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Objective: We aimed to investigate the prognostic value of the triglyceride-glucose (TyG) index combined the with Global Registry 
of Acute Coronary Events (GRACE) score in adult acute coronary syndrome (ACS) patients with type 2 diabetes mellitus (T2DM) 
who underwent percutaneous coronary intervention (PCI).
Methods: The study enrolled total 899 ACS patients with T2DM who underwent PCI. TyG index and the GRACE risk score were 
calculated and assessed by median. The correlation was analyzed by Spearman’s rank correlation coefficient. The cumulative major 
adverse cardiovascular event (MACE) curve was generated using the Kaplan–Meier method. Multivariate Cox regression was used to 
identify predictors of MACEs. Additionally, the receiver operating characteristic curve (ROC), net reclassification index (NRI) and 
Integrated Discrimination Improvement (IDI) were applied to analyze the performance of each single factor index and combined 
multivariate index in predicting MACE.
Results: In the ACS patients with T2DM after PCI, there were significant differences in the TyG index and GRACE risk score 
between the MACE group and the MACE-free group (P < 0.001). Kaplan–Meier analysis showed that the TyG index combined with 
the GRACE risk score was positively correlated with the occurrence of MACEs (log rank P < 0.001). Multivariate Cox regression 
analyses showed that the TyG index, the GRACE risk score, and the TyG index combined with the GRACE risk score were 
independent predictors of long-term MACEs (adjusted HR: 1.805; 95% CI: 1.479–2.203, P < 0.001; adjusted HR: 1.012; 95% CI: 
1.009–1.016, P < 0.001; and adjusted HR: 2.337; 95% CI: 1.805–3.025, P < 0.001, respectively). Correlation analysis indicated that 
the TyG index was positively correlated with the GRACE risk score (R = 0.140, P < 0.001). The analysis of AUC, NRI and IDI 
revealed that the combined multivariate index performed better prognostic role than each single factor index in predicting the 
occurrence of MACE.
Conclusion: Both the GRACE risk score and the TyG index could be significant and independent predictors of clinical outcomes in 
ACS patients with T2DM after PCI. A combination of them could be enhanced predictions of clinical outcomes in these patients.
Keywords: triglyceride-glucose index, GRACE risk score, predictive biomarker, acute coronary syndrome, type 2 diabetes mellitus, 
percutaneous coronary intervention

Introduction
Cardiovascular disease (CVD), especially coronary artery disease (CAD), is the leading cause of death worldwide. 
According to the World Health Organization, the number of cardiovascular disease-related deaths worldwide increased 
from 12.1 million in 1990 to 18.6 million in 2019.1 Acute coronary syndrome (ACS), as a complex CAD lesion, is 
characterized by high mortality and disability rates.2
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Diabetes mellitus (DM), especially type 2 DM (T2DM), is one of the most important risk factors for the development 
and aggravation of CVD,3 particularly CAD. DM is present in almost one-third of ACS patients, and patients with DM 
tend to present with more complex coronary lesions.4 Furthermore, ACS patients with DM are associated with worse 
clinical outcomes such as higher all-cause mortality. Not only are the mortality rates higher in patients with DM than in 
their non-DM counterparts, but repeat revascularization, stroke, and myocardial infarction are also more common during 
follow-up. Therefore, there is an urgent need to improve the management of patients with ACS-T2DM, and by 
monitoring prognostic markers, long-term clinical outcomes can be improved. At present, abnormal blood lipid 
metabolism and insulin resistance (IR) induced by T2DM have been reported to reduce plaque stability in atherosclerosis 
patients, which in turn affects the pathological process of diabetes.5 The triglyceride-glucose (TyG) index, a simple 
surrogate estimate of IR,6 has been demonstrated to predict CVD morbidity and mortality in the general population and 
many patient cohorts. Studies have shown that elevated TyG index levels are a significant predictor of adverse 
cardiovascular events in non-diabetic patients diagnosed with NSTE-ACS and undergoing elective PCI.7 Guo et al 
showed that the TyG index was closely associated with the risk of developing MACCE in ACS patients with T2DM.8

The Global Registry of Acute Coronary Events (GRACE) score has been widely applied as a predictor of prognosis in 
ACS patients. Moreover, the GRACE risk score has increased consistency in the investigation and management of ACS 
patients in multiple cohorts.9 Although the GRACE risk score has been validated, the score does not include the 
measurement of important biomarkers.10

However, to the best of our knowledge, the predictive value of the TyG index and the GRACE risk score, either 
separately or combined, for major adverse cardiac events (MACEs) in patients with ACS and T2DM undergoing 
percutaneous coronary intervention (PCI) and the potential incremental prognostic value of TyG index combined with 
GRACE risk score has not been determined.

