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Relationship between TyG index GEE

and the degree of coronary artery lesions
in patients with H-type hypertension
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Abstract

Background The TyG index, a prominent metric for assessing insulin resistance, has gained traction as a prognostic
tool for cardiovascular disease. Nevertheless, the understanding of the prognostic significance of the extent of coro-
nary artery stenosis in individuals afflicted with H-type hypertension remains limited.

Methods A retrospective study was conducted at Wuhan Third Hospital, including a cohort of 320 inpatients who
were diagnosed with hypertension in combination with coronary artery disease. The study period spanned from Jan-
uary 1, 2021, to February 1, 2023. The study cohort was stratified based on the severity of stenosis into three distinct
groups: low stenosis, medium stenosis, and high stenosis, as determined by the Gensini score derived from coro-
nary angiography findings. The present study aimed to investigate the association between the severity of coronary
stenosis and the number of lesion branches, utilizing the TyG index as a testing indicator. The predictive ability of TyG
for coronary lesion severity was assessed using logistic regression analysis.

Results The results of our study indicate a positive correlation between elevated levels of TyG and an increased
susceptibility to severe stenosis in individuals diagnosed with H-type hypertension. Upon careful consideration

of potential confounding variables, it has been observed that the TyG index exhibits a robust association with the like-
lihood of severe stenosis in individuals with H-type hypertension (odds ratio [OR] =4000, 95% confidence interval Cl
2411-6.635,p=0.0001), as well as the prevalence of multivessel disease (OR=1.862, 95% Cl 1.036-3.348, p <0.0001).
The TyG index demonstrated superior predictive ability for severe coronary stenosis in patients with H-type hyperten-
sion compared to those without H-type hypertension (area under the curve [AUC] =0.888, 95% confidence interval Cl
0.838-0.939, p<0.0001, versus AUC=0.615, 95% Cl 0.494-0.737, p < 0.05).

Conclusion The TyG index is an independent risk factor for the degree of coronary stenosis and a better predictor
in patients with H-type hypertension combined with coronary artery disease.
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Background

Cardiovascular disease (CVD) is the leading cause of
mortality worldwide, with China experiencing its dev-
astating effects as the primary cause of death and pre-
mature mortality [1]. The country is currently facing an
urgent need to effectively address the increasing preva-
lence of CVD and the concurrent rise in patients suffer-
ing from coronary artery disease (CAD) [2].

China, a nation with a substantial population and a
high prevalence of hypertension, has an estimated hyper-
tensive population of no less than 200 million, based
on comprehensive survey findings [3, 4]. Among this
cohort, a substantial proportion, ranging from 68.3%
to 80%, is diagnosed with H-type hypertension [5, 6].
H-type hypertension, a disorder where essential hyper-
tension coexists with hyperhomocysteinaemia, has been
identified [7]. The prevalence of cardiovascular events in
patients with H-type hypertension is approximately five
times greater compared to patients with hypertension
alone and about 25-30 times greater compared to the
general population [8]. The incidence of acute myocar-
dial infarction is significantly higher in individuals diag-
nosed with H-type hypertension compared to those with
uncomplicated hypertension. Moreover, concentrations
of Hcy are significantly elevated in patients experiencing
acute myocardial infarction as opposed to those who do
not exhibit this condition [9], Moreover, It is worth not-
ing that heightened Hcy levels are frequently linked to
the presence of multiple vasculopathies [10]. Individu-
als diagnosed with H-type hypertension are subject to a
considerably elevated likelihood of experiencing an unfa-
vorable prognosis, primarily due to the diffuse and unsta-
ble characteristics exhibited by atherosclerotic plaques
[11, 12]. There is a notable and statistically significant
correlation between hypertension and insulin resistance
[13], especially among patients with H-type hypertension
[14]. The hyperglycemia and dyslipidemia resulting from
IR act synergistically with elevated blood pressure, lead-
ing to the onset and progression of cardiovascular dis-
ease [15].

Insulin resistance (IR), denoting diminished sensitivity
and responsiveness to the physiological actions of insulin,
has been duly acknowledged as a defining feature of type
2 diabetes [16]. In typical circumstances, the presence of
insulin at physiological levels induces vasodilation and
enhances vascular recovery through the augmentation
of nitric oxide (NO) synthesis by endothelial cells (ECs)
[17, 18], However, in the context of insulin resistance
(IR), these beneficial effects of insulin may be diminished,
and in fact, insulin may elicit vasoconstriction by pro-
moting the production of vasoconstrictive agents such
as endothelin and/or contributing to the development
of pathological atherosclerosis. Metabolic syndrome,
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otherwise delineated as an agglomeration of metabolic
aberrations, including dysglycemia, dyslipidemia, and
hypertension [19]. These aberrations have been firmly
linked to an unfavorable prognosis for cardiovascular
disease (CVD) [17]. Such association between meta-
bolic syndrome and cardiovascular disease has become
not only conspicuous but also vigorous [20]. the previ-
ous study unveil a robust, statistically significant cor-
relation between insulin resistance (IR) and the risk of
cardiovascular disease within a distinct group of indi-
viduals, specifically, those diagnosed with type 2 diabetes
and suffering from insulin-resistant hypertension [21].
A more effectual and uncomplicated index to measure
insulin resistance and thus gauge cardiometabolic risk is
METS-IR. It outstrips traditional obesity indices in prog-
nosticating hypertension and MetS [22]. The intricate
nexus between the onset and progression of cardiovascu-
lar disease and METS-IR, an evaluative biological index
for insulin resistance, has been recently substantiated
[23, 24]. Moreover, the triglyceride-glucose index, often
referred to as the TyG index, is gaining recognition as a
reliable alternative biomarker for insulin resistance (IR).
A substantial body of research has furnished persuasive
empirical data fortifying the relationship between the
TyG index and the genesis and prognosis of cardiovascu-
lar disease [25, 26].

Coronary artery angiography, known as the definitive
diagnostic modality for coronary heart disease, exhibits
a relatively low prevalence rate within primary healthcare
facilities in China. This discrepancy primarily stems from
the specialized knowledge and intricate procedural tech-
niques required, as well as the invasive nature of the test.
Currently, a notable absence exists in the realm of medi-
cal research regarding the availability of a biologically
sound index that possesses a commendable level of speci-
ficity for evaluating the potential risks faced by patients
afflicted with H-type hypertension in conjunction with
coronary artery disease. Hence, it would be deemed a
pioneering concept for the vast majority of primary care
physicians and clinicians, who lack specialized expertise
in cardiology, to effectively discern patients afflicted with
coronary artery disease, particularly those presenting
with more advanced stages of the condition, through a
streamlined and easily accessible approach.

