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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].

The TyG index is a cost-effective 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]

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. Thus, more 
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Abstract
Background The Triglyceride-glucose (TyG) index represents a simple, cost-effective, 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 significantly 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-inflammatory phenotype.

Conclusion Overall, our findings 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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Where Ln is the natural logarithm.
They 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). The TyG index correlated significantly with the 
M value, r = 0.68. The 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. Thus, 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]. This appeared to be better than the correlation 
between GIR and HOMA-IR of r= -0.51 which was also 
significant. The ROC-AUC for the TyG index was also 
very good at 0.79. This study further validates the TyG 
index as a reliable and cost-effective 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. They 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. The 
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. There have been several previous 
reviews examining the association of the TyG index with 
a wide spectrum of disorders. This 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. This review also critically appraises the 
different formulae utilized to derive the TyG index that 

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. The 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.

The 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 efforts 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 (CI) of 0.85–0.88] 
[13]. The area under 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 differences. However, 
there are no firm criteria set for clinical research studies.

The 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]. This 
analysis included 13 cross-sectional studies with a total 
sample size of 49,325 participants. The pooled mean dif-
ferences (MD) of the TyG index between groups was 0.83 
units (CI of 0.74–0.92), p < 0.0001. The 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% (CI of 77–84%, p < 0.001) for screen-
ing for MetS. These analyses showed high heterogeneity 
between studies with no publication bias. The summary 
ROC-AUC was 0.87(CI 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 reaffirm the role of the TyG index 
in predicting incident MetS. The largest (n = 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, 

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]. They acknowledged their smaller sample size, gen-
der differences, and rate of MetS compared to Son et al. 
[15].

Thus, 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 MetS.

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]. The 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]. This 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
Son et al. Kang et al. D’Elia et al.

Year 2022 2023 2024
Country Korea Korea Italy
Participants N = 6091 N = 3580 N = 440

(40–69 yrs) (40–70 yrs) 50.3 yrs
50% Male 47% Male Male only

Follow up 12 yrs 14 yrs 8 yrs
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 signifi-

cantly higher than HOMA-IR ,0.56
ROC-AUC for TyG index was significantly 
higher than HOMA-IR ,0.70

ROC-AUC for 
TyG index was 
not significantly 
different 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% CI, 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% CI 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 

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. They 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. 
The HRs of incident type 2 diabetes in each TyG index 
quartile were 1.00, 1.63 (95%CI, 1.18–2.24), 2.30 (95%CI, 
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% CI), 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. The adjusted hazard ratio (HR) was 3.36 (95% CI: 

Table 2 Prospective studies showing that TyG index predicts 
incident T2DM

Park et 
al.

Rong 
et al.

Li et al. Lopez 
Jaramillo 
et al.

Wang 
et al.

Year 2022 2023 2020 2023 2021
Country Korea China China 22 

countries
China

Participants N = 4285 
lean 
adults

N = 862 
elderly

N = 201,298 N = 141,243 N-684

(40–69 
yrs)

> 60 
yrs 
(67–80 
yrs.)

> 20 yrs 35–70 yrs 44–53 
yrs

48% 
Male

47% 
Male

32% Male 41% Male 58%

Follow up 12 yrs 20 yrs 3.12 yrs 13.2 yrs 15 yrs
Incident T2DM 
diagnosis

14.7% 63.1% 15.6% 5.5% 10.8%

TyG Index: 
HR Quartiles/
Tertiles

1.00,
1.63 
(95%CI, 
1.18–
2.24),
2.30 
(95%CI, 
1.68–
3.14),
and 3.67 
(95%CI, 
2.71–
4.98)

Tertiles
1.00,
1.457 
(95%CI 
1.17–
1.80)
and
1.70 
(95%CI 
1.37–
2.11).

1.00,
1.83 
(1.49–2.26),
3.29 
(2.70–4.01)
and 6.26 
(5.15–7.60)

Tertiles
1.00,
1.54 
(1.01–1.67);
1.99 
(1.82–2.16)

Quar-
tile
1.00, 
0.77 
(0.28–
2.13), 
0.611 
(0.65–
3.66), 
3.36 
(1.52–
7.39)

Tertile or Quartile 1 was assigned a referent value of 1.0

Confidence Intervals in parenthesis ()
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1.52–7.39, P < 0.001) comparing the top TyG quartile 
to the bottom quartile. The 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].

The 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]. The TyG index is also 
one of the emerging biomarkers for insulin resistance 
identification and GDM prediction, which is cost-effec-
tive and convenient in clinical practice, and could predict 
GDM earlier than oral glucose tolerance test (OGTT) 
diagnoses (usually 24–28 weeks). Thus, 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% CI: 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. The 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 

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 different 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 micro-
vascular complication of diabetes. Studies have dem-
onstrated that T2DM patients with a high TyG index 
have a higher rate of albuminuria and an eGFR < 60 mL/ 
(min·1.73m2), and an increased risk of developing DN 
[37]. Furthermore, in T2DM patients with chronic kidney 
disease elevated TyG index is significantly positively cor-
related with the risk of end-stage renal disease (ESRD), 
with each unit increase in TyG index increasing the risk 
of ESRD by 1.5 times [38]. In addition, the TyG index 
may serve as an important marker for the early identifica-
tion of patients at high risk for diabetic neuropathy. In a 
cross-sectional study of 500 T2DM patients from Egypt, 
Kassab et al. showed that the TyG index was significantly 
higher in patients with diabetic retinopathy, diabetic 
nephropathy, and diabetic peripheral neuropathy com-
pared to those without complications (p < 0.001) [39].

A recent NHANES study reported a U-shaped asso-
ciation between TyG index and mortality in 1075 car-
diovascular disease (CVD) patients with diabetes or 
pre-diabetes. Specifically, baseline TyG index lower 
than defined threshold values were negatively associated 
with mortality while baseline TyG index higher than the 
threshold values were positively associated with mortal-
ity [40].

