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Abstract 

Background:  The triglyceride-glucose (TyG) index is a new alternative measure for insulin resistance. This meta-anal-
ysis was conducted to assess the associations of the TyG index with the risks of cardiovascular diseases and mortality 
in the general population.

Methods:  The PubMed, Cochrane Library and Embase databases were searched for randomized controlled trials 
or observational cohort studies reporting associations of the TyG index with cardiovascular diseases and mortality 
from inception to April 16, 2022. Effect sizes were pooled using random-effects models. Robust error meta-regression 
methods were applied to fit nonlinear dose–response associations. Evidence quality levels and recommendations 
were assessed using the Grading of Recommendations Assessment, Development and Evaluation system (GRADE).

Results:  Twelve cohort studies (6 prospective and 6 retrospective cohorts) involving 6,354,990 participants were 
included in this meta-analysis. Compared with the lowest TyG index category, the highest TyG index was related to 
a higher incidence of coronary artery disease (CAD) (3 studies; hazard ratio [HR] = 2.01; 95% confidence interval [CI] 
1.68–2.40; I2 = 0%), myocardial infarction (MI) (2 studies; HR = 1.36; 95% CI 1.18–1.56; I2 = 35%), and composite cardio-
vascular disease (CVD) (5 studies; HR = 1.46; 95% CI 1.23–1.74; I2 = 82%). However, there was no association between 
the TyG index and mortality (cardiovascular mortality [3 studies; HR = 1.10; 95% CI 0.82–1.47; I2 = 76%] or all-cause 
mortality [4 studies; HR = 1.08; 95% CI 0.92–1.27; I2 = 87%]). In the dose–response analysis, there was a linear associa-
tion of the TyG index with the risk of CAD (Pnonlinear = 0.3807) or CVD (Pnonlinear = 0.0612). GRADE assessment indicated 
very low certainty for CVD, MI, cardiovascular mortality and all-cause mortality, and moderate certainty for CAD.
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Introduction
Cardiovascular disease (CVD) is the leading cause of pre-
mature death worldwide and a major contributor to the 
global burden of disease [1]. According to the World Health 
Organization (WHO), CVD accounts for the majority 
of deaths from noncommunicable diseases [2]. Diabe-
tes, hypertension, obesity, and smoking are recognized 
as important risk factors for cardiovascular disease [3, 4]. 
Insulin resistance is the main feature and has a significant 
pathogenic link to type 2 diabetes mellitus (T2DM) [5, 
6]. For example, a recent study showed that people with 
insulin-resistant diabetes have a high risk of developing 
cardiovascular disease [2]. The triglyceride-glucose (TyG) 
index is a synthetic parameter of fasting glucose in healthy 
individuals and is considered a reliable surrogate marker of 
insulin resistance [7, 8]. As a novel method, the TyG index 
is expected to become an alternative index for the hyper-
insulinemic-euglycemic (HIEG) clamp test, a traditional 
method for assessing insulin sensitivity [9, 10].

As an indicator of insulin resistance, a high TyG index 
has been shown to be associated with adverse cardiovas-
cular events among patients with diabetes and CVD, such 
as stable coronary artery disease (CAD) [11], acute coro-
nary syndrome [8, 12] and after percutaneous coronary 
intervention [13, 14]. In addition, recent studies report a 
predictive role for the TyG index with regard to atheroscle-
rosis [15], myocardial infarction (MI) [16] and CAD [17] 
in patients without diabetes and in the general population. 
A community-based cohort study of 7521 participants in 
Iran determined that a high TyG index was significantly 
associated with an increased risk of CVD/CAD after 3 
years of follow-up [18], and the results of the Chinese Kai-
luan study demonstrated a correlation between the TyG 
index and MI [19–21]. These findings suggest that the TyG 
index might serve as a cardiovascular event marker inde-
pendent of traditional risk factors in the general popula-
tion. Accordingly, the aim of this study was to summarize 
the relationship and potential dose–response associations 
of the TyG index with CVD and mortality risk in the gen-
eral population.

Methods
The protocol was registered with PROSPERO (Interna-
tional Prospective Register of Systematic Reviews. http: 
www.​york.​ac.​uk/​inst/​crd) under registration number 

CRD42022296235. This meta-analysis was conducted 
following Preferred Reporting Item for Systematic 
Review and Meta-Analysis 2020 guidelines (PRISMA 
2020) (Additional file 1: Table S1).

