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Chronic obstructive pulmonary disease (COPD) is a common condition that complicates major surgeries 
like coronary artery bypass grafting (CABG). This study aims to evaluate the impact of COPD on the 
outcome of CABG. A registry-based retrospective cohort study included individuals who received 
CABG between 2009 and 2016. Data were collected on patient demographics, intraoperative factors, 
and postoperative outcomes. Cox proportional hazard with inverse probability weighting (IPW) and 
propensity score matching (PSM) were conducted to assess the adjusted effect of COPD on 30-day and 
long-term mortality and major adverse cardiac and cerebrovascular events (MACCE). Moreover, the 
impact of COPD in smokers and non-smokers on short/long-term outcomes was assessed. Sensitivity 
analysis was conducted using multiple imputations. In the present investigation, 17,315 patients 
including 629 with COPD (mean age 69 ± 9.74), were followed up for a median duration of 8.25 years. 
Although COPD did not increase 30-day mortality and MACCE risk, the models showed that patients 
with COPD are at a significantly higher risk of long-term mortality and MACCE after CABG (IPW: 
HR for mortality: 1.53, 95% CI: 1.31–1.79; HR for MACCE: 1.29, 95% CI: 1.12–1.47). After multiple 
imputations, the mortality and MACCE hazard ratio in IPW analysis remained statistically significant. 
COPD significantly increases long-term mortality and MACCE following CABG, independent of smoking 
status.
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FVC	� Forced vital capacity
GFR	� Glomerular filtration rate
HR	� Hazard ratio
HTN	� Hypertension
ICS	� Inhaled corticosteroids
IPW	� Inverse probability weighting
MACCE	� Major adverse cardiac and cerebrovascular events
MI	� Myocardial infarction
OR	� Odds ratio
PCI	� Percutaneous coronary intervention
PH	� Proportional hazards
PSM	� Propensity score matching
PVD	� Peripheral vascular disease
SD	� Standard deviations
SMD	� Standard mean difference
TIA	� Transient ischemic attack

Chronic obstructive pulmonary disease (COPD), depicted by airflow obstruction, emphysema, and chronic 
bronchitis, is the third leading cause of mortality globally with the majority of deaths occurring in low- and 
middle-income countries1. COPD is a significant risk factor for worse outcomes after cardiac revascularization 
surgery i.e. coronary artery bypass graft (CABG) and percutaneous coronary intervention (PCI), including higher 
incidence of postoperative pulmonary complications and reduced long-term survival2. However, according to a 
meta-analysis, COPD did not increase the risk of early postoperative mortality3.

There is a discrepancy in the literature about the exact role of COPD regarding the short-term outcome of 
patients undergoing CABG. Some studies suggest that COPD is not a risk factor for short-term mortality3–6 
while others found a significant association between COPD and higher short-term mortality risk7,8. Moreover, 
It is well understood that COPD is associated with a higher risk of respiratory failure, renal failure, pneumonia, 
stroke, and wound infection after CABG3. Also, studies were consistent in that COPD predicted higher mortality 
in the long term2,9.

Despite these findings, the applicability of existing evidence to developing countries like Iran is limited. 
Iran’s unique healthcare system, demographic characteristics, and prevalence of risk factors, such as smoking 
and air pollution, may contribute to distinct patterns of COPD and its associated complications and may alter 
the interplay between COPD and CABG outcomes. For instance, Iran’s high rates of air pollution—a leading 
risk factor for COPD10—combined with limited access to specialized postoperative care11, might exacerbate 
the disease’s impact on surgical outcomes. Moreover, differences in surgical techniques, postoperative care, 
and patient comorbidities between developed and developing countries can influence patient outcomes. In 
this regard, healthcare disparities in rural versus urban areas and resource limitations in managing chronic 
conditions pose additional challenges. These factors underscore the necessity of region-specific data to inform 
clinical practice and healthcare policies in Iran.

This study addresses a significant gap in the literature by focusing on the Iranian population, a context 
often underrepresented in global research on COPD and CABG outcomes. By leveraging advanced statistical 
methods such as inverse probability weighting and propensity score matching, we aim to provide robust and 
reliable estimates of the impact of COPD on surgical outcomes. These findings will enhance our understanding 
of patients’ unique challenges in developing countries and inform evidence-based strategies for improving care. 
Ultimately, this research contributes to advancing clinical decision-making and optimizing outcomes for COPD 
patients undergoing CABG in resource-constrained settings.

