVD) but also the
development of type 2 diabetes [20–25]. All these suggest that it is may be plausible to use the TyG index as a predictor for future cardiovascular risk in
patients with diabetes and CAD.
Recent study was only focused on patients with diabetes and stable CAD and demonstrated that TyG index is a useful marker for predicting clinical outcomes
[19]. To date, no relevant study has focused on the impact of TyG index on CVEs in patients with diabetes and ACS. To address the knowledge gap, the present
study aimed to specifically investigate whether TyG index has prognostic value for recurrent CVEs in patients with diabetes and ACS.

Methods
Study population
This study was a single-center, retrospective, observational cohort study. From January 2016 to December 2016, a total of 3428 consecutive patients with
Type 2 diabetes and ACS, who were admitted to Tianjin Chest Hospital for coronary angiography, were enrolled in this study.
Type 2 diabetes included those with history of type 2 diabetes, currently using insulin or hypoglycemic drugs, or fasting blood glucose(FBG)≥7.0 mmol/L or
the 2-h plasma glucose of the oral glucose tolerance test≥11.1mmol/L. ACS was defined as unstable angina pectoris(UAP), non-ST-segment elevation
myocardial infarction(NSTEMI) or ST-segment elevation myocardial infarction(STEMI). Those with severe valvular disease or congenital heart disease
requiring cardiac surgery(n=42 ), acute infection(n=76), malignancy(n=14 ), severe hepatic dysfunction(n=18), severe kidney dysfunction(n=172), nutritional
derangements(n=8), other severe medical illnesses or lacking complete clinical data(n=285) were excluded. Finally, a total of 2815 patients participated in the
research. Patients were followed up from January 2017 to December 2019 by telephone or outpatient clinical visit, and 2531(89.9%) patients completed the 3year clinical follow-up. The patients were divided into 3 tertiles according to the admission TyG index levels: tertile 1（n=844, TyG index≤8.848），tertile 2
（n=843, 8.849≤TyG index≤9.382）and tertile 3（n=844, TyG index≥9.383）.This study was approved by the local research ethics committee and strictly adhered
to the Declaration of Helsinki. Given the retrospective nature of the present research, no informed consent was required.
Data collection and Definition
Clinical data were collected from all medical recorded by trained clinicians who blind to the purpose of the study. These included age, gender, duration of
diabetes, newly diagnosed diabetes, smoking history, history of hypertension, family history of CAD, previous myocardial infarction (MI), previous
percutaneous coronary intervention (PCI), previous coronary artery bypass graft (CABG) , previous stroke, height, weight, systolic and diastolic blood
pressure(SBP and DBP), heart rate(HR) ,left ventricle eject fraction(LVEF) and medication at discharge. Peripheral venous blood samples were collected early
in the morning after an overnight fast on admission and analyzed shortly after sampling. The hemoglobin, FBG, Hemoglobin A1c(HbA1c), total cholesterol
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(TC), triglyceride (TG), low density lipoprotein-C(LDL-C), high density lipoprotein-C(HDL-C), serum creatinine, serum uric acid, high-sensitivity C-reactive
protein(hs-CRP) and N-terminal proB-type natriuretic peptide (NT-proBNP) were analyzed. The renal function was assessed by using the baseline estimated
glomerular filtration rate (eGFR). Body mass index (BMI) was defined as weight (kg)/height (m2). Angiographic significant stenosis was defined as >50%
diameter stenosis. Multivessel disease was defined as 2 vessels with significant angiographic stenosis. The GRACE score was calculated according to 8
variables including age, SBP, HR, cardiac arrest during presentation, Killip class, ST-segment deviation, serum creatinine, positive cardiac biomarkers. The TyG
index was calculated as ln (fasting TG level (mg/dL) ×FBG level (mg/dL)/2).
End points
The primary end point was new-onset major adverse cardiovascular event (MACE), defined as the composite of all-cause death, non-fatal MI and non-fatal
stroke. All-cause death referred to death attributed to cardiovascular or non-cardiovascular causes. Non-fatal MI referred to MI that did not result in death. Nonfatal stroke referred to stroke that did not result in death. The secondary end points included all-cause death, non-fatal MI, non-fatal stroke.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation when normally distributed, and as medians with interquartile ranges for results not
normally distributed. Categorical variables were presented as frequencies. Baseline demographic characteristics, clinical presentation, laboratory findings,
extent of CAD, revascularization, and medication data were compared between groups using analysis of variance or Kruskal-Wallis tests for continuous
variables, and with chi-square test or Fisher’s exact test for categorical variables.
Multivariate linear regression analyses based on stepwise method was performed to reveal the factors associated with the TyG index. Kaplan-Meier event-free
survival curves associated with TyG index tertiles were compared using log-rank tests. Possible factors associated with MACE were determined by using
univariate Cox regression analysis. Then, variables with significant association (P values <0.10) with MACE were included in multivariate Cox proportional
hazards regression analysis as two models. The area under the receiver operating characteristic (ROC) curves was used to indicate the predictive value of the
TyG index for MACE. To evaluate whether an increased TyG index had incremental predictive value for MACE, C-statistics, net reclassification improvement
(NRI), and integrated discrimination improvement (IDI) were compared between models. A 2-sided analysis with a P value <0 .05 was considered significant.
All analyses were performed using SPSS version 20.0 (IBM Corp, Armonk, New York) and SAS version 9.1.3 (Cary, NC, USA).

