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Objective: This study aims to investigate the correlation between triglyceride–glucose 
index (TyG) and the risk of cardiovascular disease (CVD).
Methods: A total of 102,061 permanent residents of Tianjin, China, aged 35–75 years were 
surveyed. A questionnaire, physical examination, and blood tests for biochemical markers 
were conducted for all subjects. The risk of CVD was judged based on the results, identify-
ing the population with a high risk of CVD. TyG was calculated for all subjects who were 
then grouped into TyG quartiles. The correlation between TyG and the detection rate of 
subjects with a high risk of CVD was analyzed using the chi-square test and Pearson’s 
correlation analysis. The cut-off points and the magnitude of the predictive effect of TyG in 
determining a high risk of CVD were identified by calculating the TyG through analysis of 
the receiver operator characteristic (ROC) curve.
Results: The surveyed population consisted of 39,598 males (38.8%) and 62,463 females 
(61.2%). The average age was 55.84 ± 10.27 years. A statistically significant difference in 
the incidence of a high CVD risk between subjects in the four groups divided by the TyG 
levels was identified (p < 0.01). Pearson’s correlation analysis showed that TyG was 
correlated with all risk factors for CVD (p < 0.01). The maximum Youden’s J statistic for 
determining the high risk of CVD was found at a TyG of 9.04 (specificity 0.575, sensitivity 
0.754). The area under the ROC curve was 0.780 (confidence interval [CI]: 0.777, 0.783, 
p < 0.01).
Conclusion: TyG index is closely related to the aggregation of cardiovascular risk factors 
and is correlated with the judgment results of the screening population’s high risk of CVD, 
suggesting that more attention should be paid to the identification and control of multiple risk 
factors in the population with significantly elevated TyG.
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Introduction
Cardiovascular disease (CVD) has become the primary cause of death in China,1 

and the prevention and treatment is a top priority of chronic disease management. 
To achieve early prevention, screening to identify the population at high risk of 
CVD and identification and targeted intervention management of high-risk popula-
tions has been carried out in China. Using traditional risk factors to identify high- 
risk populations, studies in various countries have introduced several scoring 
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prediction models.2 In recent years, foreign researchers 
have proposed that the triglyceride–glucose index (TyG), 
a synthetic index of fasting blood glucose (FBG) and 
triglycerides (TGs), is a valuable indicator of insulin resis-
tance (IR).3 IR is considered to be important in the patho-
physiological basis of diabetes mellitus (DM) development 
and many CVDs,4 and plays a vital role in the develop-
ment of CVD.

TyG has been shown in cross-sectional studies on 
CVDs as positively correlated with higher symptomatic 
coronary artery disease (CAD) prevalence, metabolic, 
and behavioral risk factors and can be used as a marker 
of atherosclerosis.5 It has been said that correlation does 
not imply causation, so using the TyG index as an indica-
tor of CAD patients is questionable.6 In a recent study that 
looked at the incidence of cardiovascular events with 
a median longitudinal follow-up of 8.2 years, patients in 
the highest TyG index quartile had a higher risk of stroke 
and myocardial infarction (MI) compared with those in the 
lowest TyG index quartile. These effects were independent 
of age, sex, smoking, alcohol consumption, physical activ-
ity, body mass index (BMI), systolic blood pressure, and 
total cholesterol (TC).7 There are still few relevant studies 
on the application value of the TyG index in CVD risks 
and event rates, and the number of observed subjects 
studied by Da Silva et al are small.5 At the same time, 
abnormal blood glucose and lipid metabolism are risk 
factors for coronary heart disease, so evaluating the TyG 
product index in patients with coronary heart disease may 
cause bias.

The relationship refers to the association between TyG 
and the aggregation of cardiovascular risk factors and 
between TyG and the judgment of the high-risk population 
of CVD. Predicting cardiovascular risk with the most 
stable, comprehensive, and low-cost index possible is of 
great benefit. In this study, screening data from the com-
munity were used to explore the correlation between the 
TyG and CVD risk in Chinese adults to provide a basis for 
the effective prevention of CVD.

Study Subjects and Methods
Data in this study were obtained from the survey sites in 
Tianjin for the Early Screening and Comprehensive 
Intervention Program for Population at High Risk of CVD 
in China. This study used Tianjin region screening data 
sourced from 2017–2019 in the Major Public Health Service 
Project “Early Screening and Comprehensive Intervention for 
Population at High Risk of CVD.” This was supported by the 

Ministry of Finance and the National Health Planning 
Commission of China as part of the China Patient-Centered 
Evaluative Assessment of Cardiac Events study (PEACE). 
The screening process and the content of the questionnaire 
were published in the British Medical Journal in 2016.8

Subjects
A total of 102,061 permanent residents aged 35–75 from 
45 community health service and village health centers in 
eight administrative regions of Tianjin were included in 
the 2017–2019 Tianjin survey. This study was conducted 
with approval from the Ethics Committee of Tianjin Chest 
Hospital. This study was conducted in accordance with the 
Declaration of Helsinki. Written informed consent was 
obtained from the survey respondents.