Literature search
The PubMed, Embase, and the Cochrane Library 
databases were searched for studies from inception 
to April 16, 2022, without language restrictions. The 
search terms were as follows: (1) Exposure: For the TyG 
index: “TyG index” or “triglyceride-glucose index”. (2) 
Outcomes: For CVD: “cardiovascular disease”, “car-
diovascular diseases”, “coronary artery disease”, “coro-
nary disease”, “coronary arteriosclerosis”, “myocardial 
infarction”, “heart attack”, “heart failure”, “heart decom-
pensation”, “atrial fibrillation”, “sudden cardiac death”, 
“arrhythmia”, “cardiomyopathy”, “hypertrophic car-
diomyopathy”, and “dilated cardiomyopathy”. For mor-
tality: “mortality”, “death”, “cardiovascular death”, and 
“all-cause mortality”. We did not apply keywords for the 
population and study design in the database search to 
capture as many studies as possible that met the inclu-
sion criteria. The detailed search strategy is described 
in Additional file 1: Table S2.

Study selection
We used Endnote X9 software (Thomson Reuters, New 
York, NY, USA) to organize all studies. After removing 
duplicates, titles and abstracts were checked, and an ini-
tial screening of the relevant literature was performed, 
and the full text of studies was retrieved for full-text 
assessment of eligibility for inclusion.

According to the PICOS (population, intervention, 
comparison, outcome, and study design), the criteria for 
considering studies for this review were as follows: (1) 
types of participants: adult (age > 18 years) general pop-
ulation. (2) Exposure and comparator: high versus low 
TyG index level. (3) Outcomes: all kinds of cardiovascu-
lar diseases, composite of cardiovascular disease, cardio-
vascular mortality, and all-cause mortality. (4) Types of 
studies: random controlled trails (RCTs), post hoc analy-
ses of RCTs, or observational cohort studies.

Our exclusion criteria included: Cross-sectional stud-
ies due to the high risk for bias; Studies reporting the 

Conclusions:  Based on our current evidence, a higher TyG index may be associated with an increased incidence of 
CAD (moderate certainty), MI (very low certainty) and CVD (very low certainty) in the general population. There is a 
potential linear association of the TyG index with CAD and the composite CVD incidence. Further prospective studies 
(especially in non-Asians) are needed to confirm our findings.

Keywords:  Triglyceride-glucose index, Cardiovascular disease, Coronary artery disease, Mortality, Meta-analysis
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association of the TyG index with prognosis in estab-
lished conditions (e.g., cardiovascular diseases, diabetes); 
Studies focusing on children and adolescents; Studies not 
reporting multivariable adjusted outcomes. In addition, 
articles without sufficient data (reviews, editorials, pre-
clinical studies) and studies not relevant for the purpose 
of the current meta-analysis were excluded. If the same 
population was used in multiple studies, we selected the 
article with the most information or the largest sample 
size.

Data extraction and quality assessment
Literature searches, data extraction and quality assess-
ment of the included studies were conducted inde-
pendently by two authors (Z. Q-T and X-L) based 
on predetermined criteria. The following data were 
extracted: (1) author names, year of publication, and 
country; (2) study design and duration of follow-up; (3) 
study population characteristics, including data source, 
sample size, mean age, and sex; (4) outcomes and 
determination of outcomes; and (5) risk estimates and 
adjustments.

The Newcastle–Ottawa Scale (NOS) was used to assess 
the quality of included cohort studies. Scores ranged 
from 0 to 9 to assess article selection, comparability, and 
outcomes. Studies with an NOS score of > 6 were consid-
ered to be of high quality [22].