Thus, in summary, based on the totality of the evi-
dence, the TyG Index is an excellent biomarker of inci-
dent T2DM and appears to be significantly associated 
with increased micro and macrovascular complications 
and mortality in patients with T2DM.

The TyG index and cardiovascular disorders
Cardiovascular disease remains the leading cause of mor-
tality worldwide. ASCVD accounts for the vast major-
ity of cardiovascular deaths, approximately one-third of 
which are premature [41]. Current guidelines recommend 
the use of standardized risk calculators for the determi-
nation of risk in individuals without known ASCVD to 
facilitate primary prevention measures and improved 
management of ASCVD risk factors. Various risk calcula-
tor models have been developed to estimate future CVD 
risk. These include the Framingham risk score, QRISK 
score, HeartScore, and others [42]. The models are quite 
complex, using several variables, and have been found 
not to be universally applicable to all population groups 
[43]. Both MetS and T2DM have long been recognized as 
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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. The recent 
Assessment of Clinical Effects 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]. This 
causal relationship has been demonstrated and reported 
in several studies over the last two decades.

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

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. These 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. This was following adjustment for confounding 
variables such as age, sex, BMI, hypertension, diabetes 
mellitus, and total cholesterol. The 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 plaque 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. The 
predictive power of the TyG index for CVD was fur-
ther evaluated by ROC analysis. The 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. The 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. This prospective study with a median 
follow-up of 50 months was also performed in a Korean 
community-dwelling cohort (n = 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. 
The 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. This association was still 
maintained when reviewed using the mean TyG index 
(derived from baseline and follow-up visits) with HR 
1.58 (95%CI 1.18–2.12) supporting the robustness of a 
single baseline measurement. The authors also reported 
a 42% higher risk of MI per one unit increase in baseline 
TyG index (HR 1.42; 95% CI 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. The 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 differences in event-survival rates per 
TyG index tertiles. The 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. The study reported a one-unit incre-
mental increase in TyG index to be associated with HR 
1.16 (95%CI 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 
the world. A fairly large prospective study (n = 5014) 
in a Spanish population demonstrated a significantly 
increased independent risk of CVD with a higher TyG 
index. The authors reported a relative risk of 2.32 (1.65–
3.26) for those individuals in the higher TyG index quin-
tile in comparison to those in the lowest TyG index 
quintile 1.52 (1.07–2.16) [59]. Another European cohort 

study examined the TyG index as a potential cardiovas-
cular disease risk factor utilizing participants from the 
UK Biobank. The primary outcome of this study was the 
incident of fatal or non-fatal coronary heart disease or 
stroke. Following a median follow-up of 8.1 years, 4.1% 
of individuals developed CHD. Raised TyG index val-
ues were associated with a higher risk of CVD follow-
ing adjustment for other common risk factors. Those in 
the highest TyG index quartile were reported to have a 
1.19-fold increased risk of CVD when compared to the 
lowest TyG index quartile. The association of raised TyG 
index and stroke was reported as not significant in this 
study. This study also examined the association of the 
TyG index with the TG/HDL-C ratio and demonstrated 
a significant correlation between both indices. Mediation 
analyses were also performed to determine the effect of 
dyslipidemia, type 2 diabetes, and hypertension on the 
TyG index. All three of these traditional risk factors con-
tributed significantly to the total effect of the TyG index 
on CVD and CHD. Thus, illustrates the utility of the TyG 
index as a single composite marker for predicting CVD 
[60]. One of the few prospective studies to have exam-
ined the TyG index as a predictive marker outside Asia 
and Europe was the Isfahan Cohort Study. This study fol-
lowed 5432 Iranian adults over a median period of 11.2 
years. Their findings were supportive of those performed 
in other populations showing and increased risk of CVD 
with a higher TyG index with a HR of CVD for 1.48 (95% 
1.22–1.79) after adjustment for multiple confounders 
[61].

The PURE (Prospective Urban Rural Epidemiology) 
study is a large-scale prospective study (n = 141243) with 
participants from 22 countries across five continents. 
Baseline fasting triglycerides and plasma glucose were 
performed on all individuals and primary outcomes of 
mortality or major cardiovascular events (defined as 
death from cardiovascular causes, non-fatal myocardial 
infarction, or stroke) were followed for a median period 
of 13.2 years. The study reported that after adjusting for 
confounding variables the risk of developing cardiovas-
cular diseases increased across tertiles of the baseline 
TyG index. Following adjustment for relevant variables, 
the highest tertile TyG index group HRs for the com-
posite outcome; myocardial infarction and stroke were 
respectively 1.21 (955 CI 1.13–1.30); 1.24 (1.12–1.38) and 
1.16 (1.05–1.28) [28], . Interestingly, the authors reported 
that associations between the TyG index and outcomes 
differed by country income level. Low-income and mid-
dle-income countries had significantly higher HRs for the 
primary outcomes with increasing TyG index tertiles in 
comparison to high-income countries [28].

Reflecting on the findings reported in the aforemen-
tioned studies, there was no association between the TyG 
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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. Those 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].

The 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. Those 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%CI 1.19–1.96) [66]. The 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. This study also confirmed the associ-
ation with a higher baseline TyG index and increased risk 
of HF development, HR 1.15 (95%CI 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 

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. The 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].

