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ABSTRACT 

 
 
Patients with Chronic Obstructive Pulmonary Disease (COPD) are at increased risk of 

cardiovascular disease (CVD) and concomitant disease leads to reduced quality of 

life, increased hospitalisations, and worse survival. Acute pulmonary exacerbations 

are an important contributor to COPD burden and are associated with increased 

cardiovascular (CV) events. Both COPD and CVD represent a significant global 

disease impact and understanding the relationship between the two could potentially 

reduce this burden. The association between CVD and COPD could be a 

consequence of (i) shared risk factors (environmental and/or genetic) (ii) shared 

pathophysiological pathways (iii) co-association from a high prevalence of both 

diseases (iv) adverse effects (including pulmonary exacerbations) of COPD 

contributing to CVD and (v) CVD medications potentially worsening COPD and vice 

versa. CV risk in COPD has traditionally been associated with increasing disease 

severity, but there are other relevant COPD subtype associations including 

radiological subtypes, those with frequent pulmonary exacerbations and novel disease 

clusters. Whilst the prevalence of CVD is high in COPD populations, it may be under-

diagnosed, and improved risk prediction, diagnosis and treatment optimisation could 

lead to improved outcomes. This state-of-the-art review will explore the incidence / 

prevalence, COPD subtype associations, shared pathophysiology and genetics, risk 

prediction, and treatment of CVD in COPD. 

 

 

 
  



INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is characterised by persistent 

respiratory symptoms, chronic inflammation, progressive airflow obstruction and a 

strong association with smoking.[1] As estimated in 2010, COPD affects 384 million 

people globally.[2] COPD has a significant impact on patients and pulmonary 

exacerbations can result in hospitalisations with direct and indirect costs and 

economic effects through a reduced working days due to breathlessness and 

functional limitations.[3,4] In the European Union, an estimated €38.6 billion is spent 

on COPD annually and the Global Burden of Disease Study reported an increasing 

burden of COPD representing the 6th leading cause of disease burden amongst all 

age groups.[5] Cardiovascular disease (CVD) is the leading cause of mortality 

worldwide, affecting approximately 85 million people in Europe and commonly occurs 

in patients with COPD.[6] Coronary heart disease (CHD) and ischaemic stroke also 

represent the 2nd and 3rd highest causes of disease burden globally.[5] Coexisting 

COPD and CVD has been highlighted by the Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) as being highly important, as it  leads to reduced quality of life, 

increased hospitalisations and increased mortality.[7–9] GOLD recommends that 

COPD management includes identifying and managing comorbidities including 

CVD.[9] The association between CVD and COPD could be a consequence of (i) 

shared risk factors (environmental and/or genetic) (ii) shared pathophysiological 

pathways (iii) co-association from a high prevalence of both diseases (iv) adverse 

effects (including pulmonary exacerbations) of COPD contributing to CVD and (v) CVD 

medications potentially worsening COPD and vice versa 

 
We aim to review CVD in patients with COPD focusing on: (i) the incidence and 

prevalence of CVD in COPD (ii) COPD subtype associations (iii) shared 

pathophysiology and genetics (iv) assessing the risk of CVD in COPD and (v) 

assessing the effects of CVD or COPD treatment on either disease. CVD is an 

umbrella term for diseases that affect the heart or vasculature, and this review will 

focus on CHD, ischaemic stroke, heart failure (HF) and arrhythmias. A literature review 

(Cochrane Database of Systematic Reviews, PubMed, EMBASE and Medline) was 

performed in September 2021 using the following search terms (including variations 

and acronyms): ‘Cardiovascular disease’, ‘coronary artery disease’, ‘heart disease’, 

‘heart failure’, ‘myocardial infarction’, ‘ischaemic heart disease’, ‘arrhythmia’, ‘chronic 



bronchitis’, ‘emphysema’, ‘chronic obstructive pulmonary disease’, ‘prevention’, 

‘biomarker’, ‘incidence’, ‘prevalence’, ‘genetics’, ‘genome-wide association study’, 

‘treatment’, ‘pathophysiology’ and ‘subtype’. 

