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Purpose: Myocardial infarctions (MIs) can occur in underlying obstructive coronary artery disease (MI-CAD) or in non-obstructive 
coronary arteries (MINOCA). The primary objectives of the study were to investigate the prevalence of MI-CAD and MINOCA in 
people with CAL, and to explore if CAL is an independent risk factor for MI-CAD and MINOCA. Secondary objectives were to 
explore these research questions stratified by sex and by smoking history.
Patients and Methods: Cross-sectional analysis of the population-based Swedish CArdioPulmonary bioImage Study (SCAPIS) of 
people aged 50–64 years. CAL was defined as a post-bronchodilator ratio of forced expiratory volume in one second and forced vital 
capacity below 0.70. MI-CAD was defined as a self-reported MI with coronary computed tomography angiography findings of 
previous revascularization or at least one significant coronary stenosis (>50%), and MINOCA as self-reported MI with no previous 
revascularization and no significant coronary stenosis.
Results: In total, 1735 (8.3%) of 20,882 included participants had CAL. MI-CAD was more common than MINOCA both in people 
with (2.8 vs 0.6%) and without CAL (1.2 vs 0.3%). Compared with those without CAL, people with CAL had an almost doubled 
independent risk of both MI-CAD ([adjusted OR] 1.72; [95% CI] 1.22–2.42) and MINOCA (1.99; 1.02–3.86). In men, CAL was 
associated with increased risk of MINOCA (2.63; 1.23–5.64), and in women with increased risk for MI-CAD (3.43; 1.68–1.26).
Conclusion: Middle-aged people with CAL have an almost doubled risk of both MI-CAD and MINOCA, compared with people 
without CAL. In contrast to people without CAL, the risk of MINOCA is increased in men and the risk of MI-CAD is increased in 
women. In a clinical context, both MI types should be considered in CAL.
Keywords: coronary atherosclerosis, COPD, smoking, sex

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 303–312                    303
© 2025 Sundh et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease       

Open Access Full Text Article

Received: 9 July 2024
Accepted: 16 January 2025
Published: 12 February 2025

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-1926-8464
http://orcid.org/0000-0002-7227-5113
http://orcid.org/0000-0002-8552-4510
http://orcid.org/0000-0002-4098-7765
http://orcid.org/0000-0001-8509-7603
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Introduction
People with chronic obstructive pulmonary disease (COPD) have an increased risk for both asymptomatic coronary 
atherosclerosis and established ischemic heart disease, which both are associated with a higher risk of premature death.1– 

4 The risk of myocardial infarction (MI) has been reported to be increased in people with airflow limitation, chronic 
bronchitis and a COPD diagnosis,5–7 and has been attributed to common risk factors such as age, smoking and systemic 
inflammation.7

MIs most often occur in the setting of underlying obstructive coronary artery disease (MI-CAD), but myocardial 
infarctions in non-obstructive coronary arteries (MINOCA) constitute 5–10% of MIs.8 Male sex is a well-known risk 
factor for MI-CAD, while MINOCA has been reported to be more common among women.9 In a large study of MI 
patients undergoing coronary angiography, COPD was more common in patients with MINOCA.10 However, population- 
based data on coronary artery disease status in people with chronic airflow limitation (CAL), both overall and stratified 
by smoking history and sex, are missing.

The aim of the present study was therefore to investigate the prevalence of myocardial infarctions with and without 
significant atherosclerosis in subjects with CAL compared with no CAL, stratified for smoking history and sex, in 
a middle-aged general population.

Materials and Methods
Data Collection and Design
This was a cross-sectional analysis of the population-based Swedish CArdioPulmonary bioImage Study (SCAPIS),11 

where 30,154 randomly selected people aged 50–64 years were recruited and offered to complete a questionnaire and 
assessments including dynamic spirometry and coronary computed tomography angiography (CCTA). The procedure of 
data collection is presented in a flowchart (Figure 1).

