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Objective: Patients with chronic obstructive pulmonary disease (COPD) commonly present with cardiovascular disease (CVD). We 
investigated the association between COPD exacerbations and major cardiovascular (CV) events in a COPD population with a history 
of CVD.
Methods: This population-based and register-based cohort study identified all Danish COPD patients aged ≥40 years who visited 
a hospital-based, pulmonary outpatient clinic for COPD between 1st January, 2010, and 31st December, 2016, from a nationwide 
COPD registry. Patients with a history of a major CV event 36‒6 months prior to their COPD measurement date and no CV event 6 
months before this date were included. During a 6-month assessment period, the risks of a new CV event (hospitalization with fatal/ 
non-fatal stroke, myocardial infarction, or heart failure) and moderate and severe COPD exacerbations were evaluated. Odds ratios 
with 95% confidence intervals for CV events and death were estimated using adjusted logistic regression models.
Results: Of the 1501 COPD patients included, 55% experienced a COPD exacerbation and 13% experienced both an exacerbation and 
a CV event during follow-up (6 months). The odds of a CV event were 1.5 times higher in patients with a moderate exacerbation and 
more than 6-times higher in those with a severe exacerbation vs patients with no exacerbation(s). The majority of CV events occurred 
within 30 days post exacerbation in patients who experienced both an exacerbation and a CV event. In total, 113 patients died during 
the study period: 28% of deaths were caused by CVD and 72% by reasons other than CVD, mostly COPD.
Conclusion: In patients with known CVD, severe COPD exacerbations are associated with increased odds of major CV events that 
occur within 30 days post exacerbation, highlighting the need to prevent exacerbations in COPD patients with concomitant CVD to 
potentially improve both respiratory and CV health.
Keywords: concomitant cardiovascular disease, respiratory health, cardiovascular health, prevention, real-world evidence

Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous and progressive disease affecting approximately 
384 million people worldwide.1 Multimorbidity is prevalent in people with COPD. Cardiovascular disease (CVD) is 
particularly common and associated with an increased risk of hospitalization and mortality.2,3 In fact, COPD has been 
associated with a 2‒3-fold increase in the risk of CVD (congestive heart failure, coronary artery disease, ischemic stroke, 
and arrhythmias) independent of age, sex, smoking history, and other confounders and cardiovascular death in general 
occurs in approximately 30% of COPD patients.4
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Of all the comorbidities associated with COPD, interactions between the cardiovascular system and COPD are of 
particular interest since this interplay could lead to fatal outcomes. Individuals with both COPD and CVD experience 
worse clinical outcomes than those with either COPD or CVD as regards quality of life, dyspnea, exercise tolerance,5 and 
the risk of hospitalization and mortality.6 Compared to individuals without COPD, those with COPD have a 50% 
increased risk of stroke,7 a 40% increased risk of acute myocardial infarction,8 and an increased risk of heart failure 
(pooled odds ratio, OR 2.57),9 suggesting a vulnerable population of patients. The natural history of COPD in many 
individuals is characterized by acute exacerbations, which can increase the negative impact on the cardiovascular system 
in individuals with risk factors for or diagnosed with CVD.10 Studies have shown the relationship between acute 
exacerbations and cardiovascular events in the vicinity of exacerbation.6,10,11

The relationship between CVD and exacerbations of COPD, however, is less defined,7,12 particularly in a real-world 
setting, where, to our knowledge, real-world data examining the association between COPD exacerbations and major 
cardiovascular events in a COPD population with a history of CVD are either not available or have not been broadly 
examined. While these diseases may share both mechanistic and biochemical pathways, many factors may be at play.7 

Moreover, novel therapies are lacking to target CVD in COPD patients, least of all to reduce the number of premature 
deaths, as well as dedicated guidelines for these patients (and CVD patients with COPD) that require high-quality 
evidence.7 The aim of our study, therefore, was to investigate the association between acute COPD exacerbations and 
severe acute cardiovascular (CV) events in a vulnerable COPD population with a history of CVD using a large and 
comprehensive, real-world population database.

