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Interaction between
triglyceride-glucose index
and thyroid hormones on
coronary artery disease risk
in patient with euthyroid
Li Li*, Gaojun Cai, Wei Lu, Feng Li, Lei Yu
and Jianqiang Xiao

Department of Cardiology, Wujin Hospital Affiliated to Jiangsu University, The Wujin Clinical
College of XuZhou Medical University, Changzhou, Jiangsu, China
Background: Triglyceride-glucose (TyG) index is an effective indicator in

indentifying in pre-diabetes, diabetes, and coronary artery disease (CAD).

However, the value of TyG index combined with thyroid hormones (THs) to

affect CAD has not been fully evaluated. Here, we investigated the association

between TyG index and THs and further studied the impacts of TyG index and

THs on CAD in euthyroid.

Methods: Subjects (1,297) with euthyroid who underwent selective coronary

angiography (CAG) were enrolled in the present study, including 893 patients

with CAD and 404 controls. The association between TyG index and THs

were analyzed by linear regression models. Multivariate logistic regression

analysis was used to evaluate the interaction of TyG and THs with the risk of

CAD. According to the cutoff value of free triiodothyronine (FT3), free

thyroxine (FT4), thyroid-stimulating hormone (TSH), and TyG index, the

patients were respectively separated into four groups: low TyG/FT3 (low or

high), high TyG/FT3 (low or high), low TyG/FT4 (low or high), high TyG/FT4

(low or high), low TyG/TSH (low or high), high TyG/TSH (low or high).

Results: The baseline analysis showed that FT4 level differs among the three

groups according to the tertile of the TyG index. Multiple linear regression

analysis revealed decreased serum FT3 level and serum FT4 level as an

independent risk factor for elevated TyG index. After adjusting for

confounding variables, multiple logistic regression analysis showed that

patients with lower TyG index and higher FT3 level had an important

protective effect on CAD when considering patients with lower TyG index

and FT3 level as reference(OR = 0.536, 95% CI: 0.369–0.778, P = 0.001).

Patients with higher TyG index and FT4 level (lower or higher) had a

significantly increased risk of CAD (OR 1.656, 95% CI: 1.117–2.455; OR =

1.920, 95% CI: 1.279–2.848, respectively). The area under the curve for the

combined diagnosis of CAD by TyG index and FT3 level is 0.615.
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Abbreviations: CAD, coronary artery disease; FT3, the free

FT4, free thyroxine; IR, insulin resistance; TyG, triglyce

triglyceride; FBG, fasting blood glucose; STEMI, ST-elev

infarction; PCI, percutaneous coronary intervention; Scr, seru

total cholesterol; LDL-C, low-density lipoprotein cholester

density lipoprotein cholesterol; apo A-I, apolipoprot

apolipoprotein B; TSH, thyroid-stimulating hormone; NAF

fatty liver disease; OR, odds ratio; CI, confidence interval.
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Conclusions: These findings suggest that TyG is independently negatively

correlated with FT3 or FT4 in euthyroid. In addition, there was a significant

interaction between TyG index and THs on the risk of CAD.
KEYWORDS

free thyroxine, interaction, coronary artery disease, triglyceride glucose index,
free triiodothyronine
Background

Lipid and glucose disorders are common risk factors for

coronary artery disease (CAD) (1). Insulin resistance (IR) is the

major pathogenic factor of diabetes mellitus (DM) and plays an

important role in the prognosis of CAD (2, 3). Triglyceride-glucose

(TyG) index is an effective index, calculated as the product of

triglyceride (TG) and fasting blood glucose (FBG), which has been

found to be associated with IR, carotid artery plaque, arterial

stiffness, and CAD (4–6). Observational studies have shown that

a higher TyG index is associated with higher prevalence of

cardiovascular disease in the general population. The prevalence

of symptomatic CAD and the risk of major adverse cardiovascular

and cerebrovascular events in patients with ST-segment elevation

myocardial infarction (STEMI) are correlated with higher TyG

index (7, 8). Eight cohort studies including 5,731,294 participants

showed that higher TyG index was independently associated with

an increased atherosclerotic cardiovascular disease risk. However,

Alizargar et al. pointed out that TyG index as a valid index in

patients with CAD is questionable, because it is affected by many

factors including hyperlipidemia and diabetes.

Thyroid hormones (THs) have been linked with cardiac

function, hepatic fatty acids, cholesterol synthesis, and

metabolism. Low free triiodothyronine (FT3) level was negatively

associated with the severity of CAD in euthyroid individuals (9).

The TyG index, as an effective indicator of metablic syndrome, has

been proven to be related to THs and THs sensitivity (10). Previous

studies also investigated the relationship between THs and TyG

index in non-diabetic adults and showed TyG index was negatively

associated with FT4 level, positively associated with TSH level (11).