Methods
Study design and population
We conducted a retrospective cohort study using the cardiac surgery registry at Tehran Heart Center. The study 
included consecutive patients who underwent isolated CABG between March 2009 and March 2016 and were 
followed up long-term. The ethics committee of Tehran University of Medical Sciences approved the study (IR.
TUMS.THC.REC.1403.016).

Variables and definitions
Baseline characteristics were gathered as routine in the cardiac surgery data registry, including demographics 
and preprocedural variables. Patient characteristics were age, sex, body mass index (BMI), diabetes (DM), 
hypertension (HTN), dyslipidemia, cigarette smoking, opium use, previous myocardial infarction (MI), 
peripheral vascular disease (PVD), glomerular filtration rate (GFR), history of cerebrovascular accident (CVA) 
or transient ischemic attack (TIA), and ejection fraction (EF). Medication use included diuretics, calcium 
channel blockers, nitrates, and angiotensin-converting enzyme inhibitors. Off-pump CABG and intra or post-
operative blood transfusion were also recorded.

Iran has the world’s highest rate of opium abuse12 and is considered an alarming public and cultural health 
concern, especially among older generations13. Additionally, opium use has been associated with higher 
mortality after CABG14 and PCI15. Therefore, Its inclusion as a variable in this study is particularly relevant due 
to its potential impact on CABG outcomes of COPD patients.

COPD, as defined by the American Thoracic Society16, is characterized by persistent respiratory symptoms 
such as cough, dyspnea, expectoration, or exacerbations. The condition is caused by airway (bronchitis, 
bronchiolitis) or alveoli (emphysema) abnormalities often resulting in progressive airflow obstruction. COPD 
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was diagnosed after consulting a pulmonologist based on clinical presentations and spirometry indicating FEV1/
FVC < 0.7 after bronchodilator.

The main outcomes measured in the study were all-cause mortality and major adverse cardiac and 
cerebrovascular events (MACCE). MACCE was a composite of all-cause death, acute coronary syndrome, stroke 
or transient ischemic attack (TIA), and revascularization. The occurrences of MACCE components were recorded 
based on whichever happened first.

Statistical analysis
The continuous variables age and BMI were presented as mean with standard deviation (SD); and were compared 
between the COPD and Non-COPD groups applying independent samples t-test. categorical variables were 
expressed as frequency and percentages and were compared between the COPD groups using the chi-squared 
test. The patients with missing data at least in one of the variables including completely lost to follow-up were 
excluded from the final analysis.

To investigate the specific effect of COPD on all-cause mortality and MACCE, stabilized inverse probability 
weighting (IPW) based on the propensity scores, and 1 to 4 propensity score matching (PSM) with nearest neighbor 
matching method techniques were applied to balance the distribution of potential confounders between the 
COPD and Non-COPD groups. The variables age, gender, BMI, hypertension, diabetes, dyslipidemia, cigarette 
smoking, opium consumption, history of PVD, MI, renal failure, CVA, EF, off-pump surgery, intra-operative 
blood transfusion, using angiotensin-converting enzyme inhibitors, calcium channel blockers, diuretics, and 
nitrates were considered in the IPW and PSM methods.

We used both PSM and IPW methods in our analysis to ensure the robustness and credibility of our findings. 
PSM creates a balanced matched sample for direct comparison, while IPW utilizes the entire dataset to construct 
a pseudo-population that adjusts for confounding. Reporting results from both methods demonstrates that the 
observed effects are consistent across different statistical approaches, adding confidence in the validity of the 
results.

A Cox proportional hazards (PH) model was utilized to assess COPD’s unadjusted and adjusted effects on 
outcomes. The effects were reported via hazard ratio (HR) with 95% confidence intervals (CI). The IPW weights 
were considered in the Cox PH model to obtain the adjusted effect of COPD on outcomes. Also, the matching 
clusters were indicated in the Cox PH model to achieve a robust standard error (SE) of the effect.

In this study, covariate balance before and after matching or weighting was primarily assessed using 
standardized mean differences (SMD), as this metric provides a more meaningful measure of the magnitude of 
differences between groups, independent of sample size. SMD values less than 0.1 were considered indicative of 
adequate balance. SMD plots were included in the “Results” section to visually illustrate the balance achieved, 
providing a clear comparison of covariate distributions before and after adjustment.