Methods
Design and Study Population
The study is a single-center, retrospective, observational cohort study of T2DM patients with ACS undergoing PCI 
for the first time in the First Affiliated Hospital of Zhengzhou University between December 2017 and December 
2020.

ACS was defined as a clinical phenotype with at least one coronary heart disease, including non-ST-elevation 
myocardial infarction, ST-elevation myocardial infarction, and unstable angina.11 PCI was performed using standard 
techniques after qualitative and quantitative coronary angiographic analyses. All procedural decisions, including device 
selection and adjunctive pharmacotherapy, were made at the discretion of experienced interventional cardiologists 
according to the 2007 focused update of the ACC/AHA/SCAI 2005 guideline for PCI. Patients with T2DM were 
diagnosed based on Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2018. Diagnostic 
criteria included the following: (1) self-reported diabetes, previously diagnosed by a doctor; (2) active use of 
hypoglycemic drugs for treatment; (3) fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/L), two-hour plasma glucose 
≥ 200 mg/dL (11.1 mmol/L) in the oral glucose tolerance test, or HbA1c ≥ 6.5%.12

Exclusion criteria of patients included the following: (1) age < 18 years; (2) hyperthyroidism, anemia, or any other 
high-intensity heart disease; (3) hypertrophic cardiomyopathy; (4) pulmonary heart disease; (5) congenital heart disease; 
(6) autoimmune disease; (7) malignancy; and (8) patients with incomplete clinical records.

Initially, 950 patients were enrolled. However, 51 patients were lost to follow-up. As a result, 899 patients were 
enrolled. The study was conducted in accordance with the Declaration of Helsinki and the study protocol was approved 
by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University. Additionally,the writtern/oral informed 
consent was also obtained by us from the participants. Details of the study design are available at http://www.chictr.org 
(identifier: ChiCTR-2200055450). Follow-up data were obtained by consulting medical records and/or conducting 
telephone interviews. The study flow chart is shown in Figure 1.
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Clinical and Demographic Characteristics
Blood samples were collected from patients within 24 hours of admission and before PCI. Clinical and demographic 
characteristics including age, gender, history of hypertension and T2DM, smoking status, alcohol consumption, and 
history of medication were collected from medical records. The left ventricular ejection fraction (LVEF) and laboratory 
data were recorded, including fasting blood glucose (FBG), glycated hemoglobin, urea and uric acid, total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglyceride (TG) 
levels, NT-pro BNP, fibrinogen, complete blood count, and white blood cell (WBC) count. The data of GRACE risk score 
items were recorded on admission. The score is derived from several variables, including age, systolic blood pressure, 
heart rate, ST-segment depression, cardiac function classification, creatinine level, cardiac arrest, and cardiac enzyme/ 
marker levels at admission.

Calculation of GRACE Risk Score
The GRACE risk score was calculated using the GRACE risk score website (https://www.mdcalc.com/GRACE-acs-risk- 
mortality-calculator#evidence).

Calculation of TyG Index
The TyG index was calculated from admission fasting glucose and blood lipid levels using the following formula:

TyG index ¼ Ln TG mg=dLð Þ � FBG mg=dLð Þ=2½ �:

Division of Patient Groups
The patients were divided into four groups according to the median GRACE risk score (Groups Q1 and Q2, GRACE risk 
score < 116; Groups Q3 and Q4, GRACE risk score ≥ 116) and TyG index (Groups Q1 and Q3, TyG index < 9.872; 

Figure 1 The flow chart of participants inclusion.
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Groups Q2 and Q4, TyG index ≥ 9.872). In Group Q1 (low TyG index + low GRACE risk score), n = 235; in Group Q2 
(high TyG index + low GRACE risk score), n = 202; in Group Q3 (low TyG index + high GRACE risk score), n = 213; 
and in Group Q4 (high TyG index + high GRACE risk score), n = 249. Subsequently, the patients were divided into the 
MACE group (n = 262) and the non-MACE group (n = 637) according to if the patient presented MACEs during the 
follow-up period.

