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OBJECTIVE: The triglyceride and glucose (TyG) index is a
useful marker of insulin resistance and is a predictor of
several metabolic diseases. The aim of this study was to
evaluate the association between the TyG index and all-
cause or cardiovascular mortality using a large
population-based cohort study database.
METHODS: A total of 255,508 subjects in the Kangbuk
Samsung Health Study cohort were enrolled. Cox propor-
tional hazards models were used to analyze the risk of
mortality.
RESULTS: During a median 5.7-year follow-up, the cu-
mulative all-cause and cardiovascular mortality was
0.47% and 0.07%. There was a nonlinear relationship
between the TyG index and death, and moving frommod-
erate to high, the TyG index levels were associated with an
increase in the risk of death. The hazard ratio (HR) for all-
cause and cardiovascular mortality of the TyG index was
1.21 [95% confidence interval (CI) 1.14–1.28] and 1.45
(95%CI 1.26–1.66) in the unadjustedmodel, respectively.
After adjustment for covariates, the association between
the TyG index and all-cause and cardiovascular mortality
was attenuated. In the multivariable-adjusted model, the
TyG index was associated with an elevated risk of all-
cause mortality in women (HR 1.13, 95% CI 1.02–1.26)
and a decreased risk inmen (HR 0.92, 95%CI 0.85–0.99).
The association between cardiovascularmortality and the
TyG index was not statistically significant among either
men or women in the multivariable-adjusted model.
CONCLUSIONS: The TyG index in a young, relatively
healthy, population is associated with an elevated risk of
all-cause and cardiovascular mortality. This association
between the TyG index and all-cause mortality persists in
women after multivariable adjustment.
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INTRODUCTION

Insulin resistance is associated with several diseases1–4 and is
a known health concern. However, the relationship between
insulin resistance andmortality has been seldom studied5,6 and
demonstrating this relationship is not straightforward. Several
studies have shown that elevated insulin resistance is associ-
ated with an increased risk of cardiovascular mortality.7,8

However, few studies have evaluated the association between
insulin resistance and overall mortality.9

Because the hyperinsulinemic-euglycemic clamp test is
difficult to perform, the homeostasis model assessment of
insulin resistance (HOMA-IR) has been widely used as an
index of insulin resistance.10,11 HOMA-IR can be calculated
by measuring fasting glucose and insulin levels; however,
insulin measurement is expensive and is not included in rou-
tine health check-ups. The triglyceride and glucose (TyG)
index has been recently reported to be a reliable marker of
insulin resistance.12,13 Triglycerides and glucose measure-
ments are included in many screening examinations, so the
TyG index could be suitable for measuring insulin resistance
in large population-based studies. Many studies have shown
that the TyG index is a good predictor of many diseases
associated with insulin resistance, such as hypertension, non-
alcoholic fatty liver disease (NAFLD), and cardiovascular
diseases.14–16 However, there were few large-scale,
population-based studies that evaluated the association be-
tween the TyG index and mortality. The aim of this study
was to evaluate the association between the TyG index and all-
cause or cardiovascular mortality using a large population-
based cohort study database.

METHODS

Study Design and Patients

We conducted this longitudinal cohort study using the Kang-
buk Samsung Health Study dataset. This study includes
396,594 South Korean adul ts who underwent a
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comprehensive annual or biennial health examination at the
clinics of the Kangbuk Samsung Hospital Total Healthcare
Center in Seoul or Suwon, South Korea, from 2002 to 2012.
More than 80% of participants were employees or spouses of
employees of companies or local governmental organizations
and the remaining participants were those voluntarily taking
part in screening examinations.We excluded subjects who had
prediabetes, diabetes, a history of taking anti-diabetic agents,
agents for dyslipidemia, or missing information. Finally, a
total of 255,508 subjects were enrolled and were followed
up for a median of 5.7 years. The requirement for informed
consent was waived because personal identifying information
was not accessed. This study was approved by the Institutional
Review Board of Kangbuk Samsung Hospital according to the
Declaration of Helsinki (2015-11-016-005).