Methods
Study Design and Data Sources
In this population-based cohort study, data from several comprehensive national Danish health registries were linked: the 
National Hospital Registry covering all inpatient hospitalizations since 1977 and all outpatient visits since 1995 with 
mandatory registration by the treating physician; the National COPD Registry, including all COPD patients followed in 
outpatient specialist clinics in Denmark since 2008; the National Prescription Registry, including all prescriptions 
redeemed at pharmacies since 1995 using anatomical therapeutic chemical (ATC) codes; the Civil Registration System 
for information on vital status, migration, and cohabitation; and, the Cause of Death Registry. Data linkage was 
performed by Statistics Denmark using an individual’s personal identification number, and data were pseudo- 
anonymized before analysis. This study is purely registry-based, and all micro-data is anonymized, so no informed 
consent was needed. According to Danish law, no ethical approval is required for register research, data access was 
approved and delivered by Statistics Denmark (project number 704,702). All analyses were performed at a secure 
research infrastructure server at Statistics Denmark, which has been set up to comply with the General Data Protection 
Regulation (GDPR) and the Danish Data Protection Agency guidelines for research on sensitive data.

Study Population
This study included all Danish patients with COPD (age ≥40 years) who had visited a hospital-based, pulmonary 
outpatient clinic due to COPD between 1st January, 2010, and 31st December, 2016, and all of whom had an ICD-10 
code J43 or J44. The first visit at which a complete set of clinical measurements (modified Medical Research Council 
[mMRC], forced expiratory flow [FEV1], body mass index [BMI], and smoking history) was registered, was regarded as 
the COPD measurement date (index date/baseline; defined as “COPD measurement” from here on in). Patients with 
incomplete measurements were excluded from the data set to avoid missing data (Supplementary Figure 1). To be eligible 
for inclusion, patients had to have a history of CVD defined as having experienced a major CV event (hospitalization 
with primary diagnosis of stroke [ICD-10 code I61‒I64], myocardial infarction [I21], or heart failure [I50]) during the 
36‒6-month period prior to COPD measurement. Patients experiencing a CV event within 6 months prior to this date 
were excluded to avoid potential misclassification of endpoints, eg, the recording of a follow-up or late discharge date of 
a previous CV event rather than a new CV event (Supplementary Figure 1).
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Cardiovascular Events and Mortality
Cardiovascular events were defined as requiring hospitalization with a primary diagnosis of fatal/non-fatal stroke (ICD- 
10 code I61‒I64), myocardial infarction (I21), or heart failure (I50). Cardiovascular death was defined as ICD-10 codes 
I00‒I99 as the cause of death. Death due to causes other than CVD included all causes of death reported using ICD-10 
main codes during the follow-up period, excluding CV events.

The risk of fatal and non-fatal CV events or death due to any cause other than CVD during a 6-month prospective 
follow-up period starting from COPD measurement was evaluated in COPD patients with a history of a major CV event 
(Supplementary Figure 2).

Chronic Obstructive Pulmonary Disease Exacerbations
Moderate exacerbations were defined as redeeming a course of oral corticosteroids (OCS) (a maximum of 20 defined 
daily doses of 25 mg prednisolone [ATC code H02AB06] or prednisone [ATC code H02AB07]) with or without 
concomitant prescription of antibiotics. If patients collected more than one package of OCS on the same day, the 
event was still classed as one exacerbation.

Severe exacerbations were defined as a) hospitalizations or emergency visits with ICD-10 code J40–44 as the primary 
diagnosis or b) J13–18 (pneumonia) or J96 (respiratory insufficiency) as the primary diagnosis in combination with 
a secondary diagnosis of J40–44 as coded in the National Hospital Registry. Recurrent exacerbations within 28 days were 
considered to be one exacerbation. Patients with both a moderate and a severe exacerbation within 28 days were classed 
as having a severe exacerbation (the start date was designated as the date of the first occurring exacerbation).

