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The relationship between triglyceride-glucose ==

index and prospective key clinical outcomes
in patients hospitalised for coronary artery
disease
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Abstract

Background The triglyceride-glucose (TyG) index is regarded as a dependable alternative for assessing insulin
resistance (IR), given its simplicity, cost-effectiveness, and strong correlation with IR. The relationship between the TyG
index and adverse outcomes in patients with coronary heart disease (CHD) is not well established. This study exam-
ines the association of the TyG index with long-term adverse outcomes in hospitalized CHD patients.

Methods In this single-center prospective cohort study, 3321 patients hospitalized with CHD were included. Multi-
variate Cox regression models were employed to assess the associations between the TyG index and the incidence
of all-cause mortality and major adverse cardiovascular events (MACEs). To examine potential nonlinear associations,
restricted cubic splines and threshold analysis were utilized.

Results During a follow-up period of 9.4 years, 759 patients (22.9%) succumbed to mortality, while 1291 (38.9%)
experienced MACEs. Threshold analysis demonstrated a significant “U"-shaped nonlinear relationship with MACEs,
with different hazard ratios observed below and above a TyG index of 8.62 (below: HR 0.71, 95% Cl 0.50-0.99; above:
HR 1.28,95% Cl 1.10-1.48). Notably, an increased risk of all-cause mortality was observed only when the TyG index
exceeded 8.77 (HR 1.53,95% ClI 1.19-1.96).

Conclusions This study reveals a nonlinear association between the TyG index and both all-cause mortality
and MACEs in hospitalized CHD patients with CHD. Assessing the TyG index, particularly focusing on individuals
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with extremely low or high TyG index values, may enhance risk stratification for adverse outcomes in this patient

population.

Keywords Triglyceride-glucose index, Coronary heart disease, All-cause mortality, Major adverse cardiovascular

events, Nonlinear association

Introduction

Coronary heart disease (CHD) represents a prevalent
form of cardiovascular disease and a leading cause of
mortality globally, exerting a considerable burden on
public health worldwide [1]. Exploring predictive mark-
ers for risk stratification in patients with CHD is crucial
to mitigate adverse outcomes.

Insulin resistance (IR), often occurring years before the
onset of type 2 diabetes (T2DM), is characterized by a
reduced response to insulin, diminishing its effectiveness
[2]. IR plays a central role in the early stages of T2DM
and is closely associated with the onset and progression
of CHD [3]. Insulin resistance, as an abnormal metabolic
status, can affect the levels of various metabolic markers
in the body, including triglycerides and glucose. Simental
et al. [4] first discovered a strong correlation between the
triglyceride-glucose (TyG) index, obtained by normaliz-
ing the product of fasting glucose and triglycerides, and
insulin resistance, surpassing the correlation observed
with the homeostasis model assessment-estimated insu-
lin resistance index. The TyG index also exhibits better
predictive performance in identifying diabetic patients
than when using fasting glucose and triglycerides sepa-
rately [5]. Subsequent extensive research has confirmed
TyG index as a cost-effective and convenient alternative
marker of insulin resistance [6].

In the past decade, numerous studies have been con-
ducted to ascertain if the TyG index can act as an alter-
native indicator of IR in stratifying the risk for adverse
outcomes. The TyG index is not only associated with the
occurrence of cardiovascular disease (CVD) [7-15] but
also with adverse outcomes in patients with CVD [16—
23]. Numerous studies have independently confirmed the
association of the TyG index with adverse outcomes in
CHD patients, both with and without T2DM [18, 24, 25].
However, many studies have yielded conflicting results
[26, 27]. Recent research has also suggested a potential
“U”-shaped nonlinear association between the TyG index
and mortality in patients with CVD [28, 29], as well as
the incidence of CVD in older individuals [30].

The inconsistent conclusions from these studies high-
light the need for further research to confirm the relation-
ship between the TyG index and adverse cardiovascular
events. Currently, there is a lack of comprehensive cohort
studies supporting the predictive value of the TyG index
for adverse outcomes over a long period in hospitalized

patients with CHD, especially concerning the potential
nonlinear association between the TyG index and these
outcomes. This study aims to examine the association
between the TyG index and adverse outcomes over an
extended period in hospitalized patients with CHD and
to explore potential nonlinear associations.

Methods

Study design and participants

This was a prospective cohort study conducted from
October 2010 to September 2014. A total of 3,670 hos-
pitalized patients aged 20 to 90 years, diagnosed with
CHD and hemodynamically stable, were consecutively
recruited from the Department of Cardiology at the
Chinese PLA General Hospital [31, 32]. Eligibility for
recruitment required a diagnosis of coronary heart dis-
ease confirmed through coronary angiography, showing
at least one stenosis greater than 50% [33]. We excluded
patients who: (1) had conditions such as cardiogenic
shock, refractory hypertension, hypertrophic cardiomyo-
pathy, severe valvular heart disease, malignant tumors,
severe anemia, myocarditis, and active infections; (2)
had a life expectancy of less than one year; (3) were miss-
ing key variables. After excluding three heart transplant
patients, 175 patients with missing key variables, and 171
lost to follow-up, a total of 3,321 patients were included
in the study. The rate of loss to follow-up was 4.9%. The
ethics committee of Chinese PLA General Hospital
approved this study, and all participants provided written
informed consent at the baseline visit.

TyG index

We extracted fasting triglyceride and blood glucose values,
measured at admission, from the electronic medical records.
The TyG index was calculated as follows [4]: TyG index =

n fasting triglyceride (mg/ dLZ) x fasting glucose (mg /dL) ) We strati-

fied all patients into five groups based on their TyG index
quintiles, with each group comprising 664 individuals, except
for the first quintile group.

