
Xiong et al. Cardiovascular Diabetology           (2023) 22:56  
https://doi.org/10.1186/s12933-023-01780-0

RESEARCH

Association of the triglyceride–glucose 
index with coronary artery disease complexity 
in patients with acute coronary syndrome
Shiqiang Xiong1†, Qiang Chen2†, Yu Long1†, Hong Su1, Yan Luo1, Hanxiong Liu1, Yingzhong Chen1, Qiao Feng1, 
Xiufen Peng1, Maoling Jiang1, Xiuqiong Yu1, Zhen Zhang1* and Lin Cai1* 

Abstract 

Aim The triglyceride–glucose (TyG) index has been shown to be an independent predictor for the progression and 
prognosis of coronary artery disease (CAD). Whether the TyG index predicts the severity of CAD in patients presenting 
with acute coronary syndrome (ACS) remains unknown.

Methods A total of 1,007 individuals presenting with ACS undergoing coronary angiography were stratified accord-
ing to the tertiles of the TyG index and The Synergy Between Percutaneous Coronary Intervention (SYNTAX) score 
(SYNTAX score ≤ 22 versus SYNTAX score > 22). CAD complexity was determined by the SYNTAX score.

Results After adjusting for multiple confounding factors, the TyG index was still an independent risk factor for mid/
high SYNTAX scores (SYNTAX score > 22, OR 2.6452, 95% CI 1.9020–3.6786, P < 0.0001). Compared with the lowest 
tertile of the TyG (T1) group, the risk for a mid/high SYNTAX score in the T2 and T3 groups was 2.574-fold higher (OR, 
2.574; 95% CI 1.610–4.112; P < 0.001) and 3.732-fold higher (OR, 3.732; 95% CI 2.330–5.975; P < 0.001), respectively. Fur-
thermore, there was a dose‒response relationship between the TyG index and the risk of complicated CAD (SYNTAX 
score > 22; nonlinear P = 0.200). The risk for a mid/high SYNTAX score in the T2 and T3 groups was significantly higher 
in normoglycemia, prediabetes mellitus, and diabetes mellitus subgroups.

Conclusions A higher TyG index was associated with the presence of a higher coronary anatomical complexity 
(SYNTAX score > 22) in ACS patients, irrespective of diabetes mellitus status. The TyG index might serve as a noninva-
sive predictor of CAD complexity in ACS patients and could potentially influence the management and therapeutic 
approach.
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Introduction
The Synergy Between Percutaneous Coronary Interven-
tion (SYNTAX) score, a comprehensive angiographic 
tool that takes into account anatomic risk factors, is 
the best-known scoring system to grade the complex-
ity of coronary artery disease (CAD) and objectively 
guide decision-making between coronary artery bypass 
grafting surgery and percutaneous coronary interven-
tion (PCI) in patients with complex CAD [1]. According 
to the SYNTAX score, CAD patients are categorized as 
low (≤ 22), intermediate (23 to 32), or high risk (≥ 33) 
[2]. Patients with higher SYNTAX scores reflect more 
complex disease and are at higher potential risk of major 
adverse cardiovascular events [2, 3]. However, the calcu-
lation of the SYNTAX score depends on the findings of 
invasive coronary angiography. Noninvasively assessing 
the severity of CAD prior to coronary angiography could 
be beneficial for early stratification and possibly alter the 
therapeutic approach and management of patients with 
acute coronary syndrome (ACS).

Mounting evidence demonstrates that insulin resist-
ance plays a crucial role in the development and patho-
genesis of cardiovascular disease [4]. A high level of 
insulin resistance not only is associated with an increased 
risk of atherosclerotic cardiovascular disease but is also 
correlated with a higher risk of adverse cardiovascu-
lar events [5]. Recently, the triglyceride–glucose (TyG) 
index, derived from triglyceride and fasting blood glu-
cose, has been shown to be a reliable surrogate marker 
of insulin resistance [6]. A recent large-scale prospective 
study suggested that the TyG index is an independent 
predictor for the progression of coronary artery calci-
fication, especially in individuals without heavy coro-
nary artery calcification at baseline [7]. Moreover, an 
increased TyG index has been shown to be independently 
associated with higher risks of atherosclerotic cardiovas-
cular diseases, including myocardial infarction [8], and 
worse prognosis in patients with ACS, irrespective of dia-
betes mellitus [9].