Methods

Study population and design

The present investigation was carried out as a cross-
sectional observational study, adhering to the principles
outlined in the Declaration of Helsinki. It is important to
note that no data pertaining to patient privacy or iden-
tifiable attributes were collected for the purposes of this
study. Furthermore, it is worth mentioning that the study
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protocol received approval from the Ethical Review Com-
mittee of Wuhan Third Hospital, located in the People’s
Republic of China. In accordance with ethical guidelines,
written consent was duly obtained from all patients,
ensuring that they were fully informed about the nature
and purpose of the study, as well as the potential risks
and benefits associated with their participation.

The present study recruited individuals who were
admitted to the Department of Cardiology at the Third
Hospital of Wuhan City and underwent coronary angi-
ography between the period of January 2021 and January
2023. The inclusion criteria for this study encompassed
the following parameters: (1) Participants were required
to be adults aged 18 years or older; (2) The diagnostic
criteria for hypertension included a documented history
of hypertension, current use of antihypertensive medi-
cation, or systolic blood pressure (SBP)>140 mmHg
or diastolic blood pressure (DBP)>90 mmHg; (3) The
diagnostic criteria used to identify metabolic syndrome
were based on the NCEP-ATP III criteria:fasting blood
glucose >100 mg/dl, SBP or DBP>130 or>85 mmHg;
HDL-C <50 mg/dl for women or <40 mg/dl for men,; tri-
glyceride > 150 mg/dl; and waist circumference >80 cm
for women or>94 cm for men) [27]; (4) The subjects
with >50% stenosis in at least one main stem lumen were
diagnosed with CAD [28]; (5) All participants underwent
coronary angiography as part of the study protocol. The
exclusion criteria encompassed the following: (1) Patients
presenting contraindications to coronary angiography or
an inability to cooperate with vascular function tests; (2)
Patients with concurrent acute infection, severe arrhyth-
mia, pregnancy or lactation, as well as severe hemato-
logical and endocrine system diseases; (3) Patients with
incomplete clinical data and coronary angiography. In
recent times, there has been a notable utilization of phar-
maceutical interventions centered around folic acid.

Data collection and grouping

The fundamental clinical data for each patient, encom-
passing sex, age, height, weight, heart rate, systolic blood
pressure, diastolic blood pressure, as well as pertinent
medical history such as hypertension, diabetes mellitus,
atrial fibrillation, smoking history, and drug use history,
was meticulously extracted from the patient’s medical
record by a proficient clinician with specialized training.
The blood pressure was determined as the mean value
of three consecutive measurements obtained from the
patient’s arm, utilizing an electronic sphygmomanom-
eter, under the supervision of a skilled clinician. Prior to
the assessment, the patient was instructed to observe a
period of tranquil rest lasting no less than 10 min. The
calculation of the body mass index (BMI) involves divid-
ing an individual’s weight by the square of their height.
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Blood samples were collected from the antecubital vein
of fasting patients in the early morning for the purpose of
laboratory test indications. The concentration of fasting
plasma glucose (FPG) was determined using the hexoki-
nase method. The levels of TGs, TC, HDL-C, and LDL-
C, as well as the counts of leukocytes, neutrophils, and
platelets, were quantified using the enzymatic method.
Additionally, the concentrations of albumin, uric acid,
and creatinine were determined using the same enzy-
matic approach. Furthermore, coronary angiography data
were obtained and analyzed. The diagnostic criteria for
H-type hypertension entail the inclusion of hypertensive
patients who exhibit elevated plasma homocysteine con-
centrations of 15 mol/L [29] the TyG index was calculated
as=Ln[TG(mg/dL)xFBG (mg/dL)/2] [30]. METS-IR is
calculated as=(Ln [(2X FPG) + TG] x BMI)/(Ln[HDL-C])
[23]. The Gensini score, on the other hand, was deter-
mined by a skilled cardiovascular physician who evalu-
ated the patient’s coronary angiographic results.

Based on the TyG index level, the study participants
were categorized into four quartiles: Q1 (n=80, TyG
index<8.38), Q2 (n=381, 8.38<TyG index<8.88), Q3
(n=79, 8.88<TyG index<9.42), and Q4 (n=80, TyG
index>9.42). The study cohort was stratified into three
distinct categories of stenosis severity, namely mild ste-
nosis, moderate stenosis, and severe stenosis, employing
a ternary approach based on the Gensini score. Specifi-
cally, individuals with a Gensini score of <32 were clas-
sified as belonging to the mild stenosis group (n=114),
those with a score ranging from 32 to 53 points were cat-
egorized as having moderate stenosis (n=100), and par-
ticipants with a score of > 53 were assigned to the severe
stenosis group (n=106). Subsequently, the study cohort
was stratified based on the Gensini score of the individu-
als. Those with a Gensini score exceeding 53 were cat-
egorized as having severe stenosis, comprising a total of
106 subjects. Conversely, individuals with a Gensini score
equal to or below 53 were classified as not having severe
stenosis, amounting to a population of 214 individuals.

Statistical analysis

The determination of the sample size (n) was conducted
utilizing the established formula: n=2z> px (1—p)/e”. This
calculation yielded a minimum sample size requirement
of 317 patients, considering the estimated proportion
of patients with severe coronary stenosis at 29% and a
confidence level of 95%. The categorical variables within
the baseline data of the study subjects were quantified
in terms of numerical values and percentages. To evalu-
ate the normality of the data, the Kolmogorov—Smirnov
(K-S) test was employed. The means and standard devi-
ations (SD) were calculated for continuous variables
that followed a normal distribution, while medians
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(interquartile range) were computed for variables that
exhibited skewness. A unidirectional analysis of variance
(ANOVA) or Kruskal-Wallis test was employed to assess
the differences among groups with respect to quanti-
tative variables. The chi-squared test was employed to
conduct a comparative analysis of categorical variables
across different groups. The statistical analysis employed
to examine the associations between quantitative param-
eters involved the utilization of Pearson’s correlation
test. The identification of risk factors was accomplished
through the utilization of multi-way logistic regression
analysis. Furthermore, the accuracy of the TyG indices in
detecting both metabolic syndrome and coronary steno-
sis was evaluated by means of ROC curve analysis. The
area under the curve (AUCs) was employed as a metric
to determine the predictive value of the TyG indices for
both metabolic syndrome and coronary stenosis. All sta-
tistical tests conducted in this study were two-tailed and
analyzed using the SPSS software version 25.0 (SPSS,
Inc., Chicago, IL, USA). A p-value of 0.05 was deemed to
possess statistical significance.

Result

Main clinical characteristics of the study population

A total of 320 patients were included in this study, com-
prising of individuals with H-type hypertension and
coronary artery disease (CAD) (n=156), as well as non-
H-type hypertensive patients with CAD (n=164). The
average age of the participants was 66.8+10.4 years.
Among them, 162 (50.1%) were male, with an average
body mass index (BMI) of 23.9+3.2 kg/m? The aver-
age pulse rate was 76.6+14.0 beats per minute, while
the average homocysteine level was 17.5+7.6 units.
Additionally, the average TyG index was found to be
8.95+0.81.

