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Associations of triglyceride-glucose (TyG) @
index with chest pain incidence and mortality
among the U.S. population
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Abstract

Background The triglyceride and glucose (TyG) index, a simple surrogate marker of insulin resistance, is related to
cardiovascular disease. However, there is a lack of evidence for the relationship between the TyG index and chest
pain. This study aimed to investigate the association of the TyG index with chest pain and to evaluate the relationship
between the TyG index and all-cause mortality in participants with or without chest pain.

Methods The present study utilized data from the 2001-2012 National Health and Nutrition Examination Survey
(NHANES), employing a combination of cross-sectional and cohort study designs. The association between the TyG
index and chest pain was investigated using weighted logistic regression models. Weighted Cox proportional hazards
models were used to estimate the hazard ratios (HRs) and 95% confidence intervals (95% Cls) for all-cause mortality.
Restricted cubic spline analysis was used to explore linear or nonlinear relationships between the TyG index and chest
pain or all-cause mortality.

Results The findings revealed a positive correlation between the TyG index and chest pain, even after adjusting for
potential confounding factors (quartile 4 versus quartile 1, odds ratio [OR] 1.42, 95% confidence interval [Cl] 1.14-1.77,
P=0.002). During a mean follow-up time of 139 months, a total of 2286 individuals (27.43%) experienced mortality.
Weighted multivariate Cox regression models indicated that for each one-unit increase in the TyG index, the adjusted
hazard ratio (HR) for mortality was 1.14 (95% Cl=0.94-1.37) for participants with chest pain and 1.25 (95% Cl=1.09-
1.43) for those without chest pain. Furthermore, restricted cubic spline analysis revealed a linear relationship between
the TyG index and chest pain (P for nonlinearity =0.902), whereas a nonlinear relationship was shown between the
TyG index and all-cause mortality among populations regardless of chest pain (all P for nonlinearity <0.01).

Conclusion The TyG index was positively linked to a higher incidence of chest pain. Moreover, the TyG index was
associated with all-cause mortality not only in participants with chest pain but also in those without chest pain.
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Introduction
Chest pain is the second most common cause of emer-
gency department visits in the United States after injury
[1-3]. Moreover, chest pain also results in approximately
4 million outpatient visits annually [3]. Whether in the
emergency room or on an outpatient basis, most patients
with chest pain are hospitalized for further evaluation
and treatment [4, 5]. In the United States, the lifetime
incidence of chest pain is 20 to 40% [6]. There are a vari-
ety of causes of chest pain, ranging from benign to poten-
tially life-threatening [5, 7-9]. Cardiovascular diseases
(CVD), most of which can lead to chest pain, especially
coronary artery disease, affect more than 18.2 million
adults in the U.S. and are the leading cause of death for
both men and women [10-12]. Hence, it is vital to iden-
tify the influencing factors associated with chest pain.
The triglyceride-glucose (TyG) index, a value calculated
from fasting triglyceride and fasting blood glucose levels,
has been recognized as a reliable, easily available, and less
expensive biomarker of insulin resistance [13]. Prior stud-
ies have shown that a high TyG index is associated with a
high risk of cardiovascular events such as hypertension,
coronary artery stenosis, carotid atherosclerosis, arte-
rial stiffness, stroke, coronary heart disease (CHD), and
heart failure [14-20]. In addition, it has also been shown
that the TyG index is associated with all-cause mortality
in patients with a range of CVD [21-26]. However, chest
pain, the most common concomitant symptom of CVD,
has not yet been reported in any study.

NHANES 2001-2012
n=61951
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Therefore, this study aimed to investigate the associa-
tion of the TyG index with chest pain and to evaluate the
relationship between the TyG index and all-cause mortal-
ity in participants with or without chest pain. The study
population was drawn from the U.S. National Health and
Nutrition Examination Survey (NHANES) for the period
2001-2012.

Materials and methods

Study design and participants

The NHANES program selects a representative sample
of the U.S. population every two years using a sophisti-
cated and complex method. Its main goal is to assess and
evaluate the health and nutritional status of people in
the U.S. To help ensure ethical standards, the survey was
approved by the Institutional Review Board established
by the National Center for Health Statistics Institutional
Review Board. Furthermore, all those selected to partici-
pate willingly provided informed written consent prior
to their inclusion in the study. The NHANES collects a
wide range of information, including demographic infor-
mation, response to questionnaires, medical examination
data, and laboratory findings.

In the NHANES 2001-2012 cycle, a total of 61,951
individuals participated in the study. After excluding sub-
jects without information on the TyG index record, chest
pain diagnosis data, covariates and follow-up data, the
remaining sample was used for research analysis (Fig. 1).

A 4

Excluded:
Missing data on TyG index record (n=42923)

NHANES 2001-2012
19028 subjects included

>

A 4

Excluded:

Missing data on chest pain diagnosis inforamation
(n=9586)

NHANES 2001-2012

9442 subjects included

P>

y

Excluded:

Missing data on follow up information (n=10) or
covariates (n=1097)

NHANES 2001-2012
Finally, 8335 subjects included

Fig. 1 Flow chart of the study participants
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Exposure and outcome variables

In this study, the primary exposure variable was the TyG
index. The TyG index was calculated according to the
formula In (fasting triglyceride mg/dL x fasting glucose
mg/dL/2) [27]. The main outcomes were chest pain sta-
tus and mortality. Chest pain was diagnosed if the par-
ticipant answered “yes” to the inquiry “{Have you/Has
SP} ever had any pain or discomfort in {your/her/his}
chest?”. To investigate whether the TyG index is associ-
ated with the risk of all-cause mortality in patients with
or without chest pain, we performed a survival analysis
of the different groups. The participants’ endpoints and
follow-up information were determined by linking their
records to the National Death Index public access files
through December 31, 2019 (https://www.cdc.gov/nchs/
data-linkage/mortality.htm). We used the “M ORTSTAT”
variable as the status of death and the “PERMTH_EXM”
variable as the follow-up time. The mean follow-up time
was 143+50 months for patients with a complaint of
chest pain, while for participants without chest pain, it
was 135149 months.