Statistical analysis
We used RevMan software version 5.4 (The Cochrane 
Collaboration 2014, Nordic Cochrane Center Copenha-
gen, Denmark) for statistics and analysis. We used risk 
estimates of hazard ratios (HRs) and their corresponding 
95% confidence intervals (CIs) as general indicators of the 
association between the TyG index and cardiovascular 
disease in the general population. The TyG index was cal-
culated using the following equation: TyG = Ln (TG [mg/
dL] × fasting glucose [mg/dL]/2) [23, 24]. The TyG index 
was analyzed as a categorical variable with the highest 
TyG index levels compared to the group with the low-
est TyG index levels. We also conducted a supplemental 
analysis of the moderate (if there were four groups, we 
chose the third highest TyG index level group) versus 
lowest TyG index levels. If the article reported sex sub-
groups, we first used a random effects model to combine 
to obtain effect sizes. The TyG index was analyzed as a 
continuous variable, and the units of the TyG index (per 1 
unit) were standardized. We estimated linear trends and 
95% CIs from the natural logarithm of the effect size and 
CI for the TyG index category, as described by Greenland 
and Longnecker [25]. A random-effects model was used 
to improve reliability [26]. Robust error meta-regres-
sion methods were used to fit nonlinear dose–response 

analysis described by Xu and Doi et  al. [27, 28]. This 
method is based on a “one-stage approach”, which treats 
each study as a cluster of the whole sample and considers 
the within-study correlations by clustered robust error. It 
requires known levels of the TyG index and risk estimates 
with variance estimates for at least two quantitative expo-
sure categories [12]. As described in previous articles [29, 
30], if quantitative TyG values were not reported, we used 
the median or mean TyG of the categories. If the median 
or mean TyG was not provided and reported in ranges, 
we estimated the midpoint of each category by averaging 
the lower and upper boundaries of that category. If the 
highest or lowest category was open-ended, we assumed 
that the open-ended interval length was the same as the 
adjacent interval [14].

We assessed the degree of heterogeneity using the I2 
test, whereby 25%, 50%, and 75% represented low, mod-
erate, and high heterogeneity, respectively [29]. Publi-
cation bias was evaluated using funnel plots. Sensitivity 
analyses were performed by omitting each study in turn. 
Subgroup analyses were performed stratified by sex, age, 
and diabetes if the number of included studies exceeded 
ten for each outcome [31]. P < 0.05 was considered statis-
tically significant.

Quality of evidence
We assessed the quality and strength of the evidence 
for each outcome according to the Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) method [32, 33]. Two authors rated the qual-
ity of the evidence for each outcome separately. We 
used GRADEprofiler software and provide evidence 
profile tables. We present the results of the outcomes as 
described in the outcome metric type section; footnotes 
are used to justify all decisions to lower or raise the qual-
ity of evidence.

Results
Literature search
The flow chart shows the process of the database search 
(Fig. 1). An initial search of 594 articles (PubMed = 274; 
Embase = 307; Cochrane Library = 13) was conducted 
according to the search protocol. Of these, 174 dupli-
cate articles were excluded; in addition, 336 articles were 
excluded as irrelevant after screening titles and abstracts. 
Subsequently, the full texts of 84 articles were reviewed. 
Of these, 72 were further excluded for the following rea-
sons: (1) insufficient data (n = 9); (2) certain publication 
type for which no data were available (n = 5); (3) with-
out an appropriate study design (n = 5); (4) without an 
appropriate population (n = 20); (5) without an appro-
priate exposure (n = 6); and (6) did not report the tar-
get outcome (n = 27). Ultimately, no RCT studies met 
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the inclusion criteria, 12 cohort studies were used for 
this meta-analysis [18–20, 34–42]. All excluded studies 
and the reasons (n = 72) are shown in Additional file  1: 
Table S3.

Study characteristics and quality evaluation
The basic characteristics of all included observational 
articles are summarized in Table  1. The twelve cohort 
studies [18–20, 34–42], including 6,354,990 participants 
with a mean age between 44.9 and 70.5 years, were pub-
lished from 2014 to 2021; sample sizes ranged from 5014 

to 5,593,134. Of these, three studies reported CAD, two 
reported MI, six reported CVD, and four reported mor-
tality outcomes (cardiovascular [CV] mortality had three 
and all-cause mortality had four). The definitions of CVD 
in each study are listed in Additional file 1: Table S4. All 
articles reported the follow-up time, with eleven exceed-
ing 5 years [18–20, 34–39, 41, 42]. The span of follow-up 
ranged from 4.1 years to 16.1 years. Of these studies, ten 
studies were performed in Asia (four in China [19, 20, 
37, 38], four in Korea [34–36, 40] and two in Iran [18, 
39]), one was from the Americas (The United States of 

Fig. 1  Flowchart of the study selection for the meta-analysis for the association between TyG index and cardiovascular diseases and mortality in 
general population.\ Abbreviation: TyG: Triglyceride-glucose
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America [USA] [42]) and one was from Europe (Spain 
[41]). In addition, six were prospective cohort studies 
[18–20, 39–41]; the others were retrospective cohort 
studies [34–38, 42].

