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Background: This study assesses the prognostic value of the triglyceride—glucose (TyG) index for cardiovascu-
lar (CV) risk in subgroups based on metabolic health and obesity status.

Methods: Originally, 514,866 participants were enrolled from the Korean National Health Insurance Service-
National Health Screening Cohort. The study participants were categorized into four groups: metabolically
healthy non-obese (MHNO), metabolically unhealthy non-obese (MUNO), metabolically healthy obese (MHO),
and metabolically unhealthy obese (MUO). The TyG index was calculated using the following formula: In (fasting
triglyceride [mg/dL] X fasting plasma glucose [mg/dL]/2). Participants were followed from 2009 to 2015 for CV
events and CV mortality according to the TyG index.

Results: After exclusions, the final study cohort contained 292,206 people. During the follow-up, 9,138 CV
events and 1,163 CV deaths were documented. When the high and low TyG groups were compared, the high
TyG group had a substantially increased risk of CV events among the MUNO and MUO participants (multivari-
able-adjusted hazard ratio [HR], 1.18; 95% confidence interval [CI], 1.07-1.30 and 1.27 [1.14-1.42], respectively).
In participants with MUO status, CV mortality was also significantly increased in the high TyG group compared
with the corresponding low TyG group (multivariable-adjusted HR, 1.48; 95% Cl, 1.13-1.93). In contrast, a high
TyG index was not related to CV mortality in the MHNO, MHO, and MUNO groups.

Conclusion: The predictive value of the TyG index can vary across populations. Among MUO participants, the
TyGindex was significantly and positively correlated with unfavorable CV outcomes.
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INTRODUCTION

Insulin resistance (IR) is a major risk factor for cardiovascular
(CV) disease (CVD) and metabolic disorders such as obesity, type
2 diabetes, dyslipidemia, and hypertension."* Recently, the triglyc-
eride-glucose (TyG) index, the product of triglyceride (TG) and
fasting plasma glucose (FPG) levels, has been introduced as a sur-

rogate marker for IR.*¢ Previous studies have found a link between

IR and major CVD risk factors such as type 2 diabetes and hyper-
tension.”® Furthermore, a higher plasma TyG index was reported
to be associated with an increased incidence of CVD, irrespective
of other conventional CVD risk factors.!

Obesity is also a significant risk factor for CV morbidity. Howev-
er, it has been suggested that the prognosis of persons with obesity
is largely influenced by their metabolic health status.”'' Previous

studies have consistently found that metabolic unfitness increases
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CV risk and mortality in individuals with obesity.”"* The TyG in-
dex might be a helpful predictor of CV risk in persons with obesity
because it is a surrogate measure of IR, and IR is a primary patho-
physiology that links obesity with poor CV outcomes.

Nonetheless, to our knowledge, no one has investigated the link
between the TyG index and CV risk in relation to both metabolic
health and obesity profiles. Therefore, in this study, we evaluate the
predictive value of the TyG index for CV risk and examine its dif-
ferential value in subgroups divided according to metabolic health
status and the presence of obesity.

METHODS

Study population

Our analyses used data from the National Health Insurance Ser-
vice-National Health Screening Cohort (NHIS-HEALS) 2002
20185. The detailed structure and content of the database are de-
scribed in Supplementary Material 1 and a previous publication."
The index period was set between January 1, 2009, and December
31, 2010, because NHIS-HEALS started to include some lipid
profile parameters that are needed to define metabolic health in

2009."” Of the 514,866 total participants, those who died or had a

A

514,866
NHIS-HEALS (2002-2015)

Exclusion criteria
* 24,593 Death before the index period
* 19,736 Admission due to CV event before the index period
* 70,657 Heavy drinkers

\ 4

292,206 Study cohort

e Follow-up of
Exclusion of CV events and CV mortality

death or CV event before the index period

T e il e bl >
Year 2002 2009 2010 2011 2012 2013 2014 2015

Index period
Figure 1. Study design and participants. (A) Selection of study participants. (B)

Study design. NHIS-HEALS, National Health Insurance Service-Health Screening
Cohort; CV, cardiovascular.
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previous history of admission for a CV event before the end of the
index period were excluded. Heavy alcohol drinkers were further
excluded from the study population. The study cohort finally con-
tained 292,206 participants, as described in Fig. 1. This study was
approved by the Institutional Review Board of Asan Medical Cen-
ter (No. 2021-0777). As this study was based on the results of the
NHIS-HEALS, in which all data were fully anonymized and de-
identified for all analyses, specific informed consent was not ob-

tained from each participant.