Covariate

All the participants provided information on age, sex,
race (classified as Mexican American, other Hispanic,
non-Hispanic White, non-Hispanic Black, or other
race), education level (classified as under high school,
high school or equivalent, or above high school), fam-
ily poverty-to-income ratio, and smoking status (classi-
fied as current smoker, former smoker or never smoker)
through the survey questionnaires. Body mass index
(BMI) was calculated using weight (kg)/height (m?) [28].
Laboratory results were obtained from serum specimens
when the patients visited the mobile examination center,
and the vials were stored under appropriate frozen con-
ditions until they were shipped to the National Center
for Environmental Health for testing. Congestive heart
failure was diagnosed if the participant answered “yes”
to the following question: “Has a doctor or other health
professional ever told {you/SP} that {you/s/he} had con-
gestive heart failure?” CHD was diagnosed if the par-
ticipant answered “yes” to the following question: “Has
a doctor or other health professional ever told {you/SP}
that {you/s/he} had CHD?” Angina pectoris was diag-
nosed if the participant answered “yes” to the follow-
ing question: “Has a doctor or other health professional
ever told {you/SP} that {you/s/he} had angina, also called
angina pectoris?”. Heart attack was diagnosed if the par-
ticipant answered “yes” to the following question: “Has
a doctor or other health professional ever told {you/SP}
that {you/s/he} had a heart attack (also called myocar-
dial infarction)?”. Stroke was diagnosed if the participant
answered “yes” to the following question: “Has a doc-
tor or other health professional ever told {you/SP} that
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{you/s/he} had a stroke?”. Hypertension was diagnosed if
one of the following criteria was met: [1] the participant
had a systolic blood pressure>140 mmHg or a diastolic
blood pressure>90 mmHg; [2] the participant answered
“yes” to the following question: “{Have you/Has SP} ever
been told by a doctor or other health professional that
{you/s/he} had hypertension, also called high blood pres-
sure?’; or [3] the participant was currently using antihy-
pertensive medication [29]. A diagnosis of CVD can be
made if any of the above conditions are met. Participants
were identified as having diabetes mellitus if they met any
of the following criteria: had (a) a hemoglobin A1C con-
centration of 6.5%, (b) a fasting plasma glucose level of
126 mg/dL, (c) self-reported use of antidiabetic medica-
tions, or (d) a diagnosis of diabetes [30].

Statistical analysis

In our study, “WTSAF2YR’ a sample weighting code for
the fasting subsample from 2001 to 2012, was used as a
weighted variable. Detailed information about the survey
sample design and methods for calculating weights can
be found in https://wwwn.cdc.gov/nchs/nhanes/analytic-
guidelines.aspx.

The baseline characteristics were divided into two
groups according to the method used: one according
to the presence or absence of chest pain and the other
according to the quartile of the TyG index. Continuous
variables are presented as the mean+standard deviation
(SD) and were compared by ¢ test or Wilcoxon rank-sum
test, as appropriate. Categorical variables are expressed
as counts (weighted proportions) and were compared by
the Pearson chi-square test.

The association between the TyG index and chest pain
was estimated by weighted univariate and multivariate
logistic regression analyses and presented as odds ratios
(ORs) with 95% confidence intervals (Cls). The mortality
rates among the different TyG index groups are shown
as Kaplan—Meier curves and were compared by the log-
rank test. The relationship between the TyG index and
mortality in participants with or without chest pain was
estimated by weighted univariate and multivariate Cox
proportional hazards models in the form of hazard ratios
(HRs) with 95% confidence intervals (Cls). The potential
nonlinear relationships between the TyG index and chest
pain and between the TyG index and all-cause mortality
were further assessed using restricted cubic spline (RCS)
curves based on multivariate logistic regression and Cox
proportional hazards models. We used Akaike informa-
tion criterion (AIC) to help determine the number of
nodes in the RCS model. The lower the AIC index, the
better the model. Therefore, we choose four nodes, which
default to the 5%, 35%, 65% and 95% fixed percentiles
of the TyG index distribution. To control for confound-
ers, three weighted logistic regression and weighted
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Cox regression models were used: Model 1, unadjusted;
Model 2, adjusted for age, sex and BMI; and Model 3,
adjusted for age, sex, BMI, race, education levels, smok-
ing status, total cholesterol, and hypertension, heart fail-
ure, coronary heart disease, angina, heart attack, stroke,
antihyperlipidemic agents, and antidiabetic agents.
Covariates in our models are variables that have been
carefully selected based on their known associations with
outcomes, as supported by existing scientific knowledge.

A two-sided p<0.05 was considered to be statistically
significant. All analyses were performed with R version
4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Baseline characteristics

A total of 8335 participants (4170 males and 4165
females) were enrolled in the present study. The baseline
characteristics of the participants with and without chest
pain are shown in Table 1. Approximately 28% (2344) of
the participants in our study had chest pain. Specifically,
a greater proportion of participants with chest pain had
a lower educational attainment, a higher family poverty
income ratio (PIR), a higher body mass index (BMI), and
former and current smokers. In addition, participants
with chest pain were more likely to have higher total cho-
lesterol, triglyceride, hemoglobin type A1C (HbA1C),
fasting glucose, and insulin levels, a higher TyG index,
and a greater incidence of diabetes and CVD. The base-
line characteristics of the total participants and partici-
pants with or without chest pain based on the TyG index
are shown in Additional file 1: Tables S1, S2 and S3.

Associations between the triglyceride-glucose index and
chest pain

Among all enrolled participants, there was a significant
positive association between the TyG index and chest
pain. After adjusting for covariates, compared with that
of the reference group (quartile 1), the risk of chest pain
was increased by approximately 42% for participants in
the fourth quartile (95% CI 1.14-1.77) of the TyG index
(Table 2). When the TyG index was analyzed as a con-
tinuous predictor, it was also positively correlated with
all-cause death; a 23% increase in the risk of mortality
was associated with each one-unit increase in the TyG
index (P<0.001) (Table 2). Figure 2 shows restricted
cubic splines indicating the dose-response relationship
between the TyG index and chest pain. A positive linear
relationship was observed among all participants (P for
nonlinearity=0.902).