Thus, 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. The 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]. This 
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]. There is 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 (n = 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 

(median)
Incident ASCVD 
diagnosis

TyG index Quartiles/
tertiles

ROC 
AUC/ 
other

Moon et al. 2023 Korea N = 8511
40–70 years old
47.5% males

15.6 years 10.9% 1.00
1.12 (0.91–1.38)
1.17 (0.95–1.44)
1.36 (1.10–1.68)

0.578 
vs. 
HOMA- 
IR 
0.543

Park et al. 2020 Korea N = 16,455
≥ 20 years
51% males

50 months 2.0% 1.00
1.61 (1.05–2.48)
1.85 (1.21–2.81)
2.29 (1.50–3.51)

Tian et al., 2021 China N = 98,849
18–98 years old
79.75% male

11 years 1.57% 1.00
1.26 (1.01–1.51)
1.60 (1.36–1.89)
2.08 (1.77–2.45)

Li et al. 2022 China N = 49,579
≥ 18 years
76.6% male

9 years 4.9% 1.00
1.22 (1.09–1.37)
1.25 (1.11–1.42)

Wang L et al. 2020 China N = 2531
66.3 ± 6.8 years
55.9% males

3 years 11.4% 1.00
1.591 (0.939–2.697)
1.709 (1.006–2.903)

Wan et al. 2023 China N = 42,651
20–74 years
41.3% male

4.7 years 3.3% 1.00
0.95 (0.80–1.13)
1.06 (0.89–1.25)
1.18 (0.98–1.41)

Sanchez-
Inigo
et al.

2016 Spain N = 5014
18–90 years
61.1% male

10 years 9.25% 1.00
1.19 (0.83–1.71)
1.32 (0.93–1.88)
1.52 (1.07–2.16)
2.32 (1.65–3.26)

0.719 
(0.70–
0.74) 
com-
bined 
Fram-
ing-
ham 
and 
TyG 
index 
model

Che et al. 2023 UK N = 403,335
56.2 (SD 8.1 years)
54.5% male

8.1 years 4.9% 1.00
1.07 (1.01–1.13)
1.09 (1.03–1.15)
1.25 (1.18–1.32)

Rafiee et al. 2024 Iran N = 5432
≥ 35 years
48.75% males

11.2 years 15% 1.00
1.14 (0.93–1.38)
1.48 (1.22–1.79)

For 
CVD 
0.611 
(0.590–
6.33) 
not 
com-
pared 
to 
HOMA 
IR

Lopez- Jara-
millo et al.

2023 Multinational N = 141,243
35–70 years
41% male

13.2years 4.5% 1.00
1.04 (0.94–1.15)
1.24 (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). The 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]. The 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]. The 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. The study consisted of 6131 adults from the 
NHANES group who were followed for a median period 
of 106 months. They 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 affected 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 

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.

Thus, 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].

They 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 (CI) 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-
lytes is used. The major issue with using the two formulae 
is that the values for the TyG index are different. The 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-offs 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].

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

Strengths and limitations
The 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 differentiates the data from cross-
sectional studies and prospective studies since the latter 
allows us to infer possible causality. This 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.

Abbreviations
ACM  All-Cause Mortality
ASCVD  Atherosclerotic Cardiovascular Disease
AMI  Acute Myocardial Infarction
AUC  Area Under the Curve
CI  Confidence Interval
CV  Cardiovascular
CVD  Cardiovascular Disease
DN  Diabetic Nephropathy
DR  Diabetic Retinopathy
GDM  Gestational Diabetes Mellitus
GIR  Glucose Infusion Rate
HF  Heart Failure
HOMA-IR  Homeostasis Model Assessment Insulin Resistance
HR  Hazard Ratio

IR  Insulin Resistance
M  Glucose Metabolism Rate
MD  Mean Difference
MetS  Metabolic Syndrome
NHANES  National Health and Nutrition Examination Study
OGTT  Oral Glucose Tolerance Test
RR  Risk Ratio
T2DM  Type 2 Diabetes
TyG  Triglyceride Glucose Index
RR  Risk Ratio
ROC  Receiver Operator Curve

Acknowledgements
None.

Author contributions
IJ generated the idea for this publication following invitation by the Reviews 
Editor. IJ, SD and VG drafted the manuscript. All authors read numerous 
iterations and approved final version for submission. VG formatted manuscript.

Funding
There was no funding for this present report.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 31 October 2024 / Accepted: 16 December 2024

References
1. Reaven GM. Role of insulin resistance in human disease (syndrome X): an 

expanded definition. Annu Rev Med. 1993;44:121–31.
2. DeFronzo RA. Insulin resistance, lipotoxicity, type 2 diabetes and atheroscle-

rosis: the missing links. Diabetologia. 2009;53:1270–87.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 
7 / s 0 0 1 2 5 - 0 1 0 - 1 6 8 4 - 1     . The Claude Bernard Lecture 2009.

3. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. 
Diabetes Care. 2004;27:1487–95. https:/ /doi.or g/10.23 37/d iacare.27.6.1487.

4. Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, Martínez-Abundis 
E, et al. The product of triglycerides and glucose, a simple measure of insulin 
sensitivity. Comparison with the euglycemic-hyperinsulinemic clamp. J Clin 
Endocrinol Metab. 2010;95:3347–51. https:/ /doi.or g/10.12 10/j c.2010-0288.

5. Vasques AC, Novaes FS, de Oliveira Mda S, Souza JR, et al. TyG index performs 
better than HOMA in a Brazilian population: a hyperglycemic clamp validated 
study. Diabetes Res Clin Pract. 2011;93:e98–100.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 1 6 / j . d i a 
b r e s . 2 0 1 1 . 0 5 . 0 3 0     .   

6. Simental-Mendía LE, Rodríguez-Morán M, Guerrero-Romero F. The product of 
fasting glucose and triglycerides as surrogate for identifying insulin resistance 
in apparently healthy subjects. Metab Syndr Relat Disord. 2008;6:299–304. 
https:/ /doi.or g/10.10 89/m et.2008.0034.