Thus, the aim of this study was to investigate the angi-
ographic severity of CAD encountered across the TyG 
index continuum and determine the association between 
the TyG index and the SYNTAX score in patients with 
ACS.

Methods
Study population
We enrolled 1,007 patients hospitalized at the Third 
People’s Hospital of Chengdu (Sichuan, China) under-
going coronary angiography who were diagnosed with 
ACS from July 2018 to December 2020. Individuals 
with incomplete key variables, including the SYNTAX 
score and the TyG index variables, were excluded. This 

retrospective observational cohort study was approved 
by the local ethics committee and strictly adhered to the 
Declaration of Helsinki, with informed consent waived 
due to its retrospective nature.

Data collection and definitions
Data on sociodemographic characteristics, medical his-
tory, smoking status, laboratory examination, and medi-
cal and procedural information of participants were 
collected from the electronic medical records. Previous 
medical history data included a history of PCI, hyper-
tension, diabetes mellitus, atrial fibrillation, stroke, and 
chronic obstructive pulmonary disease. ACS was defined 
as including unstable angina (UA), non-ST segment ele-
vation myocardial infarction (NSTEMI), or ST segment 
elevation myocardial infarction (STEMI) [10].

Peripheral venous blood samples from patients were 
collected after overnight fasting (> 8  h). Laboratory 
parameters, including fasting blood glucose (FBG), tri-
glycerides (TG), total cholesterol (TC), low-density lipo-
protein-C (LDL-C), high-density lipoprotein-C (HDL-C), 
cardiac troponin T (cTnT), serum creatinine (Scr), and 
brain natriuretic peptide (BNP), were measured by stand-
ard biochemical techniques in the Clinical Laboratory of 
the Third People’s Hospital of Chengdu. The left ventric-
ular ejection fraction (LVEF) was determined by the two-
dimensional modified Simpson’s method.

The TyG index was calculated as ln [fasting TG (mg/
dL) × FBG (mg/dL)/2] [11]. A web-based online calcula-
tion tool (http:// synta xscore. com/) was used to calculate 
the SYNTAX score from the preprocedural angiograms 
by two independent cardiologists who were blinded to 
the study protocol and baseline clinical characteristics.

Statistical analysis
Categorical data are described as counts and percent-
ages (%) and were compared via the chi-square or Fish-
er’s exact test when appropriate. Continuous data are 
described as the mean with standard deviation or median 
with interquartile range and were compared via Stu-
dent’s t test or the Mann–Whitney U test, respectively. 
For comparisons across the tertiles of the TyG index, the 
one-way analysis of variance and the Kruskal–Wallis test 
for parametric and nonparametric variables were used 
for continuous variables, respectively, and the chi-square 
test was performed for categorical data.

Spearman’s correlation analysis was used to investigate 
the correlation between the SYNTAX score and other 
parameters. A logistic regression analysis was adopted 
to analyze the association between the TyG  index and 
the angiographic severity of CAD (SYNTAX score ≤ 22 
versus SYNTAX score > 22). After checking for collin-
earity, the variables with an unadjusted P value of < 0.05 

http://syntaxscore.com/
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were included in the multivariate model. The results 
are described as odds ratios (ORs) with 95% confidence 
intervals (CIs). Model I was adjusted for age, body mass 
index (BMI), hypertension, and diabetes mellitus. Model 
II was adjusted for age, BMI, hypertension, diabetes 
mellitus, heart rate (HR), BNP and Scr. Restricted cubic 
splines (RCS) were performed to evaluate the dose‒
response relationship between the baseline TyG index 
and CAD severity.

The area under the receiver operating characteristic 
(ROC) curve (AUROC) were calculated to determine the 
diagnostic performance of the TyG index in detecting the 
severity of CAD in patients with ACS.

All statistical analyses were carried out with R version 
4.0.2 software (R Foundation for Statistical Computing, 
Vienna, Austria) and SPSS version 26.0 software (IBM 
Corporation, New York, NY, USA). A P value < 0.05 was 
considered statistically significant.