Definitions of metabolic health and obesity

According to their metabolic health and obesity status, the par-
ticipants were categorized into four groups: (1) metabolically healthy
non-obese (MHNO), (2) metabolically unhealthy non-obese
(MUNO), (3) metabolically healthy obese (MHO), and (4) met-
abolically unhealthy obese (MUQ)."!S The criteria used to define
obesity and metabolic health are described in Supplementary Ma-
terial 2.

TyG index

The TyG index was calculated using the following formula: In
(fasting TG [mg/dL] x FPG [mg/dL]/2).! The study population
(the entire cohort and the subgroups based on metabolic health
and obesity status) was divided into three groups according to the
TyG index. The lowest quartile (Q1) was defined as the group
with a low TyG index; the second and third quartiles (Q2 and Q3)
were defined as the group with a middle TyG index; and the high-
est quartile (Q4) was defined as the group with a high TyG index.

Definitions of incident CV events and CV mortality
Admissions for myocardial infarction or stroke (ischemic or
hemorrhagic) in hospital discharge records between January 1,
2011, and December 31, 2015, were defined as CV events. Partici-
pants were included if their International Classification of Diseases
10th revision (ICD-10) codes for a principal or subsidiary diagno-
sis included myocardial infarction or stroke. A detailed list of the
ICD-10 codes is provided in Supplementary Material 3. CV mor-
tality was defined as deaths caused by circulatory system diseases
(100-99) according to the 7th Korean Standard Classification of
Diseases and Causes of Death, which is based on the ICD-10, as
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provided by the Korean National Statistical Office.

Statistical analysis

Cox proportional hazards analyses were performed to estimate
the hazard ratios (HRs) and 95% confidence intervals (Cls) for
CV events and CV mortality. Multivariate-adjusted models were
adjusted for age, sex, smoking habits (non-, ex-, or current smoker),

alcohol drinking (non-, mild, or moderate drinker), physical activi-

Table 1. Characteristics of study participants according to the TyG quartiles

jomes

ty (0, 1-2, 34, or > S times per week), waist circumference, esti-
mated glomerular filtration rate (eGFR), gamma-glutamyl trans-
peptidase level, low-density lipoprotein cholesterol level, and the
use of anti-diabetic, anti-hypertensive, lipid-lowering, and antiplate-
let agents. The group of participants in the lowest quartile of the
TyG index in the entire cohort and in each metabolic health and
obesity subgroup was used as the reference. SAS Enterprise Guide
software (version 7.1; SAS Institute Inc., Cary, NC, USA) was used

Variable Total Low TyG Middle TyG High TyG P
Number 292,206 73,070 (25.0) 146,121 (50.0) 73,015(25.0) -
Sex (% men) 438 363 430 52.7 <0.001
Age (yr) 59.7+88 586+8.8 60.0+89 60.0+87 <0.001
BMI (kg/m?) 240+29 230+28 241+29 250429 <0.001
WC (cm) 81.7+84 78.0+80 81.8+80 85.1+7.7 <0.001
Systolic BP (mmHg) 12594153 121.6+15.0 126.1+15.1 1296+15.1 <0.001
Diastolic BP (mmHg) 77.8+99 752497 779+98 80.1+£98 <0.001
Smoking (%) <0.001