Covariates

We collected clinical data of the patients, including car-
diovascular risk factors, medication usage, and base-
line details such as age, gender, vital signs, physical
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examination, and biochemical parameters. The esti-
mated glomerular filtration rate (eGFR) was calculated
using the modified Modification of Diet in Renal Disease
(MDRD) equation [34]: eGFR (ml/min/1.73 m*) = 175x
Scr (mg/dL) — 1.234 x Age — 0.179 x 0.79 (if female).
The body mass index (BMI) was calculated as follows:
BMI (kg/m?) = weight (kg) height? (m)..

Outcomes and follow-up

The primary outcome of the study was all-cause mor-
tality, while the secondary outcome encompassed
major adverse cardiovascular events (MACEs). MACEs
were defined as a composite of cardiovascular mor-
tality, myocardial infarction (MI), stroke or transient
ischemic attack (TIA), and heart failure (HF) or hos-
pitalization for heart failure (HHF). Telephone follow-
ups with all recruited patients occur every two years,
with the most recent follow-up deadline in March 2023.
Patients without recorded events by this date were con-
sidered as right-censored in the analysis.

Statistical analysis

Continuous variables were expressed as either mean
with standard deviation (SD) or median with interquar-
tile range (IQR); categorical variables were presented as
count and percentage. Descriptive analyses were con-
ducted using Student’s t-test, Mann-Whitney U test,
and )(2 test, as appropriate.

For the survival analysis, multivariate Cox regres-
sion models were utilized to investigate the asso-
ciation between the TyG index and long-term
outcomes, including all-cause mortality and MACEs.
The TyG index was evaluated as a categorical vari-
able in the multivariable Cox regression model. This
model adjusted for age, gender, BMI, smoking, acute
coronary syndrome (ACS), previous MI, stroke,
hypertension, T2DM, statin, beta blocker, angiotensin-
converting enzyme inhibitor (ACE-I)/angiotensin II
receptor blocker (ARB), left ventricular ejection frac-
tion (LVEF), eGFR, total cholesterol (TC), and low-
density lipoprotein cholesterol (LDL-C). LVEF, TC,
and LDL-C underwent natural logarithm transforma-
tion prior to inclusion in the models. Nonlinear asso-
ciations were evaluated using restricted cubic splines to
fit smooth curves. Threshold analyses for each model
were conducted. The threshold value was determined
by exhaustively exploring all possible values, identify-
ing the optimal threshold point based on maximizing
the likelihood, and subsequently applying a segmented
fit of the Cox regression model.
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All statistical analyses were performed using Stata
version 17.0 (StataCorp LLC, College Station, TX,
USA) and R version 4.1.2 (The R Project for Statistical
Computing, Vienna, Austria). A two-tailed p-value of
<0.05 was deemed statistically significant.

Results

Baseline characteristics

Table 1 presents the baseline characteristics of the 3,321
participants included in the study, stratified by their sur-
vival status. The mean age of the study population was
61.7+11.7 years; 72.4% were male; the TyG index ranged
from 6.10 to 12.03 with a mean (SD) of 8.9 (0.7). Com-
pared to survivors, deceased patients exhibited higher
levels of age, systolic blood pressure (BP), creatinine,
FBG, and prevalence of ACS, T2DM, hypertension, pre-
vious M, and stroke. Conversely, deceased patients had
lower levels of BMI, diastolic BP, LVEF, eGFR, and fasting
TG, along with a decreased prevalence of statin use and
current smoking. Baseline characteristics of study partic-
ipants, stratified by diabetes status, are presented in the
additional file (Additional file 1: Table S1).

Association between TyG index and adverse outcomes

The total follow-up time for 3321 patients with CHD
was 29,007.8 person-years (PYs). The median follow-up
duration stood at 9.39 (8.70-10.52) years. Throughout
the follow-up period, 759 patients encountered all-cause
mortality, yielding an incidence rate of 26.17 per 1000
PYs. In addition, 1291 patients experienced MACEs, with
an incidence rate of 49.17 per 1000 PYs (Table 2).

The results of the multivariable Cox regression model
suggest a potential nonlinear relationship between the
TyG index, when included as a categorical variable in the
model, and the all-cause mortality and MACEs (Table 2).

Nonlinear association of TyG index with adverse outcomes
To examine the nonlinear association between the TyG
index and adverse outcomes, we employed restricted
cubic splines. This was followed by threshold analyses
for each model and a segmented fit of the Cox regression
model.

In the crude model, a significant “U”-shaped nonlin-
ear association was observed between the TyG index
and both all-cause mortality and MACEs (both p for
nonlinearity <0.05; Fig. 1). Threshold analysis identified
distinct inflection points for all-cause mortality (TyG
index=28.93) and MACEs (TyG index=8.95; both p for
log-likelihood ratio<0.05). Table 3 presents the seg-
mented fitting results of the Cox regression model.