Figure 1 Flow chart. Flow chart data collection and outcomes. 
Abbreviations: CAL, chronic airflow limitation; CCTA, coronary computed tomography angiography; MI-CAD, myocardial infarction with obstructive coronary artery 
disease; MINOCA, myocardial infarction with non-obstructive coronary arteries; N, number; SCAPIS, Swedish CArdioPulmonary bioImage Study.
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The dynamic spirometry assessment was performed according to European Respiratory Society (ERS)/American 
Thoracic Society (ATS)12 standards with the subject in a sitting position and wearing a nose clip, at least 15 min after 
inhalation of 400 µg of salbutamol. In all measurements, a Jaeger Master Screen PFT (Carefusion, Hoechberg, Germany) 
was used, providing data on the ratio of forced expiratory volume in one second (FEV1) and forced vital capacity (FVC).

CCTA was used to visualize atherosclerotic plaques noninvasively.13 Computer tomography was performed using 
a dedicated dual-source CT scanner equipped with a Stellar Detector (Somatom Definition Flash, Siemens Medical 
Solutions). For reporting coronary atherosclerosis from CCTA, the 18 coronary segment model defined by the Society of 
Cardiovascular Computed Tomography was used.14

The questionnaire provided self-reported data on previous physician-diagnosed MI, previously performed percuta
neous coronary intervention (PCI) or coronary artery bypass graft (CABG), ongoing treatment for hypertension, 
hyperlipidemia and diabetes, heredity for MI, educational level, smoking status and number of pack years. From physical 
examination and laboratory tests, data on body mass index (BMI), systolic and diastolic blood pressure and serum levels 
of total cholesterol, low-density lipoprotein (LDL) cholesterol, HbA1c and C-reactive protein (CRP) were provided.

Definition of Explanation and Outcome Variables
CAL was defined as a post-bronchodilator FEV1/FVC <0.70 according to Global initiative of Obstructive Lung Disease 
(GOLD).15 Coronary atherosclerosis was quantified and categorized based on CCTA findings as significant (at least one 
existing coronary stenosis ≥50% or previously performed PCI or CABG), non-significant (at least one coronary stenosis 
1–49%) or no coronary atherosclerosis. MI-CAD was defined as a self-reported MI in a person with significant coronary 
atherosclerosis, and MINOCA as reported MI with non-significant or no underlying coronary atherosclerosis.

Statistical Analysis
Cross-tabulations of categorical variables and mean values for continuous variables were used to present patient 
characteristics, coronary atherosclerosis and self-reported MI in people with and without CAL. Educational level was 
categorized as higher education (completed university studies) or not. Smoking status was presented as never, ex, 
occasional or current daily smoking, and binarized as ever smoking or never smoking in further analyses. An attrition 
analysis investigated differences in sex and age between the original patient population and the final study population 
with complete data on lung function, self-reported MI and coronary atherosclerosis.

Cross-tabulations and chi-2 test were used to explore the number of MI distributed over levels of coronary 
atherosclerosis overall and in people with and without CAL. Proportions of MI-CAD and MINOCA were calculated 
in people with and without CAL, both overall and stratified by ever/never smoking and sex.

Multi-nominal logistic regression with adjustment for potential confounders was used to analyze associations of CAL 
with MI-CAD and MINOCA, respectively. The choice of potential confounders was based on previous knowledge16 and 
included sex, age, ever smoking, BMI, educational level, treatment for hypertension, treatment for diabetes mellitus and 
heredity for myocardial infarction. As a sensitivity analysis, the main model was repeated with additional adjustment for 
CRP and hyperlipidemia. Stratification and interaction analyses were used to investigate differences by smoking history 
and sex. The interaction analyses used interaction terms for smoking history with each relevant variable with adjustment 
for the main effects and the potential true confounding factors. Potential effect modification by sex was similarly 
investigated using stratification and interaction analyses.