Results
Baseline characteristics of patients
Baseline clinical characteristics and clinical events data were fully recorded for 2531 patients (89.9%). Patients characteristics are listed in Table 1. The study
patients had an average age of 66.3±6.8 and 1415 (55.9%)patients were male. Patients were divided into 3 tertiles according to the admission TyG index
levels (tertile 1: n=844, TyG index≤8.848; tertile 2: n=843, 8.849≤TyG index≤9.382; and tertile 3: n=844, TyG index≥9.383). The mean levels of TyG index of
the 3 groups were 8.467±0.293, 9.114±0.152, and 9.841±0.403 respectively. There were significant differences (P <0 .05) among the 3 groups in terms of
duration of diabetes, previous PCI, previous stroke, BMI, SBP, DBP, HR, GRACE score, mutil-vessel disease, treatment strategy, FBG, HbA1c, HDL-C, Uric acid, NTproBNP, eGFR and the use of medications at discharge including clopidogrel or ticagrelor, β-blocker, ACEI or ARB, and insulin, and no significant difference was
found in the other indicators. The associations between TyG index and cardiovascular risk factors were examined using liner regression analysis. As shown in
Table2, TyG index levels were positively associated with BMI, hemoglobin A1c (HbA1c) and uric acid and negatively associated with age, male, HDL-C and
eGFR in the multivariate liner regression analysis (P <0 .05)
TyG index and cardiovascular events
During 3-year follow-up, 289 MACEs were recorded, including 142(49.1%) all-cause death, 101(34.9%) non-fatal MI, and 46(16.0%) non-fatal stroke. Table 3
shows the 3-year event rate and Cox proportional hazard analysis for all-cause death, non-fatal MI, non-fatal stroke and MACE. Rates of all-cause death, nonfatal MI, non-fatal stroke and MACE increased progressively with higher TyG index. On unadjusted Cox modeling, only the rate of MACE rose significantly with
elevated TyG index levels (P=0.005 for trend). Multivariate-adjusted hazard ratio (HR) also increased with rising TyG index levels after adjusting for age, male,
smoker, previous MI, previous CABG, BMI, AMI, LVEF, left main disease, multi-vessel disease, HbA1c, hs-CRP, statin, insulin (P=0.019 for trend). As shown in
Figure 1, Kaplan-Meier survival analysis showed that the cumulative incidence of MACE increased with higher tertiles of TyG index (log-rank test, P=0.005).
Univariate and multivariate Cox proportional hazards regression analyses and predictors for MACE are presented in Table 4. In univariate analysis, the criteria
associated with MACE occurrence were TyG index, age, previous MI, BMI, AMI, LVEF, left main disease, multi-vessel disease, hs-CRP and statin use. After
adjusting for BMI and other confounding factors, multivariate Cox proportional hazards regression analyses showed that TyG index, age, previous MI, LVEF,
hs-CRP and statin use independently predicted the occurrence of MACE in patients with diabetes and ACS.
The ROC analysis showed that the optimal cutoff value of TyG index level for predicting MACE was 9.323 (sensitivity 46.0% and specificity 63.6%), with AUC
of 0.560 (95% CI: 0.524-0.595, P=0.001). The incremental predictive value of TyG index for MACE is shown in Table 6. Adding TyG index to the model of
established risk factors improved the prediction of MACE (P=0.01). Moreover, the addition of TyG index has incremental prognostic value for predicting MACE
in terms of NRI (14.7% improvement, P=0.019) and IDI (8.9% improvement, P=0.001), especially when comparing the baseline model with established risk
factors.
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Discussion
This study investigated the association between TyG index and adverse CVEs in patients with diabetes and ACS. The results showed that TyG index was
positively associated with increased CVEs. After adjusting for confounding factors, TyG index was independently associated with increased risk of MACE.
Furthermore, our results showed that adding TyG index to the model may improve the discrimination of risk prediction for MACE in patients with diabetes and
ACS. These findings revealed the prognostic value of TyG index for CVEs in patients with diabetes and ACS. To the best of our knowledge, this study, for the
first time, demonstrated TyG index is a potential predictor for adverse CVEs in patients with diabetes and ACS. Most important, the present study suggests that
a simple method by estimating IR may optimize the risk stratification of recurrent cardiovascular risk in patients with diabetes and ACS.
IR is a major characteristic of type 2 diabetes and has been recognized as a risk factor for CVD [26]. IR not only contributes to the development of CVD in both
the general population and patients with diabetes, but also predicts cardiovascular outcomes in patients with CVD [27–28]. Therefore, identification of IR will
have great clinical signification to improve cardiovascular risk stratification in primary and secondary prevention. However, there is no consensus on whether
IR predicts cardiovascular risks in patients with established diabetes, with or without CVD [29–31]. Recent study demonstrated that the degree of IR, reflected
by HOMA-IR, was not associated with CVEs in patients with diabetes and ACS who are not treated with insulin [32]. The TyG index, as the product of FPG and
triglycerides, is a novel index that has been suggested as a simple and reliable surrogate of IR. TyG index is superior to HOMA-IR for the purpose of predicting