To ensure the separation of the effect of cigarette smoking and COPD, the impact of COPD on outcomes was 
investigated in two groups of cigarette smokers and non-smokers.

For the sensitivity analysis, multiple imputations using the chained rule method were conducted on the 
applied variables in the complete cases analysis. The effects of COPD on outcomes were re-estimated after 
missing imputation to confirm the reported effects. Statistical analyses were conducted using the R statistical 
language (version 4.3.2; R Core Team, 2023), using the packages survminer (version 0.4.9)17, survival (version 
3.5.7)18,19, ggplot2 (version 3.4.4)20 and SurvMetrics (version 0.5.0)21, cobalt (version 4.5.5)22, MatchIt (version 
4.5.5)23, and Mice (version 3.16.0)24.

Results
Of 17,315 included patients undergoing CABG, 629 (3.6%) patients had COPD. The median follow-up was 8.25 
years (95% CI: 8.17–8.33). The flow diagram of patient selection is shown in Fig. 1. The mean age of COPD 
patients was 69.08 (SD = 9.74). The majority of patients were men (73.3%). Before PSM, the descriptive of 
patient’s characteristics at baseline showed a significant difference between patients with and without COPD in 
terms of age (69.08 ± 9.74 in COPD patients vs. 67.52 ± 9.67 in non-COPD; P < 0.001), cigarette smoking (26.9% 
vs. 17.4%; P < 0.001), opium use (24.2% vs. 16.0%; P < 0.001), PVD (3.0% vs. 1.9%; P = 0.043), renal failure-
GFR < 60 (27.0% vs. 22.7%; P = 0.011), and previous CVA/TIA (10.0% vs. 6.7%; P = 0.001). A higher percentage 
of patients with COPD, compared to non-COPD, required intra/post-CABG blood transfusion (55.6% vs. 
48.4%; P < 0.001). Moreover, patients with COPD received significantly more CCB (20.8% vs. 13.3%; P < 0.001) 
and diuretics (26.7% vs. 18.7%; P < 0.001). The characteristics of patients have been described and compared 
before and after PSM as shown in Table 1.

Before matching, notable imbalances were observed in the covariates, as indicated by high SMD. After 
applying IPW and PSM, the covariates achieved improved balance, with SMD values below 0.1, as shown in 
Supplementary Fig.  1A and B, respectively. These results demonstrate the effectiveness of the matching and 
weighting approaches in reducing covariate differences. Furthermore, the coverage plots in Supplementary 
Fig. 2A confirm the balanced distribution of variables between COPD and non-COPD patients, reinforcing the 
robustness of the adjustment methods.

The cumulative mortality hazard was higher in patients with COPD. The Kaplan–Meyer curves and table of 
at-risk patients and events in unadjusted, IPW, and PSM analysis for all-cause mortality and MACCE are shown 
in Figs. 2 and 3 respectively.

Our study showed that COPD is not associated with higher 30-day mortality (IPW: HR: 1.16, 95% CI: 
0.63–2.15, P = 0.622) and MACCE (HR: 1.43, 95% CI: 0.83–2.45, P = 0.191) in the unadjusted model and after 
matching. Table 2 presents the effect of COPD on the risk of 30-day all-cause mortality and MACCE. The effect 
of COPD on long-term all-cause mortality/MACCE is shown in Table 3. All models showed that patients with 
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COPD have a higher risk of all-cause mortality (IPW: HR: 1.53, 95% CI: 1.31–1.79) and MACCE (IPW: HR: 1.29, 
95% CI: 1.12–1.47) after CABG.

