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Introduction
Chronic obstructive pulmonary disease (COPD) has 
been estimated affecting more than 200 million peo-
ple worldwide, representing the fourth highest cause 
of death in the world, with a projection to be the third 
leading cause of death in next years [1]. It represents a 
chronic inflammatory process affecting airways and lung 
parenchyma leading to an irreversible or partly reversible 
airflow obstruction [2]. Main risk factor is constituted by 
cigarette smoking, that is also crucial in promoting ather-
osclerosis. From a pathological point of view COPD and 
atherosclerosis share a pro-inflammatory environmental, 
conditioning cardiovascular system by endothelial dys-
function and increased platelet activation: impairment of 
the equilibrium in vessel homeostasis promotes plaque 
development and instability which are further aggravated 
by enhanced platelet reactivity.

This is reflected on the clinical side, where COPD 
patients are recognized at higher risk of cardiovascu-
lar diseases and mortality [3, 4]. Moreover, up to 17% 
of patients admitted for an acute myocardial infarc-
tion is affected by COPD [5]. Previous investigations 
showed potential negative impact of COPD on outcome 
of patients undergoing percutaneous coronary inter-
vention (PCI) [6, 7], even if scant results were reported 
in the specific setting of ST-elevation myocardial 

infarction (STEMI), that deserves a fast mechanical 
reperfusion with primary PCI [8]. Contrasting find-
ings have been described in relation to COPD impact 
on short-term mortality in STEMI patients, without 
conclusive sentence [9, 10]. In addition, most of prior 
evidence has   been achieved a remarkable number of 
years ago, with a potential reduced validity nowadays, 
given the improvements in the management of acute 
cardiovascular diseases. Furthermore, last year was 
characterized by the outbreak of Coronavirus disease 
2019 (COVID-19) pandemic, that deeply impacted in 
the world health care systems. Alongside the systemic 
involvement of severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infection, lungs constitute 
the main involved organs with clinical manifestations 
ranging from mild flu-like symptoms to acute respira-
tory distress syndrome [11]. COPD makes patients 
more prone to respiratory tract infection, especially 
of viral etiology, and it was demonstrated conferring 
higher probability of poor outcomes in COVID-19 
patients [12].

Therefore, we aimed to inquire from a large, contem-
porary, multicenter registry of STEMI patients if COPD 
diagnosis at hospital admission could be deemed a risk 
factor of adverse outcome, especially during COVID-19 
pandemic.

Abstract 

Background: Chronic obstructive pulmonary disease (COPD) is projected to become the third cause of mortality 
worldwide. COPD shares several pathophysiological mechanisms with cardiovascular disease, especially atherosclero‑
sis. However, no definite answers are available on the prognostic role of COPD in the setting of ST elevation myocar‑
dial infarction (STEMI), especially during COVID‑19 pandemic, among patients undergoing primary angioplasty, that is 
therefore the aim of the current study.

Methods: In the ISACS‑STEMI COVID‑19 registry we included retrospectively patients with STEMI treated with pri‑
mary percutaneous coronary intervention (PCI) between March and June of 2019 and 2020 from 109 high‑volume 
primary PCI centers in 4 continents.

Results: A total of 15,686 patients were included in this analysis. Of them, 810 (5.2%) subjects had a COPD diagnosis. 
They were more often elderly and with a more pronounced cardiovascular risk profile. No preminent procedural dis‑
similarities were noticed except for a lower proportion of dual antiplatelet therapy at discharge among COPD patients 
(98.9% vs. 98.1%, P = 0.038). With regards to short‑term fatal outcomes, both in‑hospital and 30‑days mortality 
occurred more frequently among COPD patients, similarly in pre‑COVID‑19 and COVID‑19 era. However, after adjust‑
ment for main baseline differences, COPD did not result as independent predictor for in‑hospital death (adjusted 
OR [95% CI] = 0.913[0.658–1.266], P = 0.585) nor for 30‑days mortality (adjusted OR [95% CI] = 0.850 [0.620–1.164], 
P = 0.310). No significant differences were detected in terms of SARS‑CoV‑2 positivity between the two groups.

Conclusion: This is one of the largest studies investigating characteristics and outcome of COPD patients with STEMI 
undergoing primary angioplasty, especially during COVID pandemic. COPD was associated with significantly higher 
rates of in‑hospital and 30‑days mortality. However, this association disappeared after adjustment for baseline charac‑
teristics. Furthermore, COPD did not significantly affect SARS‑CoV‑2 positivity.

