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Abstract

Purpose Previous studies suggest that triglyceride-glucose index (TyG) index, as a marker of insulin resistance, may have
associations with the risk of cardiovascular diseases (CVD) in elderly population. Given the paucity of data, it remains
controversial, especially in general Chinese population. We aimed to further assess whether TyG index is an independent
risk factor for CVD.

Methods We conducted a prospective cohort study that enrolled a total of 96,541 participants from the Kailuan Study. TyG
index was calculated as In (fasting triglyceride [mg/dL] x fasting glucose [mg/dL]/2). Participants were divided into four
groups (Q1, Q2, Q3, and Q4) by quartiles of the TyG index. Any CVD events occurred during 20062017 were recorded,
including myocardial infarction (MI) and stroke. We assessed the association of TyG index with the risk of CVD and the
subtypes of CVD by using Cox models estimated hazard ratios (HRs) and 95% confidence interval (CIs).

Results During a median follow-up of 10.33 years, totally 6421 CVD events, 1493 MlIs, and 5083 stroke events occurred.
Multivariate Cox regression analysis showed that compared with Q1, HR (95% CI) for CVD events was 1.12 (95%,
1.03-1.21) in Q2, 1.28 (95%, 1.18-1.38) in Q3, and 1.34 (95%, 1.23-1.45) in Q4. In a time-dependent Cox Model we also
found that compared with Q1, HR (95% CI) for CVD events was 1.09 (95%, 1.02-1.18) in Q2, 1.18 (95%, 1.09—1.27) in Q3,
and 1.20 (95%, 1.11-1.30) in Q4. Similar results were showed in MI and stroke.

Conclusions TyG index as a marker of insulin resistance was an independent risk factor for CVD. This may help in the early
identification of people at high risk of CVD and be applicable to the primordial and primary prevention.

Keywords Triglyceride-glucose index * Cardiovascular disease - Risk factors * Prospective cohort study

Introduction

The latest report shows that cardiovascular disease (CVD) is
the leading cause of death in the world’s population [1].
Nearly 290 million patients are now suffering from CVD in
These authors contributed equally: Qian Liu, Haozhe Cui China and the prevalence of CVD is continuously rising [2].
. . . . . The interventions and control for traditional risk factors of
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021-02862-3. CVD achieve initial results. However, the prevalence of
CVD will continuously rise due to the emerging epidemic
of obesity and diabetes and some uncovered factors.
Insulin resistance (IR) has been widely demonstrated to
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marker of IR [7-9]. Zhao et al. has found that the TyG
index was significantly associated with arterial stiffness and
microvascular damage [10, 11]. Irace et al. found that the
TyG index was associated with carotid atherosclerosis [12].
The VMCUN cohort study found greater predictive value of
TyG index for CVD [13]. Nevertheless, studies on the
relationship between TyG index and CVD remains insuffi-
cient, especially in the Chinese general population. We
aimed to investigate the associations between TyG index
and the risk of CVD through the Kailuan Study.

Methods
Study population

The Kailuan study is large, community-based and pro-
spective cohort study, which followed the guidelines of
Helsinki Declaration and was approved by the Ethics
Committees of the Kailuan General Hospital. The
detailed design of the Kailuan study have been described
previously [14]. Health examinations were performed in
2-year intervals up since 2006, including questionnaire
assessments, physical examination and laboratory test.
101,510 participants who participated in the survey in
2006 were enrolled. Exclusion criteria were as followed:
(I) missing data of TG and FBG levels (n = 1305), (I)
with history of cancer (n=377), (IIl) with history of
CVD (n=3263), and (IV) Body mass index (BMI)
>45 kg/m? (n =24). 96,541 participants were eventually
enrolled in our study.

Date collection and definitions

Information on demographic and clinical characteristics
(age, sex, lifestyle, and past medical history, etc.) were
collected using a self-reported questionnaire, as detailed
elsewhere [15]. Education level was classified as primary
school or below, middle school, and high school or above.
Smoking and drinking status were classified as never, for-
mer and current. Active physical activity was defined as “>4
times per week and 20 min at time”. BMI was calculated as
the weigh (kg)/height? (m?).

