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The role of the triglyceride-glucose index as
a biomarker of cardio-metabolic syndromes
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Abstract

Background The Triglyceride-glucose (TyG) index represents a simple, cost-e ective, and valid proxy for insulin
resistance. This surrogate marker has also been proposed as a predictor of metabolic and cardiovascular disease (CVD).
In this descriptive review, we aimed to assess the utility of the TyG index as a predictive biomarker of cardiometabolic
diseases.

Methods A search was conducted in PubMed, and Web of Science to identify cross-sectional and more importantly
prospective studies examining the use of the TyG index as a predictive biomarker. The following terms were utilized in

addition to the TyG index: “insulin resistance’, “metabolic syndrome”, “diabetes”; “cardiovascular diseases"

Results This descriptive review included thirty prospective studies in addition to cross-sectional studies. Following
adjustment for confounding variables, an elevated TyG index was associated with a signi cantly increased risk for the
development of Metabolic Syndrome (MetS), Type 2 Diabetes, hypertension, and CVD. Also in limited studies, the TyG
index was associated with endothelial dysfunction, increased oxidative stress and a pro-in ammatory phenotype.

Conclusion Overall, our ndings support the use of the TyG index as a valid biomarker to assess the risk of
developing MetS, T2DM, as well as atherosclerotic cardiovascular disease.
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Introduction

Insulin resistance is a crucial pathogenic mechanism
in the genesis of Metabolic Syndrome (MetS), Type-2
Diabetes (T2DM), and premature atherosclerotic car-
diovascular diseases (ASCVD) [1, 2]. While the hyper-
insulinemic-euglycemic clamp (HIEC) remains the gold
standard for measuring insulin resistance, it is costly,
labor-intensive, and not widely accessible.  us, more
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practical methods such as the homeostasis model assess-
ment of insulin resistance (HOMA-IR) and the tri-
glyceride-glucose (TyG) index have been explored and
validated as reliable proxies of insulin resistance when
compared to HIEC [3, 4].

e TyG index is a cost-e ective and reliable measure
of insulin resistance that has been validated against the
HIEC technique and in epidemiological and clinical stud-
ies [4—8]. In the initial report by Simental-Mendia et al.
in 2008, they reported on a cross-sectional study com-
paring the TyG index with HOMA-IR [6]. In this study of
748 individuals with varying degrees of glucose tolerance,
they calculated the TyG index by the following formula:

Ln[fastingtriglycerides(mg/dl)
xfastingplasmaglucose(mg/dl) /2]
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Where Ln is the natural logarithm.

ey concluded based on their results that the TyG
index had higher sensitivity (84%) but a low specificity of
45% compared to HOMA-IR and was a useful surrogate
to identify insulin resistance. In a second more defini-
tive report in 2010, Guerrero-Romero et al. compared
the TyG index with the gold standard HIEC technique
in 99 patients including males and females with varying
degrees of glucose tolerance and body weight [4]. Insulin
sensitivity was calculated as the total glucose metabolism
rate (M). e TyG index correlated significantly with the
M value, r=0.68. e Receiver Operating Characteristic
(ROC) Area under the curve (AUC) of 0.86 was excellent
and the optimum cut point on the ROC-AUC showed a
high sensitivity and specificity of 96.5% and 85% respec-
tively.  us, these investigators validated their TyG index
as a proxy for insulin resistance.

In 2011, a group from Brazil with a sample size of 82
persons (84% female) with varying degrees of glucose tol-
erance and body weight, showed using the hyperglycemic
clamp technique that the TyG index correlated signifi-
cantly with the mean glucose infusion rate (GIR), r=-
0.64 [5]. is appeared to be better than the correlation
between GIR and HOMA-IR of = -0.51 which was also
significant. e ROC-AUC for the TyG index was also
very good at 0.79. s study further validates the TyG
index as a reliable and cost-e ective measure of insulin
resistance. In a subsequent report, Guerrero-Romero et
al. showed a very significant correlation between the TyG
index and M value(r=0.88) in young adults (60% female)
with an average age of 19.2 yrs. ey did not report on
the ROC-AUC [7].

In this review, we examine the TyG index as a bio-
marker to predict MetS, T2DM, and ASCVD since these
are most relevant to the cardio-metabolic space. e
focus of the review is to present data primarily from pro-
spective studies supporting the utility of the TyG-Index
as a biomarker for the above-mentioned conditions. Pro-
spective studies have advantages over cross-sectional
studies at better implying causality, characterizing risk
factors before disease onset and are subject to less bias
from confounders.  ere have been several previous
reviews examining the association of the TyG index with
a wide spectrum of disorders. is review intended to
focus specifically on the relationship of the TyG index
with the three commonest cardio-metabolic conditions.
To the authors’ knowledge, this is the only review on
this topic focusing on prospective studies in this popula-
tion. In addition, we have included plausible pathogenic
mechanisms related to the TyG index specifically and the
above syndromes and recommendations on the correct
formula to use. is review also critically appraises the
di erent formulae utilized to derive the TyG index that
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is handicapping the development of cut points used in
research and clinical settings.

We used PubMed and Web of Science as the database
and adopted the following search terms and inclusion
criteria:

« Triglyceride-glucose index and insulin resistance,

 Triglyceride-glucose index and metabolic syndrome,

« Triglyceride-glucose index and diabetes,

 Triglyceride-glucose index and cardiovascular
diseases.

