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Objective: The CHA2DS2-VASc score, a system which has been initially recommended for the assessment of thromboembolic risk 
in patients with atrial fibrillation (AF), arouses attention in the field of adverse coronary events. The purpose of this study was to 
explore the predictive value of preprocedural CHA2DS2-VASc score on ISR in patients after drug-eluting stent (DES) implantation.
Methods: To further investigate the relationship between CHA2DS2-VASc scores and ISR after DES, a retrospective study of DES 
was carried on. Additionally, the preoperative variables for the ISR and control groups were contrasted. Predictive factors were chosen 
using the optimal subset regression. We validate the model using internal validation. The prediction model was evaluated using the 
receiver operator characteristic (ROC) analysis.
Results: We used a 3:7 ratio to create an experimental group and a validation group, and then ran a stepwise regression with the data 
from each of the two groups. The results showed that CHA2DS2-VASc score was an independent risk factor for ISR in both the 
experimental (p = 0.0139) and validation groups (p = 0.0014), and both had significant predictive value for ISR. The area of the ROC 
curve was greater than 0.5 in both groups (AUC = 0.78, 0.719, respectively) indicating that the model fit was good in both groups.
Conclusion: The CHA2DS2-VASc score is a reliable predictor of in-stent restenosis (ISR) after DES implantation.
Keywords: CHA2DS2-VASc score, drug-eluting stents, DES, percutaneous coronary intervention, PCI, in-stent restenosis, ISR

Background
Human health is seriously threatened by cardiovascular disease.1 Cardiac interventional techniques have advanced 
rapidly after myocardial infarction, and drug-eluting stent implantation has now become routine treatment. ISR is one 
of the frequent post-PCI side effects.2 Although the incidence of ISR after DES implantation has been significantly 
reduced compared with the era of bare metal stents, the chances of patients with complex, high-risk coronary lesions 
having revascularization after PCI can still reach 5% to 10%.3,4 The occurrence of this complication can lead to increased 
consumption of healthcare resources, longer hospital stays and higher mortality rates.

The CHA2DS2-VASc score is a classical scoring system constructed to assess the risk of thromboembolism in 
patients with non-valvular AF and to guide anticoagulation therapy, and has been shown to predict the occurrence of 
coronary artery disease1,5,6 and the long-term prognosis of patients after PCI.7,8 Also, the variables that make up the 
CHA2DS2-VASc score have been shown in numerous studies to be risk factors for death and adverse events in patients 
with acute STEMI.9–13 In magnetic resonance imaging, higher CHADS2 scores are similarly associated with coronary 
microvascular dysfunction,14 and in patients without comorbid atrial fibrillation, high CHADS2 scores can increase the 
risk of peripheral arterial vascular disease.15 Additionally, it has recently been demonstrated that CHA2DS2-VASc scores 
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are related to prognosis in patients receiving transcatheter aortic valve replacement.16 Thus, CHADS2 scores may be 
used to predict the occurrence of adverse coronary events, including in-stent restenosis.

Although a few prior research have looked into potential factors of the high incidence rate of ISR, such as poor stent 
expansion, poor apposition, and residual stenosis17 and have shown that the CHA2DS2-VASc score can be used to predict 
events related to ISR after metal stent implantation,18 there are still limitations including the limitation of clinical practice, the 
lack of latest clinical factors inflecting inflammatory responses and lipid metabolism. Thus, finding simpler and more 
effective clinical predictors of restenosis and building newest model is something we need to consider in the clinical setting.

Methods
This study was given the go-ahead by the Ethics Committee of the Central Hospital of Enshi Autonomous Prefecture in 
accordance with the Declaration of Helsinki. As patient consent to review their medical records was not required by the 
Ethics Committee of the Central Hospital of Enshi Autonomous Prefecture. Patient agreement was not required because 
this study is retrospective, retrospective studies do not require informed consent from the patient, but possibly from the 
ethics committee, so we have provided a certificate of approval from the ethics committee to the editor. The reasons for 
not requiring informed consent from patients have been marked in the ethical certificate as follows: Firstly, this study 
collects clinical case data and does not lead to adverse reactions or harm to patients. Secondly, all patient data used in this 
article is completely anonymous and the data has been anonymised prior to access and analysis, therefore their medical 
records were examined without their permission. This study was an analysis of an observational cohort study that was 
carried out at Enshi Central Hospital in China from January 2017 to December 2020. There were 1017 CAD patients who 
underwent PCI with DES in total. Patients who (1) did not review for coronary angiography after PCI, (2) did not take 
statins and anti-platelet aggregation drugs regularly after surgery, (3) had other postoperative cardiovascular adverse 
events, and (4) lacked massive clinical and angiographic information, were excluded from the study (Figure 1).

The CHA2DS2-VASc score (congestive heart failure [CHF]; hypertension; age >75 years [doubled]; type 2 diabetes; 
prior stroke or transient ischemic attack [doubled]; vascular disease; age 65–74 years; and sex [female]) was calculated in 
this data. The basic stenosis score for each coronary artery is multiplied by a factor for that lesion site to give a score for 
that lesion vessel, and the sum of the scores for each lesion vessel is the total score (the Genisi score) for the degree of 
stenosis of the patient’s coronary artery lesion.