Clinical and Laboratory Measurements

Information about lifestyle factors including cigarette
smoking and daily alcohol consumption was obtained on
the standardized self-questionnaire. Regular exercise was
defined as the performance of vigorous exercise more than
once a week. Subjects wore minimal clothing and no
shoes during weight and height measurements. Blood
pressure was measured by trained nurses using an auto-
matic blood pressure monitor after the participants were
seated for 10 min. Waist circumference was measured at
the midpoint between the lower rib margin and the iliac
crest. All blood samples were obtained after an overnight
fast of at least eight hours, and plasma glucose, insulin,
total cholesterol, triglyceride, high-density lipoprotein
(HDL) cholesterol, apolipoprotein A-I, apolipoprotein B,
aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), gamma-glutamyl transferase (GGT), creati-
nine, and C-reactive protein (CRP) levels were measured.
Serum glucose was measured by the hexokinase method
using an autoanalyzer (ADIVA 1800; Siemens, Berlin,
Germany) and serum insulin was measured using an
immunoradiometric assay (Biosource, Nivelles, Belgium).
The TyG index was calculated as Ln[fasting triglycerides
(mg/dL) × fasting plasma glucose (mg/dL)/2] and HOMA-
IR as [fasting insulin (μU/mL) × fasting plasma glucose
(mg/dL)/405].

Mortality Assessment

In Korea, all deaths are reported to the Korea National
Statistical Office. Thus, we were able to evaluate deaths
by matching subject identification numbers to death cer-
tificates from the National Statistical Office. The causes of
death were coded according to the International Classifi-
cation of Diseases, 10th revision. Cardiovascular death
was defined as ICD-10 code I10, I11, I12, I20, I21, I24,
I25, I27, I35, I40, I42, I46, I48, I49, I50, I51, I60, I61,
I62, I63, I64, I67, I69, I70, I71, I72, or I85. All-cause and
cardiovascular mortality was investigated.

Statistical Analyses

Data for categorical factors are reported as percentages, and
continuous variables are presented as mean ± standard devia-
tion. The follow-up time was computed from baseline until the
occurrence of death. The proportional hazards assumption was
examined using log plots of survival versus time. Cox propor-
tional hazards models were used to determine the hazard ratio
(HR) with the corresponding 95% confidence interval (CI) for
mortality associated with the TyG index. The multivariable
model was adjusted for age, sex, body mass index (BMI),
systolic blood pressure, low-density lipoprotein (LDL) cho-
lesterol, daily alcohol consumption, regular physical activity,
and smoking status. Kaplan-Meier survival curves were con-
structed to compare survival rates according to the TyG index
quartile. The TyG index quartile (Q) is as follows: Q1, < 7.96;
Q2, 7.97–8.32; Q3, 8.32–8.70; Q4, ≥ 8.71. To account for
nonlinear associations, we examined restricted cubic spline
transformations for continuous predictors and used the likeli-
hood ratio test to examine the linearity assumption. All statis-
tical analyses were performed using R version 3.6.3 (Vienna,
Austria; http://www.rproject.org). A P value < 0.05 was con-
sidered significant.

RESULTS

Baseline characteristics of the study population are presented
in Table 1. The mean subject age was 37.63 years and BMI
was 22.90 kg/m2. Among subjects, 25.46% were current
smokers, 9.67% performed regular physical exercise,
11.15% had hypertension, and 8.26% had hypercholesterol-
emia. There were different baseline characteristics between
men and women. Age, regular physical activity, HDL choles-
terol, and apolipoprotein A-I were higher in women than in
men, while current smoker, alcohol consumption, BMI, waist
circumference, blood pressure (systolic and diastolic), hyper-
tension, hypercholesterolemia, fasting plasma glucose, fasting
serum insulin, total cholesterol, triglycerides, LDL cholesterol,
non-HDL cholesterol, apolipoprotein B, AST, ALT, GGT,
creatinine, CRP, the TyG index, and HOMA-IR were lower
in women.
Over a median 5.7 years of follow-up, the cumulative all-

