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Aims Cardiovascular disease is a common comorbidity in chronic obstructive pulmonary disease. Yet, cardiovascular disease and
risk are underdiagnosed in chronic obstructive pulmonary disease and are often undertreated, increasing the risk of cardio-
pulmonary events.

Methods We formed a Global Working Group of experts in chronic obstructive pulmonary disease and cardiovascular disease to pro-
and results duce a consensus statement detailing the identification and management of cardiopulmonary risk in patients with chronic ob-
structive pulmonary disease. We conducted virtual meetings supplemented by remote working and communication. The
Chairs (C.P.G.,, M.B.) proposed a draft consensus statement, which was further developed by the Global Working Group.
The selection of the final consensus statement and key points were obtained using the modified Delphi method. The consen-
sus statement is, ‘Given the high burden of fatal and non-fatal major cardiovascular and respiratory events in patients with
COPD it is important that cardiopulmonary risk is assessed and managed’. Patients with cardiovascular risk factors or disease
who have regular cough or expectoration, recurrent ‘chest infections’, a significant smoking history, or dyspnoea should com-
plete spirometry to confirm the presence of chronic obstructive pulmonary disease. Prevalent and incident cardiovascular
disease and risk in patients with chronic obstructive pulmonary disease, including heart failure, dyslipidaemia, hypertension,
ischaemic heart disease, and atrial fibrillation, should be managed according to clinical guidelines. In addition, chronic obstruct-
ive pulmonary disease exacerbation risk in patients with chronic obstructive pulmonary disease should be addressed to reduce
cardiopulmonary risk. Enhanced integration with specialists in cardiology, pulmonology, and primary care is recommended.
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Conclusion Th

e identification and management of cardiopulmonary risk in patients with chronic obstructive pulmonary disease are an

unmet public health need that can be addressed through shared understanding and multidisciplinary working to improve

cardiopulmonary outcomes.

Lay summary Th

is paper, produced by the Global Working Group of experts in chronic obstructive pulmonary disease and cardiovascular dis-

ease, is about the identification and management of cardiopulmonary risk in patients with chronic obstructive pulmonary disease.

Graphical Abstract

Individuals with cardiovascular risk factors or disease who have a regular cough or expectoration, recurrent ‘chest infec-
tions’, a significant smoking history, or breathlessness should complete spirometry to confirm the presence of chronic
obstructive pulmonary disease.

Cardiovascular disease and risk in individuals with chronic obstructive pulmonary disease, including heart failure, dyslipi-
daemia, hypertension, ischaemic heart disease, and atrial fibrillation, should be managed according to clinical guidelines.
Identifying cardiopulmonary risk to prevent exacerbations of chronic obstructive pulmonary disease, treat established
cardiovascular disease, and reduce cardiovascular risk in patients with chronic obstructive pulmonary disease offers
the prospect to improve cardiopulmonary outcomes.

dentification and management of cardiopulmonary risk in patients with COPD:
a multidisciplinary consensus and modified Delphi study
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Consensus statement Cardiopulmonary risk management in COPD

'Given the high burden of fatal and non-fatal
?l major cardiovascular and respiratory events
a8 in patients with COPD it is important that

cardiopulmonary risk is assessed and managed'

Cardiopulmonary events

Moderate or severe COPD exacerbation, M,
stroke, heart failure event, cardiac arrhythmia
or death due to any of these events.
Cardiopulmonary risk is a patient's risk of
experiencing a cardiopulmonary event

Chronic obstructive pulmonary disease ® Cardiovascular disease ® Cardiopulmonary risk

Keywords

Introduction

Chronic obstructive pulmonary disease is a long-term respiratory con-
dition associated with multiple comorbidities, and frequently with car-
diovascular disease. Compared with individuals without chronic
obstructive pulmonary disease, those with chronic obstructive pulmon-
ary disease have a higher prevalence of ischaemic heart disease, heart
failure, stroke, and arrhythmia.F3 This is not surprising given their
shared exposures and risk factors such as smoking, air pollution, socio-
economic deprivation across the life course, diabetes, hypertension,
low levels of exercise, unhealthy diet, dyslipidaemia, and the direct

Integration with healthcare specialists
Adressing COPD exacerbations
Management of cardiovascular conditions and risk

Assessing COPD

Reducing cardiopulmonary risk @

and indirect effects of treatment (due to systemic steroids) and exacer-
bations of chronic obstructive pulmonary disease.**

When cardiovascular disease coexists with chronic obstructive pul-
monary disease, it carries a worse prognosis. It is estimated that one in
five patients with chronic obstructive pulmonary disease die from car-
diovascular disease,®” and compared with age- and sex-matched con-
trols without chronic obstructive pulmonary disease, the risk is two-
to four-fold higher at three years follow-up.? This risk is even higher
in patients with chronic obstructive pulmonary disease of moderate se-
verity, where cardiovascular disease is the predominant cause of death.’
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Despite the increased cardiovascular risk associated with chronic ob-
structive pulmonary disease, cardiovascular disease in these popula-
tions under-recognized, underdiagnosed, and
undertreated.’®"" Equally, chronic obstructive pulmonary disease
may be under-appreciated and suboptimally managed in people with
cardiovascular disease.'®"'* Shared symptoms, predominantly breath-
lessness, between patients with chronic obstructive pulmonary disease
and cardiovascular disease may impede diagnosis and treatment. Thus,
there exist substantial missed opportunities to reduce the risk of ad-
verse cardiovascular and respiratory events—‘cardiopulmonary
risk—in these populations.10 Moreover, there is no guideline or rec-
ommendation for the identification, management, and definition of car-
diopulmonary events and risk in chronic obstructive pulmonary disease.

The aim of this work is to help pulmonologists, cardiologists, primary
care physicians, and other healthcare professionals understand, identify,
and manage cardiopulmonary risk in patients with chronic obstructive
pulmonary disease. We formed a Global Working Group of experts in
chronic obstructive pulmonary disease and cardiovascular disease’® to
establish agreement on consensus statements about the identification
and management of cardiopulmonary risk in patients with chronic ob-
structive pulmonary disease, and a standardized definition of cardiopul-
monary events in chronic obstructive pulmonary disease, using a
modified Delphi process. The consensus statements and sections out-
line a practical approach to the identification and management of car-
diopulmonary risk in patients with cardiovascular disease and chronic
obstructive pulmonary disease. We highlight gaps in the knowledge
base and make recommendations for future research.