Results
Baseline characteristics
The average age of the 1,007 patients (28.2% were female) 
with confirmed ACS (UA, NSTEMI, and STEMI) who 
underwent PCI was 66.55 ± 11.41  years. The baseline 
characteristics based on tertiles of the TyG index (T1, 
TyG ≤ 8.67; T2, 8.67 < TyG ≤ 9.18; T3, TyG > 9.18) are 
shown in Table  1. Compared with patients in the T1 
group, patients with a higher TyG index tended to have 
a higher prevalence of diabetes mellitus, multivessel dis-
ease (MVD), left main lesion, and chronic total occlusion, 
increased levels of FBG, TG, TC, LDL-C, the TyG index 
and SYNTAX score, and a larger number and length of 
stents.

According to the SYNTAX score, patients were cat-
egorized into low (SYNTAX score ≤ 22) and mid/high 
risk (SYNTAX score > 22) groups as shown in Additional 
file 1: Table S1. Patients with a SYNTAX score > 22 were 
older and had higher prevalence rates of hypertension, 
diabetes mellitus, AMI, MVD, left main lesion, calcified 
lesions, thrombosis, long lesion, and chronic total occlu-
sion, increased levels of HR, cTnT, BNP, Scr, FBG, TG, 
and the TyG index, and a larger number and length of 
stents.

Association between the TyG index and severity of CAD
The univariate logistic regression analysis revealed that 
age, BMI, previous history of hypertension and diabetes 
mellitus, HR, BNP, Scr, FBG, TGs, and the TyG index 
were potential risk factors (univariate P < 0.05) for a mid/
high SYNTAX score (SYNTAX score > 22, Table 2). FBG 
and TG, being components of the TyG index, were not 
included in the multivariable logistic regression model in 
order to avoid any potential interactions. After checking 

for collinearity, the potential risk factors were used 
as variables in the multivariate model, and the results 
showed that the TyG index was an independent predictor 
of the mid/high SYNTAX score (SYNTAX score > 22, OR 
2.6452, 95% CI 1.9020–3.6786, P < 0.0001).

Logistic regression models were further constructed to 
demonstrate that the TyG index was significantly associated 
with CAD severity (P < 0.001, Table 3). When analyzed as a 
continuous variable, the TyG index was significantly related 
to a mid/high score (SYNTAX score > 22, OR: 2.419; 95% 
CI 1.808–3.236, P < 0.001). Using the T1 group as a refer-
ence, the risk of a mid/high SYNTAX score for the T2 and 
T3 groups was 2.110-fold higher (OR, 2.110; 95% CI 1.361–
3.270; P < 0.001) and 3.112-fold higher (OR, 3.112; 95% CI 
2.042–4.744; P < 0.001), respectively. After adjusting for age, 
BMI, hypertension, diabetes mellitus, HR, BNP and Scr, the 
TyG index as a categorical variable was still an independent 
hazard factor for a mid/high SYNTAX score (OR, 2.645; 95% 
CI 1.902–3.679; P < 0.001). Compared with the T1 group, the 
risk for a mid/high SYNTAX score in the T2 and T3 groups 
was 2.574-fold higher (OR, 2.574; 95% CI 1.610–4.112; 
P < 0.001) and 3.732-fold higher (OR, 3.732; 95% CI 2.330–
5.975; P < 0.001), respectively.

The spearman’s correlation analysis found that there 
was a statistically significant but weak positive correla-
tion between the TyG index and the SYNTAX scores 
(r = 0.22, P < 0.001, Fig.  1). Compared with patients in 
the T1 group, the proportion of patients with a SYNTAX 
score > 22 was larger in participants with a higher TyG 
index (Fig. 2). Additionally, the results of the RCS showed 
a dose‒response relationship between the TyG index and 
the risk of a mid/high SYNTAX score (Fig. 3; Nonlinear 
P = 0.200).

The predictive performance of the TyG index for complex 
coronary lesions
The AUROC of the TyG index was significantly higher 
than that of fasting blood glucose (0.631 [95% CI 0.588–
0.674] vs. 0.574 [95% CI 0.528–0.621], P = 0.0095) and 
was greater than that of TG with no statistical signifi-
cance (0.631 [95% CI: 0.588–0.674] vs. 0.613 [95% CI 
0.567–0.659], P = 0.2651) (Fig.  4) (Additional file  1: 
Table S2). These results demonstrated the TyG index has 
the highest predictive value for predicting coronary ana-
tomical complexity (SYNTAX score > 22) in patients with 
ACS, when compared to either FBS or TG alone.

