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Abstract 

Background:  Multivessel coronary disease (MVCD) is the common type of coronary artery disease in acute coronary 
syndrome (ACS). Coronary artery calcification (CAC) has been confirmed the strong predictor of major adverse cardio-
vascular events (MACEs). Several studies have validated that triglyceride glucose (TyG) index can reflect the degree of 
coronary calcification or predict MACEs. However, no evidence to date has elucidated and compared the predictive 
intensity of TyG index or/and coronary artery calcification score (CACS) on multi-vascular disease and MACEs in ACS 
patients.

Methods:  A total of 935 patients, diagnosed with ACS and experienced coronary computed tomography angiog-
raphy (CCTA) from August 2015 to March 2022 in the Second Hospital of Shandong University, were selected for 
retrospective analysis. The subjects were divided into TyG index quartile 1–4 groups (Q1-Q4 groups), non-multivessel 
coronary disease (non-MVCD) and multivessel coronary disease (MVCD) groups, respectively. The general data, past 
medical or medication history, laboratory indicators, cardiac color Doppler ultrasound, CACS, and TyG indexes were 
respectively compared among these groups. The ROC curve preliminarily calculated and analyzed the diagnostic 
value of TyG index, CACS, and the combination of the two indicators for MVCD. Univariate and multivariate logistic 
regression analysis discriminated the independent hazard factors for forecasting MVCD.

Results:  Compared with the lower TyG index and non-MVCD groups, the higher TyG index and MVCD groups 
had higher values of age, smoking history, waist circumference, systolic blood pressure, low-density lipoprotein 
cholesterol(LDL-C), fasting blood glucose and glycosylated hemoglobin, and CACS, but lower values of high-density 
lipoprotein cholesterol(HDL-C) (all P < 0.01). Coronary artery calcification is more common in the left anterior descend-
ing artery. Compared with non-MVCD, each unit increase in TyG index was associated with a 1.213-fold increased risk 
of MVCD. Logistic regression analysis adjusted for potential confounders indicated that TyG index is an independent 
risk factor for MVCD. With the increase of TyG index, the incidence of MACEs, apart from all-cause death, cardiac death, 
unexpected re-hospitalization of heart failure, recurrent ACS or unplanned revascularization, and non-fatal stroke in 
coronary artery increased (P log-rank < 0.001).
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Introduction
Arteriosclerotic cardiovascular disease (ASCVD), espe-
cially acute coronary syndrome, is the primary cause of 
mortality and disability worldwide [1, 2]. Acute coro-
nary syndrome (ACS), including unstable angina pec-
toris (UAP), non-ST-elevation myocardial infarction 
(NSTEMI) and ST-elevation myocardial infarction 
(STEMI) [3], is considered the most severe clinical con-
dition of ASCVD. The mortality of ACS patients after 
1 year is approximately 15%, and the cumulative mortal-
ity after 5 years is as high as 20% [2].

ACS patients are often complicated with multivessel 
coronary disease (MVCD), the advanced type of coro-
nary artery disease, have more risk factors, may undergo 
more revascularization intervention and bypass surgery, 
have a higher incidence of MACE events and worse long-
term prognosis than other patients with single vessel 
coronary disease or non-MVCD [4, 5]. The underlying 
pathophysiology for ACS is characterized by 3 most com-
mon pathological types: rupture, erosion, and calcified in 
atherosclerotic plaque [3]. Coronary artery calcification 
(CAC) is a widely recognized feature of advanced ath-
erosclerosis and often reflects the existence of coronary 
disease [6–9]. Regardless of risk factors or symptoms, 
multicenter studies of atherosclerosis research have 
shown that CAC is a powerful predictor of major adverse 
cardiovascular events (MACEs) and provides clinical 
information that goes beyond the traditional risk factors 
for ASCVD-related morbidity and mortality [10–14]. 
Coronary calcification is only a pathological phenom-
enon, and the influence of the lesion degree of CAC on 
ASCVD outcome needs to be incarnated by calcification 
score (CACS) [13, 15]. As a surrogate marker of plaque 
burden and an independent predictor, the prognostic 
utility CACS has been established in the future cardio-
vascular events [16]. Patients with more severe coronary 
calcification more likely to have higher plaque burden, 
more adverse plaques, severe coronary artery stenosis, 
and MACEs [13, 15, 16].

Although CACS is a noninvasive quantification 
method of CAC using computed tomography, it requires 
a high  dosage of contrast agents, which may cause kid-
ney damage or allergic reactions. Similarly, invasive 
coronary artery examination for finding the severity of 
coronary artery disease, including coronary angiography 
(“gold standard”), optical coherence tomography (OCT), 

and intra-vascular ultra sound (IVUS), requires the use 
of contrast agent injection, imaging guide wire or inva-
sive catheter intervention, and other auxiliary equip-
ment, which is not only time-consuming and expensive, 
but also undertake the risk of contrast nephropathy and 
allergy, and various operations complications after hospi-
talization, which limited the application of these technol-
ogies for identifying coronary morphology and assessing 
calcified plaque to a considerable extent. Therefore, to 
find convenient biomarkers is of great significance for the 
early detection and forecast of ASCVD.

Recently, as a reliable surrogate for insulin resistance, 
TyG index has been certified to be an independent pre-
dictor for the progression of coronary artery calcification 
by Won KB, et al. [13, 15]. Moreover, Wang L, et al. held 
that TyG index also associates with coronary MACEs and 
can independently predict the prognosis of ASCVD [17, 
18]. The TyG index was originally studied as a marker of 
identifying insulin resistance (IR) [15, 19, 20]. It is first 
proposed by Simmental-Mendía and Guerrero-Romero 
that TyG index is a composite indicator composed of 
TGs and FBG, and calculated by Ln (fasting triglyceride 
[mg/dl] × Fasting blood glucose [mg /dl]/2) [19]. Some 
studies have confirmed that compared with several lipid 
ratios such as low-density lipoprotein cholesterol (LDL-
C)/high-density lipoprotein cholesterol (HDL-C), non 
HDL-C/HDL-C, and apolipoprotein B/apolipoprotein 
A1, visceral obesity index, and lipid accumulation prod-
ucts, TyG index had more significant correlation with 
homeostasis model assessment (HOMA) in both long-
term and short-term coronary events after ACS, inde-
pendent of diabetic status [20, 21]. Increasing evidence 
shows that TyG index can substitute for hyperinsuline-
mic-euglycemic clamp (HIEC) and HOMA to assess IR, 
and has been identified as an essential mediator of meta-
bolic disorders, type 2 diabetes (T2DM) and ASCVD [20, 
22]. However, to our knowledge, so far, there is no report 
on the relationship between TyG, CACS, and the severity 
of MVCD for Chinese with acute coronary syndrome.

This study selected 935 ACS cases hospitalized in the 
Second Hospital of Shandong University. We performed 
a 128-MSCT scan on the participants and calculated 
the calcification score (CACS) of these patients suffered 
from ACS with single-vessel and multivessel coronary 
artery diseases through image analysis software, and ret-
rospectively analyzed the predisposing factors, clinical 

Conclusion:  TyG index could completely substitute for CACS as a reliable, practical, and independent indicator for 
predicting the severity and prognosis of MVCD in patients with ACS.