Of note, this document focuses on chronic obstructive pulmonary
disease-associated cardiopulmonary risk and not the wider range of
cardiopulmonary diseases or on the primary prevention of cardiovascu-
lar and respiratory diseases each of which are covered in separate inter-
national guidelines."*™"”

remains

Methods

The study comprised two stages: (i) development of statements with an on-
line modified Delphi consensus process to determine agreement with and
refinement of the statements, and (i) section writing about fundamental as-
pects of cardiopulmonary risk.

Study groups

We formed a core Global Working Group comprising clinical and academic
experts in chronic obstructive pulmonary disease and cardiovascular dis-
ease."® We also formed a wider Global Working Group comprising 100 in-
dividuals encompassing a range of disciplines. Both Groups were chaired
by a cardiologist (C.P.G.) and a pulmonologist (M.B.).

Delphi statements

To develop the draft consensus statements for (i) the identification and man-
agement of cardiopulmonary risk in individuals with chronic obstructive pul-
monary disease, and (i) the definition of cardiopulmonary events, the Chairs
of the Global Working Groups met virtually on Teams between December
2023 and early February 2024, and used open-ended questions to provide
their opinions about cardiopulmonary events in the context of chronic ob-
structive pulmonary disease. Discussions orientated around: (i) clinical
events in individuals with chronic obstructive pulmonary disease; (ii) stand-
ardization of outcomes measures for chronic obstructive pulmonary disease
clinical studies; (iii) substrates and triggers for cardiovascular and chronic ob-
structive pulmonary disease events in individuals with chronic obstructive
pulmonary disease; and (iv) conceptualization of cardiopulmonary risk.

Modified Delphi method

We used a modified Delphi panel method to generate consensus for the final
statements."® A draft statement for the identification and management of car-
diopulmonary risk in individuals with chronic obstructive pulmonary disease
was presented to 11 members of the core Global Working Group in
English using SurveyMonkey (an artificial intelligence-powered feedback plat-
form that enables online surveys) as a 4-point Likert scale for agreement, and
with the option to provide free-text comments. Following this, a virtual con-
sensus meeting was held to discuss the results of the independent voting, and
to agree upon modifications to the statement. A revised statement was then
circulated with a 2-point Likert scale for agreement, and with the option to
provide free-text comments using SurveyMonkey. A final voting threshold
of over 80% agreement (agree vs. disagree) was considered consensus and ap-
propriate to allow incorporation of the consensus statement in the document
that would be circulated to the wider Global Working Group for review.

Section writing

The lead author (C.P.G.) drafted the scope and principal sections of docu-
ment. Section Chairs with specific expertise led on topics, which was co-
ordinated and refined by the Global Working Group Chairs through online
feedback. Sections Chairs were requested to list knowledge gaps and re-
search needs.

Timelines

Over a six-month period from January 2024, we conducted a series of vir-
tual meetings on Teams with the core Global Working Group supplemen-
ted by remote working and communication, and face-to-face meetings. The
Chairs of the Global Working Groups had scheduled virtual meetings on
Teams lasting 30 min each fortnight during this period.

Patients

We engaged with a patient with chronic obstructive pulmonary disease, a
patient with cardiovascular disease, and the Global Airways and Allergy
Patient Platform to canvas feedback about our document. The Chairs of
the Global Working Group agreed that this activity would be undertaken
during the later stages of development of the document.

Statistical analysis

For the current study, a threshold of over 80% agreement was used because
we wished to define consensus agreement on the basis that a small group
may result in higher standard deviation in responses. Descriptive statistics
were used to summarize scores. All free-text responses were provided in
English, evaluated by the Chairs and where applicable used to make amend-
ments or clarifications for the consensus statement in the second round.

Results

The core Global Working Group comprised 11 members (six pulmonol-
ogists, one general practitioner, four cardiologists; representing seven
men and four women across five countries). The wider Global
Working Group comprised (in addition to the core group) 38 pulmonol-
ogists, 3 general practitioners, 28 cardiologists, 10 nurses, 3 epidemiolo-
gists, 1 exercise physiologist, 1 cardiopulmonary physiotherapist, 1
exercise physiologist, 1 patient group, 2 patients, and 1 medical student;
in total, this represented 63 men and 37 women across 40 countries.

Modified Delphi

For the statement about the identification and management of cardio-
pulmonary risk, the first round of the modified Delphi process oc-
curred between 13 December 2023 and 3 January 2024. There was
full consensus from all 11 (100%) members of the core Global
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Working Group, with only one comment that recommended the term
‘people’ rather that ‘patients’, which was actioned. Thus, the consensus
statement was inserted into the document and progressed to the wider
Global Working Group for feedback.

For the statement about the definition of cardiopulmonary events, the
first round of the modified Delphi process occurred between 18 February
2024 and 24 February 2024. Following reminders to non-responders,
there were eight respondents (72.7%), of whom seven (87.5%) agreed
and one (12.5%) strongly agreed with the consensus statement. Four com-
ments were submitted about the definitions of the individual components
of the cardiopulmonary event composite. Following online discussion, the
second round of voting occurred between 24 February 2024 and 1 March
2024. The survey was completed by eight respondents (72.7%), of whom
seven (87.5%) agreed and one (12.5%) disagreed. Three comments were
submitted about simplifying the statement as a whole and the definitions of
the individual components of the cardiopulmonary event composite. This
was actioned following review with the Chairs, and the consensus state-
ment inserted into the document and progressed to the wider Global
Working Group for feedback.