IR [7, 8]. Compared with HOMA-IR, TyG index does not require quantification of insulin and may apply to patients treated with insulin. It is well established that
TyG index is associated with increased risks of type 2 diabetes and CVD. Moreover, TyG index has been recognized as an independent predictor for the risk of
CVEs in patients with CVD [16–19]. Atherosclerotic CVD is the most cause of death in patients with diabetes. Therefore, it is necessary to determine whether
TyG index predicts future cardiovascular risk in patients with type 2 diabetes and ACS.
However, it is controversial whether TyG index predict cardiovascular outcomes in patients with established type 2 diabetes. Su et al found that TyG index was
positively associated with CVEs including MI, UAP, stroke, hospitalization for CAD, peripheral artery disease, and cardiovascular-related death, suggesting that
TyG index may be a useful marker for predicting clinical outcomes in 3524 patients with type 2 diabetes and may provide more additional prognostic benefit
than HbA1c[33]. Data from Jin et al indicated that TyG index could predict cardiovascular outcomes defined by cardiovascular mortality, non-fatal MI, stroke,
post-discharge revascularization and hospitalized UAP and TyG index may have better prognostic value for CVEs than hemoglobin glycation indexes (HGIs) in
1282 type 2 diabetes with new-onset, stable CAD during 3846-person-year follow-up[19]. All these findings suggested that TyG index is strongly correlated with
the development of CVD in patients with diabetes. Contrary to these studies, several studies failed to demonstrate any association between TyG index and
CVEs. Laura et al demonstrated that TyG index was not associated with a 10-year CVD risk defined by coronary heart disease (CHD), cerebrovascular disease
and peripheral arterial disease in 258 subjects with type 2 diabetes [20]. Cho et al. failed to find an independent association between TyG index and CAD or
obstructive CAD in 996 established diabetic patients after adjusting for traditional cardiovascular risk factors [35]. The differences in subject selection, event
definition or research methods may contribute to the disparity of these results. Of the note, there is a paucity of data on the issue focused on patients with
diabetes and ACS.
To our knowledge our study population represents the first cohort of patients with diabetes and ACS in which the association between TyG index and longterm MACE has been investigated. Moreover, our study is the first study to take all-cause death, non-fatal MI, and non-fatal stroke as the composite endpoint
events. Our study demonstrated that a higher TyG index was significantly associated with a higher risk of MACE. The higher risk of MACE persisted after
adjusting for traditional cardiovascular risk factors, burden of comorbidities, disease severity and medications. We also found that after adjusting for
important variables, TyG index remain independently predict adverse cardiovascular outcomes. Thus, our findings extend the findings of previous studies, and
highlight the role of TyG index in predicting CVEs [16–19]. In addition, we also identified the optimal cut-off of TyG index for predicting MACE. We found the
AUC of the optimal cut-off value 9.456 is poor, suggesting that it is difficult to predict hard endpoint events based on TyG index alone. However, by adding TyG
index into established risk factors of MACE, we found a significant improvement in risk prediction in terms of the C-statistic value, NRI and IDI. Although
previous studies have showed that a higher TyG index is associated with worse cardiovascular outcomes, none have discriminated the incremental prognostic
value of TyG index in terms of hard clinical endpoints. Our study implied that the use of TyG index may refine the risk stratification of cardiovascular risk.
Routinely introducing TyG index into clinical practice could more accurately identify patients with higher cardiovascular risk, and therefore a more rational
treatment or preventing strategy could be provided.
The exact mechanisms accounting for the association between TyG index and CVEs remain unclear. As a reliable maker of severity of IR, the proatherogenic
property may partly account for the association [35, 36]. In the present study, TyG index levels were positively associated with BMI, HbA1c and uric acid, and
were negatively associated with HDL-C and eGFR, suggesting that the observed association between TyG index and poor prognosis may be explained by the
presence of cardiovascular risk factors. Consistent with previous studies [17, 37], TyG index was positively associated with the severity of coronary disease,
suggesting that a difference in the extent of coronary atherosclerosis may contribute to the graded TyG index-MACE relationship. In addition, TyG index has
been shown to be correlated with micro- and macrovascular damage, such as arterial stiffness, nephric microvascular damage, cardiac autonomic neuropathy,
and cerebrovascular disease [38–40], all these conditions known to increase the risk of adverse CVEs. Nevertheless, in the present study, patients with higher
TyG index were younger and less likely to have PCI history and prior MI. Therefore, more efforts need to be made to elucidate the exact mechanism on the
association between TyG index and CVEs.