All patients were retrospectively evaluated to determine their exacerbation history during a 6-month period before 
occurrence of the event of interest (a fatal/non-fatal CV event, death from causes other than CVD, or from the end of the 
assessment window for patients still alive and with no event). This design ensured that all patients had a 6-month period 
where exacerbation history, as well as timely clinical information, was captured retrospectively (Supplementary Figure 2).

Statistical Analyses
The clinical baseline measurements of COPD, including mMRC, FEV1, BMI, and smoking history, were assessed at 
COPD measurement and are reported as means (standard deviation [SD]) for continuous variables and absolute and 
relative frequencies for categorical variables. Prescribed COPD medications collected from pharmacies were assessed 
during the 6-month period prior to COPD measurement and presented as absolute and relative frequencies to ensure that 
all relevant combinations of COPD medication usage were captured. Respiratory antibiotics, OCS, and CVD medications 
were assessed 12 months before COPD measurement.

Patients were stratified into the following groups: 1) no CV event + no exacerbation; 2) no CV event + exacerbation; 3) 
fatal/non-fatal CV event + no exacerbation; 4) fatal/non-fatal CV event + exacerbation; and, 5) death due to non-CV 
event. To explore the association between COPD exacerbations and odds (with corresponding 95% confidence intervals) 
of CV events or death due to other causes than CVD we use multivariate logistic regression models were applied to 
estimate ORs with 95% confidence intervals (CIs) for CV events and death, adjusted for age, gender, BMI, mMRC, 
FEV1, exacerbation history, smoking, diabetes medication, and cohabitation status. Additionally, the number of days 
from hospital discharge for the most recent exacerbation until a severe CV event (fatal/non-fatal) occurred, stratified by 
any exacerbation and severe exacerbations, respectively, were assessed descriptively.

Results
A total of 2869 patients with both COPD and a history of major CV events 36 months prior to COPD measurement were 
identified. Of these, 1368 experienced a CV event in the 6-month period prior to COPD measurement and were excluded, 
leaving a study population of 1501 patients with COPD (mean age 73.5 years, 42% female) (Table 1, Supplementary 
Figure 2). A total of 81 (5.4%) patients died during the 6-month follow-up period due to causes other than CVD.

At the time of COPD measurement, 75% of patients had a mMRC ≥3; over half (53%) had a FEV1 <50%, the 
majority (58%) had a BMI ≥25; and, almost all were smokers (30%) or previous smokers (65%) (Table 1).
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Prior to COPD measurement, most patients had redeemed a prescription for at least one CVD medication: 96% 
collected anti-hypertensives, almost 70% collected anti-dyslipidemia drugs, and 30% collected anticoagulants. Inhaled 
maintenance COPD treatments were collected by 80.1% of patients, including long-acting beta-2-agonists (LABAs) and/ 
or long-acting muscarinic antagonists (LAMAs) (16.5%), and inhaled corticosteroids (ICS), LABAs and LAMAs 
(42.8%). Oral corticosteroids were collected by 41.4% of patients and respiratory antibiotics by 69.6% (Table 2).

During the retrospective assessment period, a total of 820 (55%) patients experienced a moderate or severe COPD 
exacerbation and 267 (17.8%) experienced a fatal/non-fatal CV event during the study period (Table 3). Overall, 197 
(13.1%) of included patients experienced both an exacerbation and a CV event, 70 (4.7%) a CV event without an 
exacerbation, 556 (37%) an exacerbation without a CV event, and 597 (39.8%) had neither an exacerbation nor a CV 
event (Table 3). Of the patients who experienced both a CV event and an exacerbation, more had a severe exacerbation 
(66.0%), whereas the proportion of patients with moderate exacerbations was higher in the no CV event + exacerbation 
group (79.3%) (Table 3).