Clinical and biochemical data characteristics according

to TyG index quartile grouping

The fundamental characteristics of the four groups
are presented in Table 1. Significant differences were
observed in various parameters including age, body mass
index (BMI), diabetes mellitus (DM), white blood cell
count (WBC), platelet count, albumin levels, glucose lev-
els, triglyceride levels, high-density lipoprotein choles-
terol (HDL-C) levels, low-density lipoprotein cholesterol
(LDL-C) levels, urate levels, METS-IR index, Gensini
score, number of vasculopathies, and the presence or
absence of triple-vessel disease were higher in the group
with a higher TyG (all P<0.05). The TyG index exhib-
ited a significant positive correlation with several physi-
ological parameters including body mass index (BMI),
systolic blood pressure (SBP), heart rate, platelet count,
albumin levels, triglycerides (TG), total cholesterol (TC),
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low-density lipoprotein cholesterol (LDL-C), and uric
acid (P<0.05). The observed relationship exhibited a
significant negative correlation with age (P<0.05) and
high-density lipoprotein (HDL) levels (P<0.001). The
prevalence of diabetes mellitus (DM) (P <0.001), H-type
hypertension (P <0.05), triple vascular disease (P <0.001),
and the metabolic syndrome (P<0.001) exhibited a
greater occurrence among patients with an elevated TyG
index.

Relationship between TyG index and metabolic syndrome
A total of 46 patients, accounting for 14.4% of the sam-
ple, exhibited a combined metabolic syndrome. Notably,
the TyG quartile group displayed a higher proportion of
Q3 and Q4 metabolic syndrome cases, as indicated in
Table 1. Furthermore, within the Q4 group (TyG range
9.42-12.57), there was a greater concentration of meta-
bolic syndrome cases. The TyG index demonstrated a
significant association with METS-IR, with a correla-
tion coefficient of 0.667 (p<0.001), as depicted in Fig. 1.
Additionally, when predicting metabolic syndrome using
the ROC curve, the area under the curve (AUC) for the
TyG index (AUC=0.943, 95% CI 0.918-0.967, p<0.001)
surpassed that of METS-IR (AUC=0.876, 95% CI 0.829—
0.924, p<0.001), as illustrated in Fig. 2.

Relationship between TyG index and the degree

of coronary artery lesion stenosis

According to the baseline characteristics of the trichoto-
mous subgroups of the Gensini score shown in Table 2,
patients in the high stenosis group (Gensini score>53)
had higher levels of TyG index, homocysteine, fasting
glucose, leukocytes, neutrophil ratio and blood creati-
nine, a higher prevalence of diabetes mellitus and meta-
bolic syndrome, more frequent use of cigarettes and
alcohol, and fewer people treated with ACEI/ARB drugs
(all p values<0.05). In particular, the number of dis-
eased vessels and triple lesions was significantly higher
in the high stenosis group than in the low stenosis group
(p<0.001).

Relationship between H-type hypertension and the degree
of coronary artery lesion stenosis

As shown in Table 2, the degree of coronary stenosis
and the likelihood of severe stenosis were significantly
increased in patients with H-type hypertension com-
pared to non-H-type hypertension (p<0.001). The cor-
relation between TyG index and Gensini score was
significantly higher in patients with H-type hypertension
than in patients without H-type hypertension.
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Table 1 Baseline characteristics of 4 groups
Variable Q1(n=81) Q2 (n=80) Q3(n=79) Q4 (n=80) P value
TyG index 8.00+0.27 863+0.14 9.14+0.16 10.00+0.55 <0.001
Age, years 69.3+8.9 653+109 67395 65.15+£11.7 0.036
Male 33 (40.7) 44 (55.0) 40 (50.6) 45 (56.3) 0.188
BMI, kg/m2 22.7+32 23329 246+33 250+2.7 <0.001
SBP. mmHg 136.8+25.5 1409+224 1404+21.8 141.2+234 0.612
DBP, mmHg 80.5+149 83.2+146 820+10.6 81.6+11.6 0613
Heart rate, bpm 733+145 7611143 781+£132 788+138 0.064
Smoker 2(25) 9(11.3) 24 (304) 53 (66.3) <0.001
Drinker 0(0) 2(2.5) 3(3.8) 23(28.7) <0.001
H-type hypertension 40 (49.4) 28(35.0) 40(50.6) 46 (57.5) 0.035
METS-IR index 320+5.7 352453 39.2+6.2 453+7.3 <0.001
Diabetes mellitus 13 (16.0) 21 (26.3) 25(31.6) 36 (45.0) 0.001
Metabolic syndrome 0(0) 0(0) 3(3.8) 43 (53.8) <0.001
Biochemical indicators
WBC, 10%/L 57+19 63+2.1 64+2.1 71+19 0.001
Neutrophil ratio 659+9.8 659+106 656+11.0 67.7+9.2 0.533
Platelet, 10°/L 199.5+50.7 2111611 227.1+£740 2255+544 0.013
Albumin, g/L 409+4.0 418+4.2 422435 418+34 0171
Homocysteine 18.1+92 16.2+6.7 175+7.1 182+7.1 0.129
FPG, mg/dL 103.5+19.2 1174£31.1 137.0£376 200.0+97.3 <0.001
TC, mg/dL 147.1£409 155.5+44.2 167.4+47.2 175.7+£49.2 <0.001
TG, mg/dL 623+182 1016224 1474+416 293.0+£2659 <0.001
HDL-C, mg/dL 574+173 496+11.8 46.1+10.9 37.8+93 <0.001
LDL-C, mg/dL 724+29.1 85.7+37.2 9594395 98.6+36.3 <0.001
Uric acid, mg/dL 6.1£19 6.1+1.8 6.7+£1.8 69420 0.011
SCr, mg/dL 794+42.1 85.8+60.3 81.0+327 81.9+27.2 0.804
Coronary angiography
Lesion vessels 07+10 12412 14+1.1 21+10 <0.001
Three-vessel disease 20 (24.7) 30(37.5) 39 (494) 61(76.3) <0.001
Gensini score, (IQR) 30.5(20.5/43.5) 32.0(20.0,44.0) 42.5(29.061.0) 66.5(51.0,97.1) <0.001
Medications use at discharge
Antiplatelet 14(17.3) 16 (20.0) 16 (20.3) 20(25.0) 0.679
Statin 8(9.9) 6(7.5) 9(11.4) 8(10.0) 0.870
CCB 22 (27.2) 11(13.8) 10(12.7) 16 (20.0) 0.067
Beta blockers 11(13.6) 4(5.0) 9(11.4) 7(8.8) 0.289
ACEI/ARB 15(18.5) 5(6.3) 3(3.8) 0(0) <0.001