Keywords:  Triglyceride glucose product index, Coronary artery calcification score, Acute coronary syndrome, 
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and biochemical indicators, CACS, TyG index and the 
correlations among parameters and variables in these 
patients, in order to explore the diagnostic value and pre-
dictive intensity of calcification score and TyG index for 
the degree of coronary artery disease and cardiovascular 
MACEs, so as to find a convenient clinical index to pre-
dict coronary lesion severity and ASCVD outcomes. It is 
helpful for the early identification, diagnosis, and treat-
ment of patients with MVCD.

Methods
Study population
This study was a single-center, retrospective, observa-
tional cohort study. From August 2015 to March 2022, 
935 consecutive patients with ACS in the Second Hos-
pital of Shandong University were selected, who ware 
completed the coronary computed tomography angiog-
raphy (CCTA) within 1  week before admission or dur-
ing hospitalization and underwent coronary angiography 
in the hospital. Sex analysis showed that there were 645 
males and 290 females.  The oldest was 97  years old, 
the youngest was 27  years old, and the average age was 
64.97 ± 13.68  years.  According to the coronary angi-
ography, the patients were divided into the multivessel 
coronary disease (MVCD) group and the non-multivessel 
coronary disease (non-MVCD) group. Exclusion criteria: 
(1) patients with severe liver and kidney dysfunction; (2) 
patients with severe arrhythmia, cardiomyopathy, valvu-
lar disease, and congenital heart disease; (3) patients with 
severe infection, thyroid function disease, hematologic 
disorders, autoimmune disease, tumor; (4) patients with 
systemic disease severe diseases, and unstable vital signs; 
(5) recent severe trauma or major surgery; (6) pregnant 
or lactating women; (7) severely missing relevant infor-
mation. Most importantly, the study was approved by the 
Ethical Committee of The Second Hospital of Shandong 
University and consecutive individuals were retrospec-
tively enrolled into this study, who suffered from ACS. 
Additionally, written/oral informed consent was also 
obtained from all participants.

General information of the subjects
General information of the subjects was collected 
in the study, including gender, age, body Mass Index 
(BMI), blood pressure, heart rate, history of smoking 
and drinking, past medical history (chronic diseases 
such as hypertension and diabetes), and the application 
of lipid-lowering, antihypertensive, and hypoglycemic 
drugs.  Collected the morning fasting venous blood and 
inspected related laboratory indicators, including white 
blood cell (WBC), fasting  blood-glucose (FBG), total 
cholesterol (TC), triglyceride (TG), low density lipo-
protein cholesterol (LDL-C), high-density lipoprotein 

cholesterol (HDL-C), creatinine (Cr), cystatin C (Cys C), 
homocysteine (Hcy), uric acid (UA), brain natriuretic 
peptide (BNP), troponin I (TnI), D-dimmer, aspartate 
aminotransferase (AST), and alanine aminotransferase 
(ALT). Within 24  h after admission, cardiac color Dop-
pler ultrasound measures the left atrial diameter (LA), 
left ventricular end-diastolic volume (LVED), left ven-
tricular ejection fraction (LVEF), and the ratio of early 
diastolic mitral valve blood flow velocity to early diastolic 
mitral valve annulus velocity (E/E’).

CT acquisition and image analysis
After independent assessments were made, a final CCTA 
diagnosis was obtained based on consensus interpreta-
tion. CACS was calculated in the software through the 
CT angiography of coronary arteries plain scan level.

Adopted angiography technology methods: All of cor-
onary angiograms, using multi-slice spiral CT scan-
ner (128-MSCT, Discovery CT 750HD, GE Healthcare, 
Waukesha, WI, USA), combined use of American 
Meorao CT high-pressure double barrel syringe, and 
GE Onepak hypotonic non-ionic contrast medium with 
350mgI/ml iodine concentration [Iohexol injection, One-
pak, GE Pharmaceutical (Shanghai) Co., Ltd.], were inde-
pendently estimated by two independent angiographers 
double-blind to the random assignment and the clinical 
information of subjects [23]. Preparation before scan-
ning: the patient fasted for 4–6 h and signed the informed 
consent form. Fully communicate with the patient before 
examination, hold breath 3 times, and strictly observe 
the changes in the center rate during breath-hold pro-
cess. Scanning parameters: the scanning layer thickness 
is 0.625 mm and the acquisition matrix is 512 mm × 512. 
Display matrix 1024 × 1024. The tube voltage is 120kv 
and the tube current is 550 mA for spiral volume acqui-
sition and scanning. The chest was positioned on the 
frontal and lateral positioning film. The scanning range 
from 1  cm below the tracheal ridge to 2  cm below the 
diaphragm is the "scanning area" to cover the whole 
heart. The contrast agent was 350 mgI/ml, 90  ml con-
trast medium and 35 ml normal saline, which was rapidly 
injected through the right elbow vein at a rate of 5 ml/s. 
The delay monitoring time of trigger point of intelligent 
tracking technology is 10 s, and the threshold is 100HU. 
The post-processing of CT image data: transfer the col-
lected original image data information to GEADW4.6 
image post-processing workstation, and use the relevant 
post-processing and reconstruction software package to 
carry out multi-planar reconstruction (MPR), Maximum 
Intensity Projection (MIP), surface shaded display (SSD), 
volume reproduction (VR), and surface reconstruction 
(CPR) technologies to optimize the acquisition of rel-
evant image data, and cooperate with cutting, rotation, 
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and 3D domain removal tissue synthesis technology to 
make the corresponding anatomical structures of blood 
vessels and surrounding tissues more clear and to recon-
struct image information. According to the heart rate, 
after 40%, 45% and 75% of the original axial data images 
without motion artifacts in the RR interval are selected 
for processing, the selected phase data collected by the 
front door control is 75%. Image data reconstruction 
methods mainly include volume reconstruction tech-
nology and surface reconstruction technology (Fig.  1). 
Through observing the collected axial cross-sectional 
image data, the preliminary screening of coronary artery 

lesions is carried out, and then the lesions are displayed 
in three-dimensional by using different image post recon-
struction technologies. Through CPR and VR technology, 
the coronary artery and small branches can be displayed 
quickly and stereoscopically.

Significant coronary artery stenosis was defined as at 
least 50% stenosis in any of the major vessels (left main 
coronary artery, left anterior descending artery, left cir-
cumflex artery, or right coronary artery). The severity of 
coronary disease in each subject was quantified by the 
number of coronary arteries involved. Single-vessel dis-
ease was defined as at least 50% stenosis in one major 

Fig. 1  CTA images of a 75 year old woman with severe coronary calcification and disease. Different coronary CTA three-dimensional reconstruction 
techniques were used: A–D, VRT (volume rendering technique) for the whole myocardium and coronary arteries. E–H, VRT for coronary vascular 
trees. I–M, MIP (maximum intensity projections) for coronary vascular trees. N–U, CPR (curved planner reconstruction) for the degree of coronary 
stenosis and calcification in each large coronary branch: right coronary artery (N and R); left anterior descending branch (O and S); left circumflex 
branch (P and T); left marginal branch (Q); first diagonal branch (U)



Page 5 of 18Wang et al. Cardiovascular Diabetology          (2022) 21:187 	

coronary artery [23]. Multivessel disease was defined as 
at least two major vessels (≥ 2  mm diameter) from dif-
ferent territories with lesions deemed angiographically 
significant (≥ 50% stenosis) [4, 24]. A 50% or more reduc-
tion in the internal diameter of the left main coronary 
artery was considered to be three-vessel disease [23].