Elbow venous blood samples of 5 mL were collected into
an anticoagulant tube containing EDTA between 7:00-9:00
am after overnight fasting for at least 8 h, and the serum was
collected after centrifugation at 3000 x g for 10min. The
supernatant was measured within 4 h. All biochemical mea-
surement including total cholesterol (TC), TG, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), high-sensitive C-reactive protein (Hs-
CRP), FBG, and Uric acid (UA), and etc. was measured on
the Hitachi 747 autoanalyzer (Hitachi, Tokyo, Japan).

Hypertension was defined as SBP > 140 mmHg or DBP >
90 mmHg, a self-reported history of hypertension, or any use
of antihypertensive medication. Diabetes was defined as
FBG > 7.0 mmol/L, a self-reported history of diabetes, or use
of antidiabetic medication. Dyslipidemia was defined as TC >
5.17 mmol/L or TG 2 1.69 mmol/L. or LDL-C > 3.62 mmol/L
or HDL-C < 1.04 mmol/L, any self-reported history of dysli-
pidemia, or use of lipid-lowering drugs.

Calculation of TyG index

TyG index =Ln [TG (mg/dL)xFBG (mg/dL)/2] [16].
Since 2006, TG and FBG were measured every 2 years. The
baseline TyG index was calculated from the TG and FBG
values of the first health examination. We also entered the
TyG index as a time-dependent explanatory variable, since
it might change over time. The calculation of TyG index
included all available data from baseline to the year prior to
CVD occurred or to the end of follow-up. Antidiabetic
medication and other time-dependent covariates such as
BMI were entered into the model in the same way.

Definition of CVD and follow-up

According to the World Health Organization criteria, defi-
nition of CVD included myocardial infarction (MI) and
stroke [17, 18]. Participants were followed from 2006 until
CVD or death, whichever came first, otherwise until the end
of the follow-up period, 2017. Assessment of CVD and
death has been previously described in detailed [19]. CVD
events are determined by a panel of three experienced
physicians who review medical records and adjudicate cases
annually. Information on deaths was collected from death
certificates from the National Office of Vital Statistics.

Statistical analysis

Continuous, normally distributed variables were presented as
the mean + standard deviation (SD), and groups were com-
pared using one-way ANOVA. Measurements of distribution
anomalies were expressed as medians (Q25, Q75) and com-
pared with Kruskal-Wallis rank sum test. Category variables
were presented by number and percentage (%), with com-
paring between groups by chi-square test. Restricted cubic
splines were performed to examine the nonlinear relationship
between TyG index and CVD events with four knots (at the 5,
25, 75, and 95th percentiles) [20]. Participants were divided
into four groups (QI1, Q2, Q3, and Q4) by TyG index quar-
tiles and the Q1 group served as control.

The Cox model and the time-dependent Cox model were
used to assess the association TyG index with the risk of CVD
by calculating the HR and 95% CI. A Cause-specific hazard
function (CS) model, one of competing risk model, was used
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to assess the association TyG index with the risk of CVD
[21]. The HRs were also estimated for per-unit TyG index
change in CVD. Model 1 adjusted for age and sex. Model 2
was adjusted as model 1, adding current smoking and
drinking status, physical activity, education, BMI, hyperten-
sion, diabetes, HDL-C, LDL-C, hs-CRP, lipid-lowering
drugs, antidiabetic drugs, and antihypertensive drugs. We
conducted subgroup analysis on the basis of diabetes mellitus
to assess the association between TyG index and CVD events.
All the analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC). A two-sided P<0.05 was con-
sidered statistically significant.

Results
Baseline characteristics

The population included 96,541 participants in the current
study. Among them, the mean age of the study participants was
51.19 £ 12.57 years, and 76,858 (79.61%) were men. There is
increasing trend of the indicators except for the high school or
above from QI to Q4 groups. Baseline characteristics of par-
ticipants according to the quartile are presented in Table 1.