The interaction between TyG index and THs on the risk of

CAD is not clear in euthyroid. Therefore, the aim of the present
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study is to examine the relationship between TyG index and CAD in

euthyroid adults and investigated the interaction of TyG index and

THs in promoting CAD.
Methods

Study design and subjects

There were overall 1,297 patients with euthyroid who underwent

coronary angiography (CAG) at Wujin Hospital affiliated with

Jiangsu University between June 2017 and March 2019 for angina

pain and precordial discomfort on basis of positive noninvasive test

results (i.e., electrocardiogram suggestive of ischemia, suspicious

coronary computed tomography angiography, and so on). Figure 1

shows the flowchart of the present study. The exclusion criteria

were as follows: patients missing lipid profiles and thyroid

function data, patients with thyroid dysfunction and receiving TH

substitutions or antithyroid drugs, and patients with severe

hypoglycemia. The study protocol was approved by the Ethics

Committee of Wujin Hospital. This was a retrospective study,

and informed consent could not be obtained from every

participant, which was approved by the Ethics Committee of

Changzhou Wujin Hospital (no. 201787).
Data collection

At least 8h fasting venous blood samples were collected on the

second day of admission. The basic clinical information, namely,

age, sex, height, weight, medication record, history of DM, and

hypertension were collected. Blood biochemical measurements,

namely, serum creatinine (Scr), FBG, total cholesterol (TC), TG,

low-density lipoprotein cholesterol (LDL-C), high-density

lipoprotein cholesterol (HDL-C), apolipoprotein A-I (apo A-I),

and apolipoprotein B (apo B) were measured by an automated

analyzer (AU5800 Beckman Coulter, Beckman Coulter Inc., Brea,

California, USA), and thyroid function was carried out by a fully

automatic immunoassay analyzer (Dxl 800 Beckman Coulter,

Beckman Coulter Inc., USA).

The TyG index was calculated as the Ln [fasting TGs (mg/dl) ×

fasting glucose (mg/dl)]/2.
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Diagnostic criteria

CAD was defined in accordance with the 1979 WHO diagnostic

criteria (12). CAD was defined as at least one major coronary vessel

stennosis exceeding 50% (left main, left anterior descending, left

circumflex, right coronary artery, and large branches). All patients

underwent a CAG examination after admission. The CAG

examinations were performed using the Judkin technique via the

radial or femoral artery. Angiograms were analyzed by at least two

experienced doctors who were blinded to this study. Non-CAD was

defined as those without coronary disease and the presence of

coronary stenosis less than 50%, regardless of symptom (13).

The reference intervals of normal thyroid function were as

\follows: FT3, 3.5 pmol/L to 6.5 pmol/L; FT4, 11.5 pmol/L to 22.7

pmol/L; thyroid-stimulating hormone (TSH), 0.55 mIU/L to 4.78

mIU/L. In this study, euthyroidism was defined as having no history

of hyperthyroidism or hypothyroidism and having normal levels of

FT3, FT4, and TSH.
Statistical analysis

Statistical Package for the Social Sciences software version 20.0

(SPSS Inc. Chicago, IL, USA) and GraphPad Prism 8 software were

used to perform statistical analysis. Categorical variables were

compared using the chi-square test and expressed as frequencies

and percentages. Continuous variables were tested for normality

with Kolmogorov–Smirnov statistics. Skew distribution variables

are presented as the medians (interquartile ranges), and differences

in variables among groups were compared using the Kruskal–Wallis

H test. The baseline data of subjects were grouped according to the

tertile of TyG index in this study. In accordance with the optimal

cutoff values of TyG (8.78), FT3 (4.62 pmol/L), FT4 (16.85 pmol/L),

and TSH(1.87mIU/L), participants were divided into four groups,

respectively: TyG−/FT3−(Q1);TyG−/FT3+(Q2); TyG+/FT3−(Q3);
Frontiers in Endocrinology 03
TyG+/FT3+(Q4); TyG−/FT4−(Q1);TyG−/FT4+(Q2);TyG+/FT4

−(Q3);TyG+/FT4+(Q4); and TyG−/TSH−(Q1);TyG−/TSH+(Q2);

TyG+/TSH− (Q3);TyG+/TSH+(Q4). Logistic regression analyses

were performed to estimate the interaction between TyG index and

THs on the risk of CAD, and confounding factors, namely, age, sex,

and body mass index (BMI) were adjusted. Odds ratio (OR) and the

corresponding 95% confidence interval (CI) were calculated after

control l ing for confounding variables . P < 0.05 was

considered significant.
Results

The characteristics of the study subjects
according to TyG index

The baseline characteristics of the study population are

displayed in Table 1. The current study finally enrolled 1,297

subjects who were stratified into three groups according to the

tertile level of TyG index (T1:TyG index < 8.54; T2:8.54 ≤ TyG indx

≤ 9.06; T3:TyG indx > 9.06). BMI, FPG, HbAIc, TC, TG, LDL-C,

apo A-I, apo B and TyG of the subjects gradually increased with the

increase of TyG index, while age, Scr, HDL-C, and FT4 gradually

decreased with the increase of TyG index. In addition, the higher

proportion of DM, hypertension, and CAD was found in the higher

TyG index group. However, there is no difference in FT3- and TSH-

level among the three groups.
The association between TyG and THs in
euthyroid adults

