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The predictive value of triglyceride—glucose index for
assessing the severity and MACE of premature coronary

artery disease
Ling Yang, Yu Peng, Zheng Zhang

Abstract

Objective: The aim of this study was to investigate the predic-
tive value of the triglyceride—glucose (TyG) index to assess the
severity and major adverse cardiovascular events (MACE) of
patients in hospital with premature coronary artery disease
(PCAD).

Methods: A total of 300 patients with PCAD, diagnosed by
coronary angiography (CAG), were enrolled in this study.
According to the tertiles of TyG index, the 300 patients were
divided into a T1 (n = 100), T2 (» = 100) and T3 group (n
= 100). According to the presence or absence of MACE,
the 300 patients were divided into a MACE (n = 80) and a
non-MACE group (n = 220). The patients’ clinical data were
compared between the groups, the relationship between TyG
index and the severity of PCAD and MACE were analysed
through multivariable logistic regression analysis, and their
predictive value was detected using receiver operating charac-
teristic (ROC) curves.

Results: Multivariable logistic regression analysis showed that
the TyG index was an independent risk factor for the severity
of PCAD and MACE. The area under the ROC curve was
0.833 and 0.807, respectively (all p < 0.05).

Conclusion: The TyG index was independently associated
with the severity of PCAD and MACE, and had a good
predictive value.
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Coronary artery disease (CAD) is the most important cause of
morbidity and mortality all over the world.'?> Although coronary
artery disease occurs mainly in the elderly, with the change in
lifestyle and dietary habits, young individuals with CAD have
become more prevalent in recent years. The onset age of CAD
is also becoming younger and younger, which has become a
problem that cannot be ignored.?

Premature coronary artery disease (PCAD) is a special type
of CAD, which is defined as the onset of CAD before the age
of 55 years in males and 65 years in females.* In contrast to
mature coronary artery disease, PCAD patients have more
severe coronary artery stenosis, more vascular occlusion, higher
incidence of acute coronary syndrome (ACS) and major adverse
cardiovascular events (MACE).** The loss of the labour force
caused by PCAD will bring a heavy burden to society and
families, so it is of great significance to prevent the occurrence
and adverse outcomes of PCAD.

Simental-Mendia et al. first discovered that the triglyceride—
glucose (TyG) index was related to insulin resistance (IR), and
current studies have confirmed that the TyG index is related to
cardiovascular disease.® However, most of the current studies on
TyG index and cardiovascular disease have been conducted in
the elderly, and there are few studies on TyG index and PCAD.

We mainly explored the association between TyG index
and the severity and MACE of PCAD, and analysed the
predictive value of TyG index for both. This has ensured a
better understanding of the clinical value of the TyG index for
PCAD, and allowed us to find a simple, economical and reliable
predictor of PCAD, so as to improve the clinical diagnosis and
treatment of PCAD patients.

Methods

This was a single-centre, retrospective study. From January 2021
to June 2022, a total of 300 patients with PCAD, diagnosed
by coronary angiography (CAG) at the Heart Center of the
First Hospital of Lanzhou University, were selected as the
subjects. CAD was defined as the presence of obstructive
stenosis of 250% of the vessel lumen diameter in any of the
main coronary arteries, including the left main coronary artery,
left anterior descending artery, left circumflex coronary artery
and right coronary artery, or the main branches of the vascular
system.

The inclusion criteria were as follows: their age had to meet
the requirements of PACD (males < 55 years, females < 65 years);
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and all patients had to have CAG records and results at the Heart
Center of our hospital. The exclusion criteria were as follows:
patients with history of coronary artery revascularisation; those
with heart diseases, such as myocarditis, congenital heart disease
or valvular disease; those with severe liver or kidney insufficiency;
those with infectious diseases; those with malignancies or other
auto-immune rheumatic diseases or connective tissue diseases;
and those who had recently taken medications lowering their
blood lipids.