Ethics Approval and Consent to Participate
The SCAPIS multicenter study complies with the Declaration of Helsinki and was approved by the Ethical Board at 
Umeå University, Sweden (Dnr 2010-228-31 M), and the present analysis was approved by the Swedish Ethical 
Review Authority (Dnr 2021-02694). Written informed consent for data collection was obtained from all 
participants.
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Results
Patient Characteristics
Complete data on spirometry, self-reported MI and coronary atherosclerotic disease (CAD) were available in 20,882 
people, by whom 1735 (8.3%) had CAL. Participants with CAL had higher mean age and were more commonly men, 
lower educated and ever smokers (Table 1). Proportions of self-reported MI (3.4% vs 1.5%, p < 0.001) and significant 
coronary atherosclerosis at CCTA (12.2 vs 8.0, p < 0.001) were significantly higher in people with CAL than in those 
without CAL (Table 1). An attrition analysis of the included population (n = 20,882) and people excluded due to 
incomplete data on spirometry, MI or CAD showed no difference by sex and age (Supplementary Table S1).

Myocardial Infarctions in Relation to Underlying Coronary Atherosclerosis Status
Both in people with and without CAL, MI with underlying significant coronary atherosclerosis (MI-CAD) was generally 
more common than MI with no underlying significant coronary atherosclerosis (MINOCA) (Table 2 and Figure 2). Both 
MI-CAD and MINOCA were more common in people with CAL than in people without CAL (Table 2 and Figure 2). In 
summary, the proportion of MI-CAD was 1.2% in people without CAL and 2.7% in patients with CAL, and the 
corresponding proportions for MINOCA was 0.3% and 0.6%. Conversely, in patients with MI-CAD the proportion of 
people with CAL was 17% and in patients with MINOCA the proportion of people with CAL was 16%.

Table 1 Patient Characteristics

CAL No CAL
N = 1735 (8.3%) N = 19,147 (91.7%)

Male sex, n (%) 1003 (57.8) 9194 (48.0)

Age, mean (SD) 58.5 (4.2) 57.2 (4.3)

Higher education, n (%) 650 (37.5) 8978 (47.0)

Smoking status, n (%)
Never smoker 587 (33.9) 10,136 (52.9)

Ex-smoker 662 (38.2) 6707 (35.0)

Occasional smoker 120 (6.9) 897 (4.7)
Current smoker 347 (20.0) 1139 (5.9)

Pack years, mean (SD) 22.6 (15.7) 14.2 (12.1)

FEV1, mean (SD) 2.88 (0.77) 3.33 (0.75)

FEV1%pred
>80 1252 (72.2) 18,655 (97.4)

50–79 458 (26.4) 491 (2.6)
30–49 22 (1.3) 1 (0.0)

<30 3 (0.2) 0 (0)

BMI, mean (SD) 26.4 (4.2) 26.7 (4.2)

Blood pressure, mean (SD)
Systolic 128.0 (16.7) 125.4 (16.7)

Diastolic 78.5 (10.5) 77.4 (10.4)

CRP, mean (SD) 2.44 (5.8) 1.96 (3.6)

Cholesterol, mean (SD) 5.40 (1.0) 5.50 (1.0)

LDL, mean (SD) 3.37 (0.9) 3.44 (1.0)

(Continued)
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In multi-nominal regression, CAL was independently associated with almost doubled risk for both MI-CAD ([adjusted 
OR] 1.72; [95% CI] 1.22–2.42) and MINOCA (1.99; 1.02–3.86), (Figure 3). The results were essentially the same when the 
main model was repeated with further adjustment for CRP and hyperlipidemia (Supplementary Table S2).

Stratified Analyses by Smoking History and Sex
MI-CAD was more common among ever smokers than never smokers regardless of CAL. MINOCA was more common 
among ever smokers in people with CAL, but did not differ between ever and never smokers in people without CAL 
(Figure 2). In multi-nominal regression, CAL was significantly and independently associated with both MI-CAD and 
MINOCA compared with having no MI in ever smokers but not in never smokers (Figure 3).