In multivariate linear regression model, the TyG index was used as

the dependent variable, and age, BMI, uric acid, FBG, and THs

parameters were used as independent variables. The results showed

that FT3 and FT4 levels were negatively associated with the TyG index

(P < 0.05) in Table 2. When FT3 and FT4 levels increased by 1 pmol/L,

the TyG index reduced by 0.056 and 0.078, respectively. BMI, uric acid,

and FBGwere positively correlated with the TyG index. The TyG index

increased by 0.543 for every 1 mmol/L increase in the FBG level.
Logistic regression analysis of interaction
between TyG index and THs on the risk
of CAD

In order to explore the interaction of TyG index and THs on the

risk of CAD, odds ratio (OR) and P-values are presented in Table 3.

Taking TyG−/FT3− group as a reference, the risk of CAD in TyG

−/FT3+ group decreased significantly by 46.4% after adjusting for

age, sex, and BMI. Similarly, patients with higher levels of TyG,

regardless of their FT4 and TSH levels, indicate a higher risk of

CAD (OR = 1.656 for lower FT4; OR = 1.920 for higher FT4, OR =

1.762 for lower TSH; OR = 1.692 for higher TSH). As shown in

Table 4, the stratified analysis observed patients with TyG−/FT4+

aged ≤60 years old have a lower risk of CAD, and this result was not
FIGURE 1

Flowchart of the study population enrollment.
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shown in those aged >60 years old. The risk of CAD in TyG+/FT4+

group with BMI ≤24 kg/m2 (OR = 3.230, 95% CI = 1.503–6.938) is

higher than those in TyG+/FT4− group with BMI >24 kg/m2

in Table 5.
Frontiers in Endocrinology 04
The predictive efficacy of combination
of TyG and FT3 or FT4

Receiver-operating characteristic curve was performed to

evaluate the predictive efficacy of combination of TyG and FT3 or

FT4 in Figure 2. The AUC of TyG to predict CAD was 0.603. The

AUC of TyG combined with FT3 and FT4 are 0.615 and 0.613,

respectively. Compared with TyG alone, adding FT3 to TyG

resulted in an increase in AUC and an improvement in the

predictive ability of the new model, but the difference was not

statistically significant (NRI = 2.24%, P = 0.32).
Discussion

There is relatively little research on the relationship between

TyG and THs in euthyroid. The present study firstly demonstrated

that TyG index was negatively associated with FT3 or FT4 in

euthyroid subjects. We also found an interaction between TyG

and THs, which has a significant impact on CAD. Meanwhile, we
TABLE 2 Multiple linear regression analysis for the association between
TyG index and FT3 or FT4 level.

Variable Standardized coefficients (b) T P

FT3 -0.056 -2.436 0.015

FT4 -0.078 -3.432 <0.001

TSH 0.025 1.147 0.251

Age -0.171 -7.712 <0.001

BMI 0.159 7.057 <0.001

Uric acid 0.127 5.822 <0.001

FBG 0.543 24.70 <0.001
FT3, Free Triiodothyronine; FT4, Free Thyroxine; TSH, thyroid-stimulating hormone; BMI,
Body mass index; FBG, fasting blood glucose.
TABLE 1 Baseline and biochemical characteristics in patients.

Total(n=1297) TyG index P-value

T1(n=432) T2(n=430) T3(n=435)

Age, years 64.18(53.9-74.4) 66.37(56.7-75.9) 64.47(54.86-74.1) 61.7(50.9-72.5) <0.001

Male, n (%) 881(67.9%) 307(71%) 285(66.2%) 289(66.4%) 0.225

Take lipid-lowering
drugs,n(%)

240(18.5%) 99(22.9%) 74(17.2%) 67(15.4%) 0.172

BMI(kg/m2) 24.79(21.53-28.05) 23.65(20.64-26.66) 24.91(21.71-28.11) 25.81(22.61-29.01) <0.001

Scr(mmol/L) 71.74(53.65-89.83) 73.16(55.57-91.20) 71.67(53.65-89.69) 70.38(52.04-88.72) 0.078

FBG(mmol/L) 6.07(3.99-8.16) 5.10(4.18-6.02) 5.69(4.33-7.05) 7.41(4.69-10.13) <0.001

HbA1c(mmol/L) 6.25(4.86-7.64) 5.72(4.89-6.55) 6.05(4.94-7.16) 6.97(5.23-8.71) <0.001

TG(mmol/L) 4.35(2.86-5.84) 3.89(2.92-4.86) 4.39(2.39-6.40) 4.76(3.59-5.86) <0.001

TC(mmol/L) 1.89(0.43-3.35) 0.98(0.75-1.21) 1.57(1.23-1.91) 3.10(1.05-4.97) <0.001