Study Limitations
The present study has several potential limitations. First, as the present study was a single-center retrospective study, it is difficult to exclude influence from
unmeasured and residual confounding factors. Second, FPG and triglyceride levels were only measured at the baseline.
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The levels of FPG and triglyceride might change during follow-up; therefore, it is unknown whether the change of TyG index could predict cardiovascular
outcomes. Third, our research did not include HOMA-IR index. Further study on the comparison of the predictive value of TyG index and HOMA-IR needs to be
explored. We also did not compare the predictive value of TyG index and HbA1c because only the predictive value of TyG index kept significant when the two
variables were in the same model. Fourth, the study was based on Chinese patients; therefore, these results require replications in other ethnic cohorts. Finally,
we did not observe significant differences in secondary end points among the TyG index tertiles, which may be attributed to secondary prevention; these
treatments may affect the impact of TyG index on MACE. Despite these limitations, the presents study has important clinical implication because it is the first
research to investigate the association between TyG index and cardiovascular risk in patients with established diabetes and ACS.

Conclusion
In conclusion, a high TyG index was independently associated with an increased risk of recurrent CVEs in patients with diabetes and ACS. Adding TyG index to
the basic model provided has incremental prognostic value for prediction of MACE. These findings suggested that TyG index may be a useful marker for risk
stratification and prognosis in patients with diabetes and ACS.

Abbreviations
CAD
coronary artery disease; ACS:acute coronary syndrome; CVEs:cardiovascular events ;TyG index:Triglyceride-glucose index; IR:insulin resistance; HOMAIR:homeostasis model assessment of IR; CVD:cardiovascular disease; FBG:fasting blood glucose; UAP:unstable angina pectoris; NSTEMI:non-ST-segment
elevation myocardial infarction; STEMI:ST-segment elevation myocardial infarction; MI:myocardial infarction; PCI:percutaneous coronary intervention;
CABG:coronary artery bypass graft; SBP:systolic blood pressure; DBP:diastolic blood pressure; HR:heart rate; LVEF:left ventricle eject fraction;
HbA1c:Hemoglobin A1c;TC:total cholesterol; TG:triglyceride; LDL-C:low density lipoprotein-C; HDL-C:high density lipoprotein-C; hs-CRP:high-sensitivity Creactive protein; NT-proBNP:N-terminal proB-type natriuretic peptide; eGFR:estimated glomerular filtration rate ; BMI:Body mass index; MACE:major adverse
cardiovascular event; NRI:net reclassification improvement; IDI:integrated discrimination improvement; ROC:receiver operating characteristic; AUCs:area under
the receiver operating characteristic curves.

Declarations
Acknowledgements
We thank all the investigators and subjects who participated in this project

Authors’ contributions
LW, HLC and JXZ participated in the study design. LW, YCH, AW, YYZ, HY, LBR, WQ, RZ and JHX participated in data collection. LW, HY and LBR performed the
statistical analysis. LW drafted the article.

Funding
This study was supported by Tianjin Science and Technology Committee (15ZXHLSY00320, 16ZXMJSY00140 and 17ZXMFSY00020).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by our local ethical committee. No informed consent was required.

Consent for publication
Not applicable.

Competing interests

Page 5/9

The authors declare that they have no competing interests.