In total, 113 patients died during the assessment period, with 32 (28.3%) deaths due to CVD and the remaining 81 
(71.7%) deaths were attributed to reasons than other CVD (Table 3), mostly COPD (59%).

More than half of the patients (53.3%) had a CV event within 30 days after experiencing a moderate or severe COPD 
exacerbation (Figure 1A), and almost two-thirds (59.3%) had a CV event within 30 days after experiencing a severe 
exacerbation (Figure 1B).

Table 1 Patient Characteristics Assessed at COPD 
Measurement

n %

Patients 1501

Females 632 42.1

Mean age (years, SD) 73.5 (9.2)
mMRC

1 75 5.0

2 280 18.7
3 449 29.9

4 402 26.8
5 288 19.2

FEV1

≥80 69 4.6
50‒79 634 42.2

30‒49 578 38.5

1‒29 218 14.5
BMI

<18.5 105 7.0

18.5‒24 526 35.0
25‒29 463 30.8

30‒34 256 17.1

35+ 151 10.1
Smoking status

Previous smoker 978 65.2

Smoking 456 30.4
Never smoked 67 4.4

Notes: COPD measurement (date of COPD measurement/base-
line) represented the study index date, ie, the date of a patient’s 
first visit at which a complete set of clinical measurements 
(mMRC, FEV1, BMI, and smoking history) was registered. 
Abbreviations: BMI, body mass index; COPD, chronic obstruc-
tive pulmonary disease; FEV1, forced expiratory flow; mMRC, 
modified Medical Research Council; SD, standard deviation.
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The odds of having a CV event (fatal/non-fatal) after a moderate exacerbation were 1.5 (OR; 95% CI: 1.0‒2.1) and 
6.4 (OR; 95% CI: 4.5‒9.1) after a severe exacerbation vs patients with no exacerbations. Furthermore, the odds of dying 
due to reasons other than CVD after a moderate exacerbation were 1.4 (OR; 95% CI: 0.6‒3.0) and 11.2 (OR; 95% CI: 
6.0‒21.1) after a severe exacerbation (Table 4). The odds of having a non-fatal CV event after a moderate exacerbation 
were 1.5 (OR; 95% CI: 1.0‒2.2) and 6.9 (OR; 95% CI: 4.8‒10.0) after a severe exacerbation, and the odds of a fatal CV 
event were 1.4 (OR; 95% CI: 0.6‒3.5) and 3.9 (OR; 95% CI: 1.6‒9.1) after a moderate and severe exacerbation, 
respectively.

Discussion
In this nationwide, observational study of patients with COPD and a history of CVD in Denmark, we found that over half 
of all patients experienced a COPD exacerbation during a 6-month follow-up. Of these, more than 50% experienced 
a major CV event within a 30-day post-exacerbation period. The adjusted odds of experiencing a major CV event were 
6.4 times higher in patients with a severe exacerbation and 1.5 times higher in those with a moderate exacerbation vs 
patients without COPD exacerbation. Almost all patients had collected one or more types of CVD medication, whereas 
one in five had no collection of inhaled COPD maintenance medication during the 6-month period prior to COPD 
measurement.

Our comprehensive and novel, real-world data both confirm and advance increasing evidence supporting the 
association of COPD exacerbations with major CV events. Post hoc analysis of the SUMMIT study, a randomized 
clinical trial in patients with COPD, showed that the risk of CV events (eg, death from CVD, myocardial infarction, and 
stroke) after an acute COPD exacerbation was increased, particularly in the first 30 days post exacerbation.10 A four-fold 

Table 2 Medication Collected by Patients from Pharmacy

Prescription Drugs All

n %

Inhaled COPD medications (6 months prior to COPD measurement)
● LAMAs 147 9.8
● LABAs 33 2.2