HDLC(mmol/L) 1.09(0.83-1.36) 1.18(0.90-1.46) 1.09(0.85-1.33) 1.00(0.78-1.23) <0.001

LDL-C(mmol/L) 2.71(1.78-3.63) 2.40(1.58-3.22) 2.78(1.86-3.70) 2.94(2.01-3.87) <0.001

ApoA(mmol/L) 1.23(0.99-1.47) 1.21(1.07-1.37) 1.23(1.01-1.45) 1.24(0.98-1.50) 0.192

ApoB (mmol/L) 0.87(0.59-1.16) 0.72(0.51-0.94) 0.86(0.63-1.10) 1.04(0.73-1.36) <0.001

TyG index 8.86(8.20-9.52) 8.20(7.96-8.44) 8.78(8.64-8.92) 9.60(9.10-10.10) <0.001

FT3(pmol/L) 4.64(4.05-5.23) 4.65(4.03-5.26) 4.67(4.09-5.25) 4.61(4.04-5.18) 0.651

FT4(pmol/L) 16.99(14.67-19.33) 17.23(14.87-19.60) 16.98(14.77-19.19) 16.76(14.39-19.13) 0.012

TSH (mIU/L) 1.88(1.28-2.74) 1.77(1.25-2.60) 1.90(1.25-2.77) 1.93(1.31-2.85) 0.265

fT3/fT4 0.27(0.23-0.32) 0.27(0.23-0.32) 0.27(0.23-0.33) 0.28(0.24-0.33) 0.124

Diabetes mellitus, n (%) 328(25.5%) 47(10.8%) 96(22.3%) 185(42.5%) <0.001

Hypertension,n (%) 897(69.1%) 271(62.7%) 302(70.2%) 324(74.5%) <0.001

CAD, n (%) 893(68.0%) 278(64.3%) 296(68.8%) 319(73.3%) 0.007
fro
BMI Body mass index, Scr serum creatinine, FBG fasting blood. BMI, Body mass index; Scr, serum creatinine; FBG, fasting blood glucose; HbA1c, glycated haemoglobin; TG, triglyceride; TC,
total cholesterol; HDL-C, high-density lipid cholesterol; LDL-C, low-density lipid cholesterol; apoA-I, apolipoprotein A-I; apoB, apolipoprotein B; TyG, the triglycerideglucose index; FT3, free
triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone; CAD, coronary artery disease.
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explored the predictive value of combined indicators based on TyG

index and FT3 or FT4 for CAD.

CAD is the main cause of death worldwide (14). IR andmetabolic

syndrome (including hypertension, hyperlipidemia, hyperuricemia,

and obesity) are associated with DM and atherosclerosis (15–17). A

research from Thailand demonstrated hypertriglyceridemia is an

independent risk factors for future DM and positively correlated

with incidence of DM during a 10-year follow-up period (18). A large

prospective cohort study also showed that fasting glucose within

normal range, following certain trajectories, may increase risk of

developing CAD (19). Researchers paid more attention to TyG index

in recent years, which is the product of fasting plasma glucose and TG

levels (7). Many studies reported that TyG index is a valuable marker

for metabolic disorders (20, 21). Currently, there are several studies

on TyG index and cardiovascular disease, but the results are
Frontiers in Endocrinology 05
inconsistent. Luo E et al. pointed TyG index is positively related to

the incidence of major adverse cardiovascular and cerebrovascular

events in STEMI patients (8). Zhao et al. showed that TyG index was

significantly correlated to arterial stiffness, cardiometablic risk factors,

chronic kidney disease, microalbuminuria, and macrovascular

damage (22). Meanwhile, recent evidence also suggested that TyG

index can increase the prevalence of in-stent restenosis in patient with

acute coronary syndrome after drug stent implantation. The number

of coronary vessels and SYNTAX score increased with the elevated of

TyG index, making it possible for TyG index to serve as an indicator

for predicting the severity of CAD and cardiovascular outcomes in

patients with non-ST-segment elevation acute coronary syndrome

(23, 24). However, an article published in 2020 analyzed that TyG

index may not the best index in predicting CAD and may be affected

by confounding factors such as blood glucose and dyslipidemia (25).
TABLE 4 Interaction of the TyG and THs with the risk of CAD according to age.

