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ABSTRACT

Chronic obstructive pulmonary disease (COPD)
constitutes a major global health burden and is
the third leading cause of death worldwide. A
high proportion of patients with COPD have
cardiovascular disease, but there is also evidence
that COPD is a risk factor for adverse outcomes

in cardiovascular disease. Patients with COPD
frequently die of respiratory and cardiovascular
causes, yet the identification and management
of cardiopulmonary risk remain suboptimal
owing to limited awareness and clinical inter-
vention. Acute exacerbations punctuate the
progression of COPD in many patients, reduc-
ing lung function and increasing the risk of
subsequent exacerbations and cardiovascular
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events that may lead to early death. This nar-
rative review defines and summarises the prin-
ciples of COPD-associated cardiopulmonary
risk, and examines respiratory interventions
currently available to modify this risk, as well as
providing expert opinion on future approaches
to addressing cardiopulmonary risk.

Keywords: Cardiopulmonary risk; Cardiovas-
cular disease; Chronic obstructive pulmonary
disease; Exacerbation; Inhaled therapy;
Mortality

Key Summary Points

This narrative review defines
cardiopulmonary risk as the risk of serious
respiratory and/or cardiovascular events
in patients with chronic obstructive
pulmonary disease (COPD).

Many people with COPD are at elevated
cardiopulmonary risk, which may lead to
early death.

Current evidence supports proactive
therapeutic intervention to prevent
exacerbations, reduce the risk of
cardiopulmonary events and thereby
reduce mortality in patients with COPD.

Reframing the management of COPD
towards proactive cardiopulmonary risk
reduction could transform the standard of
care and, therefore, improve clinical
outcomes.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
constitutes a major international health bur-
den, with an estimated global prevalence of
10.3%, corresponding to 391.9 million cases in
people aged 30–79 years [1, 2]. Furthermore,
COPD is the third leading cause of death
worldwide, accounting for 3.23 million deaths
in 2019 [3], with annual global deaths projected
to increase to over 7 million by 2060 [4].

The prevalence of diagnosed cardiovascular
disease is estimated to be between 28 and 70%
in patients with COPD—two- to five-fold higher
than in those without COPD [5–7]. Collective
risk factors, including but not limited to smok-
ing and advanced age, contribute to this level of
coexistence [5, 8, 9]. Yet, the association
between COPD and cardiovascular disease
remains even after adjustment for these factors
[10]. This indicates a syndemic occurrence,
where shared risk factors, fundamental patho-
biological and pathophysiological interactions
and social determinants of health cause an
aggregation of the two diseases and exacerbate
the burden and prognosis of disease [11].

Patients with COPD are at elevated risk of
respiratory and cardiovascular events that may
lead to early death [12–15]. Herein, for COPD,
such respiratory events include exacerbations,
and cardiovascular events include myocardial
infarction, stroke, heart failure decompensation
and arrhythmia. Respiratory and cardiovascular
events are recognised as common causes of
death in patients with COPD, with the pre-
dominant underlying cause of death varying
according to disease severity [16]. Compared
with respiratory-related deaths, cardiovascular-
related deaths are more prevalent in patients
with Global Initiative for Chronic Obstructive
Lung Disease (GOLD) classification mild and
moderate disease (group 1 and 2), with respira-
tory deaths more prevalent in patients with
GOLD classification severe and very severe dis-
ease (group 3 and 4) [16]. Notably, modelled
projections of cause-specific deaths for patients
with COPD in the UK predict higher mortality
rates from cardiovascular causes than respira-
tory causes over a 10-year period [17].

C. P. Gale
Leeds Institute of Cardiovascular and Metabolic
Medicine, University of Leeds, Leeds, UK

C. P. Gale
Leeds Institute for Data Analytics, University of
Leeds, Leeds, UK

Adv Ther



Understanding the extent and nature of res-
piratory and cardiovascular events in patients
with COPD and identifying approaches to
reduce the risk of such occurrences is central to
improving clinical outcomes. In this narrative
review, we examine the current evidence
regarding respiratory and cardiovascular out-
comes in COPD from which we have derived
the concept of cardiopulmonary risk, consider
respiratory therapeutic interventions that may
reduce this risk and highlight the need for a
preventative approach to address cardiopul-
monary risk. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

DEFINITION
OF CARDIOPULMONARY RISK

A standardised definition of cardiopulmonary
risk in COPD has yet to be established. We
propose a foundational basis for the use of the
term cardiopulmonary risk, defined as:

While myocardial infarction and stroke have
standard definitions, here arrhythmia is defined
as atrial and ventricular tachyarrhythmia
[18–20].