● ICS 32 2.1

● LABAs + LAMAs 67 4.5
● LABAs + ICS 281 18.7

● LABAs + LAMAs + ICS 643 42.8

● SABAs 40 2.7
● SABAs and other R03a medication 7 0.5

● Other R03a medication 19 1.3

● No inhaled COPD medication 232 15.5
Other COPD treatments (12 months prior to COPD measurement)

● Respiratory antibioticsb 1044 69.6

● OCS 622 41.4
CVD medication (12 months prior to COPD measurement)

● Anti-dyslipidemics 1040 69.3

● Antihypertensives 1445 96.3
● Antiplatelets 1089 72.6

● Anticoagulants 457 30.4

● Other CV medication 451 30.0
● Diabetes medication 354 23.6

Notes: aR03: R03AL01, R03AL02, R03CC02, R03CC03, R03CC12, R03DA04; bRespiratory antibiotics: amoxicillin and enzyme inhibitor 
(ATC-code J01CR02), amoxicillin (J01CA04), pivampicillin (J01CA02), phenoxymethylpenicillin (J01CE02), macrolides (J01FA01, J01FA06, 
J01FA09, J01FA10). 
Abbreviations: COPD, chronic obstructive pulmonary disease; CV, cardiovascular; ICS, inhaled corticosteroids; LABA, long-acting beta- 
2-agonist; LAMA, long-acting muscarinic antagonist; OCS, oral corticosteroids; SABA, short-acting beta-2-agonist.
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greater hazard ratio within 30 days after any exacerbation and a 10-fold increased hazard ratio after a severe exacerbation 
with an elevated risk up to 1 year after exacerbation was reported.10 Moreover, a recent report from Denmark showed 
that the risk of major adverse cardiac events (MACE) increases almost four-fold following acute exacerbation onset 
compared to periods without exacerbations in the same individuals (OR: 3.70; 95% CI: 3.60–3.80).11 In a large, 
population-based COPD study, Goto et al13 showed that acute COPD exacerbations were associated with increased 30- 
day and 1-year incidences of an acute CV event. Furthermore, a systematic literature review of seven studies found an 
increased risk of CV events after a COPD exacerbation, although none of these were deemed eligible for meta-analysis.14

Interestingly, in our study, 55% of patients experienced a COPD exacerbation during a 6-month follow-up period, 
which reflects that we investigated a select and very vulnerable population of COPD patients with a history of CVD. This 
exacerbation rate is slightly higher than reported by Hurst et al15 and may be explained by the higher mMRC, higher age, 
and lower FEV1 percentage of patients in our study indicating a vulnerable population compared to those in the study of 
Hurst et al.15 Since COPD and CVD share common risk factors, including smoking, sedentary lifestyle, and unhealthy 
diet, they frequently occur together. Established cardiovascular disease and risk factors of CVD, such as ischemic heart 
disease, diabetes, or atrial fibrillation, are the most common comorbidities in COPD. Besides the progression of COPD 
over time, even CVD becomes more prevalent with increasing COPD severity and advancing age,16 suggesting 
a negative bidirectional interaction between COPD and CV conditions. In one study in 476 patients hospitalized for 
severe exacerbation, 43% had echocardiographic-confirmed heart failure and around 50% were previously undiagnosed 
and untreated.17 There is currently no routine to screen for CVD in patients with COPD and the value of screening— 
especially in an outpatient setting—may lie in identifying this vulnerable population.