This study was reviewed and approved by the ethics committee
of the First Hospital of Lanzhou University. All patients were
exempt from written informed consent.

Clinical data were collected from the medical records by
trained clinicians who were blinded to the study aim. The data
included patients’ demographics (age, gender, height, weight,
history of smoking and drinking), past history of hypertension
and diabetes, and family history of CAD.

All peripheral venous blood samples were collected early
in the morning after overnight fasting (eight hours minimum)
and the results were collected retrospectively from the medical
records. The laboratory indicators mainly included fasting
blood glucose (FBG), total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C).

The TyG index was calculated as: In [fasting TG (mg/dl) X
FBG (mg/dl)/2].

The unit conversion of blood glucose: 1 mmol/l = 18.0 mg/dl,
unit conversion of TG: 1 mmol/l = 88.6 mg/dl.

According to the tertiles of TyG index, the 300 patients were
divided into a T1 group (TyG index < 8.7994, n = 100), a T2
group (8.8133 < TyG index < 9.4635, n = 100) and a T3 group
(TyG index > 9.4635, n = 100).

The results of CAG were collected, and the number of
coronary artery lesions and the degree of stenosis of each vessel
were recorded. The total Gensini score was calculated according
to The Guide for Gensini Score Calculation.® The Gensini score
was used to evaluate the severity of PCAD. According to the
median of the Gensini score, a score < 24 was defined as mild
CAD, and a score > 24 was defined as severe CAD.

We followed up the 300 patients for 15 months. Patients
who underwent planned coronary stent re-implantation were
excluded from the study. All re-admitted patients presented
with symptoms of cardiogenic chest pain as their primary
complaints. Each re-admitted patient underwent a routine
cardiology examination and CAG. For patients with multiple
re-admissions, the endpoint was determined as the hospitalisation
time at which MACE occurred during the follow up.

The primary endpoint of our study was the occurrence of
MACE, which included re-admission with chest pain, coronary
artery revascularisation, in-stent restenosis, heart failure,
arrhythmias and haemorrhagic events. According to the presence
or absence of MACE, the 300 patients were divided into a
MACE group (n = 80) and a non-MACE group (n = 220).

Statistical analysis

IBM SPSS version 26.0 software was used for statistical
analysis. The Shapiro-Wilk and Kolmogorov—Smirnov tests
were performed to determine whether the research data had
conformed to a normal distribution. Continuous variables are

expressed as mean + standard deviation (SD) or median interval
and interquartile (IQR) values, and compared using the Student’s
t-test or ANOVA test in the case of normal distribution, or the
Mann-Whitney U-test or Kruskal-Wallis H-test in the case of
non-normal distribution. Categorical variables are expressed as
counts and percentages and were compared using the chi-squared
or Fisher exact test.

The relationship between the TyG index and the severity and
MACE of PCAD were analysed through multivariable logistic
regression analysis, and the predictive value was detected using
receiver operating characteristic (ROC) curves. A p-value of less
than 0.05 was considered to be statistically significant.

Results

The variables were compared between the three groups (T1,
T2 and T3). The results showed that among the three groups,
the patients’ proportion of smoking, drinking, hypertension,
diabetes, body mass index (BMI), and levels of FBG, TC,
TG, HDL-C, LDL-C and Gensini score showed significant
differences (all p < 0.05), but age, male gender and family history
of CAD showed no significant differences (all p > 0.05) (Table 1).

On multivariable logistic regression analysis, with the T1
group as the reference group, the higher tertile of the TyG
index was significantly associated with severity of PCAD after
unadjusting for any factors (OR: 3.273, 95% CI: 1.745-6.137 for
the T2 group, and OR: 5.211, 95% CI: 2.758-9.845 for the T3
group). After further adjustment for other confounding factors,
the increased TyG index was associated with an increased risk of
suffering from severe PCAD (all p < 0.05) (Fig. 1).

