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Abstract

Original Article

Introduction

Despite the technical and medical breakthroughs, 
percutaneous coronary intervention (PCI) is compromised by 
postinterventional in‑stent restenosis (ISR), and the results are 
still not satisfactory.[1‑3] Clinical characteristics such as diabetes 
and hypertension are one of the main factors associated with 
the development of ISR.[4] Hence, identifying high‑risk patients 

with modifiable clinical features may be helpful for physicians 
to improve clinical outcomes.

Insulin resistance (IR) is one of the cornerstones of metabolic 
syndrome and is not only associated with increased risk 
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of developing cardiovascular disease  (CVD) but also is 
significantly associated with the development of ISR and poor 
cardiovascular outcome in patients with or without diabetes.[5,6] 
Direct IR measurement methods such as hyperinsulinemic 
euglycemic glucose clamp, insulin suppression test, are invasive, 
costly, and complex procedures. Triglyceride glucose  (TyG) 
index, a product of triglyceride  (TG) and fasting glucose, 
is newly defined and easily measurable marker with high 
sensitivity specificity in predicting the insulin resistance and 
its associated metabolic abnormalities.[7,8] There are literature 
data showing that TyG index is associated with the increased 
risk of atherosclerotic CVD and poor cardiovascular outcome.
[8‑10] On the other hand, to the best of our knowledge, there are 
no studies in the literature evaluating association between the 
TyG index and the development of ISR in patients undergoing 
elective PCI. In our study, we aimed to investigate the predictive 
accuracy of the TyG index in determining the ISR development.

Materials and Methods

This was a prospective case‑controlled study. From October 
2006 to December 2007, 292 consecutive patients, 37–84 years 
of age, undergoing coronary angiography and who consented 
to participate in the study were screened. A detailed medical 
history including hypertension, diabetes mellitus, family 
history of CAD, dyslipidemia, smoking, and history of CAD 
were obtained. Patients with acute coronary syndrome who 
need immediate PCI (n = 32), patients with restenosis or stent 
thrombosis (n = 2), those with PCI failure (n = 4), those who 
underwent only balloon angioplasty  (n = 30), patients who 
were referred to coronary artery by‑pass surgery (n = 2), those 
with any missing data (n = 30), those withdrew their consent 
and refuse to undergo an control angiography (n = 52), severe 
illness  (cancer, hepatic, or renal disease with glomerular 
filtration rate  <30 mL/1.73 m²/min, chronic infections, or 
inflammatory disease; n  =  0), were excluded [Figure  1]. 
Furthermore, 16 patients over the age of 75 were excluded 
because they had an increased risk of malnutrition, which 
could have a confounding effect on study results. Finally, 
124 patients underwent elective/planned PCI and gave written 
informed consent, constituted the actual study population. The 
study was approved by the local ethics committee.

Blood samples were collected from the antecubital vein 
from each patient after at least 12 h of fasting before 
the index intervention. Plasma levels of fasting blood 
glucose (FBG), creatinine, total cholesterol, TG, high‑density 
lipoprotein cholesterol, and low‑density lipoprotein 
cholesterol were measured using an automated chemistry 
analyzer. The TyG index was calculated as follows: log 
(serum TG [mg/dL] × plasma glucose [mg/dL]/2).

Coronary angiograms were analyzed by two experienced 
interventionalist blinded to clinical data. PCIs were performed 
by a team of experienced operators and size, length, and type of 
the stent (bare metal stent [BMS] or drug‑eluting stent [DES]) 
used was left to the discretion of the operator. According to the 

type of stent used, control coronary angiogram was performed 
6–12 months after the index intervention. Primary end point 
was angiographically ISR which was defined as the presence 
of ≥50% diameter narrowing either within the stent or within 
5 mm proximally or distally to the stent margin. The study 
cohort was divided into two groups as those with and without 
restenosis.

Ethical statement
Ethical statement; Istanbul University Cerrahpasa Medical 
Faculty, Prt number: 16831.

Statistical analysis
Continuous variables were expressed as mean  ±  standard 
deviation and percentage for categorical variables. 
Nonnormally distributed variables are given as medians. 
Continuous variables were compared among the groups 
of patients with independent Student’s t‑test for normally 
distributed data. Group comparisons of categorical variables 
were performed using the Chi‑square or Fisher’s exact test, as 
appropriate. Multiple logistic regression analysis was utilized 
to identify factors related to ISR. Only the variables with a 
P < 0.1 in the univariate analysis were incorporated into the 
multivariate logistic regression analysis. In order to evaluate 
the additional ability of TyG and to determine the optimal 
cutoff value for TyG index in predicting the development of 
ISR, receiver operating characteristic (ROC) curve analysis 
was used. Values of P  <  0.05 were considered significant 
in all analyses. Statistical analysis was performed using 
Statistical Package for the Social Sciences (SPSS) for Windows 
version 24.0 (Chicago, Illinois, USA).

