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Abstract

Objective Although the TyG index is a reliable predictor of insulin resistance (IR) and cardiovascular disease, its
effectiveness in predicting major adverse cardiac events in hospitalized acute coronary syndrome (ACS) patients has
not been validated in large-scale studies. In this study, we aimed to explore the association between the TyG index
and the occurrence of MACEs during hospitalization.

Methods We recruited ACS patients from the CCC-ACS (Improving Cardiovascular Care in China-ACS) database and
calculated the TyG index using the formula In(fasting triglyceride [mg/dL] x fasting glucose [mg/dL]/2). These patients
were classified into four groups based on quartiles of the TyG index. The primary endpoint was the occurrence of
MACEs during hospitalization, encompassing all-cause mortality, cardiac arrest, myocardial infarction (MI), and stroke.
We performed Cox proportional hazards regression analysis to clarify the correlation between the TyG index and

the risk of in-hospital MACEs among patients diagnosed with ACS. Additionally, we explored this relationship across
various subgroups.

Results A total of 101,113 patients were ultimately included, and 2759 in-hospital MACEs were recorded, with 1554
(49.1%) cases of all-cause mortality, 601 (21.8%) cases of cardiac arrest, 251 (9.1%) cases of MI, and 353 (12.8%) cases
of stroke. After adjusting for confounders, patients in TyG index quartile groups 3 and 4 showed increased risks of
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in-hospital MACEs compared to those in quartile group 1 [HR=1.253,95% Cl 1.121-1.400 and HR=1.604, 95% Cl
1.437-1.791, respectively; p value for trend <0.001], especially in patients with STEMI or renal insufficiency. Moreover,
we found interactions between the TyG index and age, sex, diabetes status, renal insufficiency status, and previous PCl

(all p values for interactions < 0.05).

Conclusions In patients with ACS, the TyG index was an independent predictor of in-hospital MACEs. Special
vigilance should be exercised in females, elderly individuals, and patients with renal insufficiency.

Introduction

Cardiovascular disease (CVD) remains the leading cause
of death worldwide, with an estimated 17.9 million fatali-
ties annually. Among these, acute coronary syndrome
(ACS) is a significant contributor to CVD-related mortal-
ity [1]. ACS encompasses a cluster of conditions charac-
terized by impaired myocardial function or necrosis due
to diminished blood flow in the coronary arteries [2].

Insulin resistance (IR) is characterized by insulin sen-
sitivity impairment, as demonstrated by a shift towards
higher insulin concentrations on the insulin concentra-
tion-effect curve [3]. At elevated plasma insulin concen-
trations, IR is a condition in which insulin-target tissues
do not adequately dispose of blood glucose, suppress
endocrine glucose production (EGP), and stimulate gly-
cogen production [3]. Recent studies have demonstrated
that IR is independent of the onset and progression of
CVD and chronic kidney disease (CKD) [4]. According to
a study conducted on patients referred for coronary angi-
ography, only a predisposition to IR (i.e., a high genetic
risk score burden) was associated with coronary artery
disease risk [5]. Another study revealed that compared
with hypertension, obesity, and smoking, IR appears to be
the strongest risk factor for premature onset of coronary
heart disease [6]. Although the hyperinsulinaemic-eug-
lycaemic clamp (HIEC) represents the gold standard for
measuring insulin resistance, this technique is difficult
to perform in clinical practice because it involves sev-
eral difficult procedures [7]. In recent years, TyG index
has gained increasing popularity as alternative methods
for diagnosing IR [8-10]. Studies have demonstrated that
there is an association between the TyG index and heart
failure [11], coronary heart disease [12] and the develop-
ment of hypertension [13].

The main risk factors associated with ACS include
advanced age, smoking, diabetes, hyperlipidaemia,
hypertension, and increased body mass index (BMI)
[14]. According to some studies, the TyG index is associ-
ated with ACS occurrence and prognosis [15]. Currently,
large-scale studies exploring the correlation between the
TyG index and the occurrence of MACEs during hos-
pitalization in patients with ACS are lacking, leaving
this association unclear. Therefore, the purpose of this
study was to explore relationships among these factors,
assisting clinicians in determining the risk of in-hospital

MACE occurrence in patients and reducing mortality
rates.

Methods

Study design and data sources

A national registry and quality improvement study, CCC-
ACS (Improving Cardiovascular Care in China-ACS), is a
database of focusing on the quality of ACS care in China.
The American Heart Association and the Chinese Society
of Cardiology initiated this study in 2014. The CCC-ACS
[16] was designed and implemented using Oracle Clinical
Remote Data Capture, an industry standard data collec-
tion platform. The participants’ hospitals received data
from an abstractor trained to extract the required infor-
mation from medical records. The CCC-ACS database
was continuously updated by the middle of the follow-
ing month for all eligible patients. A third-party clinical
research associate was hired to conduct a quality audit of
the case reports to ensure that they were continuous and
not selective. Additionally, 5% of the reported cases were
randomly selected from each participating centre. After
selecting the data, they were compared with the original
medical records to ensure accuracy and completeness.
However, the quality audit report indicated that the data
were properly reported, despite the low number of miss-
ing data and errors.