 

INCIDENCE AND PREVALENCE OF CVD IN COPD 

CVD occurs more frequently in COPD compared to age-matched cohorts without 

COPD (table 1).[10] The frequency of CVD in COPD varies throughout the literature 

depending on (i) the definition of CVD (ii) the COPD cohort (e.g. disease severity, 

number of comorbidities, primary/secondary care), (iii) whether prevalence or 

incidence is studied and (iv) adjustment for confounding factors.[11,12] The incidence 

and prevalence of CVD in COPD has recently been comprehensively reviewed by 

Chen et al., and salient study findings are summarised in this section.[13]  

 

The prevalence of HF in COPD ranges from 7-42% [14,15] and is significantly higher 

in COPD compared to those without (odds ratio (OR) 8.48).[15] HF related 

hospitalisations are also increased in COPD compared to the non-COPD group (1807 

vs. 352 per 100,000 person years (PY)).[15] Estimates for the prevalence of 

myocardial infarction (MI) and angina in COPD vary significantly from 2-18% and 1-

55%, respectively.[15–17] A study by Sidney et al., reported an increased frequency 

of MI (OR 4.42) and angina (OR 4.38) in patients with COPD.[15] In addition, CHD 

related hospitalisations were more frequent in COPD patients compared to non-COPD 

(11 vs. 7 per 1000 PY).[18] The prevalence of arrhythmia in COPD varies from 3-21%, 

and atrial fibrillation (AF) is approximately five times more frequent in COPD compared 

to controls (5% vs. 1%; OR 4.4).[15,18] AF related hospitalisation is twice as likely to 

occur in COPD and patients with concurrent AF and COPD have higher rates of all-

cause mortality.[18][14] Arrythmia prevalence estimates may be confounded by 

asymptomatic and paroxysmal AF, as the diagnosis may be limited to self-reporting 

and diagnostic codes in many studies.[19] The prevalence of ischaemic stroke in 

COPD patients ranges from 1-15% and is approximately twice as likely to occur in 

COPD patients compared to non-COPD.[15,18,20] Hospitalisation for stroke is more 

frequent in COPD compared to controls (12 vs. 8 per 1000 PY).[18] The increased risk 



of stroke may be partially attributable to the increased prevalence of AF and HF in 

COPD, which confer an increased risk.[21]  

 

It can be challenging to adjust for shared risk factors (e.g., smoking, exercise) that 

may account for a co-association of diseases however, CVD is still associated with 

COPD when adjusted for smoking.[22] Whilst the prevalence of CVD is high in COPD 

populations, it may still be under-estimated, due to under-diagnosis of CVD. A study 

by Brekke et al., investigating under-diagnosis of MI in COPD found that 26% of 

participants had electrocardiogram (ECG) signs of a previous MI whereas only 16% 

had a diagnosed MI.[23] Symptoms of CVD and COPD (e.g. breathlessness, chest 

tightness, nocturnal cough and paroxysmal nocturnal dyspnoea) can overlap and this 

could impair recognition and diagnosis.[24] Diagnosing CVD in patients with COPD 

can also be challenging for other reasons that include, lung hyperinflation making 

optimal echocardiograms more difficult, and Brain Natriuretic Peptide (BNP) having 

reduced accuracy when diagnosing HF in patients with COPD.[25]  
 

CVD 
Prevalence 

in COPD 
Cohorts 

(%) 

Prevalence 
in Control 
Cohorts 

(%) 
OR (95% CI) 

Incidence 
(Hospitalisations 
per 1000 person-

years) 

 
References 

 
COPD Control 

Heart 
Failure 7 – 42 1 – 25 8.48 (7.65 - 9.40) 18 4 

 
Rodríguez-Mañero 

et al.[14] 
Sidney et al.[15] 

 

Myocardial 
Infarction 

and Angina 
2 – 18 0.4 – 16 

MI: 4.42 (3.77 - 
5.17) 

Angina: 4.38 
(3.55 - 5.42) 

11 2 
Sidney et al.[15] 

Schneider et al.[16] 
Behar et al.[17] 

Arrhythmia 3 – 21 0.7 - 12 4.41 (4.00 - 4.87) 16 8 Curkendall et al.[18] 
Sidney et al.[15] 

Stroke 1 – 15 0.5 - 14 2.44 (2.09 - 2.85) 12 8 
Curkendall et al.[18] 

Song et al.[20] 
Sidney et al.[15] 

 
Table 1. Summary of incidence and prevalence of CVD in COPD. 
The percentages and odds ratios included in the table are from studies reviewed in 
the Incidence and prevalence of CVD in COPD section. This topic has also recently 
been comprehensively reviewed by Chen et al.[13] Ranges of prevalence represent 
the highest and lowest values from the literature quoted. OR and CI refer to a particular 



study and are not representative of meta-analysed OR/CI. Incidence figures relate to 
a particular study and are not representative of an average incidence. CI, confidence 
interval; COPD (chronic obstructive pulmonary disease), CVD (cardiovascular 
disease, MI (myocardial infarction), OR (odds ratio).  
 