MI-CAD was more common among men than women both in people with and without CAL. MINOCA was more 
common among men with CAL, but no sex difference was found in people without CAL (Figure 2). In addition, MI- 
CAD and MINOCA were equally prevalent in women without CAL (Figure 2). In stratified multi-nominal regression, 
CAL was independently associated with both MI-CAD and MINOCA in ever smokers but not in never smokers 

Table 1 (Continued). 

CAL No CAL
N = 1735 (8.3%) N = 19,147 (91.7%)

HbA1C, mean (SD) 36.8 (5.6) 36.1 (5.7)

Hypertension, n (%) 322 (18.6) 3351 (17.5)

Hyperlipidemia, n (%) 123 (7.1) 1298 (6.8)

Diabetes mellitus, n (%) 55 (3.2) 527 (2.8)

MI heredity, n (%) 454 (27.5) 5232 (28.3)

Coronary atherosclerosis, n (%)
No 932 (53.7) 12,275 (64.1)

Non-significant 591 (34.1) 5333 (27.9)
Significant 212 (12.2) 1539 (8.0)

Self-reported MI 59 (3.4) 283 (1.5)

Notes: Patient characteristics distributed over presence or absence of CAL. Hypertension, 
hyperlipidemia and diabetes were defined as ongoing maintenance treatment for these conditions. 
Missing data: Educational level n = 67, smoking status n = 267, pack years n = 11021, systolic blood 
pressure n = 3, diastolic blood pressure n = 4, CRP 26, cholesterol n = 26, LDL n = 114, HbA1c n = 
64, hypertension n = 7, hyperlipidemia n = 11, diabetes n = 5, MI heredity n = 715. 
Abbreviations: BMI, body mass index; CAL, chronic airflow limitation; CRP, C-reactive protein; 
FEV1, forced expiratory volume in one second; HbA1c, Haemoglobulin A1c; LDL, low density 
lipoprotein; MI, myocardial infarction; n, number; SD, standard deviation.

Table 2 Distribution of Underlying Coronary Atherosclerosis in Self-Reported MI in People With and 
Without CAL

CAL No CAL
N = 1735 N = 19,147

MI No MI p-value MI No MI p-value
N = 59 N = 1676 N = 283 N = 18,864

Coronary atherosclerosis 0.001 <0.001
Significant 48 (81.4%) 164 (9.8%) 227 (80.2%) 1312 (7.0%)

Non-significant 6 (10.1%) 585 (34.9%) 23 (8.1%) 5310 (28.1%)

No 5 (8.5%) 927 (55.3%) 33 (11.7%) 12,242 (64.9%)

Abbreviations: CAL, chronic airflow limitation; MI, myocardial infarction; n, number.
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(Figure 3). CAL was also independently associated with MINOCA but not with MI-CAD compared with having no MI in 
men, and with MI-CAD but not with MINOCA compared with having no MI in women (Figure 3). The association of 
CAL with MI-CAD was statistically significantly stronger in women than in men (Figure 3).

Discussion
This is so far the largest study investigating associations of CAL with MI and underlying coronary atherosclerosis. The 
first main finding of the study was that, although MI-CAD accounts for the majority of MIs, the independent risk of both 

Figure 3 Adjusted associations of CAL with MI-CAD and MINOCA. Results from multinomial regression adjusted for CAL, adjusted for sex, age, ever smoking, BMI, 
educational level, treatment for hypertension, treatment for diabetes mellitus and heredity for MI. 
Abbreviations: BMI, Body Mass Index; CA, chronic airflow limitation; MI-CAD, myocardial infarction with obstructive coronary artery disease; MINOCA, myocardial 
infarction with non-obstructive coronary arteries; N, number.

