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Abstract
Objective  The present umbrella review aims to collate and summarize the findings from previous meta-analyses on the 
Triglyceride and Glucose (TyG) Index, providing insights to clinicians, researchers, and policymakers regarding the usefulness 
of this biomarker in various clinical settings.

Methods  A comprehensive search was conducted in PubMed, Scopus, and Web of Science up to April 14, 2024, 
without language restrictions. The AMSTAR2 checklist assessed the methodological quality of the included 
meta-analyses. Statistical analyses were performed using Comprehensive Meta-Analysis (CMA) software.

Results  A total of 32 studies were finally included. The results revealed significant associations between the TyG 
index and various health outcomes. For kidney outcomes, a high TyG index was significantly associated with an 
increased risk of contrast-induced nephropathy (CIN) (OR = 2.24, 95% CI: 1.82–2.77) and chronic kidney disease 
(CKD) (RR = 1.46, 95% CI: 1.32–1.63). High TyG index was significantly associated with an increased risk of type 2 
diabetes mellitus (T2DM) (RR = 3.53, 95% CI: 2.74–4.54), gestational diabetes mellitus (GDM) (OR = 2.41, 95% CI: 
1.48–3.91), and diabetic retinopathy (DR) (OR = 2.34, 95% CI: 1.31–4.19). Regarding metabolic diseases, the TyG 
index was significantly higher in patients with obstructive sleep apnea (OSA) (SMD = 0.86, 95% CI: 0.57–1.15), 
metabolic syndrome (MD = 0.83, 95% CI: 0.74–0.93), and non-alcoholic fatty liver disease (NAFLD) (OR = 2.36, 95% 
CI: 1.88–2.97) compared to those without these conditions. In cerebrovascular diseases, a higher TyG index was 
significantly associated with an increased risk of dementia (OR = 1.14, 95% CI: 1.12–1.16), cognitive impairment 
(OR = 2.31, 95% CI: 1.38–3.86), and ischemic stroke (OR = 1.37, 95% CI: 1.22–1.54). For cardiovascular outcomes, 
the TyG index showed significant associations with an increased risk of heart failure (HF) (HR = 1.21, 95% CI: 1.12–
1.30), atrial fibrillation (AF) (SMD = 1.22, 95% CI: 0.57–1.87), and hypertension (HTN) (RR = 1.52, 95% CI: 1.25–1.85).
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Introduction
In the field of medical diagnostics, finding affordable yet 
valid biomarkers is crucial for efficient disease detection 
and treatment [1, 2]. One such biomarker that has gained 
significant attention is the Triglyceride and Glucose 
(TyG) Index due to its potential as a cost-effective diag-
nostic tool for various medical conditions [3, 4]. The TyG 
Index is derived from fasting triglyceride and glucose lev-
els, and is known for its simplicity of calculation [5]. It is 
believed to reflect underlying insulin resistance, which is 
a key factor in many metabolic disorders [6].

The TyG Index holds promise as a surrogate marker for 
insulin resistance and metabolic dysregulation. Its calcu-
lation— natural logarithm of glucose times triglycerides 

divided by 2 —renders it a practical and accessible met-
ric in clinical settings [7, 8]. This index underscores the 
intricate interplay between triglyceride and glucose 
metabolism, offering insights into metabolic disturbances 
implicated in various medical conditions [9–12].

So far, numerous original studies have been undertaken 
to assess the diagnostic effectiveness of the TyG index 
across diverse medical conditions. This growing body of 
research has led to the publication of several meta-analy-
ses examining the diagnostic and prognostic potential of 
the TyG index in conditions such as cardiovascular dis-
eases, neurological disorders, endocrine ailments, and 
renal conditions [13–16].

Conclusion  The TyG index is a promising biomarker for screening and predicting various medical conditions, 
particularly those related to insulin resistance and metabolic disorders. However, the heterogeneity and 
methodological quality of the included studies suggest the need for further high-quality research to confirm these 
findings and refine the clinical utility of the TyG index.

Graphical abstract 

Keywords  Triglyceride and glucose (TyG) index, TyG, Meta-analysis, Umbrella review, Cardiovascular outcomes, 
Insulin resistance, Clinical significance
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While there has been a recent increase in the num-
ber of meta-analyses examining the diagnostic ability of 
the TyG index, there remains substantial heterogeneity 
and controversies among these studies. Moreover, the 
reported findings from these meta-analyses may vary in 
epidemiological robustness due to differences in their 
quality. Consequently, there is a need for a comprehen-
sive umbrella review to consolidate the outcomes of 
previous meta-analyses, evaluate their quality, delineate 
current findings, and provide current andup-to-dateevi-
dence-based insights into this biomarker.

This umbrella review aims to collate and summarize the 
findings from previous meta-analyses on the TyG Index. 
The goal is to provide meaningful insights to clinicians, 
researchers, and policymakers regarding the usefulness 
of this biomarker in various clinical settings.

Trend of TyG index research
The results of the bibliometric analysis revealed the 
increasing interest and growing research focus on the 
TyG index. As shown in Fig.  1A, the overlay visualiza-
tion indicated that among metabolic-related keywords, 
the TyG index is a relatively new term (shown in yellow), 
which is closely related to the keyword “insulin resis-
tance”. Furthermore, the timeline analysis demonstrated 
that most research topics peaked after 2021, with Per-
cutaneous coronary intervention (PCI), hypertension 
(HTN), and chronic kidney disease (CKD) being the 
most prominent trend areas (Fig. 1B).

Methods
We adhered to the Cochrane Handbook for Systematic 
Reviews’ guidelines in conducting our umbrella study, 
which is a methodical investigation encompassing several 
meta-analyses [17]. The PRISMA standards were utilized 
when reporting the findings [18]. Using the registration 
number CRD42024532457, the study protocol was pre-
registered in PROSPERO.

Search strategy
To uncover meta-analyses exploring the diagnostic and 
predictive capability of the TyG index across various con-
texts, two researchers devised an extensive search strat-
egy. This strategy was employed to search three sources 
(PubMed, Scopus, and Web of Science) until April 14, 
2024. The search terms encompassed phrases such as 
“Triglyceride-glucose index,” “Triacylglycerol glucose 
index,” “Triglyceride glucose,” “Meta-Analysis,” and “Sys-
tematic Review.” Language restrictions were not imposed. 
Discrepancies were resolved by a third researcher when 
disagreements arose. EndNote X20 was utilized for the 
organization and management of identified studies. The 
specific search strategies for each database are delineated 
in Table S1. To ensure the accuracy of the search meth-
odology, the assistance of two information specialists was 
enlisted. Furthermore, a manual review of citations from 
pertinent studies was conducted.

Study selection and eligibility criteria
Two researchers independently conducted the study 
selection process. In cases of disagreement, resolutions 
were reached through correspondence involving a third 
researcher. Meta-analyses included in the study were 
required to meet specific criteria: they had to assess the 
TyG index as an indicator for the target disease and focus 
on a particular underlying condition within the study 
population. Original research, case reports, case series, 
commentaries, editorials, and narrative reviews were 
excluded from consideration.

Quality assessment
The AMSTAR2 checklist was implemented to determine 
the methodological quality of the meta-analyses. Two 
impartial reviewers appraised each study using the 16 
questions on this checklist, selecting “yes,” “no,” or “par-
tial yes” for each item. A third researcher was consulted 
in order to settle any disputes. The meta-analyses were 

Fig. 1  Research trend of triglyceride glucose index. A Overlay visualization B Timeline visualization
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subsequently separated into four groups: high-quality, 
moderate quality, low-quality, and critically low-quality 
[19].

Data extraction
The data extracted from the meta-analyses encompassed 
various details such as the primary author’s name, publi-
cation year, journal, number of original studies included, 
total sample size, effect size with a 95% confidence inter-
val of the original included studies, and the checklist uti-
lized for assessing the original studies’ quality.

To ensure the extraction comprehensiveness, the pri-
mary and the corresponding authors were contacted to 
address any missing information. Two researchers col-
laborated to gather data and consulted a third researcher 
to resolve any disagreements.

Statistical analyses
Comprehensive meta-analysis (CMA) software version 
4 was utilized for the analysis of the current umbrella 
review. Furthermore, to construct summary receiver 
operating characteristic (SROC) charts for the TyG index 
across different medical conditions, STATA version 18 
was employed. The results of original studies within each 
meta-analysis were obtained to conduct the analysis. In 
instances where multiple meta-analyses were available 
for a single outcome, original studies were identified 
from each meta-analysis. Following the elimination of 
duplicates, our meta-analysis was carried out using the 
results of the remaining original studies.

Between-study heterogeneity was assessed using both 
I2 statistics and Cochrane’s Q test. Significance in het-
erogeneity was determined if I2 exceeded 50% and the 
P-value was found to be less than 0.1. In cases where sig-
nificant heterogeneity was observed, the random effects 
model was applied, while in instances of non-significant 
heterogeneity, the fixed effects model was employed.

For every outcome, power tests were performed to 
check the suitability of sample sizes. Additionally, CMA 
software was used to establish prediction intervals (PI) 
for each result. The epidemiological strength of the 
results was evaluated using GRADE (Grading of Recom-
mendations, Assessment, Development, and Evaluations) 
assessment conducted with GRADE profiler software.

To assess publication bias, visual inspection of funnel 
plots was conducted, along with Egger’s regression test, 
Begg’s regression test, and trim and fill analysis [20, 21].