 

COPD SUBTYPES ASSOCIATED WITH CVD 
COPD can be classified into different subtypes and the risk of CVD is heterogenous 

throughout the spectrum of COPD. The Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) stages initially stratified COPD according to disease severity, 

measured by airflow limitation, with stage one being mild (FEV1 ≥ 80% predicted) and 

stage four being very severe (FEV1 < 30% predicted).[9] CVD is more common with 

increasing COPD severity (i.e. GOLD stage four), however, some studies have 

reported higher rates of CVD with less severe COPD, which could be attributed to bias 

from premature CVD mortality in more severe COPD.[9,12] COPD is now categorised 

using the GOLD ABCD assessment tool, classifying COPD into groups A-D, based on 

symptom severity and exacerbation history.[9] There is a trend towards lower CVD 

risk in group A and higher risk in group D, the group with more severe symptoms and 

frequent exacerbations.[9,26] CHD was associated most strongly with more severe 

symptoms (groups B and D) whereas HF was associated strongly with both more 

severe symptoms and more exacerbations (groups C and D).[26] This may be 

confounded by difficulty in separating acute exacerbations of COPD (AECOPD) and 

heart failure leading to some misdiagnosis. There may be more nuanced subtype 

associations and a recent study by Pikoula et al., used unsupervised machine learning 

to identify 5 COPD clusters that were then investigated for CVD risk.[27] The 

CVD/diabetes cluster consisted predominantly of male ex-smokers with diabetes and 

high BMI, and had frequent CVD events.[27] Interestingly, the severe COPD/frailty 

cluster (predominately female, current smokers with very severe COPD and 

low/normal BMI) had a low prevalence of CVD. This suggests that COPD severity is 

not the only determinant of CVD risk in COPD, which has implications for risk 

prediction and diagnosis. Furthermore, the CVD/diabetes cluster had the highest rates 

of AECOPD requiring hospitalisation and the highest CVD mortality rate, suggesting 

that CVD comorbidity has a negative impact on COPD outcomes.[27]  

 



Radiology, including thoracic computed tomography (CT) can be used to subtype 

COPD and inform CVD risk. Coronary artery calcification (CAC), which is associated 

with increased risk of CHD, is more frequent in centrilobular emphysema compared to 

paraseptal emphysema.[28,29]. COPD patients with airway predominant disease 

(e.g., increased airway-wall thickness) identified on CT, have more frequent CVD and 

higher inflammatory markers compared to those with emphysema predominant 

disease.[30]  

 

PATHOPHYSIOLOGY OF CVD IN COPD 
CVD and COPD are inflammatory conditions involving the recruitment of neutrophils 

and macrophages at the site of pathology, but with differing pathobiological 

roles.[31,32] In atherosclerosis, macrophages accumulate intracellular cholesterol, 

whilst in COPD macrophages release inflammatory mediators. Local lung 

inflammation in COPD may “overspill” systemically resulting in endothelial dysfunction, 

atherothrombosis and increased CV risk. [33] There is accumulating evidence of 

shared and interacting pathobiological pathways between the two diseases.[10]  

 

Smoking doubles the risk of MI and HF, and toxins from cigarette smoking augment 

the inflammatory response including increasing interleukin-8 (IL8) and tumour 

necrosis factor-alpha (TNFα) levels, that promote inflammation in the lungs and 

systemically.[34,35,22] Cigarette smoke impairs the innate and adaptive response 

mechanisms and coupled with increased inflammation may result in tissue destruction 

in the lungs (e.g. emphysema) and vasculature (e.g. atherosclerosis).[35,36] 

Inflammatory mediators and toxins from smoking may increase oxidative stress and 

protease-antiprotease imbalances that further contributes to CVD and COPD 

pathogenesis.[37] Elastin is a key protein in connective tissue that helps maintain 

airway patency in the lungs and ensures elastic recoil in arteries. Age-related elastin 

degradation may increase the risk of emphysema and arterial hypertension, diseases 

that are more frequent in older populations.[10,38,39] Regular physical activity is 

associated with lower RHR and improved lung function, and COPD and CVD are more 

frequent in sedentary cohorts.[40,41] Whilst these associations may be causal, there 

are alternative explanations including disease manifesting more frequently with lower 



physiological reserve, or breathless patients with established disease performing less 

exercise (reverse causality).  