Clinical Endpoint and Follow-Up
All-cause death, malignant arrhythmia, non-fatal myocardial infarction, target vessel reconstruction, angina pectoris 
requiring hospitalization, and acute heart failure were defined as MACEs. All patients were followed up by telephone, 
email, or outpatient clinic visits. If the patients presented with MACEs, the follow-up would be endorsed. Otherwise, the 
patients would be followed up until the study was terminated.

Statistical Analysis
All analyses were performed using SPSS 26.0 for Windows (SPSS Inc., Chicago, IL, USA) and R software (Version 4.0.2; 
https://www.r-project.org). The Kolmogorov–Smirnov test was used to assess the normal distribution of quantitative 
variables. Continuous data are presented as the mean ± standard deviation, and the differences between normally distributed 
numeric variables were analyzed by Student’s t-test and analysis of variance, while non-normally distributed variables were 
analyzed by the Mann–Whitney U-test. Categorical variables are presented as percentages and were compared using the 
Chi-square (χ2) test. Pearson correlation coefficient analysis was used to explore the correlation between the TyG index and 
the GRACE risk score. Multivariate Cox regression analysis was used to test the predictive value of prognosis during 
follow-up. To construct the Cox model, univariate models for each of the predictor variables were run. Collinearity analysis 
was used to explore the variables significantly associated with MACEs, excluding those with a variance inflation factor 
(VIF) ≥ 5, and those variables that were significant (P < 0.05) in our univariate Cox models were then simultaneously 
entered into a multivariable Cox model. The hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. We 
used Kaplan–Meier analysis to calculate the cumulative incidence of long-term outcomes, with the Log rank test for 
comparisons between groups. P < 0.05 was considered significant. Receiver operating characteristic (ROC) curves were 
generated to analyze the prognostic value of risk factors. By comparing the ROC curve areas, the diagnostic effect was 
proved to be better. The reclassification improvement index (NRI) and the integrated discriminant improvement index (IDI) 
were used to analyze whether the TyG index combined with the GRACE risk score improved the diagnostic ability and 
clinical benefit compared with the single model.

Results
Baseline Clinical Characteristics of Patients
This study included 899 patients with T2DM and ACS who underwent primary PCI with a median follow-up of 23 
months (range 1–36 months). The clinical, echocardiographic, and laboratory data of the study population are shown in 
Table 1. There was no statistically significant difference in the application of drugs among the four groups of patients 
except for SGLT2 drugs and α-glucosidase inhibitors. Patients in Group Q4 were significantly older, and in Group Q4, 
the GRACE risk score, TyG index, WBC count, neutrophil count, TC, TG, HbA1c, FBG, Creatinine, fibrinogen, NT-pro 
BNP and cardiac enzymes were higher, and there were more daily smokers and daily drinkers. In Group Q4, systolic 
blood pressure (SBP) (on admission), diastolic blood pressure (DBP)(on admission), LVEF was lower than in Group Q1.

Clinical Characteristics of Patients with and without MACEs
In the present study, a total of 262 (29.14%) patients developed MACEs, as a composite endpoint including 44 cases of 
all-cause death (4.89%); 19 cases (2.11%) of malignant arrhythmia; 192 cases of re-hospitalization for angina pectoris 
(21.40%), of which 148 cases (16.46%) of target vessel reconstruction; and 28 cases (3.11%) of acute heart failure. 
Notably, Mace patients were older, had longer duration of diabetes, and had a higher proportion of hypertensive patients. 
Moreover, in the MACEs group, the WBC count, neutrophil count, TG, FBG, Creatinine, fibrinogen, NT-pro BNP, 
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GRACE risk score, and TyG index were higher compared to the MACE-free group. In addition, the LVEF was lower in 
the MACE group, and the history of OAD + insulin use was shorter (Table 2).