Associations between the TyG index and the severity 
of CAD in subgroups stratified by different glucose 
metabolism status
Subgroup analyses were also conducted to investigate 
the associations between the TyG index and the sever-
ity of CAD in patients according to different diabetes 
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status, including those with normoglycemia (n = 363), 
prediabetes mellitus (n = 284), and diabetes melli-
tus (n = 360) (Table  4). When adjusted for age, BMI, 
hypertension, heart rate, BNP, and serum creatinine in 
model II, the TyG index as a continuous variable was 
an independent risk factor for a mid/high SYNTAX 
score in individuals with normoglycemia (OR, 2.902; 

95% CI 1.453–5.797; P = 0.003), prediabetes mellitus 
(OR, 2.321; 95% CI 1.213–4.441; P = 0.011), and diabe-
tes mellitus (OR, 2.666; 95% CI 1.585–4.486; P < 0.001). 
Compared with the T1 group, the risk for a mid/high 
SYNTAX score in the T2 and T3 groups was signifi-
cantly higher in all subgroups, irrespective of diabetes 
mellitus status.

Table 1 The baseline characteristics based on tertiles of the TyG index

The groups were stratified by the tertiles of the TyG index (T1, TyG ≤ 8.67; T2, 8.67 < TyG ≤ 9.18; T3, TyG > 9.18). BMI body mass index, COPD chronic obstructive 
pulmonary disease, AF atrial fibrillation, SBP systolic blood pressure, HR heart rate, BNP brain natriuretic peptide, Scr serum creatinine, FBG fasting blood glucose, TG 
triglyceride, TC total cholesterol, HDL-C high density lipoprotein, LDL-C low density lipoprotein, UA unstable angina, STEMI ST-segment elevation myocardial infarction, 
NSTEMI non-ST-segment elevation myocardial infarction, MVD multivessel disease, LM left main disease, CTO chronic total occlusion, bSS baseline SYNTAX score, TyG 
index, the triglyceride–glucose index. Data are presented as mean ± SD, median (IQR) or n (%)

Variable T1 (n = 341) T2 (n = 331) T3 (n = 335) P value

Age, years 67.75 ± 11.64 65.80 ± 11.40 66.07 ± 11.13 0.055

Female, n (%) 72 (21.1) 87 (26.3) 125 (37.3)  < 0.001

BMI, kg/m2 23.63 ± 2.88 24.69 ± 2.73 24.64 ± 2.83  < 0.001

Smoking, n (%) 189 (55.4) 196 (59.2) 168(50.1) 0.061

Previous PCI, n (%) 32 (9.4) 25 (7.6) 27 (8.1) 0.674

COPD, n (%) 22 (6.5) 19 (5.7) 14 (4.2) 0.414

Hypertension, n (%) 216 (63.3) 219 (66.2) 220 (65.7) 0.714

Diabetes mellitus, n (%) 51 (15.0) 118 (35.6) 191 (57.0)  < 0.001

AF, n (%) 22 (6.5) 20 (6.0) 24 (7.2) 0.839

Previous Stroke, n (%) 28 (8.2) 25 (7.6) 24 (7.2) 0.874

SBP, mmHg 131.28 ± 19.96 132.73 ± 22.32 132.70 ± 22.00 0.602

HR, bpm 76.21 ± 14.13 78.14 ± 15.33 78.84 ± 14.79 0.056

cTnT, pg/ml 32.53 (11.18, 899.45) 30.47 (11.50, 534.50) 64.79 (13.48, 1178.00) 0.094

BNP, pg/ml 109.90 (46.45, 300.85) 95.5 (31.6, 242.75) 118.75 (39.6, 379.85) 0.028

Scr, umol/L 77.60 (66.25, 90.30) 77.00 (65.60, 91.60) 73.90 (61.30, 93.10) 0.335

FBG, mmol/L 5.44 ± 1.20 6.46 ± 1.79 8.97 ± 3.58  < 0.001

TG, mmol/L 0.99 ± 0.29 1.61 ± 0.42 2.22 ± 0.89  < 0.001

TC, mmol/L 4.09 ± 1.09 4.59 ± 1.29 4.75 ± 1.19  < 0.001

HDL-C, mmol/L 1.22 ± 0.33 1.12 ± 0.26 1.12 ± 0.27  < 0.001

LDL-C, mmol/L 2.49 ± 0.82 2.87 ± 0.95 2.95 ± 0.86  < 0.001

AMI, n (%) 174 (51.0) 171 (51.7) 193 (57.6) 0.168

Diagnosis, n (%) 0.137

 UA 167 (49.0) 160 (48.3) 142 (42.4)