References
1. Norhammar A, Malmberg K, Diderholm E, Lagerqvist B, Lindahl B, Rydén L, Wallentin L. Diabetes mellitus: the major risk factor in unstable coronary
artery disease even after consideration of the extent of coronary artery disease and benefits of revascularization. J Am Coll Cardiol. 2004;43(4): 585-91.
2. Zhou M, Liu J, Hao Y, Liu J, Huo Y, Smith SC, Ge J, Ma C, Han Y, Fonarow GC, Taubert KA, Morgan L, Yang N, Xing Y, Zhao D, CCC-ACS Investigators.
Prevalence and in-hospital outcomes of diabetes among patients with acute coronary syndrome in China: findings from the Improving Care for
Cardiovascular Disease in China-Acute Coronary Syndrome Project. Cardiovasc Diabetol. 2018; 17(1):147.
3. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, Neumann FJ, Ardissino D, De Servi S, Murphy SA, Riesmeyer J, Weerakkody G,
Gibson CM, Antman EM; TRITONTIMI 38 Investigators. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J Med.
2007;357(20):2001-15.
4. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, Darius H, Lewis BS, Ophuis TO, Jukema JW, De Ferrari GM, Ruzyllo W, De
Lucca P, Im K, Bohula EA, Reist C, Wiviott SD, Tershakovec AM, Musliner TA, Braunwald E, Califf RM, IMPROVE-IT Investigators,. Ezetimibe added to
statin therapy after acute coronary syndromes. N Engl J Med. 2015;372(25): 2387-97.
5. Du T, Yuan G, Zhang M, Zhou X, Sun X, Yu X. Clinical usefulness of lipid ratios, visceral adiposity indicators, and the triglycerides and glucose index as
risk markers of insulin resistance. Cardiovasc Diabetol. 2014; 13:146
6. Navarro-Gonzalez D, Sanchez-Inigo L, Pastrana-Delgado J, Fernandez Montero A, Martinez JA. Triglyceride-glucose index (TyG index) in comparison with
fasting plasma glucose improved diabetes prediction in patients with normal fasting glucose: the vascular-metabolic CUN cohort. Prev Med. 2016; 86:99–
105.
7. Ana Carolina Junqueira Vasques, Fernanda Satake Novaes, Maria da Sau´ de de Oliveira, Jose´ Roberto Matos Souza, Ademar Yamanaka, Jose´ Carlos
Pareja, Marcos Antonio Tambascia, Ma´ rio Jose´ Abdalla Saad, Bruno Geloneze. TyG index performs better than HOMA in a Brazilian population: A
hyperglycemic clamp validated study. Diabetes Res. Clin. Pract. 2011; 93(3): e98–100.
8. Lee SH, Kwon HS, Park YM, Ha HS, Jeong SH, Yang HK, Lee JH, Yim HW, Kang MI, Lee WC, Son HY, Yoon KH. Predicting the development of diabetes
using the product of triglycerides and glucose: the Chungju Metabolic Disease Cohort (CMC) study. PLoS ONE. 2014;9(2): e9043.
9. Da SA, Caldas A, Hermsdorf H, et al. Triglyceride-glucose index is associated with symptomatic coronary artery disease in patients in secondary care.
Cardiovasc Diabetol. 2019;18(1):89.
10. Irace C, Carallo C, Scavelli FB, De Franceschi MS, Esposito T, Tripolino C, Gnasso A. Markers of insulin resistance and carotid atherosclerosis. A
comparison of the homeostasis model assessment and triglyceride glucose index. Int J Clin Pract. 2013; 67:665–72.
11. Jian S, Su-Mei N, Xue C, Jie Z, Xue-sen W. Association and interaction between triglyceride–glucose index and obesity on risk of hypertension in middleaged and elderly adults. Clin Exp Hypertens. 2017; 39:732–9.
12. Angoorani P, Heshmat R, Ejtahed HS, Motlagh ME, Ziaodini H, Taheri M, Aminaee T, Goodarzi A, Qorbani M, Kelishadi R. Validity of triglycerideglucose
index as an indicator for metabolic syndrome in children and adolescents: the CASPIAN-V study. Eat Weight Disord. 2018; 23:877–83.
13. Lee SB, Ahn CW, Lee BK, Kang S, Nam JS, You JH, et al. Association between triglyceride glucose index and arterial stifness in Korean adults. Cardiovasc
Diabetol. 2018; 17:41.
14. Lambrinoudaki I, Kazani MV, Armeni E, Georgiopoulos G, Tampakis K, Rizos D, et al. The TyG index as a marker of subclinical atherosclerosis and arterial
stifness in lean and overweight postmenopausal women. Hear Lung Circ. 2018; 27:716–24.
15. Park K, Ahn CW, Lee SB, Kang S, Nam JS, Lee BK, Kim JH, Park JS. Elevated TyG Index Predicts Progression of Coronary Artery Calcification. Diabetes
Care. 2019;42(8):1569-73.
16. Jin JL, Cao YX, Wu LG, You XD, Guo YL, Wu NQ, Zhu CG, Gao Y, Dong QT, Zhang HW, Sun D, Liu G, Dong Q, Li JJ. Triglyceride glucose index for predicting
cardiovascular outcomes in patients with coronary artery disease. J Thorac Dis. 2018; 10(11):6137-46.
17. Mao Q, Zhou D, Li Y, Wang Y, Xu SC, Zhao XH. The Triglyceride-Glucose Index Predicts Coronary Artery Disease Severity and Cardiovascular Outcomes in
Patients with Non-ST-Segment Elevation Acute Coronary Syndrome. Dis. Markers. 2019;2019, 6891537.
18. Luo E, Wang D, Yan G, Qiao Y, Liu B, Hou J, Tang C. High triglyceride–glucose index is associated with poor prognosis in patients with acute ST-elevation
myocardial infarction after percutaneous coronary intervention. Cardiovasc Diabetol. 2019;18(1):150.
19. Jin JL, Sun D, Cao YX, Guo YL, Wu NQ, Zhu CG, Gao Y, Dong QT, Zhang HW, Liu G, Dong Q, Li JJ. Triglyceride glucose and hemoglobin glycation index for
predicting outcomes in diabetes patients with new-onset, stable coronary artery disease: a nested case-control study. Ann. Med. 2018; 50(7).
20. Sanchez-Inigo L, Navarro-Gonzalez D, Fernandez-Montero A, Pastrana-Delgado J, Martinez JA. The TyG index may predict the development of
cardiovascular events. Eur J Clin Invest. 2016; 46(2): 1:189–97.
21. Li S, Guo B, Chen H, Shi Z, Li Y, Tian Q, Shi S. The role of the triglyceride (triacylglycerol) glucose index in the development of cardiovascular events: a
retrospective cohort analysis. Sci Rep. 2019;9(1):7320.
22. Chamroonkiadtikun P, Ananchaisarp T, Wanichanon W. The triglyceride-glucose index, a predictor of type 2 diabetes development: A retrospective cohort
study. Prim Care Diabetes. 2019.
23. Navarro-González, D.; Sánchez-Íñigo, L.; Pastrana-Delgado, J.; Fernández-Montero, A.; Martinez, J.A. Triglyceride-glucose index (TyG index) in comparison
with fasting plasma glucose improved diabetes prediction in patients with normal fasting glucose: The Vascular-Metabolic CUN cohort. Prev Med.
2016;86, 99-105.
Page 6/9