We also repeated the above searches by adding the term
prospective studies to our searches. e search was per-
formed over 6 weeks (in September-October 2024) and
the period of the search was from 2016 to the present
(2024). Further criteria for inclusion were studies with
>500 participants and a median follow-up of at least
3 years. Publications reviewed were limited to English
language journals. Prospective studies that did not meet
these criteria were excluded.

TyG index and metabolic syndrome

MetS comprises a constellation of cardio-metabolic fea-
tures, and insulin resistance has been advanced as a piv-
otal pathophysiological mechanism for this disorder.
MetS confers a 2-fold increased risk for ASCVD and
a 5-fold increased risk for T2DM [9, 10]. Whilst it is an
advancing global problem, there is no optimum treat-
ment to date.

e five MetS risk factors include higher waist cir-
cumference (=102 cm or 40 inches for men and =88 cm
or 35 inches for women), elevated triglycerides (=1.7
mmol/L or 150 mg/dL), low high-density lipoprotein
(HDL)-cholesterol levels (<1.0 mmol/l or 40 mg/dL for
men and <1.2 mmol/l or 50 mg/dL for women), high
blood pressure (systolic blood pressure=130 mmHg or
diastolic blood pressure=85 mm Hg) and high glucose
level (=5.6 mmol/L or 100 mg/dL). Individuals are diag-
nosed as having MetS if they have at least three of these
cardio-metabolic features of MetS [9, 10]. It is important
to emphasize that there is now a harmonized definition
of MetS, thanks to the tremendous, combined e orts of
numerous international organizations [10].

Our recent report was prompted by the fact that
the majority of studies, validating the TyG index ema-
nate from Asian and Latin American populations [4—8,
11, 12]. Surprisingly, investigators from the US have
not embraced the TyG index. In our recent report on a
general US population using the National Health and
Nutrition Examination Study (NHANES) we showed in
5380 individuals aged 20—80 years that the TyG index
was superior to HOMA-IR in predicting MetS. In this
cross-sectional study, representative of the US adult
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population, the authors demonstrated an excellent ROC-
AUC of 0.87 [95% Confidence Intervals (ClI) of 0.85—0.88]
[13]. eareaunder the curve is a commonly used metric
that provides information regarding the diagnostic per-
formance of a test. In terms of the clinical usability of the
test, an AUC of around 0.7 is considered to show accept-
able performance [13]. In addition, ROC-AUC between
two tests, such as the TyG index and HOMA-IR, can be
compared to determine significant di erences. However,
there are no firm criteria set for clinical research studies.

e most comprehensive report concerning the role of
the TyG index in predicting MetS is a recent review and
meta-analysis by Nabipoorashrafi et al. in 2022 [14].  is
analysis included 13 cross-sectional studies with a total
sample size of 49,325 participants. e pooled mean dif-
ferences (MD) of the TyG index between groups was 0.83
units (Cl of 0.74-0.92), p<0.0001. e bivariate diagnos-
tic test accuracy meta-analysis showed the TyG index had
a pooled sensitivity of 80% (CI of 75—-84%, p<0.001) and
specificity of 81% (Cl of 77—84%, p<0.001) for screen-
ing for MetS.  ese analyses showed high heterogeneity
between studies with no publication bias. e summary
ROC-AUC was 0.87(Cl of 0.84-0.90). Based on their
findings, the authors concluded that the TyG index is a
sensitive and specific measure for MetS.

It is important to emphasize that these are cross-sec-
tional studies and cannot imply causality like prospective
studies. Table 1 summarizes the limited data on pro-
spective studies that rea rm the role of the TyG index
in predicting incident MetS. e largest (»=6091) lon-
gitudinal study with a duration of 12 years was by Son
et al. and they showed that the TyG index was superior
to HOMA-IR in predicting incident MetS using ROC-
AUC in a Korean population [15]. In addition, the haz-
ard ratio (HR) adjusting for age, BMI, smoking, diabetes,
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hypertension, etc. at baseline was 1.79(CI of 1.61-2.00,
p<0.001). Kang et al. also reported on a large Korean
group for a longer duration of 14 years and showed again
that the TyG index was significantly superior to HOMA-
IR in predicting MetS and displayed greater sensitivity
and specificity [16]. In the smaller study by D’Elia et al.
that only reported on Italian males, they showed that the
TyG index was similar to HOMA-IR in predicting MetS
[17]. ey acknowledged their smaller sample size, gen-
der di erences, and rate of MetS compared to Son et al.
[15].

us, it is reasonable to conclude based on cross-
sectional and prospective data the totality of evidence
collectively supports the TyG index as the superior dis-
criminant of MetsS.

TyG index and diabetes

According to the 2021 IDF Diabetes Atlas, the global
adult population with diabetes reached 537 million,
accounting for 10.5% of the total adult population. Type
2 Diabetes Mellitus (T2DM) accounts for around 90% of
diabetes globally and both insulin resistance and beta cell
dysfunction appear crucial in its pathogenesis. T2DM
leads to an increased risk for both microvascular and
macrovascular complications with increasing duration
[18]. e TyG index, a valid measure of insulin resistance,
appears to be a promising tool for assessing T2DM risk.
Its simplicity and predictive capability make it a valuable
addition to routine health evaluation.

