

[image: image1]
No Paradoxical Effect of Smoking Status on Recurrent Cardiovascular Events in Patients Following Percutaneous Coronary Intervention: Thai PCI Registry












	
	ORIGINAL RESEARCH
published: 27 May 2022
doi: 10.3389/fcvm.2022.888593






[image: image2]

No Paradoxical Effect of Smoking Status on Recurrent Cardiovascular Events in Patients Following Percutaneous Coronary Intervention: Thai PCI Registry

Thosaphol Limpijankit1*, Mann Chandavimol1, Suphot Srimahachota2, Sukanya Siriyotha3, Ammarin Thakkinstian3, Rungroj Krittayaphong4 and Nakarin Sansanayudh5


1Division of Cardiology, Department of Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

2Division of Cardiovascular Diseases, Department of Medicine, King Chulalongkorn Memorial Hospital, Bangkok, Thailand

3Department of Clinical Epidemiology and Biostatistics, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

4Division of Cardiology, Department of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand

5Cardiology Unit, Department of Internal Medicine, Pharmongkutklao Hospital, Bangkok, Thailand

Edited by:
Rajeev Gupta, Medicilinic, United Arab Emirates

Reviewed by:
Sivasankaran Sivasubramonian, Sree Chitra Tirunal Institute for Medical Sciences and Technology (SCTIMST), India
 Magdy Elmasry, Tanta University, Tanta, Egypt

*Correspondence: Thosaphol Limpijankit, thosaphol.lim@mahidol.ac.th

Specialty section: This article was submitted to Cardiovascular Epidemiology and Prevention, a section of the journal Frontiers in Cardiovascular Medicine

Received: 03 March 2022
 Accepted: 11 April 2022
 Published: 27 May 2022

Citation: Limpijankit T, Chandavimol M, Srimahachota S, Siriyotha S, Thakkinstian A, Krittayaphong R and Sansanayudh N (2022) No Paradoxical Effect of Smoking Status on Recurrent Cardiovascular Events in Patients Following Percutaneous Coronary Intervention: Thai PCI Registry. Front. Cardiovasc. Med. 9:888593. doi: 10.3389/fcvm.2022.888593



Background: “Smoker's paradox” is a controversial phenomenon that describes an unexpectedly favorable short-term outcome of smokers post-percutaneous coronary intervention (PCI). This study aimed to evaluate the effect of smoking status on recurrent major adverse cardiovascular events (MACEs) in patients who recently underwent PCI and to determine whether it was paradoxical.

Methods: This study utilized data from the nationwide Thai PCI registry, enrolling patients during 2018–2019. Our study factor was smoking status, classified as current smokers, ex-smokers, and nonsmokers. The outcome of interest was the time to occurrence of a composite of MACEs (i.e., all-cause death, myocardial infarction (MI), stroke, and unplanned revascularization) evaluated at about 1-year post-PCI. A propensity score (PS) model using inverse probability weighting with regression adjustment was used to estimate the effect of smoking on the occurrence of MACE.

Results: Current smokers, ex-smokers, and non-smokers accounted for 23, 32, and 45% of the 22,741 subjects, respectively. Smokers were younger, more frequently male, and had fewer traditional atherosclerotic risk factors. Current smokers presented more frequently with ST-elevation MIs (STEMIs) and cardiogenic shock (54 and 14.6%, respectively) than non-smokers. MACE rates were 1.9, 1.2, and 1.6 per 100 patients per month in the current smokers, ex-smokers, and non-smokers, respectively. After applying a PS, patients with a history of current smoking and ex-smoking developed the onset of recurrent MACEs significantly sooner than non-smokers, with a median time of 4.4 vs. 4.9 vs. 13.5 months (p < 0.001), respectively.

Conclusions: “Smoker's paradox” was not observed in our patient population. Current smokers and ex-smokers were prone to develop an earlier onset of a post-PCI MACEs than nonsmokers and need a smoke cessation program for further prevention.
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INTRODUCTION

Cigarette smoking is the leading preventable cause of premature atherosclerotic coronary artery disease (CAD), which has a strong impact on morbidity and mortality (1, 2). The disastrous effects of tobacco smoke are related to its mixture of more than 7,000 chemicals, which contribute to endothelial dysfunction, inflammation, thrombosis, and oxidation of low-density lipoprotein cholesterol (3). Although this pathophysiology is ultimately reversible, most inflammatory and hemostatic levels may require 5 years to improve after smoking cessation and as long as 20 years to revert to the levels of non-smokers (4).