Risk Factor Analysis for the Occurrence of MACEs
We aimed to identify independent predictors of MACEs. Cox proportional hazards analysis was used to construct model 
1 and model 2 to predict the risk factors of MACE after primary PCI for T2DM patients with ACS (Table 3).

Univariate analysis showed that TG (HR: 1.139; 95% CI: 1.024–1.266, P = 0.016), FBG (HR: 1.121; 95% CI: 1.095– 
1.149, P < 0.001), Creatinine (HR: 1.002; 95% CI: 1.001–1.003, P < 0.001), WBC (HR: 1.136; 95% CI: 1.084–1.189, P 
< 0.001), neutrophil count (HR: 1.119; 95% CI: 1.075–1.164, P < 0.001), fibrinogen (HR: 1.326; 95% CI: 1.167–1.508, P 
< 0.001), LVEF (HR: 0.962; 95% CI: 0.948–0.978, P < 0.001), duration of diabetes (years) (HR: 1.027; 95% CI: 1.009– 

Table 1 Clinical and Laboratory Characteristics of Enrolled Patients According to the Expression of TyG Index and Grace Risk Score

Characteristics Low TyG Index + Low 
Grace Risk Score 
(Group Q1 n=235)

High TyG Index + Low 
Grace Risk Score 

(Group Q2 n=202)

Low TyG Index + High 
Grace Risk Score 
(Group Q3 n=213)

High TyG Index + High 
Grace Risk Score 

(Group Q4 n=249)

p

Age (years) 56.45±8.88 54.61±9.38 65.19±8.69 62.89±10.30 <0.001

Gender

Male, n(%) 156(66.4) 131(64.9) 144(67.6) 152(61.0) 0.469

Duration of diabetes (years) 5(2–10) 5(2–9) 6(3–10) 7(5–10) <0.001

Laboratory parameters

WBC, 109/L 7.70±1.94 7.34±2.31 7.19±2.12 8.42±2.48 <0.001

Neut, 109/L 4.02(3.06–5.12) 4.26(3.47–5.81) 4.35(3.36–5.72) 5.33(4.02–7.88) <0.001

Lymph, 109/L 1.77(1.44–2.17) 1.88(1.55–2.20) 1.74(1.41–2.18) 1.87(1.44–2.21) 0.273

TC (mmol/L) 3.26±0.97 4.06±1.09 3.53±1.31 4.04±1.24 <0.001

TG (mmol/L) 1.21(0.95–1.50) 2.09(1.68–2.97) 1.03(0.83–1.40) 1.84(1.53–2.41) <0.001

HDL-C (mmol/L) 1.00±0.23 0.95±0.21 1.06±0.26 0.99±0.25 <0.001

LDL-C (mmol/L) 1.28(1.28–2.26) 2.23(1.61–2.90) 1.91(1.42–2.57) 2.23(1.77–2.95) 0.031

HbA1c (%) 7.40±1.31 8.30±1.67 7.54±1.41 8.17±1.70 <0.001

FBG (mmol/L) 6.14(5.24–7.25) 8.92(7.34–11.61) 7.30(6.07–8.72) 9.82(7.97–12.80) <0.001

Creatinine (μmol/L) 67.00(59.50–74.00) 63.50(55.53–74.15) 70.00(61.00–82.00) 71.00(60.30–91.00) <0.001

Fibrinogen (g/L) 3.01±0.63 3.11±0.79 3.26±0.87 3.36±1.00 <0.001

NT-pro BNP 137.00(60.00–350.15) 153.89(59.39–406.1) 456.00(134.94–1386.00) 680.44(195.5–2077.5) <0.001

