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Abstract

Background The TyG index is an indicator of insulin resistance (IR), which is associated with the development and
prognosis of cardiovascular disease. This study aimed to summarize the relationship between the TyG index and the
risk, severity, and prognosis of coronary artery disease (CAD) by performing a systematic review and meta-analysis.

Methods The PubMed, EMBASE, The Cochrane Library, and Web of Science databases were searched for articles pub-
lished from inception until May 1, 2023. Cross-sectional studies, retrospective or prospective cohort studies recruiting
patients with CAD were included. For the analysis of CAD severity, the outcomes were coronary artery calcification,
coronary artery stenosis, coronary plaque progression, multi-vessel CAD, and in-stent re-stenosis. For the analysis of
CAD prognosis, the primary outcome was major adverse cardiovascular events (MACE).

Results Forty-one studies were included in this study. Compared to patients with the lowest TyG index, those with
the highest TyG index had a higher CAD risk [odds ratio (OR): 1.94, 95% confidence interval (Cl) 1.20-3.14, P=91%,
P=0.007]. Additionally, these patients were more likely to have stenotic coronary arteries (OR: 3.49, 95% Cl 1.71-7.12,
F=0%, P=0.0006), progressed plaques (OR: 1.67,95% Cl 1.28-2.19, P=0%, P=0.002), and with more vessels involved
(OR: 2.33,95% Cl 1.59-3.42, P =0%, P< 0.0001). When calculated as a categorized variable, it appears that acute coro-
nary syndrome (ACS) patients with higher TyG index levels may have a higher incidence rate of MACE [hazard ratio
(HR): 2.09, 95% Cl 1.68-2.62, ¥ =87%, P < 0.00001], whereas chronic coronary syndrome (CCS) or stable CAD patients
with higher TyG index levels showed a trend towards an increased incidence rate of MACE (HR: 1.24, 95% Cl 0.96-1.60,
¥ =85%, P=0.09). When calculated as a continuous variable, ACS patients had an HR of 2.28 per 1-unit/1-standard
deviation increment of the TyG index (95% Cl 1.44-3.63, F=95%, P=0.0005). Similarly, CCS or stable CAD patients
had an HR of 1.49 per 1-unit/1-standard deviation increment of the TyG index (95% CI 1.21-1.83, P=75%, P=0.0001).
Myocardial infarction with non-obstructive coronary arteries patients had an HR of 1.85 per 1-unit increment of the
TyG index (95% Cl 1.17-2.93, P=0.008).
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Conclusions The TyG index is a simple new synthetic index that has been proven to be a valuable tool in the whole-
course management of CAD patients. Patients with higher TyG index levels are at a higher risk of CAD, more severe
coronary artery lesions, and worse prognosis compared to those with lower TyG index levels.

Keywords Triglyceride-glucose index, Insulin resistance, Coronary artery disease, Risk, Severiy, Prognosis, Meta-

analysis

Background

Cardiovascular diseases are the leading cause of death
and disability globally, with coronary artery disease
(CAD) being one of the most prevalent cardiovascu-
lar disorders. CAD can often lead to acute myocardial
infarction (AMI) and ultimately heart failure [1], mak-
ing early diagnosis and risk stratification essential for
determining appropriate clinical management.

Insulin resistance (IR) is now recognized as a novel
risk factor for CAD, especially when combined with
obesity and dyslipidemia [2]. However, the gold stand-
ard for IR, the hypoglycemic-hyperinsulinemic clamp
test, is not feasible for large-scale studies due to its time-
consuming and labor-intensive nature [3]. Homeostasis
model assessment of insulin resistance (HOMA-IR) is a
commonly used surrogate indicator but it is expensive
and has poor reproducibility [3]. In 2008, the triglyc-
eride-glucose (TyG) index was introduced as a reliable
and specific predictor of IR. It has been shown to have
a good correlation with the hypoglycemic-hyperinsu-
linemic clamp test and HOMA-IR [4]. The TyG index is
particularly suitable for economically underdeveloped
areas where laboratory testing may be inconvenient.

Previous studies have shown that a high TyG index is
linked to the development and prognosis of cardiovas-
cular disease (CVD) [5, 6], even in individuals without
CAD at baseline [7]. Furthermore, an increasing num-
ber of recent studies have reported on the predictive
value of the TyG index in CAD. To provide more reliable
evidence for clinical practice, a systematic review and
meta-analysis were conducted to summarize the rela-
tionship between the TyG index, CAD risk, severity, and
prognosis.

Methods

Study design and literature search

This is a registered meta-analysis on the International
Prospective Register of Systematic Reviews (https://
www.crd.york.ac.uk/prospero/) with registration num-
ber CRD42023422917. The systematic review and
meta-analysis included cross-sectional studies, retro-
spective or prospective cohort studies that recruited
patients with CAD, regardless of their nationality, race,
age, gender, or course of the disease.

Two authors (S. Liang and J. Zhang) independently
searched the PubMed, EMBASE, The Cochrane Library,
and Web of Science databases for articles published
from inception until May 1, 2023, using the following
heading terms: “coronary artery disease”, “coronary
heart disease”, “atherosclerotic cardiovascular diseases’,
“CAD’, “CHD’, “triglyceride-glucose index’, and “TyG
index” The search was carried out by combining subject
words and free words. No language restrictions were
used. Relevant literature references were also searched
to identify more eligible studies. The literature titles
and abstracts were screened for primary screening, and
then full-text acquisition and reading of the literature
for rescreening were conducted.

Definitions

The TyG index is calculated as In[fasting triglycerides
(mg/dL) x fasting glucose (mg/dL)/2]. For the analy-
sis of CAD risk and severity, coronary artery calcifica-
tion (CAC) is defined as coronary artery calcification
score (CACS) >0, and coronary artery stenosis is defined
as the maximum intraluminal stenosis in any of the seg-
ments of the major epicardial coronary arteries >70% [8].
Coronary plaque is defined as structures>1 mm? within
or adjacent to the coronary artery lumen, which is char-
acterized from the vessel lumen or surrounding pericar-
dial tissues [8], and plaque progression is defined as the
difference of the baseline and follow-up CACS or plaque
volume >0. For the analysis of CAD prognosis, the pri-
mary outcome is the major adverse cardiovascular event
(MACE), which is defined as the composite outcome of
all-cause death, cardiac death, myocardial infarction,
revascularization, stroke, and heart failure. The second-
ary outcomes are all-cause death, cardiac death, myocar-
dial infarction, revascularization, and stroke.