Description of relevant CT indicators
The subject’s CT angiography of coronary artery images 
through the AW VolumeShare 5 system was checked, 
and the corresponding chest scan images were selected. 
Two senior attending physicians who have worked in the 
imaging department for more than 10 years read each in 
the SmartScore software in CardIQ Xpress. One layer 
of plain scan image to mark the calcification part, and 
finally, the CACS result calculated by Volume-130 shall 
prevail (Figs.  1 and 2). TyG index = Ln[fasting serum 
triglycerides (mg/dl) × fasting blood glucose (mg/dl)/2] 
[19]; where triglycerides 1  mmol/L = 88.6  mg/dl, fasting 
blood glucose 1 mmol/L = 1/18 mg/dl.

Statistical analysis
SPSS software, version 19.0 (SPSS, Inc., Chicago, IL, 
USA) was applied for statistical analysis of the data. Con-
tinuous variables are shown as mean ± standard devia-
tion (SD) or median (inter-quartile range), and t-test 
and F-test to compare the statistical difference between 
the mean values of two or more independent variables. 
Mann–Whitney U test was used to compare abnor-
mally distributed data, and the results were expressed as 
median and inter-quartile range. Enumeration data was 
expressed as a percentage (%), and the chi-square test 
was applied to compare categorical variables.  The ROC 

curve analyzed the diagnostic value of CACS, TyG index, 
and the combination of the two variables for MVCD, 
calculated the area under the curve, and determined the 
sensitivity and specificity of forecasting MVCD. Uni-
variate and multivariate logistic regression analysis dem-
onstrated the correlation between some independent 
hazard factors including CACS, TyG index and coronary 
multivessel disease. P < 0.05 considered the difference to 
be statistically significant.

Results
Baseline characteristics
The mean age of 935 subjects at baseline was 
64.97 ± 13.68  years, and 68.98% of the subjects were 
men (n = 645). The included subjects were divided into 
four groups (Q1-Q4 groups) according to the level of 
TyG index. The clinical characteristics, biochemical and 
cardiac Doppler ultrasound parameters of the subjects 
are shown in Table  1. Patients with a high TyG index 
were more likely to be the male sex, however, there was 
no statistical difference among the groups (Table  1). 
General information and vital signs: age, systolic blood 
pressure (SBP), diastolic blood pressure (DBP), pulse 
pressure difference (PPD), heart rate (HR); anthropomet-
ric measurements: weight, body mass index (BMI), waist 
circumstance (WC); Laboratory indicators: white blood 
cell (WBC), uric acid (UA), creatinine (Cr), cystatin C 
(Cys C), fasting blood glucose (FBG), glycosylated hemo-
globin A1c (HbA1c), total cholesterol (TC), triglyceride 
(TG), low density lipoprotein cholesterol (LDL-C), tro-
ponin I (TnI), D-dimmer, homocysteine (Hcy), and liver 
functions (aspartate aminotransferase, AST; alanine ami-
notransferase, ALT) were elevated, whereas high density 

Fig. 2  Comparison of coronary calcification scores in each quartile array of TyG index. vs. TyG index quartile 1 group. *P < 0.05, **P < 0.01; vs. TyG 
index quartile 2 group, #P < 0.05, ##P < 0.01; vs. TyG index quartile 3 group, ∆P < 0.05, ∆∆P < 0.01
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Table 1  Baseline characteristics of subjects stratified by the TyG index quartiles

SBP systolic blood pressure; DBP diastolic blood pressure; PPD Pulse pressure difference; HR heart rate; LLD Lipid-lowering drugs; BMI Body mass index; WC 
waist circumstance; WBC white blood cell; Cr creatinine; UA uric acid; FBG fasting blood glucose; HbA1c glycosylated hemoglobin A1c; TC total cholesterol; TG 
triglycerides; LDL-C low density lipoprotein cholesterol; HDL-C high density lipoprotein cholesterol; BNP B-type brain natriuretic peptide; TnI troponin I; AST aspartate 
aminotransferase; ALT alanine aminotransferase; LA left atrial diameter; LVED left ventricular diastolic diameter; LVEF left ventricular ejection fraction; E/E’ Ratio of early 
diastolic mitral flow velocity to early diastolic mitral annular motion velocity

Hypolipidemic drugs: including statins, Bates, and niacin, mainly statins

Project TyG index quartiles F or χ2 P

Q1 (n = 226) Q2 (n = 239) Q3 (n = 224) Q4 (n = 246)

General information

 Age (year) 60.56 ± 12.31 63.81 ± 12.78 62.50 ± 14.05 68.22 ± 13.40 36.45 0.000

 Male sex [case (%)] 151 (66.81%) 155 (64.85%) 167 (74.55%) 176 (71.54%) 6.37 0.095

 SBP (mmHg) 136.75 ± 18.91 141.98 ± 20.48 147.28 ± 20.30 155.45 ± 21.26 81.15 0.000

 DBP (mmHg) 80.87 ± 11.23 80.15 ± 11.98 82.22 ± 12.11 82.24 ± 11.78 4.20 0.000

 PPD (mmHg) 56.42 ± 16.68 62.12 ± 19.35 64.73 ± 19.57 72.49 ± 20.02 61.07 0.000

 HR (bpm) 76.46 ± 13.89 77.12 ± 14.11 78.49 ± 14.82 78.77 ± 13.73 5.11 0.002

Past medical history

 Smoking [case (%)] 71 (31.41%) 9 5 (39.75%) 108 (48.21%) 139 (56.50%) 33.46 0.000

 Drinking [case (%)] 54 (24.0%) 58 (26.4%) 59 (23.0%) 74 (31.8%) 3.00 0.391

 Hypertension [case (%)] 127 (56.19%) 118 (49.37%) 153 (68.30%) 141 (57.32%) 17.33 0.000

 Diabetes [case (%)] 50 (22.12%) 40 (16.74%) 75 (33.48%) 83 (33.74%) 26.13 0.000

 Antihypertensive drugs [case (%)] 97 (42.92%) 84 (35.15%) 76 (33.93%) 65 (26.42%) 20.91 0.000

 Hypoglycemic drugs [case (%)] 89 (39.38%) 86 (35.98%) 72 (32.14%) 68 (27.64%) 8.11 0.044

 Hypolipidemic drugs
[case (%)]

68 (30.08%) 38 (15.90%) 40 (17.86%) 38 (15.45%) 20.91 0.000

Anthropometric measurements

 Body weight 68.60 ± 7.80 69.42 ± 7.04 72.54 ± 8.43 75.62 ± 8.34 88.17 0.000

 Body mass index (BMI) 25.63 ± 2.93 26.53 ± 3.19 27.88 ± 3.50 30.52 ± 3.89 209.84 0.000

 Waist circumstance (WC) 88.48 ± 7.71 90.61 ± 7.56 95.19 ± 9.66 102.62 ± 10.66 251.79 0.000

Laboratory indicators

 WBC (×109/L) 7.84 ± 2.95 8.16 ± 2.58 8.54 ± 3.04 8.85 ± 2.74 11.69 0.000

 UA (umol/L) 321.18 ± 115.87 341.72 ± 109.45 362.91 ± 111.00 407.86 ± 140.68 50.34 0.000