Furthermore, the results of subgroup analyses between
the TyG index and chest pain stratified by age, sex, BMI,
smoking status, and hypertension incidence are pre-
sented in Fig. 3. It is clear that participants in the highest
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quartile of the TyG index in each subgroup had a greater
risk of chest pain. The association persists when the TyG
index is in continuous form.

Correlation between the triglyceride-glucose index and
all-cause mortality

Among the total participants, 2286 individuals (27.43%)
experienced mortality. Kaplan-Meier survival curves
demonstrated that a higher TyG index was associ-
ated with greater all-cause mortality in all participants,
regardless of whether they had chest pain (All log rank
pvalue<0.05, as depicted in Fig. 4A, B, C). Multivariate
Cox regression models indicated that for each one-unit
increase in the TyG index, the adjusted hazard ratios
(HRs) for mortality were 1.21 (95% CI: 1.09-1.33) for
the total participants, 1.14 (95% CIL: 0.94-1.37) for the
chest pain population and 1.25 (95% CI: 1.09-1.43) for
the non-chest pain population (Table 3). The relation-
ship between the TyG index and all-cause mortality was
further assessed by RCS curves (Fig. 5). The RCS analy-
sis revealed that the TyG index, as a continuous vari-
able, was positively associated with an increased adjusted
risk of all-cause mortality in patients with (p for nonlin-
ear=0.0003) chest pain and in the total enrolled patients
(p for nonlinear<0.0001). The analysis also revealed that
high TyG index values were associated with an increased
risk of death in the non-chest pain population (p for non-
linearity=0.0087). Subgroup analysis was also in accor-
dance with these findings (Fig. S1, S2, S3).

Discussion

This study revealed the relationships between the TyG
index and symptoms of chest pain and between the TyG
index and all-cause mortality in subjects with or with-
out chest pain utilizing data from NHANES 2001-2012.
We found that the TyG index was linearly associated
with chest pain and that patients with an elevated TyG
index were at greater risk of chest pain. Furthermore, it
is noteworthy that the effect of the TyG index, a simple
surrogate marker of insulin resistance, on mortality was
observed not only in patients with chest pain but also in
those without.

Existing evidence suggests that metabolic factors play
a crucial role in the development of various CVDs [31-
33]. In particular, the TyG index, an indicator related
to metabolism, has recently been proven to be associ-
ated with the risk of different types of CVD. Laura et
al. first suggested that the TyG index is an independent
risk factor for CVD events, including CHD, cerebro-
vascular disease and peripheral arterial disease, using
a large population sample from the Vascular Metabolic
CUN cohort (VMCUN cohort) with a median follow-up
of 10 years [17]. Zheng et al. showed that a higher TyG
index was associated with an increased risk of incident
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Table 1 Baseline characteristics of participants with or without chest pain
Characteristic Overall No pain Pain P-value
(n=8335) (n=5991) (n=2344)

Age, years 57(12) 57(12) 57(12) 0.2
Sex 0.8

male 4,170 (48%) 3,001 (48%) 1,169 (48%)

female 4,165 (52%) 2,990 (52%) 1,175 (52%)
Race 0.14

Mexican American 1,325 (5.3%) 995 (5.6%) 330 (4.7%)

Other Hispanic 553 (3.4%) 422 (3.3%) 131 (3.6%)

Non-Hispanic White 4431 (76%) 3,125 (76%) 1,306 (76%)

Non-Hispanic Black 1,562 (9.8%) 1,102 (9.3%) 460 (11%)

Other race 464 (5.4%) 347 (5.5%) 117 (5.1%)
Education <0.001

Under high school 1,250 (7.4%) 876 (6.7%) 374 (9.2%)

High school or equivalent 3,178 (35%) 2,264 (34%) 914 (38%)

Above high school 3,907 (57%) 2,851 (59%) 1,056 (53%)
Family PIR 3.22(1.59) 3.30(1.57) 3.00(1.63) <0.001
BMI, kg/m? 29 (6) 29 (6) 30 (6) <0.001
Smoking status <0.001

Current smoker 1,595 (19%) 1,054 (18%) 541 (24%)

Former smoker 2,722 (32%) 1,910 (31%) 2 (34%)

Never smoker 8 (49%) 3,027 (51%) 991 (42%)
Total cholesterol, mg/dL 204 (42) 205 (41) 201 (44) <0.001
Triglyceride, mg/dL 148 (136) 145 (141) 158 (124) 0.003
HbA1C, % 5.70(0.92) 5.68 (0.87) 5.77 (1.05) <0.001
Fasting Glucose, mg/dL 108 (31) 107 (29) 110 (35) 0.001
Insulin, uU/mL 12(12) 12 (10) 13 (15) <0.001
TyG index 8.78 (0.64) 8.75 (0.63) 8.85 (0.66) <0.001
TyG index group <0.001

Q1 2,084 (27%) 1,549 (28%) 535 (23%)

Q2 2,084 (26%) 1,526 (26%) 558 (25%)

Q3 2,083 (25%) 1,508 (25%) 575 (25%)

Q4 2,084 (23%) 1,408 (21%) 676 (27%)
CVvD 1,339 (13%) 588 (7.4%) 751 (27%) <0.001
Heart failure 380 (3.5%) 143 (1.8%) 237 (8.1%) <0.001
CHD 529 (5.4%) 201 (2.7%) 328 (13%) <0.001
angina 363 (4.0%) 76 (1.1%) 287 (11%) <0.001
Heart attack 550 (5.4%) 173 (2.2%) 377 (14%) <0.001
Stroke 439 (4.0%) 242 (3.0%) 197 (6.5%) <0.001
Hypertension 1,669 (16%) 1,208 (16%) 461 (16%) 08
Diabetes mellitus 1,899 (17%) 1,289 (15%) 610 (19%) <0.001
Antihyperlipidemic agents 55(0.5%) 32 (0.4%) 23 (0.7%) 0.2
Antidiabetic agents 193 (1.7%) 132 (1.7%) 61 (1.7%) >0.9

All values are presented as mean=SD or as counts (weighted, proportion).