Results
In the first stage of the investigation, a combined total 
of 161 research articles were identified, sourced from 
PubMed (36), Scopus (73), and Web of Science (52). 
After removing 76 duplicate articles and reviewing the 
titles and abstracts of the remaining papers, 45 studies 

advanced to a comprehensive evaluation of their full 
texts. Thirteen studies were excluded at this phase of 
which four were from China [12, 22–24], two were from 
the USA [25, 26] and one study was for each of Indone-
sia [27], Mexico [28], Brazil [29], Iran [30], Egypt [31], 
Sweden [32], and Poland [33]). Ultimately, following this 
thorough assessment, 32 meta-analyses met the criteria. 
A visual representation of the study selection process is 
presented in Fig. 2.

Characteristics of included studies
Table  1 provides a comprehensive summary of the 32 
studies included in our meta-umbrella analysis, covering 
publications from 2020 to 2024 (Fig. 3A). The majority of 
the studies originated from China (22 articles) [13, 15, 16, 
34–52] followed by Iran (4 articles) [53–56], the USA (2 
articles) [57, 58], Indonesia (2 articles) [27, 59] and one 
each from Brazil [60] and Taiwan [61](Fig.  3B). These 
studies encompassed a wide range of sample sizes, from 
1,610 to a substantial 11,944,688 participants, and varied 
in scope, analyzing between 4 and 41 individual studies.

Included studies assessed the TyG index using the fol-
lowing calculation: Ln [fasting triglycerides (mg/dl) × 
fasting glucose (mg/dl)/2]. The outcomes of the studies 
included in our meta-umbrella analysis covered a diverse 
range of medical conditions. Four studies focused on 
adverse events in patients with acute coronary syndrome 
(ACS) [13, 35, 52, 59], while arterial stiffness was ana-
lyzed in three studies [45, 46, 57]. Hypertension (HTN) 
and stroke were the subjects of two [36, 44] and three 
studies [47–49], respectively. Non-alcoholic fatty liver 
disease (NAFLD) [39, 58], type 2 diabetes mellitus [27, 
60], and gestational diabetes mellitus [40, 41] were each 
addressed in two studies. Cardiovascular diseases were 
examined in two other studies [34, 50]. The research 
scope also included single studies investigating cere-
brovascular disease [37], contrast induced nephropathy 
(CIN) [61], diabetic retinopathy (DR) [38], heart failure 
(HF) [53], obstructive sleep apnea (OSA) [54], metabolic 
syndrome [55], atrial fibrillation (AF) [56], post percuta-
neous coronary intervention (PCI) major adverse cardio-
vascular events [42], cognitive impairment and dementia 
[43], and coronary artery calcification [45], ischemic 
stroke [15], chronic kidney disease (CKD) [16], and 
metabolic dysfunction-associated steatosis liver disease 
(MAFLD) [51].

Additionally, protocol registration details revealed that 
17 studies had their protocols registered in PROSPERO 
[13, 34–36, 38, 39, 42, 43, 45, 46, 53–56, 59–61], one in 
INPLASY [15], and 14 were not registered [16, 27, 37, 40, 
41, 44, 47–52, 57, 58].

In our included studies, a variety of statistical tools 
and review management software were employed to 
ensure robust data analysis. Fourteen studies utilized 
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both STATA and Revman [39–41, 43–50, 52, 55, 61], six 
used Revman alone [13, 34, 37, 42, 57, 60], and another 
five employed STATA independently [15, 16, 27, 35, 59]. 
Three studies chose R software [53, 54, 56] (Fig. 3C).

Quality assessments were conducted using several 
checklists, with the Newcastle-Ottawa Scale (NOS) being 
the most prevalent, used in 29 articles [13, 15, 16, 27, 34–
50, 52–54, 56–60]. Other methods included the Quality 

Assessment of Diagnostic Accuracy checklist (QUADS) 
[51, 55, 61], the Agency for Healthcare Research and 
Quality standards (AHQR) [15, 36, 38], and the Joanna 
Briggs Institute (JBI) checklist [39, 43, 45].

Search strategies varied among the studies. PubMed/
Medline was the most frequently accessed database, with 
searches conducted in 32 studies [13, 15, 16, 27, 34–61]. 
EMBASE followed closely, being searched in 29 studies 

Fig. 2  Study selection process
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[13, 15, 27, 34–54, 56–59, 61]. The Cochrane Library was 
utilized in 15 studies [13, 15, 34, 36, 37, 39, 41–43, 45, 47, 
48, 51, 60, 61], while Web of Science was searched in 20 
studies [13, 15, 16, 35–38, 41, 42, 44, 48, 49, 51–58]. Sco-
pus was used for literature searches in 9 studies [27, 35, 
46, 53–56, 59, 60], and more region-specific databases 
like China National Knowledge Infrastructure (CNKI) 
[36, 38, 40, 44, 49] and Wan Fang [36, 40, 44, 49] were 
searched in 5 and 4 studies, respectively. Less commonly, 
Lilacs [60], VIP [36], and CBM [36] were each searched 
in one study.

Quality assessment
Among the included studies, 15 were assessed as high 
quality [27, 38, 40, 41, 43–45, 47–49, 51–53, 58, 59], two 
were of moderate quality [39, 60], and 12 were deter-
mined to have low quality [13, 15, 34–36, 42, 46, 50, 
54–56, 61]. Furthermore, the AMSTAR2 evaluation 
determined that three of the meta-analyses had critically 
low methodological quality [16, 37, 57] (Table 1; Fig. 4).

Results of meta-analysis
TyG index and kidney outcomes
The correlation between TyG index and CIN  A total 
of five studies, comprising a combined sample size of 
3518 individuals, investigated the relationship between 
the TyG index and CIN following coronary interventions 
(Table 2). The analysis revealed that a high TyG index was 
significantly associated with CIN (OR = 2.24, 95%CI:1.82–
2.77, P < 0.01) (Fig.  5A). The studies demonstrated low 
heterogeneity (I2 = 35.42%, P = 0.18), and no significant 
publication bias was detected based on Egger’s and Begg’s 
tests (P = 0.33 and P = 0.80, respectively). Additionally, the 
trim and fill analysis, which included two imputed stud-
ies, adjusted the OR to 2.13 (95% CI: 1.70–2.67) (Fig. 5B). 
The results of the sensitivity analysis indicated that the 
total effect size remained stable and did not show any 
significant change after the sequential deletion of each 
study (Fig. 5C). Moreover, the prediction interval for the 
relationship between TyG and CIN ranged from 1.29 to 
3.92(Fig. 5D). The results of the power analysis indicated 
high statistical power (1–β = 1), suggesting the sample size 
was adequate (Fig.  5E). The epidemiological strength of 
the association between TyG and CIN was low based on 
the GRADE criteria (Table 3).

The correlation between TyG index and CKD  A total of 
13 studies, comprising a combined sample size of 70,279 
individuals, investigated the relationship between the 
TyG index and CKD (Table 2). The analysis revealed that 
a high TyG index was significantly associated with CKD 
(RR = 1.46, 95%CI: 1.32–1.63, P < 0.01) (Fig. 6A). The stud-
ies demonstrated moderate heterogeneity (I2 = 50.44%, Fi
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P = 0.01), and significant publication bias was detected 
based on Egger’s and Begg’s tests (P < 0.01). Additionally, 
the trim and fill analysis, which included six imputed stud-
ies, adjusted the RR to 1.37 (95% CI: 1.24–1.53) (Fig. 6B). 
The results of the sensitivity analysis indicated that the 
total effect size remained stable and did not show any 
significant change after the sequential deletion of each 
study (Fig. 6C). Moreover, the prediction interval for the 
relationship between TyG and CKD ranged from 1.06 to 
2.03 (Fig. 6D). The calculation of power analysis was not 
possible because the results were reported as relative risk. 
The epidemiological strength of the association between 
TyG index and CKD was very low based on GRADE cri-
teria (Table 3).

TyG index and diabetes mellitus
The correlation between TyG index and T2DM  Among 
the included studies assessing the relationship between 
the TyG index and T2DM, two statistical measures were 
reported: risk ratio (RR) and hazard ratio (HR) (Table 2). 
The TyG index was significantly associated with T2DM 
when reported as a risk ratio (RR = 3.53, 95% CI: 2.74–
4.54, P < 0.01) (Fig.  7A). This association was accompa-
nied by significant heterogeneity (I2 = 83.70%, P < 0.01). 
No significant publication bias was found based on Egg-
er’s regression test (P = 0.79) and Begg’s regression test 
(P = 0.19). The results of the trim-and-fill analysis with five 
imputed studies yielded an RR of 2.93 (95% CI: 2.25–3.82) 
(Fig. 7B). The sensitivity analysis results indicate that the 
total effect size remained stable, showing no significant 
change after sequentially deleting each study (Fig.  7C). 
The prediction interval was 1.36–9.16 (Fig. 7D). The cal-
culation of power analysis was not possible because the 
results were reported as relative risks.