 Cr (umol/L) 75.89 ± 24.46 78.52 ± 31.61 78.71 ± 31.61 82.43 ± 33.18 4.31 0.005

 Cystatin C (mg/L) 1.24 ± 0.64 1.26 ± 0.62 1.34 ± 0.71 1.79 ± 1.08 63.69 0.000

 FBG (mmol/L) 5.46 ± 0.89 6.03 ± 1.25 6.84 ± 1.63 9.50 ± 3.03 41.32 0.000

 HbA1c 6.21 ± 0.97 6.86 ± 1.46 7.56 ± 1.72 10.31 ± 2.87 43.17 0.000

 TC (mmol/L) 3.97 ± 0.90 4.28 ± 1.08 4.38 ± 1.04 4.53 ± 1.20 17.86 0.000

 TG (mmol/L) 0.88 ± 0.23 1.36 ± 0.31 1.96 ± 0.52 3.33 ± 1.26 86.17 0.000

 LDL-C (mmol/L) 2.34 ± 0.78 2.63 ± 0.89 2.74 ± 0.96 2.75 ± 1.04 12.17 0.000

 HDL-C (mmol/L) 1.51 ± 0.76 1.42 ± 0.53 1.19 ± 0.52 0.92 ± 0.43 14.75 0.000

 BNP (pg/ml) 504.03 ± 324.15 586.78 ± 313.82 430.73 ± 308.46 714.76 ± 345.74 0.61 0.606

 TnI (ng/ml) 10.66 ± 3.47 11.83 ± 4.60 10.57 ± 5.68 18.89 ± 10.89 32.11 0.000

 D-dimer (ng/ml) 687.72 ± 501.04 393.80 ± 378.42 537.69 ± 409.94 513.67 ± 445.10 2.82 0.037

 Homocysteine (umol/L) 14.76 ± 9.79 16.85 ± 16.34 15.67 ± 11.09 17.04 ± 9.74 3.19 0.023

 AST(U/L) 98.18 ± 76.47 86.54 ± 64.57 81.87 ± 57.30 115.85 ± 82.89 9.98 0.000

 ALT(U/L) 39.16 ± 36.45 30.80 ± 25.20 33.26 ± 30.20 39.12 ± 36.04 3.01 0.029

Echocardiography

 LA 36.48 ± 4.47 36.92 ± 4.95 36.84 ± 5.05 37.05 ± 5.05 0.87 0.458

 LVED 48.79 ± 4.66 49.14 ± 5.13 48.95 ± 5.73 48.98 ± 4.714.22 0.25 0.865

 LVEF 54.23 ± 8.61 55.26 ± 8.11 54.35 ± 8.78 53.84 ± 9.948.98 2.58 0.052

 E/E’ 9.16 ± 3.43 9.03 ± 3.71 9.28 ± 4.44 9.55 ± 4.11 1.96 0.118
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lipoprotein cholesterol (HDL-C), and antihypertensive, 
hypolipidemic, and hypoglycemic drugs application 
were decreased in higher TyG index groups. Meanwhile, 
there was no significant difference in echocardiographic 
parameters (left atrial diameter, LA; left ventricular dias-
tolic diameter, LVED; left ventricular ejection fraction, 
LVEF; ratio of early diastolic mitral flow velocity to early 
diastolic mitral annular motion velocity, E/E’) and alcohol 
consumption among Q1-Q4 groups. Moreover, the high 
TyG index group had more hypertension, diabetes, and 
smoking except for the alcohol consumption (Table  1). 
With the increase of TyG index, the total CACS and the 
CACS of each coronary artery branch [left main artery 
(LM), left anterior descending artery (LAD), left circum-
flex artery (LCX), right coronary artery (RCA)] in each 
patient also gradually increased (all P < 0.05) (Fig. 2).

Association between coronary calcification and clinical risk 
factors
Univariable logistic regression analysis indicated that 
age, smoking, hypertensive and diabetic history, antihy-
pertensive drugs (AHD), hypoglycemic drugs (HGD), 
lipid-lowering drugs (LLD), weight, BMI, WC, SBP, DBP, 
pulse pressure difference (PPD), WBC, FBG, HbA1c, 
UA, TC, LDL-C, TG, HDL-C, cystatin C, homocysteine, 
TNI, BNP, HDL-C, and CACS, apart from sex, HR, Cr, 
ALT, AST, D-dimmer and drinking, were statistically 
associated with coronary calcification degree (Table  2). 
After adjusting for confounding factors, the correla-
tion between coronary calcification degree and age, sex, 
smoking, LLD, AHD, HGD, WC, SBP, FBG, HbA1c, 
LDL-C, HDL-C, Cys C, and TyG index, is still consistent 
with the above results. Among them, the severity of coro-
nary artery disease increased by 1.897 times for each unit 
of TyG index (Table 2, Fig. 3).

Clinical features of coronary multivessel 
and non‑multivessel diseases
According to the number and severity of coronary 
lesions, all subjects were divided into two groups: non-
MVCD and MVCD groups. The comparison of baseline 
data between the MVCD and the non-MVCD groups 
is exposed in Table  3. As predicted, MVCD group had 
higher levels of age, SBP, DBP, PPD, BMI, WC, UA, cys-
tatin C, FBG, HbA1c, TG, LDL-C, HDL-C, BNP, TnI, 
AST, and LA (P < 0.05) than those of the non-MVCD 
group (all P < 0.05) (Table 3). Nevertheless, no statistically 
significant differences were found in the other indica-
tors: HR, WBC, Cr, TC, D-dimmer, homocysteine, ALT, 
LVED, LVEF, and E/E’ between the two groups (P > 0.05) 
(Table  3). After adjusting for age, gender, and other 
potential confounding factors, logistic regression analy-
sis showed that age, smoking, waist circumference (WC), 

SBP, pulse pressure difference (PPD), HbA1c, HDL-C, 
TyG index, and CASC were the clinical risk factors affect-
ing coronary artery disease (all P < 0.05) (Fig.  4). With 
regard to coronary calcification score, MVCD group had 
higher scores of LM, LAD, LCX, RCA, and total CACS 
than those of non-MVCD group (P < 0.001) (Fig. 5).

Association between severity of coronary disease and TyG 
index
Compared with non-MVCD group, MVCD group had 
higher levels of TyG index (P > 0.001) (Fig.  6). As pre-
dicted, increasing TyG index quartiles was significantly 
correlated with the severity of coronary disease (Table 4). 
Taking quartile 1 (Q1) as the reference, multivariable 
logistic regression analysis demonstrated that the TyG 
index levels of Q2-Q4 increased the odds ratios for the 
severity of coronary disease in all groups including non-
MVCD and MVCD groups (Table 4). Furthermore, after 
adjusting for confounding variables, including age, sex, 
blood pressure, serum lipid, and other risk factors, and 
taking drugs for diabetes, hypertension, and dislipidemia, 
these associations between TyG index quartiles and 
coronary disease severity also remained statistically sig-
nificant (all p < 0.01) (Table  4). Compared with the haz-
ard ratio (HR) in Q1 group, multivariate-adjusted hazard 
ratio of coronary disease also significantly increased with 
rising TyG index levels in Q2-Q4 groups (all p < 0.05): 
(1) In the group with ≤ 1 of coronary lesion, Q2: HR 
2.91(95% CI 1.01–8.38); Q3: HR 3.47(95% CI 1.13–10.69); 
Q4: HR 4.88 (95% CI 1.64–14.50). (2) In the group with 
two coronary lesion, Q2: HR 2.29 (95% CI 1.21–4.35); Q3: 
3.05 (95% CI 1.45–6.42); Q4: 4.11 (95% CI 1.99–8.46). 
(3) In the group with more than or equal to three coro-
nary lesion, Q2: 1.61 (95% CI 1.02–3.19); Q3: 2.11 (95% 
CI 1.21–3.67); Q4: 2.66 (95% CI 1.38–5.13). Whether in 
mild coronary disease group or severe coronary disease 
group, especially in the mild coronary disease group, the 
TyG index contributed more to coronary artery disease 
(Table 4). Overall, as presented in Table 5, compared with 
non-MVCD, for each unit of TyG increase, the risk of 
multiple vascular disease increased by 1.213 times.