Data Collection
The study consisted of three parts: the questionnaire, 
a physical examination, and a blood test for biochemical 
markers. The questionnaire survey collected the following 
data: (1) demographic characteristics, including name, 
gender, ethnicity, ID number, current household status, 
current marital status, educational background, and total 
household income in the past year, (2) personal habits, 
such as smoking and alcohol consumption, (3) medical 
history, including a history of hypertension, stroke, DM, 
and MI, and (4) family history of CVD and stroke.

Data collected during the physical examination 
included blood pressure, height, weight, and waist circum-
ference. Blood was drawn to obtain FBG and four blood 
lipids measurements: total cholesterol (TC), TGs, high- 
density lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C).

Face-to-face surveys were conducted by survey staff 
who had all received identical training. Collected data 
from the physical examinations and laboratory tests were 
double-entered and checked individually to eliminate 
inconsistent data.

Criteria for Determining a High 
Risk of CVD
The criteria for identifying high-risk groups for CVD were 
published in the British Medical Journal in 2016. It was 
proposed based on the 2007 WHO guidelines for assessing 
and managing cardiovascular risk in preventing CVDs.9 

Considering that the level of blood lipids in the Chinese 
population is lower than that in the Western population, 
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according to the survey of blood lipids in China, the 
standard of blood lipids is adjusted to LDL ≥4.14 mmol/ 
L or HDL ≤0.78 mmol/L. Specific judgment criteria are as 
follows: the following parameters were used to identify 
a high risk of CVD: (1) a history of MI, (2) a history of 
percutaneous coronary intervention, (3) a history of cor-
onary artery bypass surgery, (4) a history of stroke, (5) the 
presence of hypertension, grade 2 or higher, (6) LDL-C 
≥4.14 mmol/L, (7) HDL-C ≥0.78 mmol/L, and (8) a 10- 
year CVD risk of ≥20% according to the risk assessment 
prediction chart in the 2007 WHO Guidelines for 
Cardiovascular Risk Assessment and Management.10 

Subjects with at least one of the above criteria were 
regarded as belonging to a population with a high risk 
of CVD.

Formula for TyG: 11 TyG = Ln (Fasting serum TG [mg/ 
dl] × FBG [mg/dl]/2)

Definitions of CVD Risks
(1) Hypertension: systolic blood pressure ≥140 mmHg, 
average diastolic blood pressure ≥90 mmHg, or a history 
of hypertension.12

(2) DM: FBG ≥7 mmol/L, or a history of DM, or 
a history of taking hypoglycemic medication.13

(3) Blood lipid abnormalities: TC ≥5.2 mmol/L or 
200 mg/dL, HDL-C <1.0 mmol/L or 40 mg/dL, non-high 
density lipoprotein cholesterol ≥4.1 mmol/L or 160 mg/ 
dL, LDL-C ≥3.4 mmol/L or 130 mg/dL, TG ≥1.7 mmol/L 
or 150 mg/dL.14

(4) Obesity: BMI ≥28 kg/m2.15

(5) Smoking: current smokers, ex-smokers were not 
included.

Statistical Analysis
The SPSS 25.0 software was adopted for data analysis. 
Subjects were divided into four groups, Q1, Q2, Q3, and 
Q4, according to TyG quartiles. Normally distributed data 
were expressed as (X ± S), and the independent sample 
t-test was used to compare two groups. The one-way- 
ANOVA test was used for comparison among groups. 
Countable data were expressed as rates, and comparisons 
between the two groups were conducted using a four-cell 
table chi-square test. A value of p < 0.05 was considered to 
be statistically significant. The Youden’s J statistic of the 
ROC curve was used to determine the TyG cut-off point 
predicting a high CVD risk, and the area under the curve 
(AUC) was calculated.

Results
General Characteristics of the Study 
Subjects
A total number of 102,061 subjects were included in this 
study, of which 39,598 (38.8%) were male and 62,463 
(61.2%) were female, with an average age of 55.84 ± 10.27 
years. After grouping the subjects into TyG quartiles, the 
differences between the four groups in respect of the follow-
ing parameters were all statistically significant (p < 0.01): 
gender, age, body mass index (BMI), TC, TG, HDL-C, LDL- 
C, FBG, and history of smoking, alcohol consumption, hyper-
tension, DM, coronary heart disease, and stroke (Table 1).