The data of 110,114 patients with ACS were collected
from November 2014 to December 2019 in 240 hospitals
registered with the ACS registry. After excluding patients
aged <20 years or>80 years (n=418 patients), patients
with missing or abnormal data (1210 patients), patients
with tumours (590 patients), patients with severe hepatic
insufficiency (4147 patients), and patients with pulmo-
nary infections (2636 patients), a total of 101,113 patients
were ultimately included in this study (Fig. 1). The study
was approved by a research ethics committee with a wav-
ier of patient consent, and strictly adhered to the Decla-
ration of Helsinki.

Data collection and definition

Records of hypertension and hyperlipidaemia were
obtained from the patient’s previous medical history. On
the second day after hospital admission, fasting blood
samples were collected to measure creatinine levels, lipid
profiles, and blood glucose levels. The TyG index was cal-
culated according to the formula [In(fasting triglycerides
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( 110,114 individuals of CCC-ASC project )

Age<20 or >80 years(n=418)

( 109,696 individuals aged 20-80 years >

Insufficient glucose or abnormal data(n=1210)

( 108,486 individual

Is initially selected )

7373 individuals were excluded:
Cancer N=590

Severe liver dysfunction N=4147
Severe lung infection N=2636

( 101,113 individuals finally included )

9.161<Quartile 2<9.593

N =25,278

Quartile 1<9.161
N =25,278

Fig. 1 Flow chart of enrolment

[mg/dL] x fasting glucose [mg/dL]/2) [17]. Based on the
Modification of Diet in Renal Diseases equation for Chi-
nese patients, the baseline eGFR was calculated: eGFR
(mL/min/1.73 m?=175xSCr (mg/dl)~"**x Age %17
(x0.79 for women) [18]. The primary endpoint was in-
hospital MACEs, which included a composite of all-cause
mortality, cardiac arrest, cardiogenic shock, myocardial
infarction (MI), and stroke. The secondary endpoints
were all-cause death, cardiac arrest, cardiogenic shock,
M]I, and ischaemic stroke.

Statistical analysis

The included subjects were stratified according to TyG
index quartile. The means and standard deviations of
normally distributed continuous variables are shown,
while medians and interquartile ranges are shown for
nonnormally distributed variables. Categorical variables
are presented as number (percentage). For continuous
variables, the Kruskal-Wallis test was used, whereas the
X2 test or Fisher’s exact probability test was used for cat-
egorical variables.

The Cox proportional hazards model was used to
investigate the association between the TyG index and
MACEs during hospitalization. Model 1 was unad-
justed, Model 2 was adjusted for age and sex, and Model
3 was further adjusted for variables with p<0.1 in the
univariate analysis, including left ventricular ejection
fraction (LVEF), haemoglobin A1C (HbA1C), smok-
ing status, hypertension status, hyperlipidaemia status,

9.593<Quartile 3<10.013

N =25,278 N=25,279

‘ Quartile 4>10.013 ’

diabetes status, previous cerebrovascular disease, pre-
vious peripheral vascular disease, previous myocardial
infarction (MI), previous chronic obstructive pulmonary
disease, history of valve surgery, oral aspirin, oral statins,
oral clopidogrel, oral hypoglycaemic agents, and subcuta-
neous insulin. Next, we also conducted stratified analysis
based on different diagnoses, including unstable angina
(UA), non-ST-segment elevation myocardial infarc-
tion (NSTEMI) and ST-segment elevation myocardial
infarction (STEMI). Additionally, the patients were fur-
ther analysed in subgroups according to age, sex, smok-
ing status, diabetes status, hyperlipidaemia status, renal
function, hypertension status, and previous percutane-
ous coronary intervention (PCI). Finally, we divided the
patients into 5 groups based on the estimated glomeru-
lar filtration rate (eGFR) to examine the relationship
between the TyG index and MACEs across various levels
of renal function. Two-tailed p values less than 0.05 was
considered to indicate statistical significance. We used R
4.1.3 (R Foundation for Statistical Computing, Vienna,
Austria) and IBM SPSS Statistics 26.0 (IBM Corporation,
Chicago, IL) to perform the statistical analyses.

Results

Baseline characteristics of the study participants

A total of 101,113 patients were eventually enrolled in the
study. According to the quartile distribution of the TyG
index, patients were divided into four groups (Quartile
1: n=25,278, TyG index<9.161; Quartile 2: n=25,278,
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9.161<TyG index<9.593; Quartile 3, n=25,278,
9.593<TyG index<10.013. Quartile 4: n=25,279, TyG
index>10.013) (Table 1). From Quartile 1 to Quartile
4, patient age, male proportion, total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), triglyc-
erides (TG), and fasting blood glucose (FBG) gradually
decreased, while high-density lipoprotein cholesterol
(HDL-C) and the proportions of diabetes, hyperten-
sion, hyperlipidaemia, and renal insufficiency gradually
increased (P value for trend <0.05). Similarly, the propor-
tions of patients receiving oral angiotensin II receptor
blockers (ARBs), glucose-lowering medication, and sub-
cutaneous insulin also increased gradually with quartile
grouping (P value for trend <0.05). However, the propor-
tions of previous PCI (2263, 9.0%), previous MI (2336,
9.2%), and previous stroke (2212, 8.8%) were higher in
group Quartile 1 than in the other three quartile groups.
Significant statistical differences were observed among
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the four groups in multi-vessel CAD status, LVEF, and
statin use (P value for trend <0.05).