LVEF (%) 63(61–64) 62(60–64) 61(55–63) 61(55–63) <0.001

Daily smokers, n(%) 82(34.9) 74(36.6) 103(48.4) 107(43.0) 0.016

Daily drinkers,n(%) 79(33.6) 63(31.2) 99(46.5) 100(37.9) 0.005

Medication

Beta-blocker,n(%) 178(75.7) 169(83.7) 160(75.1) 188(75.5) 0.110

Statin,n(%) 224(95.3) 195(96.5) 206(96.7) 243(97.6) 0.594

OADs,n(%) 175(74.5) 138(68.2) 147(69.0) 175(70.3) 0.480

SGLT2 inhibitor,n(%) 72(30.6) 66(32.7) 44(20.7) 52(20.9) 0.003

α-glucosidase inhibitor,n(%) 80(34.0) 72(35.6) 49(23.0) 74(29.7) 0.022

Metformin,n(%) 122(51.9) 97(48.0) 117(54.9) 125(50.2) 0.542

Insulin,n(%) 46(19.6) 41(20.3) 54(25.4) 71(28.5) 0.071

OADs+insulin,n(%) 24(10.2) 22(10.9) 30(14.1) 42(16.9) 0.119

Heart rate (bpm) 74.81±10.06 74.62±10.28 75.86±12.91 77.00±14.21 0.124

Hypertension, n(%) 154(65.5) 127(62.9) 124(58.2) 152(61.0) <0.001

SBP (mmHg) 134.00(122.00–143.00) 131.00(117.00–139.00) 129.00(124.00–145.00) 126.00(120.00–140.00) <0.001

DBP (mmHg) 79.00(75.00–85.00) 80.00(77.00–85.00) 76.00(72.00–83.00) 76.00(74.00–84.00) <0.001

Elevated cardiac enzymes 114(48.5) 102(50.5) 168(78.9) 200(80.3) <0.001

GRACE risk score 92(78–103) 98.5(81–106) 137(126–159) 140(124–159.5) <0.001

TyG index 9.34±0.38 10.43±0.45 9.42±0.35 10.35±0.38 <0.001

Abbreviations: WBC, white blood cell; Neut, neutrophils; Lymph, lymphocyte; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; FBG, fasting blood glucose; LVEF, left ventricular ejection fractions; SGLT2, sodium-glucose co- 
transporter 2; OADs, oral antidiabetic drugs; SBP,systolic blood pressure; DBP, diastolic blood pressure; GRACE risk score, Global Registry of Acute Coronary Events risk 
score; TyG index, triglyceride-glucose index.
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1.046, P = 0.003), GRACE risk score (HR: 1.015; 95% CI: 1.012–1.017, P < 0.001), TyG index (HR: 2.025; 95% CI: 
1.682–2.437, P < 0.001), and high TyG index + high GRACE risk score (HR: 3.390; 95% CI: 2.660–4.322, P < 0.001) 
were independent risk factors for MACEs.

Collinearity analysis revealed that TG and FBG had collinearity (VIF≥5), and the rest collinearity analysis revealed 
no collinearity. After adjusting the covariates of Model 1, Creatinine (HR: 1.002; 95% CI: 1.001–1.003, P < 0.001), 
fibrinogen (HR: 1.189; 95% CI: 1.047–1.350, P = 0.008), duration of diabetes (years) (HR: 1.022; 95% CI: 1.003–1.042, 
P = 0.025), GRACE risk score (HR: 1.012; 95% CI: 1.009–1.016, P < 0.001), and TyG index (HR: 1.805; 95% CI: 
1.479–2.203, P < 0.001) were significant independent predictors of MACEs.

Table 2 Comparison of Clinical and Laboratory Characteristics of Enrolled Patients According to the 
Occurrence of MACEs

Characteristics MACE Group (n=262) MACE-Free Group (n=637) p

Age (years) 60.73±10.46 59.54±10.21 0.115

Gendern

Male (%) 176 (67.2) 407(63.9) 0.349
Duration of diabetes (years) 7(4–10) 5(2–10) 0.003

Laboratory parameters

WBC, 109/L 8.21±2.64 7.12±2.09 <0.001
Neut, 109/L 5.10(3.70–8.38) 4.30(3.39–5.5) <0.001

Lymph, 109/L 1.90±0.60 1.89±0.58 0.935
TC (mmol/L) 3.75±1.18 3.70±1.22 0.575

TG (mmol/L) 1.61(1.20–2.14) 1.50(1.04–1.93) 0.002

HDL-C (mmol/L) 1.01±0.25 1.00±0.24 0.685
LDL-C (mmol/L) 2.21±0.91 2.11±0.88 0.155