 

Pathophysiological factors in COPD may increase the risk of CVD by several different 

mechanisms: (i) hypoxia increasing the risk of atherosclerosis (ii) adverse effects of 

COPD contributing to cardiac disease and (iii) AECOPD increasing the risk of CV 

events.[37] Lung parenchymal damage and ventilation/perfusion mismatch in COPD 

can lead to alveolar hypoxia, which can stimulate pro-atherosclerotic processes 

including deficient lipid efflux, inflammation and impaired glucose metabolism.[42,43] 

Adaptive and maladaptive physiological processes in COPD may result in CV 

dysfunction through several mechanisms. Firstly, lung hyperinflation in COPD may 

cause cardiac compression and dysfunction which can be improved by lung volume 

reduction surgery, an intervention that can also improves endothelial function and 

blood pressure.[44,45] Secondly, pulmonary hypertension (PH) as a consequence of 

COPD increases with disease severity and can lead to right-sided HF.[46] Thirdly, the 

reduced physical reserve associated with many COPD patients may increase their risk 

of developing arterial stiffness and subsequent major CV events.[39] Furthermore, 

AECOPDs are associated with an increased risk of MI and ischaemic stroke within 

one month and the risk remains high up to 1 year.[7] The pathomechanisms 

associated with COPD and CVD are summarised in figure 1. 

 

PREDICTING CVD IN COPD 

Identifying clinical and subclinical CVD in COPD could facilitate the administration of 

preventative treatments and treatment optimisation for patients with established 

disease (see Treatment of concurrent CVD and COPD section). Risk prediction tools 

for CVD could utilise (i) clinical phenotypes (ii) blood biomarkers (iii) radiological 

biomarkers (iv) genetic risk factors, or a combination. There are no current guidelines 

or consensus statements about the optimal screening approach for CVD in COPD and 

the following section highlights screening and diagnostic strategies.[47] 

 
Clinical phenotype 
Clinical risk prediction tools used to risk stratify CVD in the general population may not 

be as accurate in COPD patients and may require different cut-off values. A 



CHA2DS2-VASc score of 2 or more is used to guide anticoagulant treatment in AF 

however, patients with COPD the risk of AF is 5 times higher in those with a score of 

less than 2 compared to non-COPD.[48] This suggests that patients with COPD may 

benefit from anticoagulation at lower CHA2DS2-VASc scores. Furthermore, in patients 

with the same risk prediction scores, subclinical CVD is more frequent in patients with 

COPD than those without.[49] Other risk prediction scores that exclude COPD (e.g. 

Framingham, ASSIGN, QRISK) may also underestimate CVD risk in COPD 

cohorts.[50] Specific risk scores, such as the COPDCoRi that utilises sex, smoking 

history and dyslipidaemia may have improved accuracy for predicting CVD in 

COPD.[51] 

 

Blood biomarkers 
Inflammation and its dysregulation are important in the pathogenesis of COPD and 

CVD.[31,32] In AECOPD, inflammatory markers including fibrinogen, leucocytes, C-

reactive protein (CRP), interleukin-6 (IL6) and TNFα are raised and associated with 

more frequent CV events however, they have low specificity individually.[52] Elevated 

cardiac biomarkers that include troponin, BNP and copeptin have been associated 

with worse CV outcomes in COPD but also lack specificity and have limited prognostic 

utility when used in isolation.[53] Novel blood biomarkers may have a role in predicting 

CVD and elevated circulating desmosine, microfibrillar-associated protein 4, 

angiopoietin-like protein 4 and monocyte to HDL-cholesterol ratio are associated with 

higher CVD risk in COPD.[54–57] However, CVD and COPD are heterogenous 

diseases and greater predictive accuracy may be achieved with blood biomarker 

panels and the inclusion of longitudinal data to predict CVD in patients with COPD. 