In this study, 2759 MACEs were recorded, of which
1554 (49.1%) were all-cause mortality, 601 (21.8%) were
cardiac arrests, 251 (9.1%) were MI and 353 (12.8%)
were strokes. From Quartile 1 to Quartile 4, as the TyG
index gradually increased, the incidence of MACEs also
increased progressively, which were 609 (22.1%), 614
(22.3%), 685 (24.8%) and 851 (30.8%), respectively. The
proportions of each endpoint of MACE across different
groups are illustrated in Fig. 2.

Analysis of the TyG index and in-hospital MACEs

Cox regression analysis was conducted on the ACS
patients to evaluate the association between the TyG
index and MACEs. According to the univariate Cox
regression analysis, there was no significant associa-
tion between the TyG index and MACEs in patients
with ACS. After adjusting for confounders (Table 2),

Table 1 Baseline characteristics according to quartiles of the TyG index

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value
(<9.161) (9.161-9.593) (9.593-10.013) (>10.013)
Demographics
Age 67 (58,75) 64 (56, 73) 63 (54,71) 61(52,69) <0.001
Male 18,972 (75.1%) 18,673 (73.9%) 18,311 (72.4%) 18,065 (71.5%) <0.001
Risk factors
Diabetes (n (%)) 2519 (10.0%) 3994 (15.8%) 6312 (24.9%) 10,033 (39.7%) <0.001
Hypertension (n (%)) 11,888 (47%) 13,478 (53.3%) 14,155 (56.0%) 14,595 (57.7%) <0.001
Hyperlipidemia (n (%)) 7696 (30.4%) 11,674 (46.2%) 19,043 (75.3%) 23,711 (92.1%) <0.001
Renal insufficiency (n (%)) 2261 (8.9%) 2261 (8.9%) 2535 (10.0%) 2946 (11.7%) <0.001
Smoking (n (%)) 48 (24.3%) 6271 (25.8%) 6175 (24.4%) 6186 (24.4%) 0.189
Basic medical history
Previous Ml (n (%)) 2263 (9.0%) 2134 (8.4%) 2109 (8.3%) 2024 (8.0%) <0.001
Previous stroke (n (%)) 2336 (9.2%) 2307 (9.1%) 2235 (8.8%) 2037 (8.1%) <0.001
Previous PCl (n (%)) 2212 (8.8%) 2205 (8.7%) 2192 (8.7%) 2143 (8.5%) <0.001
Clinical presentations
Multi-vessel CAD (n (%)) 1862 (7.4%) 2123 (84%) 2313 (9.2%) 2273 (9.0%) <0.001
LVEF 53(37,61) 54 (37,61) 54 (36,61) 53(30,61) <0.001
Laboratory measurements
TC (mmol/l) 3.98 (3.35,4.69) 429 (3.61,5.02) 4.51(3.78,5.27) 4.76 (3.93, 5.58) <0.001
LDL-C (mmol/l) 2.37(1.84,297) 2.64(2.07,3.26) 2.78(2.18,341) 2.83(2.2,35) <0.001
HDL-C (mmol/l) 1.13(0.94,1.35) 06 (0.89, 1.27) 1.02 (0.86, 1.22) 0.98(0.82,1.19) <0.001
Triglycerides (mmol/I) 0.84(0.67,1) 29(1.09,1.5) 1.78(1.43,2.15) 2.83(22,35) <0.001
FPG (mmol/l) 5.10 (4.55,5.94) 5.64 (5.60, 6.67) 6.4 (540, 8.04) 843 (642,11.24) <0.001
Creatinine 80 (67, 98) 80 (67,97) 80 (67, 98) 80 (66, 100) 0.597
Medications at discharge
Statins (n (%)) 4406 (17.4%) 4709 (18.6%) 4668 (18.5%) 4423 (17.5%) 0.003
ACEIs (n (%)) 1292 (5.1%) 1340 (5.3%) 1326 (5.2%) 1379 (5.5%) 0.747
ARBs (n (%)) 4803 (19.0%) 5340 (21.1%) 5575 (22.1%) 5741 (22.7%) <0.001
Insulin (n (%)) 659 (2.6%) 1003 (4.0%) 1673 (6.6%) 2673 (10.6%) <0.001
Oral hypoglycemic agents (n (%)) 1421 (5.6%) 2286 (9.0%) 3603 (14.3%) 5674 (22.4%) <0.001

MI, myocardial infarction; PCl, percutaneous coronary intervention; CAD, coronary artery disease; LVEF, left ventricular ejection fraction; TC, total cholesterol; LDL-C,
low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; FPG, fasting plasma glucose; ACEls, angiotensin-converting enzyme inhibitors;

ARBs, angiotensin receptor blockers
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19.6%