PIR: poverty income ratio; HbA1C: hemoglobin type A1C; CVD: cardiovascular disease; CHD: coronary heart disease

hypertension after a follow-up period of 9 years. Accord-
ing to the Hanzhong Adolescent Hypertension Cohort
study, the highest TyG index trajectory was the most
likely to lead to increased arterial stiffness after full
adjustment [34]. Huang et al. conducted a prospective
cohort study that revealed that a chronically elevated TyG
index in hypertensive patients is linked to an increased
risk of stroke, particularly ischemic stroke [35]. Xu et al.

reported that the TyG index was positively correlated
with the likelihood of heart failure [36]. Mendelian ran-
domization analysis by Li et al. revealed that a higher
TyG index is a direct cause of incident heart failure in
the general population [37]. Wang et al. demonstrated
that the TyG index is a reliable marker for predicting the
extent and prognosis of multivessel coronary disease in
patients with acute coronary syndrome [38]. Zhao and
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Table 2 ORs (95% Cls) for chest pain according to the TyG index
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Characteristic model 1 model 2 model 3
OR’ 95% Cl P-value OR’ 95% CI P-value OR’ 95% Cl P-value

Continuous 1.28 1.17,1.40 <0.001 1.23 1.12,1.36 <0.001 1.23 1.10,1.39 <0.001
TyG index

Q1 — — — — — —

Q2 1.12 0.92,1.35 03 1.08 0.89, 1.31 04 1.10 091,135 03

Q3 1.18 098,143 0.086 1.12 0.92,1.36 03 113 0.91,1.39 03

Q4 1.52 1.26,1.84 <0.001 142 1.16,1.74 0.001 142 1.14,1.77 0.002
P for trend <0.001 <0.001 <0.001

OR: odds ratio, Cl: confidence interval
Model 1: Unadjusted
Model 2: Adjusted for age, sex, and BMI

Model 3: Adjusted for age, sex, BMI, race, education, smoking status, total cholesterol, hypertension, heart failure, coronary heart disease, angina, heart attack,

stroke, antihyperlipidemic agents, and antidiabetic agents

P for overall <0.0001
P for non-linear =0.902

8 9 10 11 12
TyG index

Fig. 2 Restricted cubic spline curve for the association between the TyG
index and the risk of chest pain. Red lines represent odds ratios, and blue
areas represent 959% confidence intervals. The model was adjusted for age,
sex, BMI, race, education, smoking status, total cholesterol, hypertension,
heart failure, coronary heart disease, angina, heart attack, stroke, antihy-
perlipidemic agents, and antidiabetic agents

colleagues observed a positive correlation between the
TyG index and the risk of CHD and the severity of coro-
nary atherosclerosis among patients with non-alcoholic
fatty liver disease [39].

Chest pain is the most common symptom of the car-
diovascular system, but few studies have investigated the
link between the TyG index and chest pain. In Brazil, a
study showed that the TyG index was positively linked to
an increased incidence of symptomatic coronary artery
disease and could be utilized as an indicator of athero-
sclerosis. Furthermore, our study demonstrated that
the TyG index was positively correlated with a higher

incidence of chest pain. Compared to patients with the
lowest TyG index, those with the highest TyG index had a
greater incidence of chest pain. After fully adjusting, the
relationship still remains and has become even more pro-
nounced. Subgroup analysis was also in line with these
findings.

The TyG index has been linked to mortality in various
populations, as evidenced by previous studies. According
to Sun et al., among middle-aged and elderly U.S. popu-
lation, the TyG index had a U-shaped relationship with
all-cause mortality, and the TyG index associated with
the lowest risk of all-cause mortality was 9.18 [40]. Du et
al. reported that the TyG index is connected to the risk
of all-cause mortality in individuals who are obese [41].
Apart from the populations mentioned above, the TyG
index has been studied more often in relation to mor-
tality from CVDs. As reported by Pang and colleagues,
the TyG index is a marker of mortality during the long-
term follow-up of middle-aged and elderly hypertension
patients [42]. A study from the Medical Information
Mart for Intensive Care III (MIMIC-III) database dem-
onstrated that the TyG index is a powerful and reliable
indicator of higher mortality in critically ill patients with
CHD [43]. Another study from the MIMIC-IV database
has proven that the association between the TyG index
and all-cause death is maintained in critically ill patients
with ischemic stroke [44]. In addition, a study in China
demonstrated that the TyG index was a significant pre-
dictor of mortality in patients with chronic heart failure
[45]. Furthermore, two studies have demonstrated that
the TyG index impacts clinical outcomes in patients with
acute myocardial infarction, regardless of diabetes status
[46, 47].

Our study revealed that the TyG index was positively
associated with chest pain and was correlated with all-
cause mortality in the chest pain group. Although the
TyG index was linearly linked to the incidence of chest
pain, it has a nonlinear relationship with all-cause mor-
tality caused by chest pain. In addition to the chest pain
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OR (95% C1) P-value P for trend P for interaction

Age (years)