Only one study had an NOS score of 6 [42], which 
raised concerns about selection and outcome bias. The 
remaining studies were all of high quality, with a score 
higher than 7 (Additional file  1: Table  S5). All studies 
adjusted age and sex, with adjustment for other con-
founders varying considerably.

Association between the TyG index and incidence of CVD
CAD
Three cohort studies including 30,054 participants were 
used for analysis of CAD and the TyG index [18, 37, 40]. 
Individuals in the general population with the highest 
or moderate TyG index had a higher risk of CAD (high-
est vs. lowest: HR = 2.01; 95% CI 1.68–2.40; I2 = 0%) 
(Fig.  2A) (moderate vs. lowest: HR = 1.45; 95% CI 
1.19–1.76; I2 = 14%) compared to the lowest TyG index 

(Additional file 1: Figure S1A). The overall dose–response 
analysis results showed a 35% greater risk of stroke for 
every 1-unit increase in the TyG index (HR = 1.35; 95% 
CI 1.02–1.79, I2 = 94%) (Fig. 2B).

In addition, there was a positive, linear associa-
tion between the TyG index and the risk of CAD 
(Pnonlinear = 0.3807) (Fig.  2C). Additional file  1: Table  S6 
shows the HR estimates for the linear exposure effects 
analysis of selected TyG index values, which were derived 
from linear figures.

MI
Analysis of two cohort studies with 5,614,862 individuals 
[20, 34] showed that a higher TyG index was related to a 
higher risk of MI in analysis of the highest vs. lowest TyG 
index groups (HR = 1.36; 95% CI 1.18–1.56; I2 = 35%) 
(Fig.  3) and moderate vs. lowest TyG index groups 
(HR = 1.17; 95% CI 1.14–1.19; I2 = 0%) (Additional file 1: 
Fig. S1B).

Fig. 2  Forest plot and non-linear dose–response curve (C) for the association between TyG index and CAD in general population, analyzed as 
category variables (highest vs. lowest) (A) or continuous variables (per 1-unit increasement) (B). In the forest plot, the diamond indicates the pooled 
estimate.  Red boxes are relative to study size and the black vertical lines indicate 95% CIs around the effect size estimate. The dose–response 
association were fitted by using restricted cubic spline regression model. The bold lines indicate the pooled restricted cubic spline model and the 
black dashed line indicates the 95% CIs of the pooled curve. TyG: Triglyceride-glucose; CAD: coronary artery disease

Fig. 3  Forest plot for the association between TyG index and MI in general population, analyzed as category variables (highest vs. lowest). TyG: 
Triglyceride-glucose; MI: myocardial infarction
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Composite of CVD incidence
Five cohorts were included for CVD analysis, with 
259,757 participants. Pooled results showed that a 
higher TyG index was associated with an increased risk 
of CVD in analyses of highest vs. lowest (HR = 1.46; 95% 
CI 1.23–1.74; I2 = 82%) (Fig. 4A) or moderate vs. lowest 
(HR = 1.19; 95% CI 1.12–1.26; I2 = 0%) TyG index groups 
(Additional file  1: Fig. S1C). In dose–response analysis, 
the summary estimate revealed a 23% increased risk of 
CVD for a 1-unit increase in the TyG index (HR = 1.23, 
95% CI 1.12–1.36, I2 = 89%) (Fig. 4B).

Curves also indicated a positive linear association of 
CVD with the TyG index (Pnonlinear = 0.0612) (Fig.  2C). 
Additional file 1: Table S6 provides HR estimates for the 
linear exposure effect analysis for the TyG index.

Association between the TyG index and mortality
CV mortality
Three cohort studies with 377,091 participants [36, 38, 
42] were included in the analysis between the TyG index 
and CV mortality. There was no significant association 
between a higher TyG index and the risk of CV mortality 
(highest vs. lowest: HR = 1.10; 95% CI 0.82–1.47), with 
high evidence of heterogeneity (I2 = 76%) (Fig. 5A).