Associations between the quartiles of TyG index
with the risk of CVD

During a median follow-up of 10.33 years, we observed 6421
CVD events (MI events: 1493, Stroke:5083). From Q1 to Q4,
the incidence of CVD increased per 1000 person-years, with
Q4 was the highest (8.66/1000 person-years) (Table 2).
Compared with Q1, the HRs (95% Cls) for CVD events were
1.12 (1.03-1.21) in Q2 group, 1.28 (1.18-1.38) in Q3 group,
1.34 (1.23-1.45) in Q4 group, after adjustment for con-
founding factors in the model 2 (Table 2). It appeared that the
risk of CVD was higher in per-unit increasing of TyG index.
Similar results were also appeared in MI, stroke and ischemic
stroke except for a non-significantly increased risk of
hemorrhagic stroke (Table 2). 7414 competing events (non-
CVD deaths) occurred among participants during this follow-
up. The result of the Cox model is similar with the competing
risk model (Table 2). Multivariable adjusted spline regression
model showed a nonlinear relationship between TyG index
and the risk of CVD (Fig. 1).

Associations between the quartiles of TyG index and
the risk of CVD with time-dependent variables

Some individuals originally in Q1 or Q2 groups at baseline
might move to Q3 or Q4 during our follow-up, we entered
quartiles of TyG index as a time-dependent Cox model, in
which at each point in time, the last available TyG index was
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considered (Table 3). Lipid-lowering medication and other
covariates changed over time were also entered into model as
a time-dependent covariate. In this time-dependent Cox
model, the HRs (95% Cls) for CVD were 1.09 (1.02-1.18) in
Q2 group, 1.18 (1.09-1.27) in Q3 group, and 1.20
(1.11-1.30) for in group (Table 3). The risk of CVD was
higher in per-unit increasing of TyG index. Similar results
were found in MI, stroke and ischemic stroke and a non-
significantly increased risk of hemorrhagic stroke (Table 3).

Subgroup analysis

In subgroup analysis, Cox models were recalculated in
participants with and without diabetes mellitus (Supple-
mentary Table 1). Higher quartiles of TyG index were
associated with an increased risk of CVD in participants
without diabetes mellitus. The highest quartile of TyG index
were associated with an increased risk of CVD and
ischemic stroke in participants with diabetes mellitus. There
was no interaction between TyG index and diabetes mellitus
status for the risk of outcomes (P for interaction >0.05).
Cox models were recalculated in participants who were
younger than 60 years and 60 years or older (Supplementary
Table 2). Highest quartiles of TyG index were associated with
an increased risk of CVD in participants younger than 60 years
and older than 60 years. We found similar results in MI and
ischemic stroke. There was no interaction between TyG index
and age for the risk of outcomes (P for interaction >0.05).

