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Abstract Chronic obstructive pulmonary disease (COPD)
and cardiovascular diseases often coexist. The mechanistic
links between these two diseases are complex, multifac-
torial and not entirely understood, but they can influence
the therapeutic approach. Therapy can be primarily direc-
ted towards treating the respiratory symptoms and reducing
lung inflammation. Smoking cessation, bronchodilators and
inhaled corticosteroids are central to this therapeutic
approach. The underlying pathophysiological mechanisms
that are responsible for the increased cardiovascular risk in
COPD remain unclear, but might include arterial stiffness,
inflammation and endothelial dysfunction as a consequence
of systemic exposure to chemicals in cigarette smoke or
airborne pollution. Therefore, it is plausible that treatment
of cardiovascular co-morbidities might reduce morbidity
and mortality in patients with COPD and, consequently,
therapy of COPD should be shifted to the treatment of
cardiovascular diseases and systemic inflammation. In
support of this approach, early data suggest that patients
with COPD treated with angiotensin-converting enzyme
inhibitors, angiotensin II type 1 receptor blockers, statins,

< Mario Cazzola
mario.cazzola@uniroma?2.it

Department of Systems Medicine, University of Rome Tor
Vergata, Rome, Italy

Department of Experimental Medicine, University of
Campania Luigi Vanvitelli, Naples, Italy

Sackler Institute of Pulmonary Pharmacology, King’s
College London, London, UK

Cardiovascular and Cell Science Institute, St George’s
Hospital NHS Trust, University of London, London, UK

3 Department of Medical Sciences, IRCCS San Raffaele,
Rome, Italy

anti-platelet drugs or B-adrenoceptor blockers may have
improved survival and reduced hospitalisation from acute
exacerbations of COPD. In this review, the potential
impact of traditional therapies for COPD that are centred
on treating the lungs and newer strategies potentially able
to affect and mitigate cardiovascular risks in patients with
COPD are discussed.

Key Points

Chronic obstructive pulmonary disease (COPD) and
cardiovascular diseases (CVDs) often coexist. While
increasing evidence suggests that the systemic
inflammatory pathway provides the common link
between COPD and CVD, the mechanisms by which
the systemic component arises are unclear.

We still do not know whether the successful
treatment of the co-morbid diseases associated with
COPD, mainly CVD, also positively influences the
course of the lung disease because, to date, there are
few definite data documenting that treatment of
COPD co-morbidities will reduce morbidity and
mortality rates in these patients.

Currently, no COPD guideline recommends a core
cardiovascular evaluation for patients with COPD,
and no CVD guideline recommends a core
pulmonary evaluation for patients with CVD. This is
the likely reason why there is little specific guideline
guidance for treating COPD in patients with CVD, or
vice versa. There is clearly a need for COPD and
CVD to be considered in an integrated way.

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-017-0731-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-017-0731-3&amp;domain=pdf

722

M. Cazzola et al.

1 Coexistence of Chronic Obstructive Pulmonary
Disease and Cardiovascular Diseases

Chronic obstructive pulmonary disease (COPD) and car-
diovascular diseases (CVDs) often coexist [1]. An Italian
population-based retrospective study provided solid evi-
dence that patients with the clinical diagnosis of COPD are
highly associated with clinical diagnoses of CVDs [2].
Among patients with the diagnosis of COPD, there were no
differences in sex for association with all CVDs except for
angina, coronary disease and myocardial infarction, for
which the odds ratios were higher in women compared
with men. The age clusters between 35 and 54 years were
those with the highest odds ratio for the simultaneous
presence of the diagnoses of CVD and COPD. A pro-
gressive significant reduction in odds ratio values in older
age clusters was also observed [2]. The largest and perhaps
most conclusive systematic review with a meta-analysis
from large international studies has recently documented
that the risk of major CVD types (ischaemic heart disease,
cardiac dysrhythmia, heart failure, diseases of the pul-
monary circulation and artery diseases) is increased by up
to five times in patients with COPD [3].

In this review, we examine the potential impact of
traditional therapy of COPD centred on treating the lungs
(mainly inhaled therapy) and the different strategies
potentially able to affect and mitigate cardiovascular (CV)
risks in patients with COPD (mainly systemic therapy).
References for this review were identified through sear-
ches of PubMed, Scopus and Google Scholar for articles
published from January 1971 to February 2017, by use of
the terms ‘Chronic obstructive pulmonary disease
(COPD)’, ‘cardiovascular disease (CVD)’, ‘bronchodila-
tors’, ‘inhaled corticosteroids’, ‘ACE inhibitors’, ‘ATl
receptor blockers’, ‘statins’, ‘antiplatelet agents’ and pB-
adrenoceptor blockers’. Articles resulting from these
searches, published in English, French, German and Ital-
ian, as well as relevant references cited in those articles
were reviewed.