HbA1c (%) 7.94±1.82 7.81±1.45 0.337

FBG 9.40(7.59–12.03) 7.30(5.94–9.10) <0.001
Creatinine (μmol/L) 71.00(60.00–94.20) 66.00(58.00–77.75) <0.001

Uric acid (μmol/L) 303.00(238.00–371.00) 287.00(237.00–346.00) 0.044

Fibrinogen (g/L) 3.67±0.97 3.12±0.77 <0.001
NT-pro BNP 615.47(167.31–2100) 187.00(72.66–590.5) <0.001

LVEF (%) 58.03±7.41 60.49±6.08 <0.001

Daily smokers, n(%) 105(40.1) 261(41.0) 0.804
Daily drinkers, n(%) 95(36.3) 246(38.6) 0.508

Medication

Beta-blocker, n(%) 201(76.7) 494(77.6) 0.786
Statin, n(%) 252(96.2) 616(96.7) 0.698

OADs, n(%) 186(71.0) 449(70.5) 0.880

α-glucosidase inhibitor, n(%) 76(29.0) 199(31.2) 0.509
Metformin, n(%) 136(51.9) 325 (51.0) 0.809

SGLT2, n(%) 72(27.5) 162 (25.4) 0.525

Insulin, n(%) 79(30.2) 133 (20.9) 0.003
OADs+insulin, n(%) 45(17.2) 73(11.5) 0.021

Heart rate (bpm) 76.44±14.18 75.29±11.10 0.242

Hypertension, n(%) 175(66.8) 382(60.0) 0.055
SBP(mmHg) 132.00(123.00–144.00) 129.00(122.00–143.00) 0.035

DBP(mmHg) 80.00(76.00–84.00) 78.00(76.00–81.00) <0.001

Elevated cardiac enzymes 216(82.4) 368(57.8) <0.001
GRACE risk score 134(116–161) 109(89–127) <0.001

TyG index 10.14±0.59 9.78±0.64 <0.001

Abbreviations: WBC, white blood cell; Neut, neutrophils; Lymph, lymphocyte; TC, total cholesterol; TG, triglyceride; HDL-C, high density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; FBG, fasting blood glucose; LVEF, left 
ventricular ejection fractions; SGLT2, sodium-glucose co-transporter 2; OADs, oral antidiabetic drugs; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; GRACE risk score, Global Registry of Acute Coronary Events risk score; TyG index, triglyceride-glucose index.
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Multivariate Cox analysis of Model 2 showed that Creatinine (HR: 1.002; 95% CI: 1.001–1.003, P = 0.001), 
fibrinogen (HR: 1.162; 95% CI: 1.017–1.328, P = 0.027), duration of diabetes (years) (HR: 1.023; 95% CI: 1.004– 
1.043, P = 0.019) and high TyG index + high GRACE risk score (HR: 2.337; 95% CI: 1.805–3.025, P < 0.001) were 
independent predictors of MACEs.

The long-term survival rate of patients was analyzed by Kaplan–Meier survival analysis. There were significant 
differences in 3-year MACEs among the four groups, as shown in Figure 2. The incidence of MACEs was higher in the 
high TyG index group (log rank, P < 0.001).

Table 3 Univariate and Multivariate Cox Regression Analysis Results for MACEs

Variables Univariate Analysis Multivariate Analysis

Crude HR  

(95% CI)

Crude P-value Model 1 Model 2

Adjusted HR  

(95% CI)

Adjusted 

P-value

Adjusted HR  

(95% CI)

Adjusted 

P-value

TG (mmol/L) 1.139(1.024–1.266) 0.016 - - - -

FBG (mmol/L) 1.121(1.095–1.149) <0.001 - - - -

Creatinine (mmol/L) 1.002(1.001–1.003) <0.001 1.002(1.001–1.003) <0.001 1.002(1.001–1.003) <0.001

WBC, 109/L 1.136(1.084–1.189) <0.001 1.002(0.912–1.101) 0.964 1.015(0.922–1.116) 0.763

Neut, 109/L 1.119(1.075–1.164) <0.001 1.014(0.932–1.102) 0.753 1.051(0.968–1.141) 0.238