Sections

We identified 12 sections for the document representing the funda-
mental issues in cardiopulmonary risk in chronic obstructive pulmonary
disease; (i) consensus statement; (i) definitions; (iii) clinical presenta-
tion; (iv) estimating cardiopulmonary risk; (v) identification of cardiovas-
cular disease in people with chronic obstructive pulmonary disease;
(vi) identification of chronic obstructive pulmonary disease in people
with cardiovascular disease; (vii) outcomes and prognosis; (viii) manage-
ment of cardiovascular disease in people with chronic obstructive
pulmonary disease; (ix) management of cardiovascular risk and cardio-
pulmonary risk in people with chronic obstructive pulmonary disease;
(x) management of chronic obstructive pulmonary disease in people
with cardiovascular disease; (xi) organization and delivery of care; and
(xii) pre-chronic obstructive pulmonary disease and relevance to car-
diovascular risk in chronic obstructive pulmonary disease. Knowledge
gaps and research needs for cardiopulmonary risk in chronic obstruct-
ive pulmonary disease are presented in Table 1, and recommendations
for research about cardiopulmonary risk in chronic obstructive pul-
monary disease are presented in Table 2.

Consensus statement

Thefinal consensus statement was, ‘Given the high burden of fatal and non-
fatal major cardiovascular and respiratory events in people with COPD it is
important that cardiopulmonary risk is assessed and managed'.

Definitions

Cardiopulmonary events

Cardiopulmonary events is a composite term comprising the singular of
moderate or severe chronic obstructive pulmonary disease exacerba-
tion, myocardial infarction, stroke, heart failure event, cardiac arrhyth-
mia, or death due to any of these events. While myocardial infarction,20
stroke,”" and heart failure event?® have standard definitions,?® cardiac
arrhythmia is defined as the existence of atrial fibrillation, atrial ﬂu‘cter‘,24
ventricular tachycardia, or ventricular fibrillation.”> Cardiopulmonary
events may also be employed as a study composite outcome measure.
We acknowledge that composite outcome measures can provide

financial and logistical efficiency to detect a minimally clinically import-
ant difference in a research study, but potentially at the expense of los-
ing clarity over the mechanism of the effect of the intervention.”**’ The
Global Working Group also supports the notion that cardiopulmonary
events that occur earlier after an index event, such as a chronic ob-
structive pulmonary disease exacerbation, may be more likely to be
causally related to that index event.

Cardiopulmonary risk

We define cardiopulmonary risk as a patient’s risk of experiencing a car-
diopulmonary event. We propose that cardiopulmonary risk is modifi-
able and may be categorized as low, intermediate, high, and very high
(Figure 1). However, once a patient with chronic obstructive pulmonary
disease has been optimally managed in terms of their cardiovascular and
pulmonary disease and risk, they may continue to be at elevated cardio-
pulmonary risk, albeit with a lower risk of events; we propose that this
is termed residual cardiopulmonary risk. A clinical goal should be to
minimize cardiopulmonary risk though lifestyle interventions and ther-
apy. Tackling residual cardiopulmonary risk may require novel interven-
tions and should be a priority area for research.

Clinical presentation

The manifestation of incident cardiovascular disease in people with
chronic obstructive pulmonary disease is most frequently with athero-
sclerotic cardiovascular disease, heart failure, and atrial fibrillation, and
of these three presentations, it is reported to be the highest for heart
failure.®?? The incidence of ischaemic heart disease in people with
chronic obstructive pulmonary disease is estimated to be ~70% higher
than that for people without chronic obstructive pulmonary disease.?®
Furthermore, incident acute myocardial infarction is more than three-
fold higher in people with chronic obstructive pulmonary disease com-
pared to those without, and among those aged 35-44 years, it carries a
more than 10-fold higher risk.%° Among people with chronic obstruct-
ive pulmonary disease, heart failure with reduced ejection fraction is es-
timated to be prevalent in 10-46%," and 20-70% have heart failure
with mildly reduced or preserved ejection fraction®**® (which con-
trasts with the prevalence of clinically significant cor pulmonale that is
estimated to be <1% in patients with chronic obstructive pulmonary
disease).>* Incident heart failure is three-fold higher for people with
chronic obstructive pulmonary disease compared to those without
chronic obstructive pulmonary disease. Finally, the incidence of atrial
fibrillation is ~60% higher in chronic obstructive pulmonary disease
with a prevalence estimated to be ~7%.%%3 This prevalence increases
with worsening chronic obstructive pulmonary disease severity, as de-
monstrated in a prospective study where, after adjustment for demo-
graphic and cardiovascular risk factors, lower levels of the forced
expiratory volume in 1's (FEV1) and forced vital capacity (FVC) were
each associated with about a 20% proportional increase in risk for atrial
fibrillation per 500 mL reduction in FEV1 and/or FVC.3®

Itis important to note that patients with chronic obstructive pulmon-
ary disease may be at risk for, but not have clinically overt, cardiovascular
disease, and the ways that it manifests itself may differ between men and
women.?” In addition, most common cardiovascular disease prevention
risk scores (except for QR4*®) do not include chronic obstructive pul-
monary disease as a risk factor, raising the potential for underestimation
of cardiovascular risk in this population (Tables 1 and 2).>**° The Global
Working Group on Cardiopulmonary Risk also recognizes that chronic
obstructive pulmonary disease is frequently associated with frailty,
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Table 1 Knowledge gaps and research needs for cardiopulmonary risk in chronic obstructive pulmonary disease

Clinical presentation

e Contemporary and representative information about the incidence of cardiovascular disease in individuals with chronic obstructive pulmonary disease.

o The underlying pathophysiological mechanisms that convey the increased risk of cardiovascular events in patients with chronic obstructive pulmonary
disease.

e The magnitude of cardiovascular risk (e.g. of cardiac arrhythmia) induced by pharmacotherapy for chronic obstructive pulmonary disease exacerbations.

Estimating cardiopulmonary risk

e The performance and clinical utility of a risk score for the prediction of cardiopulmonary events in people living with chronic obstructive pulmonary
disease.

Identification of cardiovascular disease in people with chronic obstructive pulmonary disease

® The most accurate and cost-effective method(s) to assess and address cardiovascular risk factors and disease in people with chronic obstructive
pulmonary disease.

o The role of natriuretic peptides (e.g. NT-proBNP) in evaluating heart failure among individuals with chronic obstructive pulmonary disease.

o Whether CT scans performed for lung cancer screening can help identify early forms of cardiovascular disease.

o Whether the use of coronary artery calcium scoring and/or CTCA and resultant treatment for coronary artery disease, as necessary, in people with
chronic obstructive pulmonary disease is associated with improved clinical outcomes.