FACTORS ELEVATING COPD-
ASSOCIATED CARDIOPULMONARY
RISK

There is an expanding evidence base to suggest
that COPD is an independent predictor for
cardiovascular disease [6, 21–23]. A meta-anal-
ysis of observational studies demonstrated that
patients with COPD have an increased

prevalence of cardiovascular risk factors, such as
hypertension and diabetes [5]. Furthermore, a
population-based retrospective cohort study in
Canada demonstrated that compared with
patients without COPD, there was a 25%
increase in the rate of major adverse cardiovas-
cular events (MACE; hazard ratio [HR] 1.25;
95% confidence interval [CI] 1.23, 1.27) in a
COPD population without a history of cardio-
vascular disease after adjustment for traditional
cardiovascular risk factors [10]. An editorial that
evaluated these data recommended that COPD
itself is recognised as a distinct cardiovascular
risk factor [6]. Moreover, a nationwide UK
incident COPD cohort study found that the
observed 10-year risk of cardiovascular disease
was 52% higher than that predicted by a widely
used cardiovascular risk score tool (QRISK3),
indicating a considerable and distinct contri-
bution of COPD to cardiovascular disease risk
irrespective of traditional cardiovascular risk
factors [24]. Thus, while the importance of tra-
ditional cardiovascular risk factors and the
optimisation of treatment for cardiovascular
diseases according to their guidelines is
acknowledged, here we will primarily focus on
the influence of symptoms and exacerbations
on cardiovascular risk in COPD.

Exacerbations of COPD can irreversibly
reduce lung function, accelerate the rate of
subsequent exacerbations and increase the risk
of death [25, 26]. Approximately 50% of
patients die within 3.6 years of their first severe
(hospitalised) exacerbation [26], and there is an
80% increase in the risk of death in patients
who have experienced two moderate (commu-
nity-treated) exacerbations within the previous
year [15]. There is growing evidence of a
pathobiological and pathophysiological impact
of exacerbations that extends beyond the lungs.
Exacerbations amplify the risk of cardiovascular
events, and this risk may remain elevated for up
to a year [14, 27]. A recent meta-analysis of six
cohort studies amounting to 533,672 patients
with COPD found that, compared with no
exacerbation, the risk of myocardial infarction
and stroke at between 1 and 3 months after an
exacerbation was increased by over two-fold
and approximately 70% respectively (risk ratio
[RR] 2.43, 95% CI 1.40, 4.20; and RR 1.68, 95%

‘The risk of serious respiratory and/or
cardiovascular events in patients with COPD.
These include, but are not limited to, COPD
exacerbations, myocardial infarction, stroke,
heart failure decompensation, arrhythmia and
death due to any of these events.’
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CI 1.19, 2.38) [28]. The multinational EXACOS-
CV programme investigated the risk of cardio-
vascular events following COPD exacerbations
using a set of retrospective longitudinal cohort
studies [29]. Data from the UK cohort showed
that, compared with no exacerbation, there was
a three-fold increase in cardiovascular events
(defined as acute coronary syndrome, arrhyth-
mia, heart failure, ischaemic stroke and pul-
monary hypertension) within 1–14 days
following an exacerbation of any severity, with
the risk remaining elevated for up to and
beyond 1 year [30]. This elevated risk was
highest in the 2 weeks immediately after a sev-
ere exacerbation (adjusted HR 14.5; 95% CI
12.2, 17.3) and 14–30 days after a moderate
exacerbation (adjusted HR 1.94; 95% CI 1.63,
2.31) [30]. Notably, when scaling the findings to
the wider COPD population, approximately
28% of severe exacerbations and 22% of mod-
erate exacerbations result in a cardiovascular
event [30]. When considering individual car-
diovascular components of the composite out-
come, the UK cohort reported that, compared
with no exacerbation, the incidence rate of
heart failure was increased following an exac-
erbation of any severity and remained signifi-
cantly elevated across the entire median follow-
up period of 2.40 years (adjusted HR 2.33; 95%
CI 2.24, 2.42) [30]. Similarly, in the Canadian
cohort this increased risk of heart failure was
observed up to 180 days following an exacer-
bation of any severity (adjusted HR 2.25; 95%
CI 1.96, 2.59) [31]. Indeed, overall data from
European and Canadian cohorts reported simi-
lar outcomes to the UK cohort, demonstrating
that compared with no exacerbation, there was
a heightened risk of severe cardiovascular
events (defined as acute coronary syndrome,
arrhythmia, heart failure and ischaemic stroke)
or death within the first 7 days after a severe
exacerbation (adjusted HR 15.84; 95% CI 15.26,
16.45 to HR 48.57; 95% CI 36.88, 63.96 across
countries), which was sustained beyond 1 year,
and for up to 6 months following a moderate
exacerbation [31–33]. These findings are further
supported by a post hoc analysis of the IMPACT
study, which reported that the overall risk of
cardiovascular events was higher during mod-
erate and severe exacerbations, and remained