All‑cause mortality
We included four cohort studies with 521,694 partici-
pants [35, 36, 38, 42]. There was no statistically signifi-
cant association between the TyG index and all-cause 
mortality (highest vs. lowest: HR = 1.08; 95% CI 0.92–
1.27; I2 = 87% or moderate vs. lowest: HR = 0.99; 95% CI 

0.81–1.21; I2 = 65%) (Fig.  3B and Additional file  1: Fig. 
S1D).

Sensitivity analysis, subgroup analysis and publication bias
Sensitivity analysis by deleting one study showed consist-
ent results (Additional file 1: Fig. S2). Due to the limited 
number of included studies (N < 10), subgroup and publi-
cation bias analyses were not performed according to the 
guidelines and predefined criteria.

Quality assessment
We determined the quality of the evidence using GRADE. 
CVD and CAD outcomes were upgraded due to a dose–
response relationship and the presence of a large effect 
for CAD. As there was greater heterogeneity in CVD 
(I2 = 82%) and mortality (CV mortality I2 = 76% and all-
cause mortality I2 = 87%), and all outcomes not process 
analysis of publication bias, downgrades were given. 
Eventually, of the five outcomes included, GRADE assess-
ment indicated very low certainty for CVD, MI, cardio-
vascular mortality and all-cause mortality, and moderate 
certainty for CAD (Additional file 1: Tables S7, S8).

Discussion
In this meta-analysis, a higher TyG index was associated 
with an increased CAD, MI, and CVD incidence com-
pared to a lower TyG index. In addition, a potential linear 
dose–response association was found between the TyG 
index and CAD/CVD incidence. We observed 35% and 
23% increased risks of CAD and CVD, respectively, per 
1-unit increase in the TyG index. However, a higher TyG 

Fig. 4  Forest plot and non-linear dose–response curve (C) for association between TyG and CVD in general population, analyzed as category 
variables (highest vs. lowest) (A) or continuous variables (per 1-unit increasement) (B). In the forest plot, the diamond indicates the pooled estimate. 
Red boxes are relative to study size and the black vertical lines indicate 95% CIs around the effect size estimate. The dose–response association were 
fitted by using restricted cubic spline regression model. The bold lines indicate the pooled restricted cubic spline model and the black dashed line 
indicates the 95% CIs of the pooled curve. TyG: Triglyceride-glucose; CVD: cardiovascular disease
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index was not statistically associated with CV mortal-
ity or all-cause mortality. Taken together, these findings 
suggest that a higher TyG index may be associated with a 
higher risk of CVDs and that the index may be used as a 
risk factor independent of traditional clinical information 
for CVD incidence in the general population.

The previous “gold standard” indicator for measuring 
insulin resistance has been the HIEG clamp test [43], 
but application of this indicator is limited by its time-
consuming and expensive procedure [44]. In recent 
years, other standards for measuring insulin sensitiv-
ity have been developed, such as the homeostasis model 
assessment-insulin resistance (HOMA-IR), quantitative 
insulin sensitivity check index (QUICKI), and triglycer-
ide to high-density lipoprotein cholesterol (TG/HDL-C) 
ratio tools [9, 45]. Current evidence suggests that TyG 
is a reliable indicator of insulin resistance [23]. A study 
in Mexico demonstrated the high sensitivity (96.5%) and 
specificity (85.0%) of the TyG index for detecting insulin 
resistance compared to the gold standard (HIEG clamp 
test) [46]. Furthermore, TyG performed better than 
HOMA-IR in assessing insulin resistance (sensitivity 
89%, specificity 67%) [47]. Both triglycerides and glucose 
are easily accessible and inexpensive to measure dur-
ing hospitalization; thus, the TyG index does not seem 
to increase patients’ or overall health care costs. Based 
on our findings, the TyG index can be used as a reliable 

indicator for measuring insulin resistance and predicting 
the occurrence of CVD in the general population.

Several large prospective cohort studies have validated 
the positive relationship between the TyG index and 
hypertension [48–50], and a meta-analysis concluded 
that the TyG index can be used as a predictor of hyper-
tension risk in the general adult population [51]. Ding 
et al. also reported that a higher TyG index may be asso-
ciated with a higher incidence of atherosclerotic cardio-
vascular diseases (ASCVDs) in people without ASCVD at 
baseline [52]. To date, several community-based cohort 
studies have examined the relationship between the TyG 
index and various cardiovascular diseases. For example, 
in the Tehran Lipid and Glucose Study, Barzegar et  al. 
demonstrated a greater risk of CAD and CVD with a 
higher TyG index [18]. Two large studies by Liu and 
Hong et al. also found a positive relationship between the 
TyG index and MI after following 96,541 and 5,593,134 
individuals, respectively [19, 34]. The above studies pro-
vide evidence for the association of CVD with the TyG 
index in the general population.