Current smoker 1.7 76 1.3 16.9

Ex-smoker 14.6 1.7 14.5 17.7

Non-smoker 704 775 709 622
Drinking (%) <0.001

None 705 728 711 66.9

Mild 212 198 208 232

Moderate 54 43 50 71
Physical activity (%) <0.001

None 288 262 289 311

1-2 times/wk 214 199 214 230

34 times/wk 20.8 226 20.7 202

>5 times/wk 265 297 264 233
Anti-diabetic medication (%) 1M1 41 8.7 227 <0.001
Anti-hypertensive medication (%) 417 321 422 50.2 <0.001
Lipid-lowering medication (%) 221 133 215 320 <0.001
Antiplatelet use (%) 205 146 20.7 26.1 <0.001
FPG (mg/dL) 101.4+250 91.0+11.4 98.6+16.1 117.3£385 <0.001
TG (mgydL) 139.1+£86.9 66.3+15.5 122.2+29.0 2456+1054 <0.001
HDL-C (mg/dL) 539+26.6 595+195 538+239 487+35.3 <0.001
L DL-C (mg/dL) 122.4+386 117.9+34.1 125.8+36.8 120.3+453 <0.001
TC (mgy/dL) 203.1+37.8 191.0+343 2036+36.4 2143+40.0 <.0001
AST (U/L) 264+17.7 254+188 259+15.8 28.3+197 <0.001
ALT (U/L) 252+193 21.7+188 245+18.0 30.0+21.1 <0.001
GGT (U/L) 32.0+399 237+276 30.1+34.8 44.1+54.6 <0.001
eGFR (mL/min/1.73 m?) 796+19.0 825+183 79.4+189 771197 <0.001
TyG index 8.7+06 8.0+03 87+02 95+04 <0.001

Values are presented as mean + standard deviation unless otherwise indicated.

TyG, triglyceride—glucose; BMI, body mass index; WC, waist circumference; BP. blood pressure; FPG, fasting plasma glucose; TG, triglycerides; HDL-C, high-density lipoprotein cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase;

eGFR, estimated glomerular filtration rate.
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for the statistical analyses. Detailed information about the statistical
analyses is provided in Supplementary Material 4.

RESULTS

Baseline clinical and biochemical characteristics

Table 1 shows the baseline characteristics of the entire study co-
hort. After exclusions, the final study cohort contained 292,206
people. Compared with the low TyG group, the middle and high
TyG groups had a less favorable risk profile, with higher glucose
levels, poorer lipid profiles, and a higher waist circumference and
body mass index (all P< 0.001). These groups also contained more
smokers and alcohol drinkers (both P<0.001), and the groups
with a higher TyG index were less physically active than the low
TyG index groups (all P<0.001). The TyG index exhibited an in-
verse association with eGFR and high-density lipoprotein choles-

terol (all P< 0.001).

Risk of CV events according to the TyG index
Table 2 shows the HRs for CV events according to the TyG in-
dex in the total population and the metabolic health and obesity

jomes

subgroups. In the entire population, 9,138 CV events were docu-
mented. The HRs for CV events were substantially higher in the
middle and high TyG groups (HR [95% CI], 1.34 [1.26-1.41] and
1.74 [1.64-1.84], respectively) than in the low TyG group. The as-
sociation between the TyG index and CV event risk remained sig-
nificant after adjusting for other confounders (multivariate-adjust-
ed HR [95% CIJ, 1.10 [1.03-1.16] in the middle TyG group and
1.26 [1.18-1.34] in the high TyG group).

Thereafter, we assessed the relationship between the TyG index
and incident CV event rate in the subgroups divided by metabolic
health and obesity status. The multivariate-adjusted HR for inci-
dent CV events was significantly increased by a high TyG index in
participants with the MUNO and MUO phenotypes (multivariate-
adjusted HRs [95% CI] in the high TyG group: 1.18 [1.07-1.30]
in the MUNO subjects and 1.27 [1.14-1.42] in the MUO subjects).
In the MHNO and MHO groups, no significant association was
found between the TyG index and incident CV events after full ad-
justment (multivariate-adjusted HR [95% CI] of high TyG index:
114 [1.00-1.30] in the MHNO group and 1.13 [0.90-141] in the
MHO group). Subgroup analyses by sex revealed similar findings
in terms of CV events, with a greater CV event risk in the high TyG

Table 2. Hazard ratios for the CV event according to TyG index in total population and in obese metabolic health subgroups