elevated for 30 days post-exacerbation, even in
patients of low cardiovascular risk [34].
Although no studies to date have investigated
the association of cardiovascular events and
subsequent exacerbation frequency and severity
in people with COPD, the presence of cardio-
vascular disease in patients with COPD is
reported to increase the frequency of exacerba-
tions [35], cardiovascular-related hospitalisation
and mortality [36, 37].

Prognostic markers of future exacerbations
are established in the literature. A history of
exacerbations is the single strongest indepen-
dent predictor for future exacerbations [38],
although it is important to recognise that the
frequency of exacerbations may vary markedly
from year to year within individual patients
[39]. Complex, multivariable risk prediction
models that include several prognostic risk fac-
tors have superior predictive performance
compared with exacerbation history alone and
may have future clinical utility [40], though
such risk stratification tools are often not
employed in routine clinical practice [41].
When risk is evaluated in patients with COPD,
typically only the risk of an exacerbation is
assessed and cardiovascular risk is overlooked
[42].

Symptoms such as increased dyspnoea and
frequent productive cough predict subsequent
exacerbation risk. In a retrospective observa-
tional cohort study, * 1 in 2 patients with a
Medical Research Council (MRC) grade of C 3
experienced an exacerbation in the following
12 months [43]. Similarly, in a prospective
observational study, patients with frequent
productive cough at baseline had twice the risk
of hospital admission for exacerbation within
the following 12 months [13] and a 39%
increased risk of a major adverse cardiovascular
or respiratory event over 3 years of follow-up
[44]. The totality of these cardiopulmonary
interactions and events punctuates and accel-
erates the progression of COPD along an
adverse prognostic trajectory (Fig. 1).
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Fig. 1 COPD-associated cardiopulmonary risk. Arrow type
and shade indicate strength of association: strong association,
with substantial supporting data (dark grey solid), emerging

association, with some supporting data (dark grey dotted),
suspected association, with data yet to be generated (light grey
dotted). COPD chronic obstructive pulmonary disease
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Mechanisms

The precise mechanisms driving cardiopul-
monary events in COPD are yet to be fully elu-
cidated. We propose exacerbations as a
foundational risk factor for respiratory and car-
diovascular events that are associated with, and
may amplify, underlying mechanisms already
present in COPD including systemic inflam-
mation, hyperinflation and hypoxaemia. This is
based on our knowledge that lung inflamma-
tion may trigger systemic inflammation,
resulting in atherothrombosis [45]. Addition-
ally, hyperinflation hinders cardiac output and
oxygenation [46, 47], and hypoxic pulmonary
vasoconstriction can cause pulmonary hyper-
tension [48], which can result in right ventric-
ular dysfunction and reduced cardiac output
[49].