Regarding the association between the TyG index 
and CV mortality and all-cause mortality in the gen-
eral population, results were inconsistent across studies. 
For instance, Vega’s study showed that the association 
between TyG and mortality risk disappeared after adjust-
ing for age, BMI, resting systolic blood pressure, and 

Fig. 5  Forest plot for the association between TyG index and CV mortality (A) and all-cause mortality (B) in general population. TyG: 
Triglyceride-glucose; CV mortality: cardiovascular mortality
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smoking [42], though the analysis by Liu et al. showed a 
positive correlation [38]. Our results indicated no statisti-
cal association and these results must be interpreted with 
caution. In studies of other populations, most articles 
reported a positive correlation between the TyG index 
and CV mortality/all-cause mortality. For example, acute 
MI and coronary angiography patients with a high TyG 
index had a higher risk of CV mortality (RR = 2.71; 95% 
CI 1.92–3.83) and all-cause mortality (RR = 2.35; 95% 
CI 1.72–3.20) [53]. Guo’s study reported that a high TyG 
index was associated with CV mortality in patients with 
chronic heart failure and cases complicated by T2DM 
(RR = 4.42; 95% CI 1.49–13.15) [54]. Moreover, the posi-
tive relationship between the TyG index and all-cause 
mortality was detected in patients with chronic coronary 
syndrome or ischemic stroke [11, 55]. One prospective 
study including middle-aged Finnish men without diabe-
tes showed that HOMA-IR was independently associated 
with death due to coronary artery disease (HR = 1.69; 
95% CI 1.15–2.48), providing evidence for a positive 
association between insulin resistance and death and 
opening up the possibility of a relationship between the 
TyG index and death [56]. Overall, the limited number 
of included studies or insufficient follow-up time might 
have reduced the statistical power, and more prospective 
studies are needed to verify the relationship between the 
TyG index and mortality in the general population.

Sex may be a significant effect modifier. The I-Lan Lon-
gitudinal Aging Study (ILAS) showed a sex difference in 
the correlation between a high TyG index and subclinical 
atherosclerosis in patients without diabetes. Addition-
ally, a significantly higher prevalence of subclinical ath-
erosclerosis in the high TyG index group than in the low 
TyG index group (odd ratio [OR] = 1.510; 95% CI 1.010–
2.257) was observed in women without diabetes but not 
in men without diabetes (OR = 0.827; 95% CI 1.556–
1.231) [57]. This result may highlight the need for a sex-
specific management strategy to prevent atherosclerosis. 
Of our included studies, adjustment for sex was not per-
formed in two [35, 42]. Nonetheless, our results showed a 
higher TyG index to be associated with CAD/CVD, even 
after deleting sex-unadjusted studies (CVD HR = 1.59, 
95% CI 1.21–2.09). However, the sex-specific association 
was not assessed due to limited studies, which need more 
research.

Diabetes is a vital confounding factor. Several previous 
studies have suggested that increased insulin resistance is 
associated with an increased risk of CV events in patients 
without diabetes [58, 59]. However, the relationship 
between insulin resistance and the risk of CV events in 
patients with diabetes remains controversial. In general, 
it is important to determine the relationship between the 
presence and severity of cardiovascular disease, such as 

CAD, in the general population based on the presence 
or absence of diabetes. One study found that although 
the prevalence of CAD (59.0% vs. 39.0%) and obstruc-
tive CAD (15.0% vs. 6.6%) was higher in patients with 
than without diabetes, the adjusted results showed that 
a high TyG index was associated with CAD (OR = 1.30; 
95% CI 1.06–1.59) and obstructive CAD (OR = 1.86; 95% 
CI 1.23–2.81) only in the latter, with no association in 
the former (CAD OR = 1.16, 95% CI 0.75–1.80; obstruc-
tive CAD OR = 1.46, 95% CI 0.83–2.56) [60]. This find-
ing suggests that insulin resistance significantly affects 
coronary atherosclerosis in patients without diabetes 
[61, 62], whereas in patients with diabetes, the primary 
mechanisms of atherosclerosis progression may be asso-
ciated with other means [63, 64]. In addition, Si’s arti-
cle explored the association between the TyG index and 
CAD/T2DM, concluding that the TyG index is an risk 
factor for patients with coronary artery disease combined 
with T2DM and that it may be used as a clinical predictor 
of coronary artery disease combined with T2DM [65].