TyG and Subjects with Multiple 
Traditional Cardiovascular Risk Factors
Combined cardiovascular disease risk factors were 
counted separately for each group by TyG index quartile 
group. The enrolled risk factors included smoking, obesity, 
history of hypertension, history of DM and dyslipidemia. 
The results showed that the distribution of subjects with 0 
to ≥3 risk factors was statistically different among the four 
groups (χ2 = 16,692.61, p < 0.01), and the proportion of 
subjects with a combination of two, three or more risk 
factors increased significantly with increasing TyG 
(Table 2 and Figure 1).

TyG and the Detection Rate of a High 
CVD Risk
After grouping the subjects by TyG quartiles, the detection 
rate of subjects with a high risk of CVD was 16.7%, 19.9%, 
26.1%, and 32.3% in the four groups from low to high TyG 
quartiles, respectively. On analysis, these differences were 
statistically significant (χ2 = 2005.70, p < 0.01), as shown in 
Table 3 and Figure 2. Pearson correlation analysis showed 
that TyG was correlated with the detection rate of subjects 
with a high risk of CVD (r = 0.144, p < 0.01), as shown in 
Table 4. The results of the ROC curve analysis showed that 
a TyG of 9.04 (specificity 0.575, sensitivity 0.754) had the 
highest Yordon index for determining a high CVD risk and 
was the most effective threshold value for this purpose. The 
AUC of the ROC curve was 0.780 (CI: 0.777, 0.783, p < 
0.01), as shown in Figure 3.

Discussion
In this study, analysis of data from 102,061 subjects iden-
tified that TyG was correlated with CVD risk. As the TyG 
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increases, the aggregation of CVD risk factors increases 
significantly, and the number of people with a high risk of 
CVD increased significantly.

TyG has been widely investigated as an important 
index reflecting IR.16 IR is considered to be important in 
the pathophysiological basis for the development of DM 
and CVD.4 In recent years, TyG has gained attention in 
the areas of DM and metabolism and has had a positive 
effect on the evaluation and prediction of IR and meta-
bolic syndrome in diabetic patients.17 Currently, there 
are studies investigating the correlation between TyG 
and both hypertension and atherosclerotic CVD. Cross- 
sectional studies have shown that elevated TyG is 

significantly correlated with a high risk of hypertension 
and isolated systolic hypertension in middle-aged and 
elderly populations. TyG has a more substantial discri-
minatory power for hypertension than other indicators, 
such as lipid and blood glucose.18,19 Longitudinal fol-
low-up studies have also confirmed that a higher TyG is 
correlated with an increased risk of subsequent onset of 
hypertension.20

It has been shown that individuals in quartiles with 
a higher TYG index are more likely to develop athero-
sclerosis compared to quartiles with a lower TYG index,21 

and studies have also shown an association between 
increased TyG and cardiovascular disease,22,23 stroke,24 

Table 1 Comparison of the Main Risk Factors Among the Four Groups According to the Quartiles of TyG

Variables TyG Index Quartiles χ2/ F P

Q1 (Minimum) 
(n=25,550)

Q2 
(n=25,550)

Q3 
(n=25,498)

Q4 (Maximum) 
(n=25,513)

TyG 8.21±0.20a 8.66±0.10b 9.03±0.12c 9.67±0.34d 216,117.02 <0.01
Gender, Male 38.38%a 38.64%b 37.84%c 40.25%d 38.04 <0.01

Age (years) 53.68±10.75a 55.65±10.47b 57.01±9.83c 57.03±9.62c 613.32 <0.01

Smoking (%) 17.9%a 18.3%b 19.8%c 22.4%d 197.02 <0.01
Drinking (%) 11.9%a 10.7%b 11.6%c 13.1%d 69.95 <0.01

BMI(kg/m2) 24.50±3.32a 25.58±3.41b 26.50±3.45c 26.98±3.44d 2604.64 <0.01

SBP(mmHg) 130.61±19.08 a 133.92±19.22b 138.14±19.48c 141.54±19.74 d 1546.61 <0.01
DBP(mmHg) 78.5±10.76a 80.0±10.64b 81.6±11.12c 83.3±11.26d 922.941 <0.01