cause and cardiovascular mortality was 0.47% (1207 deaths)
and 0.07% (174 deaths), respectively (Tables 2 and 3). Inci-
dence for all-cause death was 0.982 cases/1000 person-years
in men and 0.558 cases/1000 person-years in women
(Table 2). The unadjusted HRs for all-cause mortality of the
TyG index, triglyceride, glucose, and HOMA-IR were 1.21
(95% CI 1.14–1.28), 1.13 (95% CI 1.08–1.18), 1.05 (95% CI
1.00–1.12), and 1.00 (95% CI 0.95–1.06), respectively. After
adjustment for covariates, the association between the TyG
index and all-cause mortality was attenuated. Triglyceride and
glucose were not associated with all-cause mortality after
adjusting for covariates, but HOMA-IR was still associated.
After adjusting for age, the TyG index was associated with an

4154 Kim et al.: The TyG index and mortality JGIM

http://www.rproject.org


elevated risk of all-cause mortality in women (HR 1.11, 95%
CI 1.01–1.22), but not in men (HR 0.94, 95% CI 0.88–1.01).
In the multivariable-adjusted model, the TyG index was asso-
ciated with an elevated risk of all-cause mortality in women
(HR 1.13, 95%CI 1.02–1.26) and a decreased risk inmen (HR
0.92, 95% CI 0.85–0.99).
All-cause (Fig. 1A) and cardiovascular (Fig. 1B) survival

rates decreased with increasing the TyG index Q1 to Q4 (P <
0.001, respectively). However, there was a nonlinear relation-
ship between the TyG index and risk for all-cause and cardio-
vascular mortality (Fig. 2). Moving frommoderate to high, the
TyG index levels were associated with an increased risk. The
TyG index level from which the risk increases appeared to be
8.23 in all-cause mortality and 8.14 in cardiovascular mortal-
ity. In addition, the TyG index showed a significant correlation
with HOMA-IR (r = 0.26, 95% CI 0.25–0.26, P < 0.001). The
sensitivity and specificity of the TyG index for all-cause
mortality were 71.33% and 42.92% (cutoff value 8.23), and
cardiovascular mortality were 84.48% and 36.16% (cutoff
value 8.14), respectively. On the other hand, the sensitivity
and specificity of HOMA-IR for all-cause mortality were
46.73% and 41.07% (cutoff value 0.70), and cardiovascular
mortality were 47.13% and 39.33% (cutoff value 0.68),
respectively.
After 1,523,253.747 person-years of follow-up, there were

174 cases of cardiovascular death (0.114 cases/1,000 person-
years) (Table 3). The unadjusted HRs for cardiovascular mor-
tality of the TyG index, triglyceride, glucose, and HOMA-IR

were 1.45 (95% CI 1.26–1.66), 1.23 (95% CI 1.15–1.33), 1.11
(95% CI 0.96–1.29), and 0.97 (95% CI 0.82–1.15), respec-
tively. In the age- and sex-adjusted model, HR for cardiovas-
cular mortality of the TyG index was 1.17 (95%CI 1.01-1.37).
However, after multivariable adjustment, the association be-
tween cardiovascular mortality and the TyG index was weak-
ened and was not statistically significant among either men or
women. Triglyceride, glucose, and HOMA-IR did not show a
significant association with cardiovascular mortality after ad-
justment for covariates, except triglyceride in the age- and sex-
adjusted model. In the unadjusted model, the TyG index was
associated with an elevated risk of cardiovascular mortality in
women (HR 1.70, 95% CI 1.34–2.15), but not in men (HR
1.18, 95% CI 0.99–1.40). The association between cardiovas-
cular mortality and the TyG index tended to be high, but it was
not statistically significant after age adjustment or multivari-
able adjustment in both men and women.