TyG/FT3 TyG/FT4 TyG/TSH

Age≤ 60years Age>60years Age≤ 60years Age>60years Age≤ 60years Age>60years

Inter-
action

OR*
(95%CI)

P
OR*

(95%CI)
P

OR*
(95%CI)

P
OR*

(95%CI)
P

OR*
(95%CI)

P
OR*

(95%CI)
P

Q1 Reference Reference Reference Reference Reference Reference

Q2
0.459

(0231-0.913)
0.027

0.597
(0.379-0.942)

0.026
0.461

(0.241-0.881)
0.019

1.359
(0.866-2.132)

0.182
0.998

(0.535-1.862)
0.995

1.142
(0.755-1.726)

0.529

Q3
2.601

(1.155-5.859)
0.021

1.083
(0.666-1.762)

0.747
1.736

(0.879-3.430)
0.112

1.480
(0.910-2.405)

0.114
3.928

(2.012-7.666)
0.000

1.155
(0.741-1.801)

0.525

Q4
1.325

(0.644-2.724)
0.445

1.025
(0.597-1.762)

0.927
2.177

(1.090-4.351)
0.028

1.662
(1.006-2.748)

0.048
2.617

(1.414-4.844)
0.002

1.318
(0.843-2.060)

0.227
frontier
TyG, Triglyceride glucose index; FT3, Free Triiodothyronine; FT4, Free Thyroxine; TSH, thyroid-stimulating hormone.
*Adjusted for age, sex.
TABLE 3 Interaction of the TyG and THs with the risk of CAD using binary logistic regression.

Interaction No. UnadjustedOR(95%CI) P *Adjusted OR(95%CI) P

TyG/FT3

Q1
Q2
Q3
Q4

329
326
331
311

Reference
0.543(0.378-0.780)
1.270(0.849-1.902)
1.005(0.709-1.570)

0.001
0.245
0.790

Reference
0.536(0.369-0.778)
1.447(0.953-2.196)
1.138(0.743-1.745)

0.001
0.083
0.552

TyG/FT4

Q1 317 Reference Reference

Q2 334 0.955(0.669-1.364) 0.799 0.957(0.667-1.373) 0.811

Q3 333 1.460(0.999-2.133) 0.051 1.656(1.117-2.455) 0.012

Q4 313 1.681(1.131-2.500) 0.010 1.920(1.279-2.848) 0.002

TyG/TSH

Q1 316 Reference Reference

Q2 329 1.053(0.754-1.471) 0.764 1.115(0.794-1.566) 0.528

Q3 338 1.677(1.173-2.397) 0.005 1.762(1.220-2.545) 0.003

Q4 313 1.479(1.050-2.085) 0.025 1.692(1.182-2.422) 0.004
TyG, Triglyceride glucose; FT3, Free Triiodothyronine; FT4, Free Thyroxine; TSH, thyroid-stimulating hormone.
*Adjusted for age, sex, BMI.
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THs play an important role in maintaining myocardial

remodeling, IR, glucose and lipid metabolism (26, 27). The

research on THs and dyslipidemia, diabetes and obesity is

gradually increasing. Patients with CAD often have thyroid

dysfunction. Previous studies have found that low FT3 levels were

negatively correlated with CAD and major adverse cardiovascular

events (28). The TyG index has been studied as an alternative

indicator of IR in many fields. It was firstly reported in non-diabetic

euthyroid adults from Korea Survey. The results showed a

significant negative correlation between TyG index and FT4 level

in the male population. Meanwhile, this study also indicated a

negative correlation between TyG and homoeostatic model

assessment of insulin resistance (HOMA-IR). In another study,
Frontiers in Endocrinology 06
an inverse correlation was found between FT4 and HOMA-IR (29).

The possible reason is that THs cannot only directly affect IR but

also indirectly affect IR through BMI, body composition, gender,

and so forth. After adjusting for confounding factors, our study

found that TyG index was inversely associated with FT3 or FT4

level in euthyroid, respectively.

Higher FT3 level is a protective factor for CAD and correlated

with decreased cardiovascular mortality and all-cause mortality,

even in individuals with normal thyroid function (11). FT3 was

found to be positively correlated with total and LDL cholesterol

concentrations in a study of 1,372 individuals with normal thyroid

function. This may be strong evidence to support our results. In our

study, participants with lower levels of TyG index and higher levels

of FT3 had a lower risk of CAD whether before or after adjusting for

confounding factors. In age stratified analysis, the higher risk of

CAD was observed in individuals under 60 years of old with higher

TyG index and lower FT3 level, but this phenomenon has not been

found in the elderly. Previous studies have reported that lower FT3

with normal range does not increase the presence and severity of

CAD in old patients. There may be related to the lifestyle changes of

young people nowadays and a downregulated in sensitivity to THs

in older subjects.

The higher risk of CAD was observed in populations with

higher levels of TyG and lower levels of FT4, and this risk is more

significant in populations with both higher TyG and FT4. From the

further analysis, we also found that the increased incidence of CAD

was observed in patients with BMI ≤24 kg/m2. Interestingly, this

result was not obtained when BMI >24kg/m2. These observations

strongly suggest that body weight may interfere with the interaction

between TyG index and FT4 on CAD. The thyroid and adipose

tissue play important roles in the metabolism of the body. The fat

mass directly increases the activity of deiodinase, resulting in an

increase in the peripheral conversion rate of T4 in T3 (30). The

activity of deiodinase also decreases with age, leading to a decrease

in the conversion rate from T4 to T3 (31). It seems reasonable to

change the body and thyroid status through appropriate exercise

and dietary structure. This observation suggests that understanding

the age/BMI-related THs status in patients with euthyroid is
FIGURE 2

ROC curve analyses for predicting CAD. ROC, receiver-operating
characteristic; AUC, area under the curve; TyG index, triglyceride-
glucose index; FT3, free triiodothyronine; FT4, free thyroxine.
TABLE 5 Interaction of the TyG and THs with the risk of CAD according to BMI.