Figure 2 MI-CAD and MINOCA in people with and without chronic airflow limitation. Numbers and proportions of participants with MI-CAD and MINOCA in the entire 
study population and by smoking status and sex. 
Abbreviations: CAL, airflow limitation; MI-CAD, myocardial infarction with obstructive coronary artery disease; MINOCA, myocardial infarction with non-obstructive 
coronary arteries; N, number.

https://doi.org/10.2147/COPD.S477986                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 308

Sundh et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



MI-CAD and MINOCA was almost doubled in patients with CAL. Secondly, the association of CAL with both MI-CAD 
and MINOCA was even stronger in ever smokers. Thirdly, CAL was associated with an increased risk for MI-CAD in 
women, and with MINOCA in men.

In summary, our findings that both MI-CAD and MINOCA are more common among people with CAL confirm 
results from previous studies but extend this knowledge to a population-based study. However, to our knowledge, the 
findings that the independent risk of both MI-CAD and MINOCA was almost doubled in patients with CAL and the 
specific associations of CAL with MI-CAD and MINOCA stratified by smoking history and by sex has not previously 
been reported.

Prevalence of MI-CAD and MINOCA in People With CAL
We found the overall prevalence of self-reported MI in CAL to be 3.4%, which is about half of the previously reported 
MI proportion in the Swedish population-based OLIN study of CAL from the beginning of the 90s, although the severity 
distribution of obstructive lung function impairment was essentially unchanged.17,18 The distinction may be due to 
differences in age or that the incidence of myocardial infarction has decreased over time.19,20 The overall prevalence of 
significant coronary atherosclerosis in our study was 12.4% in people with CAL and 8.2% in those without CAL, and 
non-significant coronary atherosclerosis was also slightly more common in CAL. Our findings are consistent with a small 
study performing coronary angiography in patients with COPD, where coronary atherosclerosis increased by COPD 
severity from 8 to 19%21 and with another small coronary angiography study, in which the proportions of both significant 
and non-significant coronary arterial disease were higher in patients with CAL than without CAL.1 Our main finding that 
both MI-CAD and MINOCA were more common in people with CAL is consistent with previous studies of MI patients 
undergoing coronary angiography,9,10 but, to our knowledge, no population-based study has investigated the MI 
prevalence based on underlying coronary atherosclerosis in people with CAL as a marker for COPD.

Interestingly, the proportion of patients with CAL was similar in patients with MI-CAD and in patients with 
MINOCA. This is consistent with a previous study of risk stratification in patients with MI in obstructive and non- 
obstructive coronary arteries,22 suggesting that the obstructive disease in itself is an independent risk factor possibly 
through systemic inflammation and hypoxemia.

Stratified Analyses by Smoking History and Sex
The association of CAL with MI may have different explanations in ever smokers and never smokers. The fact that 
associations of CAL with both MI-CAD and MINOCA were even more pronounced in ever smokers, confirms smoking 
as an important risk factor for both COPD and ischemic heart disease.23 More importantly, MI-CAD was equally 
common in never smokers with CAL and in ever smokers without CAL and was more common among never smokers 
with CAL than with no CAL, again indicating that CAL itself, regardless of smoking, is associated with an increased risk 
for ischemic heart disease.