REDUCING COPD-ASSOCIATED
CARDIOPULMONARY RISK

Exacerbation Risk Reduction

Both mono and dual long-acting bronchodila-
tor therapies have shown evidence of exacer-
bation reduction. The UPLIFT study reported a
significant reduction in the risk of exacerba-
tions with long-acting muscarinic antagonist
(LAMA) monotherapy versus placebo [50], and
the POET-COPD study demonstrated that
LAMA monotherapy has greater efficacy versus
long-acting b2-agonist (LABA) monotherapy on
exacerbation prevention [51]. When evaluated
in combination in the FLAME study, LAMA/
LABA dual therapy was associated with a
reduction in exacerbations compared with an
inhaled corticosteroid (ICS)/LABA dual therapy
[52]. There is also good evidence for exacerba-
tion reduction with ICS/LABA dual therapy,
which has shown greater efficacy in reducing
exacerbations than LAMA/LABA dual therapy,
including in the IMPACT and ETHOS studies
[53, 54]. The differences observed between
FLAME and the IMPACT and ETHOS studies
may be explained by patient population differ-
ences, whereby IMPACT and ETHOS included

patients at higher risk of exacerbations than the
patient population of FLAME [52–54]. Overall,
the benefit of ICS appears to be greatest in
patients at high exacerbation risk [55].

Three different single-inhaler, fixed-dose tri-
ple-therapy combinations of ICS/LAMA/LABA
have been shown to further reduce exacerbation
frequency. A triple-therapy combination (fluti-
casone furoate/umeclidinium/vilanterol) was
evaluated in the 24-week FULFIL and the
52-week IMPACT studies. FULFIL reported a
significant reduction in the rate of moderate or
severe exacerbations with triple therapy versus
ICS/LABA [56], and IMPACT achieved its pri-
mary endpoint of reducing moderate or severe
exacerbations with triple therapy versus LAMA/
LABA and ICS/LABA [53]. The 24-week KRONOS
and 52-week ETHOS studies evaluated the effi-
cacy of another triple therapy (budesonide/gly-
copyrrolate/formoterol fumarate) versus the
corresponding dual therapies [54, 57]. In KRO-
NOS, triple therapy demonstrated a significant
reduction in the rate of moderate or severe
exacerbations versus LAMA/LABA [57]. Of note,
this study was not enriched for patients with a
history of recent exacerbations; 74.4% of the
population had no documented moderate or
severe exacerbations in the 12 months preced-
ing the study [57]. Further effects of this triple
therapy on the rate of exacerbations were
demonstrated in the ETHOS study, which met
its primary endpoint in reducing the risk of
moderate or severe exacerbations versus LAMA/
LABA and ICS/LABA [54]. Similarly, a significant
reduction in the rate of moderate or severe
exacerbations was reported in three 52-week
studies, TRILOGY, TRINITY and TRIBUTE, with
triple therapy (beclomethasone dipropionate/
glycopyrronium/formoterol fumarate) versus
the corresponding ICS/LABA dual therapy, a
LAMA and a LAMA/LABA dual therapy respec-
tively [58–60]. The benefit of treatment with ICS
has been shown to be related to blood eosino-
phil count; post hoc analyses of the IMPACT
and ETHOS studies reported greater exacerba-
tion risk reduction in patients with eosinophil
levels C 100 cells/ll [61–63].

Recent real-world evidence suggests that
prompt initiation of triple therapy (within
30 days post exacerbation) may further reduce
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the risk of future exacerbations compared with
delayed (31–180 days) or very delayed
(181–365 days) intervention [64, 65].

Cardiovascular Risk Reduction
with Inhaled Therapy

Currently, there is a limited body of evidence
for inhaled medications reducing cardiovascu-
lar events in patients with COPD. A post hoc
analysis of the EUROSCOP study found that ICS
monotherapy reduced the rate of ischaemic
cardiac events compared with placebo [66].
Furthermore, the CLAIM study assessed the
effect of dual LAMA/LABA bronchodilator
therapy versus placebo on cardiac function,
whereby a significant increase in left ventricular
end-diastolic volume was reported for LAMA/
LABA [67]. These findings are supported by a
recent large observational study that reported
positive effects on left atrial diameter with long-
term ICS, ICS/LABA and particularly LAMA/
LABA dual therapy [68]. Conversely, in the
SUMMIT study, ICS/LABA had no effect on a
composite cardiovascular endpoint (cardiovas-
cular death, myocardial infarction, stroke,
unstable angina and transient ischaemic attack)
versus placebo in a population with moderate
COPD that was enriched for cardiovascular risk
[69].