Quartile 1
@ All cause deaths

Quartile 2

@ Cardiac arrests

Fig. 2 Incidence of MACEs patients with ACS under different TyG index

Table 2 Associations between TyG index and MACEs

TyG indexes HR (95% CI)
Model 1 Model 2 Model 3
Quartile 1 (<9.161) Reference Reference Reference
Quiartile 2 (9.161-9.593) 0.986 (0.803, 1.105(0.987, 1.098
1.209) 1.236) (0.981,
1.229)
Quiartile 3 (9.593-10.013) 1.033(0.843, 1304 (1.168, 1.253
1.265) 1.456) (1.121,
14)
Quartile 4 (>10.013) 1.085 (0.889, 1.76 (1.583, 1.604
1.325) 1.956) (1437,
1.791)
P value for trend 0.786 <0.001 <0.001

Model 1. Original data
Model 2. Minimally adjusted models were adjusted for age and sex

Model 3. Multivariable adjusted models were additionally adjusted for left
ventricular ejection fraction, Hemoglobin A1C, smoking, hypertension,
hyperlipidemia, diabetes, previous cerebrovascular disease, previous
peripheral vascular disease, previous myocardial infarction, previous chronic
obstructive pulmonary disease, history of valve surgery, oral aspirin, oral
statins, oral clopidogrel, oral hypoglycemic agents, and subcutaneous insulin

there was an increased risk of in-hospital MACEs in
Quartile 3 [HR=1.253, 95% CI 1.121-1.4] and Quartile
4 [HR=1.604, 95% CI 1.437-1.791] in comparison with
Quartile 1(P value for trend <0.001). Among patients with
UA, an elevated TyG index did not increase the risk of in-
hospital MACEs (Table 3). The risk of in-hospital MACEs

Quartile 3
@ Myocardial infarctions

Quartile 4

Strokes

increased with increasing TyG index in patients with
NSTEMI and STEMI. After adjusting for Model 2, signif-
icantly increased risks of in-hospital MACEs in patients
with NSTEMI were observed in Quartile 3 [HR=1.307,
95% CI 1.046-1.634] and Quartile 4 [HR=1.715, 95% CI
1.382-2.217] compared to Quartile 1, as well as in Quar-
tile 4 [HR=1.558, 95% CI 1.243-1.954] after adjusting for
Model 3. In STEMI patients, whether adjusted for con-
founders or not, the risk of MACEs in Quartiles 3 and
4 was significantly greater than that in Quartile 1, espe-
cially in Quartiles 3 [HR=1.276, 95% CI 1.118-1.458]
and 4 [HR=1.67, 95% CI 1.464—1.904] in Model 3.

TyG index and subgroup analysis

To further explore the relationship between the TyG
index and in-hospital MACEs, we conducted subgroup
analyses. In each subgroup, the TyG index was signifi-
cantly associated with an increased risk of in-hospital
MACEs after adjusting for confounders, which confirmed
the robustness of the results (Fig. 3). Moreover, we found
interactions between the TyG index and age, sex, diabe-
tes status, renal insufficiency status, and previous PCI
with the TyG index (all p values for interactions <0.05).
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Table 3 Associations between TyG index and MACEs in UAP, NSTEMI and STEM|
TyG indexes HR (95% CI)
UA NSTEMI STEMI
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Quartile 1 Reference Reference Reference  Reference Reference Reference Reference Reference  Reference
Quartile 2 0.86 (0.526, 0.88(0.543, 0.88(0.542, 0.944(0.739, 1.070(0.851, 1.082(0.860, 0.977(0.836, 1.142(0.998, 1.114(0.974,
1.408) 1.426) 1.43) 1.205) 1.345) 1.361) 1.1471) 1.305) 1.274)
Quartile 3 0.821 (0497, 0.951(0.588, 0.93(0.571, 1.043(0.822, 1.307(1.046, 1.240(0.990, 1.179 1346 (1.18, 1.276(1.118,
1.358) 1.539) 1516) 1.323) 1.634) 1.554) (1.016,1.367) 1.535) 1.458)
Quartile 4 0.674 (0392, 0.828(0.496, 0.761 1329(1.061, 1.715(1.382, 1.558(1.243, 1.527(1.327, 1.89(1.666, 1.670 (1.464,
1.158) 1.382) (0.446, 1.665) 2.127) 1.954) 1.757) 2.145) 1.904)
1.298)
P value for 0.554 0.892 0.784 <0.001 <0.001 0.001 <0.001 <0.001 <0.001

trend

Model 1. Original data

Model 2. Minimally adjusted models were adjusted for age and sex

Model 3. Multivariable adjusted models were additionally adjusted for left ventricular ejection fraction, Hemoglobin A1C, smoking, hypertension, hyperlipidemia,
diabetes, previous cerebrovascular disease, previous peripheral vascular disease, previous myocardial infarction, previous chronic obstructive pulmonary disease,
history of valve surgery, oral aspirin, oral statins, oral clopidogrel, oral hypoglycemic agents, and subcutaneous insulin

Variables Case

age .

<60 40267 —-—

>60 60846 . -

Sex E

Male 74021 -

Female 27092 . -

Smoking E

No 76333 .-

Yes 24780 E ——

Diabetes E

No 78255 . -

Yes 22858 .

Hyperlipidemia E

No 55808 .