The association between the TyG index and T2DM was 
significant when calculated as a hazard ratio (HR = 2.60, 
95% CI: 2.19–3.09, P < 0.01) (Fig. 8A). Significant hetero-
geneity was observed (I2 = 79.05%, P < 0.01). Although 
the Eggers regression test showed significant publication 
bias (P < 0.01), no significant publication bias was found 
based on the Beggs regression test (P = 0.06). The results 
of the Trim and Fill analysis with 8 studies yielded an HR 

Fig. 4  Quality assessment of included studies based on AMSTAR 2 ap-
praisal tool

 

Fig. 3  Summary of study characteristics. A Distribution of studies by country: Annual publication trends of articles. C Usage of statistical software and 
analysis tools across the studies
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of 2.09, with a 95% CI of 1.77–2.46 (Fig. 8B). Sensitivity 
analyses showed no effect of each study on the pooled 
effect (Fig. 8C). The result of the prediction interval was 
1.33–5.12 (Fig.  8D). The epidemiological strength of 
the association between TyG index and T2DM was low 
based on GRADE criteria (Table 3).

The correlation between TyG index and GDM  A 
total of 6 studies, comprising a combined sample size of 
18,038 individuals, investigated the relationship between 
the TyG index and GDM (Table 2). The analysis revealed 
that a high TyG index was significantly associated with 
GDM (OR = 2.41, 95% CI: 1.48–3.91, P < 0.01) (Fig.  9A). 
These studies demonstrated high heterogeneity (59.48%, 
P = 0.03), with no significant publication bias detected 
based on Egger’s and Begg’s tests (P = 0.15 and P = 0.13, 
respectively). Additionally, the trim and fill analysis, 
which included two imputed studies, adjusted OR to 1.83 
(95% CI: 1.11–3.01) (Fig. 9B). The sensitivity analysis indi-
cated that the total effect size remained stable without 
significant change after the sequential deletion of each 
study (Fig.  9C). Moreover, the prediction interval for 
the TyG and GDM relationship ranged from 0.61 to 9.47 
(Fig.  9D). The power analysis indicated high statistical 
power (1−β = 1), suggesting adequate sample size (Fig. 9E). 
The epidemiological strength of the relationship between 
TyG index and GDM was accompanied by low evidence 
(Table 3).

The correlation between TyG index and DR  A total 
of 10 studies comprising 13,716 individuals assessed the 
relationship between TyG and DR (Table 2). The included 

meta-analyses assessed the TyG as both a continuous and 
categorical variable.

The analysis revealed that a high TyG index was signifi-
cantly associated with DR (OR = 2.34, 95% CI: 1.31–4.19, 
P < 0.01) as a categorical variable (Fig. 10A). These stud-
ies demonstrated high heterogeneity (I²=89.7%, P < 0.01), 
with significant publication bias detected based on Egg-
er’s and Begg’s tests (P = < 0.01). Additionally, the trim 
and fill analysis, which included two imputed studies, 
adjusted the OR to 1.79 (95% CI: 1.06–3.03) (Fig.  10B). 
The sensitivity analysis showed that the total effect size 
remained stable without significant change after sequen-
tially deleting each study (Fig.  10C). Moreover, the pre-
diction interval for the TyG as a categorical variable and 
DR relationship ranged from 0.31 to 17.82 (Fig. 10D). The 
power analysis indicated high statistical power (1−β = 1), 
suggesting adequate sample size (Fig. 10E).

The study found a significant association between TyG 
and DR when TyG was considered as a continuous vari-
able (OR = 1.48, 95% CI: 1.11–1.97, p < 0.01) (Fig.  11A). 
This relationship was accompanied by substantial het-
erogeneity (I2 = 83.4%, p < 0.01). While the Egger’s regres-
sion test indicated the presence of significant publication 
bias (p < 0.01), the Begg’s regression test did not find 
evidence of publication bias (p = 0.25). The results of the 
trim and fill analysis, which imputed two additional stud-
ies, yielded an adjusted odds ratio of 1.33 (95% CI: 1.03–
1.71) (Fig.  11B). The sensitivity analysis demonstrated 
that the overall effect size remained stable without sig-
nificant changes after sequentially removing each study 
(Fig.  11C). Furthermore, the prediction interval for the 
relationship between TyG as a continuous variable and 

Fig. 5  The association between TyG index and CIN.A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval E Power analysis
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GRADE assessment
No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations
Quality

CIN
5 Observational 

studies
No serious 
risk of bias

No serious 
inconsistency

No serious 
indirectness

No serious 
imprecision

None ⊕⊕OO
LOW

Arterial stiffness
13 Observational 

studies
Serious Serious No serious 

indirectness
No serious 
imprecision

None ⊕OOO
VERY LOW

Diabetic retinopathy
10 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

Reporting bias
Strong association

⊕OOO
VERY LOW

Heart failure (categorical)
7 Observational 

studies
No serious 
risk of bias

No serious 
inconsistency

No serious 
indirectness

No serious 
imprecision

None ⊕⊕OO
LOW

Non-alcoholic fatty liver disease (categorical)
12 Observational 

studies
No serious 
risk of bias

Very serious No serious 
indirectness

No serious 
imprecision

Strong association ⊕OOO
VERY LOW

Obstructive sleep apnea
3 Observational 

studies
No serious 
risk of bias

No serious 
inconsistency

No serious 
indirectness

No serious 
imprecision

None ⊕⊕OO
LOW

Type 2 diabetes mellitus
12 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

Strong association ⊕⊕OO
LOW

Metabolic syndrome
13 Observational 

studies
Serious Serious No serious 

indirectness
No serious 
imprecision

Very strong 
association

⊕⊕OO
LOW

Gestational diabetess mellitus
6 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

Strong association ⊕⊕OO
LOW

Atrial fibrillation
6 Observational 

studies
No serious 
risk of bias

Very serious No serious 
indirectness

No serious 
imprecision

Very strong 
association

⊕⊕OO
LOW

Post-PCI major cardiovascular outcomes
9 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

Strong association ⊕⊕OO
LOW

Post-PCI all-cause mortality
4 Observational 

studies
No serious 
risk of bias

No serious 
inconsistency

No serious 
indirectness

No serious 
imprecision

None ⊕⊕OO
LOW

Post-PCI revascularization
3 Observational 

studies
No serious 
risk of bias

Very serious No serious 
indirectness

No serious 
imprecision

Strong association ⊕OOO
VERY LOW

Post-PCI non-fetal MI
3 Observational 

studies
No serious 
risk of bias

No serious 
inconsistency

No serious 
indirectness

No serious 
imprecision

Strong association ⊕⊕⊕O
MODER-
ATE

Cognitive impairment
7 Observational 

studies
No serious 
risk of bias

Very serious No serious 
indirectness

No serious 
imprecision

Strong association ⊕OOO
VERY LOW

Hypertension
7 Observational 

studies
No serious 
risk of bias

Very serious No serious 
indirectness

No serious 
imprecision

None ⊕OOO
VERY LOW

Coronary artery calcification
5 Observational 

studies
Serious No serious 

inconsistency
No serious 
indirectness

No serious 
imprecision

None ⊕OOO
VERY LOW

Ischemic stroke

Table 3  GRADE assessment of the correlation of TyG index with various outcomes
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DR ranged from 0.59 to 3.72 (Fig. 11D). The power analy-
sis indicated a high statistical power, suggesting that the 
sample size was adequate to detect the observed effect 
(Fig.  11E). The epidemiological strength between TyG 
and DR was very low regarding GRADE criteria (Table 3).

TyG index and metabolic diseases
The correlation between TyG index and OSA  A col-
lective effort from 3 studies, involving a combined sam-
ple size of 437 individuals, examined the relationship 
between the TyG index and OSA (Table 2). The analysis 
revealed a significant association between a heightened 
TyG index and OSA (SMD = 0.86, 95% CI: 0.57–1.15, 

P < 0.01) (Fig. 12A). The results showed minimal hetero-
geneity (36.74%, P = 0.20), with no noticeable publication 
bias evident through both Egger’s and Begg’s tests (P = 0.36 
and P = 0.29). Additionally, the trim and fill analysis, free 
of any imputed studies, tuned the standardized SMD to 
0.86 (95% CI: 0.57–1.15) (Fig. 12B). The sensitivity anal-
ysis indicated that the total effect size remained stable 
without significant change after the sequential deletion of 
each study (Fig. 12C). Noteworthy also is the prediction 
interval for the TyG and OSA relationship, spanning from 
− 1.89 to 3.61 (Fig. 12D). Furthermore, the power analy-
sis reflected a commendable statistical power (1−β = 1), 
underscoring the adequacy of the sample size for reliable 

Fig. 6  The association between TyG index and CKD. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval

 

GRADE assessment
No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations
Quality

8 Observational 
studies

No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

None ⊕OOO
VERY LOW

Ischemic stroke recurrence
5 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

None ⊕OOO
VERY LOW

Ischemic stroke mortality
6 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

None ⊕OOO
VERY LOW

Ischemic stroke poor functional outcomes
6 Observational 

studies
No serious 
risk of bias

Serious No serious 
indirectness

No serious 
imprecision

Reporting bias ⊕OOO
VERY LOW

Chronic kidney disease
13 Observational 

studies
No serious 
risk of bias

No serious 
inconsistency

No serious 
indirectness

No serious 
imprecision

Reporting bias ⊕OOO
VERY LOW

Table 3  (continued) 
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outcomes (Fig. 12E). The epidemiological strength of the 
association between TyG index and OSA was low based 
on GRADE criteria (Table 3).