Cross-sectional studies

An association between the TyG index and the develop-
ment of T2DM has been demonstrated in previous cross-
sectional studies [12, 19—21]. is association has been
shown regardless of obesity or age. Fu et al., in a study

Table 1 Prospective studies showing that TyG index predicts incident metabolic syndrome

Sonetal. Kangetal. D’Eliaetal.
Year 2022 2023 2024
Country Korea Korea Italy
Participants N=6091 N=3580 N=440

(40-69 yrs) (40-70yrs) 50.3yrs

50% Male 47% Male Male only
Follow up 12yrs 14 yrs 8yrs
New MetS diagnosis 38.5% 35.4% 21.6%
TyG Index: ROC-AUC 0.65 (0.64-0.66) 0.85 (0.84-0.87) 0.69 (0.63-0.75)
Other Comments ROC-AUC for TyG index was signi - ROC-AUC for TyG index was signi cantly ROC-AUC for

cantly higher than HOMA-IR ,0.56

higher than HOMA-IR ,0.70 TyG index was
notsigni cantly
di erent from
HOMA-IR,0.62
5 SNPs were not additive to TyG index

ROC-AUC

Confidence Intervals in parenthesis ()

SNP-single-nucleotide polymorphisms
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of 2571 Chinese individuals aged over 75 years, in whom
231 new-onset T2DM cases were recorded, showed that
following adjustment of confounding factors, elevated
TyG index independently indicated a higher risk of
T2DM (HR=1.89; 95% Cl, 1.47-2.44; p<0.01). Higher
TyG index quintile groups (Q3 to Q5) also presented with
a higher risk of T2DM (hazard ratio (HR)=1.36, 1.44, and
2.12, respectively) as compared with the lowest quintile
group (Q1) [19]. Another study by Lee et al. in a retro-
spective analysis of 2,900 subjects in Korea showed that
those with a TyG index in quartile 4 had a hazard ratio of
having diabetes 5.65 times higher than those with a TyG
index in quartile 1 [22].

Deng et al. showed in a cross-sectional study from
the Guangzhou Heart Study (n=5321 hypertensive
patients), in which 20% had T2DM, that those in the
highest quartile of TyG index had a significant (5.35-
fold) risk of T2DM (95% Cl 4.33—6.64) after adjusting
for confounders when comparing with subjects within
the lowest quartile. Every 1-unit increment of TyG was
associated with an 81% increased risk of T2DM [23]. In
one of the largest meta-analyses of 13 cohort studies of

Table 2 Prospective studies showing that TyG index predicts
incident T2DM

Parket Rong Lietal Lopez Wang
al. etal. Jaramillo  etal.
etal.
Year 2022 2023 2020 2023 2021
Country Korea China  China 22 China
countries
Participants N=4285 N=862 N=201,298 N=141,243 N-684
lean elderly
adults
(40-69 >60 >20yrs 35-70yrs  44-53
yrs) yrs yrs
(67-80
yrs)
48% 47% 32% Male  41% Male  58%
Male Male
Follow up 12 yrs 20yrs  3.12yrs 132 yrs 15yrs
Incident T2DM 14.7% 631% 15.6% 5.5% 10.8%
diagnosis
TyG Index: 1.00, Tertiles 1.00, Tertiles Quar-
HR Quartiles/ 163 1.00, 1.83 1.00, tile
Tertiles (95%Cl, 1457  (1.49-2.26), 154 1.00,
118- (95%CI  3.29 (1.01-167); 0.77
224), 117- (270-401) 199 (0.28-
230 180) and626  (1.82-216) 213),
(95%Cl, and  (5.15-7.60) 0611
168- 170 (0.65-
314),  (95%Cl 3.66),
and 367 1.37- 3.36
(95%Cl,  2.11). (152
271- 7.39)
4.98)

Tertile or Quartile 1 was assigned a referent value of 1.0

Confidence Intervals in parenthesis ()
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70,380 subjects Da Silva et al. demonstrated that the TyG
index had a positive association with diabetes risk in both
adults and elderly people. ey conclusively showed that,
despite the heterogeneity observed in relative risk, the
TyG index was significantly associated with T2DM risk
(overall HR: 2.44, 95% CI: 2.17—2.76) and could become
an adjunctive tool [24].

Prospective studies

Table 2 summarizes the largest prospective studies. In a
12-year longitudinal study of the Korean Genome and
Epidemiology Study cohort, Park et al. showed in this
large prospective study that a higher TyG index was posi-
tively and independently associated with incident T2DM.

e HRs of incident type 2 diabetes in each TyG index
quartile were 1.00, 1.63 (95%Cl, 1.18—2.24), 2.30 (95%Cl,
1.68-3.14), and 3.67 (95%CI, 2.71-4.98), respectively,
after adjusting for age, sex, BMI, waist circumference,
smoking status, alcohol intake, and physical activity. A
higher TyG index precedes and significantly predicts
T2DM among community-dwelling middle-aged and
elderly lean Koreans [25].