Identification of chronic obstructive pulmonary disease in people with cardiovascular disease

e The most accurate and cost-effective strategy for identification of chronic obstructive pulmonary disease in individuals with cardiovascular disease.

Outcomes and prognosis

e The association of chronic obstructive pulmonary disease and a wider range of incident cardiovascular diseases such as heart failure, ischaemic heart
disease, arrhythmia, and peripheral vascular disease.

e The extent to which a cardiovascular event alters future risk of cardiopulmonary events in patients with chronic obstructive pulmonary disease.

e The impact of stratified interventions (tailoring treatments to specific phenotypes of chronic obstructive pulmonary disease) on cardiopulmonary
outcomes in people with chronic obstructive pulmonary disease.

o The effect of biologics for the treatment of chronic obstructive pulmonary disease on cardiopulmonary events.

o The effect of novel investigational medicinal products for concomitant cardiovascular disease and chronic obstructive pulmonary disease on
cardiopulmonary events.

Management of cardiovascular disease in people with chronic obstructive pulmonary disease

o Eligibility for and the implementation gap in established guideline-directed medical therapy among real-world populations with chronic obstructive
pulmonary disease and concomitant cardiovascular disease.

e The magnitude of residual cardiovascular risk in people with chronic obstructive pulmonary disease after adjusting for treatment of cardiovascular risk
factors and cardiovascular disease.

o Effect of cardiovascular therapies on pulmonary related symptoms, quality of life, and outcomes.

e Response to cardiovascular therapies in specific phenotypes of chronic obstructive pulmonary disease.

e The role of opportunistic screening by coronary calcification identified at lung CT.

Management of cardiovascular risk and cardiopulmonary risk in people with chronic obstructive pulmonary disease

o The effect of treating cardiovascular risk factors in people with chronic obstructive pulmonary disease on clinical outcomes.

o The clinical effect of intensive cardiovascular risk factor treatment to lower than standard guideline targets (as adopted in people with diabetes) among
people with chronic obstructive pulmonary disease.

Management of chronic obstructive pulmonary disease in people with cardiovascular disease

o Whether optimization of chronic obstructive pulmonary disease care, including non-pharmacologic and pharmacological treatments aimed at reducing
chronic obstructive pulmonary disease exacerbations and systemic steroid use, improve cardiovascular outcomes in patients with established
cardiovascular disease.

Organization and delivery of care

o Whether a breathlessness pathway can provide accelerated diagnosis and treatment of chronic obstructive pulmonary disease and cardiovascular disease,
and whether this is associated with reduced cardiopulmonary events.

which increases a person’s vulnerability to chronic obstructive pulmon-
ary disease exacerbations and adverse outcomes.

Estimating cardiopulmonary risk

Guideline recommended cardiovascular risk scores, including the
Framingham risk sore, Pooled Cohorts’ Equations (PCE), Reynolds

risk score, SCORE?2, |BS3, PREVENT, and QRISK3, for the estimation
of future cardiovascular disease in individuals without previous cardio-
vascular disease, do not include chronic obstructive pulmonary disease
asa predic‘cor.39 The QRISK3 risk score has been shown to underesti-
mate observed 10-year cardiovascular disease among individuals living
with chronic obstructive pulmonary disease. In the Canadian Cohort
of Obstructive Lung Disease (CanCOLD), individuals with chronic ob-
structive pulmonary disease have an approximate two-fold higher risk
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Table 2 Recommendations for research about cardiopulmonary risk in chronic obstructive pulmonary disease

Clinical presentation

o New estimates of incident cardiovascular disease in people with chronic obstructive pulmonary disease are required to inform the burden of disease and
opportunities for prevention.

e There is a need for chronic obstructive pulmonary disease and cardiovascular guidelines to provide a practical and systematic approach to assessing
cardiopulmonary risk to mitigate cardiovascular disease.

o Risk stratification for cardiovascular disease should consider chronic obstructive pulmonary disease as a predictor, and cardiovascular risk scores should be
designed for the chronic obstructive pulmonary disease population.

® Mechanistic studies are needed to understand the pathophysiology of cardiovascular events in chronic obstructive pulmonary disease, to more fully
identify targets for treatment or prevention.

Estimating cardiopulmonary risk

o A simple composite score that accurately predicts the risk of cardiopulmonary events in people with chronic obstructive pulmonary disease should be
developed and validated.

o Levels of cardiopulmonary risk should be defined and quantified.

e People with chronic obstructive pulmonary disease should be systematically assessed for combined risk of cardiovascular disease and future chronic
obstructive pulmonary disease exacerbations.

Identification of cardiovascular disease in people with chronic obstructive pulmonary disease

e Chronic obstructive pulmonary disease clinical practice guidelines should include recommendations related to the assessment of cardiovascular risk and
disease.

e Develop means to assess cardiovascular risk in individuals with chronic obstructive pulmonary disease.

® The cost effectiveness of cardiovascular diagnosis and treatment approaches among people with chronic obstructive pulmonary disease should be
investigated.

Identification of chronic obstructive pulmonary disease in people with cardiovascular disease

e Cardiovascular and chronic obstructive pulmonary disease guidelines and recommendations should more fully recognize the importance of identifying
chronic obstructive pulmonary disease in people with cardiovascular disease.

o Studies are required to evaluate the clinical benefits associated with identification of chronic obstructive pulmonary disease in people with cardiovascular
disease.