The correlation between TyG index and metabolic 
syndrome  A total of 13 studies, comprising a com-

bined sample size of 49,325 individuals, investigated the 
relationship between the TyG index and metabolic syn-
drome (Table  2). The analysis revealed that a high TyG 
index was significantly associated with metabolic syn-
drome (MD = 0.83, 95% CI: 0.74–0.93, P < 0.01) (Fig. 13A). 
These studies demonstrated high heterogeneity (98.18%, 
P < 0.01), with no significant publication bias detected 

Fig. 8  The association between TyG index and T2DM reported as hazard ratio. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction inter-
val. E Power analysis

 

Fig. 7  The association between TyG index and T2DM reported as risk ratio. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E 
Power analysis
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based on Egger’s and Begg’s tests (P = 0.43 and P = 0.76). 
Additionally, the trim and fill analysis, which did not 
include any imputed studies, adjusted the MD to 0.83 
(95% CI: 0.74–0.93) (Fig.  13B). The sensitivity analysis 
indicated that the total effect size remained stable with-
out significant change after the sequential deletion of each 
study (Fig. 13C). Moreover, the prediction interval for the 
TyG and metabolic syndrome relationship ranged from 
0.47 to 1.20 (Fig. 13D). The power analysis indicated high 
statistical power (1–β = 1), suggesting adequate sample 

size (Fig. 10E). The epidemiological strength of the rela-
tionship between TyG index and metabolic syndrome was 
accompanied by low evidence (Table 3).

The correlation between TyG index and NAFLD  A 
total of 17 studies, comprising a combined sample size of 
121,975 individuals, investigated the relationship between 
the TyG index and NAFLD (Table 2). The included meta-
analyses assessed the TyG as both a continuous and cat-
egorical variable.

Fig. 10  The association between TyG index and DR as a categorical variable. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E 
Power analysis

 

Fig. 9  The association between TyG index and GDM. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E Power analysis
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The meta-analysis demonstrated that the TyG index 
was significantly associated with NAFLD as a continu-
ous variable (OR = 2.36, 95% CI: 1.88–2.97, P < 0.01) 
(Fig.  14A). The Egger’s regression test showed a signifi-
cant publication bias (P < 0.01), while the Begg’s regres-
sion test did not indicate a significant publication bias 
(P = 0.24). Additionally, the trim and fill analysis, which 
did not include any imputed studies, adjusted the OR 
to 2.36 (95% CI: 1.88–2.97) (Fig.  14B). The sensitivity 

analysis indicated that the total effect size remained sta-
ble without a significant change after the sequential dele-
tion of each study (Fig.  14C). Moreover, the prediction 
interval for the TyG and metabolic syndrome relation-
ship ranged from 0.99 to 5.68 (Fig. 14D). The power anal-
ysis indicated high statistical power (1–β = 1), suggesting 
an adequate sample size (Fig. 14E).

The meta-analysis results showed a significant asso-
ciation between the TyG index and NAFLD when TyG 

Fig. 12  The association between TyG index and OSA. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E Power analysis

 

Fig. 11  The association between TyG index and DR as a continuous variable. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E 
Power analysis
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was considered as a categorical variable (OR = 6.00, 95% 
CI: 4.12–8.73, P < 0.01) (Fig. 15A). However, the analysis 
also revealed significant heterogeneity (91.80%, P < 0.01) 
in the included studies. The Egger’s and Begg’s regres-
sion tests did not show any significant publication bias 
(P = 0.89 and P = 0.75, respectively). Trim and Fill analysis, 

without imputing any additional studies, resulted in an 
odds ratio of 6.00 (95% CI: 4.12–8.73) (Fig. 15B). The sen-
sitivity analysis demonstrated the stability of the overall 
effect size, as it remained consistent after the sequential 
removal of each individual study (Fig.  15C). The pre-
diction interval for the relationship between TyG and 

Fig. 14  The association between TyG index and NAFLD as a continuous variable. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction 
interval. E Power analysis

 

Fig. 13  The association between TyG index and metabolic syndrome. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E 
Power analysis
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metabolic syndrome ranged from 1.64 to 21.98, indicat-
ing the potential variation in the true effect size across 
different settings (Fig.  15D). Finally, the power analysis 
revealed a high statistical power (1–β = 1), suggesting that 
the sample size used in the meta-analysis was adequate to 
detect the observed effect (Fig. 15E). The GRADE crite-
ria showed very low evidence of the association between 
TyG and NAFLD (Table 3).

TyG index and cerebrovascular diseases
The correlation between TyG index and dementia  The 
relationship between TyG index and dementia was 
assessed considering TyG as both a continuous and cat-
egorical variable (Table 2). Two studies with a total sample 
size of 8,435,216 participants assessed TyG as a categori-
cal variable. The results of the meta-analysis showed that 
a higher TyG index was significantly associated with an 
increased risk of dementia (OR = 1.14, 95% CI: 1.12–1.16, 
P < 0.01) (Fig.  16A). No significant heterogeneity was 
found across the studies (I2 = 0.00%, P = 0.32). Due to 
the low number of studies, it was not possible to assess 
publication bias, prediction interval, and epidemiologi-
cal robustness. The results of the power analysis showed 
high statistical power, indicating that the sample size was 
adequate (Fig. 16B).

TyG was also significantly associated with dementia as 
a continuous variable based on the results of two studies 
with a total sample size of 2,524 participants (OR = 1.37, 
95% CI: 1.03–1.82, P = 0.03) (Fig.  16C). No significant 

heterogeneity was observed (I2 = 0.00%, P = 0.77). How-
ever, due to the low number of studies, it was not possible 
to assess publication bias, prediction interval, and epide-
miological robustness. The results of the power analysis 
showed high statistical power, indicating that the sample 
size was sufficient (Fig. 16D).

The correlation between TyG index and cognitive 
impairment  Based on the meta-analysis of five studies 
including 7,057 participants, TyG index was significantly 
associated with cognitive impairment as a categorical 
variable (OR = 2.31, 95% CI: 1.38–3.86, P < 0.01) (Fig. 17A) 
(Table 2). Significant heterogeneity (I2 = 84.75%, P < 0.01) 
accompanied the results. While there was no obvious 
publication bias in the Begg’s regression test (P = 0.46), 
the Egger’s regression test revealed considerable publica-
tion bias (P < 0.01). The OR was modified to 1.67 (95% CI: 
1.05–2.64) by the trim and fill analysis results using two 
imputed trials (Fig. 17B). The removal of each study did 
not significantly alter the pooled effect, according to the 
results of the sensitivity analysis (Fig.  17C). The power 
analysis revealed strong statistical power, indicating that 
the overall sample size was sufficient, and the prediction 
interval was 0.37–14.26 (Fig. 17D) (Fig. 17E).

A total of four studies comprising 1,235 individuals 
assessed the relationship between cognitive impairment 
and TyG index and as a continuous variable. This associa-
tion was statistically significant (OR = 3.38, 95% CI: 1.67–
6.83, P < 0.01) (Fig.  18A), however, it was accompanied 
by significant heterogeneity (I2 = 81.56%). No significant 

Fig. 15  The association between TyG index and NAFLD as a categorical variable. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction 
interval. E Power analysis
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publication bias was found based on the Egger’s and 
Begg’s regression tests (P = 0.84 and P = 0.73, respectively). 
The results of the trim and fill analysis adjusted the OR to 
3.38 (95% CI: 1.67–6.83) without imputing any additional 
studies (Fig.  18B). The results of the sensitivity analysis 
indicated that the removal of each individual study did 
not significantly affect the total estimate (Fig. 18C). Pre-
diction interval ranged from 0.16 to 72.58 (Fig. 18D). The 
power analysis showed high statistical power, reflecting 
the adequacy of the sample size (Fig.  18E). The epide-
miological strength of the association between TyG index 
and cognitive impairment was very low based on GRADE 
criteria (Table 3).

The correlation between TyG index and ischemic 
stroke  Among the included studies, the correlation 
between the TyG index and the following outcomes was 
examined: ischemic stroke, ischemic stroke recurrence, 
ischemic stroke mortality, ischemic stroke poor func-
tional outcomes, and ischemic stroke neurological wors-
ening (Table 2).

Based on the results of 8 studies including 554,334 
individuals, the TyG index was significantly associated 
with an increased risk of stroke (OR = 1.37, 95% CI: 1.22–
1.54, P < 0.01) (Fig.  19A). The results were accompanied 
by significant heterogeneity (I2 = 74.18%, P < 0.01). The 
results of the publication bias assessment showed signifi-
cant bias based on the Egger’s regression test (P = 0.04), 
however, the Begg’s regression test was not significant 

(P = 0.90). The results of the trim and fill analysis with 
one imputed study adjusted the OR to 1.35 (95% CI: 
1.20–1.52) (Fig. 19B). The results of the sensitivity analy-
sis showed no significant change in the pooled estimate 
after the removal of each individual study (Fig. 19C). The 
prediction interval was calculated as 0.99–1.91, and the 
power analysis indicated high statistical power (Fig. 19D 
and E).

The results of five studies including 84,774 individu-
als showed that the TyG index was significantly associ-
ated with an increased risk of ischemic stroke recurrence 
(OR = 1.50, 95% CI: 1.19–1.89, P < 0.01) (Fig.  20A). The 
analysis exhibited moderate heterogeneity among the 
included studies (I2 = 56.22%, P = 0.05). The assessment 
of publication bias suggested the presence of bias based 
on Egger’s regression test (P = 0.02), but Begg’s regres-
sion test was not significant (P = 0.08). The trim and fill 
analysis, which adjusts for publication bias, estimated the 
adjusted OR as 1.33 (95% CI: 1.04–1.70) (Fig. 20B). The 
sensitivity analysis indicated that the pooled estimate 
was stable (Fig. 20C). The prediction interval calculated 
was 0.75–2.99, indicating the range of true effect sizes 
(Fig.  20E). The power analysis showed high statistical 
power (Fig. 20D).