24. Low S, Khoo KCJ, Irwan B, Sum CF, Subramaniam T, Lim SC, Wong TKM. The role of triglyceride glucose index in development of Type 2 diabetes
mellitus. Diabetes Res. Clin. Pract. 2018; 143(9):43-49.
25. Lee SH, Kwon HS, Park YM, Ha HS, Jeong SH, Yang HK, Lee JH, Yim HW, Kang MI, Lee WC, Son HY, Yoon KH. Predicting the development of diabetes
using the product of triglycerides and glucose: the Chungju Metabolic Disease Cohort (CMC) study. PLoS ONE. 2014;9(2): e90430.
26. Laakso M, Kuusisto J. Insulin resistance and hyperglycaemia in cardiovascular disease development. Nat Rev Endocrinol. 2014; 10(5):293-02.
27. Nishimura M, Tokoro T, Nishida M, Hashimoto T, Kobayashi H, Yamazaki S, Imai R, Okino K, Takahashi H, Ono T. Association of insulin resistance with de
novo coronary stenosis after percutaneous coronary artery intervention in hemodialysis patients. Nephron Clin Pract. 2008;109(1):c9–c17.
28. Uetani T, Amano T, Harada K, Kitagawa K, Kunimura A, Shimbo Y, Harada K, Yoshida T, Kato B, Kato M, Marui N, Nanki M, Hotta N, Ishii H, Matsubara T,
Murohara T. Impact of insulin resistance on post-procedural myocardial injury and clinical outcomes in patients who underwent elective coronary
interventions with drug-eluting stents. JACC Cardiovasc Interv. 2012;5(11): 1159-67.
29. Robins SJ, Rubins HB, Faas FH, Schaefer EJ, Elam MB, Anderson JW, Collins D, Veterans Affairs HDL Intervention Trial (VA-HIT). Insulin resistance and
cardiovascular events with low HDL cholesterol: the Veterans Afairs HDL Intervention Trial (VA-HIT). Diabetes Care 26.2003; 26(5): 1513–17.
30. Bonora E, Formentini G, Calcaterra F, Lombardi S, Marini F, Zenari L, Saggiani F, Poli M, Perbellini S, Raffaelli A, Cacciatori V, Santi L, Targher G,
Bonadonna R, Muggeo M. HOMA-estimated insulin resistance is an independent predictor of cardiovascular disease in type 2 diabetic subjects:
prospective data from the Verona Diabetes Complications Study. Diabetes Care 25.2002; 25(7) :1135-41.
31. Adler AI, Levy JC, Matthews DR, Stratton IM, Hines G, Holman RR. Insulin sensitivity at diagnosis of type 2 diabetes is not associated with subsequent
cardiovascular disease (UKPDS 67). Diabet. Med.2005; 22(3): 306-11.
32. Stähli BE, Nozza A, Schrieks IC, Buse JB, Malmberg K, Mellbin L, Neal B, Nicholls SJ, Rydén L, Svensson A, Wedel H, Weichert A, Lincoff AM, Grobbee DE, Ta
Homeostasis Model Assessment of Insulin Resistance and Survival in Patients with Diabetes and Acute Coronary Syndrome. J. Clin. Endocrinol. Metab.
2018; 103(7):2522-33.
33. Su WY, Chen SC, Huang YT, Huang JC, Wu PY, Hsu WH, Lee MY. Comparison of the Effects of Fasting Glucose, Hemoglobin A1c, and Triglyceride–Glucose
Index on Cardiovascular Events in Type 2 Diabetes Mellitus.Nutrients.2019;11(11):2838.
34. Cho YR, Ann SH, Won KB, Park GM, Kim YG, Yang DH, Kang JW, Lim TH, Kim HK, Choe J, Lee SW, Kim YH, Kim SJ, Lee SG. Association between insulin
resistance, hyperglycemia, and coronary artery disease according to the presence of diabetes. Sci Rep. 2019; 9(1):6129.
35. Iguchi T, Hasegawa T, Otsuka K, Matsumoto K, Yamazaki T, Nishimura S, Nakata S, Ehara S, Kataoka T, Shimada K, Yoshiyama M. Insulin resistance is
associated with coronary plaque vulnerability: insight from optical coherence tomography analysis. Eur Heart J Cardiovasc Imaging. 2014;15(3):284-91.
36. An X, Yu D, Zhang R, Zhu J, Du R, Shi Y, Xiong X. Insulin resistance predicts progression of de novo atherosclerotic plaques in patients with coronary heart
disease: a one-year follow-up study. Cardiovasc Diabetol. 2012;11(1):71.
37. Lee EY, Yang HK, Lee J, Kang B, Yang Y, Lee SH, Ko SH, Ahn YB, Cha BY, Yoon KH, Cho JH. Triglyceride glucose index, a marker of insulin resistance, is
associated with coronary artery stenosis in asymptomatic subjects with type 2 diabetes. Lipids Health Dis. 2016; 15(1):155.
38. Shang J, Yu D, Cai Y, Wang Z, Zhao B, Zhao Z, Simmons D. The triglyceride glucose index can predict newly diagnosed biopsy-proven diabetic
nephropathy in type 2 diabetes: A nested case control study. Medicine .2019; 98(46).
39. Chiu H, Tsai HJ, Huang JC, Wu PY, Hsu WH, Lee MY, Chen SC. Associations between Triglyceride-Glucose Index and Micro- and Macro-angiopathies in
Type 2 Diabetes Mellitus.Nutrients.2020;12(2):328.
40. Zhao S, Yu S, Chi C, Fan X, Tang J, Ji H, Teliewubai J, Zhang Y, Xu Y. Association between macro- and microvascular damage and the triglyceride glucose
index in community-dwelling elderly individuals: the Northern Shanghai Study. Cardiovasc Diabetol. 2019;18(1):95.