According to the presence or absence of MACE, the 300
patients were divided into a MACE group (n = 80) and a

Table 1. Clinical characteristics and laboratory

tests of patients with different TyG levels

T1 group T2 group T3 group
Variables (n=100) (m=100) (n=100) Fl@lZ p-value
Age (year), mean 49.83+7.24 50.32+8.06 49.89+7.12 0.128  0.880
+SD
Males, n (%o) 65(65.00) 69 (69.00) 68 (68.00) 0.394  0.821
Smoking, n (%) 18 (18.00)" 32(32.00)° 46 (46.00) 18.015 <0.001
Drinking, n (%) 13 (13.00)" 25(25.00)° 39(39.00) 17.751 <0.001
Hypertension, n (%)  31(30.00)® 46 (46.00): 62 (62.00) 19.331 <0.001
Diabetes, n (%) 9(9.00)*  20(20.00)° 37(37.00) 23.193 <0.001
Family history of 24(24.00) 28(28.00) 30(30.00) 0.940 0.625
CAD, n (%)
BMI (kg/m?), mean  24.44 +3.59* 26.23 £ 3.12¢ 27.19£3.10 18.129 <0.001
+SD
FBG (mmol/l), mean 4.95® 5.44¢ 7.69 94.158 < 0.001
(min—-max) (4.39-5.61) (4.95,6.73) (6.19-10.36)
TC (mmol/l), mean 3.67® 3.87¢ 4.32 23.765 <0.001
(min-max) (3.15-4.22) (3.38,4.44) (3.64-5.01)
TG (mmol/l), mean 1.18 1.96¢ 3.30 201.300 <0.001

(min-max) (0.94-1.48) (1.66-2.47) (2.61-4.38)

HDL-C (mmol/l), 1.12£0.23* 1.01£0.20° 0.91£0.21 25.068 <0.001
mean £ SD

LDL-C (mmol/l), 2.50+0.74> 2.69+£0.88 291£0.92 5.601 0.004
mean £ SD

Gensini score, mean 17.50® 24.00¢ 47.00 90.874 < 0.001
(min—-max) (10.00-22.00)(12.50-36.00)(32.00-60.00)

CAD: coronary artery disease, BMI: the body mass index, FBG: fasting plasma
glucose, TC: total cholesterol, TG: triglycerides, HDL-C: high-density lipopro-
tein cholesterol, LDL-C: low-density lipoprotein cholesterol.

“T2 group vs T1 group, p < 0.05; "T3 group vs T1 group, p < 0.05; T3 group vs
T2 group, p <0.05.
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Fig. 1. Multivariable regression analysis for association of TyG index with the severity of PCAD. Model 1: adjusted for smoking,

drinking, hypertension, diabetes. Model 2: Model 1+ adjusted for BMI, TC, HDL-C.

non-MACE group (n = 220). Subjects with MACE showed
a higher proportion of smoking, drinking, hypertension and
diabetes, and also higher levels of BMI, FBG, TG, Gensini score
and TyG index, but lower HDL-C levels (all p < 0.05) (Table 2).

Univariable logistic regression analyses showed smoking,
drinking, hypertension, diabetes, BMI, FBG, TG, HDL-C and
TyG index were associated with MACE. The variables selected
by univariable logistic regression (p < 0.05) were analysed in
the multivariable logistic regression analysis. FBG, TG and
Gensini score were excluded because the TyG index had a strong
correlation with FBG, TG and Gensini score (r,= 0.596, 0.881,
0.601; p < 0.001). Multivariable logistic regression analysis
showed smoking (OR: 2.387, 95% CI: 1.034-5.510; p = 0.042),
hypertension (OR: 2.156, 95% CI: 1.114-4.172; p = 0.023),