The results of the analysis including six studies with 
total sample size of 31,465 showed that the higher TyG 
index was significantly associated with an increased risk 
of poor functional outcomes following an ischemic stroke 
(OR = 1.36, 95% CI: 1.10–1.69, P < 0.01) (Fig.  21A). The 

Fig. 16  The association between TyG index and dementia. A Forest plot of TyG as a categorical index B Power analysis of TyG as a categorical index. C 
Forest plot of TyG as a continuous index. D Power analysis of TyG as a continuous index
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analysis exhibited high heterogeneity among the included 
studies (I2 = 71.40%, P < 0.01). The assessment of publica-
tion bias suggested the presence of bias based on both 
Egger’s regression test (P < 0.01) and Begg’s regression 
test (P = 0.02). The trim and fill analysis, which adjusts 
for publication bias, estimated the adjusted OR as 1.25 
(95% CI: 1.01–1.54) with two studies imputed (Fig. 21B). 
The sensitivity analysis indicated that the pooled esti-
mate was stable (Fig.  21C). The prediction interval for 
the true effect sizes was calculated to be between 0.74 
and 2.54, indicating variability in the potential outcomes 
(Fig. 21D). The power analysis demonstrated high statis-
tical power (Fig. 21E).

The results of the analysis showed that the TyG index 
was significantly associated with an increased risk of 

ischemic stroke mortality (OR = 1.40, 95% CI: 1.14–1.71, 
P < 0.01) (Fig. 22A). The analysis exhibited high heteroge-
neity among the included studies (I2 = 70.70%, P < 0.01). 
The assessment of publication bias using Egger’s regres-
sion test (P = 0.19) and Begg’s regression test (P = 0.70) 
was not significant. The trim and fill analysis did not 
impute any studies, and thus the adjusted OR remained 
the same (OR = 1.40, 95% CI: 1.14–1.71) (Fig.  22B). The 
sensitivity analysis indicated that the pooled estimate 
was stable (Fig.  22C). The prediction interval for the 
true effect sizes was calculated to be between 0.76 and 
2.57, indicating variability in the potential outcomes 
(Fig.  22D). The power analysis demonstrated high sta-
tistical power (Fig.  22E). The epidemiological strength 
of the association between TyG index and ischemic 

Fig. 17  The association between TyG index as a categorical variable and cognitive impairment. A Forest plot. B Publication bias. C Sensitivity analysis. D 
Prediction interval. E Power analysis
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stroke mortality was very low based on GRADE criteria 
(Table 3).

TyG index and cardiovascular outcomes
The correlation between TyG index and HF  Among the 
included studies, the relationship between TyG index and 

HF was evaluated as both a continuous and categorical 
variable (Table 2).

The results of the analysis showed that the TyG index 
as a categorical variable was significantly associated with 
an increased risk of heart failure (HR = 1.21, 95% CI: 
1.12–1.30, P < 0.01) (Fig. 23A). The analysis exhibited low 
heterogeneity among the included studies (I2 = 21.43%, 
P = 0.26). The assessment of publication bias using Egg-
er’s regression test (P = 0.29) and Begg’s regression test 

Fig. 19  The association between TyG index and ischemic stroke. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E Power 
analysis

 

Fig. 18  The association between TyG index as a continuous variable and cognitive impairment. A Forest plot. B Publication bias. C Sensitivity analysis. D 
Prediction interval. E Power analysis
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(P = 0.76) was not significant. The trim and fill analysis 
estimated the adjusted HR as 1.19 (95% CI: 1.08–1.31) 
with one study imputed (Fig. 23B). The sensitivity analysis 
indicated that the pooled estimate was stable (Fig. 23C). 
The prediction interval for the true effect sizes was calcu-
lated to be between 1.04 and 1.41, indicating variability in 
the potential outcomes (Fig. 23D). Because the reported 
results were presented as HR, the assessment of power 
analysis was not possible.

The results of the analysis showed that the TyG index 
was significantly associated with an increased risk of HF 
as a continuous variable (HR = 1.16, 95% CI: 1.11–1.21, 
P < 0.01) (Fig.  24A). The analysis exhibited very low 
heterogeneity among the included studies (I² = 0.64%, 
P = 0.36). The assessment of publication bias using 
Egger’s regression test (P = 0.40) and Begg’s regression 
test (P = 1) was not significant. The trim and fill analy-
sis, which adjusts for publication bias, estimated the 
adjusted HR as 1.15 (95% CI: 1.09–1.21) with one study 

Fig. 21  The association between TyG index and ischemic stroke poor functional outcomes. A Forest plot. B Publication bias. C Sensitivity analysis. D 
Prediction interval. E Power analysis

 

Fig. 20  The association between TyG index and ischemic stroke recurrence. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. 
E Power analysis
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imputed (Fig. 24B). The sensitivity analysis indicated that 
the pooled estimate was stable (Fig.  24C). The predic-
tion interval for the true effect sizes was calculated to be 
between 0.86 and 1.57, indicating variability in the poten-
tial outcomes (Fig.  24D). The epidemiological strength 

of the association between TyG index and HF was low 
based on GRADE criteria (Table 3).

The correlation between TyG index and AF  The analy-
sis of six studies comprising 5813 participants revealed 
a significant association between the TyG index and 

Fig. 23  The association between TyG index and heart failure as a categorical variable. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction 
interval

 

Fig. 22  The association between TyG index and ischemic stroke mortality. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E 
Power analysis
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an increased risk of AF, with an SMD of 1.22 (95% CI: 
0.57–1.87, P < 0.01) (Fig. 25A) (Table 2). The heterogene-
ity among the included studies was extremely high (I2 = 
98.04%, P < 0.01). Evaluations for publication bias indi-

cated no significant bias, as evidenced by Egger’s regres-
sion test (P = 0.64) and Begg’s regression test (P = 1). The 
trim and fill method did not identify any missing studies, 
thus the adjusted SMD remained unchanged (SMD = 1.22, 

Fig. 25  The association between TyG index and atrial fibrillation. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval. E Power 
analysis

 

Fig. 24  The association between TyG index and heart failure as a continues variable. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction 
interval
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95% CI: 0.57–1.87) (Fig.  25B). Sensitivity analysis con-
firmed the robustness of the pooled estimate (Fig. 25C). 
The prediction interval, ranging from − 1.18 to 3.63, high-
lighted substantial variability in the possible effect sizes. 
The power analysis confirmed a high level of statistical 
power (Fig.  25D). The epidemiological strength of the 
association between TyG index and AF was low based on 
GRADE criteria (Table 3).

The correlation between TyG index and HTN  The 
analysis of 6 studies and 200,044 individuals demonstrated 
that the TyG index was significantly associated with an 
increased risk of HTN (RR = 1.52, 95% CI: 1.25–1.85, 
P < 0.01) (Fig. 26A) (Table 2). The included studies exhib-
ited considerable heterogeneity (I2 = 85.67%, P < 0.01). 
The evaluation of publication bias showed mixed results: 
Egger’s regression test indicated the presence of bias 
(P < 0.01), whereas Begg’s regression test did not show 
significant bias (P = 0.28). The trim and fill analysis, which 
corrects for potential publication bias, adjusted the risk 
ratio to 1.44 (95% CI: 1.20–1.74) with one study imputed 
(Fig. 26B). The sensitivity analysis confirmed the stability 
of the pooled estimate (Fig. 26C). The prediction interval 
for the true effect sizes ranged from 0.78 to 2.98, indicat-
ing variability in the potential outcomes (Fig. 26D). The 
epidemiological strength of the association between TyG 
index and HTN was very low based on GRADE criteria 
(Table 3). Because the reported results were presented as 
RR, the assessment of power analysis was not possible.

The correlation between TyG index and arterial stiff-
ness  Among the 16 included studies with 59,851 indi-
viduals, the relationship between TyG index and arterial 
stiffness was evaluated as both a continuous and categori-
cal variable (Table 2).

The analysis demonstrated a significant association 
between the TyG index as a categorical variable and an 
increased risk of arterial stiffness, with an OR of 1.80 
(95% CI: 1.53–2.10, P < 0.01) (Fig.  27A). The studies 
included exhibited moderate heterogeneity (I2 = 66.26%, 
P < 0.01). Assessments for publication bias showed no 
significant bias according to Egger’s regression test 
(P = 0.35) and Begg’s regression test (P = 0.20). The trim 
and fill method did not identify any missing studies, thus 
the adjusted OR remained the same (OR = 1.80, 95% CI: 
1.53–2.10) (Fig.  27B). Sensitivity analysis confirmed the 
robustness of the pooled estimate (Fig. 27C). The predic-
tion interval for the true effect sizes ranged from 1.07 
to 3.03, indicating some variability in the potential out-
comes (Fig.  27D). The power analysis demonstrated a 
high level of statistical power (Fig. 27E).