Many epidemiological studies have found that the long-term prognosis of smokers is far worse than that of non-smokers. However, some studies suggest that there is a “smoker's paradox,” that the outcomes of CAD may be more favorable in smokers than in non-smokers (5–7). This phenomenon was first introduced in the thrombolytic era with reports that smokers with acute myocardial infarction (MI) had lower mortality than non-smokers (6, 8). Similarly, paradoxical associations with smoking were also seen in patients undergoing percutaneous coronary intervention (PCI) for stable CAD and ST-elevation MI (STEMI) (5, 9).

This apparent smoker's paradox may be explained in large part by a cumulative effect of younger age; thus, fewer atherosclerotic risk factors and comorbidities may be present in smokers than in non-smokers at the time of CAD events (5–7, 9, 10).

Researchers have tried to address this possibility by adjusting for confounders and comorbidities at baseline using multivariate logistic regression, but the paradoxical effects of current smokers and ex-smokers often persisted. This might be due to adjustment for confounders only in outcome models (e.g., CAD, death, revascularization, and so on), which may not be sufficient, with residual confounding effects still present.

The ideal study design to balance baseline known and unknown confounders would be a randomized controlled trial (RCT) to prove or disprove the paradoxical effects of smoking, but it would be unethical and impractical to randomly assign participants to smoke or not smoke. Emulation of RCT using a counterfactual propensity score (PS) analysis has been used to assess the possible causal effect of exposure or treatment in observational studies (11). We used this approach to try to prove whether the effect of smoking on the occurrence of major adverse cardiovascular events (MACEs) after PCI is paradoxical or not.



MATERIALS AND METHODS

This study used a prospective, multicenter, nationwide Thai PCI registry, which was initiated by the Cardiac Intervention Association of Thailand. The registry protocol, published previously (12), includes data from 39 government and private hospitals that voluntarily participated. All patients enrolled in the study were aged 18 years or older, and received primary or elective PCI during the period from May 2018 to August 2019. The study was approved by the Central Research Ethics Committee of Mahidol University (COA-CREC # 006/2018), along with the Ethics Committee of the Faculty of Medicine, Ramathibodi Hospital (COA-MURA2020/1040). All participants provided written informed consent.

Clinical characteristics, angiographic, and procedural data were retrieved from main electronic registry databases. Subject data included history of cardiovascular risk factors [smoking, hypertension (HT), dyslipidemia, diabetes mellitus (DM), family history of premature CAD], history of underlying diseases and prior treatments [peripheral arterial disease (PAD), cerebrovascular disease (CVD), MI, heart failure, PCI, coronary artery bypass surgery (CABG)], and left ventricular ejection fraction (LVEF). In addition, referral mode (referred or not referred) was considered in the analysis.

Angiographic and procedural data included clinical presentation [STEMI, non-STEMI (NSTEMI)/unstable angina (UA), stable CAD], number of diseased vessels, PCI status (elective, urgent, or emergency), presence of cardiogenic shock, type of contrast agent and volume, access site, coronary lesion characteristics (lesion complexity, in-stent restenosis lesion, bypass graft lesion, ostial lesion, and bifurcation lesion), stent size (length and diameter), plaque modification devices (rotational atherectomy, cutting/scoring balloon, or laser atherectomy), imaging study [intravascular ultrasound study (IVUS) or optical coherence tomography (OCT)], fractional flow reserve wire, and intra-aortic balloon pump (IABP). Perioperative medications, including unfractionated heparin, low-molecular weight heparin (LMWH), glycoprotein IIb/IIIa inhibitor (abciximab and eptifibatide), and P2Y12 inhibitors (clopidogrel, prasugrel, and ticagrelor), were also recorded.

“Angiographic success,” was defined as a residual stenosis <20% with stent treatment, or <50% with balloon angioplasty alone. Procedural complications, including death, MI, stroke, cardiogenic shock, heart failure, new requirement of dialysis, blood transfusion, bleeding within 72 h, arrhythmia requiring treatment, endotracheal (ET) intubation, cardioversion/defibrillation, and in-hospital CABG, were also recorded.


Study Factor

Patients were classified into one of the three groups according to baseline smoking status as follows: non-smokers were patients who had never smoked before the index procedure. Ex-smokers were patients who used to smoke but had quit at least 28 days before the index procedure. Current smokers were patients who continued to smoke until the index procedure.