 NSTEMI 65 (19.1) 81 (24.5) 83 (24.8)

 STEMI 109 (32.0) 90 (27.2) 110 (32.8)

Angiographic data

 MVD, n (%) 204 (59.8) 228 (68.9) 253 (75.5)  < 0.001

 LM, n (%) 4 (1.2) 23(6.9) 27 (8.1)  < 0.001

 Calcified lesions, n (%) 41 (12.0) 41(12.4) 56 (16.7) 0.144

 Thrombosis, n (%) 24 (7.0) 24(7.3) 36 (10.7) 0.149

 Long lesion, n (%) 132 (38.7) 149(45.0) 177 (52.8) 0.001

 CTO, n (%) 57 (16.7) 69(20.8) 82 (24.5) 0.045

 Number of stents 1.32 ± 0.75 1.42 ± 0.88 1.63 ± 0.99  < 0.001

 Length of stents, mm 34.12 ± 22.73 37.02 ± 26.50 43.94 ± 29.75  < 0.001

 bSS 11.00 (7.00, 17.5) 13(8.00, 20.00) 16.00 (10.00, 23.50)  < 0.001

 TyG index 8.30 ± 0.30 8.95 ± 1.15 9.54 ± 0.32  < 0.001
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Discussion
The present study shows that a higher TyG index inde-
pendently predicts the presence of a higher coronary 
anatomical complexity (SYNTAX score > 22) in patients 
with ACS undergoing coronary angiography, irrespec-
tive of diabetes mellitus status. Our findings suggest 
that a higher insulin resistance represented by the TyG 
index makes the patients more susceptible to severe 
coronary lesions.

The adverse effect on the clinical prognosis of more 
extensive and complex CAD has been confirmed in many 
studies. Fumiaki et  al. demonstrated that a mid/high 
SYNTAX score (≥ 23) could predict increased risks of 
major cardiovascular events (HR 1.36; 95% CI 1.07–1.75, 
P = 0.01) over 5  years in patients from the BARI-2D 

trial [3]. Additionally, higher SYNTAX scores were sig-
nificantly associated with more favorable outcomes of 
revascularization compared with medical therapy among 
patients suitable for coronary artery bypass grafting sur-
gery [3]. Higher SYNTAX scores also predicted a par-
ticular therapeutic benefit from coronary artery bypass 
grafting surgery compared with PCI in the SYNTAX 
trial [12]. The most recent clinical guideline for coro-
nary artery revascularization recommends that using 
the SYNTAX score to assess CAD complexity in patients 
with multivessel CAD may be useful to guide revasculari-
zation [13]. Nevertheless, the application of the SYNTAX 
score in early treatment decisions in patients with ACS 
is less clear, because its calculation has to depend on the 
findings of invasive coronary angiography.

Table 2 Univariate and multivariate logistic regression analysis for predicting a mid/high SYNTAX score

Abbreviations as shown in Table 1. PCI percutaneous coronary intervention, Data are presented as mean ± SD, median (IQR) or n (%)

Variables Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age, years 1.0366 1.0211–1.0523  < 0.0001 1.0303 1.0135–1.0474 0.0004