The findings revealed a significant association between 
the TyG index as a continuous variable and increased 
risk of arterial stiffness, with an OR of 1.50 (95% CI: 
1.34–1.69, P < 0.01) (Fig.  28A). The studies included in 
the analysis exhibited substantial heterogeneity (I2 = 
81.66%, P < 0.01). Tests for publication bias were not sig-
nificant, as shown by Egger’s regression test (P = 0.10) and 
Begg’s regression test (P = 0.16). The trim and fill method 

Fig. 26  The association between TyG index and hypertension. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction interval
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suggested the addition of four missing studies, leaving 
the adjusted OR unchanged (OR = 1.39, 95% CI: 1.23–
1.56) (Fig. 28B). Sensitivity analysis indicated the robust-
ness of the combined estimate (Fig. 28C). The prediction 
interval for the true effect sizes was between 1.03 and 
2.21(Fig. 27D). The results demonstrated high statistical 

power (Fig. 28E). According to the GRADE criteria, the 
epidemiological strength of the association between the 
TyG index and arterial stiffness was found to be very low 
(Table 3).

Fig. 28  The association between TyG index as a continuous variable and atrial stiffness. A Forest plot. B Publication bias. C Sensitivity analysis. D Predic-
tion interval E Power analysis

 

Fig. 27  The association between TyG index as a categorical variable and atrial stiffness. A Forest plot. B Publication bias. C Sensitivity analysis. D Prediction 
interval E Power analysis
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The correlation between TyG index and coronary 
artery calcification  In the 10 included studies, encom-
passing 27,456 individuals, the relationship between the 
TyG index and coronary artery calcification was assessed 
both as a continuous and a categorical variable (Table 2).

Employing the TyG index as a continuous variable, the 
analysis showed a significant correlation (OR of 1.73 (95% 
CI: 1.36–2.20, P < 0.01) with an increased risk of coro-
nary artery calcification (Fig.  29A).The included stud-
ies demonstrated moderate heterogeneity (I2 = 50.81%, 
P = 0.08). Tests for publication bias were not significant, 
as indicated by Egger’s regression test (P = 0.08) and 
Begg’s regression test (P = 0.22). The trim and fill analy-
sis did not identify any missing studies, thus the adjusted 
OR remained unchanged (OR = 1.73, 95% CI: 1.36–2.20) 
(Fig.  29B). Sensitivity analysis confirmed the robustness 
of the pooled estimate. The prediction interval for the 
true effect sizes ranged from 0.84 to 3.59, indicating some 
variability in outcomes (Fig.  29C). The power analysis 
demonstrated high statistical power (Fig. 29D).

With an OR of 1.65 (95% CI: 1.50–1.82, P < 0.01), our 
findings demonstrated a strong correlation between the 
TyG index as a categorical variable and an elevated risk 
of coronary artery calcification (Fig.  30A).There was no 
heterogeneity detected among the studies (I2 = 0.00%, 
P = 0.72). Evaluation for publication bias showed no 
significant issues according to Egger’s regression test 
(P = 0.21) and Begg’s regression test (P = 1). The trim and 
fill method did not indicate any missing studies, so the 
adjusted OR remained unchanged (OR = 1.65, 95% CI: 

1.50–1.82) (Fig.  30B). Sensitivity analysis confirmed the 
robustness of the pooled estimate (Fig.  30C). The pre-
diction interval, matching the confidence interval from 
1.51 to 1.83, suggested consistency in the effect sizes 
(Fig.  30D). The power analysis indicated high statistical 
power (Fig. 30E). According to the GRADE criteria, the 
epidemiological strength of the association between the 
TyG index and coronary artery calcification was found to 
be very low (Table 3).

The correlation between TyG index and post PCI 
events  A total of nine studies including 10, 164 partici-
pants assessed the correlation between TyG index and 
post PCI events (Table 2).

The analysis revealed a significant association between 
the TyG index as a categorical variable and an increased 
risk of major cardiovascular outcomes following PCI 
(HR = 2.03,95% CI: 1.64–2.51, P < 0.01) (Fig.  31A). The 
included studies showed considerable heterogeneity (I² 
= 77.09%, P < 0.01). Publication bias assessments indi-
cated no significant issues according to Egger’s regression 
test (P = 0.051) and Begg’s regression test (P = 0.25). The 
trim and fill method did not suggest any missing stud-
ies, leaving the adjusted HR unchanged (HR = 2.03, 95% 
CI: 1.64–2.51) (Fig.  31B). Sensitivity analysis confirmed 
the stability of the pooled estimate (Fig.  31C). The pre-
diction interval for the true effect sizes ranged from 1.01 
to 4.11, indicating variability in the potential outcomes 
(Fig. 31D). The results were reported as HR and calculat-
ing power analysis was not possible.

Fig. 29  The association between TyG index as a continuous variable and coronary artery calcification. A Forest plot. B Publication bias. C Sensitivity 
analysis. D Prediction interval. E Power analysis
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The analysis demonstrated a significant association 
between the TyG index as a continuous variable and an 
increased risk of major cardiovascular outcomes follow-
ing PCI, with HR of 1.81 (95% CI: 1.34–2.46, P < 0.01) 

(Fig. 32A). The included studies exhibited very high het-
erogeneity (I² = 91.72%, P < 0.01). Tests for publication 
bias indicated significant bias according to both Egg-
er’s regression test (P = 0.02) and Begg’s regression test 

Fig. 31  The association between TyG index as a categorical variable and major cardiovascular outcomes following PCI. A Forest plot. B Publication bias. 
C Sensitivity analysis. D Prediction interval

 

Fig. 30  The association between TyG index as a categorical variable and coronary artery calcification. A Forest plot. B Publication bias. C Sensitivity 
analysis. D Prediction interval. E Power analysis
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(P = 0.02). The trim and fill method did not impute any 
missing studies, so the adjusted HR remained unchanged 
(HR = 1.81, 95% CI: 1.34–2.46) (Fig.  32B). Sensitivity 
analysis confirmed the robustness of the pooled estimate 
(Fig. 32C). The prediction interval for the true effect sizes 
ranged from 0.58 to 5.75, reflecting a wide variability in 
potential outcomes (Fig. 32D). The results were reported 
as HR and calculating power analysis was not possible.

The epidemiological strength of the association 
between TyG and post-PCI major cardiovascular out-
comes was low based on the GRADE criteria (Table 3).

The analysis revealed a significant association between 
the TyG index as a categorical variable and post-PCI all-
cause mortality (HR = 1.92, 95% CI: 1.35–2.74, P < 0.01) 
(Fig.  33A). The included studies showed moderate het-
erogeneity (I² = 50.91%, P = 0.13). Publication bias assess-
ments indicated minimal effects, with Egger’s regression 
test (P = 0.15) and Begg’s regression test (P = 1.00) show-
ing no significant bias. The trim and fill method did not 
suggest any missing studies, leaving the adjusted HR 
unchanged (HR = 2.18, 95% CI: 0.97–4.87) (Fig.  33B). 
Sensitivity analysis showed significant change in pooled 
result after removal of Sun, 2023 [62] (HR = 0.68, 95% 
CI: 0.23–2.02, P = 0.49) (Fig.  33C). The prediction inter-
val for the true effect sizes ranged from 0.01 to 16638.72, 
indicating considerable variability in potential outcomes 
(Fig. 33D). The results were reported as HR and calculat-
ing power analysis was not possible.

For the TyG index as a continuous variable, the analysis 
did not show a significant association with post-PCI all-
cause mortality (HR = 0.94, 95% CI: 0.28–3.12, P = 0.92) 
(Fig.  34A). The included studies exhibited high hetero-
geneity (I2 = 73.95%, P = 0.02). Tests for publication bias 
indicated no significant bias according to both Egger’s 
regression test (P = 0.09) and Begg’s regression test 
(P = 1.00). The trim and fill method did not impute any 
missing studies, so the adjusted HR remained unchanged 
(HR = 0.94, 95% CI: 0.28–3.12) (Fig. 34B). The sensitivity 
analysis showed a significant change in the pooled results 
after the removal of Zhao.2020 [63] (HR = 1.34, 95% CI: 
0.37–4.18, P = 0.65), Zhao,2021 [64] (HR = 1.11, 95% CI: 
0.23–5.32, P = 0.89), and Sun, 2023 [62] (HR = 0.48, 95% 
CI: 0.17–1.31, P = 0.15) (Fig. 34C). The prediction interval 
for the true effect sizes ranged from 0.01 to 975086.18, 
indicating wide variability in potential outcomes 
(Fig. 34D). The results were reported as HR and calculat-
ing power analysis was not possible.

The epidemiological strength of the association 
between TyG and post-PCI all cause mortality was low 
based on the GRADE criteria (Table 3).

The analysis revealed a significant association between 
the TyG index as a categorical variable and post-PCI 
revascularization (HR = 2.61, 95% CI: 1.46–4.65, P < 0.01) 
(Fig.  35A). The included studies exhibited high hetero-
geneity (I2 = 83.56%, P < 0.01). Tests for publication bias 
indicated minimal effects, with Egger’s regression test 

Fig. 32  The association between TyG index as a continuous variable and major cardiovascular outcomes following PCI. A Forest plot. B Publication bias. 
C Sensitivity analysis. D Prediction interval
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(P = 0.58) and Begg’s regression test (P = 1.00) showing no 
significant bias. The trim and fill method did not suggest 
any missing studies, leaving the adjusted HR unchanged 
(HR = 2.61, 95% CI: 1.46–4.65) (Fig. 35B). Sensitivity anal-
ysis showed that after the elimination of the Zhao.2021 

study, the association became insignificant (HR = 2.83, 
95% CI: 0.05–8.41, P = 0.06) [64] (Fig.  35C). The predic-
tion interval for the true effect sizes ranged from 0.01 to 
2851.01, indicating considerable variability in potential 

Fig. 34  The association between TyG index as a continuous variable and all-cause mortality outcomes following PCI. A Forest plot. B Publication bias. C 
Sensitivity analysis. D Prediction interval

 

Fig. 33  The association between TyG index as a categorical variable and all-cause mortality following PCI. A Forest plot. B Publication bias. C Sensitivity 
analysis. D Prediction interval
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outcomes (Fig. 35D). Calculating power analysis was not 
possible due to reported results in HR.