Outcomes of Interest

The clinical outcomes of interest were time to development of MACEs after the PCI procedure. MACE was defined as a composite of all causes of death, as well as non-fatal MI, non-fatal stroke, and unplanned revascularization. Death was confirmed by a death certificate from the National Statistics Office, Ministry of Interior. MI was defined as an increase in cardiac troponin (cTn) plus either: (1) evidence of prolonged ischemia as demonstrated by prolonged chest pain (>20 min); or (2) ischemic ST-segment changes or new pathological Q waves; or (3) angiographic evidence of coronary occlusion or no-reflow/slow flow; or (4) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality. Stroke was defined as a new neurological deficit during the first 24 h following PCI secondary to cerebral ischemia or cerebral hemorrhage detected by CT or MRI. Unplanned revascularization was defined as unplanned repeated PCI or CABG. MI during the first 48 h following revascularization was defined as an increase in cTn to >5 × 99th percentile of the upper reference limit (in patients with normal baseline cTn concentrations) or an increase of 20% (in patients with elevated cTn before PCI or CABG).



Statistical Analysis

Baseline characteristics were described among smoking status groups using mean ± standard deviation (SD) for continuous variables and percentage for categorical variables. Those baseline characteristics were then compared among the three smoking groups using an one-way analysis of variance (ANOVA), quartile regression, or Chi-squared test, as appropriate.

Time to MACE development was calculated by subtracting the date on the last follow-up from the date of the PCI procedure. Patients were censored at the date of last visit if they were lost to follow-up or free of MACE. The effect of smoking on time to MACE development was assessed using an inverse probability weighting and regression adjustment (IPWRA) as follows: first, a multi-logit equation was applied to estimate a PS by regressing smoking (i.e., current smokers and ex-smokers vs. non-smokers) on variables, which might be associated with smoking and also the MACE outcome, as recommended by Austin et al. (13, 14), including demographic data [i.e., age, sex, and body mass index (BMI)], comorbidities (i.e., HT, diabetes, dyslipidemia, PAD, prior-CABG, known CAD, CKD, and CVD), CAD presentations (i.e., STEMI, NSTEMI/UA, and stable CAD), PCI status (i.e., elective, urgent, and emergency), cardiogenic shock at start of PCI, receipt of clopidogrel, disease vessel (left main vs. non-left main), number of lesions, and PCI center characteristics [i.e., number of PCI procedures/cardiologist/year, number of PCI procedures/hospital/year, and experience (years) of cardiologists]. Significant variables were finally kept in the PS model and balanced among the three smoking groups if their weighted standardized mean differences did not exceed 0.2 and variance ratio was close to 1 (15). The density distributions of those variables were also plotted to make sure that the probabilities of being current smokers, ex-smokers, or non-smokers overlapped.

Second, a Weibull survival regression was used to construct the outcome and censor models weighted by the inverse PS of smoking status. Some confounders were also considered, but only significant confounders were finally kept in these two survival models [demographic data (i.e., age and sex), referred case, heart rate on admission, cardiogenic shock at the start of PCI, PCI status (i.e., elective, urgent, and emergency), dialysis for end-stage renal disease (ESRD), CAD presentations (i.e., STEMI, NSTEMI/UA, and stable CAD), arrhythmia requiring treatment, crossover arterial access, disease vessel (left main vs. non-left main), new requirement of dialysis, tamponade, IABP mechanical ventilator support, ET tube intubation, procedural complication, and the result of PCI (failure vs. success)].

Finally, the potential outcome mean (POM, i.e., median time of MACE development) was estimated for each smoking status group. An average treatment effect (ATE), or difference of median time along with 95% confidence interval (CI), was estimated. Furthermore, a hazard ratio (HR) along with 95% CI of smoking status with adjusted PS was estimated. All analyses were performed with STATA version 17.0 (Stata Corp., College Station, TX, USA). A value of p < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics of Overall Data

Of the 22,741 study subjects, current smokers, ex-smokers, and non-smokers accounted for 23, 32, and 45% of the total, respectively. Current smokers averaged ~ 5 and ~7 years younger than ex-smokers and non-smokers (mean ages of 59.3, 64.6, and 66.3 years, respectively; p < 0.001). Those smokers were more frequently male, with lower BMI and fewer traditional atherosclerotic risk factors (i.e., DM, HT, and dyslipidemia) than non-smokers and ex-smokers. Smokers were also less likely to have other comorbid diseases (i.e., CKD, CVD, and PAD), prior heart failure, and revascularization (i.e., PCI or CABG) (see Table 1).