Yes 45305 -

Renal insufficiency |

No 91104 L

Yes 10009 Lo

Hypertension 0

No 46997 L.

Yes 54116 . -

PCI

No 92361 L.

Yes 8752 ——
OTS 1I 1.5

Adjusted HR(95%CI) P value for interaction

1.162(1.039,1.3)
1.352(1.269,1.44)

1.267(1.183,1.356)
1.366(1.244,1.499)

1.314(1.236,1.397)
1.248(1.101,1.415)

1.299(1.215,1.39)
1.305(1.185,1.436)

1.699(1.532,1.885)
1.361(1.234,1.501)

1.191(1.112,1.276)
1.406(1.283,1.54)

1.268(1.166,1.378)
1.325(1.231,1.426)

1.308(1.235,1.386)
1.262(1.036,1.538)

<0.001

0.001

0.193

<0.001

0.316

<0.001

0.442

<0.001

Fig. 3 Jointassociation of TyG index and MACEs; TyG index were classified into 4 groups: <9.161,9.161-9.593,9.593-10.013, > 10.013,Models corrected for
sex, age, cerebrovascular disease, previous MI, smoking status, statins, previous hypertension, history of valve surgery, peripheral vascular disease,HbA1C,
diabetes, chronic obstructive pulmonary disease, oral aspirin or not, oral clopidogrel or not, history of angina, creatinine, Left ventricular ejection fraction,

subcutaneous insulin or not
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Associations between the TyG index and MACEs for
different eGFRs

To further explore the relationships among differ-
ent renal function levels, we categorized patients into
five groups based on eGFR. In patients with normal
renal function (eGFR>90 ml/min/1.73 m?), Quartile
4 [HR=1.339, 95% CI 1.086-1.651] remained associ-
ated with an increased risk of in-hospital MACEs after
adjusting for confounders (Table 4). The risk of MACEs
was significantly greater in Quartile 4 [HR=1.339, 95%
CI 1.086-1.651] with 90>eGFR>60 ml/min/1.73 m?
Quartile 3 [HR=1.47, 95% CI 1.076—2.01] and Quartile 4
[HR=1.793, 95% CI 1.312-2.449] with 60>eGFR>45 ml/
min/1.73 m% Quartile 4 [HR=1.98, 95% CI 1.472—
2.663] with 45>eGFR>30 ml/min/1.73 m? and Quar-
tile 3 [HR=1.418, 95% CI 1.079-1.864] and Quartile 4
[HR=1.793, 95% CI 1.372-2.342] with eGFR<30 ml/
min/1.73 m%

Discussion

This large-scale study to investigate the relationship
between the TyG index and in-hospital MACE risk in
ACS patients. The results indicated that the incidence
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and risk of MACEs gradually increase with increasing
TyG index, particularly among patients diagnosed with
STEMI. Furthermore, we demonstrated the robustness
of the results in different subgroups and found interac-
tions between the TyG index and age, sex, diabetes sta-
tus, renal insufficiency status, and previous PCI.

As a surrogate marker for insulin resistance, the TyG
index has now been introduced. As a marker of vascu-
lar endothelial inflammation and functional damage [19,
20], the TyG index is strongly associated with the risk
of atherosclerosis and cardiovascular disease [12]. Wu
et al. [17] randomly selected 6095 patients who did not
have diabetes or cardiovascular disease and who were
followed for 10 years and found that increases in the
TyG index quartile were associated with a greater preva-
lence of CVD. Insulin is able to reduce the synthesis of
VLDL under normal physiological conditions by activat-
ing PI3K, which degrades apoB. Insulin resistance, on
the other hand, inhibits this degradation, which leads to
an increase in the production of VLDL [21].The pres-
ence of insulin resistance can result in systemic lipid
disturbances, including elevated levels of total choles-
terol, small dense lipoproteins (LDL), and postprandial

Table 4 Associations between TyG index and MACEs in different eGFR

Variables Case Unadjusted HR (95% Cl) Adjusted HR (95% Cl) P value P value for trend
eGFR>90 ml/min-1.73 m? 51,266 0.006
Quartile 1 Reference Reference