For post-PCI revascularization and TyG index as a con-
tinuous variable, the analysis revealed a significant asso-
ciation (HR = 2.05, 95% CI: 1.20–3.50, P < 0.01) (Fig. 36A). 
The included studies exhibited high heterogeneity (I2 
= 89.78%, P < 0.01). Tests for publication bias indicated 
minimal effects, with Egger’s regression test (P = 0.20) 
and Begg’s regression test (P = 1.00) showing no signifi-
cant bias. The trim and fill method did not suggest any 
missing studies, leaving the adjusted HR unchanged 
(HR = 2.05, 95% CI: 1.20–3.50) (Fig. 36B). Sensitivity anal-
ysis showed changes in the overall summary after elimi-
nation Zhao, 2021 (HR = 1.96, 95% CI: 0.86–4.48, P = 0.10) 
[64] and Zhao, 2020 (HR = 1.69, 95% CI: 0.97–2.95, 
P = 0.06) (Fig.  36C) [63]. The prediction interval for the 
true effect sizes ranged from 0.01 to 1552.36, indicating 
considerable variability in potential outcomes (Fig. 36D).

The epidemiological strength of the association 
between TyG and post-PCI revascularization was very 
low based on the GRADE criteria (Table 3).

The analysis revealed a significant association between 
the TyG index as a categorical variable and post-PCI 
non-fatal MI (HR = 2.02, 95% CI: 1.31–3.10, P < 0.01) 
(Fig.  37A). The included studies exhibited no hetero-
geneity (I2 = 0.00%, P = 0.96). Tests for publication bias 
indicated minimal effects, with Egger’s regression test 
(P = 0.57) and Begg’s regression test (P = 0.29) showing no 
significant bias. The trim and fill method did not suggest 

any missing studies, leaving the adjusted HR unchanged 
(HR = 2.02, 95% CI: 1.31–3.10) (Fig. 37B). Sensitivity anal-
ysis showed no significant effect of any single study on 
the overall sample size (Fig. 37C). The prediction interval 
for the true effect sizes ranged from 1.32 to 3.10, indicat-
ing limited variability in potential outcomes (Fig. 37D).

When examining post-PCI non-fatal MI as a continu-
ous variable, the analysis identified a significant associa-
tion (HR = 2.56, 95% CI: 1.49–4.40, P < 0.01) (Fig.  38A). 
The included studies displayed moderate heterogene-
ity (I2 = 63.41%, P = 0.06). Assessment for publication 
bias revealed minimal influence, with Egger’s regression 
test (P = 0.12) and Begg’s regression test (P = 1.00) both 
showing no significant bias. The trim and fill method 
did not indicate any missing studies, and the adjusted 
HR remained unchanged (HR = 2.56, 95% CI: 1.49–4.40) 
(Fig.  38B). Sensitivity analysis demonstrated that the 
exclusion of any single study did not significantly impact 
the overall sample size (Fig.  38C). The prediction inter-
val for true effect sizes spanned from 0.01 to 1013.95, 
reflecting substantial variability in possible outcomes 
(Fig. 38D).

The epidemiological strength of the association 
between TyG and post-PCI MI was moderate based on 
the GRADE criteria (Table 3).

Fig. 35  The association between TyG index as a categorical variable and post-PCI revascularization. A Forest plot. B Publication bias. C Sensitivity analysis. 
D Prediction interval
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Fig. 37  The association between TyG index as a categorical variable and post-PCI myocardial infarction. A Forest plot. B Publication bias. C Sensitivity 
analysis. D Prediction interval

 

Fig. 36  The association between TyG index as a continuous variable and post-PCI revascularization. A Forest plot. B Publication bias. C Sensitivity analysis. 
D Prediction interval
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Discussion
It has been proposed that the triglyceride-glucose (TyG) 
index can be used as an accessible, practical, and afford-
able substitute marker for the hyperglycemic-hyperinsu-
linemic clamp test in order to measure insulin resistance 
(IR) [65]. The TyG index has been manifested to better 
predict and identify the presence of insulin resistance 
than the homeostasis model assessment of insulin resis-
tance (HOMA-IR) method, as shown in several studies 
[66–69]. As the TyG index is highly relevant in predict-
ing IR, it can be used to identify the risk level of various 
metabolic conditions, such as metabolic syndrome, type 
2 diabetes mellitus, non-alcoholic fatty liver disease, car-
diovascular disease, and atherosclerosis [70, 71]. A large 
volume of original and meta-analysis studies has been 
conducted to evaluate the prognostic and diagnostic 
value of TyG across various medical conditions.

Our analysis showed a significant relationship between 
the TyG index and T2DM. Elevated fasting plasma glu-
cose and triglyceride levels are two components of the 
metabolic syndrome linked to IR and the development 
of chronic diseases [72]. It is important to note that IR 
usually appears about 1–2 decades before T2DM is diag-
nosed [73]. Consequently, early detection of IR is crucial 
for devising effective health interventions to prevent the 
onset of T2DM [74]. Multiple studies conducted with 
populations from America, Europe, and Asia have found 
that a higher TyG index is significantly associated with 

IR, despite some baseline variables being influenced by 
ethnicity [75–81].

Research has found that over 60% of individuals diag-
nosed with T2DM will go on to develop DR within the 
first 10 years of their disease onset [82]. Recent studies 
have shown a strong association between IR and DR [83]. 
In the early stages of DR, there are typically no obvious 
symptoms [84]. As a result, many patients only seek med-
ical attention when they start experiencing blurred vision 
and vision loss, which indicates a serious stage. This late 
presentation is not favorable for subsequent recovery and 
prognosis. Accordingly, early detection of DR is crucial. 
Therefore, a noninvasive and convenient index should be 
identified for screening and detecting early-stage patients 
[38]. Our final analysis found a link between a higher TyG 
index and an increased risk of developing DR. Therefore, 
the TyG index, as an easily accessible and routinely avail-
able indicator, may represent a potentially valuable clini-
cal option for the early diagnosis of DR.

Our research discovered that a high TyG index could 
indicate or predict GDM. The available evidence suggests 
that the main cause or pathogenesis of GDM is associ-
ated with IR and decreased insulin secretion during preg-
nancy [85]. Previous studies have found a relationship 
between a high TyG index and the development of GDM 
[86–88]. However, other studies failed to find such a cor-
relation [87]. Previous research has shown that triglycer-
ide (TG) levels fluctuate during pregnancy to meet fetal 
needs [89]. TG levels decrease in the first 2 months, then 

Fig. 38  The association between TyG index as a continuous variable and post-PCI myocardial infarction. A Forest plot. B Publication bias. C Sensitivity 
analysis. D Prediction interval
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gradually increase over the next 7 months. Therefore, 
comparing the TyG index before or around 2 months of 
pregnancy may be more sensitive. In addition, individ-
ual differences among the study participants may con-
tribute to the inconsistency and heterogeneity observed 
in TyG index levels. For example, it’s important to con-
sider potential racial differences in physiology that could 
impact the TyG index [41].

Our study showed that individuals with a higher TyG 
index are more susceptible to developing coronary artery 
disease. The TyG index is a highly accurate and precise 
indicator for detecting IR, which increases the risk of 
developing cardiovascular disease [90]. Normally, insu-
lin promotes vasodilation by stimulating nitric oxide 
production. However, when insulin signaling is dys-
regulated, it can reduce the availability of nitric oxide, 
leading to increased vascular stiffness [91]. The nonen-
zymatic glycosylation of lipids is a factor that contrib-
utes to atherosclerosis, along with hypertriglyceridemia 
and hyperglycemia. Hypertriglyceridemia can result in 
the production of low-density lipoproteins, promoting 
atherosclerosis and weakening the protective impact of 
high-density lipoproteins [92]. Additionally, hypergly-
cemia can accelerate atherosclerosis directly or indi-
rectly [93]. Our study demonstrated that a higher TyG 
index is associated with the development and progres-
sion of heart failure. Indeed, IR is widely recognized for 
its harmful effects, such as oxidative stress, endothelial 
dysfunction, and myocardial remodeling. These contrib-
ute to defective cardiac function and the development of 
heart failure [23, 94].

Various biomarkers have been identified and evaluated 
for the risk assessment of AF, such as high-sensitivity 
troponin I [95], C-reactive protein (CRP) [96], fibro-
blast growth factor-23 (FGF-23) [97], the N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) [96, 98], 
Galectin-3 [99], and several micro-RNAs [100]. Other 
biomarkers related to baseline risk factors, such as dia-
betes [101] and IR [87], have also been examined for their 
dual diagnostic and prognostic purposes. Our final analy-
sis found an essential relationship between a higher TyG 
index and the development of AF. Therefore, the TyG 
index, as an established, cost-effective, and easily mea-
surable indicator of IR, may assist clinicians in identify-
ing patients with a higher risk of atrial fibrillation (AF). 
This could help in the early detection of atrial fibrillation, 
allowing for timely intervention and management [56].