Table 1. Baseline clinical and angiographic characteristics of 22,741 patients undergoing PCI, grouped by smoking status.
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Current smokers presented more frequently with STEMI (54%), cardiogenic shock (14.6%), and required IABP support (5.3%) than the other two groups. In current smokers who presented with STEMI, a thrombolytic agent was given in 36.2%, with the majority using streptokinase (98.5%). Median times before thrombolytic and door to balloon were 57 min (32, 95) and 4.4 h (2.4, 11.0), respectively. Current smoking subjects were more likely to have singular value decomposition (SVD) involvement, less frequently had ostial or bifurcation involvement, and required less plaque modification treatment (Table 1). The most commonly used (more than 85%) antithrombotic regimen in all patients was a combination of clopidogrel and unfractionated heparin. GP IIb/IIIa inhibitors were given more commonly to current smokers than to ex-smokers and non-smokers (10.8 vs. 4.2 vs. 5.5%, respectively; p < 0.001).



Major Adverse Cardiovascular Events

About 97% of the patients in our study were followed up for 18 months with a median of 12 ± 3.7 months. The post-PCI MACE rate was the highest in current smokers, followed by non-smokers and ex-smokers, with incidence rates of 1.9, 1.6, and 1.2 per 100 persons per month, respectively (p < 0.001) (Table 2). After adjusting for covariates from the baseline PCI procedure using Weibull survival regression, HRs (95% CI) of current smokers and ex-smokers vs. non-smokers were 0.92 (0.85, 0.99) and 0.90 (0.83, 0.98), respectively; subjects who were current smokers and ex-smokers had an approximately 8 and 10% lower risk of developing MACE than non-smokers (see Supplementary Table S1).


Table 2. Estimation of MACE development to smoking and other risk factors: A univariate analysis.
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An IPWRA was applied to balance the covariates among the three smoking status groups (see Table 3). Standardized absolute mean differences before weighting by PS ranged from 0.0601 to 0.6455 for current smokers vs. non-smokers, and 0.0021 to 1.4038 for ex-smokers vs. nonsmokers. After weighting by PS, the weighted standardized mean differences of those two corresponding comparisons ranged from 0.006 to 0.026 and 0.00001 to 0.0178, which were far <0.2. In addition, the variance ratios of covariates were close to 1, i.e., from 0.9857 to 1.1654 and 0.9002 to 1.1157, respectively. This indicated that all covariates were well balanced between current smokers vs. non-smokers and ex-smokers vs. non-smokers. In addition, density plots indicated that the distributions of each covariate after weighted balancing were very close (see Supplementary Figure S1).


Table 3. Balance of factors associated with smoking status.
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Median times to the development of MACE were estimated to have median times of 4.4 (2.9, 5.9), 4.9 (3.4, 6.4), and 13.5 (8.6, 18.4) months in current smoker, ex-smoker, and non-smoker groups, respectively (see Table 4). The differences in medians were −9.1 (−14.2, −4.0) and −8.7 (−13.6, −3.7), indicating that the time to post-PCI MACE occurrence was 9.1 and 8.7 months sooner in patients who continued to smoke and in ex-smokers relative to those who had never smoked. In other words, the times to MACEs were about 0.3 and 0.4 times shorter in current smokers and ex-smokers than in non-smokers, respectively.


Table 4. Time to MACE among smoking groups: a propensity score model.
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A sub-group analysis by gender was also performed, the median time to MACE developments in men who were current smokers, ex-smokers, and non-smokers were 3.5 (2.5, 4.4), 5.6 (3.9, 7.4), and 13.9 (12.6, 15.4), respectively. This could be interpreted that male current smokers and ex-smokers were about −10.5 (−12.2, −8.8) and −8.3 (−10.4, −6.3) months sooner to develop MACEs than non-smokers. The time to develop MACE was shorter in women than in men, with a median time to the corresponding smoking statuses of 2.4 (0.9, 3.9), 2.7 (1.4, 4.1), and 6.3 (4.5, 8.1) months, respectively; i.e., current and ex-smoking women are about −3.9 (−6.2, −1.5) and −3.6 (−5.8, −1.3) months sooner, respectively, to develop MACEs than non-smokers.

The positivity assumption was checked with overlap plots (see Supplementary Figure S2), which indicated that the probabilities of the three smoking status groups very much overlapped, and that patients in each group still had positive probabilities of being in each group. In addition, the censor probability plots indicated that the groups were very close to each other (see Supplementary Figure S3).