Quartile 2 0.986 (0.803, 1.209) 0.951(0.772,1.17) 0.634

Quartile 3 1.033 (0.843, 1.265) 1.039 (0.843, 1.281) 0.719

Quartile 4 1.085 (0.889, 1.325) 1.339(1.086, 1.651) 0.006

90> eGFR > 60 ml/min-1.73 m? 32,271 0.006
Quartile 1 Reference Reference

Quartile 2 0.908 (0.739, 1.117) 0.951(0.772,1.171) 0.635

Quartile 3 0.966 (0.787, 1.186) 1.04 (0.843, 1.282) 0.716

Quartile 4 1.263(1.038,1.537) 1.339(1.086, 1.651) 0.006

60>eGFR>=45 ml/min-1.73 m? 8360 0.003
Quartile 1 Reference Reference

Quartile 2 1.211(0.883,1.661) 1.3(0.945,1.789) 0.106

Quartile 3 1.384(1.019, 1.88) 147 (1.076,2.01) 0.016

Quartile 4 1.645 (1.226,2.208) 1.793 (1.312,2.449) <0.001

45>eGFR>30 ml/min-1.73 m? 5239 <0.001
Quartile 1 Reference Reference

Quartile 2 1.175 (0.859, 1.606) 1.296 (0.945,1.777) 0.108

Quartile 3 1.117(0.822,1.518) 1.253(0.916,1.712) 0.158

Quartile 4 1.621 (1.223,2.148) 1.98 (1.472,2.663) <0.001

eGFR <30 ml/min-1.73 m? 3977 <0.001
Quartile 1 Reference Reference

Quartile 2 1.114 (0.833, 1.49) 1.113(0.831, 1.491) 0473

Quartile 3 1419 (1.084, 1.858) 1418 (1.079, 1.864) 0.012

Quartile 4 1.637 (1.268,2.113) 1.793 (1.372,2.342) <0.001

Model 1. Original data

Model 2 Adjusted models were adjusted for age, sex, left ventricular ejection fraction, Hemoglobin A1C, smoking, hypertension, hyperlipidemia, diabetes, previous
cerebrovascular disease, previous peripheral vascular disease, previous myocardial infarction, previous chronic obstructive pulmonary disease, history of valve
surgery, oral aspirin, oral statins, oral clopidogrel, oral hypoglycemic agents, and subcutaneous insulin
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lipids, and reduced levels of high-density lipoprotein
(HDL), which can contribute to the onset of athero-
sclerosis [22, 23]. Moreover, reduced insulin activity in
established ischaemic myocardium impairs glucose bio-
availability and alters fatty acid metabolism, leading to
increased oxygen consumption and decreased compen-
satory capacity in noninfarcted myocardium [24]. These
pathological metabolic disturbances further exacerbate
the progression of CAD. We found that the risk of in-
hospital MACEs increased as the TyG index increased
after adjusting for relevant factors in our study. Wang et
al. [25] studied 935 patients with ACS and reported that
as the severity of CAD increased with increasing TyG
index, the incidence of MACEs also increased, which is
consistent with the results of our study. In addition we
found that the incidence of in-hospital MACEs increased
with increasing TyG index in patients with STEMI and
NSEMI. But there was no significant relationship in
patients with unstable angina. The mechanism underly-
ing the association between patients with ACS and TyG
index is currently unclear, but this correlation may be
based on the state of insulin resistance as assessed by
the TyG index. Hyperglycaemia caused by insulin resis-
tance can lead to an increase in reactive oxygen species
and inflammatory factors, which can cause endothelial
dysfunction [26]. The relationship between acute MI and
IR may be explained by localized platelet activation and
thrombin generation, as well as an increase in coronary
thrombotic load, as a result of acute MI [27, 28]. How-
ever, the mechanism of unstable angina and in-hospital
MACEs is currently mechanistically unclear and needs to
be further explored.

Subgroup analyses revealed that patients with ACS in
renal insufficiency had a greater likelihood of experienc-
ing in-hospital MACEs and the TyG index of patients
with mild to moderate renal insufficiency was strongly
related to MACE:s in our study. This may be due to meta-
bolic acidosis, intestinal dysregulation, increased chronic
inflammation activation, or uraemic toxins which exac-
erbate insulin resistance in patients with ACS during
chronic renal failure [29-32]. Several mechanisms con-
tribute to insulin resistance, which in turn causes endo-
thelial damage and atherosclerosis in coronary arteries
[33], thereby causing in-hospital MACEs.

In our study, we found that the risk of in-hospital
MACEs was greater in diabetic patients than in non-
diabetic patients. Wang et al. [15] also verified that the
TyG index predicted future MACEs in patients with
diabetes and ACS independently of known cardiovas-
cular risk factors, suggesting that the TyG index may be
a useful marker for risk stratification and prognosis in
patients with diabetes and ACS. The largest number of
patients with previous PCI, previous MI, and previous
stroke were in Quartile 1, possibly because people with
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previous illnesses pay more attention to their blood glu-
cose and blood lipids. We found that the risk of in-hospi-
tal MACEs was greater among female ACS patients than
among males patients in subgroups by sex. Lu et al. [22]
reported that a greater TyG index was associated with the
development of subclinical atherosclerosis in nondiabetic
female patients, but not observed in nondiabetic male
patients. Compared with men,women were reported to
be at higher risk of MI when they have a high TyG index
[33]. A cohort study revealed that type 1 diabetes affects
adiposity and skeletal muscle insulin sensitivity more
strongly in women than in men, which may contribute to
the relatively higher cardiovascular risk among women
[34]. Arshi et al. [35] reported that high insulin levels and
HOMA-IR were significantly associated with hyperten-
sion prevalence but not in men.

In our study, patients with hyperlipidaemia had a
greater risk of MACEs as the TyG index increased.
Hyperlipidaemia patients are often accompanied by
increased TG and small dense LDL levels and lower high-
density lipoprotein (HDL) levels, all of which exacerbate
the occurrence of MACEs in ACS.