Regarding CVD outcomes, all included studies 
excluded patients with a history of CVD, and we showed 
a positive association between the TyG index and CVD 
incidence. Although diabetes is a strong risk factor for 
CVD, a few studies excluded a history of diabetes and 
CVD. In addition, one retrospective cohort study showed 
that the TyG index was associated with increased CVD 
incidence in a nondiabetes population after a median 
follow-up of 5.6  years [35]. Another prospective cohort 
study confirmed this association (per 1 SD HR = 1.82; 
95% CI 1.38–2.40) after excluding patients with diabe-
tes and CVD history after 6 years of follow-up [39]. Park 
demonstrated the relevance of CAD incidence for the 
TyG index in a nondiabetes population (HR = 2.28; 95% 
CI 1.69–2.40) [40]. However, our meta-analysis results 
showed no significant association between MI incidence 
and the TyG index in subgroup analysis of the population 
without diabetes (HR = 1.55, 95% CI 0.88–2.74, I2 = 98%) 
(Additional file  1: Figure S3) [20, 34]. Overall, before 
applying the TyG index for assessing CVD incidence and 
mortality, more studies based on individuals free of dia-
betes are needed to decrease reverse causality.

Comparison with a previous study
Wang et  al. found that the TyG index a positive asso-
ciation between TyG index and hypertension risk in the 
general adult population [51], and Li et al. demonstrated 
that the index can predict adverse events in patients with 
acute coronary syndrome [66]. Previous meta-analyses 
have also examined the relationship between the TyG 
index and the prognosis of patients with acute coronary 
syndromes [12, 66]. Compared to previous meta-analysis, 
the population in our study was the general population. 
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In addition, our study included more types of cardio-
vascular diseases and mortality, and to produce more 
accurate results, the association between various car-
diovascular diseases and the TyG index was analyzed 
separately.

Potential mechanism
TyG may be a reliable indicator of insulin resistance [23], 
and a prior study demonstrated its validity as an alter-
native marker of insulin resistance [67], with high sen-
sitivity (96.5%) and specificity (85.0%) [46]. Therefore, 
insulin resistance can be determined by measuring the 
TyG index and inferring the incidence of CVD. Insulin 
resistance is characterized by a low degree of systemic 
inflammation, which can lead to endothelial dysfunction 
[51]. At the same time, insulin resistance contributes to 
atherosclerosis and plaque progression through a variety 
of mechanisms, including changes in classical cardiovas-
cular disease risk factors and downregulation of insulin 
signaling pathways [68].

Several risk factors that epitomize the development 
of cardiovascular disease are also closely related to 
TyG index results, such as coronary artery calcification 
(CAC), which was not included in our meta-analysis. 
Park’s study (1175 participants followed up for 4.2 years) 
showed the TyG index to be an independent predictor 
of CAC progression (OR = 1.82, 95% CI 1.20–2.77) [69]. 
Furthermore, a Korean-based study found the TyG index 
to be better at predicting CAC (OR = 1.95, 95% CI 1.23–
3.11) than HOMA-IR (OR = 1.64, 95% CI 1.12–2.40) [70]. 
Additionally, the development of CAC provides evidence 
for the development of CAD.

In estimates performed with the Archimedes Model, 
insulin resistance is an important cause of coronary 
artery disease [71], which may be assessed with the TyG 
index. A genetic study including 63,746 CAD patients 
and 130,681 healthy individuals reported that lipid 
metabolism and inflammation are key biological pro-
cesses involved in the pathogenesis of coronary athero-
sclerosis, supporting the role of insulin resistance in the 
pathophysiology of CAD [72]. Insulin resistance in liver 
and adipose tissues drives the development of atheroscle-
rotic dyslipidemia, generates a low-grade inflammatory 
state, and increases release of inflammatory markers [73]. 
It also affects blood pressure, endothelial cells, and mac-
rophages [73].