Trial registration number: NCT 04412655 (2nd June 2020).
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Methods
Study design and population
Study population is constituted by patients enrolled in 
the ISACS-STEMI COVID-19 (NCT 04412655), a retro-
spective multicenter registry including STEMI patients 
enrolled by 109 high-volume primary PCI centers from 
Europe, Latin America, South-East Asia and North-
Africa. This study was conducted to compare STEMI 
patients treated from March  1st until June  30th of 2019 
with those admitted within the same period of 2020. We 
included patients treated within 48  h from symptoms 
onset. We did not exclude those patients undergoing 
mechanical revascularization after failed thrombolysis 
(rescue angioplasty).

Collected baseline characteristics included demo-
graphic, clinical, procedural data, data on total ischemia 
time, door-to-balloon time, referral to primary PCI facil-
ity and PCI procedural data. COPD diagnosis was deter-
mined at admission according to international guidelines 
society [2]. The outcomes of interest were all-cause in-
hospital mortality and all-cause mortality at 30 days. Fol-
low-up data were obtained from outpatients’ visit records 
or by telephone call.

The study was approved by the Ethical Committee of 
AOU Maggiore della Carità, Novara. Detailed data have 
previously been provided [13, 14].

Statistics
All analyses were performed by using SPSS Statistics 
Software 23.0 (IBM SPSS Inc., Chicago, Illinois). Patients 
were grouped according to COPD diagnosis. Absolute 
frequencies and percentages were used for categorical 
variables. Conversely, continuous variables were reported 
using median and interquartile range. Normal distri-
bution of continuous variables was tested by the Kol-
mogorov–Smirnov test. Chi-square test was adopted for 
categorical variable, while ANOVA or Mann–Whitney 
test, as appropriate, were used for continuous variables.

Multivariable logistic regression analyses were per-
formed to identify the association of COPD with in-
hospital and 30-day mortality and SARS-CoV-2 infection 
after adjustment for baseline confounding factors. All 
significant variable (set at a P‐value < 0.1) were entered in 
block into the model. A P < 0.05 was considered statisti-
cally significant. The data coordinating center was estab-
lished at the Eastern Piedmont University, Novara, Italy.

Results
A total of 15,686 patients admitted for STEMI and under-
going mechanical reperfusion were included. Of them, 
810 (5.2%) patients were affected by COPD, while 14,876 
(94.2%) patients were  not. Table  1 summarizes baseline 
features of the two groups. COPD patients displayed a 

higher cardiovascular risk profile than non-COPD. In 
particular, they were older, active smokers, more fre-
quently affected by hypertension, diabetes mellitus, 
hypercholesterolemia, with a history of prior STEMI and 
PCI. A higher percentage of COPD patients compared 
to non-COPD was from Europe with consequent lower 
fraction from South East Asia and North Africa. Differ-
ences neither in referral to hospital for primary PCI, nor 
in time delays were detected between COPD and non-
COPD patients, that were more frequently admitted for 
anterior STEMI but less often in cardiogenic shock.

Angiographic and procedural characteristics are sum-
marized in Table 2. No differences in stenting and use of 
drug-eluting stent were found, as well as in post-proce-
dural TIMI 3 flow, Gp IIb-IIIa inhibitors, Cangrelor and 
Bivalirudin use. A numerically higher proportion of non-
COPD patients received dual antiplatelet therapy after 
the procedure compared to COPD patients (98.9% vs. 
98.1%, P = 0.038), while no difference was present regard-
ing the use renin angiotensin system inhibitors during the 
hospitalization (56.8% vs. 54.7%, respectively, P = 0.232).

A similar percentage of SARS-CoV-2 positive patients 
between the two groups was recognized (1.0% vs 0.7% in 
COPD and non-COPD patients, respectively, P = 0.162).

A significant higher rate of mortality was experienced 
by COPD patients than ones without, both considering 
in-hospital (7.5% vs 5.8%, respectively, P = 0.041) and 
30-day (9.4% vs 7.2%, respectively, P = 0.022) mortality 
(Fig.  1). Similar results were observed when a separate 
analysis was conducted in 2019 (pre-COVID) (in-Hos-
pital mortality: 7% vs 5.2%, p = 0.20; 30-day mortality: 
8.9% vs 6.4%, p = 0.053) and 2020 (COVID-19 pandemic) 
(in-hospital mortality 8.2% vs 6.5%, p = 0.10; 30-day 
mortality: 10.1% vs 8%, p = 0.170) (Fig.  2). SARS-Cov-2 
positivity was associated with a significantly higher in-
hospital and 30 mortality in both COPD and non-COPD 
patients (Fig. 3).