Data are presented as the IQR, mean = SD or n (%)

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, IQR interquartile range, WBC white blood cell, FPG fasting plasma glucose, TC total
cholesterol, TG Triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SCr Serum creatinine concentration, CCB calcium
channel blocker, ACEl, angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker

Correlation of risk factors with gensini score in H-type

and non-H-type hypertension groups

The Gensini scores and risk factors were indepen-
dently correlated in each of the groups, as presented
in Table 3. In the cohort of individuals with H-type
hypertension, several factors including BMI, FBP, TG,
LDL-c, and METS-IR exhibited a positive correlation
with the Gensini score, surpassing the levels observed

in the non-H-type hypertension group (all p<0.01).
Conversely, HDL-c demonstrated a negative asso-
ciation (r=- 0.408, p<0.001). Furthermore, the TyG
index displayed a significantly stronger correlation with
the Gensini score in the H-type hypertensive group
(r=0.766, p<0.001) compared to the non-H-type
hypertensive group (r=0.250, p <0.001).
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TyG index and coronary lesion severity and predictive
value

The prevalence of diabetes, metabolic syndrome, smok-
ing history, and alcohol consumption history exhib-
ited a significant increase in the severe stenosis group
compared to the non-serious stenosis group (p<0.001)
(Table 2). Conversely, the usage of ACEI/ARB class
drugs displayed a significant decrease in the severe ste-
nosis group compared to the non-serious stenosis group
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(p<0.001). Additionally, statistically significant differ-
ences were observed between the severe stenosis and
non-severe stenosis groups in terms of TyG index, FBG,
WBC, albumin, and blood creatinine (p <0.05). The num-
ber of coronary lesions (p<0.001) and the degree of ste-
nosis (p=0.02) exhibited a positive correlation with TyG
index values (Table 1). Furthermore, the incidence of
three lesions and severe stenosis was higher in the TyG
index quartile Q4 subgroup compared to the Q1 sub-
group (50.0 vs. 25.6, p=0.021).

The present study employed multinomial logistic
regression analyses (Table 4) to examine the associations
between TyG, degree of stenosis, and number of dis-
eased vessels. The TyG index demonstrates a significant
association with severe coronary stenosis, as evidenced
by an odds ratio (OR) of 7.094 (95% confidence interval
CI 4.801-10.484, p<0.0001). Furthermore, a significant
association between the TyG index and multivessel dis-
ease is observed, with an OR of 3.982 (95% CI 2.648—
5.990, p<0.0001). Following the appropriate adjustment
for notable factors linked to coronary stenosis, includ-
ing diabetes, smoking, and other relevant variables, it
was observed that the TyG index remained significantly
associated with an elevated likelihood of having diseased
vessels (odds ratio [OR] 1.862, 95% confidence interval CI
1.036-3.348, p-value 0.05). Additionally, the TyG index
was found to be strongly correlated with an increased
prevalence of coronary stenosis (OR 4.000, 95% CI
2.411-6.635, p-value 0.0001).

Figure 3 illustrates the Receiver Operating Char-
acteristic (ROC) curves pertaining to the TyG index
and METS-IR index, both of which serve as predic-
tive measures for severe stenosis in patients diagnosed
with H-type hypertension. At a TyG index threshold
of 9.13, the receiver operating characteristic (ROC)
curve yielded an area under the curve (AUC) of 0.780
(95% confidence interval CI 0.722-0.838, p<0.0001).
The sensitivity and specificity of the test were deter-
mined to be 73% and 52%, respectively. Moreover, the
TyG index exhibited a relatively higher level of effec-
tiveness in comparison to other indices, namely the
METS-IR index and Hcy and TG, as demonstrated in
Table 5. And the TyG index predicts the development
of severe coronary stenosis in patients with H-type
hypertension better than in those without (Fig. 4).
The results of subgroup analyses revealed notable dis-
parities in the prevalence of severe coronary steno-
sis across different demographic and clinical groups.
TyG index was associated with an increased preva-
lence of developing severe coronary lesions in the sub-
groups of smokers and LDL >70 mg/dL, age <65 years,
and BMI<24. Specifically, it was observed that males
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Table 2 Clinical and biological characteristics according to the Gensini score tertiles and degree of CAD
Variable Gensini score tertiles Degree of CAD
Lowest Mid tertile Highest p value Non-severe Sever stenosis (n=106) p value
tertile <32 32~53 tertile>53 stenosis
(n=114) (n=100) (n=106) (n=214)
TyG index 847+0.51 8.94+0.69 948+0.86 <0.001 87+06 95+09 <0.001
Age, years 65.0+£106 67.0+£10.0 65.8+10.3 0.165 673+103 65.7+10.6 0.181
Male 53 (46.5) 54 (54.0) 55(51.9) 0.521 107 (50.0) 55(51.9) 0.751
BMI, kg/m2 23.1+£31 244+36 243+2.7 0.005 23.7+34 243+2.7 0.136
SBP. mmHg 141.2+£280 138.2+20.1 139.8+204 0.784 139.8+24.6 139.8+204 0.998
DBP, mmHg 81.6+£154 825+11.8 81.4+114 0567 82.0+13.8 81.4+114 0.698
Heart rate, bpm 755+15.0 770+132 7731139 0536 762+14.2 773+139 0.521
Smoker 9(79) 30(30.0) 49 (46.2) <0.001 39(182) 49 (46.2) <0.001
Drinker 2 (1.8) 7 (7.0) 19 (17.9) <0.001 9(4.2) 19(17.9) <0.001
H-type hypertension 34(29.8) 53(53.0) 67 (63.2) <0.001 87 (40.7) 67 (63.2) <0.001
METS-IR index 342+6.0 385+79 41.3+£8.1 0.067 36.2+73 41.3+£8.1 <0.001
Metabolic syndrome 2 (1.8) 6 (6.0) 38(35.8) <0.001 8(3.7) 38(35.8) <0.001
Diabetes mellitus 20(17.5) 33(33.0) 42 (39.6) 0.001 53(24.8) 42 (39.6) 0.006
Biochemical indicators
WBC, 10%/L 6.0+2.0 6.5+2.0 66+22 0065 6.3+2.0 6.6+2.2 0.130
Neutrophil ratio, %  65.8+10.8 66.5+£9.6 66.3+10.2 0.819 66.1+10.2 66.6+10.1 0.702
Platelet, 10°/L 21124622 225.7+£659 211.3+£554 0.153 218.0+64.2 211.3+£554 0357
Albumin, g/L 41.6+3.7 419+36 41.6+4.1 0.083 41.8+3.7 41.6%4.1 0.646
Homocysteine 164+84 184+8.1 178+60 <0001 173483 178+6.0 0.078
FPGmg/dl 11124293 1404 +64.5 168.7+822 <0.001 1248+51.1 168.7+82.2 <0.001
TC, mg/dl 155.7+42.8 158.5+44.7 1702511 0.051 157.0+43.6 170.2£51.1 0.017
TG, mg/dl 983+47.8 11383+87.2 219042468 <0001 117.0£71.7 219.0+246.8 <0.001
HDL-C, mg/dl 52.7£150 475+128 426+13.7 <0001 503+14.2 426+13.7 <0.001
LDL-C, mg/dl 83.3+335 86.0+364 95.2+403 0.047 84.6+348 95.2+403 0016
Uric acid, mg/d| 62+18 6.3+2.1 68+1.8 0047 62+20 68+1.8 0.015
SCr, umol/L 854+499 777+376 824+37.7 0.064 81.8+44.7 824+37.7 0.908
Coronary angiography
Lesion vessels 06+1.0 11+£1 1.7+1.2 <0.001
Three-vessel disease  28(24.6) 47(47.0) 75(70.8) <0.001
Gensini score, (IQR)  23.5+43 419+58 88.5+34.1 <0.001
Medication, n (%)
Antiplatelet 23(20.2) 8(18.0) 25(23.6) 0.606 41 (192) 25(23.6) 0357
Statin 0(8.8) 10(100) 11(104) 0915 2093 11(104) 0.769
CCB 25(21.9) 20 (20.0) 4(132) 0221 4521 O) 14 (13.2) 0.090
Beta blockers 1(9.6) 7 (7.0) 13(12.3) 0443 18(84) 13(12.3) 0.273
ACEI/ARB 7(14.9) 5(5.0) 1(09) <0.001 22(10.3) 1(0.9) 0.002