Moreover, several mechanisms may link COPD, and particularly COPD exacerbations, with a high risk of CV events. 
In addition to hypoxemia that may occur during an exacerbation, negative mechanical CV effects, and a prothrombotic 
inflammatory state are plausible explanations.18–20 Static and dynamic hyperinflation during exacerbation leads to 

Table 3 Exacerbations of COPD and Fatal or Non-Fatal CV Events During the Assessment Period

All Patients

n % Meanb SD

N 1501 100.0

No CV event + no exacerbation 597 39.8
No CV event + exacerbationa 556 37.0

Moderate exacerbation 441 79.3 1.1 0.8

Severe exacerbation 175 31.5 0.4 0.6
CV event + no exacerbation 70 4.7

Fatal CV event 10 14.3

Heart failure 38 54.3
Stroke 11 15.7

Myocardial infarction 11 15.7

CV event + exacerbationa 197 13.1
Moderate exacerbation 126 64.0 0.9 0.8

Severe exacerbation 130 66.0 0.9 0.8

Fatal CV event 22 11.2
Heart failure 124 62.9

Stroke 28 14.2

Myocardial infarction 23 11.7
Death due to non-CV event 81 5.4

No exacerbation before death 14 17.3

Exacerbation before death 67 82.7 1.6 1.0

Notes: aExcluding exacerbations that occur before death from causes other than a CV event (n=67). CV events and mortality 
were assessed prospectively while exacerbations were assessed retrospectively. bMean refers to the mean number of exacerba-
tions per patient in our study, taking into account all patients (with and without exacerbations). 
Abbreviations: COPD, chronic obstructive pulmonary disease; CV, cardiovascular; SD, standard deviation.
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increased intrathoracic pressure, which compromises ventricular filling. Tachycardia and hypertension during an exacer-
bation increase cardiac afterload. All these factors reduce the ejection fraction. Additionally, acute exacerbations of 
COPD are characterized by increasing pulmonary inflammation that can “spill over” into the systemic circulation and 
trigger MACE. Mediators include pro-inflammatory cytokines, such as tumor necrosis factor α and interleukins 1, 6, and 
8. These promote a systemic inflammatory and prothrombotic state with increased levels of fibrinogen and C-reactive 
protein that activate the vascular endothelium and platelets, triggering endothelial dysfunction and rupture of susceptible 
plaques.18–20 Short courses of oral corticosteroids at a daily dose of 40 mg prednisolone equivalent for 5‒7 days are 
routine in the treatment of acute exacerbations. However, Bazell et al21 have shown that treatment with daily doses of 
over 1000 mg prednisolone equivalent was associated with a higher incidence of events that may be OCS-related, 
including CVD and heart failure. While we lack data on the total accumulated OCS doses, it is possible that patients in 
our study receiving large doses of steroids to treat acute COPD could have contributed to our results.

In our study, 15.5% of COPD patients did not collect inhaled maintenance COPD treatment from the pharmacy during 
the 6-month period prior to COPD measurement. We have reported previously on inhaled maintenance medication under- 
treatment in COPD patients classified as GOLD Group B, where almost one-third was untreated.22 In fact, studies from 
Sweden have shown that a considerable proportion of subjects at high risk of exacerbations did not receive treatment to 
prevent future exacerbations23 and that approximately 35% of COPD patients hospitalized due to a severe exacerbation 
were not on maintenance inhalation treatment during the year before exacerbation onset, with a substantial proportion 
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Figure 1 Duration (days) from hospital discharge for the most recent COPD exacerbation to severe CV event (fatal/non-fatal) for (A) any exacerbations in a total of 197 
patients, and for (B) severe exacerbations only in a total of 118 patients. Duration (days) from hospital discharge for the most recent COPD exacerbation. In both instances 
(A and B), fewer than three observations were not reported, and Day 0 indicates that both the COPD exacerbation and the CV event occurred during the same hospital 
stay. Duration (days) from hospital discharge for the most recent COPD exacerbation. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CV, cardiovascular.
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(40%) continuing without treatment after discharge.24 Furthermore, a substantial proportion of patients on maintenance 
bronchodilation treatment alone continued with unchanged treatment 1 year after discharge.24 Under-treatment and 
under-management of patients with COPD have also been described by Sandelowsky et al,25 where only one-third of 
patients had a follow-up visit after a severe COPD exacerbation. Under-treatment and delay in drug optimization after an 
exacerbation may be explained by various reasons, such as patient and doctor behavior or organizational barriers between 
primary and secondary care. While inadequate/incorrect risk-characterization of COPD combined with fear of adverse 
events associated with inhaled medications may lead to under-treatment of patients with COPD and consequently 
increase the risk of exacerbations,20 comorbid CVD is itself an independent risk factor for patients experiencing 
COPD exacerbations.16,26 Clearly, there are issues with both under- and over-treatment in this population and further 
studies exploring the use of ICS in COPD are warranted.