Results

This prospective case‑controlled study included 124 consecutive 
patients with a mean age of 57 ± 9.1 years who underwent 
elective PCI. During the median 7‑month (interquartile 
range: 6–8 months) follow‑up period, four patients with 
stable angina pectoris, and three patients with acute coronary 
syndrome had coronary angiographies earlier than scheduled, 
but the remaining 117 patients underwent the planned control 
coronary angiography. Of these 124 patients, 48 (38.7%) had 
restenosis, of whom 42 (35.9%) had BMS implantation and 
6 (4.8%) had DES implantation. TyG index was statistically 
higher in patients with ISR (P = 0.04). Detailed demographic, 
clinical, laboratory, angiographic parameters of two groups 
are represented in Tables 1 and 2. In order to determine the 
independent predictors of ISR using variables that exhibited 
statistically significant relation in the univariate analyses, we 
performed two multivariable logistic regression analyses. 
Multivariant analysis revealed that diabetes (odds ratio [OR]: 
1.927, P = 0.03), stent type (OR: 0.342, P = 0.02), and TyG 
index  (OR: 4.144, P  =  0.01) significantly predicted the 
development of ISR [Table 3]. ROC analysis found a cutoff 
value of  >4.71 for TyG index with a 82% sensitivity and 
39% specificity (area‑under‑the‑curve: 0.61; 95% confidence 
interval: 0.51–0.71, P = 0.03) in predicting the ISR [Figure 2].
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Discussion

ISR is an important clinical problem and continues to limit the 
long‑term success of the PCI. ISR is a maladaptive response 
to localized injury of the coronary artery wall induced by 
coronary intervention and consists of complex molecular and 
cellular mechanisms such as releasing of inflammatory and 

chemoattractant factors leading to migration and proliferation 
of vascular smooth muscle cells, neointimal hyperplasia, and 
vascular remodeling.[11]

TyG index is newly defined marker of identifying IR with a 
high sensitivity and specificity.[7,8] To date, a few studies about 
the relationship between TyG and CVD such as coronary 

Table 1: Baseline demographic, clinical and laboratory characteristics of study cohort

Parameters All patients (n=124) No‑restenosis (n=76) Restenosis (n=48) P
Age 57±9.1 57.3±9.1 56.6±8.9 0.65
Male, n (%) 94 (77.4) 57 (75) 39 (81.3) 0.42
Hypertension, n (%) 74 (59.7) 47 (61.8) 27 (56.3) 0.54
Hyperlipidemia, n (%) 56 (45.2) 34 (44.7) 22 (45.8) 0.91
Diabetes mellitus, n (%) 37 ( 29.8) 16 (21.1) 21 (43.8) <0.01
Current smoker, n (%) 80 (64.5) 49 (64.5) 31 (64.6) 0.99
Family history, n (%) 47 (37.9) 31 (40.8) 16 (33.3) 0.41
CAD history, n (%) 67 (54) 47 (61.8) 20 (41.7) 0.03
LVEF, n (%) 51.4±9.8 50.7±10 52.6±9.5 0.32
Admission diagnosis

Stable angina, n (%) 47 (37.9) 27 (35.5) 20 (41.7) 0.15
Unstable angina n (%) 48 (38.7) 26 (34.2) 22 (45.8)
NSTEMI, n (%) 9 (7.3) 7 (9.2) 2 (4.2)
STEMI, n (%) 20 (16.1) 16 (21.1) 4 (8.3)
Thrombolytic therapy 15 (12.1) 10 (13.2) 5 (10.4)

Laboratory parameters
FBG, mg/dl, IQR 104 (93‑122) 102 (91‑121) 110 (99‑131) 0.24
GFR, mL/1.73 m2/min 86±21 87±20 85±22 0.71
HDL‑C, mg/dL 43±8.4 43±8.3 42±8.5 0.88
LDL, mg/dL 113±35 110±34 119±35 0.12
TyG index, IQR 4.87 (4.66‑5.0) 4.84 (4.61‑5.0) 4.93 (4.74‑5.1) 0.04

Medications after discharge
Acetylsalicylic acid, n (%) 120 (96.8) 72 ( 94.7) 48 (100) 0.11
Clopidogrel, n (%) 113 (91.1) 67 (88.2) 46 (95.8) 0.14
RAS blockers, n (%) 95 (76.6) 59 (77.6) 36 (75) 0.74
Beta blockers, n (%) 105 (84.7) 63 (82.9) 42 (87.9) 0.49
Statins, n (%) 109 (85.5) 65 (85.5) 44 (91.7) 0.31

Continuous variables were presented as mean±SD if normally distributed and medians IQRs if not normally distributed, while categorical variables were 
given as percentages. CAD: Coronary artery disease, LVEF: Left ventricular ejection fraction, NSTEMI: Non‑ST elevated myocardial infarction, STEMI: ST 
elevated myocardial infarction, FBG: Fasting blood glucose, GFR: Glomerular filtration rate, HDL‑C: High density lipoprotein cholesterol, LDL‑C: Low 
density lipoprotein cholesterol, TyG: Triglyceride glucose, RAS: Renin‑angiotensin system, IQRs: Interquartile ranges, SD: Standard deviation

Table 2: Interventional and angiographic factors and association with in‑stent restenosis

Parameters All patients (n=124) No‑restenosis (n=76) Restenosis (n=48) P
Stented vessel, n (%)