Data are presented as the IQR, mean=SD or n (%)

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, IQR interquartile range, hs-CRP hypersensitive C-reactive protein, WBC white blood
cell, FPG fasting plasma glucose, TC total cholesterol, TG Triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SCr Serum
creatinine concentration, CCB calcium channel blocker, ACEl, angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker

exhibited a significantly higher prevalence of severe
coronary stenosis compared to females. Furthermore,
patients diagnosed with H-type hypertension exhibited

a significantly higher prevalence of severe coronary
stenosis when compared to their counterparts without
this condition (refer to Fig. 5 for detailed findings).
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Table 3 Correlation between gensini scores and risk factors of

two groups
Variable H-type hypertension Non- H-type
hypertension
Correlation Pvalue Correlation P value
coefficient (r) coefficient (r)
TyG index 0.766 <0.001 0.250 0.001
BMI, kg/m2 0.240 0.003 0.082 0.291
FPG,mg/dl 0442 <0.001 0.245 0.001
TG, mg/dl 0.297 <0.001 0.180 0.021
HDL-C, mg/dl — 0408 <0001 -0.167 0.032
LDL-C, mg/dl 0.254 0.001 —0.006 0.936
Uric acid, mg/dl 0.211 0.008 0.011 0.893
METS-IR index 0428 <0.001 0.159 0.041
Disscusion

In the current investigation, a cohort of patients diag-
nosed with H-type hypertension was incorporated to
explore the potential of the TyG index as a predictive
tool for the emergence of severe stenosis in H-type
hypertension. Our study has made a novel discovery by
demonstrating a positive correlation between elevated
levels of TyG and an increased likelihood of severe
stenosis in individuals with H-type hypertension. Fur-
thermore, we have accounted for potential confound-
ing factors, such as smoking and the METS-IR index,
and have found a significant association between the
TyG index and the risk of severe stenosis in H-type
hypertension patients (odds ratio [OR] 4.000, 95% con-
fidence interval CI 2.411-6.635, p<0.0001). Addition-
ally, we have observed a similar association between
the TyG index and the presence of multivessel disease
(OR 1.862, 95% CI 1.036, 3.348, p 0.001). Notably, our
analysis of the receiver operating characteristic (ROC)
curve indicates that the TyG index exhibits a favorable
predictive value for the development of severe stenosis
in patients with H-type hypertension. Furthermore, it
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Fig. 3 Receiver operating characteristic (ROC) curves for the TyG
index and METS-IR index, both of which serve as predictive measures
of severe stenosis in patients diagnosed with H-type hypertension

possesses the potential to serve as a prognosticator for
metabolic syndrome.

Insulin resistance (IR) is characterized by the compro-
mised functionality and impaired regulation of insulin-
mediated glucose metabolism within various tissues,
representing an aberrant physiological condition [31].
This state serves as one of the initial indications of the
onset of type 2 diabetes mellitus (T2DM) and cardiovas-
cular ailments [32]. Dysregulation of glucose and lipid
metabolism is considered an important factor in the
pathogenesis and aetiology of type 2 diabetes mellitus
(T2DM) [33, 34], which also plays a key role in the devel-
opment and progression of CAD [35]. Numerous stud-
ies have demonstrated that the TyG index is a valuable
indicator of a simple and effective predictor of coronary

Table 4 Correlation between TyG index and number of diseased vessels and degree of stenosis

Unadjusted OR (95% Cl) p value Model 1 OR (95% Cl) p value Model 2 OR (95% Cl) p value
Number of vessels with stenosis

0 1 1 1

1 2.032(1.247-3.311) 0.004 1.160 (0.634-2.123) 0.630 1.476 (0.725-3.005) 0.283

2or3 3.982 (2.648-5.990) <0.0001 1.855 (1.118-3.077) 0.017 1.862 (1.036-3.348) 0.038
Degree of coronary stenosis

Low 1 1

Mid 3.000 (2.048-4.393) <0.0001 2610 (1.675-4.067) <0.0001 2.053 (1.248-3.379) 0.005

Sever 7.094 (4.801-10.484) <0.0001 4.379 (2.798-6.854) <0.0001 4,000 (2.411-6.635) <0.0001

Multinomial logistic regression analyses were performed

Model 1 Adjusted for diabetes mellitus, metabolic syndrome, smoking, Model 2 Model 1+ adjusted for METS-IR
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Table5 AUCs of TG, Hcy, TyG index and METS-IR index 1.0
predicting the occurrence of sever CAD
Variable AUC(95%Cl) P value
0.8
1G 0.732 (0.665,0.798) <0.001
METS-IR index 0.733 (0.668,0.798) <0.001
TyG index 0.795 (0.731,0858) <0.001 .06
Hcy 0.509 (0.440,0.577) 0.821 E
:‘ﬁ
c
Q
? 04
heart disease risk [36]. An elevated TyG index is associ-
ated with greater odds of coronary stenosis [37], plaque
0.2

progression [24], and more vascular lesions [38], which

is consistent with our findings. Thai et al. found that an
increase in the TyG index identifies patients at high risk
of coronary artery stenosis and correlates with the num- 0.0
ber and severity of stenoses [39]. A dose-response rela-
tionship has also been observed between the TyG index

and the severity of coronary heart disease [38]. We also
found that the TyG index, as a combined index based on

glucose and TG levels, was more effective and sensitive
in predicting the development of severe coronary artery

H-type hypertension -1

non H-Type hypertension -1

Gender (Female) -

Subgroups
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Fig. 4 AUCs of the TyG index in predicting the development
of severe coronary artery lesions in patients with and without H-type
hypertension
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Fig.5 Subgroup analyses of the effect of the TyG index on the incidence of severe stenosis. Each subgroup analysis was adjusted for age, sex,
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lipoprotein cholesterol, C/ confidence interval
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disease in H-type hypertensive patients compared with
the use of glucose and TG alone, which is in line with the
findings of Zhao et al. [39-43]. The TyG index holds sig-
nificant relevance in the evaluation of both type 2 diabe-
tes mellitus (T2DM) and cardiovascular disease (CVD),
and it additionally assumes a pivotal role in the context of
CVD [17, 44].