 

Radiological Biomarkers  
Lung density and bronchial wall thickness can be assessed by CT scans, enabling 

early detection of COPD and the risk of CHD can be evaluated by calculating CAC 

scores.[58] This could be particularly relevant when CT scans are performed for 

screening purposes such as lung cancer. However, these radiological biomarkers 

require good quality scans, and their accuracy could be limited in COPD patients with 

orthopnoea that are unable to lie flat. CAC is an independent non-invasive predictor 

of subclinical CVD in COPD that may outperform traditional risk prediction scores.[59] 

Subclinical CVD in COPD can be assessed using a range of additional non-invasive 



techniques including carotid intima-media thickness, ankle-brachial index, and 

markers arterial stiffness (e.g., pulse wave velocity) and endothelial dysfunction (e.g., 

flow-mediated dilation).[60] Whilst these methods demonstrate that patients with more 

severe COPD have a greater burden of subclinical CVD, the studies have been limited 

by small cohort sizes and insufficient understanding of the best method to diagnose 

subclinical disease and the natural history of progression from subclinical to clinical 

CVD in COPD including when to intervene.[60] For example, arterial stiffness is an 

independent predictor of cardiovascular morbidity and mortality in addition to 

traditional CV risk factors, that can be assessed by a broad range of techniques that 

differ in validity, which impacts on their predictive accuracy. [61] 

 

PH can occur due to both left heart disease and COPD, particularly with increasing 

disease severity and is associated with a poor prognosis.[46] Furthermore, right heart 

failure in COPD can impair left ventricular function due to ventricular 

interdependence.[62] Identifying COPD patients with PH can guide treatment 

optimisation (i.e., long-term oxygen, diuretics), inform prognostic discussions and 

identify patients for PH-specific clinical trials. The ratio of the diameter of the 

pulmonary artery compared to the aorta (PA:A ratio) may be used as a surrogate 

marker of pulmonary hypertension in stable COPD. [63] Furthermore, a PA:A ratio of 

greater than 1 is associated with more severe AECOPDs.[64] Novel strategies to 

monitor PH in COPD have included an implantable pulmonary pressure monitor, which 

can assist in optimising management and reducing hospitalisations.[65]  

 

SHARED GENETICS OF COPD AND CVD 
CVD and COPD are heritable polygenic diseases associated with multiple genetic 

variants and genes.[66,67] The high prevalence of CVD in COPD may suggest shared 

genetic risk factors that predispose to CVD and COPD. A genome-wide association 

study (GWAS) of samples from the International COPD Genetics Consortium and UK 

Biobank identified 27 genes associated with either COPD or lung function, including 

pathways related to extracellular signalling.[67] The most common CVD phenotype 

investigated with GWAS is CHD, which is associated with single nucleotide 

polymorphisms in over 150 genes, including similar extracellular signalling pathways 

identified in COPD.[68] 



 

A cross-trait GWAS (that examines shared genetic effects between diseases) in 

12,550 COPD patients and 705,148 CVD patients found minimal overlap between 

COPD and CHD but modest overlap between COPD and both resting heart rate (RHR) 

and systemic hypertension.[69] The genetic overlap between COPD and RHR is of 

interest, as RHR is raised in COPD and associated with increased mortality.[70–73] 

Whilst this could suggest shared pathways between COPD and RHR, there are 

alterative reasons for a raised heart rate in COPD including medication effects and 

chronic inflammation.[74] The genetic overlap between COPD and hypertension may 

have important pathobiological consequences and arterial stiffness is increased in 

COPD which could result in increased CVD morbidity and mortality.[45,75] 

Additionally, shared genetic variants in non-coding genes may also affect pathways 

related to arterial pressure.[69] 

 

Genetic variants could also increase the disease risk of COPD and/or CVD by their 

interaction with environmental risk factors (gene-environment interaction). Cigarette 

smoking is the main environmental risk factor for COPD and variation in disease 

outcomes related to smoking exposure suggests a potential role for gene-environment 

interaction influencing disease risk. Some smokers may be predisposed to developing 

COPD due to genetic variation in nicotine-related pathways.[76] Furthermore, genetic 

variation in the IL6 gene may interact with smoking to increase the risk of CVD and 

COPD.[77] Individuals with a genetic variant in the IL6 gene that is associated with 

increased IL6 levels had worse lung function and an increased risk of CVD.[77] 

 

