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Objective: Chronic obstructive pulmonary disease (COPD) is a prevalent chronic respiratory disease that poses a significant health 
risk to individuals. Patients with COPD are predisposed to a higher incidence of coronary artery disease (CAD) than the general 
population. This study aims to investigate the correlation between COPD and the incidence of in-stent restenosis (ISR) after 
percutaneous coronary intervention (PCI).
Methods: This study retrospectively analyzed the clinical data and laboratory test results of patients who underwent PCI at our hospital 
between January 2018 and December 2021 to investigate the relationship between COPD and drug-Eluting Stents (DES) postoperative ISR. 
We employed the best subset method to select the most suitable combination of predictive factors, utilizing the data, and verified the 
precision of the model by means of internal validation. We ultimately assessed the performance of the prediction model using an ROC curve.
Results: The research indicates that COPD is an independent risk factor for ISR after PCI (OR=2.437, 95% CI [1.336, 4.495], 
P=0.004). The analysis revealed an area under the receiver operating characteristic (ROC) curve of 0.783 for the training group and 
0.705 for the testing group, indicating a model fitting for both groups (both > 0.5).
Conclusion: COPD history is a dependable predictor of stent restenosis post percutaneous coronary intervention.
Keywords: percutaneous coronary intervention, PCI, chronic obstructive pulmonary disease, COPD, in-stent restenosis, ISR, drug- 
eluting stents, DES, optimal subset regression

Background
Cardiovascular disease is still one of the most common and deadly chronic diseases globally.1 In the past 40 years, the 
intravascular coronary artery stent implantation has become a main treatment for CAD, which can significantly improve blood 
flow dynamics.2 PCI reduces the mortality rate of Acute Coronary Syndrome (ACS) and enhances patients’ quality of life who 
are diagnosed with stable angina.3 Following the emergence of DES in the 21st century, the incidence rate of ISR decreased to 
about 5% to 10% per year.4 However, considering the millions of DES implants each year, ISR remains a huge challenge.5

COPD is a slowly progressing lung disease that trigger systemic inflammation. The mortality rate of this disease is high. It 
is estimated that by 2030, COPD will rank seventh on the world’s disease burden list. Among patients diagnosed with COPD, 
incidence of CAD ranges between 2.4% and 23.3%.6 COPD results in varying degrees of decline in lung function and 
systemic inflammation.7 Literature has reported that these effects can have an impact on the prognosis of cardiovascular 
disease.8 Therefore, we believe that the severity and prognosis of COPD are related to cardiovascular disease, including ISR.

Research indicates that complex vascular lesions, suboptimal stent expansion, and long-term chronic diseases are all 
predictive factors for ISR.9–12 Several studies demonstrate that COPD patients have a higher risk of mortality after 
undergoing PCI surgery.13 However, other clinical outcomes related to adverse events have yet to be reported. Currently, 
there is still insufficient research data on the correlation between COPD and in-stent restenosis. Therefore, this study 
adopts a retrospective research method aimed at exploring the relationship between COPD and ISR.
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Methods
This study investigated who underwent PCI treatment at the central hospital of the Tujia and Miao in Enshi Autonomous 
Prefecture from January 2018 to December 2021. A total of 983 patients underwent DES PCI. The following are the 
exclusion criteria for this study: 1. Patients with congenital heart disease, heart failure, or other cardiac conditions were 
not included. 2. Patients with liver or kidney dysfunction, immune disorders, or cancer were not included. 3. Patients who 
had undergone major trauma surgery in the recent past were not included. 4. Patients with incomplete follow-up data or 
incomplete clinical data were not included. All patients were continuously taking antiplatelet and statin medications 
during the follow-up period (Figure 1).