7. Guerrero-Romero F, Villalobos-Molina R, Jiménez-Flores JR, Simental-Mendia 
LE, et al. Fasting triglycerides and glucose index as a diagnostic test for insulin 
resistance in young adults. Arch Med Res. 2016;47:382–7.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 
0 1 6 / j . a r c m e d . 2 0 1 6 . 0 8 . 0 1 2     .   

8. Sánchez-García A, Rodríguez-Gutiérrez R, Mancillas-Adame L, González-Nava 
V et al. Diagnostic accuracy of the triglyceride and glucose index for insulin 
resistance: a systematic review. Int J Endocrinol. 2020;10; 2020:4678526. 
https:/ /doi.or g/10.11 55/2 020/4678526

9. Grundy SM, Cleeman JI, Daniels SR, Donato KA, et al. Diagnosis and 
management of the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute Scientific Statement. Circulation. 
2005;112:2735–52.

https://doi.org/10.1007/s00125-010-1684-1
https://doi.org/10.1007/s00125-010-1684-1
https://doi.org/10.2337/diacare.27.6.1487
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1016/j.diabres.2011.05.030
https://doi.org/10.1016/j.diabres.2011.05.030
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1016/j.arcmed.2016.08.012
https://doi.org/10.1016/j.arcmed.2016.08.012
https://doi.org/10.1155/2020/4678526


Page 12 of 13Gounden et al. Lipids in Health and Disease          (2024) 23:416 

10. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Blood Institute; American Heart 
Association; World Heart Federation; International Atherosclerosis Society; 
International Association for the Study of Obesity. International Diabetes 
Federation Task Force on Epidemiology and Prevention; Hational Heart, Lung, 
and. Harmonizing the metabolic syndrome: a joint interim statement of the 
International Diabetes Federation Task Force on Epidemiology and Preven-
tion; National Heart, Lung, and Blood Institute: American Heart Association: 
World Heart Federation; International Atherosclerosis Society; and Interna-
tional Association for the study of Obesity. Circulation. 2009; 120:1640–1645.

11. Tao LC, Xu JN, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a marker 
in cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol. 
2022;21:68. https:/ /doi.or g/10.11 86/s 12933-022-01511-x.

12. Kurniawan LB. Triglyceride-glucose index as a biomarker of insulin resistance, 
diabetes Mellitus, metabolic syndrome, and Cardiovascular Disease: a review. 
EJIFCC. 2024;35:44–51.

13. Adams-Huet B, Zubirán R, Remaley AT, Jialal I. The triglyceride-glucose index 
is superior to homeostasis model assessment of insulin resistance in predict-
ing metabolic syndrome in an adult population in the United States. J Clin 
Lipidol. 2024;18:e518–24. https:/ /doi.or g/10.10 16/j .jacl.2024.04.130. Epub 
2024 Apr 24.

14. Nabipoorashrafi SA, Seyedi SA, Rabizadeh S, Ebrahimi M, et al. The accuracy 
of triglyceride-glucose (TyG) index for the screening of metabolic syndrome 
in adults: a systematic review and meta-analysis. Nutr Metab Cardiovasc Dis. 
2022;32:2677–88. https:/ /doi.or g/10.10 16/j .numecd.2022.07.024.

15. Son DH, Lee HS, Lee YJ, Lee JH, Han JH. Comparison of triglyceride-glucose 
index and HOMA-IR for predicting prevalence and incidence of metabolic 
syndrome. Nutr Metab Cardiovasc Dis. 2022;32:596–604.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 
1 6 / j . n u m e c d . 2 0 2 1 . 1 1 . 0 1 7     .   

16. Kang SW, Kim SK, Kim YS, Park MS. Risk prediction of the metabolic syndrome 
using TyG index and SNPs: a 10-year longitudinal prospective cohort study. 
Mol Cell Biochem. 2023;478:39–45.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 7 / s 1 1 0 1 0 - 0 2 2 - 0 4 4 9 
4 - 1     .   

17. D’Elia L, Masulli M, Barbato A, Rendina D, et al. Triglyceride-glucose index, 
HOMA Index and metabolic syndrome in a sample of adult men. Minerva 
Med. 2024;115:301–7. https:/ /doi.or g/10.23 736/ S0026-4806.24.09155-9.

18. Website IDF, October Diabetes Atlas. :  h t t  p s : /  / d i  a b  e t e s a t l a s . o r g / a t l a s / t e n t h - e d 
i t i o n     . Accessed 14 2024.

19. Fu X, Liu H, Liu J, Li N, Li L, Ke D, et al. Association between triglyceride-
glucose index and the risk of type 2 diabetes Mellitus in an older Chinese 
Population aged over 75 years. Front Public Health. 2022;25:9:796663.

20. Chamroonkiadtikun P, Ananchaisarp T, Wanichanon W. The triglyceride-
glucose index, a predictor of type 2 diabetes development: a retrospective 
cohort study. Prim Care Diabetes. 2020;14:161–7.

21. Low S, Khoo KCJ, Irwan B, Sum CF, Subramaniam T, Lim SC, Wong TKM. The 
role of triglyceride glucose index in the development of type 2 diabetes mel-
litus. Diabetes Res Clin Pract. 2018;143:43–9.

22. Lee DY, Lee ES, Kim JH, Park SE, Park CY, Oh KW, Park SW, Rhee EJ, Lee WY. 
Predictive value of triglyceride glucose index for the risk of Incident Diabetes: 
a 4-Year retrospective longitudinal study. PLoS ONE. 2016;11:e0163465.

23. Deng H, Hu P, Li H, Zhou H, Wu X, Yuan M, Duan X, Lao M, Wu C, Zheng M, 
Lao XQ, Zhao W, Liu X. Novel lipid indicators and the risk of type 2 diabetes 
mellitus among Chinese hypertensive patients: findings from the Guangzhou 
Heart Study. Cardiovasc Diabetol. 2022;21:212.