Discussion

We found that TyG index were associated with an increased
risk of CVD (MI, stroke, and ischemic stroke). Similar
results were found in the association of the time-dependent
TyG index with CVD. It indicated both a high long-term
TyG index and short-term TyG index were associated with
the increase risk of CVD in general Chinese population.
In a 10.33-year follow-up, we indicated that TyG index
was an independent risk factor of CVD, with its elevation
indicated a higher risk of CVD. Classic Cox model nor-
mally identified outcomes as sole events without consider-
ing the competing risk of death, and whether participants
died of CVD remaining unknown, hence the bias produced
[22]. We then used competing risk model to assess the
association TyG index with the risk of CVD. Relatively
small difference showed between classic Cox models and
competing risk models. The death might not make effects in
the association of TyG index with CVD events in general.
In addition, we indicated that the short-term TyG index
changes were an independent predictor of CVD. Since many
participants, originally in low quartiles at baseline, might
move to high quartiles during the follow-up, we entered TyG
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Tl | Bl s i z
TyG index Ql (£8.18) Q2 (8.18-8.57) Q3 (8.57-9.05) Q4 (>9.05)
No 24,036 23,989 24,270 24,246
Age, mean (SD), years 5026+ 13.75  51.49+12.77 52.17+12.02  52.03+11.38  <0.001
Male, no. (%) 17,706 (73.66) 19,013 (79.26) 19,708 (81.20) 2,0431 (84.27) <0.001
BMI, mean (SD), kg/m? 23.40+3.22 24.62+3.26 25.61 +3.31 26.42+3.32 <0.001
SBP, mean (SD), mmHg 12446 +£20.17 129.55+20.28 132.46+20.63 136.13+20.88 <0.001
DBP, mean (SD), mmHg  79.64+11.07 82.76+11.34  84.49+11.57 86.65+11.94 <0.001
HDL-C, mean (SD), mmol/ 1.57 +0.41 1.56 +0.38 1.54 +0.39 1.53+0.42 <0.001
L
LDL-C, mean (SD), mmol/ 2.18 +0.93 2.38+0.86 2.45+0.88 2.36 £0.95 <0.001
L
Hs-CRP, mg/L, 0.62 0.75 0.90 1.06 <0.001
median (IQR) (0.22-2.02) (0.30-2.10) (0.34-2.30) (0.40-2.74)
TG, mean (SD), mmol/L 0.70 1.09 1.55 2.76 <0.001
(0.58-0.82) (0.98-1.21) (1.36-1.78) (2.17-3.90)
FBG, mean (SD), mmol/L.  4.80 + 0.68 5.09+0.76 544 +1.11 6.54 +2.65 <0.001
Education level, no. (%) <0.001
Primary school or below 2666 (11.09) 2488 (10.37) 2581 (10.63) 2604 (10.74)
Middle school 15,623 (65.00) 16,972 (70.75) 17,087 (70.40) 17,344 (71.53)
High school or above 5747 (23.91) 4529 (18.88) 4602 (18.96) 4298 (17.73)
Current smoker, no. (%) 7068 (29.41) 6877 (28.67) 7407 (30.52) 8065 (33.26) <0.001
Current drinker, no. (%) 4010 (16.68) 3954 (16.48) 4267 (17.58) 5021 (20.71) <0.001
Active physical activity, 3869 (16.10) 3558 (14.83) 3850 (15.86) 3621 (14.93) <0.001
no. (%)
Hypertension, no. (%) 6947 (28.90) 9765 (40.71) 11565 (47.65) 13,519 (55.76) <0.001
Diabetes Mellitus, no. (%) 258 (1.07) 595 (2.48) 1800 (7.42) 6090 (25.12) <0.001
Lipid-lowering medication, 81 (0.34) 131 (0.55) 172 (0.71) 338 (1.39) <0.001
no. (%)
Antihypertensive 1452 (6.04) 1932 (8.05) 2749 (11.33) 3428 (14.14) <0.001
medication, no. (%)
Antidiabetic medication, 122 (0.51) 214 (0.89) 445 (1.83) 1288 (5.31) <0.001

no. (%)

SI conversion factor: to convert TG to mmol/L, multiply by 0.0113; to covert FBG to mmol/L, multiply by

0.0555.

TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, Hs-CRP high-sensitive C-reactive protein, TyG index triglyceride-glucose index,
BMI body mass index, FBG fasting blood glucose, SBP systolic blood pressures, DBP diastolic blood

pressures, /QR interquartile range.

index as a time-dependent explanatory variable in the time-
dependent Cox models. And the antidiabetic medication and
other covariates (such as BMI) that changed over time were
entered into the model as time-dependent covariates. Com-
pared with the lowest level of TyG index (Q1), Q2, Q3, and
Q4 of TyG index were found to be associated with 1.09-,
1.08-, and 1.20-fold risks of CVD, respectively. Classic Cox
model focused on long-term effects on outcomes from the
exposure information at baseline. However, the time-
dependent Cox models focused more on short-term effects
of time-varying exposures to outcomes, and could explore the
association between exposure and outcomes through the

changes of exposure information [23]. In conclusion, the TyG
index represents an independent risk factor for CVD either
long or short-term effects.

Similar results were obtained in previous studies. In a
cohort study including 6078 Chinese older adults (age 60
years or older), Li et al. investigated that Q3, Q4 of TyG
index were associated with 1.33- and 1.72-fold risks of
CVD compared with the lowest level of TyG index [24].
Since its study population comprised of adults aged 60 or
older, who were originally at a higher CVD risk, the
select bias was inevitable. Our study covered different
ages range from the young to the old and found that TyG
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Table 2 Associations of risk of CVD events with the quartiles of TyG index