=55

Continuous —a— 1.16 (0.99,1.35) 0.074

Ql [ 1(LD

02 . 0.9 (0.7.1.18) 0.5

Q3 ——— 1.18 (0.91,1.53) 0.2

Q4 —— 1.29 (0.98,1.68) 0.068 0.003
=55

Continuous —— 1.26 (1.04,1.52) 0.02

0l = 1(1,D

(62 —. 1.28 (0.94,1.75) 0.11

Q3 —. 0.97 (0.7,1.34) 0.8

Q4 —_—— 148 (1.02,2.14) 0.041 0.011 0.081
Sex
Male

Continuous . 1.18(1.02,1.38) 0.03

Q1 x 1.1

Q2 — 1,14 (0.86,1.51) 0.4

Q3 —— 1.03 (0.79,1.34) 0.8

Q4 — 1.38 (1.03,1.84) 0.03 0.034
Female

Contimious —— 1.31(1.11,1.53) 0.001

0l - 11,

Q2 —— 1.05(0.83,1.32) 0.7

Q3 —— [.2{0.91,1.59) 0.2

Q4 —. 147 (1.11,1.94) 0.008 0.001 0.499
BMI (kg/m2)
=25

Continuous —a— 124 {1.1,1.41}) <0,001

Ql 1] 1(L,D

Q2 —— 1.05(0.82,1.33) 07

03 . 1,12 (0.88,1.42) 0.4

Q4 [ — 1.43 (1.12,1.81) 0.005 0.004
=25

Continuous —— 1.19(0.89,1.58) 0.2

Q1 [ ] 1(1.D)

Q2 —— 1.19 (0.86.1.63) 03

Q3 —-—— 1.07 (0.72,1.61) 0.7

Q4 — 1.27 (0.83,1.94) 0.3 0.447 0.754
Smoking status
Never smoker

Contimious —a— 1.19(0.99.1.44) 0.064

01 u 1(.1)

Q2 — 1.04 (0.78,1.39) 0.8

Q3 —-— 1.05 (0.79,1.4) 0.7

Q4 —— 1.29(0.93,1.78) 0.13 0.167
Current and former smoker

Contimous —— 1.26 (1.07,1.49) 0.007

Q1 x 1(11)

[o7] P 1.17 (0.91,1.51) 0.2

Q3 —— 1.21 (0.93,1.58) 0.2

Q4 —.— 1.58(1.15.2.18) 0.006 0.008 0.898
IIypertension
No

Continuous —— 1.27 (1.11,1.46) =(.001

Ql . 10,0

Q2 —a— 1.14(0.93,1.4) 0.2
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Fig. 3 Subgroup analysis of the association between the TyG index and chest pain incidence. Adjusted for age, sex, BMI, race, education, smoking status,
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Fig. 4 Kaplan—-Meier analysis of all-cause mortality in (A) total participants, (B) participants with chest pain, and (C) participants without chest pain

Table 3 HRs (95% Cls) for all-cause mortality according to the TyG index

Characteristic model 1 model 2 model 3
HR' 95% CI' P-value HR' 95% CI' P-value HR' 95% CI' P-value
All participants
Continous 1.29 1.21,1.37 <0.001 1.19 1.08,1.30 <0.001 1.21 1.09,1.33 <0.001
TyG index
Q1 — — — — —
Q2 1.35 1.14,1.60 <0.001 0.98 0.84,1.14 0.8 1.01 0.86,1.18 >09
Q3 148 1.26,1.73 <0.001 1.03 0.90,1.18 0.7 1.05 091, 1.21 05
Q4 1.64 1.42,1.89 <0.001 1.18 1.02,1.36 0.021 1.19 1.03,1.37 0.021
P for trend <0.001 <0.001 <0.001
Pain
Continous 1.18 1.02,1.36 0.029 1.13 0.96, 1.34 0.13 1.14 0.94,1.37 02
TyG index
Q1 — — — — —
Q2 1.14 0.82,1.58 04 0.90 0.64,1.26 0.5 0.90 0.65,1.27 0.6
Q3 1.22 092,161 0.2 0.88 067,1.16 04 0.88 0.67,1.15 03
Q4 145 1.09,1.94 0.010 1.12 0.85,1.48 04 1.13 0.84,1.50 04
P for trend 0.065 0.065 0.065
No pain
Continous 133 1.21,1.46 <0.001 1.20 1.05,1.37 0.007 1.25 1.09,143 0.002
TyG index
Q1 — — — — —
Q2 1.45 1.14,1.83 0.002 1.02 0.83,1.25 0.9 1.06 0.86,1.32 0.6
Q3 1.60 1.27,2.01 <0.001 1.10 090, 1.35 04 1.15 093,142 02
Q4 1.68 133,213 <0.001 1.18 0.94,1.49 0.2 1.22 0.96, 1.54 0.10
P for trend <0.001 <0.001 <0.001

HR=Hazard Ratio, CI=Confidence Interval
Model 1: Unadjusted
Model 2: Adjusted for age, sex, and BMI

Model 3: Adjusted for age, sex, BMI, race, education, smoking status, total cholesterol, hypertension, heart failure, coronary heart disease, angina, heart attack,
stroke, antihyperlipidemic agents, and antidiabetic agents
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Fig. 5 Restricted cubic spline curves for the association between the TyG index and all-cause mortality in (A) total participants, (B) participants with chest
pain, and (C) participants without chest pain. Red lines represent references for hazard ratios, and blue areas represent 95% confidence intervals. The
model was adjusted for age, sex, BMI, race, education, smoking status, total cholesterol, hypertension, heart failure, coronary heart disease, angina, heart

attack, stroke, antihyperlipidemic agents, and antidiabetic agents

population, the TyG index predicts all-cause mortality in
individuals with non-chest pain. Furthermore, the rela-
tionship held even after all the adjustments were made.
Subgroup analysis was also in accordance with these find-
ings. Most intriguingly, our study provided evidence that
even in the absence of chest pain, it is important to take
this seriously. In the future, we can investigate the pre-
dictive role of the TyG index in predicting the progno-
sis of other non-CVD populations. Therefore, the scope
of application of TyG as an emerging marker for CVD
should be expanded.