Data extraction and quality assessment

Two independent readers (S. Liang and C. Wang)
extracted the data. They were not blinded to the authors
and institutions of included studies. Disagreements were
resolved by a third reader (Z. Liu) while Y. He and H.
Huang supervised the entire process. This meta-analysis
followed the guidelines for the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) [9].
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The two reviewers independently extracted the follow-
ing information: the first author, published year, sample
size, demographic information, and variables adjusted in
multivariate analysis. The risk of bias was assessed using
the Newcastle-Ottawa Scale (NOS). The NOS ranges
from O (lowest) to 9 (highest), and studies with scores>6
are considered high quality [10].

Statistical analysis and meta-analysis

The RevMan version 5.3.5 (The Cochrane Collaboration,
Copenhagen, Denmark) was properly used in all statis-
tical analyses. Results were compiled using PRISMA.
The two authors collecting the data, S. Liang and C.
Wang, were not aware of the authors and institutions of
included studies.

When the TyG index was analyzed as a categorical
variable, the odds ratios (ORs) or hazard ratios (HRs) of
patients with the highest TyG index level compared to
those with the lowest TyG index level were extracted.
When the TyG index was analyzed as a continuous vari-
able, the HRs of the outcome incidence per 1-unit or
1-standard deviation (SD) increment of the TyG index
were extracted. Statistical heterogeneity was assessed
using the I square test. Heterogeneity was interpreted
as absent (% 0-25%), low (/% 25.1-50%), moderate (/%
50.1-75%), or high (/% 75.1-100%). A random-effects
model was considered when the number of studies
was relatively small, and a random-effects model was
applied to estimate the continuous outcome data if the
P-value<0.1 and an P value>50%, indicating statistical
heterogeneity [11]. Otherwise, a fixed-effects model was
used. A P<0.05 was regarded as statistical significance
for the pooled OR and HR.

Results

Literature search and included studies

The authors conducted an online search using databases
such as PubMed, EMBASE, The Cochrane Library, and
Web of Science. The search initially yielded 381 litera-
ture citations, which were reduced to 141 after removing
duplicates and irrelevant studies. A review of titles and
keywords resulted in the exclusion of 80 studies, leaving
61 abstracts for evaluation by two authors (S. Liang and
C. Wang). Thirteen studies were excluded due to their
focus on heart failure or arterial stiffness. After full-text
evaluation, 41 studies were selected for inclusion in the
analysis. The systematic literature search and study selec-
tion process is displayed in Additional file 1: Figure S1
using the PRISMA flow chart.

Quality assessment
The authors assessed the quality of the included studies
using the NOS which rates the quality of non-randomized
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studies based on three criteria: selection, comparability,
and outcome. The NOS score of most of the included
studies was above 6, indicating good quality. Additional
file 1: Table S1 provides the details of the NOS scores for
each study.

The TyG index and CAD risk

The authors identified five studies that evaluated the rela-
tionship between the TyG index and CAD risk in patients
without CAD or with suspected CAD [12-16]. Details
of these studies are presented in Table 1. One study [13]
found that the TyG index is an independent risk fac-
tor for sub-clinical CAD in asymptomatic patients (OR:
2.007, 95% CI 1.066-3.780, P=0.031). The other four
studies included postmenopausal women [14], non-alco-
holic fatty liver disease (NAFLD) patients [15], hyperten-
sive patients [16], or patients who had at least one CVD
in the last 10 years [12]. The pooled results of four stud-
ies [12, 14—-16] showed that individuals with higher TyG
index levels were significantly more likely to have CAD
than those with lower TyG index levels (OR: 1.94, 95%
CI 1.20-3.14, ’=91%, P=0.007, Fig. 1). This finding was
consistent when the TyG index was analyzed as a contin-
uous variable in one study [16] (OR per 1-SD increment
of the TyG index: 1.49, 95% CI 1.30-1.74, P=0.007).

The TyG index and CAD severity

Four studies evaluated the relationship between the TyG
index and coronary artery stenosis and/or calcification
[17-20], four studies evaluated the relationship between
the TyG index and coronary plaque [21-24], four stud-
ies evaluated the relationship between the TyG index and
multi-vessel CAD [19, 25-27], whilst two studies evalu-
ated the relationship between the TyG index and in-stent
re-stenosis (ISR) after drug-eluting stent (DES) [28, 29].
Details of these studies are presented in Table 1. One
study [18] found that the TyG index is associated with
a higher incidence rate of CAC in asymptomatic adults
(OR: 1.95, 95% CI 1.23-3.11, P=0.01). Ding et al. [20]
also showed that in asymptomatic, non-diabetic patients
undergoing maintenance hemodialysis, the prevalence
ratio of CAC was 1.281 (95% CI 1.121-1.465).

The pooled results of the studies showed that when the
TyG index was analyzed as a continuous variable, higher
levels were associated with an increased likelihood
of stenotic coronary artery (two studies [17, 19], OR:
3.49, 95% CI 1.71-7.12, P=0%, P=0.0006), progressed
plaques (two studies [21, 22], OR: 1.67, 95% CI 1.28-2.19,
P=0%, P=0.002), and more vessels involved (two studies
[17, 25], OR: 2.33, 95% CI 1.59-3.42, P=0%, P<0.0001).
Figure 2 provides details of these results.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
1.1.1 Risk of sub-clinical CAD
Si 2021 0.6966 0.3228 100.0%  2.01[1.07,3.78] 2021 i
Subtotal (95% ClI) 100.0% 01 [1.07, 3.78]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.16 (P = 0.03)
1.1.2 Risk of CAD
da Silva 2019 0.1484 0.0706 27.3% 1.16 [1.01, 1.33] 2019 el
Liu 2022 0.6291 0.1875 24.0% 1.88[1.30, 2.71] 2022 —
Zhao 2022 0.967 0.1935 23.8% 2.63[1.80, 3.84] 2022 —
Pan 2023 0.967 0.1659 24.8% 2.63[1.90, 3.64] 2023 ——
Subtotal (95% CI) 100.0% 1.94 [1.20, 3.14] i
Heterogeneity: Tau? = 0.22; Chi? = 34.23, df = 3 (P < 0.00001); I> = 91%
Test for overall effect: Z = 2.69 (P = 0.007)
0.01 0.1 10 100

Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.93), I> = 0%
Fig. 1 The pooled result of meta-analysis of CAD risk

The TyG index and CAD prognosis

In this meta-analysis, a total of fifteen studies evaluated
the prognosis of patients with ACS [30—44], seven stud-
ies evaluated the prognosis of patients with CCS or stable
CAD [29, 45-50], and one study evaluated the prognosis of
patients with myocardial infarction with non-obstructive
coronary arteries (MINOCA) [51]. The details of the stud-
ies are shown in Table 2 and Additional file 1: Table S2.