We further analyzed the association between COPD in smokers and non-smokers with the risk of all-cause 
mortality and major adverse cardiac and cerebrovascular events (MACCE), presented in Table 4. In 30 days, 
both unadjusted and IPW showed that COPD in smokers and non-smokers was not significantly associated 
with all-cause death. COPD in non-smokers was associated with a higher risk of 30-day MACCE in unadjusted 
analysis (HR: 1.79, 95% CI: 1.081–2.964, P = 0.024), however, this effect was not observed after IPW (HR: 
1.75, 95% CI: 0.990–3.093, P = 0.054). In the long term, COPD in smokers and non-smokers was significantly 
associated with a higher risk of all-cause and mortality in unadjusted analysis. Smokers indicated higher HR in 
unadjusted analysis (2.31, 95% CI: 1.77–3.02, P < 0.001) compared to non-smokers (HR: 1.84, 95% CI: 1.56–2.17, 
P-value < 0.001). After IPW, the impact of COPD on the outcome remained higher in smokers (HR: 1.75, 95% 
CI: 1.31–2.34, P < 0.001) compared to non-smokers (HR: 1.50, 95% CI: 1.25–1.80, P < 0.001). The hazard ratios 
of all-cause mortality remained significant after IPW, however, COPD was not associated with a higher risk of 
MACCE in smokers.

The sensitivity analysis showed that after multiple imputations, the hazard ratio for 30-day mortality and 
MACCE remained statistically insignificant. In addition, the sensitivity analysis for long-term all-cause mortality 
and MACCE in IPW analysis demonstrated hazard ratios of 1.53 (95% CI: 1.31–1.78) and 1.31 (95% CI: 1.15–
1.50) respectively, indicating that missing values were at random and did not significantly affect the association 
of COPD and outcomes (Table 3). The SMD plots after multiple imputations are shown in Supplementary Fig. 1C 
and D. Moreover, the coverage plots after multiple imputations are demonstrated in Supplementary Fig. 2B.

Discussion
This study, involving 17,315 Iranian adults undergoing coronary artery bypass grafting (CABG), provides 
valuable insights into the long-term outcomes associated with COPD, with a median follow-up of 8.25 years. 

Fig. 1.  Flow diagram of the study population. CABG coronary artery bypass graft, COPD chronic obstructive 
pulmonary disease.
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Leveraging a large cohort from a developing country, this research offers a unique perspective on a population 
with distinct demographic, clinical, and healthcare characteristics, enhancing the understanding of CABG 
outcomes in underrepresented settings. Our analysis demonstrated that COPD patients had a significantly 
higher risk of long-term mortality and MACE after CABG compared to patients without COPD, however, this 
association was not observed in short-term 30-day outcomes. Moreover, we found that irrespective of smoking 
status, COPD was not associated with 30-day mortality but was a significant predictor of a higher risk of long-
term all-cause mortality. Smokers with COPD exhibited a higher hazard of adverse outcomes compared to non-
smokers, underscoring the compounded impact of smoking and COPD in this population.

We are the first study in the literature that utilized inverse probability weighting (IPW) and propensity 
score matching (PSM) to comprehensively evaluate the association between COPD and adverse outcomes 
in patients undergoing CABG. Using IPW and PSM can help address confounding factors and estimate the 
true effect of COPD on 30-day and long-term outcomes, by adjusting for the differences in the distribution 
of confounding variables between COPD and non-COPD patients. These results were consistent across IPW 
and PSM methodologies, strengthening the study’s credibility. Moreover, the consistency of findings following 
multiple imputations further validated the conclusions’ robustness, demonstrating that they remained reliable 
even when accounting for potentially missing data. This underscores the importance of COPD as a predictor of 
long-term outcomes post-CABG in this cohort.

Long-term outcome
We found that patients with COPD have a 53% higher long-term mortality risk and a 30% higher MACCE 
risk. Comparable to our study, Leavit et al. discovered an 80% higher death risk in patients with COPD 
compared to non-COPD9. Similarly, Andell et al. in the SWEDEHEART registry showed that COPD was linked 
to a significantly higher 5-year mortality rate (HR: 1.52, 95% CI: 1.25–1.86)25. A study by Wang et al. found 
that patients with COPD had a significantly higher risk of mortality at five and ten years (HR: 2.15 and 2.03, 
respectively) and higher MACCE (HR: 1.42, P = 0.010)2. Another study by Angouras et al. that used PSM and 
Cox analysis demonstrated that after adjustment for preoperative factors, the hazard ratio of long-term mortality 
for COPD patients was 1.28 (95% CI: 1.11–1.47)4, nevertheless, no significant impact of COPD on in-hospital 
mortality and morbidity was identified, which is comparable to our study indicating no association between 
COPD and 30-day mortality.