Table 2. Comparison of baseline characteristics

of MACE and non-MACE patients

MACE group  non-MACE group
Variables (n=80) (n=220) thlZ  p-value
Age (year), mean £ SD 49.18 £6.75 50.32£7.70 1.174  0.241
Males, n (%) 57 (71.25) 145 (65.91) 0.761  0.383
Smoking, n (%) 44 (55.00) 52(23.64) 26.521 <0.001
Drinking, n (%) 32 (40.00) 45 (20.45) 11.747  0.001
Hypertension, n (%) 56 (70.00) 83 (37.73) 24.573 <0.001
Diabetes, n (%) 35(43.75) 31 (14.10) 30.074 <0.001
Family history of CAD, 26 (32.50) 56 (25.45) 1.466  0.226
n (%)
BMI (kg/m?), mean £ SD  26.90 +3.01 25.61+£3.55  -2.898  0.004
FBG (mmol/l), mean 7.48 (5.40-10.25) 5.30(4.71-6.56) —6.047 <0.001
(min-max)
TC (mmol/l), mean 4.11(3.37-4.91) 3.88(3.38-4.52) -1.272  0.203
(min—-max)
TG (mmol/l), mean 2.91(1.99-4.56) 1.71(1.22-2.48) -6.810 <0.001
(min-max)
HDL-C (mmol/l), mean 0.89+£0.19 1.06 +£0.22 6.034 <0.001
+SD
LDL-C (mmol/l), mean 2.73+£0.91 2.69£0.85 -0.397  0.692
+SD
Gensini score, mean 46 (32-65) 20 (12-32) ~7.993 <0.001
(min—-max)
TyG index, mean = SD 9.83+£0.79 8.96£0.59 -8.920 <0.001
CAD: coronary artery disease, BMI: the body mass index, FBG: fasting plasma
glucose, TC: total cholesterol, TG: triglycerides, HDL-C: high-density lipopro-
tein cholesterol, LDL-C: low-density lipoprotein cholesterol.

diabetes (OR: 2.351, 95% CI: 1.151-4.805; p = 0.019) and TyG
index (OR: 4.653, 95% CI: 2.541-8.522; p < 0.001) were possible
independent risk factors for MACE. HDL-C (OR: 0.130, 95%
CI: 0.021-0.808; p = 0.029) was an independent protective factor
for MACE (Table 3).

The results showed that among the three groups, re-admission,
coronary artery revascularisation and in-stent restenosis showed
significant differences (all p < 0.05). However, heart failure,
arrhythmia and haemorrhagic events showed no significant
differences (all p > 0.05) (Table 4).

Patients with a high Gensini score (> 24) and patients with
MACE were defined as positive, and possessed sensitivity
analysis. The area under the ROC curve for predicting severity of
PCAD, sensitivity, specificity and Youden index were 0.833 (95%
CI: 0.789-0.877), 0.678, 0.801 and 0.479, respectively (Table 5,
Fig. 2). The area under the ROC curve for predicting MACE of
PCAD, sensitivity, specificity and Youden index were 0.807 (95%

Table 3. Multivariable logistic regression analyses for MACE

Variables B SE Wald OR 95% CI p-value
Smoking 0.870 0427 4152 2387 1.034-5.510 0.042
Drinking -0.268 0449 0355  0.765 0.318-1.844 0.551
Hypertension 0.768 0337 5199  2.156 1.114-4.172 0.023
Diabetes 0.855 0365 5496 2351 1.151-4.805 0.019
BMI —-0.055  0.058  0.906  0.946 0.844-1.060 0.341
HDL-C -2.037 0931 4792  0.130 0.021-0.808 0.029
TyG 1.538 0309 24799  4.653 2.541-8.522 < 0.001

BMI: body mass index, HDL-C: high-density lipoprotein cholesterol, TyG:
triglyceride—glucose index.