ROC curves and AUC estimated the severity of coronary 
disease
ROC curve was used to estimate the diagnostic value of 
CACS, TyG index and their combination for MVCD. As 
shown in Fig. 7, TyG index and CACS had approximate 
diagnostic ability for the severity of coronary disease in 
all subjects. The area under the ROC curve (AUC) of 
MVCD evaluated by TyG index was 0.780 (95% CI 0.756–
0.804), with 60.7% sensitivity, 61.5% specificity, respec-
tively; by CACS was 0.792 (95% CI 0.759–0.814), with 
62.1% sensitivity and 64.7% specificity, respectively; by 
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the combination of TyG index and CACS was 0.798 (95% 
CI 0.760–0.817), with 62.9% sensitivity and 67.3% speci-
ficity, respectively. The optimal cut-off value of TyG index 
for predicting MVCD was 9.0721 (sensitivity 60.4%, spec-
ificity 61.2%) (Fig. 7). According to the above results, TyG 
index had a very similar predictive strength and diag-
nostic capability for the severity of coronary disease to 
CASC. Surprisingly, the combination of the two methods 
did not increase the potential to predict coronary artery 

disease, only the sensitivity and specificity of prediction 
increased slightly.

Relationship between TyG index quartiles and MACEs
Overall, the median follow-up time was 34.52 (interquar-
tile range: from 26.50 to 42.00) months. Kaplan–Meier 
curves estimated cumulative incidences of each clinical 
event in major adverse cardiovascular events (MACEs) 
were shown in Fig.  8. The primary endpoints were the 

Table 2  Association between coronary calcification and clinical risk factors

Abbreviations as in Table 1

Lipid-lowering drugs: including statins, Bates and niacin, mainly statins

Variables Univariate analysis OR
(95% CI)

P Multivariate analysis for adjusted 
OR (95% CI)

P

Age 1.052 (1.040, 1.064) 0.000 1.235 (1.021,1.350) 0.000

Sex 0.941 (0.730, 1.213) 0.639 0.682 (0.705,0.986) 0.000

Weight 1.029 (1.014, 1.045) 0.000

BMI 1.124 (1.096, 1.151) 0.000

WC 1.064 (1.048, 1.080) 0.000 1.255 (1.033,1.478) 0.004

SBP 1.024 (1.017, 1.031) 0.000 1.217 (1.007,1.328) 0.007

DBP 1.008 (1.000, 1.016) 0.039

Pulse pressure difference(PPD) 1.031 (1.023, 1.039) 0.000

HR 1.008 (0.998,1.017) 0.102

FBG 1.523 (1.412, 1.642) 0.000 1.883 (1.213,2.960) 0.000

HbA1c 1.336 (1.252, 1.424) 0.000 2.141 (1.047,3.843) 0.024

WBC 1.055 (1.008, 1.055) 0.022

TC 0.834 (0.737, 0.943) 0.004

Cr 1.003 (0.999, 1.008) 0.275

TG 1.757 (1.498, 2.061) 0.000 0.000

LDL-C 1.184 (1.028, 1.363) 0.019 1.412 (1.090, 1.649) 0.000

HDL-C 0.480 (0.375, 0.614) 0.000 0.616 (0.423, 0.848) 0.004

BNP 1.000 (1.000, 1.002) 0. 001

Cystatin C 1.899 (1.535, 2.350) 0.000 1.265 (1.032,1.550) 0.028

UA 1.003 (1.002, 1.004) 0.000

Homocysteine 1.016 (1.003, 1.028) 0.013

TyGindex 4.311 (3.413, 5.446) 0.000 2.897 (2.528, 4.601) 0.000

TnI 1.008 (1.002,1.015) 0.013

D-dimmer 1.000 (1.000, 1.000) 0.552

ALT 1.003 (0.998, 1.007) 0.235

AST 1.001 (0.999, 1.002) 0.288

Drinking 1.200 (0.919, 1.566) 0.180

Smoking 1.811 (1.588, 2.066) 0.000 1.795 (1.17,2.435) 0.000

Diabetes history 1.855 (1.380, 2.494) 0.000 0.000

Antihypertensive drugs 0.647 (0.531, 0.747) 0.000 0.709 (0.641,0.980) 0.000

Lipid-lowering drugs 0.788 (0.656, 0.947) 0.011 0.832 (0.624,0.971) 0.000

Hypoglycemic drugs 0.904 (0.825, 0.991) 0.032 0.797 (0.62,1.03) 0.008

LA 1.003 (0.976, 1.031) 0.828

LVED 1.006 (0.979, 1.033) 0.672

EF 0.994 (0.980, 1.009) 0.458

E/E` 1.014 (0.981, 1.048) 0.408
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composite of all-cause mortality, cardiovascular death, 
unexpected rehospitalization of heart failure, recur-
rent ACS or unplanned revascularization, and non-fatal 
stroke. Kaplan Meier curve for the incidence of the pri-
mary endpoint and each component event stratified 
by the TyG index quartiles in all patients with ACS are 
presented in Fig. 8. Apart from all-cause death, the inci-
dences of the primary endpoints, cardiac death, unex-
pected re-hospitalization of heart failure, recurrent ACS 
or unplanned revascularization, and non-fatal stroke in 
the Q4 group were significantly higher than those of the 
Q1- Q3 groups (P log-rank < 0.001). Obviously, with the 
increase of the quartiles of TyG index, the incidence of 
these events mentioned above increased gradually (all 
P < 0.01) (Fig. 8). On the contrary, although the incidence 
curve of all-cause death in each TyG quartile had a sig-
nificant separation trend, the overall difference did not 
reach a statistically significant difference among all TyG 
index quartiles (log-rank test, P = 0.063).

Discussion
In this study, we noticed a significant association 
between the TyG index, CACS, coronary lesion severity, 
and ASCVD outcomes in patients with ACS. Even after 
adjusting for as many potential confounding risk factors 

as possible, an independent association between the TyG 
index, MVCD, and adverse CV outcomes was retained. 
Moreover, the predictive intensity of TyG index for 
MVCD and coronary MACEs is similar to that of CACS. 
To the best of our knowledge, this is the first study to 
investigate the prognostic value of the TyG index in ACS 
patients with MVCD.