The TyG index has been identified as a reliable and
valuable tool for evaluating the presence of type 2 dia-
betes and metabolic syndrome, as supported by previ-
ous research studies [45, 46]. An elevated TyG index is
positively correlated with the severity of glucose and lipid
metabolism disorders, as well as the increased prevalence
of metabolic syndrome in patients. Consequently, the
TyG index holds significant value as a predictive tool for
metabolic syndrome, as evidenced by its high area under
the curve (AUC) of 0.924 (95% CI 0.905-0.943, p < 0.001).
In a similar vein, the TyG index has been utilized to prog-
nosticate non-alcoholic fatty liver disease (NAFLD) [47],
ischemic stroke [48], atrial fibrillation [49], carotid ath-
erosclerosis [50], as well as the onset of diseases within
the realm of oncology [51] and chronic kidney disease
(CKD) [52]. The present study aimed to investigate the
association between the TyG index and the conventional
etiology of cardiovascular disease. Intriguingly, our find-
ings revealed a significant negative correlation between
the TyG index and age, aligning with prior research con-
ducted by Zhao et al. [40, 53]. In our study, we discovered
a significant association between older age and lower lev-
els of triglycerides, which played a significant role in con-
tributing to this effect.

Hypertension and diabetes play a synergistic role in
cardiovascular disease, and control of blood pressure
and blood glucose, as important risk factors for cardio-
vascular disease, is critical in the secondary prevention
of cardiovascular. The interplay between hypertension
and diabetes is known to exert a synergistic effect on
the development and progression of cardiovascular dis-
ease. Given their significance as key risk factors, effective
management of both blood pressure and blood glucose
assumes paramount importance in the context of second-
ary prevention strategies for cardiovascular disease [54].
The TyG index has been consistently demonstrated in
numerous studies as an effective predictor of both prog-
nosis and risk associated with cardiovascular disease [25,
53]. The majority of investigations conducted thus far
have primarily focused on diabetic individuals, leaving a
dearth of research pertaining to the prognostication of
coronary artery disease severity in hypertensive patients,
as well as the evaluation of the correlation between ather-
osclerosis, hyperuricemia, and stroke in patients afflicted
with H-type hypertension [41, 55, 56]. The present study
provides novel evidence indicating that the TyG index
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exhibits promising predictive capabilities in assessing the
severity of coronary artery disease (CAD) among indi-
viduals diagnosed with H-type hypertension. This find-
ing represents a significant contribution to the existing
body of knowledge in this field. The incidence of severe
coronary stenosis exhibited a statistically significant ele-
vation in patients diagnosed with H-type hypertension,
as compared to patients without H-type hypertension.
Nevertheless, the precise mechanism underlying the
association between H-type hypertension and coronary
artery disease (CAD) remains largely elusive, necessitat-
ing the need for additional investigations to validate this
relationship.

In our subgroup analysis, it was observed that the
incidence of severe stenosis was found to be signifi-
cantly higher in the male population as compared to the
female population. This disparity may be attributed to
the higher prevalence of risk factors associated with the
development and progression of cardiovascular disease
among men, including but not limited to unhealthy life-
style behaviors such as smoking and alcohol consump-
tion. Specifically, the prevalence of these risk factors was
found to be 32.7% in men compared to 22.2% in women
for smoking, and 11.7% in men compared to 5.7% in
women for alcohol consumption. Males exhibit a propen-
sity for heightened stress levels in comparison to females,
and it is plausible that the presence of life stressors may
serve as a contributing factor to this observed disparity
[57]. We also found a stronger interaction of smoking and
elevated LDL with TyG index, and a stronger interaction
of BMI<24 with TyG index compared to BMI >24. This
may be related to the obesity paradox, where mild obe-
sity, especially overweight, is associated with improved
survival [58], which needs to be confirmed by further rel-
evant studies.

The present investigation exhibits certain inherent limi-
tations. This study is of a retrospective nature, thereby
precluding the establishment of a definitive causal rela-
tionship between the TyG index and severe stenosis.
Second, the underlying mechanism governing the progres-
sion of the TyG index and coronary artery disease (CAD)
remains inadequately elucidated. Third, it is imperative to
note that the subjects included in this study were derived
exclusively from a singular region and exhibited a limited
sample size. Consequently, it is crucial to validate these
findings through a comprehensive multi-center and multi-
regional study encompassing a substantial sample size.
Additionally, it is important to acknowledge that solely
the initial laboratory test results obtained upon admission
were collected, and only subjects with a diagnosis of CAD
were included in this study, potentially introducing certain
selection biases. Hence, it is imperative to conduct further
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multicenter and prospective investigations to corroborate
these observations.

Conclusion

In summary, our findings suggest that the TyG index
serves as a reliable indicator for evaluating the extent of
coronary artery disease (CAD) in individuals with H-type
hypertension. Moreover, it emerges as an independent
prognostic factor for both the severity of CAD and the
presence of metabolic syndrome. Notably, a noteworthy
association is observed between the TyG index and the
number of coronary stenosis as well as the involvement
of coronary vessels in the development of lesions. The
TyG index presents itself as a viable and cost-effective
biological index that holds potential for implementa-
tion across a diverse array of primary healthcare facili-
ties within China. Its utilization can prove instrumental
in the process of risk stratification and intervention,
thereby mitigating the occurrence of unfavorable car-
diovascular events among patients afflicted with H-type
hypertension.

Abbreviations
R Insulin resistance

TyGindex  Triglyceride—glucose index

Mets Metabolic syndrome

CVD Cardiovascular disease

HTN Hypertension

BMI Body mass index

SBP Systolic blood pressure

DBP Diastolic blood pressure

IQR Interquartile range

WBC White blood cell

FPG Fasting plasma glucose

TC Total cholesterol

TG Triglycerides

HDL-C High-density lipoprotein cholesterol
LDL-C Low-density lipoprotein cholesterol
SCr Serum creatinine concentration

Hcy Homocysteine

ccB Calcium channel blocker

ACEI Angiotensin-converting enzyme inhibitor
ARB Angiotensin receptor blocker

Acknowledgements
We thank all the investigators and subjects who participated in this project.