TyG index Total MHNO MHO MUNO MUO
Event
Low (Q1) 2.32(1,694/73,070) 1.76 (430/24,484) 2.11(157/1,447) 3.67(852/23,201) 3.52(628/17,837)
Middle (Q2—-Q3) 3.10(4,524/146,121) 2.12(1,045/49,204) 2.36(352/14,910) 3.90(1,810/46,394) 3.78(1,348/35,693)
High (Q4) 4.00(2,920/73,015) 2.26 (555/24,556) 2.34(174/7 ,445) 4.38(1,016/23,195) 4.32(771/17,840)
Unadjusted
Low (Q1) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Middle (02—Q3) 1.34(1.26-1.41) 1.21(1.08-1.35) 1.12(0.93-1.36) 1.06(0.98-1.16) 1.08(0.98-1.18)
High (Q4) 1.74(1.64-1.84) 1.29(1.14-1.46) 1.12(0.90-1.39) 1.20(1.10-1.31) 1.24(1.12-1.38)
Age and sex-adjusted
Low (Q1) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Middle (Q2-Q3) 1.21(1.14-1.28) 1.12(1.00-1.26) 1.07(0.89-1.29) 1.09(1.01-1.18) 1.11(1.01-1.22)
High (Q4) 1.58(1.48-1.67) 1.22(1.08-1.39) 1.11(0.89-1.38) 1.30(1.19-1.42) 1.37(1.24-153)
Multivariable adjusted™
Low (Q1) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Middle (Q2-Q3) 1.10(1.03-1.16) 1.07(0.95-1.19) 1.06(0.88-1.28) 1.06(0.99-1.15) 1.08(0.98-1.18)
High (Q4) 1.26(1.18-1.34) 1.14(1.00-1.30) 1.13(0.90-1.41) 1.18(1.07-1.30) 1.27(1.14-1.42)

Values are presented as percent (number) or hazard ratio (95% confidence interval).

*Adjusted for baseline age, sex, smoking, alcohol drinking, physical activities, waist circumference, estimated glomerular filtration rate, gamma-glutamyl transpeptidase, low-density
lipoprotein cholesterol level, and use of anti-diabetic medication, anti-hypertensive medication, lipid-lowering agents and antiplatelets.
CV, cardiovascular; TyG, triglyceride—glucose; MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MUNO, metabolically unhealthy non-obese; MUO, meta-

bolically unhealthy obese; Q, quartile.
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groups that was more noticeable in MUO participants in both sex-

es (Supplementary Tables 1 and 2).

CV mortality according to the TyG index

Table 3 shows the HRs for CV mortality based on the TyG in-
dex in the total population and the metabolic health and obesity
subgroups. During follow-up, 1,163 CV deaths were reported. We

jomes

found that a high TyG index was related to higher CV mortality
only in MUO participants (multivariate-adjusted HR [95% CI],
1.48 [1.13-1.93]). A high TyG index did not increase the CV mor-
tality rate in the other groups (MHO, MHNO, and MUNO). Al-
though the HRs did not reach statistical significance after adjust-
ments, we did observe an inverse relationship between the TyG in-

dex and CV mortality in non-obese populations (multivariate-ad-

Table 3. Hazard ratios for the CV mortality according to TyG in total population and in obese metabolic health subgroups

TyG index Total MHNO MHO MUNO MUO
Event
Low (Q1) 0.49(357/73,070) 0.39(95/24,484) 0.27(20/7,447) 0.84(196/23,201) 0.53(95/17,837)
Middle (Q2-Q3) 0.55(806/146,121) 0.43(214/49,204) 0.33(49/14,910) 0.80(371/46,394) 0.58(206/35,693)
High (Q4) 0.67(490/73,015) 0.35(86/24,556) 0.17(13/7,445) 0.72(166/23,195) 0.80(142/17,840)
Unadjusted
Low (Q1) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Middle (02—03) 1.12(0.99-1.27) 1.12(0.88-1.42) 1.23(0.73-2.07) 0.95(0.80-1.13) 1.08(0.85-1.38)
High (Q4) 1.37(1.19-1.57) 0.90(0.67-1.20) 0.66(0.33-1.32) 0.85(0.69-1.04) 1.51(1.16-1.95)