Outcomes and prognosis

o Outcomes research is needed to understand the course of chronic obstructive pulmonary disease, factors associated with cardiopulmonary events in
chronic obstructive pulmonary disease, and the prognostic determinants of outcomes.

o Randomized clinical trials of patients with chronic obstructive pulmonary disease should consider including cardiopulmonary events as a pre-specified
composite or individual components outcome measure(s).

e Randomized controlled trials designed to test the effect of biologics for the treatment of chronic obstructive pulmonary disease on cardiopulmonary
events.

e Randomized controlled trials designed to test the effect of novel investigational medicinal therapies for concomitant cardiovascular disease and chronic
obstructive pulmonary disease on cardiopulmonary events

Management of cardiovascular disease in people with chronic obstructive pulmonary disease

o Include and characterize cardiovascular disease in participants of future clinical studies of chronic obstructive pulmonary disease (e.g. cardiovascular
biomarkers, 12-lead ECG, transthoracic echocardiography), along with characterization of chronic obstructive pulmonary disease in future clinical studies
of cardiovascular disease [e.g. modified Medical Research Council (MMRC) dyspnoea scale, CAT, and spirometry].

e Conduct pragmatic randomized controlled trials that test the identification and treatment of cardiovascular disease in people with chronic obstructive
pulmonary disease.

Management of cardiovascular risk and cardiopulmonary risk in people with chronic obstructive pulmonary disease

o Clinical practice guidelines for chronic obstructive pulmonary disease include recommendations for the identification and management of cardiovascular
risk factors.

o Cardiovascular outcome trials of the effect of treating cardiovascular risk factors in people with chronic obstructive pulmonary disease.

Management of chronic obstructive pulmonary disease in people with cardiovascular disease

o Cardiovascular outcomes studies of chronic obstructive pulmonary disease treatment optimization across all stages of chronic obstructive pulmonary
disease in patients with established cardiovascular disease.

Organization and delivery of care

o |Implement and evaluate new models of care for patients with undifferentiated breathlessness.

o Health services research to investigate service-level performance using audit and feedback for chronic obstructive pulmonary disease care, and
breathlessness pathways for efficient diagnosis of chronic obstructive pulmonary disease and cardiovascular disease.
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Very High

High
(Established CVD
No recent CV event)

Intermediate
(CV risk factors
No known CVD)

Low
(No CV riskfactors
No CVD)

Cardiovascular risk profile

Residual

4
(Recent CV event)

Residual Low
(CAT score<10)

Intermediate High
(CAT score 10-20; (CAT score 20-30)
Low AECOPD risk)

Very high
(CAT score 30-40;
High AECOPD risk)

COPD risk profile

Figure 1 Conceptualizing chronic obstructive pulmonary disease-associated cardiopulmonary risk. CV, cardiovascular; CVD, cardiovascular disease;
CAT, COPD Assessment Tool; AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

of developing cardiovascular disease compared to individuals with nor-
mal spirometry, without evidence of improved prediction of cardiovas-
cular events among those with impaired spirometry when the PCE or
Framingham risk scores were used. In contrast, the new QR4 risk score
that incorporates chronic obstructive pulmonary disease affords the
ability to reclassify patients with chronic obstructive pulmonary disease
into higher risk for cardiovascular disease in order to enable them to be
offered lifestyle intervention and lipid-lowering therapy.*® It does not,
however, identify who with chronic obstructive pulmonary disease is
at higher risk of a cardiopulmonary event.

There exists a need for a validated, accurate risk score for the prediction
of cardiopulmonary events in patients with chronic obstructive pulmonary
disease. Some scores have been developed to predict the risk of acute ex-
acerbation (e.g. ADO) and survival (e.g. BODE), but neither includes co-
morbidities nor other forms of cardiovascular disease, and they add little
over simple clinical assessment of past exacerbation history. Given that
all people with chronic obstructive pulmonary disease are at elevated car-
diopulmonary risk, it is important to determine which factors carry the
greatest incremental risk (e.g. smoking, elevated COPD Assessment
Tool (CAT) score, frequency and severity of Acute Exacerbations of
COPD (AECOPD), known cardiovascular disease, high predicted risk of
cardiovascular disease in those without known cardiovascular disease,
hypertension, diabetes, chronic kidney disease, dyslipidaemia, obesity,

and coronary artery calcification). Risk estimates may differ according to
sex.” In a cohort of people with stable chronic obstructive pulmonary dis-
ease, after adjustment for cardiovascular risk factors, prevalent cardiovas-
cular disease, and other established chronic obstructive pulmonary disease
mortality predictors, high sensitivity troponin concentration was a predict-
or for all-cause mortality.

Identification of cardiovascular
disease in people with chronic
obstructive pulmonary disease

International respiratory guidelines and recommendations do not ad-
dress the importance of identifying cardiovascular disease in people
with chronic obstructive pulmonary disease. In contrast, the 2021
European Society of Cardiology Guidelines on Cardiovascular
Disease Prevention in Clinical Practice recommend that all people
with chronic obstructive pulmonary disease be evaluated for athero-
sclerotic cardiovascular disease and associated risk factors.®

We propose that people with chronic obstructive pulmonary dis-
ease be fully evaluated for cardiovascular disease with a cardiovascular
history (noting a history of chest pain/tightness, orthopnoea,
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paroxysmal nocturnal dyspnoea, palpitations, syncope, and dispropor-
tionate dyspnoea), full lipid profile, haemoglobin alc (Hba1c), full (com-
plete) blood count, urea and electrolytes, estimated glomerular
filtration rate, thyroid function, liver function (collectively representing
a basic metabolic panel), N-terminal pro-B-type natriuretic peptide
(NT-proBNP), blood pressure, and a 12-lead electrocardiogram per-
formed. At a minimum, a cardiovascular disease history and, as neces-
sary, additional cardiovascular investigations should be performed as
dictated on an annual basis.