In the fully adjusted model, the TyG index maintained
its significant “U”-shaped nonlinear association with
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Table 1 Baseline characteristics of study participants stratified by survival status
Baseline characteristics Total Survivors? Non-survivors?® p-value
(n=3321) (n=2562) (n=759)
Age, mean (SD), years 61.7+11.7 59.2+10.6 704+113 <0.001
Male, n (%) 2404 (72.4%) 1874 (73.1%) 530 (69.8%) 0.073
Current smokers, n (%) 992 (29.9%) 830 (32.4%) 162 (21.3%) <0.001
BMI, mean (SD), kg/m’ 256+£35 259+34 248+38 <0.001
SBP, mean (SD), mm Hg 1350+£223 13424221 13794225 <0.001
DBP, mean (SD), mm Hg 757+17.0 76.5+18.1 728+124 <0.001
LVEF, median (IQR), % 58.0 (54.0-62.0) 59.0 (55.0-63.0) 55.0 (44.0-59.0) <0.001
Medical history, n (%)
Diabetes mellitus 1077 (32.4%) 758 (29.6%) 319 (42.0%) <0.001
Hypertension 2175 (65.5%) 1,623 (63.3%) 552 (72.7%) <0.001
Previous Ml 568 (17.1%) 367 (14.3%) 201 (26.5%) <0.001
Stroke 319 (9.6%) 185 (7.2%) 134 (17.7%) <0.001
ACS, n (%) 2,479 (74.6%) 1,858 (72.5%) 621 (81.8%) <0.001
Medication, n (%)
ACE-I/ARB 1,398 (42.1%) 1,056 (41.2%) 342 (45.1%) 0.060
Beta blocker 2,386 (71.8%) 1,835 (71.6%) 551 (72.6%) 0.600
Statin 3,130 (94.2%) 2,448 (95.6%) 682 (89.9%) <0.001
Laboratory indicators
Creatinine, mean (SD), mg/dL 1.0+038 0.9+0.5 13+13 <0.001
eGFR, mean (SD), mL/min/1.73m? 1105+5384 116.9+607.9 89.0+ 1444 0.210
Glucose, median (IQR), mg/dL 105.8 (90.2-137.5) 104.3 (89.8-132.3) 113.8(91.8-153.4) <0.001
LDL-C, mean (SD), mg/dL 92.7+36.0 93.0+359 920+364 0.530
TC, mean (SD), mg/dL 1559+41.8 156.1+£41.1 1553+44.1 0.660
TG, mean (SD), mg/dL 1440+£1105 148141158 130.3+£89.0 <0.001
TyG index, mean (SD) 89+0.7 89406 88+0.7 0.200

IQR inter-quartile range, SD standard deviation, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, LVEF left ventricular ejection
fraction, MI myocardial infarction, ACS acute coronary syndrome, ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, eGFR estimated
glomerular filtration rate, LDL-C low-density lipoprotein cholesterol, TC total cholesterol, TG triglycerides, TyG triglyceride-glucose

2 Survivors and non-survivors were defined based on whether patients included in the cohort experienced the all-cause mortality during the follow-up period

MACEs (TyG index<8.62: per unit increase, HR 0.71,
95% CI 0.50-0.99; TyG index > 8.62: per unit increase, HR
1.28, 95% CI 1.10-1.48; p for log-likelihood ratio =0.009;
Fig. 2; Table 3). Additionally, the TyG index continued to
exhibit a significant nonlinear association with all-cause
mortality (p for nonlinearity=0.015). However, thresh-
old analysis revealed significance only when the TyG
index exceeded 8.77, indicating a higher risk of all-cause
mortality (per unit increase, HR 1.53, 95% CI 1.19-1.96).
Below this threshold, the TyG index was not significantly
associated with all-cause mortality (per unit increase, HR
1.01, 95% CI 0.73-1.38) (Table 3).

We also investigated the nonlinear relationship
between the TyG index and adverse outcomes among dia-
betic and non-diabetic patient subgroups in the multivar-
iate model. In both subgroups, a “U”-shaped association
was noted between the TyG index and MACEs (nonlin-
ear p<0.05; Fig. 3b, d). In non-diabetic patients, a non-
linear association was observed between the TyG index

and all-cause mortality (nonlinear p =0.035; Fig. 3a), with
an increased risk of mortality at a TyG index above the
inflection point. Conversely, in diabetic patients, there
was a linear relationship between the increase in the
TyG index and the risk of all-cause mortality (nonlinear
»=0.301; Fig. 3¢).

Additionally, we have presented the relationships
between triglycerides and glucose with all-cause mor-
tality and MACEs (Additional file 1: Fig. S1), as well as
the relationship between TyG index and the components
of MACEs (Additional file 1: Fig. S2) in Figures in the
appendix.

Discussion

In this study, we have for the first time identified a sig-
nificant nonlinear association between the baseline
TyG index and increased risk of all-cause mortality and
MACEs over an extended period in hospitalized patients
with CHD. The results from the threshold analysis
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Table 2 Association between TyG index and adverse outcomes
Variables Total incidence  Quintiles of TyG index p for trend
1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile
(6.10-8.33) (8.33-8.67) (8.67-9.97) (9.97-9.37) (9.37-12.03)
All-cause mortal-
ity
Events/sample 759/3321 180/665 157/664 134/664 137/664 151/664
size
Incidence 26.17 (24.37- 31.70 (27.39- 2740 (23.44- 22.77 (19.22— 23.38(19.78- 25.79 (21.99-
per 1,000 PYs 28.09) 36.68) 32.04) 26.97) 27.65) 30.25)
(95% Cl)
Crude HR (95% - 140 (1.12-1.75)  1.20(0.96-152)  Ref. 1.03(0.81-1.31)  1.13(0.90-143)  0.019
(@)
Model 1% - 1.05(0.84-133)  1.03(0.82-1.29)  Ref. 1.09 (0.85-1.38)  1.47(1.17-1.86)  0.007
adjusted HR (95%
@)}
Model 2°: - 1.18 (0.93-1.50) 1.12 (0.89-141) Ref. 1.14 (0.89-1.45) 1.38(1.07-1.77) 0.270
adjusted HR (95%
(@)
MACEs
Events/sample 1291/3321 281/665 257/664 235/664 235/664 283/664
size
Incidence 49.17 (46.56— 54.76 (48.72- 49.08 (43.44- 43.97 (38.70- 43.75 (38.50- 54.69 (48.68-
per 1,000 PYs 51.92) 61.55) 5547) 49.97) 49.72) 61.45)
(95% Cl)
Crude HR (95% - 1.25(1.05-1.49) 1.12(0.94-1.34) Ref. 1.01 (0.83-1.20) 1.25(1.05-1.49) 0.558
Cl)
Model 1% - 1.01 (0.85-1.21) 0.99 (0.83-1.18) Ref. 1.01 (0.84-1.21) 1.45(1.22-1.72) 0.001
adjusted HR (95%
(@)
Model 2°: - 1.10(092-131)  1.07(0.90-1.28)  Ref. 1.02(0.85-1.23)  136(1.13-164)  0.101
adjusted HR (95%
(@)