The general pattern that MI-CAD was more common in men than in women both when it comes to CAL and non- 
CAL, is in agreement with previous studies where MI-CAD is generally more common in men.10 As for MINOCA, this 
entity has previously been reported to be more common in women.9,10 However, our study suggests that among people 
with CAL, MINOCA is actually more common in men than in women, and that MI-CAD is more common than 
MINOCA both in men and women. After adjustment for potential confounders, the association of CAL with MINOCA in 
men was even higher than the risk for MI-CAD in men and, in women, the risk for MI-CAD was almost four times 
higher than having no MI. We speculate that this interesting finding is supported by the hypotheses that CAL may 
contribute to ischemic heart disease in several ways. Literature reviews have suggested that systemic inflammation may 
lead to endothelial dysfunction, hypercoagulability and activation of platelets increasing the risk for plaque rupture and 
thrombus formation, but also that hypoxemia, tachycardia and reduced venous return due to hyperinflation and increased 
intrathoracic pressure may contribute to increased myocardial stress.24,25 Subsequently, CAL in itself may have higher 
impact on MINOCA in men, where the risk for MI-CAD is already increased, and, reversely, women with CAL would 
more resemble the overall male group with an increased risk for MI-CAD.
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MI-CAD and MINOCA in Relation to MI Types 1 and 2
In this context, the discussion of MI types 1 and 2 may also be of interest. The classical MI type 1 occurs due to 
a thrombus in atherosclerotic vessels, while MI type 2 is rather caused by an imbalance between oxygen supply and need 
in the myocardium leading to ischemic necrosis.26, As atherosclerotic plaques are the basis for MI type 1, most MI-CAD 
are MI type 1.27, However, MIs occurring in people with coronary artery disease may also occur due to a temporary 
imbalance between oxygen supply and need, for instance due to an episode of atrial fibrillation with rapid ventricular 
response or a hypoxic COPD exacerbation. Several studies have reported that the presence of underlying coronary 
atherosclerosis is lower in patients with MI type 2,27,28 but that mortality is higher in MI type 2 than in MI type 1.28,29 In 
a Swedish study of almost 20,000 patients with registered MI, the proportion classified as type 2 was 7%,30, but, in 
a Danish study, where a clinical evaluation with stricter criteria was performed, 25% were regarded as MI type 2.31, The 
proportion of MINOCA in our study was 18.7% in people with CAL and 19.8 in people without CAL, possibly 
indicating that MI type 2 in Sweden may also be more common than reported in registers and important to consider 
in patients with COPD.

Strengths and Limitations
The greatest strength of our study is the large population-based sample from which the study population was obtained, 
and the objective assessment of CAL and coronary atherosclerosis in almost all participants. The main limitation is the 
cross-sectional design. Although development of atherosclerosis is a lengthy process, we cannot completely rule out that 
some of the reported MI-CADs actually occurred before the established coronary atherosclerosis became significant. Due 
to attrition, there may be a selection bias of healthier people more able to perform spirometry, but we speculate that the 
reported associations should rather have been stronger if more patients with severe CAL had been included. Other 
limitations are that generalizability is limited by the rather narrow age range and that information on MI may be biased as 
no record review was performed. The lack of systematic investigations like cardiac magnetic resonance32,33 also means 
that MIs defined as MINOCA in this study may have a non-ischemic origin such as myocarditis or Takotsubo syndrome. 
The number of people with MINOCA among ever smokers and women with CAL were low and, subsequently, the 
absence of significant associations may be due to low power.

Interpretation and Clinical Implications
The most important interpretations of this study are that CAL in itself is an independent risk factor for MI, possibly due 
to underlying systemic inflammation and hypoxemia. This is supported by the fact that middle-aged people with CAL 
had a doubled risk for MI both with and without underlying significant coronary heart disease, that the risk for MI-CAD 
was the same in never smokers with CAL as in ever smokers without CAL, and that the risk for MINOCA was increased 
in men and the risk for MI-CAD increased in women, contrarily to people with normal lung function.

The implication of this study is that in clinical praxis both MI-CAD och MINOCA should be considered in people 
with COPD and coronary syndrome, and that optimized treatment of COPD is warranted to prevent myocardial 
infarctions. Future research should focus on the prognostic impact of different treatment options in patients with COPD.

Conclusion
Middle-aged people with CAL have an almost doubled risk of MI both with and without underlying significant coronary 
atherosclerosis, compared with people with normal lung function. In contrast to people without CAL, the risk of 
MINOCA is increased in men and the risk of MI-CAD is increased in women. The risk of MI-CAD in never smokers 
with CAL was equal to the risk of MI-CAD in ever smokers without CAL, indicating that CAL in itself is an independent 
risk factor for MI. In a clinical context, both MI types should be considered in CAL.
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