The treatment of coexisting CVD and COPD may be affected by genetic variation for 

example, angiotensin-converting enzyme (ACE) gene variants, which are more 

frequent in East Asian populations, may attenuate the effects of ACE inhibitor 

treatment in patients with HF and COPD.[78–80] Furthermore, individuals with certain 

ACE polymorphisms that are treated with ACE inhibitors are more susceptible to lung 

function decline in response to fluid overload.[81]  



 

TREATMENT OF CONCURRENT CVD AND COPD 

Medication for CVD may worsen COPD and vice versa. Common medications in CVD 

include β-blockers, ACEi, angiotensin receptor blockers (ARBs), antiplatelets and 

statins and in COPD include bronchodilators and corticosteroids. This subsection 

explores the effect of these drugs on COPD and CVD. 

 

Patients at high risk of CVD or with established disease have improved morbidity and 

mortality with primary and secondary preventative treatments, which may be 

underutilised in patients with COPD.[82] In study by Alter et al., that investigated the 

treatment of coexisting HF and COPD, 38% of participants with a reduced left 

ventricular ejection fraction, and 53% with left ventricular dilatation were not prescribed 

HF medication.[83] Despite being under-prescribed, ACEi, ARBs and β-blockers are 

associated with improved mortality in COPD.[84] Historically, there was concern about 

β-blockers causing bronchoconstriction and reducing the effectiveness of both 

emergency and long-acting β2-agonist treatment.[85] More recent research 

demonstrates that cardioselective β-blockers do not have adverse respiratory effects 

and may reduce the risk of AECOPD.[86] However, a subsequent clinical trial was 

discontinued after metoprolol was shown to be associated with a higher risk of 

pulmonary exacerbations leading to hospitalisation.[87] Further trials are ongoing to 

establish the effect of β-blockers on AECOPD rates and adverse CV outcomes in 

COPD patients (ClinicalTrials.gov numbers: NCT03566667, NCT03917914). Rate 

limiting medications with less off-target effects than β-blockers (e.g. Ivabradine) can 

also be considered in patients with COPD and HF.[88]  

 

Medications used in CVD primary prevention including statins and antiplatelets are 

associated with improved mortality in both COPD and non-COPD populations.[89,90] 

Statins may be particularly beneficial in COPD, as they reduce inflammation and alter 

neutrophil function however, they do not reduce pulmonary exacerbations.[91] The 

role of antiplatelets in the management of COPD and CVD has been explored in 

several studies. An RCT found platelet functional inhibition to aspirin and ticagrelor 

was not observed in one-third of COPD patients without a history of CVD.[92] This 

was consistent with a high prothrombotic milieu in COPD that may account for excess 



CVD and require additional antithrombotic therapies. Aspirin use has not been found 

to alter lung function but observational studies suggest it is associated with lower 

AECOPDs, reduced emphysema progression, improved mortality and better quality of 

life, however this needs confirmation in longer term RCTs.[89,93,94] 

 

Treatments for COPD may have effects on CVD and CV outcomes. Whilst 

tachyarrhythmias and hypokalaemia are recognised side effects of bronchodilators, 

their key role in COPD disease management and optimisation is likely to have a net 

beneficial effect.[95,96] COPD severity and AECOPD are associated with increased 

inflammatory markers, more frequent CV events (MI and stroke) and worse CVD 

mortality.[97,98] Therefore, COPD inhaled therapies that reduce pulmonary 

exacerbation rates and stabilise or improve lung function. may have a beneficial effect 

on CV outcomes. Long-acting dual bronchodilators have been associated with an 

increased risk of cardiac events when compared to monotherapy however, in a meta-

analysis, there was no difference in cardiac events or mortality between long-acting 

mono and dual bronchodilators, although many patients with CVD were excluded from 

the studies.[99,100] Inhaled corticosteroids improve lung function, reduce AECOPD 

and potentially reduce all-cause mortality, which may be driven by increased 

corticosteroid dosage reducing CV events.[101,102] However, in the SUMMIT trial, 

which recruited a large cohort of COPD patients enriched for those with CVD or 

significant risk factors, there was no difference in CV events due to inhaled 

corticosteroids.[98] Novel therapies including reactive oxygen species scavengers 

(e.g. apocynin) that suppress oxidation, a key feature of both COPD and CVD, may 

provide future strategies for treating COPD and CVD.[103]  