PY person-year, HR hazard ratio, C/ confidence interval, MACEs major adverse cardiovascular events, TyG triglyceride-glucose, ACS acute coronary syndrome, ACE-
I angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, BMI body mass index, eGFR estimated glomerular filtration rate, LVEF left ventricular

ejection fraction, TC total cholesterol, LDL-C low-density lipoprotein cholesterol

@ Model 1 adjusted for age, gender

b Model 2 adjusted for age, gender, BMI, smoking, ACS, previous myocardial infarction, stroke, hypertension, diabetes mellitus, statin, beta blocker, ACE-I/ARB, LVEF,

eGFR, TC, LDL-C.

revealed a distinct inflection point in the association
between TyG index and all-cause mortality and MACEs,
where TyG index demonstrated a U-shaped association
with MACEs. Beyond the inflection point, an elevated
TyG index correlated with an increased risk of all-cause
mortality.

Previous clinical studies have linked the TyG index
with CVD in the general population without a history of
CVD [7-9]. This correlation has been observed in vari-
ous groups, including middle-aged and elderly individu-
als, adolescents, individuals with and without T2DM,
populations at high risk for CVD, and postmenopau-
sal women [10-15]. Among CVD patients, an elevated
TyG index has been associated with an increased risk of
major adverse cardiovascular and cerebrovascular events
in individuals with stable CHD combined with T2DM
[16]. Numerous studies have independently confirmed

the association of the TyG index with MACEs in patients
with ACS, irrespective of T2DM status [17-23]. In our
study, we also noted that an elevated TyG index beyond
8.77 and 8.62 was significantly associated with increased
risks of both all-cause mortality and MACEs. Further
examination of the nonlinear association between the
TyG index and adverse outcomes in both diabetic and
non-diabetic patients showed a transition to a linear
association in diabetic patients, where an increase in the
TyG index correlated with an increased risk of all-cause
mortality. The observed change in the association may
arise from the smaller number of patients with CHD
combined with T2DM included in this study.

The precise biological mechanism connecting the TyG
index to adverse cardiovascular events in patients with
CHD remains elusive. As a reliable surrogate for IR,
the primary mechanism behind the negative outcomes
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associated with a heightened TyG index could be related
to IR. Patients with IR typically exhibit a heightened
risk of metabolic disorders, such as hyperglycemia, dys-
lipidemia, and hypertension, all closely linked to nega-
tive CVD outcomes [35-37]. Additionally, IR can cause
increased platelet activity and elevated adhesion-induced
expression of thromboxane A2-dependent tissue fac-
tors in platelets, leading to thrombosis and inflammation
[38]. This may partly explain the occurrence of ischemic
events observed in CHD patients, including MI and
stroke. Furthermore, prolonged IR can lead to enhanced
activity of the sympathetic nervous system and renal
sodium retention, resulting in higher blood pressure and
increased cardiac afterload [39, 40]. Chronic hypergly-
cemia and dyslipidemia caused by IR can induce oxida-
tive stress, exacerbate inflammatory responses, impair
endothelial function, and promote the proliferation of
smooth muscle cells and collagen deposition. These fac-
tors might contribute to cardiac fibrosis and eventually
heart failure [22, 41].

Previous research has indicated that extremely low
levels of TG or FBG are linked to adverse health out-
comes and could precipitate disease [42]. The results of
this study also demonstrate a similar trend (Additional
file, Figure S1). Hypoglycemia has been associated with
an increased risk of cardiovascular events or cerebro-
vascular stroke [43]. Similarly, low TG levels have been
recognized as a predictive factor for cardiac mortal-
ity in patients with heart failure [44]. Prior studies
have demonstrated a significant relationship between
a reduction in the TyG index within a specific range

Table 3 Threshold effect analysis of TyG index on all-cause mortality and MACEs

Crude HR (95% CI)

Adjusted HR? (95% CI)

All-cause mortality
Total

Fitting by two-piecewise Cox regression model

Inflection point

TyG index < inflection point (per unit)

TyG index > inflection point (per unit)

p for Log-likelihood ratio
MACEs
Total

Fitting by two-piecewise Cox regression model

Inflection point

TyG index < inflection point (per unit)

TyG index > inflection point (per unit)

p for Log-likelihood ratio

0.93(0.83-1.03) 1.14 (1.01-1.29)

893 8.77

0.76 (0.60-0.97) 1.01(0.73-1.38)

1.37(1.09-1.72) 1.53 (1.19-1.96)

0.001 0.045

1.02 (0.94-1.11) 1.13 (1.03-1.25)

8.95 8.62

0.79 (0.65-0.95) 0.71 (0.50-0.99)