It was found that almost all components of metabolic 
syndrome are involved in coronary calcification and 
lesions in this study. Multivariate analysis demonstrated 
that the anthropometric indexes waist circumference, 
blood pressure (SBP), blood glucose (FBG, HbA1c), 
and blood lipid (LDL-C, HDL-C) levels of patients were 
closely related to TyG indexes (Table 1), coronary artery 
calcification (Table 2, Fig. 3), and the severity of coronary 
artery disease (Table 3, Fig. 4). As can be seen from the 
above, multivariate analysis displayed that BMI could 
not significantly impact the calcification and severity of 
coronary artery with ACS in this study. Although it is 
controversy that the impact intensity of BMI and waist 
circumstance on ASCVD [15, 20, 25], the results of this 
study still support that waist circumstance is a risk fac-
tor stronger than BMI for ASCVD. Our results are con-
sistent with previous studies [25], Luan, et al. deem that 
BMI can only be used to assess general obesity, while 

Fig. 3  Forest plot demonstrated clinical risk factors significantly affecting coronary calcification. The association between clinical risk factors and 
coronary calcification degree was displayed in the forest plot. OR, Odd Ratio; CI: confidence interval, all P < 0.05%. Adjusted for age, gender, AHD 
(antihypertensive drugs), HGD (Hypoglycemic drugs), LLD (lipid-lowering drugs), body weight, BMI(body mass index), WC (waist circumference), 
SBP (systolic blood pressure), DBP (diastolic blood pressure), PPD(pulse pressure difference), HR (heart rate), FBG (fasting blood glucose), HbA1c 
(glycosylated hemoglobin A1c), LVEF, diabetes, hypertension, hyperlipidemia, smoking, drinking, white blood cell, TC(total cholesterol), LDL-C 
(low-density lipoprotein), HDL-C (high-density lipoprotein), Cr (creatinine), UA (uric acid), Cys C (Cystatin C), homocysteine, D-dimer, TnI (troponin I), 
and BNP (B-type natriuretic peptide) except for the stratified variables
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WC can be used to assess central obesity (or abdomi-
nal obesity), more accurately epitomize the distribu-
tion of body fat, and better forecast the risk of obesity 
related ASCVD [25]. Mori H, et  al. held the idea that 
coronary calcification tends to be higher in diabetic 
patients, which is associated with total plaque burden 

and is an independent risk factor for adverse outcomes 
[6]. Furthermore, calcification of coronary artery and 
other artery beds is more extensive in diabetic patients 
[26]. Multiple lines of evidence have supported the con-
cept that vascular calcification is closely associated with 
HbA1c [26]. Consistent with this view, in this study, both 

Table 3  Baseline characteristics of subjects stratified by coronary artery severity

Abbreviations as in Table 1

Project Non-MVCD group (n = 326) MVCD group (n = 609) t or χ2 P

General information

 Age (year) 56.70 ± 12.58 68.43 ± 12.57 0.014 0.000

 Male sex [case (%)] 221 (67.79%) 432 (70.93%) 93.50 0.000

 SBP (mmHg) 136.32 ± 18.50 153.76 ± 20.21 0.100 0.000

 PPD (mmHg) 55.21 ± 15.41 71.44 ± 20.03 66.911 0.000

 DBP (mmHg) 80.89 ± 11.24 82.01 ± 12.14 8.838 0.037

 HR (bpm) 82.61 ± 50.64 80.83 ± 14.53 7.868 0.190

Past medical history

 Smoking [case (%)] 224 (68.71%) 468 (76.85%) 7.307 0.007

 Drinking [case (%)] 174 (53.37%) 379 (62.23%) 6.535 0.011

 Hypertension [case (%)] 180 (55.21%) 398 (65.35%) 9.25 0.024

 Diabetes [case (%)] 127 (38.96%) 269 (44.14%) 21.44 0.000

 Antihypertensive drugs [case (%)] 129 (39.26%) 181 (29.72%) 9.29 0.002

 Hypoglycemic drugs [case (%)] 125 (38.34%) 171 (28.08%) 10.34 0.001

 Hypolipidemic drugs [case (%)] 79 (24.23%) 103 (16.91%) 7.258 0.007

Anthropometric measurements

 Weight 70.04 ± 7.64 73.98 ± 8.59 19.74 0.000

 Body mass index (BMI) 26.75 ± 3.51 29.22 ± 3.97 14.53 0.000

 Waist circumstance (WC) 91.35 ± 8.30 98.97 ± 1.17 55.07 0.000

Laboratory indicators

 WBC (× 109/L) 8.30 ± 2.77 8.63 ± 2.87 0.179 0.672

 UA (umol/L) 349.98 ± 117.43 383.19 ± 131.29 18.38 0.000

 Cr (umol/L) 80.99 ± 35.08 79.52 ± 28.00 1.195 0.274

 Cystatin C (mg/L) 1.21 ± 0.66 1.63 ± 0.96 90.41 0.000

 FBG (mmol/L) 6.79 ± 2.05 8.02 ± 2.93 67.22 0.000

 HbAc1 7.29 ± 2.14 8.91 ± 2.81 89.391 0.000

 TC (mmol/L) 4.33 ± 1.10 4.41 ± 1.12 0.612 0.104

 TG (mmol/L) 1.86 ± 0.93 2.50 ± 1.34 69.72 0.000

 LDL-c (mmol/L) 2.45 ± 0.97 2.70 ± 0.95 34.97 0.000

 HDL-C (mmol/L) 1.35 ± 0.62 1.07 ± 0.52 82.41 0.000

 BNP (pg/ml) 285.33 ± 469.47 343.87 ± 645.88 7.056 0.008

 TnI (ng/ml) 13.74 ± 6.22 15.63 ± 7.93 6.516 0.013

 D-dimer (ng/ml) 419.71 ± 544.93 434.32 ± 504.73 0.088 0.531

 Homocysteine (umol/L) 16.70 ± 15.74 16.12 ± 9.86 6.915 0.285

 AST(U/L) 48.19 ± 38.33 32.50 ± 26.20 24.040 0.000

 ALT(U/L) 113.35 ± 75.00 94.24 ± 69.69 4.640 0.241

Echocardiography

 LA 37.41 ± 5.09 36.70 ± 4.92 0.239 0.002

 LVED 48.64 ± 5.24 49.08 ± 4.91 0.743 0.052

 LVEF 54.47 ± 9.47 54.25 ± 9.01 0.488 0.184

 E/E’ 9.50 ± 3.92 9.26 ± 4.14 0.301 0.591
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fasting glucose and HbA1c were proportional to the 
degree of coronary artery calcification (Table 2, Fig. 3F). 
Further analysis showed that blood glucose had less effect 
on vascular disease than HbA1c (Figs.  3, 4). This rea-
son may be explained by the use of hypoglycemic drugs, 
and the blood glucose value fluctuates greatly. FBG at a 
time point is less stable than HbA1c, which more sta-
bly reflects the average blood sugar level of the recent 
three months in these patients. The results observed in 
the above statistics in this study support the view that 
patients with a higher TyG indexes were more likely to 

develop obesity, hypertension, and diabetes than those 
with a lower TyG index [21].

As a traditional and unalterable risk factor for cardio-
vascular disease, age was closely related to TyG index 
and coronary artery calcification in this study, whether 
univariate analysis or multivariate analysis (Table  1–3, 
Figs. 3, 4). Even if the male sex exacerbated the coronary 
calcification (Table 2, Fig. 3), it ultimately did not affect 
the severity of coronary disease (Fig. 4). This is different 
from the view of Razavi AC, et al. that women are more 
likely to have lower CAC scores compared to men of the 

Fig. 4  Forest plot displayed the clinical risk factors affecting the severity of coronary disease. Statistical methods and related abbreviations are the 
same as Fig. 3 (all P < 0.05%)

Fig. 5  Comparison of CASC in each coronary branch between non-multivessel and multivessel disease groups. CASC, coronary calcification score; 
LM, left main artery; LAD, left anterior descending branch; LCX, left circumflex branch; RCA, right coronary artery. Coronary artery calcification score 
expressed as a categorical variable: CACS < 62.36 (median value); CACS ≥ 62.36. vs. non-multivessel group, *P < 0.05, **P < 0.01
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same age [27]. Meanwhile atherogenic lipoproteins are a 
modifiable risk factor for ASCVD. Traditionally, low den-
sity lipoprotein cholesterol (LDL-C) has been regarded a 

risk factor for ASCVD and a therapeutic target for ath-
erosclerosis. However, there is increasing evidence that 
LDL-C may not be the best marker of cardiovascular 

Fig. 6  Comparison of TyG indexes between non-MVCD and MVCD groups. TyG index, triglyceride-glucose index; non-MVCD, Non-multivessel 
coronary disease; MVCD, multivessel coronary disease. Non-multivessel disease was defined as at least 50% stenosis in one major coronary artery. 
Multivessel disease was defined as at least two major vessels (≥ 2 mm diameter) from different territories with lesions deemed angiographically 
significant (≥ 50% stenosis). vs. non-MVCD, *P < 0.05, **P < 0.01

Table 4  Severity of coronary disease based on TyG index quartiles

Q1, 7.37–8.51; Q2, 8.82–8.99; Q3, 9.00–9.53; Q4, 9.54–11.504

OR Odd Ratio; CI confidence interval

Number of diseased 
coronary arteries

TyG index 
Quartiles

β SE Wald Unadjusted OR
(95% CI)

P Adjusted OR
(95% CI)

P

 ≤ 1 Q 1 Ref.