The detrimental relationship between COPD and 
short-term mortality was not confirmed after the adjust-
ment for all the confounding baseline and procedural 
characteristics (age > 75  years, diabetes, active smoking, 
hypertension, hypercholesterolemia, previous STEMI, 
previous PCI, geographic area, cardiogenic shock, ante-
rior MI, radial access, in-stent thrombosis, pre-proce-
dural TIMI flow, dual antiplatelet therapy), neither for 
in-hospital (adjusted OR [95% CI] = 0.91 [0.66–1.27], 
P = 0.58) nor for 30-day mortality (adjusted HR [95% 
CI] = 0.85 [0.62–1.16], P = 0.31).

Discussion
Main findings from our large, multicenter, contemporary 
registry of STEMI patients are consistent with a low but 
not negligible percentage of patients with COPD. They 
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displayed a significant higher baseline cardiovascular 
risk profile that portended an increase rate of in-hospital 
and short-term mortality. However, after adjustment for 
baseline clinical confounders, COPD did not result an 
independent predictor of fatal outcomes.

The strict relationship between lung and heart is well 
known, even if the mechanisms of this interplay are less 
intuitive and not fully delineated, especially on the patho-
logical side: of course, sharing two key risk factors, age 
and cigarette smoking, enforces the link between COPD 
and ischemic heart disease. However, during last years 
the paradigm of COPD as localized inflammatory dis-
ease has shifted to systemic involvement, driven by the 
evidences of higher level of C-reactive protein, fibrinogen 
and pro-inflammatory cytokines [15, 16]. Together with 

oxidative stress and the consequent endothelial dysfunc-
tion and arterial stiffness, COPD presence meaning-
fully contributes to atherosclerotic disease progression. 
Moreover, plaque stability is altered by enhanced levels of 
matrix metalloproteinases, and the concomitant higher 
platelet activation favors thrombus formation [17, 18].

Results from clinical studies have shown a prevalence 
of coronary artery disease among COPD patients rang-
ing from 10 to 38% [19, 20] with enhanced cardiovascu-
lar mortality following an episode of acute exacerbation 
[21]. Furthermore, as outlined by Campo et  al., among 
COPD patients referred for an acute exacerbation, the 
increased risk of adverse cardiac events at follow-up was 
even worse in patients without history of ischemic heart 
disease [22].

Table 1 Baseline demographic and clinical characteristics according to COPD diagnosis

COPD  chronic obstructive pulmonary disease, CAD  coronary artery disease, STEMI  ST-segment elevation myocardial infarction, PCI  percutaneous coronary 
intervention, CABG 0 coronary artery bypass graft
* Mann–Whitney test

Variables COPD (n = 810) Non COPD (n = 14,876) P-value

Age, years—median, IQR) 68 (61–76) 62 (54–71)  < 0.001

Age > 75 year—n. (%) 229 (28.3) 2711 (18.2)  < 0.001

Male gender—n. (%) 603 (74.4) 11,269 (75.8) 0.398

Diabetes mellitus—n (%) 235 (29.0) 3526 (23.7) 0.001

Hypertension—n (%) 545 (67.3) 8095 (54.4)  < 0.001

Hypercholesterolemia—n (%) 412 (50.9) 5824 (39.2)  < 0.001

Active smoker—n (%) 567 (70.0) 7963 (53.5)  < 0.001

Family history of CAD—n (%) 150 (18.5) 3013 (20.3) 0.231

Previous STEMI—n (%) 127 (15.7) 1374 (9.2)  < 0.001

Previous PCI—n (%) 160 (19.8) 1781 (12.0)  < 0.001

Previous CABG—n (%) 20 (2.5) 242 (1.6) 0.068

Geographic area  < 0.001

Europe n (%) 725 (89.5) 11,692 (78.6)

Latin‑America—n (%) 61 (7.5) 1289 (8.7)

South East Asia—n (%) 21 (2.6) 1272 (8.6)

North Africa—n (%) 3 (0.4) 623 (4.2)

Referral to primary PCI hospital 0.388

Ambulance (from community)—n (%) 383 (47.5) 7136 (48.0)

HUB—n (%) 215 (26.5) 4175 (28.1)

Spoke—n (%) 210 (25.9) 3565 (24.0)