Author contributions

XZ conceived and designed the experiments and wrote the manuscript.
XZ, CP,WL and YJ organized the data, conducted the analyses. YX and LD
contributed to the quality control of data and finalization of the manuscript.
All authors read and approved the final manuscript.

Funding

This study received the support of Grants from the National Natural Science
Foundation of China (Research Grant #81871088) and Hubei Province Natural
Science Fund (Research Grant # 2020CFB660), Hubei Province Health and
Family Planning Scientific Research Project (Research Grant # WJ2019M006),
Knowledge Innovation Project of Wuhan Science and Technology Bureau
(Research Grant # 2023020201010189), Wuhan Municipal Population and
Family Planning Commission Foundation (Research Grant # WX20A09

and WX16C03).

Page 11 of 13

Availability of data and materials
The datasets used and/or analyzed in the study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the medical ethics committee of Wuhan Third
Hospital and all methods were performed in accordance with the applicable
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 27 August 2023 Accepted: 4 October 2023
Published online: 12 January 2024

References

1. Yang G,Wang, Zeng Y, et al. Rapid health transition in China, 1990
2010: findings from the global burden of disease study 2010. Lancet.
2013;381(9882):1987-2015.

2. Jiang L, Krumholz HM, Li X, et al. Achieving best outcomes for patients
with cardiovascular disease in China by enhancing the quality of
medical care and establishing a learning health-care system. Lancet.
2015;386(10002):1493-505.

3. ZW,Z.C L Zetal Status of hypertension in China: results from the
china

4. Hypertension survey, 2012-2015. Circulation, 2018.

5. Guo QH, Zhang YQ, Wang JG. Asian management of hypertension: Cur-
rent status, home blood pressure, and specific concerns in China. J Clin
Hypertens. 2020;22(3):475-8.

6. Chen Z Wang F, Zheng, et al. H-type hypertension is an important
risk factor of carotid atherosclerotic plaques. Clin Exp Hypertens.
2016;38(5):424-8.

7. Qian XL, Cao H, Zhang J, et al. The prevalence, relative risk factors and
MTHFR C677T genotype of H type hypertension of the elderly hyper-
tensives in Shanghai, China: a cross-section study : prevalence of H type
hypertension. BMC Cardiovasc Disord. 2021;21(1):376.

8. Qin X, Huo Y. H-type hypertension, stroke and diabetes in china: opportu-
nities for primary prevention. J Diabetes. 2016;8(1):38-40.

9. Zaric BL, Obradovic M, Bajic V, et al. Homocysteine and hyperhomocyst-
einaemia. Curr Med Chem. 2019;26(16):2948-61.

10. Van Guelpen B, Hultdin J, Johansson |, et al. Plasma folate and total
homocysteine levels are associated with the risk of myocardial infarc-
tion, independently of each other and of renal function. J Intern Med.
2009;266(2):182-95.

11. Chen CJ,Yang TC, Chang C, et al. Homocysteine is a bystander for
ST-segment elevation myocardial infarction: a case-control study. BMC
Cardiovasc Disord. 2018;18(1):33.

12. Lanter BB, Sauer K, Davies DG. Bacteria present in carotid arterial plaques
are found as biofilm deposits which may contribute to enhanced risk of
plaque rupture. mBio. 2014;5(3):01206-14.

13. Xu H, Liu C, Wang Q. Plaque image characteristics, hyperhomocysteine-
mia, and gene polymorphism of homocysteine metabolism-related
enzyme (MTHFR C677T) in acute coronary syndrome. Cell Biochem
Biophys. 2013;66(2):403-7.

14. Wang B, Yang Y, Li X. Interaction of hypertension and insulin resistance
exacerbates the occurrence of diabetes mellitus in healthy individuals.
J Diabetes Res. 2022,2022:9289812.

15. ZhangY,Wang G, Liu J, et al. Impact of hyperhomocysteinemia on
insulin resistance in patients with H-type hypertension. Clin Exp Hyper-
tens. 2018;40(1):28-31.



Xu et al. Cardiovascular Diabetology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

(2024) 23:23

. Da Silva AA, Do Carmo JM, Li X, et al. Role of hyperinsulinemia and

insulin resistance in hypertension: metabolic syndrome revisited. Can J
Cardiol. 2020;36(5):671-82.

. Defronzo RA. Banting lecture from the triumvirate to the ominous

octet: a new paradigm for the treatment of type 2 diabetes mellitus.
Diabetes. 2009;58(4):773-95.

. Hill MA, Yang Y, Zhang L, et al. Insulin resistance, cardiovascular stiffen-

ing and cardiovascular disease. Metabolism. 2021;119: 154766.

. Muniyappa R, Sowers JR. Endothelial insulin and IGF-1 receptors: when

yes means no. Diabetes. 2012;61(9):2225-7.

Engin A. The definition and prevalence of obesity and metabolic syn-
drome. Adv Exp Med Biol. 2017;960:1-17.

Yang Y, Kurian J, Schena G, et al. Cardiac Remodeling during pregnancy
with metabolic syndrome: prologue of pathological remodeling. Circu-
lation. 2021;143(7):699-712.

Reaven GM. Relationships among insulin resistance, type 2 diabetes,
essential hypertension, and cardiovascular disease: similarities and
differences. J Clin Hypertens. 2011;13(4):238-43.

Rattanatham R, Tangpong J, Chatatikun M, et al. Assessment of eight
insulin resistance surrogate indexes for predicting metabolic syndrome
and hypertension in Thai law enforcement officers. PeerJ. 2023;11:
e15463.

Bello-Chavolla OY, Almeda-Valdes P, Gomez-Velasco D, et al. METS-

IR, a novel score to evaluate insulin sensitivity, is predictive of

visceral adiposity and incident type 2 diabetes. Eur J Endocrinol.
2018;178(5):533-44.

Wang Z, Hui X, Huang X, et al. Relationship between a novel non-
insulin-based metabolic score for insulin resistance (METS-IR) and
coronary artery calcification. BMC Endocr Disord. 2022;22(1):274.
Cheng L, Zhang F, Xue W, et al. Association of dynamic change of
triglyceride-glucose index during hospital stay with all-cause mortality
in critically ill patients: a retrospective cohort study from MIMIC IV2.0.
Cardiovasc Diabetol. 2023;22(1):142.

Tao LC, Xu JN, Wang TT, et al. Triglyceride-glucose index as a marker

in cardiovascular diseases: landscape and limitations[J]. Cardiovasc
Diabetol. 2022;21(1):68.