Fibrinogen (g/L) 1.326(1.167–1.508) <0.001 1.189(1.047–1.350) 0.008 1.162(1.017–1.328) 0.027

LVEF (%) 0.962(0.948–0.978) <0.001 0.994(0.978–1.011) 0.515 0.983(0.967–1.000) 0.050

Duration of diabetes (years) 1.027(1.009–1.046) 0.003 1.022(1.003–1.042) 0.025 1.023(1.004–1.043) 0.019

GRACE risk score 1.015(1.012–1.017) <0.001 1.012(1.009–1.016) <0.001 - -

TyG index 2.025(1.682–2.437) <0.001 1.805(1.479–2.203) <0.001 - -

High TyG index + high GRACE risk score 3.390(2.660–4.322) <0.001 - - 2.337(1.805–3.025) <0.001

Abbreviations: WBC, white blood cell; Neut, neutrophils; TG, triglyceride; FBG, fasting blood glucose; LVEF, left ventricular ejection fractions; SGLT2, sodium-glucose co- 
transporter 2; GRACE score, Global Registry of Acute Coronary Events score; TyG index, triglyceride-glucose index.

Figure 2 Kaplan–Meier survival curves of MACEs in patients with ACS complicated with T2DM undergoing PCI according to the levels of TyG index and GRACE risk score. 
Based on the the median GRACE risk score (Groups Q1 and Q2, GRACE risk score < 116; Groups Q3 and Q4, GRACE risk score ≥ 116) and TyG index (Groups Q1 and 
Q3, TyG index < 9.872; Groups Q2 and Q4, TyG index ≥ 9.872).
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Correlation Between the GRACE Risk Score and the TyG Index
Correlation counts between the GRACE risk score and the TyG index were performed by Pearson correlation analysis. 
The results showed a positive correlation between the GRACE risk score and the TyG index (R = 0.140, P <0.001).

Effect of the GRACE Risk Score and the TyG Index Combined on MACE Occurrence
To assess whether the TyG index and the GRACE risk score combined could improve the prediction of long-term CVD, 
ROC analysis was performed. ROC curve analysis showed that for the TyG index, the AUC was 0.670 (95% CI: 0.633– 
0.707, P < 0.001), for the GRACE risk score, the AUC was 0.712 (95% CI: 0.676–0.747, P < 0.001), and for the TyG 
index and the GRACE risk score combined, the AUC was 0.751 (95% CI: 0.718–0.784, P < 0.001) (Figure 3). In 
addition, the NRI of the TyG index and the GRACE risk score combined model calculated by the formula is 7.77% and 
36.39%, and the IDI is 14.46% and 7.52%, respectively, compared with the TyG index model and the GRACE risk score 
model. All values > 0, indicating that the diagnostic accuracy of the joint model is improved.

Discussion
It has been estimated that the global prevalence of diabetes in 2021 was 10.5% (536.6 million people); this percentage is 
expected to rise to 12.2% (783.2 million) by 2045.13 As such, T2DM strongly affects the occurrence and development of 
ACS as well as patient prognosis. It has been acknowledged that the metabolic and inflammatory responses of patients 
with T2DM and ACS are significantly aggravated compared to those in patients with ACS alone.14 Thus, the manage-
ment of ACS-T2DM patients should be improved based on risk stratification.

It has been verified that cardiovascular adverse events are closely related to IR, which is the main feature of T2DM, defined 
as a decreased efficiency of insulin to promote glucose uptake and utilization, and is a marker of metabolic disorders and 
systemic inflammation.15 IR is thought to develop from a coordinated interplay between various cellular stresses and stress 

Figure 3 Receiver operating characteristic curves of TyG index, GRACE risk score, TyG index combined with GRACE risk score for 3-year MACEs prediction.
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responses, as a result of exposure of insulin-responsive cells to hypoxia, excess sugar, or certain types of fatty acids, 
environmental pollutants, or hormones released during stress and obesity. Studies have shown that IR is a key pathophysio-
logical process in the early stage of atherosclerosis,16 which can directly stimulate the proliferation and migration of vascular 
smooth muscle cells to the intima, leading to endothelial dysfunction, and participate in the formation of fibrous caps.17