Table 4. Comparison of MACE with different TyG levels

T1 group T2 group T3 group

Variables (m=100) (n=100) (n=100) x p-value
Re-admission, n (%) 10 (10.00) 24 (24.00) 46 (46.00) 33.682 <0.001
Coronary artery revas- 3(3.00) 7(7.00) 18 (18.00) 14.259  0.001
cularisation, 7 (%)

In-stent restenosis, 7 (%) 0 (0.00) 2 (2.00) 6 (6.00) 6.566  0.031
Heart failure, n (%) 0(0.00) 0 (0.00) 2(2.00) 2.655  0.331
Arrhythmia, n (%) 0(0.00) 1 (1.00) 1(1.00) 1.249  1.000
Haemorrhagic events, 0(0.00) 0(0.00) 1 (1.00) 1.824  1.000

n (%)
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Table 5. Sensitivity analysis of TyG index for the severity and MACE of

PCAD
Youden Cut-off
Variables Sensitivity ~ Specificity index value AUC
Gensini score 0.678 0.801 0.479 9.252 0.833
MACE 0.500 0.955 0.495 9.918 0.807

AUC: area under curve, MACE: major adverse cardiovascular events.

CI: 0.752-0.862), 0.500, 0.955 and 0.495, respectively (Table 5,
Fig. 2).

Discussion

PCAD is an aggressive disease with high rates of recurrent
events and mortality. The coronary artery lesions of PCAD are
unstable plaques, which are prone to develop from single-vessel
lesions into new multi-vessel lesions at an early stage. This high
rate of MACE has persisted despite the advent of drug-eluting
stents, and antiplatelet and lipid-lowering drugs.’ Therefore,
compared with treatment of the disease, early prevention of
coronary atherosclerosis is very important.

CAG is the gold standard for the diagnosis of CAD, but it is
a costly and invasive procedure.” Therefore exploring a relatively
simple, economical, reliable, non-invasive biomarker to predict
the severity of CAD would benefit patients, and would also be of
great significance for prevention and control of the disease, and
reducing the medical burden.

The TyG index, which is a composite indicator composed of
fasting TG and FBG levels, is a simple and reliable surrogate for
IR, which has been proven to be a risk factor for cardiovascular
disease." In this study we grouped the enrolled patients based
on the tertiles of the TyG index. The results showed sequential
increases from low to high in the differences of BMI, FBG, TC,
TG and LDL-C of different TyG level groups. The opposite
trend was found for HDL-C levels. These data revealed disorders
of glucose and lipid metabolism in the studied patients.

The metabolic disorder is one of the main causes of CAD,
and can affect the development of CAD.” In our study we also
found that with an increase in TyG index, the risk of severe CAD
in PCAD patients gradually increased, and this relationship still
existed after adjusting for related confounding factors.

Li et al. recruited asymptomatic subjects with type 2 diabetes
who underwent coronary CT angiography, and the authors
found that the incidence of severe coronary stenosis increased
along with the TyG index tertiles. These results indicated that the
highest and middle tertiles of the TyG index were independently
associated with the severity of CAD after adjustment for other
related confounding factors.!

Mao et al. evaluated 438 patients with non-ST-elevation
acute coronary syndrome and found the TyG index was an
independent predictor of a high SYNTAX score (OR: 6.055, 95%
CI: 2.915-12.579). With an increase in the TyG index, the degree
of coronary artery stenos also increased." Thai et al. found that
a higher TyG index was associated with the number of narrowed
coronary arteries and the degree of coronary stenosis."” These
earlier studies are consistent with the results of our study, which
showed that the TyG index was associated with the severity of
CAD in these patients, and that the TyG index could be used as
an independent predictor of the severity of PCAD.

Previous studies have shown that the TyG index can predict

Sensitivity

0.2
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——— Gensini score  AUC=0.833  95% Cl : 0.789-0.877  P<0.001
MACE AUC =0.807  95% Cl:0.752_0.862  P<0.001

Fig. 2. ROC curve of TyG index for severity of PCAD and

MACE.

cardiovascular events.'*'” Our study found that compared with the
non-MACE group, the MACE group had a higher proportion of
hypertension and diabetes, higher BMI, FBG and TG levels, and
higher TyG index, and a lower HDL-C level. It is well known
that individuals with IR are predisposed to developing several
metabolic disorders, such as hypertension, hyperglycaemia and
dyslipidaemia, all of which are strongly associated with adverse
cardiovascular events and outcomes.'