Female, n (%) 1.0937 0.7743–1.5449 0.6113

BMI, kg/m2 0.9297 0.8788–0.9836 0.0113 0.9334 0.8772–0.9932 0.0295

Smoking, n (%) 0.8392 0.6100–1.1545 0.2814

Previous PCI, n (%) 0.9162 0.5120–1.6396 0.7683

Hypertension, n (%) 1.4282 1.0126–2.0143 0.0422 1.3437 0.9187–1.9653 0.1277

Diabetes mellitus, n (%) 1.4790 1.0737–2.0371 0.0166 0.8930 0.6150–1.2966 0.5520

AF, n (%) 1.6530 0.9384–2.9118 0.0819

SBP, mmHg 0.9966 0.9892–1.0040 0.3675

HR, bpm 1.0108 1.0005–1.0212 0.0404 1.0049 0.9941–1.0158 0.3714

cTnT, pg/ml 1.0000 1.0000–1.0001 0.0863

BNP, pg/ml 1.0005 1.0003–1.0007  < 0.0001 1.0004 1.0002–1.0006 0.0009

Scr, umol/L 1.0021 1.0007–1.0034 0.0031 1.0013 0.9999–1.0026 0.0677

TyG index 2.4187 1.8081–3.2357  < 0.0001 2.6452 1.9020–3.6786  < 0.0001

FBG, mmol/L 1.0911 1.0377–1.1471 0.0007

TG, mmol/L 1.7999 1.4548–2.2270  < 0.0001

TC, mmol/L 1.1062 0.9758–1.2539 0.1148

HDL-C, mmol/L 1.0840 0.6414–1.8322 0.7632

LDL-C, mmol/L 1.0684 0.9847–1.1593 0.1119

Table 3 Associations between the TyG index and complexity of CAD

None, non-adjusted model. Model I was adjusted for age, BMI, hypertension, diabetes mellitus, Model II was adjusted for age, BMI, hypertension, diabetes mellitus, 
heart rate, BNP and serum creatinine. CAD coronary artery disease

Non-adjusted Model I Model II

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

TyG index 2.419 (1.808–3.236)  < 0.001 2.719(1.965–3.762)  < 0.001 2.645 (1.902–3.679)  < 0.001

T1 Ref. Ref. Ref. Ref. Ref. Ref.

T2 2.110 (1.361–3.270)  < 0.001 2.480(1.571–3.917)  < 0.001 2.574 (1.610–4.112)  < 0.001

T3 3.112 (2.042–4.744)  < 0.001 3.671(2.320–5.809)  < 0.001 3.732 (2.330–5.975)  < 0.001
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The key finding of this study is that higher levels of the 
TyG index predict more extensive and complex coro-
nary anatomical lesions in patients with ACS, irrespec-
tive of diabetes mellitus status, and this index score can 
be determined in a non-invasive manner. Previously, 
although Wang et  al. found a significant association 
between the TyG index and the incidence of MVD, the 
results were only significant in patients with prediabetes 
mellitus [14]. Additionally, Lee et  al. reported that the 
TyG index was associated with an increased risk of coro-
nary artery stenosis in asymptomatic subjects with type 
2 diabetes mellitus, and the degree of coronary artery 
stenosis was not quantified [15]. Notably, in the present 
study, a significantly higher complexity of CAD, includ-
ing MVD, left main lesion, calcified lesions, thrombosis, 
long lesion, and chronic total occlusion increased with 
increasing TyG index levels. Further analysis demon-
strated that the associations between the TyG index and 
the severity of CAD were significant in both diabetic 
and nondiabetic individuals. These findings indicate that 
the TyG index might serve as a predictor of CAD sever-
ity in patients with ACS prior to undergoing coronary 
angiography.

Mounting epidemiological evidence suggests that insu-
lin resistance constitutes an independent prognostic 

predictor in CAD [16], but insulin resistance or its surro-
gate marker has not been included in any risk prediction 
tools, such as the GRACE score or the SYNTAX score. 
Previous studies have shown that prediction models com-
bining anatomical and clinical factors such as the SYN-
TAX II score and clinical residual SYNTAX score could 
improve the discriminative ability for a better risk assess-
ment [17–19]. One of our previous studies also high-
lighted that adjustment of the residual SYNTAX score by 
the TyG index significantly improves the predictive accu-
racy for adverse cardiovascular events in patients with 
type 2 diabetes mellitus undergoing PCI [11]. Therefore, 
we suggest that the TyG index could be added to a preex-
isting risk prediction model to enhance its discriminate 
ability for patients with CAD in future studies.

Although the detailed mechanism underlying the 
association between the TyG index and cardiovascular 
disease is not fully illustrated, the TyG index has been 
regarded as a valuable indicator linked to insulin resist-
ance and cardiovascular disease. Chronic hyperglycemia 
and dyslipidemia induced by insulin resistance contrib-
ute to the development of cardiovascular disease [5]. A 
higher level of TyG index has been shown to be associ-
ated with an increased risk of cardiovascular diseases in 
the general population [8, 20–22], and is an independent 