24. da Silva A, Caldas APS, Rocha DMUP, Bressan J. Triglyceride-glucose index 
predicts independently type 2 diabetes mellitus risk: a systematic review and 
meta-analysis of cohort studies. Prim Care Diabetes. 2020;14:584–93.

25. Park B, Lee HS, Lee YJ. Triglyceride glucose (TyG) index as a predictor of 
incident type 2 diabetes among nonobese adults: a 12-year longitudinal 
study of the Korean genome and epidemiology study cohort. Transl Res. 
2021;228:42–51.

26. Rong L, Hou N, Hu J, Gong Y, Yan S, Li C, Yang Z, Sun B. The role of TyG index 
in predicting the incidence of diabetes in Chinese elderly men: a 20-year 
retrospective study. Front Endocrinol (Lausanne). 2023;14:1191090.

27. Li X, Li G, Cheng T, Liu J, Song G, Ma H. Association between triglyceride-
glucose index and risk of incident diabetes: a secondary analysis based on 
a Chinese cohort study: TyG index and incident diabetes. Lipids Health Dis. 
2020;19:236.

28. Lopez-Jaramillo P, Gomez-Arbelaez D, Martinez-Bello D, et al. Association of 
the triglyceride glucose index as a measure of insulin resistance with mortal-
ity and cardiovascular disease in populations from five continents (PURE 
study): a prospective cohort study. Lancet Healthy Longev. 2023;4:e23–33.

29. Wang Z, Zhao L, He S. Triglyceride-glucose index as predictor for future type 
2 diabetes mellitus in a Chinese population in southwest China: a 15-year 
prospective study. Endocrine. 2021;72:124–31.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 7 / s 1 2 0 2 
0 - 0 2 0 - 0 2 5 8 9 - 7     . Epub 2021 Jan 12. PMID: 33433893.

30. Yao Y, Wang B, Geng T, Chen J, Chen W, Li L. The association between TyG and 
all-cause/non-cardiovascular mortality in general patients with type 2 dia-
betes mellitus is modified by age: results from the cohort study of NHANES 
1999–2018. Cardiovasc Diabetol. 2024;23:43.

31. American Diabetes Association; 14. Management of Diabetes in Pregnancy: 
Standards of Medical Care in Diabetes—2021. Diabetes Care. 2021; 44 
(Supplement_1): S200–S210. https:/ /doi.or g/10.23 37/d c21-S014

32. Zeng Y, Yin L, Yin X, Zhao D. Association of triglyceride-glucose index levels 
with gestational diabetes mellitus in the US pregnant women: a cross-sec-
tional study. Front Endocrinol (Lausanne). 2023;14:1241372.

33. Guo Y, Lu J, Bahani M, Ding G, Wang L, Zhang Y, Zhang H, Liu C, Zhou L, Liu X, 
Li F, Wang X, Ding H. Triglyceride-glucose index in early pregnancy predicts 
the risk of gestational diabetes: a prospective cohort study. Lipids Health Dis. 
2024;23:87.

34. Liu Y, Chi R, Jiang Y, Chen B, Chen Y, Chen Z. Triglyceride glycemic index as 
a biomarker for gestational diabetes mellitus: a systemic review and meta-
analysis. Endocr Connect. 2021;10:1420–7.

35. Yao H, Sun Z, Yuan W, Shao C, Cai H, Li L, Qian Y, Wang Z. Relationship 
between the triglyceride-glucose index and type 2 Diabetic Macroangi-
opathy: a single-Center Retrospective Analysis. Diabetes Metab Syndr Obes. 
2022;15:3483–97.

36. Zhou J, Zhu L, Li Y. Association between the triglyceride glucose index and 
diabetic retinopathy in type 2 diabetes: a meta-analysis. Front Endocrinol 
(Lausanne). 2023;14:1302127.

37. Pan Y, Zhao M, Song T, Tang J, Kuang M, Liu H, Zhong S. Role of triglyceride-
glucose index in type 2 diabetes Mellitus and its complications. Diabetes 
Metabolic Syndrome Obes. 2024;17:3325–333.  h t t  p s : /  / d o  i .  o r g / 1 0 . 2 1 4 7 / D M S O 
. S 4 7 8 2 8 7     .   

38. Gao YM, Chen WJ, Deng ZL, Shang Z, Wang Y. Association between triglycer-
ide-glucose index and risk of end-stage renal disease in patients with type 2 
diabetes mellitus and chronic kidney disease. Front Endocrinol (Lausanne). 
2023;14:1150980.

39. Kassab HS, Osman NA, Elrahmany SM. Assessment of triglyceride-glucose 
index and ratio in patients with type 2 diabetes and their relation to Micro-
vascular complications. Endocr Res. 2023;48:94–100.

40. Zhang Q, Xiao S, Jiao X, Shen Y. The triglyceride-glucose index is a predictor 
for cardiovascular and all-cause mortality in CVD patients with diabetes 
or pre-diabetes: evidence from NHANES 2001–2018. Cardiovasc Diabetol. 
2023;22:279. https:/ /doi.or g/10.11 86/s 12933-023-02030-z.

41. Lindstrom M, DeCleene N, Dorsey H, et al. Global Burden of Cardiovas-
cular Diseases and risks collaboration, 1990–2021. J Am Coll Cardiol. 
2022;80:2372–425.

42. Rout A, Duhan S, Umer M, et al. Atherosclerotic cardiovascular disease risk 
prediction: current state-of-the-art. Heart. 2024;110:1005–14.

43. Bae JH, Moon MK, Oh S, Koo BK, Cho NH, Lee MK. Validation of risk prediction 
models for atherosclerotic cardiovascular disease in a prospective Korean 
community-based cohort. Diabetes Metab J. 2020;44:458–69.