DISCUSSION

In this study, the all-cause and cardiovascular mortality rate
increased with increasing the TyG index quartile despite the
relatively low mortality because the study population is young
(mean age 37.63 years) and healthy. There was a nonlinear
relationship between the TyG index and death, and moving
from moderate to high, the TyG index levels were associated
with an increase in the risk of death. The risk for all-cause and

Table 1 Baseline Characteristics of the Subjects

Variables Total Men Women P-value

n 255,508 134,455 121,053
Age, years 37.63 ± 8.75 37.54 ± 8.52 37.73 ± 8.99 < 0.001
Body mass index, kg/m2 22.90 ± 3.01 23.99 ± 2.78 21.70 ± 2.80 < 0.001
Waist circumference, cm 78.59 ± 9.07 83.54 ± 7.48 73.31 ± 7.50 < 0.001
Current smoking, % 25.46 (65,041) 44.38 (59,669) 4.44 (5372) < 0.001
Daily alcohol consumption, g/day 9.43 ± 15.92 14.73 ± 18.53 3.29 ± 8.88 < 0.001
Regular physical activity, % 9.67 (24,714) 6.08 (8172) 13.67 (16,542) < 0.001
Hypertension, % 11.15 (28,483) 15.20 (20,440) 6.64 (8043) < 0.001
Hypercholesterolemia, % 8.26 (21,102) 10.22 (13,735) 6.09 (7367) < 0.001
Systolic blood pressure, mm Hg 111.88 ± 13.65 116.05 ± 12.39 107.24 ± 13.49 < 0.001
Diastolic blood pressure, mm Hg 72.10 ± 9.87 75.40 ± 9.24 68.42 ± 9.23 < 0.001
Fasting plasma glucose, mg/dL 89.13 ± 6.30 89.97 ± 6.14 88.18 ± 6.35 < 0.001
Fasting serum insulin, μU/mL 4.32 ± 3.20 4.37 ± 3.52 4.26 ± 2.81 < 0.001
Total cholesterol, mg/dL 191.13 ± 33.67 196.15 ± 33.66 185.57 ± 32.79 < 0.001
Triglyceride, mg/dL 112.55 ± 72.75 135.21 ± 82.39 87.37 ± 49.26 < 0.001
HDL cholesterol, mg/dL 57.08 ± 13.24 52.67 ± 11.35 61.98 ± 13.48 < 0.001
LDL cholesterol, mg/dL 111.07 ± 29.21 117.44 ± 29.10 104.01 ± 27.67 < 0.001
Non-HDL cholesterol, mg/dL 134.05 ± 34.16 143.47 ± 33.67 123.59 ± 31.55 < 0.001
Apolipoprotein A-I, mg/dL 141.86 ± 23.90 136.79 ± 22.15 146.86 ± 24.50 < 0.001
Apolipoprotein B, mg/dL 87.88 ± 23.30 94.83 ± 22.86 81.06 ± 21.65 < 0.001
Aspartate aminotransferase, U/L 23.46 ± 21.95 25.82 ± 28.37 20.84 ± 10.47 < 0.001
Alanine aminotransferase, U/L 24.13 ± 26.35 30.14 ± 32.43 17.45 ± 14.58 < 0.001
Gamma-glutamyl transferase, U/L 26.04 ± 31.01 36.20 ± 37.01 14.75 ± 16.30 < 0.001
Creatinine, mg/dL 0.96 ± 0.20 1.09 ± 0.16 0.82 ± 0.14 < 0.001
C-reactive protein, mg/dL 0.10 ± 0.27 0.12 ± 0.29 0.09 ± 0.24 < 0.001
The TyG index 8.37 ± 0.54 8.57 ± 0.52 8.14 ± 0.46 < 0.001
HOMA-IR 0.96 ± 0.74 0.98 ± 0.82 0.94 ± 0.64 < 0.001