In another 20-year follow-up study of 862 elderly
males in China, of which there were 544 cases of incident
T2DM, Rong et al. reported an increased TyG index with
multivariable HR of 1.53 (1.29-1.80) which indepen-
dently correlated with T2DM [26]. Li et al. conducted a
3.12 follow-up study of 201,298 individuals>20 yrs who
were enrolled in a health-screening program in China,
out of which 3389 developed T2DM. After adjusting
for potential confounders, elevated TyG indexes were
independently correlated with a greater risk of incident
diabetes (hazard ratio (HR), 3.34 (95% CI, 3.11-3.60).
Compared with the lowest quartile (Q1), increasing TyG
index (Q2, Q3, and Q4) was related to increased HR
estimates of incident diabetes [HR (95% Cl), 1.83 (1.49—
2.26); 3.29 (2.70—4.01), and 6.26 (5.15—7.60), respectively]
[27].

In a prospective cohort study across 5 continents, in
141 243 individuals aged 35—70 years from 22 countries,
referred to as the Prospective Urban Rural Epidemiology
(PURE) study during a median follow-up of 13-2 years
(IQR 11.9-14-6), Lopez-Jaramillo et al. recorded 5191
incident cases of type 2 diabetes. After adjusting for all
other variables, compared with the lowest tertile of the
TyG index, the highest tertile (tertile 3) was associated
with a greater incidence and incident type 2 diabetes
(1-99; 1.82—2:16). Interestingly the correlation of Tyg
Index and incident T2DM was significant in low-, mid-
dle- and high-income countries [28].

Wang Z et al. in a 15-year prospective cohort study of
687 participants showed that 74 participants developed
T2DM and the risk of T2DM increased with the TyG
index. e adjusted hazard ratio (HR) was 3.36 (95% ClI:
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1.52—-7.39, P<0.001) comparing the top TyG quartile
to the bottom quartile. e lack of association in other
quartiles can perhaps be explained by the low number of
participants in this study. Nevertheless, it is a prospective
study showing a strong relationship between Tyg index
and incident Type 2 diabetes [29].

e TyG index may also serve as a predictor of mor-
tality in patients with diabetes. In a study involving
3,376 patients with type 2 diabetes (T2DM) from the
US who were monitored for a median duration of 8.9
years, a higher TyG index correlated with an increased
risk of both all-cause and non-cardiovascular mortal-
ity in T2DM patients under the age of 65. Notably, each
one-unit rise in the TyG index was linked to a 1.33-fold
increase in the hazard ratio (HR) after adjustment for
possible confounding factors [30].

TyG index and gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is defined as glu-
cose intolerance resulting in hyperglycemia that begins
or is first diagnosed during pregnancy and is associated
with adverse pregnancy outcomes such as cesarean sec-
tion, birth injury, neonatal adiposity, and large size for
gestational age of infants, etc [31]. e TyG index is also
one of the emerging biomarkers for insulin resistance
identification and GDM prediction, which is cost-e ec-
tive and convenient in clinical practice, and could predict
GDM earlier than oral glucose tolerance test (OGTT)
diagnoses (usually 24—28 weeks).  us, early action could
be taken to prevent GDM and to mitigate the serious risk
of complications due to GDM. In 661 pregnant women
who participated in NHANES from 1999 to 2020, Zeng
et al., using logistic regression models in this cross-sec-
tional, retrospective cohort study, revealed a positive
association between the TyG index and GDM, remain-
ing significant even after adjusting for all confounding
variables (OR=3.43, 95% ClI. 1.20-9.85, p=0.022) [32].
In another prospective study of pregnant women, Guo
et al. also reported a 2.10-fold increase in the GDM risk
for every 1-unit increase in the TyG index, after adjust-
ing for covariates. e highest GDM risk was observed
in the group with the highest TyG index compared with
the lowest quintile group (odds ratios: 3.25; 95% CI:
2.23—-4.75) [33]. Liu et al. reported a four-fold increase
in TyG index in GDM patients compared with controls,
especially in the second trimester [34].

TyG index and vascular complications of diabetes mellitus

Interestingly, the TyG Index can also be used for assess-
ing macrovascular complications in type 2 diabetes sub-
jects using the optimum cut point with an AUC=0.702,
sensitivity 59%, specificity 74%) [35]. Diabetic retinopa-
thy (DR) is a common and serious chronic microvascular
complication of diabetes mellitus (DM) and one of the
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leading causes of vision loss worldwide, therefore early
diagnosis would be important for the prevention of such
diabetic complications. In a recent meta-analysis, Zhou
et al. incorporated ten observational studies of 13,716
individuals from four di erent countries including Iran,
Singapore, China, and India, and showed that the highest
TyG index group had a significantly increased risk of DR
compared with the lowest TyG index group [36].

Diabetic Nephropathy (DN) is another common microoup [



Gounden et al. Lipids in Health and Disease (2024) 23:416

major risk factors for ASCVD. Prediabetic states repre-
sent an intermediate state between normoglycaemia and
overt diabetes mellitus and encompass both impairment
of insulin secretion and insulin resistance. Various recent
observational studies have demonstrated the association
between prediabetes and risk for ASCVD. e recent
Assessment of Clinical E ects of Cholesteryl Ester Trans-
fer Protein Inhibition with Evacetrapid in Patients at a
High Risk for Vascular Outcomes (ACCELERATE) trial
reported fasting hyperinsulinemia as an independent
risk factor for CVD and CVD-related mortality [44]. is
causal relationship has been demonstrated and reported
in several studies over the last two decades.

e state of insulin resistance triggers a cascade of
metabolic disruptions contributing to the development
of various chronic diseases including ASCVD [45, 46].

e TyG index is an arithmetic expression of insulin
resistance that is a more practical and reliable indica-
tor of IR than previous conventionally utilized methods
as described earlier in the introduction. Various studies
have demonstrated the utility of the TyG index as a pre-
dictor of ASCVD, as well as related health outcomes such
as cardiac failure. TyG index has also been demonstrated
to be a predictor of other risk factors associated with
ASCVD such as diabetes (discussed above in Sect. 3) and
hypertension.