Time delays

Ischemia time, minutes—median (IQR)* 210 (129–370) 210 (121–379) 0.786

Total Ischemia time > 12 h—n (%) 89 (11.0) 1527 (10.3) 0.510

Door‑to‑balloon time, minutes—median (IQR)* 40 (26–60) 40 (25–70) 0.709

Door‑to‑balloon time > 30 min (%)—n (%) 506 (62.5) 9102 (61.2) 0.465

Clinical presentation

Anterior STEMI—n (%) 335 (41.4) 6940 (46.7) 0.003

Out‑of‑hospital cardiac arrest—n (%) 48 (5.9) 908 (6.1) 0.953

Cardiogenic shock—n (%) 83 (10.2) 1081 (7.3) 0.007

Rescue PCI for failed thrombolysis—n (%) 50 (6.2) 1049 (7.1) 0.340
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Similarly, individuals with acute myocardial infarction 
are more prone to adverse outcomes if a concomitant 
COPD diagnosis was present [23]. Data from a large reg-
istry in the United Kingdom, after correction for other 
cardiovascular risk factor, suggests increased risk of 
mortality among COPD patients compared to ones with-
out after an acute myocardial infarction [24] The same 
authors however underscored an appreciable reduction, 
even still significant, of the risk of mortality for both 
STEMI and Non-STEMI, after adjustment for confound-
ers. In this way, Serban et al. argued that the increase of 
mortality after a MI in COPD patients was more likely 
due to non-optimal medical therapy rather than disease-
specific impact [25], and Andell et  al. underscored the 
potential delay in revascularization treatment as addi-
tional detrimental issue in COPD patients [26].

Further distinctions have been enlightened by prior 
studies with regards of STEMI or Non-STEMI presen-
tation. Enriquez et colleagues have shown no significant 
independent role of COPD into prediction of in-hospital 
mortality among STEMI patients, whilst it was exclusive 
of among those with Non-STEMI [27]. Moreover, Lazzeri 
et  al. have found in more than 800 STEMI patients no 
impact of COPD in short-term mortality at multivariate 

analysis [10]. Reasons of discrepancies in literature find-
ings could be sought in the fact that most of prior stud-
ies was conducted before the 2010 [23], thus earlier 
than last improvements achieved in primary PCI for 
STEMI patients [28–30]. Updated data defining the role 
and impact of COPD in contemporary large cohort of 
patients admitted for STEMI are therefore lacking.

In our large multicenter cohort of patients admitted for 
STEMI a relatively limited proportion of subjects diag-
nosed with COPD. Their enhanced cardiovascular risk 
of COPD patients was made-up by more frequent co-
presence of active smoking, diabetes mellitus, hyperten-
sion, hypercholesterolemia, prior acute cardiac ischemic 
event, in line with previous reports on the topic [31]. 
Moreover, advanced age and presentation with cardio-
genic shock portrayed patients with COPD compared 
to those  without, while no differences in cardiac arrest 
as clinical presentation was detected, similarly to prior 
studies [32].

COPD patients were more prone to fatal outcomes 
displaying both for in-hospital and 30-day mortality a 
higher percentage that patients without COPD. However, 
these significant differences were not confirmed at mul-
tivariate logistic regression analyses that did not show an 

Table 2 Angiographic and procedural characteristics according to COPD diagnosis

COPD chronic obstructive pulmonary disease, LAD  left anterior descending, RCA   right coronary artery, SVG  saphenous vein graft, TIMI  thrombolysis in myocardial 
infarction, DAPT  dual antiplatelet therapy

Variables COPD (n = 810) Non COPD (n = 14,876) P-value

Radial access (%) 648 (80.0) 1456 (77.0) 0.048

Culprit vessel 0.009

Left main—n (%) 17 (2.1) 224 (1.5)

LAD—n (%) 328 (40.5) 6872 (46.2)

Circumflex—n (%) 151 (18.6) 2134 (14.3)

RCA—n (%) 308 (38.0) 5532 (37.2)

Anterolateral branch—n (%) 2 (0.2) 39 (0.3)

SVG—n (%) 4 (0.5) 75 (0.5)

In‑stent thrombosis—n (%) 48 (5.9) 560 (3.8) 0.002

Multivessel disease—n (%) 426 (52.6) 7371 (49.5) 0.239

Preprocedural TIMI 0 flow—n (%) 513 (63.3) 9967 (67.0) 0.031

Thrombectomy—n (%) 151 (18.6) 2412 (16.2) 0.069

Stenting—n (%) 753 (93.0) 13,647 (91.7) 0.456

Drug‑eluting stent—n (%) 730 (90.1) 13,163 (88.5) 0.153

Postprocedural TIMI 3 flow—n (%) 745 (92.0) 13,692 (92.0) 0.954

Gp IIb–IIIa inhibitors/Cangrelor—n (%) 189 (23.3) 3050 (20.5) 0.053

Bivalirudin—n (%) 2 (0.2) 33 (0.2) 0.883

Mechanical support—n (%) 32 (4.0) 459 (3.1) 0.169

Additional PCI 0.584

During the index procedure—n (%) 75 (9.3) 1305 (8.8)