The meta-analysis of thirteen studies [30, 32-42, 44]
revealed that ACS patients with the highest TyG index
level had a significantly increased incidence rate of
MACE compared to those with the lowest level (HR: 2.09,
95% CI 1.68—2.62, I>=87%, P<0.00001). This association
was also observed when the TyG index was analyzed as
a continuous variable using five studies [35-37, 39, 41],
with an HR per 1-unit/1-SD increment of the TyG index
of 2.28 (95% CI 1.44-3.63, >=95%, P=0.0005). Figure 3
provides more details on these findings.

Five studies [45, 46, 48-50] indicated that individu-
als with the highest TyG index level have a higher inci-
dence rate of MACE compared to those with the lowest
level among CCS or stable CAD patients, although the
trend was not statistically significant (HR: 1.24, 95% CI
0.96-1.60, ’=85%, P=0.09). Four studies analyzed the
TyG index as a continuous variable [45, 46, 49, 50], and
found that the risk of MACE increased by 1.49 times per
1-unit/1-SD increment of the TyG index (95% CI 1.21-
1.83, =75%, P=0.0001) (Fig. 4). Only one study [51] ana-
lyzed the TyG index as a continuous variable, and reported
an HR of 1.85 per 1-unit increment of the TyG index (95%
CI 1.17-2.93, P=0.008). Additional file 1: Table S3 and
Figure 5 present the results of the secondary outcomes.

Publication bias

Additional file 1: Figure S2 shows the funnel plots for
the association between the TyG index and the inci-
dence rate of MACEs in ACS patients. The plots appear

Favours H}gh TyG Index Level Favours Low High TyG Index Level

symmetrical upon visual inspection, indicating a low risk
of publication bias. However, due to a limited number of
datasets, it was challenging to estimate publication bias
for the meta-analysis of other outcomes and diseases
such as CCS and MINOCA.

Discussion

Main finding

The TyG index is a composite index that combines
both fasting triglyceride levels and fasting blood glucose
levels. It is a highly sensitive and specific marker for iden-
tifying IR, which is a risk factor for cardiovascular events
[52]. An increased baseline TyG index can help identify
individuals who are at high risk for these events. This
meta-analysis found that individuals with the highest
TyG index have a greater risk of coronary artery disease,
more severe coronary artery lesions, and a worse progno-
sis compared to those with the lowest TyG index (Fig. 6).

Higher TyG index is associated with higher CAD risk

IR may precede the onset of diabetes and CVDs. Even
apparently healthy adults may still have IR, which is a
key factor in the development of atherosclerosis [55]. In
healthy individuals, IR can lead to abnormal metabolism
and promote the development of CAD. A previous meta-
analysis suggested that a higher TyG index may serve as
an independent predictive indicator for an increased risk
of CAD incidence in individuals without pre-existing
CAD [7]. IR may also serve as a latent risk factor for the
interactions between glucose intolerance and CAD [53].
Under normal physiological conditions, insulin induces
vasodilation actions by producing nitric oxide. However,
dysregulated insulin signaling can harm bioavailable
nitric oxide and contribute to vascular stiffening [54].
Additionally, in patients receiving coronary artery bypass
graft (CABG) surgery, a higher TyG index is proven
to be associated with symptomatic graft failure due to
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% CI
1.2.1 Coronary artery calcification
Kim 2017 0.6678 0.2351 100.0% 1.95[1.23,3.09] 2017 t
Subtotal (95% CI) 100.0% 1.95 [1.23, 3.09]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.84 (P = 0.005)
1.2.2 Coronary artery stenosis
Lee 2016 1.16 0.4309 71.3% 3.19[1.37,7.42] 2016 ——
Thai 2020 1.4725 0.68 28.7% 4.36 [1.15, 16.53] 2020 . A—
Subtotal (95% CI) 100.0% 3.49 [1.71, 7.12] i
Heterogeneity: Chi? = 0.15, df = 1 (P = 0.70); I> = 0%
Test for overall effect: Z = 3.43 (P = 0.0006)
1.2.3 Coronary artery palque progress
Park 2019 0.5988 0.2125 41.7% 1.82[1.20,2.76] 2019 ——
Won 2020 0.4555 0.1796 58.3% 1.58[1.11, 2.24] 2020 —
Subtotal (95% CI) 100.0% 1.67[1.28, 2.19] E 3
Heterogeneity: Chi? = 0.27, df = 1 (P = 0.61); I> = 0%
Test for overall effect: Z = 3.76 (P = 0.0002)
1.2.4 Multi-vessle CAD
Thai 2020 1.1053 0.7107 7.6% 3.02[0.75, 12.16] 2020 =t
Su 2022 0.8242 0.2035 92.4% 2.28[1.53,3.40] 2022 t
Subtotal (95% CI) 100.0% 2.33 [1.59, 3.42]
Heterogeneity: Chi? = 0.14, df = 1 (P = 0.70); I> = 0%
Test for overall effect: Z = 4.32 (P < 0.0001)
0.01 0.1 10 100

Test for subgroup differences: Chi? = 4.61, df = 3 (P = 0.20), I> = 34.9%
Fig. 2 The pooled result of meta-analysis of CAD severity

endothelial dysfunction caused by the proinflammatory
and procoagulatory effect of IR [49]. Our study contrib-
utes additional evidence on the association between the
TyG index and the risk of CAD, which indicated that
individuals with a higher TyG index have an increased
susceptibility to developing CAD.

Higher TyG index is associated with more severe coronary
lesions

Nonenzymatic glycosylation of lipids is one of the fac-
tors that contributes to atherosclerosis, along with
hypertriglyceridemia and hyperglycemia. In particular,
hypertriglyceridemia can lead to the formation of low-
density lipoproteins, which can promote atherosclerosis
and weaken the protective effect of high-density lipopro-
teins [56]. What is more, hyperglycemia can be directly
and/or indirectly related to the acceleration of athero-
sclerosis [57]. The severity of CAD is strongly associated
with the extent of arterial stenosis and calcification, the
presence of coronary plaque, the occurrence of multi-
vessel lesions, and the development of ISR following the
placement of DES. In a study by Thai et al. [19], a TyG
index above 10 was significantly associated with coronary
stenosis above 70%, with a sensitivity of 57% and specific-
ity of 75%. Research has shown that the TyG index, com-
pared with HOMA-IR, is more independently associated
with the presence of calcified coronary artery plaques
in healthy Korean adults undergoing cardiac computed
tomography [18], even in those without traditional CVD

Favours High TyG Index Level Favours Low TyG Index Level

risk factors [23]. Higher TyG index was also found to be
associated with an increased presence of non-calcified
and mixed coronary artery laques [23]. Multiple vessel
lesions are strongly associated with a poor prognosis in
CAD and can increase the complexity of PCI procedures.
Wang et al. has demonstrated a dose—response relation-
ship between the TyG index and the risk of developing
multiple vessel CAD, with this association being particu-
larly significant in males and older individuals [26]. ISR
poses a significant challenge following PCI, and there is
an independent positive correlation between an elevated
TyG index and DES-ISR. However, the additional pre-
dictive value provided by the TyG index is minimal [28].
Therefore, current guidelines recommend evaluating the
10-year CVD risk in apparently healthy adults [58, 59],
and the TyG index can provide new insight for identify-
ing the development of CVDs at an early stage.