Glucose (mmol/L) 5.49±0.68a 5.79±0.87b 6.25±1.23c 7.23±2.25d 7780.803 <0.01

TC(mmol/L) 4.42±0.99a 4.69±1.02b 4.94±1.07c 5.32±1.24d 3144.594 <0.01
TG(mmol/L) 0.87±0.18a 1.28±0.20b 1.73±0.33c 3.01±1.02d 71,502.416 <0.01

HDL(mmol/L) 1.61±0.43a 1.50±0.36b 1.41±0.34c 1.32±0.35d 2662.832 <0.01

LDL(mmol/L) 2.46±0.79a 2.65±0.86b 2.79±0.91c 2.79/1.07c 672.314 <0.01
Hypertension (%) 36.69% a 44.88% b 56.56% 63.79% d 4446.319 <0.01

Diabetes (%) 5.31%a 11.16%b 21.73%c 42.02%d 12,502.759 <0.01

Coronary heart disease (%) 1.91%a 2.63%b 2.94%c 3.19%c 97.639 <0.01
Cerebrovascular disease (%) 2.82%a 3.54%b 4.20%c 4.44%c 121.531 <0.01

Notes: P<0.01 was considered statistically significant. A/B/C/D represents the pairable comparison results between Q1/Q2/Q3/Q4 groups. Different letters between the 
two groups represent statistical difference, while the same letters between the two groups represent no statistical difference.

Table 2 Comparison of the Aggregation of Risk Factors of Cardiovascular Disease Among the Groups According to the Quartiles of 
TyG

Groups Total TyG Index Quartiles χ2 P

0 Risk Factor 1 Risk Factor 2 Risk Factors ≧3 Risk Factors

Q1(n%) 25,550 11,557(45.23%)a 8312(32.53%)a 4416(17.28%)a 1265(4.95%)a 14,516.62 <0.01

Q2(n%) 25,550 8935(35.04%)b 8093(31.74%)a 5929(23.25%)b 2543(9.97%)b

Q3(n%) 25,498 5486(21.52%)c 7815(30.65%)b 7609(29.84%)c 4588(17.99%)c

Q4(n%) 25,513 3047(28.43%)d 6157(24.13%)c 7768(30.45%)c 8541(33.48%)d

Total 102,061 29,025(28.44%) 30,377(29.76%) 25,722(25.20%) 16,937(16.59%)

Notes: P<0.01 was considered statistically significant. A/B/C/D represents the pairable comparison results between Q1/Q2/Q3/Q4 groups. Different letters between the 
two groups represent statistical difference, while the same letters between the two groups represent no statistical difference.
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and atherosclerotic plaque formation events such as cor-
onary artery stenosis.25

Da Silva et al5 found that body weight, BMI, waist 
circumference(WC), waist circumference/height ratio, 
visceral adiposity index(VAI), Systolic blood pressure 
(SBP), Diastolic blood pressure(DBP), TC, LDL-C, and 
LDL-C/HDL-C ratio, dyslipidemia, diabetes, hyperten-
sion, physical inactivity, and smoking were positively cor-
related with TyG index. On the other hand, the TyG index 
was negatively correlated with age and HDL-C. The 
results were independent of gender and drug use. This 
study was carried out to investigate the relationship 
between TyG and cardiovascular risk based on screening 
the population. The study data were obtained from the 
Early Screening and Comprehensive Intervention 
Program for Population at High Risk of CVD conducted 
in China. This program enrolled permanent residents aged 

35–75 years in Tianjin, including healthy adults and 
patients diagnosed with CVD and cerebrovascular disease. 
The enrolled subjects were divided into four groups 
according to the TyG quartiles. The baseline data concern-
ing gender, age, blood pressure, lipids, FBG, and CVD in 
each group were used for comparison among groups. It 
was found that with an increasing TyG, there was an 
associated increase in the proportion of males, average 
age, blood levels of LDL-C, TC, TG, BMI, and proportion 
of patients with hypertension, DM, and hyperlipidemia. 
An increase in TyG was also associated with a decrease 
in HDL-C levels. These group differences were all statis-
tically significant. These findings are broadly consistent 
with those of Da Silva. Smoking, obesity, hypertension, 
hyperlipidemia, and abnormal blood sugar are the main 
risk factors for CVDs. The aggregation of risk factors in 
the same individual can increase the risk of disease. The 

Figure 1 Aggregation of risk factors of cardiovascular disease among the groups according to the quartiles of TyG.