Q 2 1.74 0.50 12.07 5.67 (2.13, 15.08) 0.001 2.91 (1.01, 8.38) 0.047

Q 3 2.18 0.53 16.78 8.824 (3.11, 25.01) 0.000 3.47 (1.13, 10.69) 0.030

Q 4 2.97 0.49 37.23 19.47 (7.50, 50.54) 0.000 4.88 (1.64, 14.50) 0.004

2 Q 1 Ref.

Q 4 1.25 0.29 17.98 3.50 (1.96, 6.25) 0.000 2.29 (1.21, 4.35) 0.011

Q 2 1.92 0.32 35.72 6.84 (3.64, 12.86) 0.000 3.05 (1.45, 6.42) 0.003

Q 3 1.98 0.33 35.56 7.26 (3.78, 13.92) 0.000 4.11 (1.99, 8.46) 0.000

 ≥ 3 Q 1 Ref.

Q 2 1.08 0.29 13.43 2.94 (1.65, 5.24) 0.000 1.61 (1.02, 3.19) 0.017

Q 4 1.10 0.25 19.20 3.01 (1.84, 4.93) 0.000 2.11 (1.21, 3.67) 0.008

Q 3 1.42 0.30 22.09 4.12 (2.28, .43) 0.000 2.66 (1.38, 5.13) 0.023

Table 5  Evaluate the capacity of TyG index to predict coronary disease severity

non-MVCD non-multivessel coronary disease; MVCD multivessel coronary disease

Coronary disease
severity

β SE Wald Unadjusted HR
(95% CI)

P Adjusted HR
(95% CI)

P

non-MVCD − 6.546 0.887 54.352

MVCD 0.794 0.097 66.717 3.251 (2.922, 3.617) 0.000 2.213 (1.829, 2.679) 0.001
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disease and the risk of atherosclerotic lipoprotein [28]. 
In this study, HDL-C, LDL-C, antihypertensive drugs, 
hypoglycemic drugs, and lipid-lowering drugs (LLD) 
all had significant effects on CAC, whether univariate 
analysis or multivariate analysis (Table 2, Fig. 3). In con-
trast, univariate analysis showed that although HDL-C, 
LDL-C and Lipid-lowering drugs had significant effects 
on multivessel coronary artery disease. However, multi-
variate analysis confirmed that only LDL-C and HDL-C 
had a significant effect on coronary multivessel disease, 
and LDL-C has little impact on MVCD (OR = 1.141%, 
95 CI 1.047, 1.443) (Table 3, Fig. 4). The reason may be 
related to the following factors: the use of hypolipidemic 
drugs (mainly refers to statins) interfered with the true 
effect of LDL-C on CAC; the increase of LDL-C in Chi-
nese, especially in patients with metabolic syndrome, 
was not obvious, but mainly TG increased and HDL-C 
decreased. Some studies have found that non HDL-C 
may better reflect the overall burden of atherosclerotic 
lipoprotein than LDL-C [28]. High-density lipoprotein 
cholesterol (HDL-C) is recognized as a protective fac-
tor for ASCVD because previous studies have shown the 

inverse relationship between HDL-C and ASCVD events, 
particularly coronary heart disease [29]. Accordingly, 
HDL-C dysfunction might play a key role in the relation-
ship between HDL-C and atherosclerosis [29]. Although 
some clinical trials claim that HDL-C alone plays a lim-
ited role in the protection of ASCVD [29], this study 
confirms that HDL-C is negatively correlated with both 
coronary calcification and MVCD (Table  3, Fig.  4F). In 
this study, we found that with the decrease of the use of 
lipid-lowering, antihypertensive and hypoglycemic drugs, 
the quartile of TyG index increased (Table  1). Further-
more, both univariate analysis and multivariate analysis 
suggested that the use of lipid-lowering, antihypertensive 
and hypoglycemic agents were strongly negatively corre-
lated with CACS (Table 2, Fig. 3). Nevertheless, multivar-
iate analysis showed that they had no significant effect on 
coronary disease severity (Fig.  4). From the above data, 
there are significant statistical differences in multiple tra-
ditional ASCVD risk factors among different TyG index, 
non-MCVD, and MCVD groups (Tables 1, 3, Figs. 3, 4). 
The association of the TyG index with coronary lesion 
might be partially mediated by these traditional cardio-
vascular risk factors and be interfered interfered by drugs 
for routine treatment of metabolic syndrome.

It  is  widely  known  that smoking is associated with a 
high risk of vascular calcification and cardiovascular 
disease [30]. In some prospective studies, longer dura-
tion to quit smoking is consistently associated with lower 
cardiovascular risk [30]. Studies have shown that current 
smokers are more likely to suffer from CAC than never 
smokers [30, 31]. As an independent risk factor for the 
development of coronary heart disease, smoking leads 
to inflammation, impaired endothelial function, platelet 
dysfunction, increased oxidative stress and atheroscle-
rosis, all of which are related to the development and 
adverse events of ASCVD [31]. Although our study dem-
onstrates that smoking is not the most important risk 
factor for the progression of CAC and MVCD in patients 
with ACS, it is a risk factor for coronary calcification and 
multivessel lesion second only to blood glucose and TyG 
index (Figs. 3, 4).

It is worth noting that in this study, we found that cys-
tatin C increased with the increasing of TyG indexes 
(Table  1). Cystatin C is an independent risk factor for 
coronary calcification (Table  2, Fig.  3) and the risk 
of CAC increased 26.5% for each unit of cystatin C 

Fig. 7  ROC curve analysis of TyG index or/and CASC to predict 
coronary disease severity. TyG index, triglyceride-glucose index; CASC, 
coronary artery calcium score