Higher TyG index is associated with poorer prognosis

Compared to CAD patients without metabolic syndrome
(MeS), those with MeS tend to have more severe coro-
nary lesions and a higher incidence rate of MACE [60].
Even in patients with MINOCA, the presence of MeS
significantly increases the risk of MACE [61]. In a retro-
spective cohort study of critically ill patients with CAD, a
higher TyG index was found to be associated with greater
mortality, as well as increased length of stay in the inten-
sive care unit (ICU) and hospital, which imposes a sig-
nificant financial burden on both families and society



Page 10 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

cl

OO®O®

g4v/I3DV
'S19¥20|q e13q
‘upiels Iojpubedn
/12460pidops ‘u
-ldse ‘43A7 '2100s
JUISUSD) 'SJUIS JO
Jaquunp ‘aseas|p
|9SSaA-931U3
'S|9SSA UOISI)
‘uope|nbeodiue
‘sysjuobeiue ey
/Q1ldD "449° 'vN
'>-1a71°D-1aH
'SOpUdA|BLY

D1 '9dd4 21vaH
‘ujwinge 1a|91e(d
‘onel lydonnau
DIM ddD-sY |
ujuodoly deipled
dNg ‘uoneuqy
(oY TAY
snoiaald ‘elwisue
INQ ‘uoisual
-19dAy ‘Bupjows
‘L <ssep dijiny
'YH d9a dgsS
‘IING ‘X35 2By
98vD

/1Dd pue 49x30|q
-e12q ‘gyv

/13DV Jouaqiyul
25epIsodNn|b-n
‘ujwiopaw
‘eaInjAuoyns
‘ulnsur [eseq 44>
‘91025 XVINAS
‘D-1aH D141
'9UWOIPUAS d1j0q
-P1aW ‘X3S 20V

dN

5088

paziiobared)

paziiobale)

IDd 1UaM

(LvooLe  (008) vL8 dN 601 -opun |N3LS eulyd od [Lelom

(089

©@Ce) evl (¥'£9) s6T —-0'€5) S79 L6/ [0€] oey

SOV

SOV-11SN eulyd SO

(syauow)
uoneinp
dn-mojjo4

(1D%S6)
H4H/40 dwodno

VAW
ul paisnipe

sa|gelep  JoOin) DAL

sisAjeue |DAL

(%) sieak
u‘salaqelq (%) u ‘slew ‘abe uealy u ‘|erol

sansuadeIRYd
syuedpiued Anuno) ubisaqg Apms

sisouboid QyD 104 SAIPNIS PpN|dUl 3Y3 JO UORWIOMUI Diseg g djqeL



Page 11 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

1333

0¢

cl

QO®ORO®

®

INT/19559A

-NW 43AT 'SOL
‘4499 ‘ulwngje
‘uigojboway
‘WY snolaaud
‘uoisusnadAy
NG ‘X3S ‘aby
UO[1BZ1IB|NJSReARI
919|dwod pue
‘gD Jo asn ‘buoj
W 07 < SUOIs3)
40O 9duasald
‘AIsAss yD
‘ab1eydsip

1e syuabe D11
-elplue [ejo
1o/pue uijnsuj jo
asn ‘|Dd ised |\
snoia.d ‘ain|iey
Jelpled ‘QyD
‘Qvd 4o 9ous
-said ‘joyoole
‘Buows o1 yqH
‘2-10H d9d

WG ‘X3S ‘aby
sjuabe
sa1aqelpliue pue
Buuamolpidi| D
“JgH-uUou ‘snieis
SOV 'O8vD
snoiaaid ‘| Dd
snojaaid ‘9xoiis
snojaaid ‘|
snojAaid ‘uoisual
-19dAy ‘Bupjows
‘g ‘X35 ‘aby

888

606

dN

paziiobaled

paziiobale)

paziiobale)

(£8¢) LeTl  (£'SL) 60¥L

(001)94L (cTL) 099

E€y) v oy (€52) 9669

dN 18LE

0L+19 9L/

SO0LF665 G8C6

[Dd 104 SOV

1Dd 10}
SOV pue WdcL

[Dd 104 SOV

eulyd

euid

euld

DY [v€] bueyz

d [eclew

od [cel NH

(syauow)
uoneinp
dn-mojjo4

(1D%56)
YH/40 awodnQ

VAW
ul paisnipe

sd|qelep  Joind DAL

siskjeue |DAL

(%)
u‘sa1eqeiq (%) U ‘sjen

sieak
‘abe uesly U ‘|ejop

sonsuvldeleyd

syuedpied A1uno) ubisaqg

Apnis

(panunuod) g ajqey



Page 12 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

obieydsip

1e ulnsul pue
obieydsIp 1e
(Jouquyul 7 asep
-ndad |Apndadip
‘eaIN|AUoyNS
ongyur ssep
-1soon|b-eydie
‘ujwIopa W)
sjuabe WD
-A|bodAy Jeso
‘syauow | ul
uondnuaul
supels ‘ableyd
-SIp 1B sunes
‘syauow | ul
uondnuaul
1dva =breyasip
18 [4vQ 'S1u1s
Joaqwinu pue
UOI1eZ1Ie|NdSeAS)
919|dWod ‘asn
g2d waw
-1ean W

‘91038 XVINAS
43IAT 2LVAH
Y499 D-1aH
‘DL '(IW3LSN)
sisoubelp ‘gnd
pue 2%01s ‘| Dd
|\ Joud ‘ejusp
-1diisAp ‘WQ

4O uoneinp ‘bul

S{ulp ‘burows sno Dd
d9d d49s 'Iwg -NURUO) pue 10} SOV-31SN
9¢ Q@®@D '(elewsy) xas ‘9by 8l'6  paziobare) (0ol) 86/ (€£89) VS €8F609 86/ puedel  BUlYD Dd [el oeyz
(syauow) VAW
uoneinp (1D%S6) ul paisnipe (%) sieak sonsiadRIRYD
dn-mojjo4  YH/YO dwodINQ sd|qeliep Joind DAL  SisAjeue [DAL u‘sdlaqelq (%) u ‘OleN ‘abe uesly U ‘|ejop syuedpied A1uno) ubisaqg Apnis