2 Mechanistic Links between Chronic Obstructive
Pulmonary Disease and Cardiovascular Diseases

The mechanistic links between COPD and CVD are com-
plex, multifactorial and not entirely understood [4]. COPD
and CVD share recognised risk factors, mainly smoking
but also older age and unhealthy lifestyle choices play a
role. However, we still do not know whether COPD and
CVD are linked beyond these risk factors. COPD is char-
acterised by persistent lung and systemic inflammation [5].
Simultaneously elevated levels of C-reactive protein
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(CRP), fibrinogen and leukocyte count are associated with
a two- to four-fold increased risk of CVD in COPD [5].

While increasing evidence suggests that the systemic
inflammatory pathway provides the common link between
COPD and CVD, the mechanisms by which the systemic
component arises are unclear [6]. It has been suggested that
inflammation in the lung spills into the systemic circulation
causing systemic inflammation [7]. This systemic inflam-
matory response, in turn, is related to acute endothelial
dysfunction of systemic blood vessels [7]. However, it has
also been proposed that COPD could be considered as part
of a “chronic systemic inflammatory syndrome” and the
systemic inflammation in COPD represents a systemic
component of the disease that develops in parallel with, or
prior to, pulmonary inflammation [8].

The two different views relating the observed associa-
tions between COPD and CVD have important therapeutic
consequences and may not be mutually exclusive [9]. In
the spill-over theory, the aims of therapy are primarily
centred on treating the lungs. In the ‘systemic’ inflamma-
tory state with multiple organs compromised, the centre of
therapy should be shifted to the treatment of systemic
inflammation.

3 Traditional Therapy of Chronic Obstructive
Pulmonary Disease Centred on the Lungs

Smoking cessation and therapy with bronchodilators and
inhaled corticosteroids (ICSs) are currently the cornerstone
of treatment for COPD [10].

3.1 Smoking Cessation

Whether smoking cessation might reduce systemic
inflammation is still unknown. This seems to be question-
able because elevated CRP levels have been found in ex-
smokers with COPD [11]. The factors that drive inflam-
mation in COPD after smoking cessation have not been
clearly established, although autoimmunity, embedded
particles/heavy metals from smoking and chronic bacterial
infection have all been proposed to have a role [12].

3.2 Bronchodilators

Using the Manitoba Health database to examine the rela-
tionship between use of inhaled respiratory drugs in people
with COPD and CVD hospitalisations from 1996 through
2000, Macie and colleagues [13] observed that bron-
chodilators were associated with hospitalisations for CVD.
These agents apparently imposed a larger relative risk in
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people with unrecognised CVD than in people recognised
as having this condition.

3.2.1 By-Adrenoceptor Agonists

There is evidence that even in healthy subjects, inhalation
of a therapeutic dose of salbutamol results in significant
haemodynamic changes, which are accompanied by a shift
in CV autonomic tone towards increased sympathetic
outflow in the absence of baroreceptor activation [14].
These changes in cardiac autonomic function may con-
tribute to an increased cardiac risk associated with inhaled
,-adrenoceptor agonist (f,-agonist) treatment. In effect,
using the computerised health administrative databases of
the province of Quebec, Wilchesky and colleagues docu-
mented that initiation of treatment with both short- and
long-acting B-agonists (LABAs) may be associated with a
modest increase in the risk of cardiac arrhythmia in patients
with COPD [15].

B-Agonists induce an increase in heart rate and a
worsening of arrhythmia, mainly in a patient with COPD
experiencing pre-existing cardiac arrhythmias and hypox-
emia, but this has also been observed in normal subjects.
The magnitude of these effects seems to be dependent on
the dose of the agent used and whether it is a full or a
partial agonist [16].

A case-control study within the Group Health Coopera-
tive of Puget Sound showed that new use of [-agonists
among patients with CVD was associated with an increased
risk of myocardial infarction, although it was difficult to
determine if the association is causal [17]. In fact, it was
impossible to exclude that B-agonists were prescribed for
nonspecific respiratory symptoms or chest discomfort that
represents undiagnosed angina, which is a major risk factor
for myocardial infarction. It was also reported that patients
hospitalised for myocardial infarction or unstable angina
were significantly more likely than control subjects to have
received a B-agonist during the 3 months immediately prior
to their index date [18]. A dose-response relationship was
observed that did not appear to be confounded by tobacco
use, COPD history, CVD or CV risk factors. A recent meta-
analysis of 24 randomised controlled trials aimed to assess
the CV safety of inhaled LABAs in COPD and indicated that
these bronchodilators do not increase the risk of fatal CV
events in COPD; in subgroup analyses, inhaled LABAs were
able to significantly decrease fatal CV events in long-term
trials, but there was no significant difference between inhaled
LABAs and placebo in the short-term trials [19].