Additionally, due to the observational study design
used in this analysis, we cannot exclude residual or
unmeasured confounding even after adjusting for poten-
tial cardiac risk factors. Second, the study population
was selected, but the results may be biased because we
did not consider the type, frequency, or duration of use of
medications. Third, in this trial, the follow-up period was
short and only in-hospital MACEs were counted, which
may have led to some error on the results. Fourth, most
of our fasting plasma glucose and fasting triglyceride
values were collected on the next day of admission, but
a small amount of data were collected on fasting plasma
glucose and lipids were collected on the day of admis-
sion. Also, environmental factors may have influenced
our results. Fifth, although our study was a multicentre
study, we gave the current results may not be applicable
to other ethnic groups because all of the participants in
our study were only Chinese.

Conclusion

In patients with ACS, the incidence and risk of in-hospi-
tal MACEs increase with an increasing TyG index, indi-
cating that the TyG index is an independent predictor of
in-hospital MACEs. The TyG index should receive more
attention in females, elderly individuals and patients with
renal insufficiency. Clinicians may further assess the risk
of in-hospital MACEs in patients using the TyG index,
potentially reducing in-hospital mortality.
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TyGindex  Triglyceride-glucose index
IR Insulin resistance
CVvD Cardiovascular diseases



Wang et al. Cardiovascular Diabetology (2024) 23:170

MACEs Major adverse cardiovascular events
ACS Acute coronary syndrome

CKD Chronic kidney disease
HIEC High insulin-normal glucose clamp
CCC-ACS Cardiovascular Care in China-Acute Coronary Syndrome project

HR Hazard ratio
LDL Low-dense lipoproteins

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512933-024-02270-7.

[ Additional file 1. ]

Acknowledgements
We acknowledge all participating hospitals for their contributions to the CCC-
ACS project (Additional file 1: Table S1).

Author contributions

HG designed the study. WW and JY finished statistical analysis. WW wrote the
first draft. HG reviewed and checked the manuscript. KW, JN and YL modified
the English. All authors approved the final version of the manuscript.

Funding

The author(s) disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: 81973841, 81573744
from the China National Natural Scientific Foundation. The CCC-ACS project
is a collaborative project of the American Heart Association and the Chinese
Society of Cardiology. The American Heart Association received funding
from Pfizer through an independent grant for learning and change and
AstraZeneca as a quality improvement initiative.

Availability of data and materials

The datasets analyzed during the current study are not publicly available
because of intellectual property rights, but are available from the Prof. Dong
Zhao on reasonable request.

Declarations

Ethics approval and consent to participate

Institutional review board approval was granted for the aggregate data set for
research and quality improvement by the Ethics Committee of Beijing Anzhen
Hospital, Capital Medical University. As this was a large population-based
study, approval from the Ethics Committee of Beijing Anzhen Hospital, Capital
Medical University, included a waiver of informed consent.

Author details

'Department of Cardiology, Beijing Anzhen Hospital, Capital Medical
University, Anzhen Avenue #2, Chaoyang District, 100029 Beijing, People’s
Republic of China

Received: 25 December 2023 / Accepted: 7 May 2024
Published online: 15 May 2024

References

1. Timmis A, et al. Global epidemiology of acute coronary syndromes. Nat Rev
Cardiol. 2023;20(11):778-88.

2. HuD,etal. Evidential MACE prediction of acute coronary syndrome using
electronic health records. BMC Med Inform Decis Mak. 2019;19(Suppl 2):61.

3. Mastrototaro L, Roden M. Insulin resistance and insulin sensitizing agents.
Metabolism. 2021;125: 154892.

4. Yang K, Liu W.Triglyceride and glucose index and sex differences in relation
to major adverse cardiovascular events in hypertensive patients without
diabetes[J]. Front. Endocrinol. 2021;12: 761397.

5. SkalsR, etal. Insulin resistance genetic risk score and burden of coronary
artery disease in patients referred for coronary angiography. PLoS ONE.
2021;16(6): €0252855.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 9 of 10

Dugani SB, et al. Association of lipid, inflammatory, and metabolic biomark-
ers with age at onset for incident coronary heart disease in women. JAMA
Cardiol. 2021;6(4):437-47.

Muniyappa R, et al. Current approaches for assessing insulin sensitivity and
resistance in vivo: advantages, limitations, and appropriate usage. Am J
Physiol Endocrinol Metab. 2008,294(1):E15-26.

Akbar MR, et al. The association between triglyceride-glucose index and
major adverse cardiovascular events in patients with acute coronary
syndrome—dose-response meta-analysis. Nutr Metab Cardiovasc Dis.
2021;31(11):3024-30.

Huang R, et al. Triglyceride-glucose index in the development of heart failure
and left ventricular dysfunction: analysis of the ARIC study. Eur J Prev Cardiol.
2022;29(11):1531-41.

Navarro-Gonzalez D, et al. Triglyceride-glucose index (TyG index) in compari-
son with fasting plasma glucose improved diabetes prediction in patients
with normal fasting glucose: the vascular-metabolic CUN cohort. Prev Med.
2016;86:99-105.

Li X, et al. Triglyceride-glucose index and the risk of heart failure: evidence
from two large cohorts and a mendelian randomization analysis. Cardiovasc
Diabetol. 2022;21(1):229.

Zhao J, et al. TyG index is positively associated with risk of CHD and coronary
atherosclerosis severity among NAFLD patients. Cardiovasc Diabetol.
2022;21(1):123.