After adjusting for confounding factors, it was found that
smoking, hypertension, diabetes and the TyG index were
independent risk factors for MACE in PCAD. Wu et al. also
proved that smoking, hypertension, diabetes and the TyG index
were independent risk factors for MACE in PCAD. In 526
PCAD patients, a high TyG index was independently related to
MACE in PCAD.” This was similar to the results of our study.

In a cohort study including 662 elderly patients with ACS,
Yang et al. found that the MACE rate of patients increased
significantly with an increase in TyG index. The TyG index, as
a continuous or categorical variable, was an independent risk
factor for MACE.* We also found a higher incidence of MACE
in patients with a high TyG index, especially for re-admission
for chest pain, coronary artery revascularisation and in-stent
restenosis.

Two previous studies have confirmed that a high TyG index
was associated with coronary artery revascularisation. Wu et
al. found that a high TyG index was an independent risk factor
for coronary artery revascularisation in patients with PCAD."”
Guo et al. conducted a follow-up study of 1 414 patients with
CAD after percutaneous coronary intervention and found that
an elevated TyG index was associated with an increased risk of
coronary artery revascularisation and in-stent restenosis.”’ Zhu et
al. retrospectively enrolled 1 574 ACS patients who were treated
with drug-eluting stents and found that the high TyG index
group had a higher rate of in-stent restenosis, and a high TyG
index was an independent risk factor for in-stent restenosis.

The exact mechanism underlying the relationship between
the TyG index and MACE of PCAD remains unknown. The
potential mechanisms underlying it are described as follows. On
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one hand, first, the coronary artery lesions in PCAD patients
are mainly thrombotic plaques, which are unstable.* Second,
IR causes an excessive increase in the number of platelets and
excessive activation of platelet adhesion factors, which lead to
a hypercoagulable state and makes it easy to form coronary
thrombotic obstructions.* Finally, IR can directly aggravate
coronary plaque instability.**

On the other hand, IR can induce disturbances in glucose

and lipid metabolism, contributing to hyperglycaemia and
hyperlipidaemia, which in turn trigger inflammation, oxidative
stress and increase in the numbers of macrophages. These cause
damage and necrosis of the coronary endothelial cells*® and
circulatory disorders of the coronary collaterals. The coronary
collaterals can exert a myocardial salvaging effect to limit the
ischaemic area and preserve normal cardiac function.”*

Limitations

There are some limitations to our study. First, this was a single-
centre and retrospective study with a relatively small sample
size, and the existing selection bias may have affected the results.
Second, subjects with diabetes use different types and doses of
antidiabetic drugs and insulin, which would have influenced
the TyG index. In addition, we included only patients with
PCAD diagnosed by CAG, and different subtypes of PCAD
were also enrolled in this study. These subtypes included stable
and unstable angina, non-ST-segment elevation myocardial
infarction, and ST-segment elevation myocardial infarction. The
presence of these two factors could also have biased the results.
Finally, only the first admission and re-admission were recorded
in this study, and the follow-up time was relatively short. No
long-term follow up was conducted for these patients outside the
hospital. Therefore, further multicentre, large-size, prospective
studies could strengthen our conclusions.

Conclusion

We found that for patients with significant PCAD, the TyG index
was a simple, economical and reliable surrogate index for IR. It
was an independent risk factor for the severity of PCAD and
MACE, and had a good ability to predict both.

The Science and Technology Program Fund of Gansu Province (18JR2FA005)
and the Natural Science Fund of Gansu Province (20JR5RA357) provided
funding for the study.
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