Although Au and colleagues demonstrated that 3,-agonist
use is associated with excess hospitalisations from heart
failure, as well as an increased risk of all-cause mortality in
patients with left-ventricular dysfunction [20], a large-scale
study with a >3700 patient-years follow-up suggested that

inhaled B,-agonists are not associated with increased mor-
tality in community-managed heart failure patients when
adjusted for the plasma B-type natriuretic peptide (BNP)
level. This may provide an important method for assessing
ventricular function, as well as other clinical, demographic
and medication variables [21]. Pulmonary function abnor-
malities, especially diffusion impairment and airway
obstruction, are highly prevalent in patients with chronic
heart failure, even in a stable and non-congested condition,
but without a chronic airway disorder [22]. It is not surprising
that inhaled bronchodilators may have an additional role in
the management of patients with chronic heart failure
because of their potential to improve pulmonary function,
especially in those with airway obstruction [23]. In patients
with COPD experiencing an exacerbation, the prevalence of
left-ventricular systolic dysfunction is common [24] and,
consequently, plasma levels of BNP are elevated [25]. We
have recently documented that both the short-acting ,-ag-
onist salbutamol and the ultra-LABA indacaterol induce a
rapid reduction in BNP levels in patients admitted to the
emergency department for an acute exacerbation of COPD
(AECOPD). This is likely because both B,-agonists attenuate
air trapping, leading to a reduction in intrathoracic pressure,
including pressure on the whole heart, and, consequently, to
an improvement of right-ventricular overload and left-ven-
tricular diastolic dysfunction [26].

3.2.2 Muscarinic Antagonists

Despite the concerns raised about an excess risk of CV
adverse events with inhaled muscarinic antagonists [27],
the results of a recent, very large pooled analysis of adverse
event data of the use of tiotropium bromide, delivered by
either the HandiHaler® (18 pg) or the Respimat® (5 ug)
device in randomised clinical trials in patients with COPD
(treatment duration >4 weeks) totalling 14,909 patient-
years of tiotropium exposure, showed that tiotropium bro-
mide was not associated with an increased risk of cardiac
or vascular adverse events. Further, even more importantly,
there was no evidence of an increased risk for major
adverse CV events or fatal major adverse CV events for the
tiotropium bromide-treated group [28].

However, because a meta-analysis with the fixed-effect
model has suggested that there might be a significantly
increased risk of death with tiotropium bromide delivered
using the Respimat® device vs. placebo, the risk being
more evident for CV death [29], we conducted a safety
evaluation of tiotropium bromide delivered with the
Handihaler® (18 pg) device vs. tiotropium bromide using
the Respimat® (5 and 2.5 pg) device [30]. We performed a
systematic review and network meta-analysis of the cur-
rently available clinical evidence, including data from the
massive Tiotropium Safety and Performance in Respimat
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(TIOSPIR) trial [31]. This meta-analysis demonstrated that
the safety profile of tiotropium bromide delivered by the
Handihaler® device seems to be superior to that of the
Respimat® device, although no statistical difference was
detected between these two devices. However, the Surface
Under the Cumulative Ranking analysis favoured tio-
tropium bromide delivered by the Respimat® device with
regard to serious adverse events. It is unlikely that using
the Respimat® device rather than the HandiHaler® device
exposes patients to higher risks of real adverse CV events.
It is rather more probable that there may be a different CV
response to muscarinic receptor antagonism in individual
patients.

3.2.3 Dual Bronchodilators

Recently, there has been the introduction of a number of
inhaled medicines containing both a [},-agonist and a
muscarinic receptor antagonist in the same device, which is
being actively promoted as the cornerstone of therapy for
patients with COPD. In a nested case-control study with the
use of the nationwide insurance claims database of the
Korean Health Insurance Review and Assessment Service,
long-acting muscarinic antagonists (LAMAs) without
LABAs, and LABAs without LAMAs showed a similar
impact on the development of tachyarrhythmia; however,
there were no significant multiplicative or additive inter-
actions between LABAs and LAMAs from a safety
standpoint [32].