44. Kosmas CE, Bousvarou MD, Kostara CE, Papakonstantinou EJ, Salamou E, 
Guzman E. Insulin resistance and cardiovascular disease. J Int Med Res. 
2023;51:3000605231164548. https:/ /doi.or g/10.11 77/0 3000605231164548. 
PMID: 36994866; PMCID: PMC10069006.

45. Abel ED, O’Shea KM, Ramasamy R. Insulin, resistance: metabolic mecha-
nisms and consequences in the heart. Arterioscler Thromb Vascular Biology. 
2012;32:2068–76. https:/ /doi.or g/10.11 61/A TVBAHA.111.241984.

46. Ormazabal V, Nair S, Elfeky O, Aguayo C, et al. Association between insulin 
resistance and the development of cardiovascular disease. Cardiovasc Diabe-
tol. 2018;17:122. https:/ /doi.or g/10.11 86/s 12933-018-0762-4.

47. Yang C, Song Y, Wang X, Yang Y, et al. Association of hypertension with 
the triglyceride-glucose index and its associated indices in the Chinese 
population: a 6-year prospective cohort study. J Clin Hypertens (Greenwich). 
2024;26:53–62. https:/ /doi.or g/10.11 11/j ch.14758.

48. Xin F, He S, Zhou Y, Jia X, Zhao Y, Zhao H. The triglyceride glucose index trajec-
tory is associated with hypertension: a retrospective longitudinal cohort 
study. Cardiovasc Diabetol. 2023;22:347.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 8 6 / s 1 2 9 3 3 - 0 2 
3 - 0 2 0 8 7 - w     . PMID: 38102704; PMCID: PMC10725029.

49. Zheng R, Mao Y. Triglyceride and glucose (TyG) index as a predictor of 
incident hypertension: a 9-year longitudinal population-based study. Lipids 

https://doi.org/10.1186/s12933-022-01511-x
https://doi.org/10.1016/j.jacl.2024.04.130
https://doi.org/10.1016/j.numecd.2022.07.024
https://doi.org/10.1016/j.numecd.2021.11.017
https://doi.org/10.1016/j.numecd.2021.11.017
https://doi.org/10.1007/s11010-022-04494-1
https://doi.org/10.1007/s11010-022-04494-1
https://doi.org/10.23736/S0026-4806.24.09155-9
https://diabetesatlas.org/atlas/tenth-edition
https://diabetesatlas.org/atlas/tenth-edition
https://doi.org/10.1007/s12020-020-02589-7
https://doi.org/10.1007/s12020-020-02589-7
https://doi.org/10.2337/dc21-S014
https://doi.org/10.2147/DMSO.S478287
https://doi.org/10.2147/DMSO.S478287
https://doi.org/10.1186/s12933-023-02030-z
https://doi.org/10.1177/03000605231164548
https://doi.org/10.1161/ATVBAHA.111.241984
https://doi.org/10.1186/s12933-018-0762-4
https://doi.org/10.1111/jch.14758
https://doi.org/10.1186/s12933-023-02087-w
https://doi.org/10.1186/s12933-023-02087-w


Page 13 of 13Gounden et al. Lipids in Health and Disease          (2024) 23:416 

Health Dis. 2017;16:175. https:/ /doi.or g/10.11 86/s 12944-017-0562-y. PMID: 
28903774; PMCID: PMC5598027.

50. Yan Y, Wang D, Sun Y, Ma Q, Wang K, Liao Y, et al. Triglyceride-glucose index 
trajectory and arterial stiffness: results from Hanzhong adolescent hyperten-
sion cohort study. Cardiovasc Diabetol. 2022;21:33.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 8 6 / s 1 
2 9 3 3 - 0 2 2 - 0 1 4 5 3 - 4     . PMID: 35216614; PMCID: PMC8876112.

51. Zhou D, Liu XC, Kenneth L, Huang YQ, Feng YQ. A Non-linear Association 
of triglyceride Glycemic Index with Cardiovascular and all-cause Mortality 
among patients with hypertension. Front Cardiovasc Med. 2022;8:778038. 
https:/ /doi.or g/10.33 89/f cvm.2021.778038. PMID: 35155598; PMCID: 
PMC8828937.

52. Pang J, Qian L, Che X, Lv P, Xu Q. TyG index is a predictor of all-cause mortality 
during the long-term follow-up in middle-aged and elderly with hyper-
tension. Clin Exp Hypertens. 2023;45:2272581. Epub 2023 Oct 30. PMID: 
37902269.

53. Moon JH, Kim Y, Oh TJ, Moon JH, et al. Triglyceride-glucose index predicts 
Future Atherosclerotic Cardiovascular diseases: a 16-year follow-up in 
a prospective, Community-Dwelling Cohort Study. Endocrinol Metab. 
2023;38:406–17.

54. Park B, Lee YJ, Lee HS, Jung DH. The triglyceride-glucose index predicts isch-
emic heart disease risk in koreans: a prospective study using National Health 
Insurance Service data. Cardiovasc Diabetol. 2020;19:210.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 
1 8 6 / s 1 2 9 3 3 - 0 2 0 - 0 1 1 8 6 - 2     .   

55. Tian X, Zuo Y, Chen S, Liu Q, et al. Triglyceride- glucose index is associated 
with the risk of myocardial infarction: an 11-year prospective study in the 
Kailuan cohort. Cardiovasc Diabetol. 2021;20:19.

56. Li H, Zuo Y, Qian F, Chen S, et al. Triglyceride glucose index variability and inci-
dent cardiovascular disease: a prospective cohort study. Cardiovasc Diabetol. 
2022;21:105.

57. Wang L, Cong HL, Zhang JX, Hu YC, Wei A, Zhang YY, et al. Triglyceride-glu-
cose index predicts adverse cardiovascular events in patients with diabetes 
and acute coronary syndrome. Cardiovasc Diabetol. 2020;19:80.  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 1 2 9 3 3 - 0 2 0 - 0 1 0 5 4 - z     . PMID: 32534586; PMCID: PMC7293784.