Several studies advocate a rationale for screening and monitoring of patients with COPD to detect CVD and thus reduce 
the risk of future CV outcomes.3,12,20 Our study also suggests that there is a need to optimize COPD treatment to avoid 
exacerbations and, potentially, CV events. We do not have data to confirm if these patients are adequately treated for their 
CVD, but our study indicates that there is room to improve their COPD treatment. The lack of relevant COPD treatment in 
particular is highly problematic because the benefits of relevant inhalation treatment, including a reduced rate of exacerba-
tions, have been demonstrated.27–31 We do not know if the patients were prescribed inhalation medications but failed to collect 
them or if the medications were either not prescribed or unwanted by patients. Considering both the high collection rate of CV 
medications and reimbursement rate of patients’ pharmaceutical expenses in Denmark, however, the most likely explanation is 
under-treatment of COPD. Historically, GOLD D patients have received the most attention regarding future risk to prevent 
future exacerbations and death.1 The nationwide cohort study by Gedebjerg et al,32 however, showed that CVD-related 
mortality was equal in groups B and D, and more recent studies by Løkke et al22 and Marott et al33 showed that GOLD 
B patients with just one moderate exacerbation in the preceding year have a significantly higher risk of future exacerbations 
and death than those without exacerbations. Considering the high risk of both exacerbations and CV events, timely 

Table 4 Multivariate Logistic Regression Model of CV Events (Fatal and Non-Fatal) or Death Due to a Cause Other Than a CV Event

Parameter CV Event (Fatal and Non-Fatal) Death Due to Other Cause

OR CI 95% P-value OR CI 95% P-value

LCL UCL LCL UCL

Severe exacerbation 6.4 4.5 9.1 <0.0001 11.2 6.0 21.1 <0.0001

Moderate exacerbation only 1.5 1.0 2.1 0.0338 1.4 0.6 3.0 0.4548

No exacerbation Ref.
FEV1 <50 severe‒very severe 0.8 0.6 1.1 0.2771 1.7 0.9 3.1 0.0734

FEV1 50+ mild‒moderate Ref.

mMRC high 3‒5 1.3 0.9 1.9 0.1539 3.0 1.2 7.9 0.0226
MRC low 1‒2 Ref.

BMI <18.5 1.2 0.6 2.1 0.6463 3.2 1.6 6.5 0.0012

BMI 25‒29 1.0 0.7 1.4 0.9553 0.5 0.3 1.0 0.0573
BMI 30‒34 0.7 0.5 1.1 0.1654 0.3 0.1 0.8 0.0105

BMI 35+ 0.8 0.5 1.4 0.4624 0.5 0.2 1.4 0.1927

BMI 18.5‒24 Ref.
Smoking 1.1 0.8 1.5 0.7174 1.2 0.7 2.1 0.4828

Never smoked Ref.