TyG index and hypertension

Hypertension is a very common modifiable risk factor
for ASCVD. IR has been implicated in the pathogenesis
of hypertension and as a predictor of hypertension. In
a prospective study, participants without hypertension
from the China National Health survey were followed
up for 6 years. Of the 4866 participants, 1256 devel-
oped hypertension over the period of the study. Logis-
tic regression analyses after adjusting for confounders
were associated with a higher risk of hypertension OR
1.19 (1.05-1.34, p-value=0.006). ROC analysis showed
a moderate AUC of 0.583 (0.569-0.597) for the TyG
index identifying hypertension [47]. In a study of 15,056
adults whose TyG index were reviewed over 11 years,
an elevated baseline TyG index was associated with an
increased risk of hypertension. e study reported HRs
of 1.38 (1.23—1.54) and 1.69 (1.4—2.02) respectively, for
moderate and high stable TyG index over time [48]. An
earlier Chinese population longitudinal study followed
over 4000 participants for a 9-year period. 43.7% of the
participants developed hypertension over the period of
review. TyG index at baseline was found to be predictive
of the development of hypertension with a higher risk
with increasing TyG index values [49]. Similar findings
were also reported in a younger cohort of participants.
Elevated levels of baseline TyG index were independently
associated with the development of arterial sti ness with
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the highest TyG index quartile demonstrating a fully
adjusted odds ratio (OR) of 2.76 (95%CI 1.40—7.54) [50].

Zhou et al. reviewed data from over 8000 patients
with hypertension over a median 82-month follow-up
period. ese individuals were part of NHANES. Patients
with the highest TyG index had more significant co-
morbidities such as obesity with higher blood pressure,
increased risk of CVD and 56% increased all-cause mor-
tality (ACM). Using Kaplan- Meier survival curves the
authors reported a higher risk of ACM and cardiovas-
cular mortality in patients with the highest TyG index
(p<0.05) [51]. Another longitudinal study using a dif-
ferent NHANES cohort reported similar findings with
an L-shaped relationship between TyG index and hyper-
tension for all-cause mortality among middle-aged and
elderly participants with hypertension with HR of 1.28
(1.01-1.53 p=0.006) for the highest TyG index quartile
[52].

TyG index and atherosclerotic cardiovascular disease
A large 16-year prospective community-dwelling study
in Korea reported by Moon et al. demonstrated a 36%
increased risk of CVD in participants in the highest
TyG index quantile in comparison to those in the lowest
quantile. is was following adjustment for confounding
variables such as age, sex, BMI, hypertension, diabetes
mellitus, and total cholesterol. e relative risk of CVD
in males with the TyG index in the highest quartile was
1.53 (1.2-1.96) and 2.42 (1.87—3.14) in females. Carotid
ultrasound to determine carotid plague and intima-
media thickness was carried out in a subset of the cohort.
Carotid plaque was more frequently identified in those
individuals in the higher quartiles of the TyG Index. e
predictive power of the TyG index for CVD was fur-
ther evaluated by ROC analysis. e TyG index AUC
was reported as 0.578, and the addition of the risk fac-
tors of diabetes and hypertension moderately improved
the AUC to 0.604. e authors reported no association
between the TyG Index and all-cause mortality risk [53].
Park et al. examined the prediction value of the TyG
index for ischemic heart disease (IHD) which is equiva-
lent to ASCVD. s prospective study with a median
follow-up of 50 months was also performed in a Korean
community-dwelling cohort (»=16455) and utilized
data obtained from the country’s National Health Insur-
ance Service. IHD was defined as angina pectoris or
acute myocardial infarction and identified by means of
ICD-10 codes utilized in the individual health records.
e review period was relatively short, at 50 months.
However, findings did show increased HRs for IHD for
those individuals in the highest quartile of TyG index:
2.28 (95% CI 1.48-3.51) after adjusting for several con-
founders including age, BMI, sex, hypertension, smok-
ing status, physical activity, alcohol intake and presence
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of chronic kidney disease [54]. Interestingly for both the
above studies, the greatest proportions of smokers and
alcohol drinkers were found in the highest TyG index
quartile group.

A prospective cohort study utilizing the Kailuan
cohort in China examined the association between
risk of myocardial infarction and the TyG index over
a median 11-year period. A total of 98,849 participants
were enrolled in the study at baseline and subsequent
TyG index were calculated on three follow-up visits dur-
ing the study period. Baseline TyG index quartiles were
significantly associated with increased risk of MI over
time with a HR of 2.08 (95% CI 1.77—2.45) for quartile
4 versus quartile 1 TyG index. is association was still
maintained when reviewed using the mean TyG index
(derived from baseline and follow-up visits) with HR
1.58 (95%Cl 1.18—2.12) supporting the robustness of a
single baseline measurement. e authors also reported
a 42% higher risk of MI per one unit increase in baseline
TyG index (HR 1.42; 95% ClI 1.33—1.53) with higher haz-
ard risks reported in women versus men [55]. A further
study undertaken in the Kailuan cohort reviewed the
longitudinal association between baseline and mean TyG
index with the incidence of cardiovascular disease over a
median 9-year follow-up. e highest tertiles of baseline
and mean TyG index were each associated with a higher
incidence of CVD when compared to the lowest tertile
with adjusted hazard ratios of 1.25 and 1.40 respectively
[56].