1.36 (1.14-1.62) 1.28 (1.10-1.48)
<0.001 0.009

HR hazard ratio, C/ confidence interval, MACEs major adverse cardiovascular events, TyG triglyceride-glucose, ACS acute coronary syndrome, ACE-/ angiotensin-
converting enzyme inhibitor, ARB angiotensin Il receptor blocker, BMI body mass index, eGFR estimated glomerular filtration rate, LVEF left ventricular ejection fraction,
TC total cholesterol, LDL-C low-density lipoprotein cholesterol

@ Adjusted for age, gender, BMI, smoking, ACS, previous myocardial infarction, stroke, hypertension, diabetes mellitus, statin, beta blocker, ACE-I/ARB, LVEF, eGFR, TC,

LDL-C
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infarction, stroke, hypertension, diabetes mellitus, statin, beta blocker,
ACE-I/ARB, LVEF, eGFR, TC, LDL-C

and a heightened risk of adverse events [28—30]. In our
study, a significant association was found between a
reduction in the TyG index and an increased long-term
risk of MACEs in CHD patients when the TyG index
fell below 8.62. A similar trend was noted in the asso-
ciation between the TyG index and all-cause mortality,
although the statistical significance of this trend might
be limited by the sample size and residual confounders.

Previous research indicates that an elevated TyG
index is associated with an increased risk of major
adverse cardiovascular and cerebrovascular events in
individuals with stable CHD combined with T2DM
[16]. Numerous studies have independently con-
firmed the association of the TyG index with MACEs
in diabetic patients with CHD [18, 24, 45-47]. As for
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non-diabetic patients with CHD, Zhao et al. showed
that the TyG index may serve as a useful predictive
marker for MACEs in the non-diabetic population with
ACS patients [25]. Our study results reveal that the
TyG index is not only associated with MACEs in CHD
patients but also exhibit a “U”-shaped nonlinear rela-
tionship. However, some researchers present different
perspectives. A cohort study involving 5,489 non-dia-
betic patients who underwent percutaneous coronary
intervention (PCI) indicated that the TyG index is not
an effective predictive factor for adverse cardiovascu-
lar prognosis in non-diabetic patients undergoing PCI
[48]. A similar conclusion was also published in another
cohort study, suggesting that the TyG index should not
be used as a predictor of MACEs and all-cause mortal-
ity among non-diabetic patients with MI at a 1-year
follow-up [49]. Currently, there are no other research
reports the nonlinear relationship between TyG index
and MACEs. However, other researchers have identi-
fied a “U”-shaped nonlinear association between the
TyG index and all-cause mortality and cardiovascular
mortality through threshold analysis [28—30]. This find-
ing suggests that the potential protective or harmful
effects of different TyG index levels on either side of the
inflection points might counterbalance within the inte-
grated model. This counterbalance could explain why
some researchers have inferred a lack of significant cor-
relation between the TyG index and adverse outcomes
[26, 27, 48, 49].

This study also explored the correlation between the
TyG index and each component of MACEs in CHD
patients (Additional file, Figure S2). We observed that
cardiovascular mortality in patients with CHD showed
an elevated risk when the TyG index exceeded the inflec-
tion point, mirroring the trend observed in all-cause
mortality. This differs from the “U”-shaped nonlinear
correlation of the TyG index with cardiovascular mortal-
ity and all-cause mortality found by Zhang et al. in CVD
patients [28]. Additionally, we identified a “U”-shaped
nonlinear correlation between the TyG index and long-
term HF/HHF in patients with CHD.

Previous studies have not explored the predictive
value of the TyG index for long-term adverse out-
comes in hospitalized patients with CHD. The unique
contribution of this study is its identification of a
nonlinear relationship between the TyG index and
long-term adverse outcomes in a substantial cohort
of hospitalized patients with CHD, particularly not-
ing the “U”-shaped relationship between the TyG
index and subsequent MACEs. Nevertheless, this study
is not without limitations. Firstly, as a single-center
study involving adults in China, its findings might not
extend to other demographic groups. Secondly, despite
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Fig. 3 The nonlinear association of the TyG index with adverse outcomes in the fully adjusted model for both diabetic and non-diabetic patients.
The nonlinear association of TyG index with (a) all-cause mortality and (b) MACEs in non-diabetic patients. The nonlinear association of TyG index
with (c) all-cause mortality and (d) MACEs in diabetic patients. Spline curves were adjusted for age, gender, BMI, smoking, ACS, previous myocardial
infarction, stroke, hypertension, diabetes mellitus, statin, beta blocker, ACE-I/ARB, LVEF, eGFR, TC, LDL-C. When the nonlinear association is significant,
the reference point is the inflection point; otherwise, it is the median of the TyG index

efforts to control confounding variables, eliminating
all residual confounding factors affecting prognosis,
such as nutritional and socioeconomic status, is unat-
tainable due to the lack of relevant variables. Thirdly,
the study did not account for the dynamic changes
in the TyG index of patients. Future research should
focus on the dynamic changes in patients’ TyG index
and their association with adverse outcomes, as well as
interventions targeting the TyG index to improve clin-
ical outcomes.

Our study presented evidence of a nonlinear asso-
ciation between the TyG index and long-term adverse
outcomes in both diabetic and non-diabetic popula-
tions with CHD. Upon further recognition of the clini-
cal utility of the TyG index in the future, it could be
automatically calculated by a computer based on the
patient’s measured fasting glucose and triglycerides,

similar to eGFR (calculated by the computer based on
creatinine), providing clinicians with greater conveni-
ence in guiding clinical decisions.