(panunuod) g ajqey



Page 13 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

ab1eYdSIp 18 gyy
/13DV pue ‘uols
-S|Wpe 1e Supiels
‘uolssiupe 1e
1dvQ "s1us1s Jo
Jagwinu pue
'UoI1eZIIR|NJSeAR)
919|dwiod ‘uon
-ed|dde gog
‘uoneueidwi
$30 'vDH X1
‘W1 4O JUSUIIRaI}
‘31035 XVINAS
‘SISOU1Sl
1U1S-Ul 'UOIS3)
9sNYIP ‘01D
'35BISIP [9SSIA
-9y} ‘'95e35Ip
W1 '93AT 2 LYaH
‘Y499 D-1aH DL
'2df1 SOV-ILSN
‘Qvd pue a30is
'1Dd ‘I Jo K101
-sly snoiaaud
‘elwapidiisAp
‘uoisuanadAy
‘103s1y Bupjows

6v QO®@® NG ‘X35 '2by

ulnsul ‘unels
d¥D-SY 2 LVaH
'95e3SIP [9SSAN
-jjnw ‘aseas|p
urew Yo 43N
WY ING 'DFVD
snoald ‘|IN
snoinaid Iows

9¢ QO ‘S|ewl ‘abe

dN

€CE6

sno
-NuUNUOD pue
paziiobale)

sno
-nupuUO) pue
paziiobale)

sa19qeIp
INOYIM |Dd
0o (enelll €6+/,6S olst 10} SOV-31SN euIy od [£€] ceyz

[2d 104
(0oL) Lesz  (6'SS) SLvL 89F €99 Lese SOV pue Nd eulyd od [9€] Buem

(syauowi) VAW
uoneinp (1D%S6) ut passnipe

dn-mojloy  YH/HO dwo2NQ s9|qellep  Join) DAL

siskjeue |DAL

(%) sieak sonsualdeIRYd
u‘salaqelq (%) u ‘s|lew ‘abe uesly U ‘|ejop syuedpied A1uno) ubisaqg Apnis

(panunuod) g ajqey



Page 14 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

8l

09

€9

9s¢e

QO®OD®
@

Gl

OOOE®EOD

d¥D dNg

‘4499 135 D-1aH
"D71a7 eiwady)
-19dAy ‘uols
-UanadAy ‘bul
S{ows 49a dgS
g ‘X35 ‘aby
dyD ‘21800ydwiA|
‘lydoanau ‘sby

jusuwiealn)
pue uoIsa| |9S
-S9AINW ‘UOISI|
N7 'gdv/I3DV
19%20|q-g ‘uniels
‘laibopidopd
‘uidse 'vn "g499
‘D-1aH D-1a1
‘1 ‘burjows
‘ayD ‘9Mons
snoiald ‘|IN
snoiaaid ‘elwsap
-ldipadAy ‘Wa
‘uoisuanadAy
‘21025 1UISUSD)
43A1d9a dgS
‘g ‘X35 ‘aby
uolez

-lleydsoy Buunp
1UsWIILal]) SUNeIS
pue ‘supiels pue
19%20|g-19q
Buipnpul K015y
uonedpaw
snojaaid ‘9xoiis
pue Buows Jo
Aoisiy ‘>-1a0H
27147 DL2IVaH
‘S ‘ujung|e
‘uigojboway
dg5 'IWg'xas 'aby

€88

6/€6

dN

€€8

sno
-nupUOD pue
pazii0bHaled

paziiobaled

sno
-nupUoOD pue
pazii0ba1ed)

paziiobale)

00 (¥ s0sl

(6'80) 687  (€04) L6LL

(6ve) L (6'14) 9Ly

00 (B¢ el

LTOLF/889

00¢ec

ryL+0%9 7691

Y1'C+/818 99

dN G591

IDd 10} s213GeIp
-21d yum oy

[Dd 104 SOV

08 Jano
[Dd 104 SOV

$912q
-elp INOLIM
12d 404 SOV

euly> od [L¥] ono

Aoxan DY [ov] ziuspesey

eulyd od [6€] oelr

eUILD Y [8¢] bueyz

(syauow)
uoneinp
dn-mojjo4

(1D%56)
YH/40 awodnQ

VAW
ul paisnipe
s9|qenep

Ho1nD DAL

siskjeue |DAL

(%)
u‘sa1eqeiq (%) U ‘sjen

sieak
‘abe uesly U ‘|ejop

sonsualdeIRYd
syuedpnJied

Anuno> ubisaqg Apnis

(panunuod) g ajqey



Page 15 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

D-1d1pue >-1aH
d4Dsy ‘Bupjows
VN 'WQ 'uoisuay
-19dAY 43N 'ING

21008

JUISUSD) pue
d¥dsy 'vN 1DS D
“1gH-uou ">-1aH
‘Mows ‘qyD Jo
KI01S1Y Ajiwiey
‘uoisualadAy
‘g ‘X35 ‘aby

o¢ @

og @

Juswilealy
pue UoIsa| |95
-SAINW ‘UOISI|
N1 ‘gdv/I 3DV
195%20|g-g ‘uliels
‘]a1bopido)d
‘unidse 'y 4499
'>-1aH D-1a1
‘1 ‘burjows
WUND ‘YD
‘93015 snoiaaid
‘IW snoiaaid
‘eruapidijiadAy
‘uolsusnadAy
‘21025 [UISUSD)
'43A1d9a d9s
‘g ‘X35 ‘aby
|Dd snoinaid
'95e3sIP |95
-SAINW ‘21025
FOVHO 43AT

2102S IOVYD
JINT ‘usboulqy
‘llydonnau DM
105984 OL
‘WQ@ jo uoneing

6 ®

vz @

4 @

L1'6

9l'6

dN

dN

dN

snonunuo)

sno
-nupuoOD pue
pazii0H31e)

paziiobHaled

paziiobale)

paziiobale)