Given the prevalence and consequence of atrial fibrillation, consider-
ation should be given to screening for this condition in individuals with
chronic obstructive pulmonary disease utilizing algorithms based on
electronic health records data (such as FIND-AF), and/or
photoplethysmography-based devices. Among those without known
cardiovascular disease, people with chronic obstructive pulmonary dis-
ease should have their risk of cardiovascular disease estimated using
QR4 (or an equivalent validated cardiovascular disease risk score, while
understanding that scores may underestimate cardiovascular risk in
chronic obstructive pulmonary disease). The COPDCoRi risk score es-
timates the risk of coronary artery disease in patients with chronic ob-
structive pulmonary disease. Patients should be informed of the
importance of a heart-healthy diet and regular exercise. Blood pressure
control, lipid-modifying therapy, oral anticoagulation for stroke preven-
tion in atrial fibrillation, control of diabetes mellitus, weight manage-
ment, and treatment of heart failure should be undertaken in
accordance with clinical guidelines."®"” Incident and prevalent cardio-
vascular disease should be assessed and managed in conjunction with
the person’s general practitioner, cardiologist and/or specialist nurse
or allied health professional. Further cardiovascular evaluation should
be tailored according to the results of initial laboratory tests
(Figure 2). This may include a transthoracic echocardiogram in the con-
text of an elevated NT-proBNP (noting that a normal left ventricular
ejection fraction in a patient with elevated NT-proBNP does not ex-
clude heart failure) or coronary artery calcium scoring to refine athero-
sclerotic cardiovascular disease risk assessment. NT-proBNP levels vary
in patients with chronic obstructive pulmonary disease and are higher in
patients with chronic obstructive pulmonary disease exacerbations, pul-
monary hypertension, and heart failure, and is associated with adverse
prognosis. If the history supports a specific cardiovascular disease,
then additional cardiovascular imaging could be pursued such as com-
puted tomography coronary angiography (CTCA), functional testing,
ambulatory rhythm monitoring, cardiopulmonary exercise testing, and
cardiac magnetic resonance imaging. Although an increased troponin le-
velis a strong independent predictor for cardiovascular events and mor-
tality in stable chronic obstructive pulmonary disease, we do not
recommend the routine testing of troponin in patients with chronic ob-
structive pulmonary disease unless there are clinical features to suggest
acute coronary syndrome.

Identification of chronic
obstructive pulmonary disease in
people with cardiovascular disease

In the absence of clinical practice guidance related to identification of
chronic obstructive pulmonary disease in people with cardiovascular
disease, we propose that people with cardiovascular risk factors or
disease with regular colds or bronchitis, chronic cough or recurrent
expectoration, recurrent ‘chest infections’, dyspnoea, or a significant

smoking history (more than 10 pack years) should have spirometry
performed. Particular note should be drawn to patients in whom dys-
pnoea is not explained by cardiovascular disease. Of note, the PUMA
score (comprising age, sex, pack-years smoking, dyspnoea, sputum,
cough, and spirometry) has a mean accuracy of 76% for detecting
chronic obstructive pulmonary disease; this and other such scores
could be employed for opportunistic case finding. In a randomized
strategy trial, a case finding method to identify adults in the commu-
nity with respiratory symptoms without known lung disease reduced
the annualized rate of participant-initiated health care utilization for
respiratory illness (though was not specifically for the identification
of chronic obstructive pulmonary disease in people with cardiovascu-
lar disease). Digital spirometers or handheld microspirometers could
potentially serve as an initial screening strategy for people at increased
risk for chronic obstructive pulmonary disease; and CTCA requested
for cardiac investigation could be useful to detect chronic obstructive
pulmonary disease. Because environmental and workplace exposure
to pollution, chemicals, fumes, smoke, and dust can cause chronic ob-
structive pulmonary disease, patients with this history may warrant
additional evaluation. Additional investigations should also be per-
formed according to the results of preliminary tests, and may include
gas transfer and lung volumes, and as appropriate transthoracic echo-
cardiography and thoracic computed tomography. Patients identified
as having incident and prevalent chronic obstructive pulmonary dis-
ease should have their lung-related treatment optimized according
to local, national or international guidelines and recommendations
(Figure 3).

Outcomes and prognosis

Evidence suggests that people with chronic obstructive pulmonary
disease face increased risk for hospitalization and death due to cardio-
vascular disease.*® Moreover, the presence of cardiovascular disease
serves as an adverse effect modifier in people with chronic obstructive
pulmonary disease, and conversely the presence of chronic obstruct-
ive pulmonary disease serves as an adverse effect modifier in people
with cardiovascular disease. Numerous observational studies have re-
ported the deleterious effects of chronic obstructive pulmonary dis-
ease in terms of mortality and morbidity in people with
cardiovascular disease. This appears to be associated with lung func-
tion severity, exacerbation status, and use of systemic steroids for
chronic obstructive pulmonary disease exacerbations. For every
10% decrease in FEV1, all-cause mortality increases by 14%, cardio-
vascular mortality increases by 28%, and non-fatal coronary events in-
crease by 20%. Among people with concomitant cardiovascular
disease and chronic obstructive pulmonary disease, compared with
people with no exacerbation, severe chronic obstructive pulmonary
disease exacerbations were associated with six-fold increase in hospi-
talization due to fatal or non-fatal stroke, myocardial infarction, or
heart failure in the following six months. Moreover, the risk of a car-
diovascular event is extended, albeit attenuated, for up to one year
following a chronic obstructive pulmonary disease exacerbation.
Interestingly, patients with concomitant atrial fibrillation and chronic
obstructive pulmonary disease had a very poor prognosis and the
temporal sequence in diagnosis was differentially associated with
prognosis, where a chronic obstructive pulmonary disease diagnosis
preceding an atrial fibrillation diagnosis was accompanied with a high-
er mortality risk compared with a chronic obstructive pulmonary dis-
ease diagnosis following an atrial fibrillation diagnosis.
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Patients with COPD

\ If no known cardiovascular disease: QRISK4 score or equivalent cardiovascular risk score l

| FBC, U&Es, eGFR, lipids, TFT, LFTs, NT-proBNP, Hbalc, BP, 12 lead ECG |

Optimise blood pressure control, lipid modification and oral anticoagulation for stroke prevention in atrial fibrillation, diet
and exercise according to clinical guidelines

Engage with cardiology for optimisation of cardiovascular disease management

As appropriate: transthoracic echocardiogram, CAC, CPET, CTCA, ambulatory rhythm monitoring, functional testing, CMRI [

Figure 2 Identification of cardiovascular disease in people living with chronic obstructive pulmonary disease. FBC, full (complete) blood count; U&Es,
urea and electrolytes; eGFR, estimated glomerular filtration rate; TFT, thyroid function tests; LFT, liver function tests; Hba1c, haemoglobin A1C (col-
lectively representing a basic metabolic panel); NT-proBNP, N-terminal pro-B-type natriuretic peptide; ECG, electrocardiogram; CAC, coronary artery
calcium score; CPET, cardiopulmonary exercise test; CTCA, computed tomography coronary angiography; CMRI, cardiac magnetic resonance imaging.