Fig. 1 Correlation of the SYNTAX score with the TyG index. Spearman’s correlation analysis found that there was a significant positive correlation 
between the TyG index and the SYNTAX scores (r = 0.22, P < 0.001). SYNTAX score Synergy Between Percutaneous Coronary Intervention score, TyG 
index triglyceride–glucose index
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predictor of poor prognosis in different cohorts under-
going PCI [23–29]. One of our previous studies dem-
onstrated that the TyG index could provide additional 
predictive ability on the top of residual SYNTAX score 
in predicting intermediate-term major adverse cardio-
vascular events after PCI in patients with diabetes mel-
litus [11]. Recently, Wang et  al. revealed that the TyG 
index was an independent risk factor for multi-vessel 
coronary artery disease in individuals with prediabetes 
mellitus, but not in those with normoglycemia or diabe-
tes mellitus [14]. Meanwhile, another literature reported 
that the association between the TyG index and multi-
vessel coronary artery disease was significant in patients 
with diabetes mellitus [30]. In line with previous studies, 
the current research supports this notion by more thor-
oughly demonstrating that the TyG index could inde-
pendently predict a mid/high SYNTAX score (≥ 23) in 
patients with ACS, irrespective of diabetes mellitus sta-
tus. Taken together, these findings indicated that a higher 
insulin resistance represented by the TyG index makes 
individuals more susceptible to severe coronary lesions 
and unfavorable outcomes.

Recently, several cardiovascular outcome trials 
have demonstrated that therapies aimed at improving 

insulin resistance are a promising intervention for dia-
betic patients at risk of experiencing adverse cardiovas-
cular events [31]. Pioglitazone, a potent insulin sensitizer, 
has been shown to reduce atherosclerotic progression 
(based on PERISCOPE and Chicago studies) and the rate 
of cardiovascular events (according to the IRIS and PRO-
active randomized prospective cardiovascular outcome 
trials) [32–35]. Glucagon-like peptide-1 analogues have 
been shown to reduce the risk of major adverse cardiac 
events and have a direct impact on cardiac mortality in 
advanced atherosclerosis [36, 37]. The potential cardio-
protective effect of glucagon-like peptide-1 analogues 
is partially attributed to their direct effects on vascular 
redox state and changes in insulin resistance [37]. There-
fore, treatment of insulin resistance may contribute to the 
amelioration of coronary lesions and clinical prognosis.

Limitations
This is a single-center, observational study with a rela-
tively small sample size and that only enrolled the Chi-
nese population. The results should be interpreted 
cautiously and further verified by multicenter and large 
sample size studies. Additionally, because of the inevi-
table inherent disadvantage of retrospective studies, a 

Fig. 2 Comparison of the SYNTAX score according to the TyG index tertiles. The proportion of patients with a SYNTAX score ≤ 22 and SYNTAX 
score > 22 in patients presenting with acute coronary syndrome stratified according to the tertiles of the TyG index. SYNTAX score Synergy Between 
Percutaneous Coronary Intervention score, TyG index triglyceride–glucose index
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causal relationship between the TyG index and CAD 
complexity could not be concluded from this study; 
therefore, these findings need to be verified by a prospec-
tive study. Additionally, the feasibility of calculating TyG 
Index using blood samples collected after an overnight 
fasting (> 8 h) before coronary angiography is limited in 
some patients undergoing an emergent coronary angiog-
raphy, particularly those with STEMI.

Conclusions
The present study demonstrated a significantly positive 
relationship between the TyG index and the SYNTAX 
scores in patients with ACS undergoing coronary angi-
ography. A higher TyG index independently predicted 
the presence of a higher coronary anatomical complexity 
(SYNTAX score > 22) in patients with ACS, irrespective 
of diabetes mellitus status. Our findings suggest that the 
TyG index could be used as a predictor of CAD sever-
ity and could potentially influence the management and 
therapeutic approach. Novel therapies aimed at improv-
ing insulin resistance may contribute to the amelioration 
of coronary lesions and clinical prognosis.

Fig. 3 RCS for the odds ratio of a mid/high SYNTAX score. RCS restricted cubic spline, OR odds ratio, SYNTAX score Synergy Between Percutaneous 
Coronary Intervention score

Fig. 4 ROC curves for predicting a mid/high SYNTAX score. The area 
under the ROC curve of the TyG index, FBS, and TG for predicting 
a mid/high SYNTAX score (> 22) was 0.631 (95% CI 0.588–0.674, 
P < 0.001), 0.574 (95% CI 0.528–0.621, P = 0.002), and 0.613 (95% CI 
0.567–0.659, P < 0.001), respectively. SYNTAX score Synergy Between 
Percutaneous Coronary Intervention score, TyG index triglyceride–
glucose index, ROC curve receiver operating characteristic curve, FBG 
fasting blood glucose, TG triglyceride
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