The TyG index, a simple surrogate marker of insulin
resistance, may be associated with chest pain and mor-
tality through the following mechanisms. First, insulin
resistance can result in either impaired vasodilation or
increased vasodilation, leading to peripheral endothelial
dysfunction [48-50]. Blood insulin levels in the normal
range stimulate vasodilation at the arterial, venous and
microcirculatory levels by increasing endothelial nitric
oxide production [48, 51, 52]. Additionally, insulin resis-
tance has been demonstrated to diminish the expression
and function of the endothelial nitric oxide-synthase gene
in both endothelial cells and microvessels within insu-
lin resistant rats [53]. Second, insulin resistant may also
exert significant influences on structural vascular adap-
tations, encompassing vascular remodeling, rarefaction,
and collateralization [49]. Previous research has demon-
strated a negative correlation between insulin resistance
and vascular endothelial growth factor levels [54]. In
addition, Bonner et al. observed that the loss of vascular
endothelial growth factor in murine cardiac muscle leads
to capillary rarefaction and contributes to insulin resis-
tance [55]. Third, insulin resistance is correlated with
heightened systemic inflammation [56]. IL-6 has been
demonstrated to be linked with coronary microvascular
dysfunction [57]. Additionally, IL-6 has been shown to

impede the relaxation mediated by endothelium-depen-
dent nitric oxide and augment contraction in an experi-
mental model, indicating a direct involvement of IL-6 in
microvascular dysfunction in the setting of insulin resis-
tance [58]. The TyG index holds clinical significance as a
representation of insulin resistance. To effectively man-
age the TyG index, our potential intervention measures
involve controlling blood sugar levels, while preventive
measures include improving diet and increasing physical
activity. Moving forward, we aim to delve deeper into the
molecular mechanisms underlying the impact of the TyG
index on chest pain and mortality.

The advantage of our study is that the findings come
from a large and representative sample of U.S. individu-
als, which has positive influences on the research. Nev-
ertheless, our study also has certain limitations. First,
despite adjusting for numerous confounding factors,
the observed association between TyG index and chest
pain may still be susceptible to unmeasured or residual
confounders. Second, a causal relationship between the
TyG index and chest pain could not be determined. In
the future, prospective randomized controlled trials or
Mendelian randomized studies will be imperative to fur-
ther elucidate the causal relationship between TyG and
the incidence and mortality of chest pain. Third, due to
the inherent characteristics of the NHANES database
questionnaire, inferring the etiology (episodic or per-
sistent) and nature (cardiogenic or non-cardiogenic)
of chest pain becomes challenging. In future studies, a
more comprehensive investigation into the influence of
the TyG index on different subtypes of chest pain can
be conducted. Fourth, the NHANES database’s inherent
limitations made it arduous for us to study the dynamic
nature of associations between the TyG index and health
outcomes. To fully interpret the dynamic nature of these
associations, we intend to conduct prospective cohort
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studies in the future. Fifth, the limitation of our study
to the U.S. population was due to the fact that we relied
on data from the NHANES database, which exclusively
collects information on the U.S. population. In order to
further explain external validity and potential variations
in different populations, we have planned a subsequent
multi-center study. Sixth, even though the NHANES
questionnaire adheres to strict quality control, the valid-
ity of the study may still be impacted by the limitations
of self-reported measurement and potential misclassi-
fication of results. Finally, the study did not discuss the
influence of the TyG index on cause-specific mortality in
participants with or without chest pain.

Conclusion

The TyG index was positively linked to a higher incidence
of chest pain. However, the TyG index was associated
with all-cause mortality not only in participants with
chest pain but also in those without chest pain.

Abbreviations

NHANES  National Health and Nutrition Examination Survey
MIMIC Medical Information Mart for Intensive Care
SD Standard deviation

PIR Poverty income ratio

CVD Cardiovascular disease

CHD Coronary heart disease

BMI Body mass index

HbAlc Hemoglobin type A1C

RCS Restricted cubic spline

Q Quartiles

OR Odds ratio

HR Hazard ratio

@] Confidence interval

AIC Akaike information criterion

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-024-02209-y.

[ Supplementary Material 1 ]

Acknowledgements
We appreciate all the NHANES participants and staff for their invaluable efforts
and contributions.

Author contributions

YZ and YG contributed to the conception and design of the study, manuscript
writing, and the statistics analysis; BLZ contributed to manuscript revision and
data review. All authors have read and approved the manuscript.

Funding
This work was supported by the following funding: The Natural Science
Foundation of China (82170275).

Data availability
The data used in this study are openly available from the Centers for Disease
Control and Prevention at https://www.cdc.gov/nchs/nhanes/index.htm.

Page 10 of 11

Declarations

Ethics approval and consent to participate

The National Health and Nutrition Examination Survey (NHANES) has been
approved by the National Center for Health Statistics Ethics Review Board, and
all participants provided informed written consent at enroliment.

Competing interests
The authors declare no competing interests.

Received: 25 December 2023 / Accepted: 20 March 2024
Published online: 30 March 2024

References

1. Lenfant C. Chest pain of cardiac and noncardiac origin. Metabolism.
2010;59(Suppl 1):541-6.

2. Langlo NM, Orvik AB, Dale J, Uleberg O, Bjgrnsen LP. The acute sick and
injured patients: an overview of the emergency department patient popula-
tion at a Norwegian University Hospital Emergency Department. Eur J Emerg
Med. 2014;21(3):175-80.

3. Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, AHA/
ACC/ASE/CHEST et al. /SAEM/SCCT/SCMR Guideline for the Evaluation and
Diagnosis of Chest Pain: A Report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice Guidelines.
Circulation. 2021;144(22):368-e454.

4. Chen W, Wang JP, Wang ZM, Hu PC, Chen Y. Association between sleep dura-
tion and chest pain in US adults: a cross-sectional study. Front Public Health.
2022;10:952075.

5. Egeland GM, Akerkar R, Kvale R, Sulo G, Tell GS, Bakken IJ, Ebbing M. Hospital-
ised patients with unexplained chest pain: incidence and prognosis. J Intern
Med. 2019;286(5):562-72.

6. Ruigdmez A, Rodriguez LA, Wallander MA, Johansson S, Jones R. Chest
pain in general practice: incidence, comorbidity and mortality. Fam Pract.
2006;23(2):167-74.