Case, Incidence, per 1000 person-y Cox model

Competing risk model

No Model 1 Model 2 Model 1 Model 2
CvD"
Ql 1090 4.34 Reference Reference Reference Reference
Q2 1399 5.63 1.24 (1.15-1.35) 1.12 (1.03-1.21) 1.26 (1.16-1.36) 1.14 (1.05-1.23)
Q3 1788 7.15 1.57 (1.45-1.69) 1.28 (1.18-1.38) 1.58 (1.47-1.71) 1.29 (1.19-1.40)
Q4 2144  8.66 1.95 (1.81-2.10) 1.34 (1.23-1.45) 1.95 (1.81-2.10) 1.34 (1.24-1.46)
Per 1 unit 1.43 (1.39-1.48) 1.18 (1.13-1.22) 1.43 (1.38-1.48) 1.17 (1.13-1.22)
mI’
Ql 203 0.79 Reference Reference Reference Reference
Q2 304 1.20 1.42 (1.18-1.70) 1.28 (1.07-1.54) 1.44 (1.20-1.73) 1.30 (1.08-1.57)
Q3 414  1.62 1.91 (1.62-2.27) 1.58 (1.33-1.88) 1.95 (1.65-2.32) 1.62 (1.35-1.93)
Q4 572 225 2.74 (2.33-3.23) 1.99 (1.66-2.37) 2.75 (2.34-3.25) 2.00 (1.67-2.40)
Per 1 unit 1.62 (1.51-1.73) 1.37 (1.27-1.49) 1.61 (1.51-1.71) 1.37 (1.26-1.48)
Stroke”
Q1 906  3.59 Reference Reference Reference Reference
Q2 1126 4.51 1.21 (1.11-1.32) 1.09 (0.99-1.19) 1.22 (1.12-1.33) 1.10 (1.01-1.21)
Q3 1410 5.59 1.48 (1.36-1.61) 1.21 (1.11-1.32) 1.49 (1.37-1.63) 1.22 (1.12-1.33)
Q4 1641 6.56 1.79 (1.65-1.94) 1.21 (1.11-1.32) 1.79 (1.65-1.94) 1.22 (1.11-1.33)
Per 1 unit 1.39 (1.34-1.44) 1.13 (1.08-1.18) 1.38 (1.33-1.43) 1.12 (1.08-1.17)

Ischemic stroke”

Ql 714 2.82 Reference

Q2 927  3.69 1.27 (1.15-1.40)
Q3 1179 4.66 1.58 (1.44-1.73)
Q4 1406 5.83 1.95 (1.78-2.13)
Per 1 unit 1.45 (1.39-1.51)

Hemorrhagic stroke

Ql 222 0.87 Reference

Q2 226 0.89 0.97 (0.81-1.17)
Q3 279  1.08 1.18 (0.99-1.41)
Q4 291  1.14 1.27 (1.07-1.51)
Per 1 unit 1.14 (1.04-1.24)

Reference

1.14 (1.03-1.26)
1.28 (1.16-1.41)
1.30 (1.17-1.43)
1.17 (1.12-1.23)

Reference

0.88 (0.73-1.06)
0.98 (0.81-1.18)
0.92 (0.75-1.11)
0.99 (0.90-1.09)

Reference

1.27 (1.16-1.41)
1.59 (1.44-1.74)
1.94 (1.77-2.12)
1.44 (1.38-1.50)

Reference

0.99 (0.83-1.21)
1.19 (0.99-1.42)
1.28 (1.07-1.53)
1.13 (1.03-1.23)

Reference

1.15 (1.04-1.27)
1.29 (1.17-1.42)
1.31 (1.18-1.44)
1.17 (1.11-1.23)

Reference

0.90 (0.74-1.09)
0.99 (0.82-1.19)
0.92 (0.76-1.11)
0.93 (0.84-1.03)

Model 1, adjusted for age and sex. Model 2, adjusted as in Model 1 plus current smoking status, current drinking status, physical activity,
education, BMI, hypertension, diabetes, HDL-C, LDL-C, hs-CRP, lipid-lowering medication, antidiabetic medication, and antihypertensive

medication.
*P for trend < 0.05.

index was associated with the increased risk of CVD.
And individuals younger than 60 years of age had a
higher risk of CVD than individuals at age 60 or older.
The prevalence of CVD for youth and middle age was
increasing year on year from China Cardiovascular Dis-
eases Report 2018. Another study showed that the asso-
ciation between type 2 diabetes and relative risk of CVD
was stronger in younger type 2 diabetics [25]. In this
way, TyG index could be used as an important indicator
to assess the risk of CVD, especially in the young
population, by identifying people at high risk of CVD.