Age and sex-adjusted

Low (Q1) 1 (reference) 1 (reference)

Middle (Q2—Q3) 0.99(0.87-1.12) 1.00(0.79-1.28)

High (Q4) 1.25(1.09-1.44) 0.89(0.66-1.19)
Multivariable adjusted™

Low (Q1) 1 (reference) 1 (reference)

Middle (Q2—Q3) 0.88(0.78-1.00) 0.99(0.77-1.26)

High (Q4) 0.96(0.83-1.11) 0.91(0.67-1.23)

1 (reference)
1.11(0.66-1.87)
0.65(0.32-1.30)

1 (reference)
1.05(0.62—1.78)
0.65(0.32-1.33)

1 (reference)
1.01(0.85-1.20)
1.02(0.83-1.26)

1 (reference)
0.99(0.83-1.18)
0.95(0.76-1.18)

1 (reference)
1.13(0.88-1.44)
1.74(1.34-2.26)

1 (reference)
1.08(0.85-1.38)
148(1.13-1.93)

Values are presented as percent (number) or hazard ratio (35% confidence interval).

*Adjusted for baseline age, sex, smoking, alcohol drinking, physical activities, waist circumference, estimated glomerular filtration rate, gamma-glutamy! transpeptidase, low-density
lipoprotein cholesterol level, and use of anti-diabetic medication, anti-hypertensive medication, lipid-lowering agents and antiplatelets.

CV, cardiovascular; TyG, triglyceride—glucose; MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MUNO, metabolically unhealthy non-obese; MUO, meta-
bolically unhealthy obese; Q, quartile.
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Figure 2. Summary of the implication of the triglyceride—glucose (TyG) index on cardiovascular (CV) outcomes according to metabolic health and obesity subgroups. (A) CV
event. (B) CV mortality. MHNO, metabolically healthy non-obese; MHO, metabolically healthy obese; MUNO, metabolically unhealthy non-obese; MUO, metabolically un-
healthy obese.
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justed HR [95% CI] of the high TyG groups: 0.91 [0.67-1.23] in
the MHNO population and 0.65 [0.32-1.33] in the MUNO pop-
ulation). Subgroup analyses by sex demonstrated similar trends in
general. Specifically, among MUO men, CV mortality in the high
TyG group was significantly higher than that in the low TyG group
(multivariate-adjusted HRs [95% CI], 1.83 [1.27-2.66]). Howev-
er, in women, we observed only a nonsignificant increase in CV
mortality in the high TyG group (multivariate-adjusted HR [95%
CI], 1.14 [0.78-1.68]) (Supplementary Tables 3 and 4). The asso-
ciations between the TyG index and incident CV events and CV
mortality in the subgroups divided by the metabolic health and

obesity phenotypes are summarized in Fig, 2.

DISCUSSION

We investigated the link between the TyG index and CV risk us-
ing data from a large-scale nationwide cohort. Even after control-
ling for traditional CV risk factors, a high TyG index was found to
be associated with a significantly increased risk of future CV events.
In our subgroup analysis, this association was particularly evident
among MUO participants. The association between a high TyG
index and CV mortality was observed only among MUO partici-
pants. Our results suggest that the predictive significance of the
TyG index varies among subpopulations based on metabolic health
and obesity status.

Obesity confers an increased risk of metabolic diseases such as
diabetes, dyslipidemia, and hypertension,'” all of which are well-es-
tablished risk factors for CVD. Metabolic syndrome is a complex of
three or more of the above-mentioned disorders that increases the
risk of future CVD."* However, not all persons with obesity have
associated metabolic abnormalities. In fact, metabolic syndrome
affects only a subset of persons with obesity. In this context, MHO
refers to the healthier phenotype presented by certain individuals
with obesity, whereas MUO refers to the high-risk phenotype asso-
ciated with obesity-induced metabolic derangement."