Table 3 Comparison of the Proportion of Subjects with High-Risk Factors of Cardiovascular Disease Among the Groups According 
to the Quartiles of TyG

TyG Index Quartiles χ2 P

Q1 Q2 Q3 Q4

Number of people at high risk(%) 4270(16.7%)a 5077(19.9%)b 6661(26.1%)c 8230(32.3%)d 2005.70 <0.01

Number of non-high risk(%) 21,280(83.3%)a 20,423(80.1%)b 18,837(73.9%)c 17,283(67.7%)d

Total 25,550(100%) 25,550(100%) 25,498(100%) 25,513(100%)

Notes: P<0.01 was considered statistically significant. A/B/C/D represents the pairable comparison results between Q1/Q2/Q3/Q4 groups. Different letters between the 
two groups represent statistical difference, while the same letters between the two groups represent no statistical difference.
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number of traditional cardiovascular risk factors (smoking, 
obesity, history of hypertension, history of DM, and dysli-
pidemia) present for each of the subjects were counted as 
one each and summed as a total. The concentration of 
cardiovascular risk factors is prevalent in the adult popula-
tion in China. This study found that 41.8% of the popula-
tion had CVD risk factor aggregation (≥2 risk factors). The 
subjects were also divided into four subgroups based on 
the TyG quartiles. The analysis found that the proportion 
of subjects with two, three, or more traditional risk factors 
increased with elevated TyG. It indicates that the aggrega-
tion of CVD risk factors increases significantly with the 
increase of TyG.

A cohort study conducted in Spain22 showed that after 
a follow-up period in the study population, multivariate 
Cox regression results showed that the increase of TyG 
index could elevate the risk of CVD (HR and 95% CI: 
2.32:1.65 ~ 3.26). Moreover, the combined application of 
the Framingham model and TyG index in the prediction of 
this study is better than that of the Framingham model 
alone. There are no definitive findings on whether TyG can 
be used to determine the risk for those with a high risk of 
CVD. In this study, the cohort established by our screening 
was used to determine CVD risk according to the WHO 
judgment criteria, and TyG and the detection rate of sub-
jects with a high risk of CVD were analyzed. The results 
showed that a correlation existed between the two, and the 
corresponding AUC of the ROC curve was 0.780 (CI: 
0.777, 0.783, p < 0.01), suggesting that TyG may have 
a particular predictive value in identifying a high CVD 
risk.

In terms of the influence of drugs, hypoglycemic and 
lipid-lowering drugs can affect blood glucose and blood 
lipid levels, and diuretics and β-blockers in antihyperten-
sive drugs may also affect blood glucose and blood lipid 
levels, which we have also taken into consideration. The 
study population is community residents. According to our 
analysis of the study population, the patients who used 
hypoglycemic drugs accounted for 10.8% of the study 
population and 54.2% of the diabetic population, but the 

Figure 2 Number of subjects with high-risk factors of cardiovascular disease among the groups according to the quartiles of TyG.

Table 4 Correlation Between TyG and the High Risk of 
Cardiovascular Disease

Correlation

Index High Risk

TyG Pearson correlation 1 144**
Sig.(two-tailed) 000

No. of case 102,061 102,061

The detection rate 

of high risk

Pearson correlation 144** 1

Sig.(two-tailed) 000
No. of case 102,061 102,061

Note: ** P<0.01.
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blood glucose control rate (fasting blood glucose <7.0 
mmol/L) was only 15.4%. Only 4.7% of the study popula-
tion used lipid-lowering drugs. Among patients with 
hypertension, 5.8% received diuretics, and 3.8% received 
beta-blockers, mainly low-dose hydrochlorothiazide 
(12.5 mg) and indapamide (2.5 mg), with metoprolol and 
bisoprolol as the main beta-blockers. The use of these 
drugs was not sufficient to influence the results of this 
study.

TyG is a simple and novel synthetic index, and the 
cross-sectional survey data collected in this study con-
firmed a strong correlation between TyG and a high 
CVD risk in the Chinese adult population. However, as 
this study was based on a cross-sectional survey, it is 
difficult to prove a causal relationship between TyG 
and disease onset, which is a study limitation. In addi-
tion, this study failed to differentiate TyG by age and 
did not show whether subjects in different age groups 

would have other predictive values. A long-term fol-
low-up should be conducted in future studies to inves-
tigate the role of TyG in predicting the disease risk in 
other age groups in China using large sample cohorts 
to provide a strong contribution to the prevention 
of CVD.

Conclusion
TyG index is closely related to the aggregation of cardio-
vascular risk factors and is correlated with the judgment 
results of the screening population’s high risk of CVD, 
suggesting that more attention should be paid to the iden-
tification and control of multiple risk factors in the popula-
tion with significantly elevated TyG.

Disclosure
The authors report no conflicts of interest in this work.

Figure 3 The ROC curve of TyG in predicting the high risk of cardiovascular disease.
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