Limitations
Our meta-analysis has several limitations. First, this was 
a meta-analysis based on cohort studies. Despite the 
inclusion of studies with multivariate analysis, residual 
confounding factors may have influenced our results; 
thus, causation cannot be proven. Second, a total of 12 

studies were included in our analysis, which is a relatively 
small sample size. Outcomes were inconsistent across the 
12 studies we included, resulting in a small number of 
studies included in each outcome (MI = 2, CV death = 3). 
This may be another cause of bias and inaccurate results. 
Continued attention to relevant research and refinement 
of each analysis are needed in the future. In addition, of 
the 12 studies included, most were conducted in Asia, 
with only two conducted in Western countries (Europe 
and America). However, the limitation of the number 
of articles precluded us from examining regional varia-
tion, and future research should elucidate whether there 
are regional differences to demonstrate the association 
of the TyG index with CVD and mortality in the general 
population. Third, substantial heterogeneity was found, 
which might have derived from differences in TyG index 
measurement methods, study design, follow-up, diabetes 
status, and other clinical characteristics across studies. 
Fourth, the limited number of included studies prevented 
us from conducting subgroup analysis; hence, the poten-
tial influence of confounding and potential intermediate 
factors needs further investigation. Finally, limited stud-
ies excluded individuals with preexisting diabetes, and 
subgroup analysis stratified by diabetes was not available. 
Diabetes has been considered a main risk factor for CVD 
and mortality; therefore, application of the TyG index 
for CVD incidence can be easily biased by diabetes, and 
additional studies in nondiabetes populations are needed 
to reduce reverse causality before applying the TyG index 
to examine CVD incidence and mortality.

Clinical implications
Although the TyG index is not directly applied in clinical 
guidelines, the role of glycemic and triglyceride control 
and diabetes management in the prevention of cardio-
vascular disease is reflected in some guidelines. Recently, 
the American Diabetes Association (ADA) published its 
2022 diabetes criteria, which detail that patients with 
elevated triglyceride levels (≥ 150  mg/dL [1.7  mmol/L]) 
should implement enhanced lifestyle interventions and 
optimal glycemic control [74]. Control of blood glucose 
and triglycerides is effective in reducing the TyG index, 
an indicator of insulin resistance, which is one of the 
main triggers of T2DM. There is a strong association 
between these factors and clinical guidelines.

Our results show that an elevated TyG index is strongly 
associated with a high risk of CAD, MI and CVD, sug-
gesting that the incidence of CVD can be significantly 
reduced by controlling TyG index-related factors or trig-
gers that contribute to elevated TyG, such as blood glu-
cose. As a simple-measurement indicator, the TyG index 
may be used more often in clinical practice. With respect 
to public health implications, early detection of CVD 
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onset can be achieved by assessing the TyG index of the 
population, and prompt intervention after disease risk is 
identified may be effective in reducing the incidence of 
CVD in the general population. The TyG index might be 
added to routine health check-up programs to screen for 
the development of diabetes and cardiovascular disease. 
However, more research is needed before application of 
the TyG index to evaluate CVD incidence in the clinic.

Based on our study, the TyG index may be consid-
ered an independent predictor for CVD incidence in 
the general population. Further studies are required to 
investigate dose–response relationships and determine 
cutoff values. On the other hand, addition of the TyG 
index to the Framingham Risk Score (FRS) did not lead 
to improvement in its predictive power; thus, adding the 
TyG index to the FRS does not improve CVD risk predic-
tion [18]. Further studies and more articles are needed to 
confirm the relevance of the TyG index to CVD, deter-
mine the predictive effect of the TyG index, and ascertain 
whether the TyG index can improve the predictive power 
of existing cardiovascular risk scores.

Conclusion
In conclusion, based on the current evidence from obser-
vational studies, a high TyG index may have a significant 
relationship with the incidence of CAD, MI and CVD but 
not cardiovascular mortality or all-cause mortality in the 
general population. In addition, there is a potential posi-
tive linear relationship between the TyG index and CAD 
and the composite CVD incidence. GRADE assessment 
indicated very low certainty for CVD, MI, cardiovascular 
mortality and all-cause mortality, and moderate certainty 
for CAD. Considering the limited evidence from non-
Asian populations and possible bias due to diabetes, fur-
ther prospective studies in nondiabetes and non-Asian 
populations are needed to explore the association of the 
TyG index with CVD incidence and mortality.
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