(€°£€) 89%

(00l) 008

(ool) Lez

(£9€) 681

(001) 668

(l'zo) vsel

(0'0£) 095

(529) 951

(1'04) 19€

dN

dN

dN

€6'LF8518

LOLFET9

dN

orsL

008

Lec

wn

S

668

avo pue Wdcl

avo pue Wdcl

SOV pue iNd

[Dd
10} SOV-31SN

1D>d 16}
SOV pue NdcL

eulyd

eulyd

euiyd

euid

euld

20 (9¥] Ui

Py [S¥] uir
av> 9|gels pue S5

od [7] usys

DY [e1] bueg

od [cy] uiD

(syauowi) VAW
uoneinp (1D%S6) ui paysnipe
dn-mojjo4  YH/YO dwodINQ

sd|qelep  Joind DAL

siskjeue |DAL

(%)
u ‘sajaqelq

(%) u ‘a1ew

sieak
‘abe ueapy

u‘jejol

sonsualdeIRYd
syuedpnJied

Anuno>

ubisaqg Apms

(panunuod) g ajqey



Page 16 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

ulns! N ‘Y499
'9d4 D1 D-1a1
1 'Dd snoiaaid
‘IW snoinaid
445 'INg 9y
Yibus| 1u=1s
‘ww 0z < Yibug)
SUOIS3| JO 90UD
-saud ‘Y492
ddD-SH 'avD
|95S2ARINW JO
2oussaid ‘gvd
40 9duasaid
'IDd snoiaaid
‘NG ‘X35 9By

dgv|joosn

pue ‘uoneziiend
-seAal 219|dwod
'35e3sIp UleW 13|
‘v JO 1USIXd
‘sisoubelp "D-1aH
2717 '9dud
-puadap uinsul
43A7 9Ane1ado
-a1d ‘gyD ‘ain|iey
JeIpIed ‘|Dd 1sed
‘30435 snoiaaud
‘W snoiaaud
‘uoisusnadAy
‘BUBOWS JUSND
‘NG X35 9By

w O®0

09 ®

44 00O

6¢ O] dN

ddD-SH pue

£ <SSS'AQvDam
-dN115go "3-1a7
‘UolIeZIIR|NdSeAR)
K1euolod Jo/pue
| snoiaaid ‘x5

0e©

06

€88

dN

68

[443)

paziiobale)

snonuiuo)

sno
-nupRUo) pue
paziiobaled)

snonunuo)

paziiobale)

(001) 189

dN

(00l) 8251

©)o

(0'6€) O£t

(£T8) €95

(082) €011

(VAARIRN

dN

(052) 128

86+91'6S

SCOF10'89 144"

08F6C9 8/G1

dN 687S

(LL-v9) Tl L601

189  WACLYWMOLD

SO

58vDd0O
1uaMIapUN

N@ pue avd
sa19qeIp
NOYIM SO

S2D

eulys od [osun

euly> Od lecl ono

eulyd od lev] usyd

eulyd Dd [8] Buex

Aley DY VAZREEN

(syauowi) VAW
uoneinp (1D%S6) ut passnipe
dn-mojjo4  YH/Y4O dwodINQ sa|qeLiep

Ho1nD DAL

siskjeue |DAL

(%)
u ‘sajaqelq

(%) u ‘a1ew

sieak
‘abe uesly U ‘|ejop

sonsualdeIRYd
syuedpnJied

Anuno> ubisaqg Apnis

(panunuod) g ajqey



Page 17 of 24

(2023) 22:170

Liang et al. Cardiovascular Diabetology

pIoe LN /) Sjde1e BIWBYDS] JUSISURIY /][ |0191SD|0YD [B10} D ‘210DS $$11S PAUIWINS §SS DUIUIIeaId WINIS JDS ‘Dinssaid poojq d1joisAs
dgs ‘Kia11e £1euo10d 1ybu Oy 140yod aA1129ds04121 DY ‘UoIULAISIUI A1eUOI0D SnoaueINDIAd [Dd ‘140yod aA1dadsoud 4 ‘aseasip Jejndsea [esayduad gy 95essip JaAl] A13e) 21|0Y0d|e-Uou gT74¥N ‘Uoldiejul |e1piedokw
W ‘v utyoiadodi| (p)d7 ‘uoiidely UoI(S JBINDLIIUDA Y3| 47AT ‘WSS Ulew Y| /T {|o41sajoyd utdloidodi| Alsusp mo| 5-7g7 ‘A191ie bulpuadsap Joudjue Ya| g7 ‘uiqojbowaey pale|AsodK|6 O ygH ‘uiroid aAndeal-d
ANIAISURS-Yb1Yy YdD-SH ‘91e4 11eay YH ‘92Uelsisal UlNSUl JO JUSWISSSSE [9POW D11R1SOBWOY Yj-YIWOH ‘|0491s9joyd utyoidodi) Alsusp ybiy D-7gH ‘@1 uonesyy Jejniswo]b pajewilss ¥492a ‘snijjaw sa1agelp j/d ‘uoojjeq
pa1e02-6nJp gog Juals bunnja-bnip 3@ ‘ainssaid poo|q d1j01seIp 49 DWoIpuAs A1euoiod d1UoIYD §ID {UOISN|ID0 [BO] DIUOIYD O ‘APNIS [BUOIIISS-SSOID § 9seasip Asupiy duoayd gy ‘Aydeiboibue Aydeibowoy
paindwod A1euoiod /) ‘21035 wnid[ed A1ale A1euolod §Hy) ‘aseasip A1ayie A1euoiod gy ‘bunyeb ssedAq A1arie A1euoiod ngy) ‘apndad dnainuieu uielq gng xapul ssew Apoq [jig ‘dwoipuks A1euoiod ande §Hy

015 @ ‘IW @ ‘uonezijeydsoyai deipie) (©) ‘uole|ndseasy (p) ‘Yyreap deipied @) ‘yiesp asned-||y @ IOV O

elwsp
-1dijsAp pue Qg
uolsuaLadAy

yars @ 2dAY|N xS by 66'8 snonupuod 4N YN YN 6L11 VDONIW eulyD Dd [LG]oen
VOONIW
(syauowi) VAW
uoneinp (1D%S6) ul paisnipe (%) sieak sansualdeIRYD
dn-mojjo4  YH/YO dwodInQ so|qelep JoInD) DAL  sisAjeue DAL u’‘salaqelq (%) U ‘elew ‘abe uealy u‘|ejol syuedpiied Anunody ubiseg Apnis