Figure 1 The selection procession of selected subjects.
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Patients were classified into ISR and non-ISR groups based on the results of the first follow-up coronary angiography 
performed within 12 months after PCI. The ISR group consists of patients who experienced a late lumen loss ≥50% within a 5mm 
range from the proximal to distal end of either the main branch or side branch stent.14 This study was approved by the Ethics 
Committee of Enshi Autonomous Prefecture Central Hospital in accordance with the Helsinki Declaration. As the committee did 
not require patient consent for the review of their medical records, obtaining informed consent from patients is not necessary for 
this retrospective study. Nonetheless, in order to ensure ethical compliance, we have supplied the editor with the approval 
certificate issued by the ethics committee. Firstly, this study solely collected clinical case data without causing adverse reactions 
or harm to patients. Secondly, the patient data utilized in this paper has been anonymized, with anonymization performed solely 
prior to data access and analysis. Thus, patients’ medical records can be examined without their prior consent.

Collect comprehensive demographic information from all patients including their age and gender. Perform a series of 
blood tests including a complete blood count as well as assessments of liver and kidney function. Furthermore, collect 
a comprehensive medical history from all patients, encompassing conditions like hypertension, diabetes, COPD, smoking 
history, the presence of stents, and details of post-operative medication usage. COPD is defined as FEV1/FVC < 0.7, with 
measurement conducted after the patient inhales a bronchodilator.15

The R Studio application software was utilized to scrutinize the data and compare differences between the baseline 
data groups. Mean (standard deviation, SD) was calculated for continuous variables, thereafter a t-test was performed or 
non-parametric rank test (Mann–Whitney U-test or Wilcoxon signed-rank test), depending on whether or not the data 
satisfied normal distribution and homogeneity of variance. Categorical variables were represented by the median (25th 
and 75th percentile: P25, P75). To compare differences between groups, a chi-square test was administered in case the 
data were in line with normal distribution and, otherwise, Wilcoxon test was utilized. The logistic regression model 
initially included all variables. The optimal subset method was employed to determine the most salient predictor 
variables with the lowest Akaike’s Information Criterion (AIC) value. Using odds ratio (OR) and P-values with a 95% 
confidence interval, a thorough examination of predictor variables was conducted. The sensitivity of the model was 
evaluated using ROC analysis. A statistically significant difference was confirmed by a P-value of less than 0.05.

Results
Baseline Information
Among the 469 patients who met the inclusion criteria. Table 1 shows the comparison of baseline characteristics between 
380 patients without in-stent restenosis and 89 patients with in-stent restenosis.

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

Characteristics ISR (n=380) Non ISR (n=89) P-value

Sex=1 (%) 242 (63.7) 78 (87.6) <0.001*

Age (mean (SD)) 60.24 (10.75) 63.74 (10.32) 0.006*
COPD=1 (%) 134 (35.3) 48 (53.9) 0.001*

Hypertension=1 (%) 202 (53.2) 49 (55.1) 0.747

DM =1 (%) 87 (22.9) 26 (29.2) 0.21
Stroke=1 (%) 31 (8.2) 10 (11.2) 0.355

Smoking=1 (%) 199 (52.4) 58 (65.2) 0.029*

b-block=1 (%) 238 (62.6) 60 (67.4) 0.399
WBC (median [IQR]) 6.70 [5.45, 8.65] 6.04 [5.06, 7.51] 0.005*

N (median [IQR]) 4.38 [3.33, 6.23] 4.52 [3.54, 6.00] 0.529

L (median [IQR]) 1.46 [1.11, 2.04] 1.48 [1.15, 1.81] 0.481
ACEI/ARB=1 (%) 306 (80.5) 72 (80.9) 0.936

Multi-vessel=1 (%) 271 (71.3) 78 (87.6) 0.001*

LMR (median [IQR]) 0.27 [0.18, 0.41] 0.29 [0.20, 0.38] 0.573
PLT (median [IQR]) 184.00 [153.75, 226.25] 174.00 [145.00, 216.00] 0.219

(Continued)
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Table 1 indicates none of the factors considered including underlying diseases (hypertension, diabetes, and stroke), N, L, 
M, LMR, PLT, MPV, RDW, and PCT demonstrated statistical significance. Conversely, notable statistical differences were 
observed in terms of age, gender, PDW, NLR, and underlying diseases such as COPD.