7. Cayley WE. Jr. Diagnosing the cause of chest pain. Am Fam Physician.
2005;72(10):2012-21.

8. Cutugno C. Assessing chest Pain. Am J Nurs. 2022;122(5):56-8.

9. Jindal A, Singhi S. Acute chest pain. Indian J Pediatr. 2011;78(10):1262-7.

10. 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 Ameri-
can Heart Association. Circulation. 2020;141(9):e139-596.

11. Bosner S, Becker A, Haasenritter J, Abu Hani M, Keller H, Sénnichsen AC, et al.
Chest pain in primary care: epidemiology and pre-work-up probabilities. Eur J
Gen Pract. 2009;15(3):141-6.

12. Hsia RY, Hale Z, Tabas JA. A National Study of the prevalence of life-
threatening diagnoses in patients with chest Pain. JAMA Intern Med.
2016;176(7):1029-32.

13.  Gastaldelli A. Measuring and estimating insulin resistance in clinical and
research settings. Obes (Silver Spring). 2022,30(8):1549-63.

14. Jian S, Su-Mei N, Xue C, Jie Z, Xue-Sen W. Association and interaction
between triglyceride-glucose index and obesity on risk of hypertension in
middle-aged and elderly adults. Clin Exp Hypertens. 2017;39(8):732-9.

15. lIrace C, Carallo C, Scavelli FB, De Franceschi MS, Esposito T, Tripolino C,
Gnasso A. Markers of insulin resistance and carotid atherosclerosis. A com-
parison of the homeostasis model assessment and triglyceride glucose index.
Int J Clin Pract. 2013,67(7):665-72.

16. Hul, Bao H, Huang X, Zhou W, Wang T, Zhu L, et al. Relationship between the
triglyceride glucose index and the risk of First Stroke in Elderly Hypertensive
patients. Int J Gen Med. 2022;15:1271-9.

17. Sanchez-lhigo L, Navarro-Gonzalez D, Fernéndez-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.

18. LeeEY,Yang HK, Lee J, Kang B, Yang Y, Lee SH, et al. Triglyceride glucose
index, a marker of insulin resistance, is associated with coronary artery
stenosis in asymptomatic subjects with type 2 diabetes. Lipids Health Dis.
2016;15(1):155.

19. Wu'S, Xu L, Wu M, Chen S, Wang Y, Tian Y. Association between triglyceride-
glucose index and risk of arterial stiffness: a cohort study. Cardiovasc Diabe-
tol. 2021;20(1):146.


https://doi.org/10.1186/s12933-024-02209-y
https://doi.org/10.1186/s12933-024-02209-y

Zhao et al. Cardiovascular Diabetology

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2024) 23:111

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.

Liu X, Tan Z, Huang Y, Zhao H, Liu M, Yu P, et al. Relationship between the
triglyceride-glucose index and risk of cardiovascular diseases and mortality
in the general population: a systematic review and meta-analysis. Cardiovasc
Diabetol. 2022,21(1):124.

Luo E,Wang D, Yan G, Qiao Y, Liu B, Hou J, Tang C. 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.

Tian X, Chen S, Zhang Y, Zhang X, Xu Q Wang P, et al. Time course of the tri-
glyceride glucose index accumulation with the risk of cardiovascular disease
and all-cause mortality. Cardiovasc Diabetol. 2022;21(1):183.

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

Liu XC, He GD, Lo K, Huang YQ, Feng YQ. The triglyceride-glucose index,

an insulin resistance marker, was non-linear Associated with all-cause and
Cardiovascular Mortality in the General Population. Front Cardiovasc Med.
2020;7:628109.

Wen J,Pan Q, Du LL, Song JJ, Liu YP, Meng XB, et al. Association of triglycer-
ide-glucose index with atherosclerotic cardiovascular disease and mortality
among familial hypercholesterolemia patients. Diabetol Metab Syndr.
2023;15(1):39.

da Silva A, Caldas APS, Hermsdorff HHM, Bersch-Ferreira AC, Torreglosa CR,
Weber B, Bressan J. Triglyceride-glucose index is associated with symp-
tomatic coronary artery disease in patients in secondary care. Cardiovasc
Diabetol. 2019;18(1):89.

Korhonen PE, Mikkola T, Kautiainen H, Eriksson JG. Both lean and fat body
mass associate with blood pressure. Eur J Intern Med. 2021,91:40-4.

Miao H, Liu Y, Tsai TC, Schwartz J, Ji JS. Association between blood lead level
and uncontrolled hypertension in the US Population (NHANES 1999-2016). J
Am Heart Assoc. 2020,9(13):e015533.

Chamberlain JJ, Johnson EL, Leal S, Rhinehart AS, Shubrook JH, Peterson

L. Cardiovascular Disease and Risk Management: review of the American
Diabetes Association Standards of Medical Care in Diabetes 2018. Ann Intern
Med. 2018;168(9):640-50.

Deprince A, Haas JT, Staels B. Dysregulated lipid metabolism links NAFLD to
cardiovascular disease. Mol Metab. 2020;42:101092.

Aryal B, Price NL, Suarez Y, Fernandez-Hernando C. ANGPTL4 in Metabolic and
Cardiovascular Disease. Trends Mol Med. 2019;25(8):723-34.

Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale KM, Balachan-
dran K, Nirantharakumar K. Metabolically healthy obese and Incident
Cardiovascular Disease events among 3.5 million men and women. J Am Coll
Cardiol. 2017;70(12):1429-37.

YanY,Wang D, Sun’Y, Ma Q Wang K, Liao Y, et al. Triglyceride-glucose index
trajectory and arterial stiffness: results from Hanzhong adolescent hyperten-
sion cohort study. Cardiovasc Diabetol. 2022;21(1):33.

Huang Z, Ding X, Yue Q, Wang X, Chen Z, Cai Z, et al. Triglyceride-glucose
index trajectory and stroke incidence in patients with hypertension: a pro-
spective cohort study. Cardiovasc Diabetol. 2022;21(1):141.