LAD and side branches 51 (41.1) 30 (39.5) 21 (43.8) 0.19
LCx and side branches 26 (21) 18 (23.7) 8 (16.7)
RCA and side branches 42 (33.9) 23 (30.3) 19 (39.6)
By‑pass graft 5 (4) 5 (6.6) 0

Type of stent, n (%)
Bare metal stent 97 (78.2) 55 (72.4) 42 (87.5) 0.04
Drug‑eluting stent 27 (21.8) 21 (27.6) 6 (12.5)

Reference vessel diameter, mm 3.1±0.38 3.0±0.33 0.29
Final vessel diameter, mm 3.46±0.45 3.35±0.34 0.12
Length of lesion, mm 20±6.0 21.7±5.9 0.14
Continuous variables were presented as mean±SD if normally distributed and medians IQRs if not normally distributed, while categorical variables 
were given as percentages. LAD: Left anterior descending artery, LCx: Left circumflex artery, RCA: Right coronary artery, IQRs: Interquartile ranges, 
SD: Standard deviation
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artery calcification, peripheral artery disease severity, stroke, 
and carotid atherosclerosis have been addressed.[7‑10,12,13] In 
addition, it was also found to be associated with increased CVD 
risk in apparently healthy individuals.[14] In a study conducted 
by Jin et al., TyG index was significantly associated with future 
cardiovascular events and clinical outcomes in 3745 patients 
with stable CAD.[9] In another study, Mao et al. reported that 
the TyG index independently predicted the coronary artery 
disease severity and cardiovascular outcomes in 438 patients 
with no‑ST elevated acute coronary syndrome.[8] Although 
there are previous studies addressing the relationship between 
the TyG index and several CVD, there are no studies evaluating 
its relationship with the development of ISR in patients 
undergoing elective PCI. To the best of our knowledge, this 
is the first study to evaluate the predictive importance of the 
TyG index in ISR development. It is very difficult to reveal 
the exact mechanism underlying the relationship between 
the TyG index and ISR. The TyG index is a composite 

indicator composed of TG and FBG and a marker of IR and 
metabolic syndrome. IR is characterized by an inappropriate 
physiologic response, in which insensitivity to insulin results 
in compensatory hyperinsulinemia.[15] It has been suggested 
that hyperinsulinemia induces neointimal hyperplasia and 
promotes vascular smooth muscle cell proliferation which can 
be mediated by the convergent mechanisms of mitochondrial 
dysfunction and oxidative stress as well as activation of 
mitogen‑activated protein kinase pathways.[5,6] Therefore, both 
hyperglycemia and increased circulating levels of insulin may 
contribute to ISR.[16] Indeed, several previous studies have 
also highlighted the relationship between IR and restenosis 
in patients undergoing PCI.[5,6] Therefore, we think that high 
TyG index may be associated with ISR as an expression of 
increased IR.

Importantly, our study has some limitations. First, this study 
had a small sample size and relied on single‑center experience. 
Second, ISR based on luminal stenosis was only evaluated by 

Table 3: Factors that were found to be independently associated with in‑stent restenosis in univariate and multivariate 
cox regression analysis model

Variables Univariate OR (95% CI) P Multivariate OR (95% CI)* P
Diabetes 1.989 (1.114‑3.552) 0.02 1.927 (1.061‑3.501) 0.03
CAD 0.579 (0.324‑1.035) 0.06 0.619 (0.344‑1.115) 0.11
Type of stent 0.284 (0.118‑0.679) <0.01 0.342 (0.140‑0.837) 0.02
TyG index 3.119 (1.036‑9.389) 0.04 4.144 (1.331‑12.906) 0.01
*The variables with a P<0.1 in the univariate analysis were incorporated into the multivariate cox regression analysis by using backward LR method, 
CAD: Coronary artery disease, TyG: Triglyceride glucose, OR: Odds ratio, CI: Confidence interval

Figure 2: Receiver operating characteristic curve. The receiver operating 
characteristics curve analysis revealed a cutoff value of triglyceride 
glucose index >4.71 displayed 39% sensitivity and 82% specificity 
in predicting the in‑stent restenosis. AUC: Area‑under‑the‑curve, CI: 
Confidence intervalFigure 1: Study flow chart
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visual coronary angiograms and we did not include additional 
information about the quantitative assessment which was not 
as specific as intravascular ultrasound or optical coherence 
tomography. Third, we measured only baseline TyG index at 
admission and the changes that would be observed by serial 
measurements may have an additional predictive value. Fourth, 
we did not measure circulating insulin levels, hemoglobin A1c, 
homeostatic model assessment‑IR, and IR index at the time of 
the index procedure. Although TyG was found to be a predictor 
of ISR development regardless of stent type, older generation 
DESs were used in the current study. Therefore, our findings 
need to be confirmed with the new generation DESs in larger 
prospective studies.

Conclusion

Our study showed that the TyG index independently predicted 
the development of ISR in patients undergoing elective PCI 
even after adjustment for stent type and diabetes. TyG may be 
a part of cardiovascular examination to identify individuals at 
high risk for ISR.
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