We added variables to the data including CHA2DS2-VASc score, the neutrophil/lymphocyte ratio, Genisi score.19 

Internal validation of the data in a 3:7 ratio was applied to the data. In the model feature selection process, we exclude 
feature parameters that are already included in the CHARDS score in order to exclude multicollinearity. We screened all 
variables according to the clinical context in conjunction with the literature and included the screened variables in the 
initial regression model. We also utilized optimal subset + multi-factor logistic regression analysis to identify the main 
drivers of ISR (In-stent restenosis is defined as a new official lumen diameter stenosis greater than or equal to 50% in the 
stented segment, proximal segment and distal 5mm segment on coronary angiography, with the reference vessel being the 
normal vessel distal to the stent17) and assess the strengths and weaknesses of the models in light of the significant 
number of factors affecting ISR.

R software version 4.0.5 was used for statistical analysis, and two-tailed analysis with P. For continuous variables that 
satisfy a normal distribution we use a t-test to compare differences between groups. The chi-square test or Fisher’s exact 
test was utilized pointing to categorical variables. In cases of skewed distribution, data were reported as an interquartile 
range (IQR) and compared using the Mann–Whitney U-test.

We assessed the fit and performance of the model using the area under the ROC curve AUC, for both the 
experimental and validation groups. Acceptable diagnostic value for models is AUC >0.5.

Results
Baseline Information
Seventy patients had in-stent restenosis. Baseline information comparing 70 patients with ISR and 185 patients without 
ISR are displayed in Table 1.
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According to Table 1, these factors are not statistically significant, including age, leukocyte, platelet, hemoglobin, 
platelet distribution width, mean platelet volume, red cell distribution width, glucose, neutrophil/lymphocyte ratio, 
Platelet pressure. However, monocytes, lymphocytes and thyroid-stimulating hormone were more prevalent in patients 
with ISR.

Regarding PCI-related aspects, there was no statistically significant difference in the number of stents implanted 
between the two groups. For liver and kidney function and lipid metabolism, the creatinine level in the ISR group was 
lower than that in the control group with statistical significance. There were also differences between the two groups in 
indicators such as UC and low-density lipoprotein cholesterol (p<0.05).

Figure 1 The selection procession of selected subjects.
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Optimal Subset Regression Models and Internal Validation
All variables from the baseline data were included in the initial logistic regression model for the selection of the 
optimal subset model, and a multi-factor logistic regression was conducted using the backward method to select the 
ideal subset based on the guiding principle of selecting the model with the lowest AIC value as the optimal model. We 
found that age, AF score, ACEI and creatinine were closely related to the occurrence of ISR (Table 2, AIC=−757.47), 

Table 1 The Baseline Characteristics of the Subjects Between ISR Group and Non-ISR Group

Characteristics Non ISR (n=185) ISR (n=70) P-value

Age (mean (SD)) 59.01 (10.18) 60.30 (10.28) 0.367
Score (median [IQR]) 1.00 [0.00, 2.00] 1.00 [1.00, 2.00] 0.475

Monocyte (median [IQR]) 0.44 [0.34, 0.57] 0.66 [0.41, 5.60] <0.001*

Platelet (median [IQR]) 183.00 [152.00, 225.00] 184.50 [155.25, 215.50] 0.584
MPV (median [IQR]) 10.90 [9.90, 11.90] 10.65 [9.53, 12.30] 0.877

PDW (median [IQR]) 16.40 [16.10, 16.70] 16.50 [16.20, 16.78] 0.119

L (median [IQR]) 1.52 [1.10, 2.15] 2.13 [1.40, 18.82] <0.001*
TSH (median [IQR]) 1.92 [1.15, 2.96] 2.38 [1.39, 5.15] 0.014*

Platelet pressure (median [IQR]) 0.20 [0.17, 0.24] 0.21 [0.18, 0.25] 0.104
PLT (median [IQR]) 0.20 [0.17, 0.24] 0.21 [0.18, 0.25] 0.104

ALT (median [IQR]) 32.00 [20.00, 49.00] 24.00 [18.00, 43.50] 0.1

TG (median [IQR]) 1.54 [1.04, 2.06] 1.51 [1.13, 2.53] 0.296
TC (median [IQR]) 4.50 [3.82, 5.17] 4.35 [3.80, 5.44] 0.739

ALT (median [IQR]) 32.00 [20.00, 49.00] 24.00 [18.00, 43.50] 0.1

AST (median [IQR]) 35.00 [24.00, 92.00] 32.00 [22.25, 79.25] 0.303
TBIL (median [IQR]) 13.80 [10.30, 17.90] 14.25 [10.85, 18.08] 0.385

Cr (median [IQR]) 73.40 [63.40, 89.10] 68.30 [56.00, 84.52] 0.014*

GLU (median [IQR]) 5.45 [4.62, 6.84] 5.50 [4.74, 6.61] 0.314
UC (median [IQR]) 356.65 [290.00, 421.89] 311.64 [267.70, 391.07] 0.022*