DISCUSSION

To determine if the effect of smoking on the occurrence of MACE was paradoxical, we performed a PS analysis using a large-scale nationwide cohort from the Thai PCI registry. Our findings indicated that about 50% of current smokers and ex-smokers developed earlier MACEs about 4 and 5 months after PCI, whereas this was about 13 months for nonsmokers. Thus, both current smokers and ex-smokers tended to develop MACEs about 9 months sooner than non-smokers.

“Smoker's paradox” is still a controversial issue. The data analytic methods used in previous studies may have played a role in concluding that there was a paradoxical effect. The best approach to prove the effects of smoking would be an RCT study design, in which known and unknown confounders can be well-balanced and controlled (11), but such a design cannot be used for smoking status for ethical reasons. Previous studies (5–10) applied multivariate analyses using logistic or Cox regression analyses in which all relevant confounders were adjusted in only one equation (i.e., the outcome model). This did not guarantee that the confounders were balanced among smoking status groups. As a result, a “paradoxical” effect of smoking was still present. Similar to our study, after conventional adjustment for confounders in the Weibull survival regression model, the paradoxical effects of current smokers and ex-smokers were still present with 8 and 10% lower risk of MACEs, respectively. In contrast, we used a PS analysis to consider not only the outcome, but also treatment (in this case, smoking status) models to properly balance confounders that are associated with smoking status or outcome between smoking status groups. As a final result, the “paradoxical” effect of smoking disappeared in our findings.

An ethnic difference might be present in the “smoker's paradox” (16, 17). This may be explained by major epidemiologic differences between Western and Asian populations, such as the amount of smoking, age of smoking initiation, the use of filtered or mild tobacco, and genetics of cytochrome metabolism, so we cannot conclude to what extent those factors might explain this phenomenon as the relevant genetic differences have not been sufficiently elucidated.

Our registry makes clear that cigarette smoking continues to be a major health hazard in Thailand and contributes significantly to cardiovascular mortality and morbidity. There was a substantial proportion of Thai patients who were undergoing PCI and smoked cigarettes. Almost one-quarter of patients were smokers at the time of the index procedure and more than half of patients had smoked previously. About 80% of the current smokers in our study presented with an acute coronary syndrome, predominately STEMI (54%). This finding is consistent with previous pathologic studies reporting that cigarette smoking increases the risk of plaque rupture and acute thrombosis (18, 19). Importantly, there might have been some current smokers who developed sudden cardiac arrest after MI before medical contact, as previously reported (18, 20) although there were no available data for patients who died due to CAD prior to the PCI procedure. In this situation, primary prevention is the best way to avoid this disastrous event.

As in previous studies, current smokers in our study were younger, had fewer risk factors and comorbidities, and less extensive CAD than exsmokers and non-smokers (10, 21, 22). They also more frequently experienced heart failure, cardiogenic shock, and in-hospital death and MACEs. These adverse consequences differ from previous studies that demonstrated a smoker's paradox in patients with STEMI who had significantly lower risk-adjusted in-hospital mortality after treatment with fibrinolytics or PCI (5, 23). There are several possible explanations for the absence of “paradoxical” effects, such as the differences in the use of thrombolytics, primary PCI, and delayed medical contact with the balloon during transfer from the primary center to the catheterization laboratory. Patients who are current smokers usually have a greater thrombus burden, leading to greater efficacy of thrombolytic and antiplatelet therapies. Multiple randomized trials with thrombolytic therapies report lower short- and long-term mortality in smokers with STEMI (24–26). However, the benefit of fibrinolytics is achieved when they are administered early and restore coronary artery patency. The median duration from the first medical contact to thrombolytic treatment in our registry subjects was about 50–60 min, which was still longer than guideline recommendations (27, 28). This data suggests that a pharmacoinvasive strategy is suitable for the treatment of current smokers who develop STEMI in rural areas and cannot be transferred to primary PCI centers within 120 min, as recommended in the guidelines. This aggressive beneficial approach was supported by the recent publication of the smoking paradox in patients with ischemic stroke who were treated with intra-arterial thrombolysis in combination with mechanical thrombectomy (29).

The analysis of gender-related differences in the risk of smoking-related PCI in our study demonstrated that, although smoking was more prevalent in men than women in our data (i.e., 69 vs. 31%), its effects on the development of MACEs were shorter in women than in men. For instance, women who were current smokers would take about 2.4 months whereas men would take about 3.5 months. The impact of smoking as a risk factor for CAD may be more detrimental in postmenopausal women because of the lack of natural estrogen protection, an unfavorable lipid profile, or in subjects at risk of thrombosis such as women taking oral contraceptives (30, 31). This finding is relevant to make the population aware of the impact of smoking on health.