Detection EEPO, Adults TOHBCI. Executive summary of the third report
of the national cholesterol education program (NCEP) expert panel

on detection, evaluation, and treatment of high blood cholesterol in
adults (adult treatment panel Ill). Circulation. 2001;106(19):3143-421.
Arbab-Zadeh A, Fuster V. The risk continuum of atherosclerosis and

its implications for defining CHD by coronary angiography. J Am Coll
Cardiol. 2016;68(22):2467-78.

Cesari M, Rossi GP, Sticchi D, et al. Is homocysteine important as

risk factor for coronary heart disease? Nutr Metab Cardiovasc Dis.
2005;15(2):140-7.

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

Czech MP. Insulin action and resistance in obesity and type 2 diabetes.
Nat Med. 2017;23(7):804-14.

James DE, Stockli J, Birnbaum MJ. The aetiology and molecular land-
scape of insulin resistance. Nat Rev Mol Cell Biol. 2021;22(11):751-71.
Rehman K, Akash MS. Mechanisms of inflammatory responses and
development of insulin resistance: how are they interlinked? J Biomed
Sci. 2016;23(1):87.

Al-Muzafar HM, Alshehri FS, Amin KA. The role of pioglitazone in
antioxidant, anti-inflammatory, and insulin sensitivity in a high fat-
carbohydrate diet-induced rat model of insulin resistance. Braz J Med
Biol Res. 2021;54(8): e10782.

Li S, He J, Zhang X, et al. Cardiovascular adverse events in chronic
myeloid leukemia patients treated with nilotinib or imatinib: a system-
atic review, meta-analysis and integrative bioinformatics analysis. Front
Cardiovasc Med. 2022;9: 966182.

Liang S, Wang C, Zhang J, et al. Triglyceride-glucose index and
coronary artery disease: a systematic review and meta-analysis of risk,
severity, and prognosis. Cardiovasc Diabetol. 2023;22(1):170.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

Page 12 of 13

Lee EY, Yang HK, Lee J, 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.

Wang X, Xu W, Song Q, et al. Association between the triglyceride-
glucose index and severity of coronary artery disease. Cardiovasc
Diabetol. 2022;21(1):168.

Thai PV, Tien HA, Van Minh H, et al. Triglyceride glucose index for the
detection of asymptomatic coronary artery stenosis in patients with
type 2 diabetes. Cardiovasc Diabetol. 2020;19(1):137.

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

Li M, Zhan A, Huang X, et al. Positive association between triglyc-
eride glucose index and arterial stiffness in hypertensive patients:

the China H-type hypertension registry study. Cardiovasc Diabetol.
2020;19(1):139.

Song S, Choi SY, Park HE, et al. Incremental prognostic value of
triglyceride glucose index additional to coronary artery calcium

score in asymptomatic low-risk population[J]. Cardiovasc Diabetol.
2022;21(1):193.

Park K, Ahn CW, Lee SB, et al. Elevated TyG index predicts progression
of coronary artery calcification. Diabetes Care. 2019;42(8):1569-73.

Lin CP, Lin FY, Huang PH, et al. Endothelial progenitor cell dysfunction
in cardiovascular diseases: role of reactive oxygen species and inflam-
mation. Biomed Res Int. 2013;2013: 845037.

Kim JA, Kim J, Roh E, et al. Triglyceride and glucose index and the

risk of gestational diabetes mellitus: a nationwide population-based
cohort study. Diabetes Res Clin Pract. 2021;171: 108533.

GuiJ, LiY, Liu H, et al. Obesity- and lipid-related indices as a predictor
of obesity metabolic syndrome in a national cohort study. Front Public
Health. 2023;11:1073824.

Zhao J, Fan H, Wang T, et al. TyG index is positively associated with risk
of CHD and coronary atherosclerosis severity among NAFLD patients.
Cardiovasc Diabetol. 2022;21(1):123.

Liu D, Yang K, Gu H, et al. Predictive effect of triglyceride-glucose index
on clinical events in patients with acute ischemic stroke and type 2
diabetes mellitus. Cardiovasc Diabetol. 2022;21(1):280.

Liu X, Abudukeremu A, Jiang Y, et al. U-shaped association between
the triglyceride-glucose index and atrial fibrillation incidence in a
general population without known cardiovascular disease. Cardiovasc
Diabetol. 2023;22(1):118.

. YuH,Tao L, LiYG, et al. Association between triglyceride-glucose index

trajectories and carotid atherosclerosis progression. Cardiovasc Diabe-
tol. 2023;22(1):130.

Han M, Wang H, Yang S, et al. Triglyceride glucose index and Athero-
genic index of plasma for predicting colorectal neoplasms in patients
without cardiovascular diseases. Front Oncol. 2022;12:1031259.

Fritz J, Brozek W, Concin H, et al. The triglyceride-glucose index and
obesity-related risk of end-stage kidney disease in austrian adults.
JAMA Netw Open. 2021;4(3): €212612.

Luo E,Wang D, Yan G, et al. High triglyceride-glucose index is associ-
ated with poor prognosis in patients with acute ST-elevation myocar-
dial infarction after percutaneous coronary intervention. Cardiovasc
Diabetol. 2019;18(1):150.

Rawshani A, Rawshani A, Franzen S, et al. Risk factors, mortality, and
cardiovascular outcomes in patients with type 2 diabetes. N Engl J
Med. 2018;379(7):633-44.

Yu C,Wang T, Zhou W, et al. Positive association between the
triglyceride-glucose index and hyperuricemia in chinese adults with
hypertension: an insight from the china h-type hypertension registry
study. Int J Endocrinol. 2022;2022:4272715.

Hu L, Bao H, Huang X, et al. relationship between the triglyceride glu-
cose index and the risk of first stroke in elderly hypertensive patients.
Int J Gen Med. 2022;15:1271-9.

Cohen S, et al. Psychological stress and disease. JAMA.
2007;298(14):1685-7.



Xu et al. Cardiovascular Diabetology (2024) 23:23

59. Lavie CJ, Mcauley PA, Church TS, et al. Obesity and cardiovascular dis-
eases: implications regarding fitness, fatness, and severity in the obesity
paradox. J Am Coll Cardiol. 2014;,63(14):1345-54.

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

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Relationship between TyG index and the degree of coronary artery lesions in patients with H-type hypertension
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population and design
	Data collection and grouping
	Statistical analysis

	Result
	Main clinical characteristics of the study population
	Clinical and biochemical data characteristics according to TyG index quartile grouping
	Relationship between TyG index and metabolic syndrome
	Relationship between TyG index and the degree of coronary artery lesion stenosis
	Relationship between H-type hypertension and the degree of coronary artery lesion stenosis
	Correlation of risk factors with gensini score in H-type and non-H-type hypertension groups
	TyG index and coronary lesion severity and predictive value

	Disscusion
	Conclusion
	Acknowledgements
	References