A study utilizing a Chinese cohort examined the utility
of the TyG index as an independent predictor of major
adverse cardiovascular events (MACES) in a population
with ACS. At the 3-year follow-up, Kaplan- Meier curves
showed significant di erences in event-survival rates per
TyG index tertiles. e TyG index was demonstrated to
be an independent predictor of MACE on multivariate
Cox proportional hazards regression analysis [57].

In a community-based prospective study utilizing data
from the Shanghai Suburban Adult Cohort, 42,651 par-
ticipants without previous ASCVD were followed for a
median of 4.7 years. e study reported a one-unit incre-
mental increase in TyG index to be associated with HR
1.16 (95%C1 1.04—1.29) for the development of CVD [58].

Many of the prospective studies examining the asso-
ciation of TyG index with cardiovascular disease have
been undertaken in Asian countries; there are a smaller
number that have been performed in other regions of
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index and non-cardiovascular mortality. Table 3 depicts
the prospective studies relating to ASCVD.

In summary, the totality of the evidence supports the
role of the TyG index in predicting ASCVD in several
population groups.

The TyG index and heart failure

Heart failure (HF) causes significant morbidity and mor-
tality worldwide. Insulin resistance has also been shown
to play an etiological role in the development of HF [62,
63].

A 31-year follow-up study of 4992 young adults
assessed the association between the TyG index and
congestive HF (CHF). 1.3% of participants developed
CHF during the period. An increased risk of CHF was
associated with a unit increase in the TyG index with a
reported HR of 2.8 (1.7—4.7). Participants in the highest
TyG index quartile demonstrated a higher risk for CHF
development than those in the lowest quartile [64].

Data from a NHANES study cohort for over 13,000
individuals was analyzed to determine the relation-
ship between the TyG index and HF.  ose participants
with HF had higher levels of the TyG index compared
with those without HF. However, after adjustment for all
covariates, the highest quartile of the TyG index did not
demonstrate a statistically significant association with
risk for HF when compared to the lower TyG index quar-
tile [65].

e TyG index has also been demonstrated to be a
prognosticator of HF. Patients with heart failure with
preserved ejection fraction (HFpEF) were reviewed after
a median of 3 years with regard to all-cause mortality, CV
deaths, and HF re-hospitalizations.  ose in the highest
TyG index tertile displayed the greatest susceptibility to
ACM with HR of 1.53 (95%CI 1.19—-1.98) and CV death
HR of 1.52 (95%CIl 1.19-1.96) [66]. e Atherosclerosis
Risk in Communities (ARIC) study followed 12,374 par-
ticipants free of HF and CHD over a median follow-up
period of 22.5 years. s study also confirmed the associ-
ation with a higher baseline TyG index and increased risk
of HF development, HR 1.15 (95%Cl 1.10-1.21). Addi-
tionally, a greater baseline TyG index was associated with
unfavorable left ventricular modeling and dysfunction
[67]. As discussed earlier, the TyG index has been shown
to be a useful predictor of MACEs such as heart failure.
TyG index has been demonstrated to be a useful predic-
tor of MACEs in diabetic patients with ischemic cardio-
myopathy. Abuduaini et al. reported for Cox proportional
hazards regression, a HR of 7.334 (3.424—15.708) for the
development of heart failure [68].

TyG index and arrhythmia
Arrhythmias are associated with increased cardiovascu-
lar morbidity and mortality with atrial fibrillation being
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the most commonly occurring problem. Obesity and
insulin resistance have been previously demonstrated
to be associated with the risk of AF development [69].
In a prospective study, utilizing the Atherosclerosis Risk
in Communities (ARIC) cohort a U-shaped association
with baseline TyG index and atrial fibrillation (AF) was
reported. e study consisted of 11851 American partici-
pants without known CVD with a median follow-up of
24.26 years. Cox proportional hazards analysis demon-
strated an adjusted HR of 1.15 (1.02—1.29) for the lower
TyG index group and an adjusted HR of 1.18 (1.03—1.37)
for the upper TyG index group but no increase for the
middle group [70]. A further prospective study in the
aforementioned Kailuan cohort followed 1979 partici-
pants over a median follow-up of 5.31 years. In this study,
multivariate Cox proportional hazards regression analy-
sis indicated that a higher TyG index was significantly
associated with MACE in patients with AF (HR 2.103
(1.107-3.994) [71]. Risk of ventricular arrhythmias have
also been associated with increases in the TyG index [72].

us, in summary, prospective studies provide valuable
information on the association of the TyG index with
ASCVD, risk factor development, risk stratification, out-
come, and mortality prediction. e evidence supports
the use of the TyG index as a valuable tool in the assess-
ment and management of cardiovascular disease.