(panunuod) zojqel



Liang et al. Cardiovascular Diabetology ~ (2023) 22:170 Page 18 of 24

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI Year IV, Random, 95% CI
2.1.1 Categorized
Mao 2019 0.6302 0.2592 6.0% 1.88[1.13, 3.12] 2019
Zhao 2020 1.4017 0.2024 6.8% 4.06 [2.73, 6.04] 2020 —
Wang 2020 0.4298 0.1533 7.5% 1.54 [1.14, 2.08] 2020 ==
Hu 2020 0.8587 0.1326 7.7% 2.36 [1.82, 3.06] 2020 =
Ma 2020 0.7655 0.2045 6.8% 2.15 [1.44, 3.21] 2020 —_—
Zhang 2020 0.174 0.0837 8.3% 1.19 [1.01, 1.40] 2020 ~
Zhao 2021 0.7357 0.1356 7.7% 2.09 [1.60, 2.72] 2021 -
Pang2022 1.6696 0.3357 4.9%  5.31[2.75,10.25] 2022 —
Jiao 2022 0.3075 0.132 7.8% 1.36 [1.05, 1.76] 2022 =
Guo 2022 1.2602 0.1519 7.5% 3.53 [2.62, 4.75] 2022 =
Zhang 2022 0.131 0.1206 7.9% 1.14 [0.90, 1.44] 2022 ™
Qin 2022 0.5906 0.1016 8.1% 1.81[1.48, 2.20] 2022 =
Karadeniz-NSTEMI 2023 1.0392 0.2087 6.7% 2.83[1.88, 4.26] 2023 I
Karadeniz-STEMI 2023 0.8759 0.2289 6.4% 2.40 [1.53, 3.76] 2023 —
Subtotal (95% CI) 100.0% 2.09 [1.68, 2.62] <&
Heterogeneity: Tau? = 0.15; Chi? = 102.76, df = 13 (P < 0.00001); I> = 87%
Test for overall effect: Z = 6.51 (P < 0.00001)
2.1.2 Continuous
Zhao 2020 1.1656 0.1481 19.7%  3.21[2.40, 4.29] 2020 —-—
Wang 2020 0.375 0.0949 20.7% 1.45 [1.21, 1.75] 2020 -
Zhao 2021 0.8891 0.1389 19.9%  2.43[1.85, 3.19] 2021 —
Jiao 2022 0.1906 0.0872 20.8%  1.21[1.02, 1.44] 2022 =
Guo 2022 1.5978 0.186 18.9%  4.94 [3.43,7.12] 2022 —
Subtotal (95% CI) 100.0% 2.28 [1.44, 3.63] <l
Heterogeneity: Tau® = 0.26; Chi? = 75.13, df = 4 (P < 0.00001); I = 95%
Test for overall effect: Z = 3.50 (P = 0.0005)

0.01 0.1 10 100

Test for subgroup differences: Chi? = 0.11, df = 1 (P = 0.74), I’ = 0%
Fig. 3 The pooled result of the incidence rate of MACE in ACS patients

[62]. Consistent with previous studies, our meta-anal-
ysis found that ACS, CCS, and MINOCA patients with
higher TyG index have an increased incidence rate of
MACE, indicating that higher TyG index is associated
with poorer outcomes in CAD.

The relationship between the TyG index and poor
prognosis in CAD patients may be due to the association
between IR and CAD. The TyG index reflects IR from
both fasting blood glucose, which indicates IR from the
liver, and fasting triglycerides, which indicate IR from
adipose cells [63]. Therefore, the TyG index provides a
more comprehensive evaluation of IR. IR can lead to an
increase in sympathetic nervous system activity and renal
sodium retention, along with hyperinsulinemia, resulting
in increased blood pressure and elevated heart burden.
Additionally, the metabolic effects of IR, such as hyper-
glycemia and dyslipidemia, have a synergistic effect with
elevated blood pressure, leading to damage to the vascu-
lar and kidney systems, which can easily cause damage
to the renal and cardiovascular systems [64]. Moreover,
IR and insufficient insulin signaling can cause inappro-
priate activation of the renin—angiotensin—aldosterone
system, oxidative stress, inflammation, and dysfunctional
immune modulation, all of which can compromise car-
diac function [65, 66]. For patients without diabetes, IR
has also been found to be associated with reduced car-
diac autonomic function, particularly vagal activity [67].
Furthermore, Gao et al. [68] found that in patients with

Favours High TyG Index Level Favours Low TyG Index Level

chronic total occlusion lesions, an increased TyG index
was strongly associated with less developed collater-
alization, indicating that these patients may face a larger
ischemic area.

TyG index has incremental value in CAD risk, severity

and prognosis

The baseline TyG index can help identify individuals at a
higher risk of cardiovascular events at an early stage. In
comparison to other indices such as triglycerides, ath-
erogenic index of plasma, triglycerides to high-density
lipoprotein cholesterol ratio, and lipoprotein combine
index-adjusted HR, the TyG index has shown the best
ability to predict MACE [52]. In clinical practice, dif-
ferent scoring systems are commonly used to manage
patients with CAD throughout their treatment. The TyG
index has shown to have independent and commendable
performance in various aspects related to CAD. There-
fore, it is possible that combining the TyG index with
these scoring systems may provide additional value in
managing CAD patients [69, 70].

The Framingham risk score (FRS) is a tool used
to assess the risk of CVD in individuals. It takes into
account factors such as gender, age, total cholesterol,
high-density lipoprotein, systolic blood pressure level,
and smoking status to stratify individuals based on their
risk level. Guo et al. [71] found that the TyG index is
significantly correlated with intermediate- or high-risk
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Hazard Ratio

Hazard Ratio
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Study or Subgroup  log[Hazard Ratio] SE Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
3.1.1 Categorized
Jina 2018 0.5265 0.1597 18.7%  1.69 [1.24, 2.32] 2018 —
Jinb 2018 0.3104 0.1098 22.0%  1.36[1.10, 1.69] 2018 -
Yang 2021 -0.2614 0.2003 16.1%  0.77[0.52, 1.14] 2021 —e
Chen 2022 0.0159 0.0107 26.1%  1.02[0.99, 1.04] 2022 .
Lin 2023 0.5128 0.185 17.0%  1.67[1.16, 2.40] 2023 ——
Subtotal (95% CI) 100.0% 1.24 [0.96, 1.60] = 3
Heterogeneity: Tau® = 0.06; Chi? = 26.24, df = 4 (P < 0.0001); I> = 85%
Test for overall effect: Z = 1.67 (P = 0.09)
3.1.2 Continuous
Jina 2018 0.2979 0.0974 26.9% 1.35[1.11, 1.63] 2018 -
Jinb 2018 0.2086 0.0653 30.8% 1.23 [1.08, 1.40] 2018 -
Chen 2022 0.6699 0.1322 22.5% 1.95 [1.51, 2.53] 2022 -
Lin 2023 0.53 0.155 19.9% 1.70 [1.25, 2.30] 2023 —
Subtotal (95% CI) 100.0% 1.49 [1.21, 1.83] <&
Heterogeneity: Tau® = 0.03; Chi* = 11.80, df = 3 (P = 0.008); I = 75%
Test for overall effect: Z = 3.80 (P = 0.0001)

0.01 0.1 10 100

Test for subgroup differences: Chi? = 1.21,df = 1 (P = 0.27), I = 17.7%

Fig. 4 The pooled result of the incidence rate of MACE in CCS and stable CAD patients