Diabetes medication 1-year prior to COPD measurementa 1.4 1.0 1.9 0.0556 2.1 1.2 3.7 0.0111
Age 1.0 1.0 1.0 0.5064 1.0 1.0 1.1 0.1169

Female 0.7 0.5 0.9 0.0073 0.6 0.4 1.0 0.0701

Cohabitation status 1.0 0.7 1.3 0.7821 0.6 0.3 1.0 0.0441

Notes: aCOPD measurement (baseline) represented the study index date, ie, the date of a patient’s first visit at which a complete set of clinical measurements (mMRC, 
FEV1, BMI, and smoking history) was registered, Diabetes medication; ICD-10 code A10. 
Abbreviations: BMI, body mass index; CI, confidence interval; CV, cardiovascular; FEV1, forced expiratory flow; mMRC, modified Medical Research Council; LCI, lower 
confidence limit; UCI, upper confidence limit.
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optimization of the treatment and care of patients with COPD is a clinical necessity, especially if patients have comorbid CVD 
or CV risk factors. Thus, the clinical implication of our study is that outpatient assessment of these high-risk patients in a joint 
venture (cardio-respiratory) is required to ensure optimal treatment with the aim of avoiding these devastating exacerbations.

High-quality, mandatory nationwide registry data, and personal identification numbers that allow linkage of individual 
data provide solid and unique data. They are major strengths of our study, as are the size of the COPD patient population 
and the relatively frequent outcomes of interest that we believe support sufficient power to report reliable effect estimates 
of the association between COPD exacerbations and odds of CV events or death due to other causes than CVD. 
Furthermore, using prospectively collected data reported by the treating physician reduced the risk of information 
bias, and the use of discharge diagnoses for COPD exacerbations and CV events reduced the risk of misclassification 
of diagnoses recorded at the admission to the hospital. Moreover, nationwide coverage and virtually complete follow-up 
limited selection bias.

Nevertheless, some limitations should be considered when interpreting the results. Excluding COPD patients with CV 
events in the 6 months prior to COPD measurement (the index date) could have introduced selection bias and thus limited 
the representativeness of findings. Additionally, data retrieval was limited to variables registered in the database and 
reported medications were based on prescription collections at pharmacy that do not necessarily reflect actual medication 
use. Moreover, our population was included when first assessed and potentially first diagnosed with COPD at the 
outpatient clinic, which partly explains why some had not purchased any COPD medication prior to inclusion. The 
diagnosis and treatment of COPD may have improved since our inclusion period (2010‒2016). The follow-up period for 
exacerbations and CV events was only 6 months; while this may be considered too short, we found that most CV events 
occurred within 30 days after exacerbation. Additionally, we were unable to disentangle the order of events in patients 
who experienced both a COPD exacerbation and a CV event during the same hospital admission (ie, Day 0 in Figure 1). 
Finally, the external validity of our findings, especially with regard to the high proportion of exacerbations and mortality, 
is limited to represent similar selected populations of COPD patients with a known history of major CV events (ie, stroke, 
MI, and heart failure during 36‒6 months prior to COPD diagnosis) and should not be extrapolated to all COPD patients.

Conclusion
In patients with known CVD, severe COPD exacerbations are associated with increased odds of major CV events, which 
occurred within 30 days post exacerbation in most patients. Furthermore, 15.5% COPD patients do not collect inhaled 
maintenance treatments, indicating under-treatment. COPD is a multisystem disease due to its common risk factors, 
namely smoking and patient lifestyle and behavior. COPD patients in a stable phase have an elevated cardiopulmonary 
risk. This study provides real-world evidence highlighting that prevention of exacerbations in patients with COPD and 
concomitant CVD may improve respiratory outcomes and prevent CV events. The heterogeneity and dynamic complexity 
of COPD and its comorbidities justify the need for better routine follow-up and a precision medicine approach aimed at 
improving patient assessment.

Abbreviations
ATC, anatomical therapeutic chemical; BMI, body mass index; CI, confidence interval; COPD measurement, COPD 
measurement/index date, baseline; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; CVD, cardiovas-
cular disease; FEV1, forced expiratory flow; ICS, inhaled corticosteroids; LABA, long-acting beta-2-agonist; LAMA, 
long-acting muscarinic antagonist; MACE, major adverse cardiac events; mMRC, modified Medical Research Council; 
OCS, oral corticosteroids; OR, odds ratio; SABA, short-acting beta-2-agonist, SD, standard deviation.
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