In both the ETHOS and IMPACT studies, the
most common cause of death was cardiovascu-
lar [70, 71], and there were numerically fewer
cardiovascular deaths reported with triple ther-
apy compared with LAMA/LABA [70, 71]. In
ETHOS, a benefit of triple therapy relative to
LAMA/LABA was observed for MACE [70];
notably, 42% of the patients who died in
ETHOS did not experience a moderate or severe
exacerbation during the study [70]. Further-
more, the ETHOS study evaluated triple therapy
at two doses (low and high) of the ICS compo-
nent. Both doses showed comparable effects in
reducing exacerbation rates versus LAMA/LABA
and ICS/LABA, but only the high-dose treat-
ment arm reduced mortality [54]. In the pooled
analysis of TRILOGY, TRINITY and TRIBUTE,
there was a reduction in the risk of non-respi-
ratory fatal events with ICS-containing triple

therapy versus ICS-free treatments [72]. Toge-
ther, these findings argue for a treatment ben-
efit on cardiovascular events and death that is
not exclusively related to reductions in the rate
of exacerbations.

We recognise existing literature suggesting
bronchodilator therapies may be associated
with increased risk of cardiovascular events. A
network meta-analysis reported that, compared
with ICS/LABA, LAMA/LABA dual therapy and
triple therapy increased MACE in patients with
COPD [73]. However, the interpretation of these
findings is complex. LAMA/LABA and triple
therapy were not reported to increase cardio-
vascular risk compared with placebo, or LAMA
and LABA monotherapies, and fewer cardio-
vascular deaths were reported for those receiv-
ing triple therapy than LAMA/LABA, suggesting
a level of ICS-related cardiovascular protection
[74]. Additionally, a review of the cardiovascu-
lar effects of LAMAs indicated that they do not
increase the risk of severe cardiovascular adverse
events when compared with other active ther-
apies or placebo [75]. Overall, the benefits of
inhaled bronchodilators alone or in combina-
tion appear to outweigh any potential risks [74].
Considering the increased risk and burden of
cardiovascular events in patients with COPD,
there is a need for further studies to test inter-
ventions for the prevention of cardiovascular
events.

Mortality Risk Reduction

There is evidence to support a reduction in the
risk of mortality with select pharmacological
and non-pharmacological interventions.
Among the recognised non-pharmacological
interventions, smoking cessation is associated
with mortality reduction estimates ranging
from 32 to 84% compared with continued
smoking [76], and early initiation of pulmonary
rehabilitation has demonstrated a 42% reduc-
tion in mortality [77]. Furthermore, two studies
have reported mortality risk reduction with
long-term oxygen therapy [78, 79], and the
addition of home mechanical ventilation to
home oxygen therapy has demonstrated sur-
vival benefit [80].

Adv Ther



Among pharmacological interventions,
fixed-dose combination triple therapy is the
only treatment with evidence supporting a
reduction in all-cause mortality in patients with
COPD. In an analysis of the final retrieved
dataset of the IMPACT study, in which all-cause
mortality was a prespecified ‘other’ endpoint,
there was a reduction in mortality with triple
therapy versus LAMA/LABA [53, 71]. Similarly,
time to death (all cause) was evaluated as a
prespecified secondary endpoint in the ETHOS
study, and in an analysis of the final retrieved
dataset there was a reduction in mortality with
triple therapy versus LAMA/LABA [54, 70]. An
analysis of pooled data from the TRILOGY,
TRINITY and TRIBUTE studies comparing an
ICS-containing triple therapy with ICS-free
treatments showed a numerical, but not statis-
tically significant, reduction in the risk of a fatal
event [58–60, 72].

The effect of ICS/LABA dual therapy versus
placebo on all-cause mortality was evaluated as
a primary endpoint in the TORCH and SUMMIT
studies [69, 81]. Both studies failed to show a
statistically significant reduction in all-cause
mortality; notably, both trials were unique in
including patients without a recent history of
exacerbations, and the SUMMIT trial only
included those with moderate COPD [69, 81]. A
summary of cardiopulmonary outcomes with
inhaled therapies is given in Table 1.