Management of cardiovascular
disease in people with chronic
obstructive pulmonary disease

The management of cardiovascular disease in people with chronic ob-
structive pulmonary disease should follow established guidelines for the
respective cardiovascular disease.'®'” Individuals who smoke tobacco
and/or vape should be advised to stop smoking and be offered interven-
tions and support to facilitate smoking cessation.

Important for both the cardiovascular and chronic obstructive pul-
monary disease population is the role of vaccinations. Chronic ob-
structive pulmonary disease guidelines
administration of vaccines for seasonal influenza, pneumococcus, re-
spiratory syncytial virus, and COVID-19, to reduce the risk of exacer-
bations. Influenza is associated with a six times increased risk of acute
myocardial infarction. In the IAMI trial, influenza vaccination significantly
reduced the rates of all-cause mortality, acute myocardial infarction,
and stent thrombosis at 12 months. Although randomized evidence
that vaccines would reduce a chronic obstructive pulmonary disease
patient’s cardiopulmonary risk is lacking, given that there is benefit to
vaccination in both conditions, one may propose that the benefit would
be extended to a chronic obstructive pulmonary disease patient to re-
duce their cardiopulmonary risk.

For patients with chronic obstructive pulmonary disease, cardiovas-
cular disease is a fundamental extrapulmonary ‘treatable trait’ that re-
quires specific therapy when present. Importantly, there is no
contraindication to guideline-directed medical therapy for cardiovascu-
lar disease in individuals with chronic obstructive pulmonary disease.
This includes beta-blockers, antiplatelet therapy, lipid-lowering therapy
[such as but not limited to HMG Co-A reductase inhibitors (statins)],
and angiotensin-converting enzyme inhibitors (ACEI) or angiotensin re-
ceptor blockers (ARB) for atherosclerotic cardiovascular disease, anti-
arrhythmic drugs for arrhythmia, and quadruple therapy for heart
failure (sacubitril-valsartan, beta-blockers, mineralocorticoid receptor

recommend for the

antagonists (MRA), and sodium-glucose transport protein 2 (SGLT?2)
inhibitors.

Concerns regarding beta-blockers in people with chronic obstructive
pulmonary disease are unfounded. In systematic reviews and
meta-analyses, cardioselective beta-blockers have been shown to be
safe and well tolerated in even moderate and severe chronic obstruct-
ive pulmonary disease. Furthermore, a common misperception is that
people with chronic obstructive pulmonary disease and established car-
diovascular disease derive less benefit from cardiovascular therapies
due to competing non-cardiovascular risks. However, because they
have higher absolute rates of major adverse cardiovascular events
and the same relative risk reduction with cardiovascular therapies,
the absolute risk reduction is even greater. The undertreatment of pa-
tients at high cardiovascular risk underscores the strong observational
association between cardiovascular treatments and improved out-
comes in real-world populations with chronic obstructive pulmonary
disease (an unhealthy non-user effect). Multidisciplinary pulmonary re-
habilitation programmes including core components or physical exer-
cise and education for people with chronic obstructive pulmonary
disease have also been associated with improvements in cardiovascular
risk factors.

Management of cardiovascular risk
and cardiopulmonary risk in people
with chronic obstructive
pulmonary disease

In addition to being under-recognized, cardiovascular risk factors are
also inadequately monitored, undertreated, and poorly controlled in
people with chronic obstructive pulmonary disease. In a large primary
care cohort in Canada, cardiovascular risk factors were prevalent in peo-
ple with chronic obstructive pulmonary disease, namely hypertension
(52.3%), dyslipidaemia (62.0%), diabetes (25.0%), obesity (40.8%), and
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Patients with cardiovascular disease or with cardiovascular risk factors

l

Presence of regular colds or bronchitis, chronic cough, regular expectoration, dyspnoea, and a significant smoking history

| Pre/post s,

pirometry ]

| Optimisation of COPD management |

|

| As appropriate: gas transfer and lung volumes l

I As appropriate: transth

oracic echocardiogram |

‘ As appropriate: thoracic CT |

Figure 3 lIdentification of chronic obstructive pulmonary disease in people living with cardiovascular disease. CT, computed tomography.

smoking (40.9%). For those receiving cardiovascular risk factor monitor-
ing, guideline recommended targets were achieved in only 60.8%, 46.6%,
57.4%, 10.6%, and 12.0%, respectively. Cardiovascular therapies includ-
ing ACEI (69%), statins (69%), and smoking cessation therapies (27%)
were also underused.'® Similarly, influenza vaccination remains underu-
tilized in chronic obstructive pulmonary disease, increasing the risk for
cardiovascular events. As with established cardiovascular disease, the
management of cardiovascular risk should follow established guidelines
of the respective risk factors.'®"’

Management of chronic obstructive
pulmonary disease in people with
cardiovascular disease

Patients with cardiovascular disease who are diagnosed with chronic ob-
structive pulmonary disease should have their lung disease severity evalu-
ated beyond spirometry. Patient reported outcome measures such as the
modified Medical Research Council (mMRC) dyspnoea scale or the CAT
are reliable and validated tools for the assessment of chronic obstructive
pulmonary disease burden and health status. A history of chronic obstruct-
ive pulmonary disease exacerbations and hospitalizations in the last 12
months should be recorded and incorporated into the patient assess-
ment."® Using this and other individual demographic information, a tailored
chronic disease management strategy incorporating biopsychosocial (both
non-pharmacological and pharmacological) interventions can be devel-
oped and implemented. There are a number of guidelines and recommen-
dations that exist, and the treatment for chronic obstructive pulmonary
disease will depend on resources available in the clinical setting."*"® In pa-
tients with cardiac arrhythmia, the use of beta2-agonist bronchodilators
should be minimized, and tailored according to the nature of the cardiac
rhythm disturbance. For example known, rate controlled and anticoagu-
lated atrial fibrillation would not be seen in the same context as recurrent
ventricular tachycardia. Preventing exacerbations of chronic obstructive
pulmonary disease that result in the use of beta2-agonist bronchodilators
should be a clinical goal.