In recent years, it has been proposed that the TyG index, a simple surrogate estimate of IR, has been demonstrated to 
predict CVD morbidity and mortality in the general population and many patient cohorts. Li et al18 found that a high TyG 
index was associated with poor short-term prognosis in acute ischemic stroke patients undergoing reperfusion therapy. Guo 
et al19 found that the TyG index was positively correlated with the prognosis of patients with chronic heart failure and T2DM. 
The TyG index may be an effective predictor of cardiovascular outcomes in patients with acute myocardial infarction.20 We 
found that the TyG index could serve as a long-term predictor of the occurrence of MACEs in ACS patients with T2DM.

The use of the GRACE risk score is currently endorsed by the latest clinical guidelines for risk stratification of patients with 
ACS.11,21 The GRACE risk score was developed from the GRACE Registry from 1999 to 2001 to assess the risk of ACS- 
related in-hospital mortality.22 The score has been validated in multinational ACS cohorts, but then it was originally developed 
to predict relatively short-term prognosis; for long-term outcome validation, it remains inadequate, with studies showing 
decreased predictive values of elegant risk scores when long-term cardiovascular risk prediction is performed.23 We found that 
the GRACE risk score could serve as a long-term predictor of the occurrence of MACEs in ACS patients with T2DM.

However, it has been reported recently that the incorporation of the TyG index into the baseline risk model can 
significantly improve the prediction of MACEs in ACS patients.24 At the same time, the GRACE risk score is a limited 
index.25 The included variables are few and only reflect some pathophysiological dimensions related to the prognosis of 
ACS, such as NT-pro BNP, and other indicators that are closely related to the prognosis of heart failure are not included.26 

Along with the application of new stents and balloons and noval drugs such as ticagrelor, the application of PCI surgery in 
developing countries, the proportion of hyperlipidemia, and changes in the age of and prevalence of diabetes in the 
population, the evaluative GRACE risk score of the year was included in the ACS cohort. The ACS cohort combined index 
has become a new research direction.27 The GRACE risk score is a valid predictor of cardiovascular events in patients with 
ACS. Previous studies have shown that the predictive value of cardiovascular events is enhanced when the GRACE risk 
score is combined with other potential risk factors for ACS, such as the neutrophil to lymphocyte ratio or monocyte to high- 
density lipoprotein cholesterol ratio.28,29 In the present study, we incorporated the TyG index into the GRACE risk score 
model to verify the predictive effect for MACEs in ACS patients with T2DM undergoing PCI. It has been revealed that the 
TyG index at baseline was significantly and positively associated with the GRACE risk score. Patients with higher TyG 
index together with higher GRACE risk score could occur the MACEs more frequently and easily. Thus, the combination of 
these two markers can be superior predictor for the long-term outcome of post-PCI T2DM patients with ACS.

Limitation
Our present study still has several limitations. Firstly, TyG index was calculated based on the number of FBG and TG, which were 
detected from the collecting blood samples in the morning fasting time ≥ 8 hours. Since the study was designed as one 
retrospective study, it was not possible to evaluate the change of the TyG index according to the progression of ACS and 
T2DM. Secondly, the study was observed in single clinical center and the number of patients in the cohort was relatively small. We 
only observed the ACS patients complicated with T2DM undergoing PCI, part of ACS patients with T2DM would need CABG 
surgery therapy, a much more complex and comprehensive study is needed to evaluate the different therapies for ACS patients 
with T2DM in the future. Thirdly, ACS includes the disease of myocardial infarction and unstable angina, we would further 
perform sub-group analysis as different types of ACS complicated with T2DM. What’s more, the findings of present study need to 
be verified by multi-center large-cohort clinical validation study and better to be verified in other ethnic groups except from 
Chinese.

Conclusion
In this study, it could be found that the GRACE risk score and the TyG index in ACS patients with T2DM undergoing PCI could 
be applied to predict the occurrence of MACEs. The TyG index was positively related to the GRACE risk score. A combination 
of the GRACE risk score and the TyG index may enhance the predictive value for clinical outcomes in these patients.
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