Characteristic

Before PSM After PSM

Non-COPD, N = 16,686a COPD, N = 629a P-valueb Non-COPD, N = 2516a COPD, N = 629a P-valueb

Age 67.52 (9.67) 69.08 (9.74) < 0.001 68.93 (9.51) 69.08 (9.74) 0.79

Gender 0.29 0.66

 Female 4432 (26.6%) 179 (28.5%) 694 (27.6%) 179 (28.5%)

 Male 12,254 (73.4%) 450 (71.5%) 1822 (72.4%) 450 (71.5%)

BMI 27.23 (4.23) 27.35 (4.79) 0.64 27.27 (4.42) 27.35 (4.79) 0.72

Diabetes 6724 (40.3%) 247 (39.3%) 0.61 963 (38.3%) 247 (39.3%) 0.65

Hypertension 9004 (54.0%) 342 (54.4%) 0.84 1350 (53.7%) 342 (54.4%) 0.75

Dyslipidemia 8950 (53.6%) 313 (49.8%) 0.056 1251 (49.7%) 313 (49.8%) 0.99

Cigarette 
smoking 2896 (17.4%) 169 (26.9%) < 0.001 706 (28.1%) 169 (26.9%) 0.55

Opium use 2674 (16.0%) 152 (24.2%) < 0.001 610 (24.2%) 152 (24.2%) 0.97

PVD 315 (1.9%) 19 (3.0%) 0.043 61 (2.4%) 19 (3.0%) 0.4

Previous MI 5676 (34.0%) 236 (37.5%) 0.069 961 (38.2%) 236 (37.5%) 0.75

Renal failure 3790 (22.7%) 170 (27.0%) 0.011 680 (27.0%) 170 (27.0%) > 0.99

CVA 1126 (6.7%) 63 (10.0%) 0.001 244 (9.7%) 63 (10.0%) 0.81

Ejection 
fraction 46.07 (9.12) 44.59 (9.69) < 0.001 44.41 (9.57) 44.59 (9.69) 0.56

Off-pump 1535 (9.2%) 72 (11.4%) 0.057 299 (11.9%) 72 (11.4%) 0.76

Blood 
transfusion 8070 (48.4%) 350 (55.6%) < 0.001 1409 (56.0%) 350 (55.6%) 0.87

ACE-inhibitors 7389 (44.3%) 268 (42.6%) 0.41 1070 (42.5%) 268 (42.6%) 0.97

CCB 2222 (13.3%) 131 (20.8%) < 0.001 518 (20.6%) 131 (20.8%) 0.89

Diuretics 3125 (18.7%) 168 (26.7%) < 0.001 650 (25.8%) 168 (26.7%) 0.65

Nitrates 14,154 (84.8%) 542 (86.2%) 0.36 2157 (85.7%) 542 (86.2%) 0.78

Table 1.  Baseline characteristics of the patients with and without COPD compared before and after propensity 
score matching. Significant values are in [bold]. BMI body mass index, PVD peripheral vascular disease, CVA 
cerebrovascular accident, CCB calcium channel blocker, ACE angiotensin-converting enzyme. an (%); Mean 
(SD). bPearson’s Chi-squared test, Wilcoxon rank sum test, P-value < 0.05 is considered statistically significant.
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Short-term outcome
Although the literature consistently states that COPD could negatively impact long-term outcomes, its effect 
on short-term outcomes remains a topic of debate. Ho et al., in a propensity score-matched case-control study, 
found that COPD does not predict higher 30-day mortality in patients undergoing CABG26. On the other hand, 
the pooled effect of COPD in revascularization methods i.e. PCI and CABG, was recently studied by Li et al. 
in a systematic review and showed that COPD independently predicted a higher risk of short-term mortality, 

Fig. 2.  Kaplan–Meyer curves showing the cumulative hazard of all-cause mortality in an unadjusted model 
and after IPW and PSM. The patients at risk are depicted in the table below the curves.
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long-term mortality, and long-term MI7. Still, the high level of bias introduced to the meta-analysis when 
pooling estimates from completely different revascularization strategies should be considered. In addition, the 
severity of COPD could significantly affect its association with short-term mortality27. In this regard, Saleh et 
al. demonstrated that severe, but not moderate COPD, is linked to higher early mortality (adjusted OR: 2.31; 
95% CI: 1.23–4.36; P = 0.01)8. Conversely, Manganas et al. demonstrated no association between the severity 

Fig. 3.  Kaplan–Meyer curves showing the cumulative hazard of major adverse cardiac-cerebrovascular events 
(MACCE) in an unadjusted model and after IPW and PSM. The patients at risk are depicted in the table below 
the curves.
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of airflow obstruction and postoperative outcomes in COPD patients5. The heterogeneity in study designs and 
populations could be responsible for the conflicting role of COPD in short-term outcomes.