Conclusion

This study revealed a nonlinear relationship between
the TyG index and both all-cause mortality and MACEs
among hospitalized patients with CHD. Assessing the
TyG index, particularly focusing on individuals with
extremely low or high TyG index values, could improve
risk assessment for adverse outcomes in this group.
Future studies are warranted to investigate interventions
that target the TyG index to enhance clinical outcomes.

Abbreviations
ACE-I Angiotensin-converting enzyme inhibitor
ACS Acute coronary syndrome



Hao et al. Cardiovascular Diabetology (2024) 23:40

ARB Angiotensin Il receptor blocker
BMI Body Mass Index

BP Blood pressure

CHD Coronary heart disease

@] Confidence interval

CVD Cardiovascular disease

eGFR Estimated glomerular filtration rate
FBG Fasting blood glucose

HF Heart failure

HHF Hospitalization for heart failure

HR Hazard ratio

IQR Interquartile range

R Insulin resistance

LDL-C Low-density lipoprotein cholesterol
LVEF Left ventricular ejection fraction
MACEs  Major adverse cardiovascular events
MDRD  Modification of diet in renal disease
Ml Myocardial infarction

pCl Percutaneous coronary intervention
PYs Person-years

SD Standard deviation

T2DM  Type 2 diabetes mellitus

TC Total cholesterol

TG Triglycerides

TIA Transient ischemic attack

TyG Triglyceride-glucose

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512933-024-02132-2.

Additional file 1: Table S1. Baseline characteristics of study participants
stratified by diabetes status. Figure S1. The association of triglycerides and
glucose with long-term adverse outcomes in hospitalized patients with
CHD. Figure S2.The association between TyG index and each component
of long-term MACEs in hospitalized patients with CHD.

Acknowledgements
None.

Author contributions

Study concept and design: HBL, YHY and BCH; Acquisition of data: JX, CX, YPD,
JQ WYG, TKH and ZYZ;Analysis and interpretation of data: BCH, LL and XQZ;
Drafting of the manuscript: BCH, LL and JX; Critical revision of the manuscript
for important intellectual content: HBL, YHY, BCH, LL, JX, CX, JQ, YWG, TKH, YPD
and ZYZ.

Funding
Not available.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The experimental protocol adhered to the ethical guidelines of the Helsinki
Declaration and received approval from the Human Ethics Committee of
Chinese PLA General Hospital. Written informed consent was obtained from
each participant or their guardian.

Competing interests
The authors declare no competing interests.

Author details

1Department of Cardiology, The Second Medical Center, Chinese PLA General
Hospital, Beijing, China. >Department of General Surgery, Affiliated Xiaoshan
Hospital, Hangzhou Normal University, Hangzhou, China. 3Medical School

Page 9 of 10

of Chinese PLA, Beijing, China. “Department of Medical Administration, The
305 Hospital of PLA, Beijing, China. *Outpatient Department, Hospital of PLA,
Hanzhong, China.

Received: 13 December 2023 Accepted: 10 January 2024
Published online: 22 January 2024

References

1. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP,
et al. Heart Disease and Stroke Statistics-2020 update: a Report from the
American Heart Association. Circulation. 2020;141(9):e139-e596.

2. Defronzo RA. Banting lecture. From the triumvirate to the ominous octet:
a new paradigm for the treatment of type 2 diabetes mellitus. Diabetes.
2009;58(4):773-95.

3. Huang, Cai X, Mai W, Li M, Hu Y. Association between prediabetes and
risk of cardiovascular disease and all cause mortality: systematic review
and meta-analysis. BMJ. 2016;355:15953.

4. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The prod-
uct of fasting glucose and triglycerides as surrogate for identifying insulin
resistance in apparently healthy subjects. Metab Syndr Relat Disord.
2008;6(4):299-304.

5. Navarro-Gonzalez D, Sanchez-Inigo L, Pastrana-Delgado J, Fernandez-
Montero A, Martinez JA. Triglyceride-glucose index (TyG index) in
comparison with fasting plasma glucose improved diabetes prediction in
patients with normal fasting glucose: the vascular-metabolic CUN cohort.
Prev Med. 2016;86:99-105.

6. Gastaldelli A. Measuring and estimating insulin resistance in clinical and
research settings. Obesity (Silver Spring). 2022;30(8):1549-63.

7. CuiH, LiuQ WuY, Cao L. Cumulative triglyceride-glucose index is a risk
for CVD: a prospective cohort study. Cardiovasc Diabetol. 2022;21(1):22.

8. Sanchez-Inigo L, Navarro-Gonzalez D, Fernandez-Montero A, Pastrana-
Delgado J, Martinez JA. The TyG index may predict the development of
cardiovascular events. Eur J Clin Invest. 2016;46(2):189-97.

9. Barzegar N, Tohidi M, Hasheminia M, Azizi F, Hadaegh F. The impact of
triglyceride-glucose index on incident cardiovascular events during 16
years of follow-up: Tehran lipid and glucose study. Cardiovasc Diabetol.
2020;19(1):155.

10. Feng G,Yang M, Xu L, LiuY, Yu J, Zang Y, et al. Combined effects of high
sensitivity C-reactive protein and triglyceride-glucose index on risk of
cardiovascular disease among middle-aged and older Chinese: evidence
from the China Health and Retirement Longitudinal Study. Nutr Metab
Cardiovasc Dis. 2023;33(6):1245-53.

11. Xu X, Huang R, Lin'Y, Guo Y, Xiong Z, Zhong X, et al. High triglyceride-glu-
cose index in young adulthood is associated with incident cardiovascular
disease and mortality in later life: insight from the CARDIA study. Cardio-
vasc Diabetol. 2022;21(1):155.