58. Wan Y, Zhang Z, Ling Y, et al. Association of triglyceride-glucose index with 
cardiovascular disease among a general population: a prospective cohort 
study. Diabetol Metab Syndr. 2023;15:204.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 8 6 / s 1 3 0 9 8 - 0 2 
3 - 0 1 1 8 1     .   

59. Sanchez-Inigo L, Navarro-Gonzalez D, Fernandez-Montero A, Pastrana-
Delgado J, Martinez JA. The TyG index may predict the development of 
cardiovascular events. Eur J Clin Invest. 2016;46:189–97.

60. Che B, Zhong C, Zhang R, Pu L, et al. Triglyceride glucose index and triglycer-
ide to high density lipoprotein cholesterol ration as potential cardiovascular 
risk factors: an analysis of UK biobank data. Cardiovasc Diabetol. 2023;22:34.

61. Rafiee H, Mohammadifard N, Nouri F, Tabatabaei GA, Najafian J, Sadeghi M, 
et al. Association of triglyceride glucose index with cardiovascular events: 
insights from the Isfahan Cohort Study (ICS). Eur J Med Res. 2024;29:135. 
https:/ /doi.or g/10.11 86/s 40001-024-01728-4.

62. Riehle C, Abel ED. Insulin signaling and heart failure. Circul Res. 
2016;7:1151–69.

63. Saotome M, Ikoma T, Hasan P, Maekawa Y. Cardiac insulin resistance in Heart 
failure: the role of mitochondrial dynamics. Int J Mol Sci. 2019;20:3552. https:/ 
/doi.or g/10.33 90/i jms20143552. PMID: 31330848; PMCID: PMC6678249.

64. Zeng X, Han D, Zhou H, Xue Y, Wang X, Zhan Q, et al. Triglyceride-glucose 
index and Homeostasis Model Assessment-Insulin Resistance in Young Adult-
hood and Risk of Incident Congestive Heart failure in midlife: the coronary 
artery risk development in young adults study. Front Cardiovasc Med. 
2022;9:944258. https:/ /doi.or g/10.33 89/f cvm.2022.944258. PMID: 35845059; 
PMCID: PMC9279654.

65. Zhang F, Hou X. Association between the triglyceride glucose index 
and heart failure: NHANES 2007–2018. Front Endocrinol (Lausanne). 
2024;14:1322445. https:/ /doi.or g/10.33 89/f endo.2023.1322445.

66. Zhou Q, Yang J, Tang H, Guo Z, Dong W, Wang Y et al. High triglyceride-
glucose (TyG) index is associated with poor prognosis of heart failure with 
preserved ejection fraction. Cardiovasc Diabetol. 2023; 22:263.  h t t  p s : /  / d o  i .  o r g 
/ 1 0 . 1 1 8 6 / s 1 2 9 3 3 - 0 2 3 - 0 2 0 0 1 - 4     . PMID: 37775762.

67. Huang R, Lin Y, Ye X, Zhong X, Xie P, Li M, et al. Triglyceride-glucose index in 
the development of heart failure and left ventricular dysfunction: analysis of 
the ARIC study. Eur J Prev Cardiol. 2022;29:15311541.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 9 3 / 
e u r j p c / z w a c 0 5 8     .   

68. Abuduaini B, Yang L, Jiamali N, Seyiti Z, Shan XF, Gao XM. Predictive effect 
of triglyceride-glucose index on adverse prognostic events in patients with 
type 2 diabetes Mellitus and ischemic cardiomyopathy. Diabetes Metab 
Syndr Obes. 2023;16:1093–107. PMID: 37114217; PMCID: PMC10126725.

69. Nyström PK, Carlsson AC, Leander K, de Faire U, Hellenius ML, Gigante B. Obe-
sity, metabolic syndrome and risk of atrial fibrillation: a Swedish, prospective 
cohort study. PLoS ONE. 2015;10:e0127111.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 3 7 1 / j o u r n a l . p 
o n e . 0 1 2 7 1 1 1     . PMID: 25978738; PMCID: PMC4433194.

70. Liu X, Abudukeremu A, Jiang Y, et al. U-shaped association between the tri-
glyceride–glucose index and atrial fibrillation incidence in a general popula-
tion without known cardiovasculardisease. CardiovascDiabetol. 2023;22:118. 
https:/ /doi.or g/10.11 86/s 12933-023-01777-9.

71. Chunhui Y, Qiqi H, Qi Q, Quanle H, Xiaoyao W, Shouling W, Kangbo L. Triglyc-
eride-glucose index predicts major adverse Cardiovascular and cerebrovas-
cular events in patients with Atrial Fibrillation. Int Heart J. 2024;65:373–37.

72. Gao Y, Zhang Z, Cai M, et al. The triglyceride-glucose index, ventricular 
arrhythmias and major cardiovascular events in patients at high risk of sud-
den cardiac death. Cardiovasc Diabetol. 2024;23:382.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 8 6 / 
s 1 2 9 3 3 - 0 2 4 - 0 2 4 8 4 - 9     .   

73. Caturano A, Galiero R, Vetrano E, Sardu C, Rinaldi L, Russo V, et al. Insulin-Heart 
Axis: bridging physiology to insulin resistance. Int J Mol Sci. 2024;25:8369. 
https:/ /doi.or g/10.33 90/i jms25158369.

74. Li T, Wang P, Wang X, Liu Z, Zhang Z, Zhang Y, et al. Inflammation and Insulin 
Resistance in Diabetic Chronic Coronary Syndrome patients. Nutrients. 
2023;15:2808. https:/ /doi.or g/10.33 90/n u15122808.