Pathogenic mechanisms

Insulin resistance as evidenced by the TyG index predis-
poses to Metabolic Syndrome, T2DM, and Hypertension
as reviewed above. Furthermore, insulin resistance by
increasing the risk for T2DM, Hypertension, and Dyslip-
idemia (manifesting as elevated TG levels, low levels of
HDL-C, and a preponderance of small dense LDL par-
ticles) also increases the risk for ASCVD [1, 2, 11]. s
is not surprising since it used measures of dysregulation
of both carbohydrate and lipid metabolism [11]. Patho-
genic mechanisms that have been advanced to explain
this increased risk include endothelial dysfunction,
increased oxidative stress, a pro-inflammatory state, and
increased thrombosis [1, 2, 11, 73, and 74]. ereis a
serious paucity of studies examining the relationship of
the TyG index specifically with these mediating mecha-
nisms. Some groups have shown a relationship with the
prototypic downstream marker of inflammation, C-reac-
tive protein (CRP) [5, 74,]. Vasquez et al. also showed an
inverse correlation with plasma adiponectin [5].

A study in a small group of patients (»=30) with Kline-
felter syndrome (KS) a sex chromosomal disorder with
hypogonadism examined TyG index and endothelial
dysfunction [75]. KS is associated with increased mor-
bidity and mortality related to cardiovascular diseases.
Asymmetric dimethylarginine (ADMA), an inhibi-
tor of endothelial nitric oxide synthase resulting in a
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Table 3 Prospective studies showing that TyG index predicts ASCVD
Study Year Country Participants Follow up Incident ASCVD  TyG index Quartiles/ ROC
(median) diagnosis tertiles AUC/
other
Moonetal. 2023 Korea N=8511 15.6 years 10.9% 100 0578
40-70 years old 112 (0.91-1.38) VS,
475% males 117 (0.95-1.44) HOMA-
136 (1.10-1.68) R
0543
Park et al. 2020 Korea N=16,455 50 months 2.0% 1.00
=20 years 161 (1.05-2.48)
51% males 1.85(1.21-2.81)
229 (150-351)
Tian et al, 2021 China N=98,849 11 years 157% 1.00
18-98 years old 126 (1.01-1.51)
79.75% male 1.60 (1.36-1.89)
2.08 (1.77-2.45)
Lietal. 2022 China N=49,579 9 years 49% 1.00
>18 years 122 (1.09-1.37)
76.6% male 125(1.11-142)
Wang Letal. 2020 China N=2531 3years 11.4% 1.00
66.3+6.8 years 1591 (0.939-2.697)
55.9% males 1.709 (1.006-2.903)
Wan et al. 2023 China N=42,651 4.7 years 3.3% 1.00
20-74 years 0.95 (0.80-1.13)
41.3% male 1.06 (0.89-1.25)
118 (0.98-1.41)
Sanchez- 2016 Spain N=5014 10 years 9.25% 1.00 0.719
Inigo 18-90 years 119 (0.83-1.71) (0.70-
etal 61.1% male 1.32(0.93-1.88) 0.74)
152 (1.07-2.16) com-
2.32(1.65-3.26) bined
Fram-
ing-
ham
and
TyG
index
model
Cheetal. 2023 UK N=403,335 8.1 years 4.9% 1.00
56.2 (SD 8.1 years) 107 (1.01-1.13)
54.5% male 1.09 (1.03-1.15)
125(1.18-1.32)
Ra eeetal. 2024 Iran N=5432 11.2 years 15% 1.00 For
=35 years 114 (0.93-1.38) CvD
48.75% males 148 (1.22-1.79) 0611
(0.590-
6.33)
not
com-
pared
to
HOMA
IR
Lopez- Jara- 2023 Multinational N=141243 13.2years 4.5% 1.00
millo et al. 35-70 years 1.04 (0.94-1.15)
41% male 124 (1.12-1.38)

Tertile or Quartile 1 was assigned a referent value of 1.0

Confidence Intervals in parenthesis ()
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decrease in nitric oxide (NO) levels is a valid surrogate
marker of endothelial dysfunction, was also measured
in both the patients with KS, and matched controls. In
the KS patients, the TyG index was positively correlated
with both plasma ADMA levels (r=0.48, p<0.001) and
HOMA- IR (r=0.36, p=0.011). e study demonstrated
that the TyG index was an independent determinant
of endothelial dysfunction as reflected in ADMA lev-
els in this group of individuals [75]. A study by Li et al.
investigated the association between the TyG index and
endothelial dysfunction directly [76]. In this study, flow-
mediated dilation (FMD) of brachial arteries was used
as a marker for endothelial function. A decreased FMD,
which is nitric oxide-mediated, suggests endothelial dys-
function and represents early nascent atherosclerosis
promoting leukocyte recruitment and entry, trapping,
and modification of atherogenic lipoproteins result-
ing in the fatty streak lesion [77]. e authors reported
lower FMD values with each unit increase of the TyG
index following the adjustment of covariates. However,
this association between the TyG index and endothelial
dysfunction was evident only in female patients under 60
years of age without diabetes [76]. e authors acknowl-
edged that multiple confounders including therapies
could have influenced their aberrant findings. In their
prospective cohort study, Yang et al. investigated the rela-
tionship between oxidative stress, the TyG index, and
risk of CVD. e study consisted of 6131 adults from the
NHANES group who were followed for a median period
of 106 months. ey described a J- shaped relationship
between the TyG index CVD and all-cause mortality. In
addition, they described the mediation of this associa-
tion with the relationship to increased levels of surrogate
markers of oxidative stress such as gamma-glutamyl
transferase (GGT), a precursor of glutathione, and uric
acid a potent water-soluble antioxidant [78]. It should be
noted that GGT and uric acid are non-specific markers of
oxidative stress and are a ected by several confounders
including alcohol ingestion and the presence of several
other diseases. An interpretation of their data is that the
increased levels are a response to an increase in oxidative
stress.