Tables
Table 1 Baseline characteristics of 3 groups
Variable
TyG index
Age, years
Male
Duration of diabetes, years
Newly diagnosed diabetes
Smoker
Hypertension
Family history
Previous MI
Previous PCI
Previous CABG
Previous stroke
BMI, kg/m2
SBP, mmHg
DBP, mmHg
HR, bpm
LVEF
GRACE score
Clinical presentation
UAP
NSTEMI
STEMI
Left main disease
Multi-vessel disease
Treatment strategy
Intensive medicine
PCI

Tertile 1 (n=844)
8.467±0.293
67.2±6.9
519(61.5)
10.2±8.0
47(5.6)
338(40.0)
627(74.3)
101(12.0)
119(14.1)
193(22.9)
44(5.2)
138(16.4)
25.4±2.7
134.9±11.8
74.0±10.4
72.9±12.2
58±8
135(129-140)

Tertile 2 (n=843)
9.114±0.152
66.2±6.7
446(52.9)
9.3±7.3
53(6.3)
323(38.3)
656(77.8)
93(11.0)
95(11.3)
156(18.5)
29(3.4)
187(22.2)
25.9±2.7
135.8±12.0
74.8±10.6
73.6±12.1
58±8
135(130-141)

Tertile 3 (n=844)
9.841±0.403
65.6±6.8
450(53.3)
10.0±7.7
57(6.8)
338(40.4)
661(78.3)
77(9.1)
94(11.1)
149(17.7)
29(3.4)
190(22.5)
26.4±3.3
136.9±11.4
75.9±10.1
74.9±11.5
57±9
136(131-142)

692(82.0)
73(8.6)
79(9.4)
82(9.7)
658(78.0)

672(79.7)
86(10.2)
85(10.1)
94(11.2)
689(81.7)

654(77.5)
91(10.8)
99(11.7)
87(10.3)
697(82.5)

310(36.7)
436(51.7)

249(29.5)
497(59.0)

241(28.6)
514(60.9)
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P value
<0.001
<0.001
<0.001
0.030
0.596
0.703
0.102
0.157
0.110
0.015
0.101
0.002
<0.001
0.003
0.001
0.003
0.294
<0.001
0.236

0.624
0.037
0.001

Table 1 (continued)
Variable
CABG
Laboratory findings
Hemoglobin, g/dl
FBG, mmol/L,
HbA1c, %
TC, mmol/L
TG, mmol/L
LDL-C, mmol/L
HDL-C, mmol/L
Uric acid, umol/L
hs-CRP, mg/L
NT-proBNP, pg/ml
eGFR, mL/min
Medications at discharge
Aspirin
Clopidogrel/Ticagrelor
β-blocker
ACEI/ARB
Statin
CCB
Nitrate
Insulin

Tertile 1 (n=844)
98(11.6)

Tertile 2 (n=843)
97(11.5)

Tertile 3 (n=844)
89(10.5)

P value

132.1±15.8
7.7±2.8
7.5±1.4
4.40±1.21
1.50(1.11-2.04)
2.88±1.05
1.10±0.32
305.4±78.4
1.89(0.83-4.61)
108.1(49.7-278.6)
97.8±20.8

133.0±15.4
7.9±2.8
7.6±1.4
4.46±1.06
1.53(1.12-2.07)
2.92±0.93
1.08±0.29
306.4±88.2
1.64(0.71-4.78)
117.8(85.6-170.7)
96.2±23.7

132.5±15.3
8.4±3.4
7.8±1.4
4.39±1.10
1.54(1.11-2.15)
2.90±0.95
1.02±0.28
325.5±106.1
1.85(0.79-4.63)
160.8(95.8-363.2)
85.5±24.6

0.490
<0.001
<0.001
0.367
0.699
0.759
<0.001
<0.001
0.325
<0.001
<0.001

817(96.8)
666(78.9)
513(60.8)
455(53.9)
802(95.0)
241(28.6)
478(56.6)
321(38.0)

811(96.2)
689(81.7)
545(64.7)
490(58.1)
807(95.7)
253(30.0)
459(54.4)
327(38.8)

814(96.4)
707(83.8)
586(69.4)
500(59.2)
797(94.4)
231(27.4)
453(53.7)
377(44.7)

0.799
0.036
0.001
0.066
0.468
0.485
0.447
0.010

Data are expressed as mean ± SD, medians with interquartile ranges or percentage.