Many interactions between tobacco smoke and medications have been identified (32). In our cohort, the commonly used antiplatelet agent was clopidogrel. Tobacco increases the metabolism of clopidogrel to its active metabolite by the induction of CYP1A2. The effect of clopidogrel is enhanced in smokers (>10 cigarettes/day), with significant platelet inhibition, and decreased platelet aggregation. From the analysis of large trials on PCI in acute coronary syndrome with clopidogrel (33–35), the long-term prognosis of smokers treated with clopidogrel was better than that of non-smokers. However, this benefit did not appear in our patients, as current smokers and ex-smokers still developed recurrent MACEs earlier than non-smokers. This finding could be explained by the fact that inflammatory markers and hypercoagulable state may persist for a longer period even after smoking cessation. Non-compliance with dual antiplatelet therapy and persistence of cigarette smoking are also the possibilities to explain this earlier onset of recurrent events. In addition, smoking cessation in patients treated with clopidogrel after PCI might be associated with increased platelet reactivity and a greater risk of high platelet reactivity, the so-called “smoking cessation paradox” (36, 37). This phenomenon may increase the risk of thrombotic complications in patients treated with clopidogrel. There is evidence that current cigarette smoking is an independent risk factor for subacute stent thrombosis (38). Doubling the dose of clopidogrel (39) or switching to more potent P2Y12 inhibitors (40, 41) may overcome a potential smoking cessation paradox in patients who stopped smoking after PCI. Further studies are required to determine the optimal antiplatelet strategy for stented patients who effectively quit smoking during clopidogrel treatment. Lastly, smoking cessation may increase body weight and cause a dysmetabolic profile (42) although these changes cannot explain the earlier onset of MACEs, because it is too soon. Our findings for ex-smokers also did not show a paradoxical effect relative to non-smokers.

Based on the recent evidence, the concept of smoker's paradox becomes inconclusive. After adjusting for baseline characteristics, this pseudo-paradox does not exist. This pathogenesis is a multifactorial disorder involving inflammation, plaque rupture, augmented thrombotic factors, hepatic enzyme induction, and drug interaction and compliance. Cigarette cessation should be encouraged in all patients before and after PCI.


Limitations of This Study

Although our study was a well-designed prospective cohort study, some limitations could not be avoided. First, a history of cigarette smoking before PCI was used for analysis; it was not known whether these subjects continued smoking or quit smoking. In addition, descriptive smoking data, including the duration of smoking, number of cigarettes per day or pack-year, and the time from stop smoking to the index procedure, were not available. Moreover, the separation of smokers and ex-smokers could be arbitrary as the biological effects of smoking are long lasting. Similarly, the separation between non-smokers and current smokers could not be completely carried out because of atmospheric pollution and passive smoking. Second, compliance with relevant treatments (i.e., antiplatelet, statin, beta-blocker, angiotensin receptor blockers, etc.), dietary pattern (including herb and alcohol), and other risk factors of MACEs may have changed over time after PCI procedures, but only the baseline data were considered in the analyses. Currently, the dietary pattern itself could contribute to prothrombotic and inflammatory effects, and that background could confound our results. Lastly, the causes of death were documented by the death certificate and by the cardiologists of the participating sites without being re-adjudicated by an expert committee. For this reason, we considered all causes of death instead of CVD deaths. However, the majority of MACEs in current smokers were driven by MI and stroke (fatal and non-fatal) and unplanned revascularization (64.7%).




CONCLUSION

In summary, there was no actual “smoker's paradox” found in our post-PCI population when we applied a PS analysis. Current smokers and ex-smokers were prone to develop an earlier onset of post-PCI MACEs than non-smokers. The cessation of smoking should be re-emphasized to reduce the risk of recurrent MACE development.
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Supplementary Figure 1. Balance plot. This produces kernel density plots of each covariate by smoking status groups.

Supplementary Figure 2. Overlapping plot. This plots the estimated densities of the probability of being each smoking status to see if each individual patient has a positive probability of being each smoking status.

Supplementary Figure 3. Probability of censor by smoking groups. Plot probability of censor on y-axis and time on x-axis. The three curves line closed together indicating the three smoking status groups have a similar probability of being censored.

Supplementary Table 1. Factors associated with MACE: A multivariate Weibull survival regression.
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