Favours High TyG Index Level Favours Low TyG Index Level

A
Outcomes Hazard Ratio studies HR LCI UCI l.squared
All-cause mortality (Categorized) E o 7 143118 1.73 0
All-cause mortality (Continuous) B 4 131113152 027
Cardiac mortality (Categorized) —- 4 151112202 0.39
Revasculation (Categorized) —— 6 242164 357 0.82
Revasculation (Continuous) - 2 264208335 0.23
Cardiac rehospitalization (Categorized) il 2 1.19 1.03 1.38 0
MI (Categorized) S B 7 158 1.28 1.96 0
MI (Continuous) —i— 2 3.44 2.20 5.39 0
Stroke (Categorized) —— 5 2.03 1.39 2.97 0
Stroke (Continuous) —_—t 1 1.86 0.69 5.04 -
T | T 1
0.2 0.5 1 2 5
B
Outcomes Hazard Ratio studies HR LCI UCI Lsquared
All-cause mortality (Categorized) +—&— 3 2.69 052 554 0.73
All-cause mortality (Continuous) — = 1 196 061626 -
Revasculation (Categorized) ' ) 2 130107159 0
Revasculation (Continuous) - 1 1.42 1.00 2.01 -
MI (Categorized) —i— 2 3.80 1.95 7.40 0
MI (Continuous) —i— 1 3.18 1.73 5.83 -
Stroke (Categorized) — 1 2.08 0.81 5.33 -
T T | |
02 05 1 2 5

Fig.5 The pooled result of the incidence rate of the secondary outcomes (A.ACS patients; B.CCS and stable CAD patients)

patients for CVD, suggesting that the TyG index can
be used as an additional factor in assessing CVD risk.
Sanchez-Iiiigo et al. [52] included the TyG index in
the FRS, and found the predictive accuracy of FRS was
improved, especially in patients with intermediate risk

(10-20% risk). In a 16-year follow-up study by Barzegar
et al. [72], the TyG-index was found to be significantly
associated with the risk of CVD/CHD incidence, espe-
cially among individuals younger than 60 years old.
However, adding the TyG-index to the FRS did not
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Fig. 6 The summary of the study (CABG coronary artery bypass grafting; /R insulin resistance; PCl percutaneous coronary intervention)

provide better predictive ability for CVD risk. The dif-
ferences of the population may be one possible explana-
tion for the variations in different research findings.

The TyG index can also be applied to other scoring
systems. The Gensini score and the SYNTAX score
reflect the burden of plaque, the type and complexity
of plaques, respectively. In our included studies, Shen
et al. [44] found that incorporating the TyG index into
the prediction model, along with left ventricular ejec-
tion fraction (LVEF) and Gensini score, significantly
improves the ability for predicting the risk of all-cause
mortality. In addition, Xiong et al. [73] also found that
adding the residual SYNTAX score and TyG index to
the baseline risk model had an incremental impact on
the prediction of MACE. The GRACE score is used to
predict in-hospital mortality of patients with ACS as
well as the 6-month all-cause mortality rate after dis-
charge. In our meta-analysis, Qin et al. [42] and Pang
et al. [43] found that combining TyG index and the
GRACE score can provide a better predictive value for
the clinical prognosis of ACS patients.

Current stage and future prospects
In patients with ACS and CCS without diabetes [38, 48],
the TyG index has been identified as an independent
factor for those with well-controlled cholesterol levels.
This indicates that the TyG index can be used as a tool
for risk stratification and prognosis assessment in clini-
cal practice, allowing for a comprehensive evaluation of
metabolic status and cardiovascular risk in CAD patients.
This tool can be utilized for clinical management and
intervention strategies for CAD patients. However, it is
important to note that the application of the TyG index
in CCS patients may differ slightly from that in ACS
patients. The value of the TyG index in ACS patients
may be influenced by stress hyperglycemia [74], which
can exacerbate the index and not reflect the true meta-
bolic status of the patients. Additionally, ACS patients
are more likely to experience a poor prognosis, which can
obscure the prognostic effect of the TyG index.

What is more, one concerns have been raised regarding
the use of baseline fasting triglycerides and fasting blood
glucose as predictors for the prognosis of CAD in most
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studies. This is because CAD is a dynamic and progres-
sive disorder, which makes it uncertain whether the TyG
index based on a specific situation can accurately predict
its progression [75]. To address this issue, Wang et al.
monitored changes in the TyG index during the follow-
up period and found that individuals with larger fluctua-
tions in the TyG index were more likely to have a higher
cardiovascular risk [76]. Similarly, Cui et al. proposed the
use of the cumulative TyG index, which is calculated by
summing up the average TyG index for each pair of con-
secutive examinations multiplied by the time between
these two visits in years. They found that the cumula-
tive TyG index was a better predictor of cardiovascular
prognosis than the TyG index at baseline [6]. Therefore,
dynamic monitoring of the TyG index during the follow-
up duration may be a more effective approach to achiev-
ing good whole-course management in CAD patients
[77].

It is also worth noting that an elevated level of triglyc-
erides is linked to CVD and is a crucial factor in resid-
ual risk after statin therapy [78]. While epidemiological
studies have found a correlation between triglycerides
and cardiovascular risk, almost all clinical studies that
have intervened with triglycerides have not yielded posi-
tive results [78]. The TyG index obtained by combining
fasting glucose and triglycerides levels can provide more
information. However, further research is needed to
investigate whether drug intervention with the TyG index
can improve prognosis.

Strength and limitations

Our study represents the first registered systematic
review and meta-analysis to comprehensively summa-
rize the studies of the TyG index and CAD, providing an
evidence-based medicine basis for clinical practice. We
found that the TyG index is a significant indicator for
CAD risk prediction, severity assessment, and progno-
sis evaluation. Our pooled ORs and HRs were obtained
after multivariate analyses or propensity score matching,
which accounted for a variety of confounders. However,
our study has some limitations. As a meta-analysis of
cohort and cross-sectional studies, we cannot determine
a cause-and-effect association, limiting the strength of
evidence. Additionally, despite controlling for several
confounders, even some studies considered exercising
habits [18, 19], residual factors such as dietary habits
and lifestyles cannot be eliminated [5]. Also, the defini-
tion of the endpoint might be slightly different, such as
the target vessel revascularization might be better reflect
the prognosis of the patients, whilst the ischemic-driven
revascularization might also include non-target vessels,
which was affected by the willingness of the patients and
medical reimbursement [48]. Furthermore, differences
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in the definition of MACEs may affect the interpretation
of the results. Most of the data analyzed were obtained
from Asian populations, and more research is needed
to determine the applicability of the TyG index in other
races. Despite these limitations, our study suggests that
the TyG index is a meaningful indicator in the manage-
ment of CAD patients.

Conclusions

The TyG index is a straightforward and effective syn-
thetic index that has been shown to be a valuable
indicator for predicting the risk of CAD, assessing its
severity, and evaluating prognosis. Individuals with a
higher TyG index are more likely to face an increased
risk of CAD, more severe coronary artery lesions, and
a poorer prognosis compared to those with a lower
TyG index. In the whole-course management of CAD
patients, monitoring changes in the TyG index over
time may be helpful in ensuring comprehensive and
effective treatment.
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