@ Springer

Lifestyle and pharmacological interventions may help
prevent CVD.

Current studys have shown that TyG index is an inde-
pendent risk factor for CVD, while we found that the asso-
ciation between TyG index and MI or stroke was different, the
influence of TyG index on MI is higher than that on stroke.
We also found that increasing risk of stroke was association
with ischemic but not hemorrhagic stroke. This might be due
to stronger IR related to endothelial dysfunction [26, 27], and
it could lead to atherosclerosis and ischemic stroke through IR
[28]. Therefore, energy balance and metabolism might be also
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effected by IR in the heart during vessel endothelial damage,
which eventually resulted in lipotoxicity [29].

As living standards and lifestyle improve, the prevalence
of diabetes and dyslipidemia is gradually increased. The
prevalence of dyslipidemia has increased from 18.6% in
2002 year to 40.4% in 2012 year, and the prevalence of
diabetes has increased from 4.5% in 2002 year to 10.4% in
2012 year. The status which glucose and lipid metabolism
are abnormal and prevalence increase is significant. The
control rate in dysglycemia and dyslipidemia in China is
lower than in western developed countries. The prevention
and treatment of dyslipidemia is more backward, the pre-
vention and control of CVD is not optimistic.

The shortcomings of this study may have the following
points. Firstly, we attempted to introduce as many potential
confounders as possible into the analysis, but factors such
as environmental varying and genetic factors were not
collected due to the study design. Secondly, the lifestyle and
drugs data were collected based on self-reported, which
might lead to recall biases. Finally, due to unable to assess
IR (HOMA), we could not compare the role of the TyG
index and HOMA-IR in onset of CVD. The predictive
effect of the TyG index and HOMA index on CVD need to
be further compared in future.

The findings from the present show that the TyG index is
an independent risk factor for CVD in the study with up to
10.33 years follow-up. When compared to different para-
meters including IR, the clinical application of the TyG
index is suitable for real-life work due to be easy to measure
and calculate. Hence, the TyG index may help in the early
identification of people at high risk of CVD, intervention
comprising lifestyle and medication in early life may con-
tribute to prevent and control of CVD.

Table 3 Associations of risk of CVD events with the quartiles of TyG
index with time-dependent variables

Case Incidence, per 1000 person-y Model

CVD"

Ql 1239 6.83 Ref

Q2 1623 8.73 1.09 (1.02-1.18)
Q3 1859 10.29 1.18 (1.09-1.27)
Q4 2073 1144 1.20 (1.11-1.30)
Per 1 unit 1.09 (1.05-1.13)
mr*

Ql 303 1.65 Ref

Q2 418 2.21 1.16 (1.00-1.35)
Q3 495 2.69 1.29 (1.11-1.50)
Q4 583 3.15 1.38 (1.19-1.60)
Per 1 unit 1.18 (1.10-1.27)
Stroke”

Ql 948 5.21 Ref

Q2 1226  6.57 1.08 (0.99-1.18)
Q3 1387  7.64 1.14 (1.05-1.25)
Q4 1523 8.35 1.15 (1.06-1.26)
Per 1 unit 1.07 (1.02-1.11)
Ischemic stroke”

Ql 682 3.74 Ref

Q2 965 5.15 1.18 (1.07-1.30)
Q3 1133 6.21 1.29 (1.17-1.43)
Q4 1234  6.74 1.29 (1.17-1.43)

Per 1 unit 1.12 (1.07-1.18)

Hemorrhagic stroke

Q1 280 1.52 Ref

Q2 282 1.49 0.86 (0.73-1.02)
Q3 282 1.53 0.83 (0.70-0.99)
Q4 313 1.69 0.85 (0.72-1.01)
Per 1 unit 0.90 (0.81-1.01)

The TyG index as well as other covariates such as BMI and
medications were updated every 2 years as time-dependent covariate.
Model, adjusted for age, sex, education, and current smoking status,
current drinking status, physical activity, BMI, hypertension, diabetes,
HDL-C, LDL-C, hs-CRP, lipid-lowering medication, antidiabetic
medication, and antihypertensive medication.

*P for trend < 0.05.
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