Wang Y, Yang W, Jiang X. Association between triglyceride-glucose index and
hypertension: a meta-analysis. Front Cardiovasc Med. 2021;8: 644035.

Bhatt DL, Lopes RD, Harrington RA. Diagnosis and treatment of acute coro-
nary syndromes: a review. JAMA. 2022;327(7):662-75.

Wang L, et al. Triglyceride-glucose index predicts adverse cardiovascular
events in patients with diabetes and acute coronary syndrome. Cardiovasc
Diabetol. 2020;19(1):80.

Hao'Y, et al. Rationale and design of the Improving Care for Cardiovascular
Disease in China (CCC) project: a national effort to prompt quality enhance-
ment for acute coronary syndrome. Am Heart J. 2016;179:107-15.

Liu L, et al. Association of triglyceride-glucose index and traditional risk fac-
tors with cardiovascular disease among non-diabetic population: a 10-year
prospective cohort study. Cardiovasc Diabetol. 2022;21(1):256.

Ma YC, et al. Modified glomerular filtration rate estimating equation

for Chinese patients with chronic kidney disease. J Am Soc Nephrol.
2006;17(10):2937-44.

Barzegar N, et al. The impact of triglyceride-glucose index on incident cardio-
vascular events during 16 years of follow-up: Tehran Lipid and Glucose Study.
Cardiovasc Diabetol. 2020;19(1):155.

Demirci |, et al. Triglyceride-glucose index levels in patients with Klinefelter
syndrome and its relationship with endothelial dysfunction and insulin
resistance: a cross-sectional observational study. Arch Endocrinol Metab.
2023,67(3):378-84.

Vergés B. Pathophysiology of diabetic dyslipidaemia: Where are we? Diabeto-
logia. 2015;58(5):886-99.

Lu YW, et al. Gender difference in the association between TyG index and
subclinical atherosclerosis: results from the I-Lan Longitudinal Aging Study.
Cardiovasc Diabetol. 2021;20(1):206.

Riehle C, Abel ED. Insulin signaling and heart failure. Circ Res.
2016;118(7):1151-69.

Tao LC, et al. Triglyceride-glucose index as a marker in cardiovascular dis-
eases: landscape and limitations. Cardiovasc Diabetol. 2022,21(1):68.

Wang J, et al. Association between triglyceride glucose index, coronary artery
calcification and multivessel coronary disease in Chinese patients with acute
coronary syndrome. Cardiovasc Diabetol. 2022;21(1):187.

Yang K, Liu W. Triglyceride and glucose index and sex differences in relation
to major adverse cardiovascular events in hypertensive patients without
diabetes. Front Endocrinol (Lausanne). 2021;12: 761397.

Liu J, et al. The association between glucose-related variables and plaque
morphology in patients with ST-segment elevated myocardial infarction.
Cardiovasc Diabetol. 2020;19(1):109.

Undas A, et al. Hyperglycemia is associated with enhanced thrombin forma-
tion, platelet activation, and fibrin clot resistance to lysis in patients with
acute coronary syndrome. Diabetes Care. 2008;31(8):1590-5.

Liu N, et al. Association between the triglyceride-glucose index and chronic
kidney disease in adults. Int Urol Nephrol. 2023;55(5):1279-89.

Gao YM, et al. Association between triglyceride-glucose index and risk of
end-stage renal disease in patients with type 2 diabetes mellitus and chronic
kidney disease. Front Endocrinol (Lausanne). 2023;14:1150980.


https://doi.org/10.1186/s12933-024-02270-7
https://doi.org/10.1186/s12933-024-02270-7

Wang et al. Cardiovascular Diabetology (2024) 23:170

32.

33.

34.

Dave N, Wu J, Thomas S. Chronic kidney disease-induced insulin resistance:
current state of the field. Curr Diab Rep. 2018;18(7):44.

Di Carli MF, et al. Role of chronic hyperglycemia in the pathogenesis

of coronary microvascular dysfunction in diabetes. J Am Coll Cardiol.
2003;41(8):1387-93.

Tian X, et al. Triglyceride-glucose index is associated with the risk of myocar-
dial infarction: an 11-year prospective study in the Kailuan cohort. Cardiovasc
Diabetol. 2021,20(1):19.

Millstein RJ, et al. Sex-specific differences in insulin resistance in type 1 diabe-
tes: the CACTI cohort. J Diabetes Complic. 2018;32(4):418-23.

Page 10 of 10

35. ArshiB, et al. Sex-specific relations between fasting insulin, insulin resistance
and incident hypertension: 89 years follow-up in a Middle-Eastern popula-
tion. J Hum Hypertens. 2015;29(4):260-7.

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between the triglyceride-glucose index and in-hospital major adverse cardiovascular events in patients with acute coronary syndrome: results from the Improving Care for Cardiovascular Disease in China (CCC)-Acute Coronary Syndrome project
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and data sources
	﻿Data collection and definition
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the study participants
	﻿Analysis of the TyG index and in-hospital MACEs
	﻿TyG index and subgroup analysis
	﻿Associations between the TyG index and MACEs for different eGFRs

	﻿Discussion
	﻿Conclusion
	﻿References