TyG index triglyceride-glucose index, MI myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood
pressure, HR heart rate, LVEF left ventricle ejection fraction, GRACE Score Global Registry of Acute Coronary Events Score, UAP unstable angina pectoris, NSTEMI non-ST-segment elevation myocardial infarction,

STEMI ST-segment elevation myocardial infarction, FBG fasting blood glucose, HbA1c Hemoglobin A1c, TC total cholesterol, TG triglycerides, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, hs-CRP high-sensitivity C-reactive protein, NT-proBNP N-terminal proB-type natriuretic peptide, eGFR estimated glomerular filtration rate, ACEI angiotensin II coenzyme inhibitor, ARB angiotensin II receptor
blocker, CCB calcium channel blocker; SD, standard deviation.
Table 2 Univariate and multivariate liner regression analysis for TyG index
Variable
Age
Male
Smoker
Hypertension
BMI
HbA1c
LDL-C
HDL-C
Uric acid
hs-CRP
eGFR

β
-0.11
-0.096
0.019
0.016
0.051
0.041
0.001
-0.298
0.001
0.001
-0.008

Univariate
Standard β
-0.114
-0.075
0.015
0.010
0.235
0.090
0.002
-0.138
0.212
0.027
-0.295

P value
<0.001
<0.001
0.454
0.601
<0.001
<0.001
0.914
<0.001
<0.001
0.182
<0.001

β
-0.010
-0.114

Multivariate
Standard β
-0.106
-0.089

P value
<0.001
<0.001

0.046
0.030

0.209
0.065

<0.001
0.001

-0.202
0.001

-0.094
0.088

<0.001
<0.001

-0.006

-0.226

<0.001

BMI body mass index, HbA1c Hemoglobin A1c, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, hs-CRP high-sensitivity C-reactive protein, eGFR estimated glomerular filtration rate

Table 3 Baseline TyG index and Prediction of Cardiovascular Events
End point
All-cause death

Non-fatal MI

Non-fatal stroke

MACE

Baseline TyG index
Tertile 1
Tertile 2
Tertile 3
Tertile 1
Tertile 2
Tertile 3
Tertile 1
Tertile 2
Tertile 3
Tertile1
Tertile 2
Tertile 3

Events, n/Total
41/844
45/843
56/844
23/844
38/843
40/844
11/844
13/843
22/844
75/844
96/843
118/844

3-year Event Rate, %
4.86
5.34
6.64
2.73
4.51
4.74
1.30
1.54
2.61
8.89
11.39
13.98

Unadjusted HR (95%CI)
Ref.
1.114(0.730-1.701)
1.397(0.934-2.091)
Ref.
1.680(1.001-2.819)
1.782(1.067-2.976)
Ref.
1.200(0.538-2.679)
2.050(0.994-4.227)
Ref.
1.300(0.961-1.758)
1.611(1.206-2.152)

P for trend
0.238

0.067

0.101

0.005

Adjusted HR (95%CI)
Ref.
1.071(0.694-1.651)
1.266(0.828-1.936)
Ref.
1.591(0.939-2.697)
1.709(1.006-2.903)
Ref.
1.237(0.550-2.781)
2.065(0.983-4.341)
Ref.
1.267(0.932-1.723)
1.537(1.138-2.076)

P for trend
0.518

0.117

0.115

0.019

Adjusted variables were age, male, smoker, previous MI, previous CABG, BMI, AMI, LVEF, left main disease, multi-vessel disease, HbA1c, hs-CRP, statin, insulin.

MI myocardial infarction, MACE major adverse cardiovascular event, HR hazard ratio, CI confidential interval

Table 4 Univariate and multivariate Cox regression analysis for predicting MACE
Variables
TyG index
Age
Male
Smoker
Previous MI
Previous CABG
BMI
AMI
LVEF
Left main disease
Multi-vessel disease
HbA1c
hs-CRP
Statin
Insulin

HR
1.471
1.041
1.227
1.253
1.807
1.842
1.045
1.939
0.955
1.600
1.568
1.077
1.009
0.599
1.210

Univariate
95%CI
1.238-1.748
1.024-1.058
0.969-1.554
0.994-1.581
1.350-2.419
1.170-2.901
1.005-1.086
1.514-2.484
0.945-0.966
1.161-2.206
1.119-2.197
0.997-1.164
1.005-1.012
0.388-0.926
0.960-1.526

P value
<0.001
<0.001
0.089
0.056
<0.001
0.008
0.027
<0.001
<0.001
0.004
0.009
0.061
<0.001
0.021
0.107

HR
1.455
1.039

Multivariate
95%CI
1.208-1.753
1.022-1.057

P value
<0.001
<0.001

1.439

1.048-1.975

0.024

0.968

0.955-0.981

<0.001

1.004
0.578

1.000-1.008
0.371-0.901

0.031
0.015

TyG index triglyceride-glucose index, MI myocardial infarction, AMI acute myocardial infarction, LVEF left ventricle ejection fraction, HbA1c Hemoglobin A1c, hs-CRP high-sensitivity C-reactive protein, HR hazard ratio,
CI confidential interval
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Table5 Evaluation of Predictive Models for MACE
Established risk factors
Established risk factors+TyG index

C-Statistic
0.649(0.613-0.686)
0.677(0.644-0.711)

P value
Ref.
0.010

NRI (95%CI)
0.147(0.025-0.270)

P value
Ref.
0.019

IDI (95%CI)
0.090(0.004-0.014)

TyG index triglyceride-glucose index, MACE major adverse cardiovascular event, NRI net reclassification improvement, IDI integrated discrimination improvement

Figures

Figure 1
Kaplan-Meier survival curve for MACE（major adverse cardiovascular events） across TyG index tertiles.
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P value
Ref.
0.001