Data are expressed as mean ± standard deviation or a percentage (number)
P-value for the comparison between men and women
TyG index, triglyceride and glucose index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostatic model assessment of
insulin resistance
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cardiovascular mortality of the TyG index was elevated in the
unadjusted model, but it was attenuated in the multivariable-
adjusted model. In the multivariable-adjusted model, the TyG
index was associated with an elevated risk of all-cause mor-
tality only in women. The association between cardiovascular
mortality and the TyG index was not statistically significant
among either men or women in the multivariable-adjusted
model.
Insulin resistance produces proinflammatory cytokines,

promotes atherosclerosis, and has been associated with several
diseases including type 2 diabetes, hypertension, dyslipide-
mia, cardiovascular disease, NAFLD, and malignancy.17–24 It
seems reasonable that insulin resistance is likely associated
with elevated mortality, but few studies have evaluated this

hypothesis. The current gold standard method for measuring
insulin resistance is the hyperinsulinemic-euglycemic clamp
test, but this is not easy to perform for large populations
because it is time-consuming and invasive. Therefore,
HOMA-IR, which is relatively simple to estimate, is widely
used as a surrogate marker of insulin resistance. Several stud-
ies reported that HOMA-IR was associated with a higher risk
of cardiovascular mortality.25–27 However, the association
between HOMA-IR and all-cause mortality has not been
evaluated much, and results are conflicting.27–29 A recent
meta-analysis of seven studies involving 26,976 nondiabetic
adults found that the relative risk of overall and cardiovascular
mortality between the highest and lowest categories of
HOMA-IR was 1.34 (95% CI 1.11–1.62, P = 0.002) and

Table 2 The Risk of All-Cause Mortality According to Various Indices

The TyG index Triglycerides Glucose HOMA-IR

All-cause mortality
Events, n 1207
Person-years 1,523,253.747
Incidence, per 1000 person-years 0.792
Unadjusted 1.21 (1.14–1.28) 1.13 (1.08–1.18) 1.05 (1.00–1.12) 1.00 (0.95–1.06)
Age- and sex-adjusted 0.97 (0.91–1.03) 1.00 (0.95–1.05) 0.95 (0.90–1.00) 1.03 (1.01–1.05)
Multivariable-adjusted* 0.97 (0.90–1.03) 0.99 (0.93–1.04) 0.95 (0.89–1.00) 1.03 (1.01–1.04)

Men
Events, n 827
Person-years 841,776.731
Incidence, per 1000 person-years 0.982
Unadjusted 0.96 (0.89–1.03) 0.97 (0.91–1.04) 0.96 (0.90–1.02) 0.92 (0.84–1.00)
Age-adjusted 0.94 (0.88–1.01) 0.97 (0.90–1.04) 0.91 (0.85–0.97) 1.03 (1.00–1.06)
Multivariable-adjusted* 0.92 (0.85–0.99) 0.94 (0.87–1.02) 0.91 (0.85–0.97) 1.03 (1.01–1.05)

Women
Events, n 380
Person-years 681,477.016
Incidence, per 1000 person-years 0.558
Unadjusted 1.49 (1.37–1.63) 1.24 (1.19–1.29) 1.20 (1.08–1.33) 1.10 (1.03–1.16)
Age-adjusted 1.11 (1.01–1.22) 1.10 (1.03–1.17) 1.06 (0.96–1.18) 1.11 (1.05–1.18)
Multivariable-adjusted* 1.13 (1.02–1.26) 1.09 (1.02–1.16) 1.07 (0.96–1.20) 1.13 (1.07–1.20)

*Adjusted for age, sex, body mass index, systolic blood pressure, LDL cholesterol, daily alcohol consumption, regular physical activity, current smoking
TyG index, triglyceride and glucose index; HOMA-IR, homeostatic model assessment of insulin resistance