12. LiuL, Wu Z,Zhuang Y, Zhang Y, Cui H, Lu F, et al. Association of triglycer-
ide-glucose index and traditional risk factors with cardiovascular disease
among non-diabetic population: a 10-year prospective cohort study.
Cardiovasc Diabetol. 2022;21(1):256.

13. Zhao M, Xiao M, Tan Q, Lu F. Triglyceride glucose index as a predictor of
mortality in middle-aged and elderly patients with type 2 diabetes in the
US. Sci Rep. 2023;13(1):16478.

14. Cai XL, Xiang YF, Chen XF, Lin XQ, Lin BT, Zhou GY, et al. Prognostic value
of triglyceride glucose index in population at high cardiovascular disease
risk. Cardiovasc Diabetol. 2023;22(1):198.

15. LiuQ SiF, Liu Z, WuY, Yu J. Association between triglyceride-glucose
index and risk of cardiovascular disease among postmenopausal women.
Cardiovasc Diabetol. 2023;22(1):21.

16. Jin JL, Sun D, Cao YX, Guo YL, Wu NQ, Zhu CG, et al. Triglyceride glucose
and haemoglobin glycation index for predicting outcomes in diabetes
patients with new-onset, stable coronary artery disease: a nested case-
control study. Ann Med. 2018;50(7):576-86.

17. Xie E,Ye Z,WuY, Zhao X, LiY, Shen N, et al. The triglyceride-glucose
index predicts 1-year major adverse cardiovascular events in end-stage
renal disease patients with coronary artery disease. Cardiovasc Diabetol.
2023;22(1):292.

18. Wang L, Cong HL, Zhang JX, Hu YC, Wei A, Zhang YY, et al. Triglyceride-
glucose index predicts adverse cardiovascular events in patients


https://doi.org/10.1186/s12933-024-02132-2
https://doi.org/10.1186/s12933-024-02132-2

Hao et al. Cardiovascular Diabetology (2024) 23:40

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

with diabetes and acute coronary syndrome. Cardiovasc Diabetol.
2020;19(1):80.

Luo E,Wang D, Yan G, Qiao Y, Liu B, Hou J, et al. High triglyceride-glucose
index is associated with poor prognosis in patients with acute ST-
elevation myocardial infarction after percutaneous coronary intervention.
Cardiovasc Diabetol. 2019;18(1):150.

Mao Q, Zhou D, Li Y, Wang Y, Xu SC, Zhao XH. The triglyceride-glucose
index predicts coronary artery disease severity and cardiovascular
outcomes in patients with non-ST-Segment elevation acute coronary
syndrome. Dis Markers. 2019;,2019:6891537.

Zhang Y, Ding X, Hua B, Liu Q, Gao H, Chen H, et al. High triglyceride-
glucose index is Associated with Poor Cardiovascular outcomes in non-
diabetic patients with ACS with LDL-C below 1.8 mmol/L. J Atheroscler
Thromb. 2022;29(2):268-81.

Gao S, MaW, Huang S, Lin X, Yu M. Impact of triglyceride-glucose index
on long-term cardiovascular outcomes in patients with myocardial infarc-
tion with nonobstructive coronary arteries. Nutr Metab Cardiovasc Dis.
2021;31(11):3184-92.

Wu Z, Guo D, Chen S, Sun X, Zhang Y, Liu X, et al. Combination of the
triglyceride-glucose index and EuroSCORE Il improves the prediction of
long-term adverse outcomes in patients undergoing coronary artery
bypass grafting. Diabetes Metab Res Rev. 2023;39(8):3710.

Zhang Y, Ding X, Hua B, Liu Q, Gao H, Chen H, et al. Predictive effect of
triglyceride—glucose index on clinical events in patients with type 2
diabetes mellitus and acute myocardial infarction: results from an obser-
vational cohort study in China. Cardiovasc Diabetol. 2021;20(1):43.

Zhao Q, Zhang TY, Cheng YJ, Ma Y, Xu YK, Yang JQ, et al. Triglyceride-
glucose index as a surrogate marker of insulin resistance for Predicting
Cardiovascular outcomes in nondiabetic patients with Non-ST-Segment
elevation Acute Coronary Syndrome undergoing percutaneous coronary
intervention. J Atheroscler Thromb. 2021;28(11):1175-94.

Cho YR, Ann SH, Won KB, Park GM, Kim YG, Yang DH, et al. Association
between insulin resistance, hyperglycemia, and coronary artery disease
according to the presence of diabetes. Sci Rep. 2019;9(1):6129.
Drwila-Stec D, Rostoff P, Gajos G, Nessler J, Konduracka E. Predictive value
of metabolic score for insulin resistance and triglyceride glucose-BMI
among patients with acute myocardial infarction in 1-year follow-up.
Coron Artery Dis. 2023;34(5):314-9.

Zhang Q, Xiao S, Jiao X, Shen Y. The triglyceride-glucose index is a
predictor for cardiovascular and all-cause mortality in CVD patients with
diabetes or pre-diabetes: evidence from NHANES 2001-2018. Cardiovasc
Diabetol. 2023;22(1):279.

LiH, Jiang, Su X, Meng Z. The triglyceride glucose index was U-shape
associated with all-cause mortality in population with cardiovascular
diseases. Diabetol Metab Syndr. 2023;15(1):181.

Ye Z, Xie E, GaoY, Li P, Tu Y, Guo Z, et al. The triglyceride glucose index is
associated with future cardiovascular disease nonlinearly in middle-aged
and elderly Chinese adults. BMC Endocr Disord. 2022;22(1):242.