 

A Cochrane review of interventions for patients with COPD and long-term conditions 

including CVD, found insufficient RCTs to guide recommendations although 

pulmonary rehabilitation and multicomponent interventions may improve quality of life 

and function status.[104] Several features of PR such as exercise and nutritional 

interventions have the potential to have an impact on CV risk. Vivodtzev et al found 

COPD patients who underwent aerobic endurance training had reduced arterial 

stiffness as measured by reduced carotid-radial pulse wave velocity (PWV).[105] 

Conversely, Vanfleteren et al found no difference in PWV measured by arterial 

stiffness in COPD patients after undergoing PR.[106] The effect of PR on different 



COPD subtypes is unknown, and there may be differential CVD outcomes as arterial 

stiffness can vary in response to PR among patients with similar baseline 

characteristics.[106] Arterial stiffness is a proxy marker of CVD and it is unclear 

whether PR improves CV events and mortality in patients with COPD. 

 

DISCUSSION 
Patients with COPD are at increased risk of CVD and concomitant disease leads to 

reduced quality of life and increased CV events, hospitalisations, and mortality. 

Diagnosing CVD in patients with COPD is challenging due to non-specific and 

overlapping symptoms, shared risk factors and reduced accuracy of some 

investigations, which can result in underdiagnosis and undertreatment. It has been 

proposed that the COPD spectrum should encompass those with “pre-COPD”.[107] 

Traditionally, COPD is spirometrically defined but a more recent proposed definition 

suggests individuals without spirometric evidence of COPD who have respiratory 

symptoms and radiological evidence of COPD may be at increased risk of morbidity 

and spirometric disease progression.[109] This is relevant as patients with pre-COPD 

may also be at increased risk of CVD and adverse CV outcomes, which should be 

explored in future studies. Whilst CVD has been associated with increasing severity 

of COPD, there are more nuanced relationships that have implications for risk 

prediction. A systematic review of COPD clinical phenotypes identified a common 

phenotype with poor long-term health outcomes that had moderate airflow obstruction, 

cardiometabolic comorbidities, were older and obese.[108] This COPD subtype also 

had increased inflammatory markers although whether this contributed to CVD 

aetiology or was an epiphenomenon of the cluster associations is uncertain. 

Inflammation is increased in COPD and is also associated with arterial stiffness, a CV 

risk factor that increases during exacerbations and is greater in frequent COPD 

exacerbators.[33,109] However, the mechanisms linking COPD and CVD are likely to 

be multifactorial and accurate risk prediction may require incorporating data from 

clinical phenotypes, blood/radiological biomarkers, and genetics, and then 

demonstrating superiority to traditional risk prediction models (i.e., QRISK). 

Furthermore, CVD risk may be dynamic, altering as COPD progresses or other CV 

risk factors change, which would necessitate utilising longitudinal data whist 

considering cost effectiveness. Artificial intelligence could integrate this high 



dimension data to improve CV risk prediction accuracy, which could improve 

preventative strategies.[110] This could have applicability to lung cancer screening 

cohorts that can identify CVD risk through CAC scores and where in a study by 

Ruparel et al., 57% of patients at significant risk of CVD were not taking statins for 

primary prevention.[111] Other interventions that may reduce CVD risk in COPD are 

summarised in figure 2. AECOPD are associated with increased CV risk and 

interventions that reduce exacerbations rates may have beneficial effects on CV 

outcomes. Furthermore, CV events are markedly increased following viral respiratory 

tract infections and therefore, influenzae vaccinations may reduce CV events and 

AECOPD.[112] There are currently no specific guidelines on managing CVD in COPD 

that differ from the non-COPD recommendations.[9] There is currently a lack evidence 

from prospective interventional studies to inform guidelines which are being addressed 

by ongoing and future studies (see Treatment of concurrent CVD and COPD section).  

Managing CVD and multimorbidity in COPD is complex, and requires improved risk 

prediction, interventional studies to guide treatment optimisation and an integrative 

approach to patient care. 

  



FIGURES 
 

 
Figure 1. Pathomechanisms associated with COPD and CVD.  

AECOPD, acute exacerbation of COPD. 

 
  



 
 

Figure 2. Interventions that may reduce CVD risk in COPD.  
AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary 

disease; CVD, cardiovascular disease; MI, myocardial infarction.  
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