DBIL (median [IQR]) 4.50 [3.80, 5.40] 4.70 [3.92, 5.60] 0.14

HDL (median [IQR]) 1.04 [0.87, 1.22] 1.04 [0.85, 1.29] 0.311
LDL (median [IQR]) 2.83 [2.39, 3.46] 2.60 [1.88, 3.31] 0.038*

Ratio (median [IQR]) 3.36 [2.11, 6.18] 2.61 [1.58, 5.21] 0.071

Note: *p<0.05. 
Abbreviations: Score, atrial fibrillation score; N, neutrophils; L, lymphocyte; WBC, leukocyte; Hb, hemoglobin; PDW, 
platelet distribution width; MPV, mean platelet volume; RDW, red cell distribution width; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; Cr, creatinine; GLU, glucose; ratio, neutrophil/ 
lymphocyte ratio; TC, total cholesterol; TG, total triglycerides; Cr, creatinine; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; TSH, thyroid-stimulating hormone; PLT, platelet pressure.

Table 2 Regression Results for the Optimal Subset

Variables OR 95% CI P

Intercept 0.6556 0.3257 1.3200 0.2328

Age 1.0126 1.0021 1.0233 0.01973*

Score 0.8289 0.7408 0.9274 0.00139*
Stent number 1.1067 0.9966 1.2290 0.0578

ACEI 1.3449 1.0315 1.7535 0.02914*

Diuretic 1.2227 0.9336 1.6014 0.1415
Cr 0.9962 0.9926 0.9997 0.03452*

Glu 1.0020 1.0000 1.0041 0.0517

Note: *P<0.05. 
Abbreviations: Score, CHA2DS2-VASc score; Cr, creatinine; GLU, 
glucose.
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and CHARDS score had the greatest influence on it, because the area under the ROC curve of the optimal subset of 
each group was 0.78 (Figure 2) and 0.719 (Figure 3), respectively, both greater than 0.5, the CHARDS score was an 
independent risk factor for ISR.

Discussion
The atrial fibrillation embolic risk assessment system CHA2DS2-VASc score, originally constructed to assess the 
risk of thromboembolism in patients with non-valvular AF and to guide anticoagulation therapy, consists of several 
classical cardiovascular disease risk factors and can be used as an important tool to assess patients’ cardiovascular 
prognosis.20 Several previous studies have suggested that the CHA2DS2-VASc score can predict the prognosis of 
patients with various cardiovascular diseases (eg, hypertension, heart failure) regardless of the combination of atrial 
fibrillation16,21 as well as the low left internal mammary artery (LIMA) flow in patients underwent coronary bypass 
surgery.22 And it also can be an independent predictor of in-hospital and long-term prognosis in patients with acute 
myocardial infarction.23 In patients with acute coronary syndromes, the CHA2DS2-VASc score is also associated 
with the occurrence of adverse cardiovascular events and associated with the thrombus burden in patients with acute 
myocardial infarction undergoing SVG-PCI.24 For example, a study that included 13,422 patients with ACS showed 
that elevated CHA2DS2-VASc scores were associated with 30 d, 1-year death and MACE events.25 In a study by 
Unal et al,26 the CHA2DS2-VASc score >2 was found to be an independent predictor of the incidence of stent 
thrombosis. Above all, compared with other available ISR risk stratification tools, the CHA2DS2 VASc score is 
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Figure 2 The receiver operator characteristic curve for the train group.
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a reliable and easily calculated scoring tool that can be used in daily practice to the evaluation of circulatory 
diseases.

DES implantation is one of the clinical treatments for ACS. Although several studies have revealed27,28 that DES can 
reduce the incidence of ISR compared with BMS implantation, ISR after DES with a high still needed attention for its 
high probability of 5–10%. Therefore, although Alfonso et al18 have found that the CHARDS score is associated with the 
occurrence of ISR after BMS, we still conducted this study with the aim of further exploring the predictive value of the 
CHARDS score for ISR after DES based on the previous study.

Numerous earlier studies have shown that diabetes, age, smoking, stent number, creatinine, post-operative use of 
different drugs and anterior descending lesions are linked to restenosis following the placement of DES.4,17,29,30 With the 
optimal subset regression, a new method of machine learning, we screened for above risk factors which has reported in 
previous study, for newest factors which appear to be associated with lipid metabolism, and for newest scoring system. 
Finally, we constructed a model that included age, stent number, creatinine, glucose and post-operative use of diuretics or 
ACEI, in addition to previously reported factors, as well as CHARDS scores. In this study, the CHARDS score showed 
good predictive value for ISR, and our model had a better fit and better diagnostic value than the previous model.

Nevertheless, the research still has several limitations. First of all, there was no external validation for this single- 
center study. The prediction model may not be generalizable despite internal validation. The study’s retrospective design 
and insufficient degree of evidence were its final flaws.

AUC= 0.719
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Figure 3 The receiver operator characteristic curve for the test group.
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Conclusion
In conclusion, we found that CHARDS score can be an independent risk factor for ISR after drug-eluting stenting 
implanting and the model based on CHARDS score, multivessel lesions, left main stem lesion, triglycerides, and HDL 
cholesterol showed satisfactory predictive value.
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