TyG/FT3 TyG/FT4 TyG/TSH

BMI≤
24kg/m2

BMI>
24kg/m2

BMI≤
24kg/m2

BMI>
24kg/m2

BMI≤
24kg/m2

BMI>
24kg/m2

Inter-
action

OR*
(95%CI)

P OR*
(95%CI)

P OR*
(95%CI)

P OR*
(95%CI)

P OR*
(95%CI)

P OR*
(95%CI)

P

Q1 Reference Reference Reference Reference Reference Reference

Q2
0.514

(0.308-0.859)
0.011

0.540
(0.311-0.938)

0.029
0.705

(0.427-1.165)
0.173

1.368
(0.805-2.327)

0.247
1.201

(0.751-1.921)
0.444

1.035
(0.633-1.693)

0.891

Q3
2.513

(1.233-5.124)
0.011

1.071
(0.616-1.862)

0.808
1.719

(0.874-3.378)
0.116

1.691
(1.035-2.762)

0.036
1.818

(1.019-3.244)
0.043

1.751
(1.082-2.829)

0.023

Q4
1.568

(0.749-3.284)
0.233

0.949
(0.545-1.651)

0.853
3.230

(1.503-6.938)
0.003

1.620
(0.977-2.689)

0.062
1.976

(1.096-3.563)
0.023

1.602
(1.006-2.551)

0.047
frontier
TyG, Triglyceride glucose index; FT3, Free Triiodothyronine; FT4, Free Thyroxine; TSH, thyroid-stimulating hormone.
*Adjusted for age, sex.
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necessary. It may guide us in better managing cardiovascular risk or

controlling CAD risk in patients with thyroid diseases undergoing

medication. More studies are necessary to confirm these findings

and underlying mechanism.

TyG has been studied as a predictive indicator in multiple fields,

and adding the TyG index to the baseline risk model can

significantly improve prediction accuracy. In this study, we firstly

explored the predictive ability of TyG combined with thyroid

function in CAD, but the results are not optimistic.

However, several limitations should be acknowledged. First, as a

single-center, retrospective and observational study, the sample size

of the study is small. Second, although CAD-related risk factors

were adjusted for, we still cannot exclude the possibility of residual

or unrecorded confounding factor such as life style.
Conclusion

These findings suggest that TyG is independently negatively

correlated with FT3 or FT4 in euthyroid. In addition, there was a

significant interaction between TyG index and THs on the risk of

CAD. Age and body mass index have a certain role in TyG and TH

regulation of CAD, which provides clues for clinical treatment of

coronary heart disease.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by the Ethics

Committee of Changzhou Wujin Hospital (no.201787). The studies

were conducted in accordance with the local legislation and

institutional requirements. The human samples used in this study

were acquired from primarily isolated as part of your previous study

for which ethical approval was obtained. Written informed consent
Frontiers in Endocrinology 07
for participation was not required from the participants or the

participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.
Author contributions

LL: Writing – original draft, Conceptualization. GC: Writing –

review & editing. WL: Investigation, Writing – review & editing. FL:

Investigation, Writing – review & editing. LY: Data curation,

Formal analysis, Writing – review & editing. JX: Data curation,

Formal analysis, Writing – review & editing.
Funding

This work was supported by Changzhou Science and

Technology Project (WZ202225).
Acknowledgments

We thank all our colleagues at the Department of Cardiology,

Wujin Hospital Affiliated to Jiangsu University.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Li XL, Guo YL, Zhu CG, Xu RX, Qing P, Wu NQ, et al. Relationship of high-density
lipoprotein cholesterol with periprocedural myocardial injury following elective
percutaneous coronary intervention in patients with low-density lipoprotein cholesterol
below 70 mg/dL. J Am Heart Assoc (2015) 4(1):e001412. doi: 10.1161/JAHA.114.001412

2. Uetani T, Amano T, Harada K, Kitagawa K, Kunimura A, Shimbo Y, et al. Impact
of insulin resistance on post-procedural myocardial injury and clinical outcomes in
patients who underwent elective coronary interventions with drug-eluting stents. JACC
Cardiovasc Interv (2012) 5:1159–67. doi: 10.1016/j.jcin.2012.07.008

3. Gast KB, Tjeerdema N, Stijnen T, Smit JW, Dekkers OM. Insulin resistance and
risk of incident cardiovascular events in adults without diabetes: meta-analysis. PloS
One (2012) 7(12):e52036. doi: 10.1371/journal.pone.0052036
4. Mazidi M, Kengne AP, Katsiki N, Mikhailidis DP, Banach M. Lipid
accumulation product and triglycerides/glucose index are useful predictors of
insulin resistance. J Diabetes Complications (2018) 32:266–70. doi: 10.1016/
j.jdiacomp.2017.10.007