Patients with multi-vessel coronary artery disease undergoing PCI are at high risk of developing in-stent restenosis. β- 
Blockers and angiotensin-converting enzyme inhibitors used for post-PCI treatment have shown no significant statistical 
difference in the prevention of in-stent restenosis. There are significant differences in ALT, DBIL, and LDL-C between 
the two groups in terms of liver and kidney function and lipid metabolism, while there are no significant differences in 
AST, TBIL, TC, TG, HDL-C, Cr, and UA.

Optimal Subset Regression Models
Include all variables from the baseline data into the initial logistic regression model to select the best subset model. Use 
the principle of selecting the model with the lowest AIC value as the best model, and use backward stepwise multiple 
logistic regression to select the ideal subset. We found that age, gender, COPD, multiple vessel disease, white blood cells 
are closely related to the occurrence of ISR (Table 2).

Table 1 (Continued). 

Characteristics ISR (n=380) Non ISR (n=89) P-value

MPV (median [IQR]) 10.80 [9.90, 11.80] 10.60 [9.70, 11.80] 0.633

ALT (median [IQR]) 26.00 [20.00, 40.00] 24.00 [16.00, 35.00] 0.02*
TBIL (median [IQR]) 12.85 [9.57, 16.42] 12.10 [9.10, 16.70] 0.73

DBIL (median [IQR]) 4.05 [3.10, 5.10] 3.50 [2.30, 4.80] 0.038*

TG (median [IQR]) 1.48 [1.01, 2.00] 1.41 [1.03, 1.92] 0.171
TC (median [IQR]) 4.36 [3.63, 5.18] 4.02 [3.64, 5.06] 0.135

HDL (median [IQR]) 1.02 [0.88, 1.18] 0.99 [0.87, 1.20] 0.763

AST (median [IQR]) 28.00 [21.00, 46.00] 25.00 [21.00, 35.00] 0.081
RDW (median [IQR]) 12.90 [12.50, 13.50] 13.00 [12.60, 13.60] 0.258

PCT (median [IQR]) 0.20 [0.17, 0.23] 0.19 [0.16, 0.22] 0.092

PDW (median [IQR]) 16.30 [16.10, 16.60] 16.20 [16.00, 16.50] 0.025*
LDL (median [IQR]) 2.67 [2.18, 3.40] 2.48 [2.14, 3.03] 0.039*

Cr (median [IQR]) 71.00 [59.58, 85.17] 70.70 [59.10, 83.30] 0.721

Hb (median [IQR]) 137.00 [124.00, 148.00] 142.00 [125.00, 152.00] 0.161
UA (mean (SD)) 357.78 (98.74) 366.08 (96.05) 0.473

Monocyte (median [IQR]) 0.40 [0.30, 0.52] 0.38 [0.32, 0.51] 0.984

NLR (median [IQR]) 3.03 [2.03, 5.10] 2.59 [1.87, 3.75] 0.042*

Note: *P<0.05. 
Abbreviations: N, neutrophils; L, lymphocyte; WBC, leukocyte; Hb, hemoglobin; PDW, platelet distribution width; MPV, 
mean platelet volume; RDW, red cell distribution width; PLT, platelet; ALT, Glutathione aminotransferase; AST, glutathione 
transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; AIP; atherogenic index of plasma; Cr, creatinine; TC, total 
cholesterol; TG, total triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; NLR, neutrophil/ lymphocyte ratio; LMR, Lymphocyte monocyte ratio; PCT, Platelet accumulation.

Table 2 Regression Results for the Optimal Subset

Variables OR 95% CI P

Sex 4.215 [1.991, 9.872] <0.001*
Age 1.032 [1.001, 1.065] 0.046*

COPD 2.437 [1.336, 4.495] 0.004*

b-block 1.843 [0.947, 3.744] 0.079
Multi-vessel 2.67 [1.128, 7.409] 0.038*

WBC 0.853 [0.733, 0.975] 0.029*

PDW 0.57 [0.277, 0.984] 0.107

Note: *P<0.05. 
Abbreviations: WBC, leukocyte; PDW, platelet distribution width.
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The area under the ROC curve was 0.783 (Figure 2) and 0.705 (Figure 3) for each respective optimal subset group. 
This indicates that COPD history can serve as an independent predictor for ISR, both values are greater than 0.5.