Potential Mechanisms
of Cardiopulmonary Protection
by Inhaled Therapies

Optimising COPD treatment may confer car-
diopulmonary protection [82]. ICS could reduce
inflammation in the lung [83], and bron-
chodilators decrease airway resistance and
reduce hyperinflation, improving inspiratory
capacity, reducing residual volume and poten-
tially improving cardiac function [67, 84, 85].
Both ICS and bronchodilators may improve
ventilation-perfusion matching [86–88], result-
ing in less hypoxaemia [86, 87]. These compo-
nents of triple therapy have shown reductions
in exacerbations, with greater benefit in com-
bination [2].

APPROACHES
TO CARDIOPULMONARY RISK
MANAGEMENT IN COPD

The current approach to COPD management
can be regarded as suboptimal, as it is often
more reactive than proactive [89]. Moreover,
there is a general perception of therapeutic
inertia, defined as failure to escalate or initiate
adequate therapy when treatment goals are not
met [90]. This is compounded by delayed diag-
nosis of COPD and insufficient awareness of
cardiopulmonary risk.

Although the ETHOS and IMPACT studies
for triple therapy provided the first evidence for
all-cause mortality reduction with a pharmaco-
logical intervention in COPD [70, 71], mortality
does not currently appear to be considered a
driving factor in treatment decisions for
patients with COPD outside the specific
parameters of long-term oxygen therapy, non-
invasive lung ventilation and lung transplanta-
tion. Surveys conducted in Europe and the USA
showed that prevention of mortality was not
among the most common reasons cited by
pulmonologists and primary care physicians for
choice of prescribed maintenance therapy
[91, 92]. The 2023 GOLD report highlighted
that triple therapy is the only pharmacotherapy
to reduce mortality in COPD [93], and the
recently released Canadian Thoracic Society
Guidelines went one step further by including
mortality reduction in the pharmacological
treatment algorithm [94]. However, fundamen-
tal change in clinical practice is still needed to
ensure prioritisation of cardiopulmonary risk
reduction in the management of COPD.

There is a need for the early detection and
treatment of COPD in people living with car-
diovascular disease and the recognition of
COPD as a distinct cardiovascular risk factor.
Addressing these needs will support symptom
management and reduce future cardiopul-
monary events through proactive escalation
and optimisation of COPD therapy and man-
agement of cardiovascular conditions and risk
factors. The development and validation of risk
stratification tools may aid improved quantifi-
cation of COPD-associated cardiopulmonary
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risk and allow for a more personalised approach
to treatment, though such tools are often not
employed in routine clinical practice. Respon-
sibility lies with the respiratory community to
continue to raise awareness of the burden of
respiratory disease and its cardiopulmonary
impact and to communicate the urgency for
action [24]. Of note, the recent GOLD update
for cardiologists sought to encourage greater
consideration of COPD within cardiology and
promote a multidisciplinary approach to COPD
management, increasing partnership between
respiratory and cardiology disciplines, as well as
with primary care clinicians [89, 95].

CONCLUSION

In this review, we define cardiopulmonary risk
as the risk of serious respiratory and/or cardio-
vascular events in patients with COPD. These
include, but are not limited to, COPD exacer-
bations, myocardial infarction, stroke, heart
failure decompensation, arrhythmia and death
due to any of these events. We call for the
consideration of cardiopulmonary risk in the
management of COPD as well as increased
efforts for the early identification of patients at
high risk. Although further research is necessary
to understand the mechanisms of cardiopul-
monary risk for improvement of mitigation,
evidence supports proactive therapeutic inter-
vention to prevent exacerbations, reduce the
risk of cardiopulmonary events and thereby
reduce mortality in patients with COPD.
Reframing COPD management towards proac-
tive cardiopulmonary risk reduction could
transform the standard and management of
care and therefore improve clinical outcomes in
this population.
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43. Müllerová H, Shukla A, Hawkins A, Quint J. Risk
factors for acute exacerbations of COPD in a pri-
mary care population: a retrospective observational
cohort study. BMJ Open. 2014;4: e006171. https://
doi.org/10.1136/bmjopen-2014-006171.

44. Rapsomaniki E, Müllerová H, Hughes R, Marshall J,
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