Organization and delivery of care

Given the importance of timely diagnosis and optimal management of
chronic obstructive pulmonary disease in people with cardiovascular
risk factors and disease, there exists a greater need to optimize co-
ordination between primary care, cardiology, and pulmonology.
Traditional, discrete models of parallel referrals from primary care to
separate cardiology and pulmonology specialists who themselves do
notinteract may impede optimal care. Alternative models of care should
be explored including: multidisciplinary team discussions and virtual re-
view; multi-speciality clinics for people presenting with undifferentiated
breathlessness; inclusion (and contracting) of cardiopulmonary risk as-
sessment in the annual chronic obstructive pulmonary disease review;
early cardiopulmonary review following a moderate or severe chronic
obstructive pulmonary disease exacerbation; and dedicated cardiopul-
monary risk clinics. Allied health professionals, including pharmacists,
specialist nurses, and certified respiratory educators, could be upskilled
to enable the identification and initial management of cardiopulmonary
risk in the community as well as at cardiology and respiratory clinics.
Indeed, a chronic obstructive pulmonary disease care pathway can suc-
cessfully be embedded in an existing cardiology outpatient clinic infra-
structure (for example using microspirometry and remote analysis of
results).

Pre-chronic obstructive pulmonary
disease and relevance to
cardiovascular risk assessment in
chronic obstructive pulmonary
disease

Pre-chronic obstructive pulmonary disease defines a large subgroup of
high risk ever smokers with clinical or radiological features characteristic
of chronic obstructive pulmonary disease, but not meeting traditional
spirometric criteria showing airflow limitation. Although still the subject
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of ongoing research, including from several large cohort studies
(SPIROMICS, COPDGene, UKBiobank, and ACRIN), two spirometric
defined subgroups have been identified; PRISm (preserved ratio im-
paired spirometry) and GOLD 0 (characterized primarily by non-
obstructive chronic bronchitis). These subgroups have been shown to
have elevated cardiovascular and all-cause mortality, likely through an in-
creased prevalence of features of the metabolic syndrome (diabetes
mellitus, hypertension, and obesity) and co-existing airways
abnormalities.

Summary and future directions

We have developed a multidisciplinary, clinically-focused, consensus-
based document detailing the internationally agreed definitions of car-
diopulmonary events and cardiopulmonary risk in chronic obstructive
pulmonary disease, as well as providing a blueprint for the identification
and management of cardiopulmonary risk in people with chronic ob-
structive pulmonary disease. Adoption of this will facilitate high quality
clinical research and reduce the burden of premature cardiovascular
events in people with chronic obstructive pulmonary disease.

Patients with chronic obstructive pulmonary disease are at high risk
for fatal and non-fatal major adverse cardiovascular and respiratory
events—cardiopulmonary risk. Despite the clear epidemiologic links
between these conditions, cardiovascular risk factors are often under-
diagnosed and undertreated in patients with chronic obstructive pul-
monary disease, and chronic obstructive pulmonary disease is often
underdiagnosed and suboptimally managed in patients with cardiovas-
cular disease.'® Recognizing the opportunity to improve care and out-
comes through greater attention to the connection between chronic
obstructive pulmonary disease and the cardiovascular system, the
Global Working Group on Cardiopulmonary Risk'? in patients with
chronic obstructive pulmonary disease herein provides a consensus
statement on the identification and management of cardiopulmonary
risk in patients with chronic obstructive pulmonary disease. In particu-
lar, we: (i) call for improved cardiopulmonary risk identification and
stratification in chronic obstructive pulmonary disease; (i) provide sug-
gested clinical pathways and integrated models for identifying comorbid
chronic obstructive pulmonary disease and cardiovascular disease in pa-
tients known to have either chronic obstructive pulmonary disease or
cardiovascular disease but not the other; and (i) highlight the import-
ance of developing novel therapies and defining optimal treatment
strategies and systems of care to reduce chronic obstructive pulmonary
disease-associated cardiopulmonary risk.

As there are no contemporary international specialist society-based
guidelines on addressing cardiovascular disease screening and management
in patients with chronic obstructive pulmonary disease or chronic ob-
structive pulmonary disease screening and management in patients with
cardiovascular disease, this document offers several consensus recom-
mendations based on expert opinion. This statement should be viewed
as a pragmatic guide for clinicians and a call to action to better understand
and treat chronic obstructive pulmonary disease-associated cardiopul-
monary risk rather than a definitive set of evidence-based guidelines.
From an inaugural list of researchable questions published on behalf of
the Global Working Group,'® this document suggests priorities for future
research studies and randomized clinical trials, and builds on other
initiatives. Moreover, as reflected by the multidisciplinary backgrounds of
its co-authors, this consensus statement acknowledges the importance
of cross-disciplinary collaboration to expand our understanding of chronic
obstructive pulmonary disease-associated cardiopulmonary risk and to
broadly improve health outcomes.

We recognize the limitations of our work. There was unanimous
agreement for the statement about the identification and management
of cardiopulmonary risk in people with chronic obstructive pulmonary
disease. It is possible that this may have arisen because the core Global
Working Group was too small and/or the voting option was binary. We
appreciate that the core working group did not represent low income
countries. Nonetheless a free-text comments section was provided,
and the consensus statements were reviewed by the Global Working
Group of 100 international experts from a range of disciplines repre-
senting the range of World Bank income groups, with no call for revi-
sion or further voting. Equally, the modified Delphi process for the
statement about the definition of cardiopulmonary events generated
comments and discussion, which was addressed and taken to further
voting. We acknowledge that the components of the composite
term cardiopulmonary event include more cardiovascular outcome
measures that respiratory outcome measures, and that this weighting
could impact study outcomes.”” Conversely, should acute exacerba-
tions occur more frequently than stroke or a heart failure events,
then a study using cardiopulmonary events as a composite primary out-
come measure may realize its primary endpoint through the respira-
tory component rather than the cardiovascular components.

To our knowledge, this is the first comprehensive study of cardiopul-
monary risk in chronic obstructive pulmonary disease. Adoption of our
work will provide the opportunity to advance the field and improve
chronic obstructive pulmonary disease care and outcomes.
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