Our final analysis also found a positive relationship 
between the TyG index and the development of HTN. 
Previous research has indicated that IR is associated with 
low-level systemic inflammation, which may contribute 
to endothelial dysfunction [102–104]. Additionally, IR 
may also affect the metabolism of sodium in the kidneys, 
stimulate the sympathetic nervous system’s activity [105], 

and modulate the secretion of vasoactive substances 
[106]. All of these factors have been linked to the devel-
opment of hypertension.

In the context of OSA, research has shown a positive 
correlation between the TYG index and the presence of 
the condition. Chronic intermittent hypoxia and sleep 
deprivation have been extensively linked to the develop-
ment of IR through multiple pathways. [107] The acti-
vation ofHypoxia-Inducible Factor 1 (HIF-1) triggers 
a cascade of inflammatory signaling and impairs insu-
lin signaling, contributing to the onset of IR [108, 109]. 
Additionally, hypoxia disrupts sympathetic nervous sys-
tem function, leading to increased oxidative stress and 
altered adipokine secretion, which can further exacer-
bate IR [110]. Although confounding factors like obesity 
and other metabolic conditions play a role in this regard, 
Bikov’s research has shown that even after adjusting for 
factors like body mass index (BMI), there remains a posi-
tive correlation between the presence of OSA and the 
TYG index [111].

Clinical studies have established a clear association 
between the presence of IR and CKD, and these IR lev-
els have been shown to rise progressively alongside the 
worsening stages of CKD [112, 113]. TYG, as a promis-
ing marker of IR, has been closely linked to an increased 
risk and prevalence of CKD in this study and previous 
ones [114, 115]. Multiple mechanisms underlie the asso-
ciation between IR and CKD. IR disrupts the delicate bal-
ance between vasodilation and vasoconstriction within 
the kidney, ultimately leading to glomerular hyperfiltra-
tion [116]. It can interfere with mitochondrial function 
and energy metabolism in proximal tubular cells and 
disrupt the cytoskeletal architecture of podocytes, ulti-
mately leading to dysfunction in the filtration barrier 
and proteinuria [117–120]. By addressing the important 
role of IR in the pathogenesis of CKD, TYG as a reliable 
surrogate marker of IR can play a crucial role first in the 
identification of the risk of developing CKD, second in 
predicting its progression to end-stage levels (ESRD), 
and third in identifying the risk of all-cause mortality in 
patients with CKD [121, 16].

CIN, a form of acute kidney injury following contrast 
exposure, is typically seen in patients undergoing inva-
sive treatments for non-ST-segment elevation myocar-
dial infarction (NSTEMI) [122, 123]. It can occur even 
in patients with normal baseline kidney function and is 
associated with higher mortality rates and hospital stays 
[124]. Therefore, a proper risk assessment and finding 
high-risk patients for timely prophylactic management 
are crucial. As reported in previous studies, diabetes 
is a well-established risk factor for the development of 
CIN [125, 126]. Thus, TyG index was evaluated in non-
diabetic NSTEMI patients after percutaneous coro-
nary intervention, and several original investigations 
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discovered a high association between the TyG index and 
the risk of CIN. These findings were consistent with our 
results [127, 128].

NAFLD and MAFLD are two terms used to describe 
metabolic diseases related to steatosis in the liver, which 
are closely associated with the underlying condition of IR 
[129]. In this meta-umbrella study, after considering all 
original articles within various meta-analyses, there was 
a close relationship between metabolic syndrome and 
NAFLD with the TyG index. IR can manifest in both the 
liver and peripheral tissues. Hepatic IR impairs the liver’s 
ability to suppress glucose production, leading to hyper-
glycemia [130]. Peripheral IR, on the other hand, reduces 
the inhibitory effect of insulin on lipolysis, resulting in an 
increased flow of free fatty acids to the liver [131]. This 
excessive influx of fatty acids, combined with impaired 
fat metabolism in the liver, ultimately contributes to the 
development of hepatic steatosis, the hallmark of NAFLD 
and MAFLD [132]. Given the central role of IR in the 
pathogenesis of these metabolic liver diseases, it is cru-
cial to identify a reliable marker that can accurately assess 
IR. Recent evidence suggests that the TyG index may be 
a more sensitive and reliable indicator of IR compared to 
the traditional HOMA-IR, particularly in the context of 
NAFLD and metabolic syndrome [67, 133].

There aren’t so many studies assessing the relationship 
between TyG and the risk of cognitive impairment and 
dementia. In the last meta-analysis assessing this cor-
relation, there were only 10 studies included [43]. How-
ever, in our study, it was demonstrated that there is a 
significant association between TyG and both cognitive 
impairment and dementia. Drugs such as statins and 
hypoglycemic agents like metformin are important to 
consider as they are known to decrease the risk of cogni-
tive impairment as well as affect the TyG index measure-
ment [134, 135]. In addition, other factors like ethnicity, 
APOE genotype, and underlying diseases such as diabe-
tes and hypertension are important factors that should be 
taken into consideration in future studies to make further 
rational analyses [136].

Stroke, as an acute neurological condition, greatly 
reduces the quality of life of patients and causes signifi-
cant social and economic burdens in societies [137]. In 
our study, after assuming all the data, the results revealed 
that the risk of ischemic stroke and its recurrence was 
significantly related to the value of the TyG index. In a 
study on 10,132 participants of American adults without 
a history of stroke at baseline with a median follow-up 
of 26.6 years and after considering potential confound-
ers, they reported that for each unit increase in the TyG 
index, there is an increase of 32.1% in the risk of stroke 
incidence [138]. Also, in our results, it was demonstrated 
that many complications of stroke, such as poor func-
tional outcome, worsening of neurological state, and risk 

of mortality, have a significant correlation with the TyG 
index. However, data on stroke adverse events is contro-
versial in different studies [139]. Yang et al. revealed that 
although the relationship between mortality and TyG 
is significant, they didn’t find a significant association 
in terms of poor functional outcomes and neurological 
worsening [15]. This could be explained by some sources 
of heterogeneity in these studies, such as the severity of 
the stroke itself, the quality of rehabilitation, secondary 
prevention methods, the existence of CYP2C19 polymor-
phisms, family support, and so many other factors that 
should be taken into consideration to better understand 
these relationships [15, 140, 141]. Ultimately, TyG could 
be considered to optimize risk stratification for stroke in 
the general population and could be a valuable marker 
for screening and management of high-risk patients.

Strengths, limitations, and future suggestions
This umbrella review has several strengths. It integrates 
findings from 32 meta-analyses, offering a comprehen-
sive and detailed synthesis of the evidence on the diag-
nostic utility of the TyG Index across various medical 
conditions. The review follows rigorous methodology by 
adhering to established guidelines from the Cochrane 
Handbook and PRISMA standards, ensuring a systematic 
and transparent approach to study selection, data extrac-
tion, and analysis. Furthermore, the use of the AMSTAR2 
checklist for quality assessment and GRADE criteria for 
evaluating the epidemiological strength of the associa-
tions adds robustness to the review process.

However, there are several limitations to consider. The 
included meta-analyses exhibited substantial heterogene-
ity, which could affect the reliability of the pooled esti-
mates. The heterogeneity might stem from differences 
in study populations, diagnostic criteria, and analytical 
methods across the original studies. Moreover, the defi-
nitions of the TyG index and the cut-off values varied 
among the included studies in the meta-analyses, which 
is another source of heterogeneity. Additionally, while 
publication bias was generally low, it cannot be entirely 
ruled out, particularly in areas with fewer studies. 
Another limitation was that 22 of the 32 included studies 
were from a single nationality (China), which may impact 
the robustness and comprehensiveness of the results. In 
addition, the overall quality of the included meta-analy-
ses varied, with some being assessed as low or critically 
low quality, which may influence the robustness of the 
conclusions drawn.

Future research should focus on addressing the sources 
of heterogeneity identified in this review. High-quality, 
large-scale prospective studies are needed to validate the 
associations between the TyG Index and various medical 
conditions. Standardizing the diagnostic criteria and ana-
lytical methods used in studies involving the TyG Index 
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could help reduce variability and improve comparabil-
ity. Moreover, there are metabolic diseases such as poly-
cystic ovarian syndrome, obesity, and dyslipidemia for 
which meta-analyses should be conducted to evaluate the 
prognostic value of the TyG index. Additionally, further 
research should explore the potential mechanisms under-
lying the associations between the TyG Index and differ-
ent diseases, which could provide deeper insights into 
its clinical utility. Investigating the TyG Index in diverse 
populations and settings would also enhance the gener-
alizability of the findings, supporting its broader applica-
tion in clinical practice.

Conclusion
The TyG Index shows significant promise as a screening 
marker for a wide range of medical conditions, including 
chronic kidney disease, type 2 diabetes mellitus, ischemic 
stroke, non-alcoholic fatty liver disease, cognitive impair-
ment, coronary artery calcification, obstructive sleep 
apnea, gestational diabetes mellitus, metabolic syndrome, 
dementia, heart failure, atrial fibrillation, hypertension, 
and post-percutaneous coronary intervention events. 
Despite the encouraging associations, the substantial 
heterogeneity and varying quality of the included stud-
ies indicate the necessity for further rigorous research 
to confirm these findings. This comprehensive umbrella 
review provides valuable insights into the current evi-
dence, supporting the potential clinical utility of the TyG 
Index and guiding future research efforts.
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