Discussion
Research has demonstrated that individuals diagnosed with COPD are at a higher risk of developing adverse cardiovas-
cular outcomes.16 An increasing amount of evidence indicates that patients with COPD experience both local and 
systemic potential inflammation.17,18 Studies indicate that 16% of COPD patients exhibit persistent chronic 
inflammation.19 Patients with COPD display elevated levels of inflammatory markers, particularly C-reactive protein 
and fibrinogen, which have been identified as independent risk factors for a higher incidence of myocardial infarction and 
mortality.20–22 Even when the risk factors are removed, the inflammation characteristic of COPD persists and continues 
to progress.23 Chronic inflammation in COPD has been found to involve both innate and adaptive immunity.24 Our 
research has confirmed that elevated white blood cell count is an independent risk factor for restenosis within the stent, 
thus providing further validation of the role of inflammation.

The deterioration of lung function is the main cause of adverse cardiovascular events in COPD patients.25 The FEV1/ 
FVC ratio is an independent predictive factor negatively correlated with cardiovascular risk.26 In patients with coronary 
heart disease, there is an equivalent effect of lung function parameter FEV1 and blood lipid level.27 Research reveals that 
the reduction of FEV1 over a period is closely related to death and other cardiovascular diseases in patients with coronary 
heart ailment. Patients with COPD have a higher number and severity of coronary artery lesions after PCI treatment, 
which significantly augments the risk of revascularization and postoperative death.28 This observation aligns with our 
research findings. In comparison to healthy individuals, COPD leads to variations in coagulation factors dynamics and 

Figure 2 The receiver operator characteristic curve for the train group.
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elevated levels of FVIII, potentially resulting in diverse thrombotic characteristics in COPD.29 In summary, the medical 
history of COPD can be utilized for evaluating the progression of cardiovascular diseases.

DES represent a common therapeutic approach in coronary artery intervention therapy. Despite their ability to 
suppress neointimal hyperplasia, DES implantation still poses a risk of restenosis occurrence.30 Although numerous 
treatments have been implemented to address restenosis within stents, their efficacy in terms of long-term coronary 
angiography and clinical prognosis of DES-ISR patients remains inadequate.31 The missed diagnosis rate of COPD 
among patients with coronary heart disease is at least 80%.32 Although the incidence of COPD is high among patients 
with coronary artery disease, its diagnostic rate is low. Although studies indicate that there is an increase in adverse 
events in COPD patients undergoing percutaneous coronary intervention, we conducted this study to better understand 
the development of In-Stent Restenosis after DES surgery and improve patient prognosis.

Our research revealed that age, gender, the history of COPD, multi-vessel coronary artery disease, and white blood 
cell count are significant risk factors for ISR. Previous studies have provided confirmation that both age and the presence 
of multi-vessel coronary artery disease serve as predictive factors for restenosis occurring within the stent.33–36 The study 
utilized the best subset regression method to construct a model. Our findings indicated that a history of COPD was 
effective predictors of restenosis. In comparison with previous models, our model demonstrated a better fit and diagnostic 
value.

This study has several limitations. Firstly, when investigating the correlation between COPD and ISR, it should be 
noted that smoking is one of the primary etiological factors of COPD, which can lead to a significant overlap of patients 
with a history of both COPD and smoking. Consequently, potential confounding factors may arise. Secondly, this study is 
a single-center retrospective study conducted with a relatively small sample size. As a result, the generalizability and 
reliability of the results may be limited. In the future, we plan to address these limitations by conducting a larger sample 

Figure 3 The receiver operator characteristic curve for the test group.
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size and a more comprehensive study, thereby obtaining more accurate and reliable results. Despite these limitations, the 
research findings hold clinical significance and offer valuable hints for further investigations.

Conclusion
In summary, we found that patients with a history of COPD have an increased risk of ISR after receiving drug-eluting 
stent implantation. Our model, which incorporates factors including age, gender, multi-vessel coronary artery disease, 
history of COPD, use of beta blockers, platelet distribution width and white blood cell levels, demonstrated satisfactory 
predictive value.
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