Although the CV outcomes of the MHO phenotype are still
controversial, it is irrefutable that persons with an MUO pheno-
type are at an increased risk of CVD.>"****! The major determinant
of cardiometabolic fate that discriminates the MUO phenotype
from the MHO phenotype is IR."” Previous investigations have

] Obes Metab Syndr 2022;31:178-186
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suggested that IR is a strong predictor of CVD.”*® A meta-analysis
of approximately five million participants showed that the relative
risk of CVD increased more with every 1 standard deviation in-
crease in the homeostasis model assessment of IR (HOMA-IR) in-
dex than with a 1 standard deviation increase in fasting glucose or
fasting insulin level.”” Therefore, a marker for assessing IR in the
obese population could be a useful predictor of future CV risk.

The TyG index, computed by multiplying TG and FPG, has
demonstrated excellent sensitivity and specificity in detecting
IR #'%% De Fronzo’s hyperinsulinemic-euglycemic clamp (HEC)
technique is widely considered to be the gold standard approach
for evaluating IR.” However, that approach is inappropriate for
clinical use due to its cost and ethical considerations.* According
to Guerrero-Romero et al.,'® the TyG index has high sensitivity and
specificity and can be beneficial for detecting persons with de-
creased insulin sensitivity. A hyperglycemic clamp-validated study
found a substantial association between TyG and IR, with higher
performance than the HOMA-IR index.”

Furthermore, several investigations have shown that the TyG in-
dex could be a surrogate marker for the risk of CVD. In the Vascu-
lar Metabolic CUN cohort, a higher TyG index correlated substan-
tially with a higher risk of CVD development independent of con-
founding factors, and adding the TyG index to the Framingham
risk score improved its predictive power for future CVD.*® Recent-
ly, a Korean research group demonstrated that people with an ele-
vated TyG index were more likely than others to suffer from myo-
cardial infarction and stroke in the future.*' In line with those prior
studies, our results support the close association between a high
TyG index and a considerably increased risk of CV events and CV
mortality. We further discovered that, particularly in people with
the MUO phenotype, the TyG index had an excellent prognostic
value for CV outcomes. To the best of our knowledge, this study is
the first to demonstrate a particular metabolic health and obesity
subgroup in which the TyG index is particularly effective in pre-
dicting incident CV events and CV mortality. Although the precise
mechanism cannot be explained by our analyses, the predictive val-
ue of the TyG index might be greater in MUO participants, or in-
sulin-resistant participants, because this index reflects the level of
IR. That is, IR might have a considerable clinical effect on CV out-

comes. Other risk factors, such as age, blood pressure, and chronic
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inflammation, might be more significant contributors to CV risk in
insulin sensitive individuals, such as metabolically healthy and lean
people, than in people with IR.

Inevitably, this investigation had some limitations. First, our defi-
nition of CV events is based on claims data and might not be com-
pletely reliable, although we defined the outcomes by combining
diagnosis and prescription history to improve accuracy. Second, we
are unable to provide data supporting the advantages of the TyG
index over HEC. Third, the number of events and the mortality
rates might be underestimated due to the relatively short follow-up
duration. Fourth, our subgroup analyses revealed that in women,
CV mortality in the high TyG group was not significantly higher
than that in the low TyG group, whereas men with a high TyG in-
dex were at a higher risk of CV death than the referent group. How-
ever, because the number of participants in the subgroup analyses
was nearly halved, the discrimination power of the TyG index
might have been compromised; the differential implications of the
TyG index by sex need to be further investigated with a larger pop-
ulation. Nevertheless, this study’s strengths can compensate for
those limitations. We assessed the predictive efficacy of the TyG
index for CV risk in different subgroups divided by metabolic
health and obesity status, which allowed us to identify the subpop-
ulation in which this index can be most effectively applied.

In conclusion, this study analyzed nationwide population-based
cohort data and found that a higher TyG index is associated with a
higher risk of CV events. Our findings also show that the TyG in-
dex has a high predictive value for CV risk in individuals with the
MUO phenotype. Given the convenience of the TyG index, which
can be easily calculated using TG and FPG levels, we recommend
the application of this index in CV risk prediction, particularly in
patients with the MUO phenotype.
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