5. Wu SL, Xu LL, Wu MY, Chen SH, Wang YJ, Tian YH. Association between
triglyceride-glucose index and risk of arterial stifness: a cohort study. Cardiovasc
Diabetol (2021) 20:146. doi: 10.1186/s12933-021-01342-2

6. Tuo X, Yuan J, Wang X, Xin Z. Identifying the insulin resistance index in nondiabetic
Chinese subjects. Medicine (2020) 99:e19023. doi: 10.1097/MD.0000000000019023

7. da Silva A, Caldas APS, Hermsdorff HHM, Bersch-Ferreira AC, Torreglosa CR,
Weber B, et al. Triglyceride−glucose index is associated with symptomatic coronary
frontiersin.org

https://doi.org/10.1161/JAHA.114.001412
https://doi.org/10.1016/j.jcin.2012.07.008
https://doi.org/10.1371/journal.pone.0052036
https://doi.org/10.1016/j.jdiacomp.2017.10.007
https://doi.org/10.1016/j.jdiacomp.2017.10.007
https://doi.org/10.1186/s12933-021-01342-2
https://doi.org/10.1097/MD.0000000000019023
https://doi.org/10.3389/fendo.2023.1255656
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Li et al. 10.3389/fendo.2023.1255656
artery disease in patients in secondary care. Cardiovasc Diabetol (2019) 18(1):89. doi:
10.1186/s12933-019-0893-2

8. 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. doi: 10.1186/s12933-019-0957-3

9. Zhou BY, Guo YL, Wu NQ, Zhu CG, Gao Y, Qing P, et al. Free triiodothyronine
in relation to coronary severity at different ages: Gensini score assessment in 4206
euthyroid patients. J Geriatr Cardiol (2016) 13(12):978–83. doi: 10.11909/j.issn.1671-
5411.2016.12.006

10. Liu H, Xing Y, Nie Q, Li Z, Meng C, Ma H. Association between sensitivity to
thyroid hormones and metabolic dysfunction-associated fatty liver disease in euthyroid
subjects: A cross-sectional study. Diabetes Metab Syndr Obes (2023) 16:2153–63. doi:
10.2147/DMSO.S420872

11. Yu N, Wang L, Zeng Y, Zhao Y, Chen S, Pan H, et al. The association of thyroid
hormones with coronary atherosclerotic severity in euthyroid patients. Horm Metab
Res (2022) 54(1):12–9. doi: 10.1055/a-1718-6283

12. Nomenclature and criteria for diagnosis of ischemic heart disease. Report of the
Joint International Society and Federation of Cardiology/World Health Organization
task force on standardization of clinical nomenclature. Circulation (1979) 59:607–9.
doi: 10.1161/01.CIR.59.3.607

13. Sun X, Zhang M, Sanagawa A, Mori C, Ito S, Iwaki S, et al. Circulating
microRNA-126 in patients with coronary artery disease: correlation with LDL-C
cholesterol. Thromb J (2012) 10:16. doi: 10.1186/1477-9560-10-16

14. 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):e139–596. doi: 10.1161/CIR.0000000000000757

15. Di Pino A, DeFronzo RA. Insulin resistance and atherosclerosis: implications for
insulin-sensitizing agents. Endocr Rev (2019) 40:1447–67. doi: 10.1210/er.2018-00141

16. Beverly JK, Budof MJ. Atherosclerosis: pathophysiology of insulin resistance,
hyperglycemia, hyperlipidemia, and infammation. J Diabetes (2020) 12:102–4. doi:
10.1111/1753-0407.12970

17. Bornfeldt KE, Tabas I. Insulin resistance, hyperglycemia, and atherosclerosis.
Cell Metab (2011) 14:575–85. doi: 10.1016/j.cmet.2011.07.015

18. Charoensri S, Turnsaket S, Pongchaiyakul C. Hypertriglyceridemia as an
independent predictor for ten-year incidence of diabetes in thais. Vasc Health Risk
Manag (2021) 17:519–25. doi: 10.2147/VHRM.S326500

19. Yuan Z, Yang Y, Wang C, Liu J, Sun X, Liu Y, et al. Trajectories of long-term
normal fasting plasma glucose and risk of coronary heart disease: A prospective cohort
study. J Am Heart Assoc (2018) 7(4):e007607. doi: 10.1161/JAHA.117.007607
Frontiers in Endocrinology 08
20. Moon S, Park JS, Ahn Y. The cut-off values of triglycerides and glucose index for
metabolic syndrome in American and Korean adolescents. J Korean Med Sci (2017) 32
(3):427–33. doi: 10.3346/jkms.2017.32.3.427