In a recent report in a cohort in which smoking, macro-
inflammation T2DM, and ASCVD were excluded, using
a wide repertoire of biomarkers they showed that there
was a significant relationship between the TyG index and
increased oxidative stress as evidenced by elevated levels
of direct footprints of oxidative/nitrative stress, plasma
nitrotyrosine and oxidized-LDL levels [79]. Furthermore,
they showed an association with both circulating bio-
markers of inflammation (CRP, endotoxin, chemerin, and
interleukin-6) and cellular biomarkers (monocyte toll-
like receptors 2 & 4 and their downstream cellular signal-
ing). However, since this was a cross-sectional study of
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102 individuals these important findings need to be repli-
cated in larger prospective studies. Finally with respect to
increased thrombosis, in 468 individuals with ST- eleva-
tion myocardial infarction who underwent percutaneous
coronary intervention (PCI) the TyG index was signifi-
cantly higher with the larger thrombus burden (LTB) and
in multivariate analysis was an independent predictor
of LTB [80]. However no pathogenic mechanisms were
provided.

us, it is imperative to focus on pathogenic mecha-
nisms in prospective studies to clearly define the exciting
role of the TyG index.

Correct calculation of the Tyg index

A major concern with respect to cut points is the con-
fusion created by the initial investigators claiming their
original reports had the incorrect formula [4, 6]. In a
subsequent letter to a concern raised by another group,
they stated that there was an error in the original formula
used in their 2008 and 2010 papers and that the correct
formula was:

Ln [fasting triglycerides (mg/dl) x fasting plasma glu-
cose (mg/dl)]/2 [81].

ey failed to provide any plausible scientific explana-
tion for this recommendation.

In our report of the NHANES data set in 5380 Individ-
uals aged 20—80 years we showed that the TyG index, in
this cross-sectional study, was superior to HOMA-IR in
predicting prevalent MetS in this general and represen-
tative US adult population with an excellent ROC-AUC
of 0.87 [95% Confidence Intervals (Cl) of 0.85—0.88] [13].
We have now re-analyzed our data using both formulas
and arrived at identical ROC-AUCs of 0.87 (95% CI of
0.85-0.88) for both since the product of the same ana-
lytesisused. e major issue with using the two formulae
is that the values for the TyG index are di erent. e best
TyG index cut point, the Youden index, was 8.6 with the
first formula and 4.7 with the second formula. To further
underscore this disparity in our NHANES study, values
for the TyG index using the first formula for the median
and (inter-quartile range) are 8.5(8.1-9.0) and 4.6(4.4—
4.8) for the second formula respectively [82]. Needless to
say, this has created considerable confusion in the pub-
lished literature and is well illustrated in the review of
21 studies by Kurniawan in which cut-o s ranging from
4.5 to 9.5 are reported with the vast majority of studies
reporting values=8.0 [12]. Since they provide no scien-
tific plausibility for this suggestion like Alizagar et al. we
recommend based on our expertise in clinical biochem-
istry and biomarker research, that investigators adhere
to the original formula to derive cut points and refer-
ence ranges [82, 83]. A recent review by Avagimyan et
al. obfuscated the area further by using both mmol/L for
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TG and mg/dl for glucose levels in their formula without
rationale [84].

ere is an urgent need to develop a consensus docu-
ment on this issue to facilitate further research with this
promising biomarker.

Strengths and limitations

e major strengths of the present review are the fol-
lowing. It focused on the role of the TyG index as a bio-
marker of the commonest cardio-metabolic syndromes.
In addition, it clearly di erentiates the data from cross-
sectional studies and prospective studies since the latter
allows us to infer possible causality. is review suggests
that the TyG index is a valid biomarker for MetS, T2DM,
hypertension, and ASCVD. Furthermore, we discuss
plausible pathogenic mechanisms, making a plea for
more prospective studies investigating mechanisms, and
finally make recommendations on the correct formula to
use to end the present confusion.

A possible perceived weakness is the failure to discuss
the evolving role of the TyG index in Obstructive Sleep
Apnea and Non-alcoholic fatty liver disease (NAFLD).
In addition, our discussion of mechanisms was limited
by the scanty studies on TyG and mechanisms since
the focus of the majority of authors is epidemiological
relationships.

Conclusion

Overall, this review supports the utility of the TyG index
as a reliable surrogate marker of insulin resistance that is
useful as a predictive marker of cardio-metabolic disease.
We would support the introduction of the TyG index in
clinical practice, as it will provide valuable additional
information in assessing risk for cardio-metabolic dis-
ease. Further studies are required in more diverse pop-
ulations as most studies have been performed in Asian
nations with a smaller number of studies in European or
US populations. Additionally, further consideration of
the addition of the TyG index to existing risk predictors
may improve their utility. Future studies should explore
mechanistic links between the TyG index and clinical
syndromes since this can usher in novel therapies.
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