Cigarette smoking
We found that COPD in non-smokers could increase the risk of 30-day and long-term MACCE. Similarly, Kang 
et al. showed that non-smokers with COPD had a higher risk of long-term cardiocerebrovascular disease-related 
mortality compared to non-smokers without COPD28. In addition, smokers with COPD had a higher risk of 
long-term all-cause mortality and respiratory disease-related mortality compared to non-smokers with COPD. 
Equivalent to our findings, Saxena et al. found no association between smoking status and early mortality after 
isolated CABG29. Our results indicated that the negative impact of COPD on the surgical outcome is irrespective 
of smoking status. However, COPD and concomitant smoking can additively aggravate systemic inflammation30 
and outcomes after CABG.

Several factors likely contribute to the poorer outcomes in COPD patients undergoing CABG. COPD is 
characterized by progressive airflow limitation, air trapping, and lung hyperinflation, which can reduce 
respiratory reserve and increase the risk of postoperative pulmonary complications, such as pneumonia, 
respiratory failure, and acute exacerbations3. Additionally, lung hyperinflation could contribute to increased 
intrathoracic pressure, thereby impairing venous return, preload, and consequently cardiac output during or 
after surgery31. Chronic hypoxia, on the other hand, might amplify oxidative stress, worsening tissue healing and 
increasing susceptibility to complications such as infections or arrhythmias postoperatively32. Studies also suggest 
chronic hypoxia contributes to systemic inflammation, an essential factor in atherosclerotic plaque formation 
and progression33,34. Moreover, COPD is not only culpable for plaque growth but also for the vulnerability of the 
plaques leading to rupture35,36. Additionally, COPD is also often accompanied by other comorbidities, such as 
heart failure and arrhythmias, which can further compromise the patient’s ability to withstand the physiological 
stress of CABG9.

Long-term

All-cause mortality MACCE

HR 95% CI P-value HR 95% CI P-value

Complete cases analysis

 Unadjusted 1.95 1.69, 2.24 < 0.001 1.50 1.33, 1.70 < 0.001

 IPW 1.53 1.31, 1.79 < 0.001 1.29 1.12, 1.47 < 0.001

 PSM 1.62 1.40, 1.88 < 0.001 1.35 1.19, 1.53 < 0.001

Multiple imputations

 Unadjusted 1.95 1.70, 2.23 < 0.001 1.53 1.36, 1.72 < 0.001

 IPW 1.53 1.31, 1.78 < 0.001 1.31 1.15, 1.50 < 0.001

 PSM 1.56 1.35, 1.81 < 0.001 1.37 1.21, 1.56 < 0.001

Table 3.  Association between COPD and the risk of long-term all-cause mortality/MACCE. Multivariable 
cox, inverse probability matching, and propensity score matching adjusted for age, gender, BMI, diabetes, 
hypertension, dyslipidemia, smoking, opium use, PVD, previous MI, renal failure, cerebrovascular accident, 
ejection fraction, off-pump, blood transfusion, ACE-inhibitors, Ca channel blocker, diuretics, nitrates. 
Significant values are in [bold]. HR hazard ratio, CI confidence interval, MACCE major adverse cardiac and 
cerebrovascular events, IPW inverse probability weighting, PSM propensity score matching.

 