75. Demirci I, Haymana C, Candemir B, Yuksei B, Eser M, Meric C, Akin S, et al. 
Triglyceride-glucose index levels in patients with Klinefelter syndrome and 
its relationship with endothelial dysfunction and insulin resistance: a cross-
sectional observational study. Arch Endocrinol Metab. 2023;67:378–84.

76. Li Y, Yi M, Wang X, Zhang Y, Xiao K, Si J. Association between triglyceride-
glucose index and endothelial dysfunction. Endocrine. 2024;85:717–23.

77. Pahwa R, Jialal I, Atherosclerosis. 2023 Aug 8. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024 Jan. PMID: 29939576.

78. Yang M, Shangguan Q, Xie G, Sheng G, Yang J. Oxidative stress mediates the 
association between triglyceride-glucose index and risk of cardiovascular 
and all-cause mortality in metabolic syndrome: evidence from a prospective 
cohort study. Front Endocrinol (Lausanne). 2024;15:1452896.  h t t  p s : /  / d o  i .  o r g / 
1 0 . 3 3 8 9 / f e n d o . 2 0 2 4 . 1 4 5 2 8 9 6     . PMID: 39229375; PMCID: PMC11368748.

79. Adams-Huet B, Jialal I. An increasing triglyceride-glucose index is Associ-
ated with a pro-inflammatory and pro-oxidant phenotype. J Clin Med. 
2024;13:3941. https:/ /doi.or g/10.33 90/j cm13133941.

80. Köktürk U, Önalan O, Somuncu MU, Akgül Ö, Uygur B, Püşüroğlu H. Impact of 
triglyceride-glucose index on intracoronary thrombus burden in ST-elevation 
myocardial infarction patients undergoing primary percutaneous coronary 
intervention. Nutr Metab Cardiovasc Dis. 2024;34:860–867. doi: 10.1016/j.
numecd.2023.12.025. Epub 2024 Jan 4. PMID: 38336545.

81. Simental-Mendía LE, Guerrero-Romero F. The correct formula for the triglyc-
erides and glucose index. Eur J Pediatr. 2020; 179:1171. doi: 10.1007/s00431-
020-03644-1. Epub 2020 May 15.

82. Jialal I. Confusion concerning the calculation of the triglyceride-glucose 
index: an urgent need for clarity. Metab Syndr Relat Disord. 2024.  h t t  p s : /  / d o  i .  
o r g / 1 0 . 1 0 8 9 / m e t . 2 0 2 4 . 0 1 9 3     . in press.

83. Alizargar J, Hsieh NC, Wu SV. The correct formula to calculate triglyceride-
glucose index (TyG). J Pediatr Endocrinol Metab. 2020 28; 33:945–946.  h t t  p s : /  
/ d o  i .  o r g / 1 0 . 1 5 1 5 / j p e m - 2 0 1 9 - 0 5 7 9     . PMID: 32639943.

84. Avagimyan A, Pogosova N, Fogacci F, Aghajanova E, Djndoyan Z, Patoulias 
D et al. Triglyceride-glucose index (TyG) as a novel biomarker in the era of 
cardiometabolic medicine. Int J Cardiol. 2024; 418:132663.  h t t  p s : /  / d o  i .  o r g / 
1 0 . 1 0 1 6 / j . i j c a r d . 2 0 2 4 . 1 3 2 6 6 3     . Epub ahead of print. PMID: 39426418.Please 
see proper placement of ref 84 in second last sentence of section 6-Correct 
Calculation of the TyG index in place of ref 8

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s12944-017-0562-y
https://doi.org/10.1186/s12933-022-01453-4
https://doi.org/10.1186/s12933-022-01453-4
https://doi.org/10.3389/fcvm.2021.778038
https://doi.org/10.1186/s12933-020-01186-2
https://doi.org/10.1186/s12933-020-01186-2
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.1186/s13098-023-01181
https://doi.org/10.1186/s13098-023-01181
https://doi.org/10.1186/s40001-024-01728-4
https://doi.org/10.3390/ijms20143552
https://doi.org/10.3390/ijms20143552
https://doi.org/10.3389/fcvm.2022.944258
https://doi.org/10.3389/fendo.2023.1322445
https://doi.org/10.1186/s12933-023-02001-4
https://doi.org/10.1186/s12933-023-02001-4
https://doi.org/10.1093/eurjpc/zwac058
https://doi.org/10.1093/eurjpc/zwac058
https://doi.org/10.1371/journal.pone.0127111
https://doi.org/10.1371/journal.pone.0127111
https://doi.org/10.1186/s12933-023-01777-9
https://doi.org/10.1186/s12933-024-02484-9
https://doi.org/10.1186/s12933-024-02484-9
https://doi.org/10.3390/ijms25158369
https://doi.org/10.3390/nu15122808
https://doi.org/10.3389/fendo.2024.1452896
https://doi.org/10.3389/fendo.2024.1452896
https://doi.org/10.3390/jcm13133941
https://doi.org/10.1089/met.2024.0193
https://doi.org/10.1089/met.2024.0193
https://doi.org/10.1515/jpem-2019-0579
https://doi.org/10.1515/jpem-2019-0579
https://doi.org/10.1016/j.ijcard.2024.132663
https://doi.org/10.1016/j.ijcard.2024.132663

	The role of the triglyceride-glucose index as a biomarker of cardio-metabolic syndromes
	Abstract
	Introduction
	TyG index and metabolic syndrome
	TyG index and diabetes
	Cross-sectional studies
	Prospective studies
	TyG index and gestational diabetes mellitus
	TyG index and vascular complications of diabetes mellitus

	The TyG index and cardiovascular disorders
	TyG index and hypertension
	TyG index and atherosclerotic cardiovascular disease
	The TyG index and heart failure
	TyG index and arrhythmia

	Pathogenic mechanisms
	Correct calculation of the Tyg index
	Strengths and limitations
	Conclusion
	References