Table 3 The Risk of Cardiovascular Mortality According to Various Indices

The TyG index Triglycerides Glucose HOMA-IR

Cardiovascular mortality
Events, n 174
Person-years 1,523,253.747
Incidence, per 1000 person-years 0.114
Unadjusted 1.45 (1.26–1.66) 1.23 (1.15–1.33) 1.11 (0.96–1.29) 0.97 (0.82–1.15)
Age- and sex-adjusted 1.17 (1.01–1.37) 1.15 (1.04–1.27) 0.98 (0.85–1.14) 1.03 (0.98–1.08)
Multivariable-adjusted* 1.04 (0.88–1.25) 1.10 (0.97–1.24) 0.96 (0.82–1.12) 1.02 (0.96–1.08)

Men
Events, n 125
Person-years 841,776.731
Incidence, per 1000 person-years 0.148
Unadjusted 1.18 (0.99–1.40) 1.14 (1.00–1.29) 0.95 (0.80–1.12) 1.01 (0.91–1.13)
Age-adjusted 1.16 (0.98–1.39) 1.14 (1.00–1.31) 0.91 (0.77–1.07) 1.04 (1.00–1.08)
Multivariable-adjusted* 1.03 (0.84–1.26) 1.07 (0.90–1.26) 0.89 (0.75–1.05) 1.02 (0.97–1.07)

Women
Events, n 49
Person-years 681,477.016
Incidence, per 1000 person-years 0.072
Unadjusted 1.70 (1.34–2.15) 1.29 (1.19–1.39) 1.49 (1.09–2.04) 0.75 (0.52–1.09)
Age-adjusted 1.12 (0.85–1.47) 1.16 (1.01–1.33) 1.24 (0.91–1.69) 0.81 (0.58–1.14)
Multivariable-adjusted* 1.04 (0.77–1.39) 1.12 (0.96–1.29) 1.27 (0.92–1.76) 0.84 (0.60–1.19)

*Adjusted for age, sex, body mass index, systolic blood pressure, LDL cholesterol, daily alcohol consumption, regular physical activity, current smoking
TyG index, triglyceride and glucose index; HOMA-IR, homeostatic model assessment of insulin resistance
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2.11 (95%CI 1.01–4.41, P = 0.048), respectively.30 However,
to calculate HOMA-IR, fasting insulin which is not routinely
measured in health check-ups is needed, so it may be limited to
the use of HOMA-IR as a universal marker especially in
developing countries. In this study, the TyG index as a simple
and easy-to-calculate marker was associated with an elevated
risk of all-cause and cardiovascular mortality. These results
also support that insulin resistance would be associated with
mortality.
The TyG index is regarded as a reliable insulin resistance

marker due to its high correlation with the hyperinsulinemic-
euglycemic clamp test.12,13 As an alternative insulin resistance
marker, the TyG index could be useful for identifying insulin

resistance in healthy, prediabetic, diabetic, and adolescent
subjects.12,31 Many studies have shown that the TyG index
might be effective for predicting patients at risk for hyperten-
sion, diabetes, atherosclerosis, NAFLD, and cardiovascular
events.14–16,32,33 In Korean adults, the TyG index is an inde-
pendent predictor of coronary artery calcification progression,
which itself is a risk factor for cardiovascular disease.34 The
TyG index cutoff value for insulin resistance has not been
firmly defined, but it ranges from 8.0 to 8.8 across several
studies.14–16,34,35 In this study, the TyG index level from
which the risk for death increases appeared to be 8.23 in all-
cause mortality and 8.14 in death from cardiovascular disease,
which is similar to previous studies.

Figure 1 All-cause (A) and cardiovascular (B) survival rates according to the triglyceride and glucose (TyG) index quartile in the unadjusted
model (P < 0.001, respectively). Q1, broken line; Q2, solid line; Q3 bold broken line; Q4, bold solid line.