Staged—n (%) 94 (11.6) 1583 (10.6)

DAPT therapy—n (%) 795 (98.1) 14,717 (98.9) 0.038
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independent role of COPD diagnosis to predict short-
term mortality. Our findings are inserted in the contro-
versy still persistent on whatever COPD might represent 
a risk factor unassociated with others or if it reflects the 
burden of comorbidities linked to this condition [25, 33]. 
Additional issues raised by other authors concerned the 
treatment provided to COPD patients with acute MI: in 
fact, the part of COPD patients with STEMI displaying 
the lower risk of adverse outcomes was identified being 
on appropriate treatment for the lung disease [34]. Also 
Stefan et  al. reported that COPD patients still continue 
to receive less frequent evidence-base therapy after acute 
MI, despite signals of amelioration are noticeable across 
years [5]. In our cohort we did not appreciate any differ-
ences in term of use rates of renin angiotensin system 
inhibitors, cornerstone of drug therapy after STEMI [35].

Additional value of this investigation is the crucial 
information regarding the ongoing COVID-19 pan-
demic impact, especially considering our inspection of 
a lung disease. COPD is known providing higher risk of 
infection: lung inflammation, airflow obstruction, and 
impaired clearance of respiratory virus are elements 
supporting a greater risk for COVID-19 and its severity 

among COPD patients [2, 36–38]. Data from a large 
meta-analysis confirmed an increased odds of adverse 
outcomes, including mortality among COVID-19 with 
already diagnosed COPD compared to ones without 
[12]. Also Aveyard et al. have reported COPD patients 
at higher risk of severe COVID-19 disease, even if the 
mortality rate for SARS-CoV-2 infection compared 
to other causes, was not significant in young adults, 
while in older COPD patients cardiovascular and other 
causes consistently have contributed the most to mor-
tality [39]. Notably, in our cohort, after inquiring sep-
arately data of 2019 and 2020, the worse outcome of 
COPD patients was similarly observed in both groups, 
even though the adverse outcomes differences did not 
reach the significance. Main explanation concerns the 
reduced statistical power after splitting patients in the 
two cohorts according to the year. In addition, with 
respect of SARS-CoV-2 positivity, we reported similar, 
low rates between patients with and without COPD.

Fig. 1 Bar graphs show in‑hospital (panel A) and 30‑day (panel 
B) mortality in the overall cohort, according to COPD diagnosis. 
COPD  chronic obstructive pulmonary disease Fig. 2 Bar graphs show in‑hospital (panel A) and 30‑day (panel B) 

mortality in 2019 and in 2020 cohorts, according to COPD diagnosis. 
COPD  chronic obstructive pulmonary disease
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Findings from our large multicenter registry provide 
an updated snapshot of the impact of COPD on short 
term outcomes in the acute setting of STEMI. Based on 
our data, COPD does not represent itself an independ-
ent negative prognostic determinant. Therefore, COPD 
should not be used for risk stratification and COPD 
patients should not be object of more intensive and 
aggressive therapies as compared to the standard care for 
STEMI patients. Dedicated, prospective studies may offer 
definite and comprehensive answers about the COPD 
contribution on mortality after an acute MI.

Limitations
Our findings should be viewed in light of some limita-
tions. The retrospective non-randomized design of our 
study precludes to definite answer on the impact of 
COPD on morality in patients experiencing a STEMI. 

Not all variable of interest could have been collected, 
reducing the allowed investigations.

The diagnosis of COPD was based on medical records 
of every patients, and systematic confirmation through 
pulmonary function tests in case of suspect of doubt 
diagnosis was not performed. As well, we were not able 
to classify COPD patients according to their inflam-
matory endotype [40], that have surely provided more 
comprehensive findings on relationship between COPD 
and STEMI.

The ISACS-STEMI registry was not conceived to 
examine the role of COPD, therefore data are missing 
on complete in-hospital and post-discharge drug treat-
ment regimens, specifically regarding the COPD, pre-
venting analyses on essential aspect of the treated topic 
[25], even if the high number of patients included, more 
than 10-times of the majority of prior investigations, 
can make the findings pretty confident.

Conclusions
This is one of the largest studies investigating charac-
teristics and outcome of COPD patients with STEMI 
undergoing primary angioplasty, especially during 
COVID-19 pandemic. COPD was associated with 
significantly higher rates of in-hospital and 30-days 
mortality. However, this association disappeared 
after adjustment for baseline characteristics. Further-
more, COPD did not significantly affect SARS-CoV-2 
positivity.
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