(See figure on next page.)
Fig. 8  Cumulative hazard function of different clinical endpoints according to TyG indexes. Kaplan–Meier curves demonstrated the cumulative 
hazard function of the primary endpoint (A), cardiovascular death (B), all-cause death (C), heart failure rehospitalization (D), Hospitalization for 
non-fatal myocardial infarction, angina and unplanned revascularization (E), and non-fatal stroke (F) among the 4 groups based on the TyG index 
quartiles. TyG index quartile 1 (Q1), 7.37–8.51; quartile 2 (Q2), 8.82–8.99; quartile 3 (Q3), 9.00–9.53; quartile 4 (Q4), 9.54–11.504. Except for the primary 
endpoint, the comparison of other clinical endpoints between Q1-Q4 groups reached significant differences (P < 0.05)
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Fig. 8  (See legend on previous page.)
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increased (Fig. 3). Although cystatin C values of MVCD 
group were significantly higher than those of non-MVCD 
group (Table  3), the multivariate analysis showed that 
cystatin C had no significant difference in the severity 
of coronary artery disease (Fig.  4). Researches in recent 
years have proved that cystatin C is an endogenous filtra-
tion marker, elevated concentration of cystatin C is asso-
ciated with not only glomerular damage but also ASCVD 
[32]. ASCVD is an inflammatory disease characterized 
by extensive degradation of arterial wall matrix proteins. 
Cathepsin, a cysteine protease, plays a key role in extra-
cellular matrix (ECM) remodeling and participates in 
cardiovascular diseases based on atherosclerosis [32]. As 
an endogenous inhibitor cystatin C, promising biomark-
ers in the diagnosis of coronary artery disease, it may 
favor proteolysis of extracellular matrix (ECM) in the 
pathogenesis of ASCVD by participating in inflammation 
and extracellular matrix remodeling [32]. The decline of 
renal function in CKD patients, independent of the iden-
tified risk factors for CVD, leads to calcium and phos-
phorus metabolism disorders and inflammation, which 
may be the cause of CAC progression [33].

TyG index can be calculated by measuring only two 
laboratory indicators of triglyceride and fasting blood 
glucose. So it is convenient and less expensive to detect, 
but it is of great significance for guiding clinical work 
that TyG index has also been proved to be a better pre-
dictor of cardiovascular disease than FBG and HbA1c 
[21]. Consistent with the previous research, it is found 
that TyG index has stronger predictive ability for cor-
onary calcification than FBG and HbA1c in this study 
(Table  2, Fig.  3). With the increase of TyG index, the 
total CACS and the CACS of each coronary artery 
branch (LM, LAD, LCX, and RCA) in each patient with 
ACS also gradually increased (all P < 0.05) (Fig. 2). Con-
sistent with previous studies [13, 15, 17, 20], we also 
found that even after adjusting for as many potential 
confounding factors as possible, the TyG index as an 
independent risk factor was still associated with coro-
nary severity(Tables  4, 5, Figs.  4, 7). Compared with 
non-MVCD, MVCD had higher TyG index and CASC 
in each coronary branch (LM, LAD, LCX, and RCA) 
(P < 0.01) (Figs. 5, 6), which was more in line with previ-
ous studies [34] that the LAD score is relatively higher 
than the scores of other parts of the blood vessels 
(Fig.  5), reflecting from the side that LAD may be the 
more common part of coronary calcification. Sugiyama 
insisted that a high proportion of spot-like calcification, 
often located in left anterior descending coronary arter-
ies (LAD), are the most common plaque type in ACS 
[11]. Consistent with the previous findings, our study 
confirmed that LAD had the highest coronary artery 
calcification score in all major branches of the coronary 

artery, regardless of whether it was stratified by TyG 
index or grouped by severity of coronary artery disease 
(Figs. 1, 2, 5). Recently, Lee EY and Thai PV have found 
that the TyG index is associated to coronary artery ste-
nosis through clinical studies [35, 36]. Consistent with 
the previous research results, this study displayed that 
the higher the TyG index, the greater the number of 
coronary artery stenosis, the more serious the disease 
(Table  4, Fig.  4). Moreover, TyG index is independ-
ent risk factors for MVCD (OR = 2.213, 95%CI 1.829, 
2.768, P = 0.001), that is, for each unit of TyG increase, 
the risk of multiple vascular disease increased by 1.213 
times (Table 5, Fig. 4). Especially, in the mild coronary 
disease group, the TyG index contributed more to coro-
nary artery disease (Table  4). Not coincidentally, Park 
et al. suggested that TyG index was an effective marker 
for early detecting subclinical coronary atherosclero-
sis even in the absence of traditional CV risk factors 
[37]. Compared with TyG index, CACS had slightly 
stronger correlation and prediction ability for MVCD 
(OR = 2.548, 95% CI 1.923, 5.032, P = 0.037) (Fig. 4).

Although the area under the curve of ROC curve 
(AUC) of TyG index for the diagnosis of MVCD is only 
0.792, which is extraordinarily close to the AUC (0.780) 
of CACS in the same drawing (Fig. 7). Jiao Y and Wang 
L, et  al. declared  the  view that TyG index is independ-
ent of known cardiovascular risk factors to predict future 
MACEs in patients with diabetes and ACS [17, 18]. In 
this study, with the increase of the quartiles of TyG index, 
the incidence of the MACEs, including cardiac death, 
unexpected re-hospitalization of heart failure, recur-
rent ACS or unplanned revascularization, and non-fatal 
stroke, except for all-cause death, gradually increased 
in the Q1-Q4 groups (all P log-rank < 0.01) (Fig. 8). Our 
study provides additional information to support previ-
ous studies, suggesting the clinical significance of TyG 
index in predicting cardiovascular risk and MACE in 
patients with ACS (Fig. 8).

To sum up, this study confirmed the role of TyG index 
in Chinese patients with coronary calcification and 
MVCD. As mentioned above, TyG index could not only 
predict the degree of coronary calcification and disease, 
but also effectively forecast the MACE of ASCVD in 
patients with ACS. This study suggested that TyG index 
could be used as an independent risk factor to substi-
tute CACS for predicting the progression and MACEs 
of ASCVD. During the clinical practice, combining TyG 
index with routine risk factors of ASCVD may signifi-
cantly promote the accuracy of clinical risk prediction of 
cardiovascular disease prognosis. Therefore, screening 
high-risk cardiovascular population with TyG index is 
helpful to timely prevent and control the occurrence and 
development of ASCVD, reduce coronary multivessel 
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disease and MACEs, and improve the survival and the 
long-term prognosis of patients with ACS patients.

Limitations
There are several limitations worth considering in this 
study. Firstly, limited to the resolution and technical 
bottleneck of CCTA, the early micro-calcification of 
coronary atherosclerotic lesions is difficult to identify. 
Secondly, the formation of early atherosclerotic plaque 
may not involve calcification, or some patients do not 
have obvious atherosclerotic plaque, such as coronary 
spasm or microcirculation disorders, with 0 or low CACS 
may also suffer from ACS. Thirdly, there are always resid-
ual confounding factors that influence the final results 
of observational studies. Fourthly, we could not perform 
time-dependent analysis because some parameters such 
as FBG and blood lipid change with time. We only col-
lected the observed values at one time point. Fifthly, the 
statistical results may be biased because we have not fully 
considered the intensity, time and outcome of anti-dia-
betic therapy, lipid-lowering, antihypertensive, and anti 
heart failure treatment, et al. Sixthly, some traditional risk 
factors for coronary heart disease, such as gender and 
abnormal LDL, were not associated with MVCD, which 
may be related to small sample size, the presence of mul-
tiple risk factors, and the use of different types of drugs. 
In the future, multi-center, large-sample, prospective 
studies are still expected to explore further the relation-
ship between the TyG index, CACS, and MVCD. Finally, 
it is concluded that there may be racial differences. The 
current results may not be extended to other nationalities 
because the participants in our study are Chinese.

Conclusion
In brief, almost all components of metabolic syndrome 
are involved in coronary calcification and lesions in this 
study, and triglyceride glucose product index could com-
pletely substitute for CACS as a reliable, practical, and 
independent indicator for predicting the severity and 
prognosis of MVCD in patients with ACS.
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