30-Day

All-cause mortality MACCE

HR 95% CI P-value HR 95% CI P-value

Complete cases analysis

 Unadjusted 1.620 0.904, 2.901 0.105 1.436 0.894, 2.307 0.135

 IPW 1.167 0.632, 2.155 0.622 1.433 0.836, 2.456 0.191

 PSM 0.958 0.516, 1.781 0.892 1.124 0.667, 1.895 0.660

Multiple imputations

 Unadjusted 1.713 0.978, 3.000 0.060 1.456 0.917, 2.309 0.111

 IPW 1.283 0.706, 2.333 0.414 1.488 0.877, 2.523 0.141

 PSM 1.181 0.623, 2.240 0.610 1.135 0.683, 1.887 0.626

Table 2.  Association between COPD and the risk of 30-day all-cause mortality and MACCE. Multivariable 
cox, inverse probability matching, and propensity score matching adjusted for age, gender, BMI, diabetes, 
hypertension, dyslipidemia, smoking, opium use, PVD, previous MI, renal failure, cerebrovascular accident, 
ejection fraction, off-pump, blood transfusion, ACE-inhibitors, Ca channel blocker, diuretics, nitrates. HR 
hazard ratio, CI confidence interval, MACCE major adverse cardiac and cerebrovascular events, IPW inverse 
probability weighting, PSM propensity score matching.
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Our findings emphasize the importance of careful management optimization of COPD patients undergoing 
CABG. In this regard, preoperative pulmonary rehabilitation, bronchodilator therapy, and oxygen supplementation 
could play a critical role in mitigating the detrimental risk of lung hyperinflation and chronic hypoxia37. Strategies 
to mitigate the elevated risks in this high-risk population may include inhaled triple combination therapy (long-
acting muscarinic antagonists, long-acting β2-agonists, and inhaled corticosteroid)38, and using the left internal 
mammary artery39, which improves long-term survival in COPD patients. Studies demonstrated that inhaled 
corticosteroids (ICS) could diminish the risk of coronary artery disease in COPD patients40,41 subsequently 
reducing the mortality risk42.

Limitations
Despite the strength of sophisticated statistical analysis, this study has some limitations that should be considered 
when interpreting the results. First, as a retrospective analysis, it is subject to the inherent biases and potential 
unmeasured confounding factors associated with observational studies. Second, due to administrative issues, 
the patients were not included after 2016, therefore advancements in perioperative management and COPD 
treatment strategies may have impacted the observed outcomes.

Additionally, although the COPD diagnosis was based on spirometric results, detailed data on the pulmonary 
function test results or disease severity metrics was unavailable in the data registry, which could have provided 
a more nuanced understanding of the impact of COPD on CABG outcomes. The study population was also 
limited to a single healthcare center, which may limit the generalizability of the findings to other settings. 
Therefore, prospective, multicenter studies with comprehensive clinical data collection would be valuable for 
confirmation of the current findings.

Conclusion
This study, using IPW and PSM, consistently demonstrated that patients with COPD undergoing CABG have a 
significantly higher risk of long-term mortality and major adverse cardiac and cerebrovascular events compared 
to CABG patients without COPD. However, no association was observed between COPD and 30-day mortality. 
These findings underscore the importance of vigilant management optimization in COPD patients. Future 
research should focus on identifying the most effective strategies to mitigate the elevated risks associated with 
COPD in the setting of cardiac surgery.

Data availability
The dataset of the present study is available upon reasonable request from the corresponding author.
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30-Day

All-cause mortality MACCE

HR 95% CI P-value HR 95% CI P-value

Unadjusted

 Smokers 1.005 0.241, 4.182 0.995 0.533 0.130, 2.177 0.381

 Non-
smokers 1.847 0.975, 3.498 0.06 1.790 1.081, 2.964 0.024

IPW

 Smokers 1.01 0.239, 4.264 0.989 0.539 0.130, 2.245 0.396

 Non-
smokers 1.311 0.665, 2.585 0.434 1.750 0.990, 3.093 0.054

Long-
term

All-cause mortality MACCE

HR 95% CI P-value HR 95% CI P-value

Unadjusted

 Smokers 2.31 1.77, 3.02 < 0.001 1.48 1.16, 1.89 0.001

 Non-
smokers 1.84 1.56, 2.17 < 0.001 1.51 1.31, 1.74 < 0.001

IPW

 Smokers 1.75 1.31, 2.34 < 0.001 1.25 0.96, 1.63 0.1

 Non-
smokers 1.50 1.25, 1.80 < 0.001 1.29 1.10, 1.51 < 0.001

Table 4.  Association between COPD in smokers and non-smokers and the risk of all-cause mortality/
MACCE. Multivariable cox, inverse probability matching, and propensity score matching adjusted for 
age, gender, BMI, diabetes, hypertension, dyslipidemia, opium use, PVD, previous MI, renal failure, 
cerebrovascular accident, ejection fraction, off-pump, blood transfusion, ACE-inhibitors, Ca channel blocker, 
diuretics, nitrates. Significant values are in [bold].
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