21. Zhang M,Wang B, Liu Y, Sun X, Luo X, Wang C, et al. Cumulative increased risk
of incident type 2 diabetes mellitus with increasing triglyceride glucose index in
normal-weight people: The Rural Chinese Cohort Study. Cardiovasc Diabetol (2017)
16(1):30. doi: 10.1186/s12933-017-0514-x

22. Zhao S, Yu S, Chi C, Fan X, Tang J, Ji H, et al. Association between macro- and
microvascular damage and the triglyceride glucose index in community-dwelling
elderly individuals: the Northern Shanghai Study. Cardiovasc Diabetol (2019) 18
(1):95. doi: 10.1186/s12933-019-0898-x

23. Mao Q, Zhou DL, Li YM, Wang YQ, 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),
6891537. doi: 10.1155/2019/6891537

24. Zhu Y, Liu K, Chen M, Liu Y, Gao A, Hu C, et al. Triglyceride-glucose index is
associated with in-stent restenosis in patients with acute coronary syndrome after
percutaneous coronary intervention with drug-eluting stents. Cardiovasc Diabetol
(2021) 20(1):137. doi: 10.1186/s12933-021-01332-4

25. Alizargar J, Bai CH, Hsieh NC, Wu SV. Use of the triglyceride-glucose index
(TyG) in cardiovascular disease patients. Cardiovasc Diabetol (2020) 19(1):8. doi:
10.1186/s12933-019-0982-2

26. Jabbar A, Pingitore A, Pearce SH, Zaman A, lervasi G, Razvi S. Thyroid
hormones and cardiovascular disease. Nat Rev Cardiol (2017) 14:39–55. doi:
10.1038/nrcardio.2016.174

27. Choi YM, Kim MK, Kwak MK, Kim D, Hong EG. Association between thyroid
hormones and insulin resistance indices based on the Korean National Health and
Nutrition Examination Survey. Sci Rep (2021) 11(1):21738. doi: 10.1038/s41598-021-
01101-z

28. Neves JS, Fontes-Carvalho R, Borges-Canha M, Leite AR, von Hafe M, Vale C,
et al. Association of thyroid function, within the euthyroid range, with cardiovascular
risk: The EPIPorto study. Front Endocrinol (Lausanne) (2022) 13:1067801. doi:
10.3389/fendo.2022.1067801

29. Spira D, Buchmann N, Dörr M, Markus MRP, Nauck M, Schipf S, et al.
Association of thyroid function with insulin resistance: data from two population-
based studies. Eur Thyroid J (2022) 11(2):e210063. doi: 10.1530/ETJ-21-0063

30. Silva JE. The thermogenic effect of thyroid hormone and its clinical implications.
Ann Intern Med (2003) 139:205–13. doi: 10.7326/0003-4819-139-3-200308050-00010

31. Strich D, Karavani G, Edri S, Gillis D. TSH enhancement of FT4 to FT3 conversion
is age dependent. Eur J Endocrinol (2016) 175(1):49–54. doi: 10.1530/EJE-16-0007
frontiersin.org

https://doi.org/10.1186/s12933-019-0893-2
https://doi.org/10.1186/s12933-019-0957-3
https://doi.org/10.11909/j.issn.1671-5411.2016.12.006
https://doi.org/10.11909/j.issn.1671-5411.2016.12.006
https://doi.org/10.2147/DMSO.S420872
https://doi.org/10.1055/a-1718-6283
https://doi.org/10.1161/01.CIR.59.3.607
https://doi.org/10.1186/1477-9560-10-16
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1210/er.2018-00141
https://doi.org/10.1111/1753-0407.12970
https://doi.org/10.1016/j.cmet.2011.07.015
https://doi.org/10.2147/VHRM.S326500
https://doi.org/10.1161/JAHA.117.007607
https://doi.org/10.3346/jkms.2017.32.3.427
https://doi.org/10.1186/s12933-017-0514-x
https://doi.org/10.1186/s12933-019-0898-x
https://doi.org/10.1155/2019/6891537
https://doi.org/10.1186/s12933-021-01332-4
https://doi.org/10.1186/s12933-019-0982-2
https://doi.org/10.1038/nrcardio.2016.174
https://doi.org/10.1038/s41598-021-01101-z
https://doi.org/10.1038/s41598-021-01101-z
https://doi.org/10.3389/fendo.2022.1067801
https://doi.org/10.1530/ETJ-21-0063
https://doi.org/10.7326/0003-4819-139-3-200308050-00010
https://doi.org/10.1530/EJE-16-0007
https://doi.org/10.3389/fendo.2023.1255656
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Interaction between triglyceride-glucose index and thyroid hormones on coronary artery disease risk in patient with euthyroid
	Background
	Methods
	Study design and subjects
	Data collection
	Diagnostic criteria
	Statistical analysis

	Results
	The characteristics of the study subjects according to TyG index
	The association between TyG and THs in euthyroid adults
	Logistic regression analysis of interaction between TyG index and THs on the risk of CAD
	The predictive efficacy of combination �of TyG and FT3 or FT4

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