Wang J, Liu J, Guo W, BaiY, Li H, Chen H, et al. Multiple biomarkers in

the context of conventional risk factors in patients with coronary artery
disease. J Am Coll Cardiol. 2017;69(22):2769-70.

Wang J. Prognostic performance of multiple biomarkers in the context
of conventional risk factors in patients with coronary artery disease, M.D.
dissertation, Medical School of Chinese PLA, 2018. (In Chinese). https://
kns.cnki.net/kcms2/article/abstract?v=yO8aEz8cbf0fgq101ys7813jDKwh-
€93-InJm3-lyHiW3cOKfWD-bguG_mbnzUPUwzO3FUM38NcN3MkoKbi-
wo2CxPGBKUD9IZ2whKaOY 1yepbYVskQjl4A2gbLh82LnRYc8RJ871k8sgNu
ezeQQxMg===8&uniplatform=NZKPT&language=CHS.

Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM, Bischoff
JM, et al. 2021 ACC/AHA/SCAI Guideline for Coronary Artery revasculari-
zation: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice guidelines. Circulation.
2022;145(3):218-14.

MaYC, Zuo L, Chen JH, Luo Q Yu XQ, Li Y, et al. Modified glomerular filtra-
tion rate estimating equation for Chinese patients with chronic kidney
disease. J Am Soc Nephrol. 2006;17(10):2937-44.

Tao LC, Xu JN, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a marker
in cardiovascular diseases: landscape and limitations. Cardiovasc Diabe-
tol. 2022;21(1):68.

Yang Q, Vijayakumar A, Kahn BB. Metabolites as regulators of insulin
sensitivity and metabolism. Nat Rev Mol Cell Biol. 2018;19(10):654-72.

Page 10 of 10

37. Samuel VT, Shulman GI. The pathogenesis of insulin resistance:
integrating signaling pathways and substrate flux. J Clin Invest.
2016;126(1):12-22.

38. Gerrits AJ, Koekman CA, van Haeften TW, Akkerman JW. Platelet tissue
factor synthesis in type 2 diabetic patients is resistant to inhibition by
insulin. Diabetes. 2010;59(6):1487-95.

39. daSilva AA, do Carmo JM, Li X, Wang Z, Mouton AJ, Hall JE. Role of Hyper-
insulinemia and Insulin Resistance in hypertension: metabolic syndrome
revisited. Can J Cardiol. 2020;36(5):671-82.

40. Zhou MS, Schulman IH, Zeng Q. Link between the renin-angiotensin
system and insulin resistance: implications for cardiovascular disease.
Vasc Med. 2012;17(5):330-41.

41. HillMA, Yang Y, Zhang L, Sun Z, Jia G, Parrish AR, et al. Insulin resist-
ance, cardiovascular stiffening and cardiovascular disease. Metabolism.
2021;119:154766.

42. Abbasi F, Reaven GM. Comparison of two methods using plasma
triglyceride concentration as a surrogate estimate of insulin action in
nondiabetic subjects: triglycerides x glucose versus triglyceride/high-
density lipoprotein cholesterol. Metabolism. 2011;60(12):1673-6.

43. Galassetti P, Davis SN. Effects of insulin per se on neuroendocrine and
metabolic counter-regulatory responses to hypoglycaemia. Clin Sci
(Lond). 2000;99(5):351-62.

44. Kozdag G, Ertas G, Emre E, Akay Y, Celikyurt U, Sahin T, et al. Low serum
triglyceride levels as predictors of cardiac death in heart failure patients.
Tex Heart Inst J. 2013;40(5):521-8.

45. Chen L, Ding XH, Fan KJ, Gao MX, Yu WY, Liu HL, et al. Association
between triglyceride-glucose index and 2-Year adverse Cardiovascular
and cerebrovascular events in patients with type 2 diabetes Mellitus who
underwent off-pump coronary artery bypass grafting. Diabetes Metab
Syndr Obes. 2022;15:439-50.

46. Ma X, Dong L, Shao Q, Cheng, Lv S, Sun, et al. Triglyceride glucose
index for predicting cardiovascular outcomes after percutaneous
coronary intervention in patients with type 2 diabetes mellitus and acute
coronary syndrome. Cardiovasc Diabetol. 2020;19(1):31.

47. Zhao Q,Zhang TY, Cheng YJ, MaY, Xu YK, Yang JQ, et al. Impacts of
triglyceride-glucose index on prognosis of patients with type 2 diabetes
mellitus and non-ST-segment elevation acute coronary syndrome:
results from an observational cohort study in China. Cardiovasc Diabetol.
2020;19(1):108.

48. Yang J, Tang YD, Zheng Y, Li C, Zhou Q, Gao J, et al. The impact of the
triglyceride-glucose index on poor prognosis in NonDiabetic patients
undergoing percutaneous coronary intervention. Front Endocrinol (Laus-
anne). 2021;12:710240.

49. Drwila D, Rostoff P, Gajos G, Nessler J, Konduracka E. Prognostic
value of the triglyceride-glucose index among non-diabetic patients
with acute myocardial infarction at one-year follow-up. Kardiol Pol.
2021;79(10):1116-23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://kns.cnki.net/kcms2/article/abstract?v=yO8aEz8cbf0fgq101ys7813
https://kns.cnki.net/kcms2/article/abstract?v=yO8aEz8cbf0fgq101ys7813

	The relationship between triglyceride-glucose index and prospective key clinical outcomes in patients hospitalised for coronary artery disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and participants
	TyG index
	Covariates
	Outcomes and follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Association between TyG index and adverse outcomes
	Nonlinear association of TyG index with adverse outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