Xu L, Wu M, Chen S, Yang Y, Wang Y, Wu S, Tian Y. Triglyceride-glucose index
associates with incident heart failure: a cohort study. Diabetes Metab.
2022;48(6):101365.

Li X, Chan JSK, Guan B, Peng S, Wu X, Lu X, et al. Triglyceride-glucose index
and the risk of heart failure: evidence from two large cohorts and a mende-
lian randomization analysis. Cardiovasc Diabetol. 2022;21(1):229.

Wang J, Huang X, Fu C, Sheng Q, Liu P. Association between triglyceride
glucose index, coronary artery calcification and multivessel coronary disease
in Chinese patients with acute coronary syndrome. Cardiovasc Diabetol.
2022,21(1):187.

Zhao J, Fan H,Wang T, Yu B, Mao S, Wang X, et al. TyG index is positively asso-
ciated with risk of CHD and coronary atherosclerosis severity among NAFLD
patients. Cardiovasc Diabetol. 2022;21(1):123.

Sun M, Guo H, Wang Y, Ma D. Association of triglyceride glucose index with
all-cause and cause-specific mortality among middle age and elderly US
population. BMC Geriatr. 2022;22(1):461.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

54.

55.

56.

57.

58.

Page 11 of 11

Du L, Xu X, Wu'Y, Yao H. Association between the triglyceride glucose index
and cardiovascular mortality in obese population. Nutr Metab Cardiovasc Dis.
2023.

Pang J, Qian L, Che X, Lv P Xu Q. TyG index is a predictor of all-cause mortality
during the long-term follow-up in middle-aged and elderly with hyperten-
sion. Clin Exp Hypertens. 2023;45(1):2272581.

Zhang R, Shi S, Chen W, Wang Y, Lin X, Zhao Y, et al. Independent effects of
the triglyceride-glucose index on all-cause mortality in critically ill patients
with coronary heart disease: analysis of the MIMIC-Il database. Cardiovasc
Diabetol. 2023;22(1):10.

Cai W, Xu J,Wu X, Chen Z, Zeng L, Song X, et al. Association between
triglyceride-glucose index and all-cause mortality in critically ill patients

with ischemic stroke: analysis of the MIMIC-IV database. Cardiovasc Diabetol.
2023;22(1):138.

Zhou Y, Wang C, Che H, Cheng L, Zhu D, Rao C, et al. Association between
the triglyceride-glucose index and the risk of mortality among patients

with chronic heart failure: results from a retrospective cohort study in China.
Cardiovasc Diabetol. 2023;22(1):171.

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

Saylik F, Cinar T, Selcuk M, Tanboga IH. The predictive value of triglyceride-
glucose index for in-hospital and one-year mortality in elderly non-diabetic
patients with ST-segment elevation myocardial infarction. J Geriatr Cardiol.
2022;19(8):610-7.

Cersosimo E, DeFronzo RA. Insulin resistance and endothelial dysfunc-

tion: the road map to cardiovascular diseases. Diabetes Metab Res Rev.
2006;22(6):423-36.

Pries AR, Badimon L, Bugiardini R, Camici PG, Dorobantu M, Duncker DJ, et al.
Coronary vascular regulation, remodelling, and collateralization: mechanisms
and clinical implications on behalf of the working group on coronary patho-
physiology and microcirculation. Eur Heart J. 2015;36(45):3134-46.

Camici PG, d’Amati G, Rimoldi O. Coronary microvascular dysfunction:
mechanisms and functional assessment. Nat Rev Cardiol. 2015;12(1):48-62.
Grover A, Padginton C, Wilson MF, Sung BH, Izzo JL Jr. Dandona P. Insulin
attenuates norepinephrine-induced venoconstriction. An ultrasonographic
study. Hypertension. 1995;25(4 Pt 2):779-84.

Steinberg HO, Brechtel G, Johnson A, Fineberg N, Baron AD. Insulin-mediated
skeletal muscle vasodilation is nitric oxide dependent. A novel action of
insulin to increase nitric oxide release. J Clin Invest. 1994,94(3):1172-9.
Kuboki K, Jiang ZY, Takahara N, Ha SW, Igarashi M, Yamauchi T, et al. Regula-
tion of endothelial constitutive nitric oxide synthase gene expression in
endothelial cells and in vivo: a specific vascular action of insulin. Circulation.
2000;101(6):676-81.

Westergren HU, Svedlund S, Momo RA, Blomster JI, Wahlander K, Rehnstrom
E, et al. Insulin resistance, endothelial function, angiogenic factors and clinical
outcome in non-diabetic patients with chest pain without myocardial perfu-
sion defects. Cardiovasc Diabetol. 2016;15:36.

Bonner JS, Lantier L, Hasenour CM, James FD, Bracy DP, Wasserman DH.
Muscle-specific vascular endothelial growth factor deletion induces

muscle capillary rarefaction creating muscle insulin resistance. Diabetes.
2013;62(2):572-80.

Festa A, Hanley AJ, Tracy RP, D'Agostino R Jr, Haffner SM. Inflammation in

the prediabetic state is related to increased insulin resistance rather than
decreased insulin secretion. Circulation. 2003;108(15):1822-30.

Vaccarino V, Khan D, Votaw J, Faber T, Veledar E, Jones DP, et al. Inflammation
is related to coronary flow reserve detected by positron emission tomogra-
phy in asymptomatic male twins. J Am Coll Cardiol. 2011;57(11):1271-9.
Orshal JM, Khalil RA. Interleukin-6 impairs endothelium-dependent NO-
cGMP-mediated relaxation and enhances contraction in systemic vessels of
pregnant rats. Am J Physiol Regul Integr Comp Physiol. 2004;286(6):R1013-23.

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



	﻿Associations of triglyceride-glucose (TyG) index with chest pain incidence and mortality among the U.S. population
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and participants
	﻿Exposure and outcome variables
	﻿Covariate
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Associations between the triglyceride-glucose index and chest pain
	﻿Correlation between the triglyceride-glucose index and all-cause mortality

	﻿Discussion
	﻿Conclusion
	﻿References