Figure 2 Restricted cubic spline curve of the risk for all-cause (A) and cardiovascular mortality (B) according to the triglyceride and glucose
(TyG) index in the unadjusted model. Dotted lines represent 95% confidence interval (CI). HR, hazard ratio.
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However, there were few studies to evaluate the relationship
between mortality and the TyG index. This study represented
that the TyG index might be a reliable mortality indicator and
was comparable to HOMA-IR. In addition, triglyceride and
glucose alone were not associated with all-cause and cardio-
vascular mortality. It is not clear why the TyG index shows a
more strong association with mortality than triglyceride and
glucose alone, but a possible explanation might be that both
lipotoxicity and glucotoxicity play an important role in insulin
resistance pathogenesis.36,37 Unlike many insulin resistance
indicators that only include glycemic parameters, the TyG
index measures both lipotoxicity and glucotoxicity through
the measurement of triglycerides and glucose. Further studies
are needed to identify the underlying mechanisms.
The association between elevated risk of mortality and the

TyG index was different between men and women in this
study. It is not easy to explain clearly these differences; one
possible explanation was that men had shown an unhealthy
lifestyle. For example, men were more likely to be smokers
and drinkers, did less regular physical activity, and had more
hypertension and hypercholesterolemia compared to women.
Because those characteristics were strong risk factors for mor-
tality, the association between the TyG index and mortality
might not have been significant in men after adjustment for
covariates. Even the TyG index was inversely associated with
all-cause mortality in men after the multivariable-adjusted
model. The attenuated association between the TyG index
and mortality after adjustment might be that conventional risk
factors were more influential, not that the TyG index was not
associated with mortality. Another possible explanation is that
it could be due to differences in energy metabolism, adiposity,
and hormone function.38 Due to these differences, the clinical
impact of the TyG index on death may appear to be stronger in
women than in men.
The TyG index has several strengths for use in both clinical

and research settings. Other components of metabolic syn-
drome (obesity, hypertension, and diabetes) are associated
with cardiovascular disease and death. However, we also
wanted to evaluate risks in populations without those three
established diseases. The TyG indexmay be a useful marker in
a broader general population as insulin resistance has been
associated with cardiovascular disease and death in non-
diabetic and non-obese patients.30,33 Compared to insulin
measurement methods that are expensive and not standardized
in most developing countries, triglycerides and glucose can be
easily measured almost anywhere in the world. Furthermore,
triglycerides and glucose are usually included in health check-
ups, while insulin is not. Using the TyG index, insulin resis-
tance can be measured for subjects in low-income countries,
and associations between the TyG index and various diseases
can be evaluated for large population-based studies.
Our study and findings have several limitations. First, the

all-cause and cardiovascular mortality was relatively low be-
cause the participants were young, healthy, and regularly
received comprehensive health screenings. Further studies

with longer follow-up intervals are needed to clarify the asso-
ciation between the TyG index and mortality. Second, insulin
resistance of the subjects might not be high compared with that
of Western populations because most Koreans are not obese
(mean 23 kg/m2). Third, the follow-up duration (mean 5.7
years) of this study might not have been long enough to
investigate mortality. Fourth, as results could vary across
ethnic populations, the finding might not be generalizable to
other populations. Finally, we did not have information on
subject medications, lifestyles, habitual food intakes, mental
health, sleeping status, or other diseases, so we could not
determine which factors might influence the association be-
tween the TyG index and mortality. Nevertheless, this study is
valuable because it has evaluated the association between the
TyG index and mortality using a large population-based co-
hort study database.
In conclusion, the TyG index in a young, relatively healthy,

population is associated with an elevated risk of all-cause and
cardiovascular mortality. This association between the TyG
index and all-cause mortality persists in women after multi-
variable adjustment. Although there was a nonlinear relation-
ship between the TyG index and death, moving frommoderate
to high, the TyG index levels were associated with an increase
in the risk of death. Considering that the TyG index might
have the advantage of convenience and cost-effectiveness, it
will be easy to find and manage the patients with high TyG
index in the general population.
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