Additionally, a systematic review with a meta-analysis
of dual bronchodilation treatment with a LAMA/LABA
combination for the treatment of stable COPD indicated
that approved doses of LAMA/LABA fixed-dose combi-
nations did not show any significant difference concerning
the cardiac safety profile compared with treatment with the
monocomponents [33]. Intriguingly, when compared with
respective monocomponents, the umeclidinium/vilanterol
combination provided a signal (p = 0.057) of possible
protection against severe CV adverse events, whereas the
glycopyrronium/indacaterol ~ combination  significantly
(p < 0.05) protected against these events.

3.3 Inhaled Corticosteroids

Therapy with ICSs might suppress systemic inflammation
in patients with stable COPD [34]. Inhaled corticosteroids
can down-regulate the inflammatory process in the lungs,
which in turn, reduces the spill-over of inflammatory
mediators from the lungs into the systemic circulation,
dampening the systemic inflammatory process that is per-
sistent in patients with obstructive airways disease.
Because systemic inflammation is a co-factor in the genesis
of endothelial dysfunction and progression of
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atherosclerosis, ICSs can enhance blood vessel function
and reduce the risk of ischaemic events. Critical to this
process are mediators such as interleukin-6, tumour
necrosis factor-o, matrix metalloproteinases and nitric
oxide, which may be modulated by ICSs.

Initially, it was highlighted that only very low doses of
ICSs may be associated with a reduction in the risk of acute
myocardial infarction [35]. The lack of benefit at higher
doses might plausibly reflect counterbalancing adverse
effects of other risk factors or the fact that patients with more
severe disease, itself linked to CV morbidity, are prescribed
higher doses. Nevertheless, a post-hoc analysis of the
European Respiratory Society’s study on Chronic Obstruc-
tive Pulmonary Disease (EUROSCOP), a 3-year placebo-
controlled study of an ICS (budesonide 800 pg day™') in
smokers with mild COPD, suggested that ischaemic cardiac
events among these patients could be significantly reduced
by inhaled budesonide at a rather high dosage [36].

In any case, a post-hoc analysis of the pivotal 3-year
TOwards a Revolution in COPD Health (TORCH) study
not only confirmed that the occurrence of new CV adverse
events was no more frequent in patients treated with a
LABA than in those treated with placebo, but also sug-
gested that the combination of a LABA and an ICS might
offer a degree of cardioprotection [37]. Furthermore, the
Study to Understand Mortality and MorbidITy (SUMMIT),
which enrolled more than 16,000 patients with concomitant
moderate COPD and CVD, documented that combined ICS
and LABA treatment had no effect on overall mortality or
CV events [38].

4 Use of Therapy to Treat Systemic Inflammation
and Co-Morbidities

As already highlighted, the underlying pathophysiological
mechanisms that are responsible for the increased CV risk
in COPD remain unclear [1], but might include arterial
stiffness, inflammation and endothelial dysfunction as a
consequence of systemic exposure to chemicals in cigarette
smoke or airborne pollution [4]. Therefore, it seems logical
to think that treatment of CVD might reduce morbidity and
mortality in patients with COPD and it is therefore perhaps
not surprising that patients with COPD treated with
angiotensin-converting enzyme (ACE) inhibitors, angio-
tensin II type 1 (AT1) receptor blockers, statins, anti-pla-
telet drugs or B-adrenoceptor blockers (B-blockers) may
have improved survival and reduced hospitalisation from
AECOPD:s [1, 4]. Mancini and colleagues were the first to
suggest that the cardioprotective effects of ACE inhibitors
and statins, and potentially those of AT1 receptor blockers,
extend also to patients with COPD regardless of their
concomitant CV risk profile [39].
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4.1 Angiotensin-Converting Enzyme Inhibitors
and Angiotensin II Type 1 Receptor Blockers

The renin-angiotensin system is potentially implicated in
the pathogenesis of COPD through its involvement in
inducing proinflammatory mediators in the lung [9].
Angiotensin II stimulates the release of cytokines including
interleukin-6, tumour necrosis factor-o. and monocyte
chemotactic protein-1, and also has an immunomodulatory
effect on T-cell responses, which mediate the lung tissue
injury associated with COPD. Furthermore, the ATl
receptor/AT?2 receptor ratio increases noticeably in regions
of marked fibrosis surrounding bronchioles, which corre-
lated with the reduction in forced expiratory volume in 1 s
(FEV,). These actions support a role for angiotensin II in
inducing bronchoconstriction via the AT1 receptor. The
renin-angiotensin system can also generate reactive oxygen
species via the ATI receptor, promoting mitochondrial
dysfunction, which contributes to the oxidative stress and
impaired redox signalling, observed in patients with
COPD. ACE inhibitors and AT1 receptor antagonists also
block the proinflammatory effect of angiotensin II [9].
Figure 1 illustrates the protective role of ACE inhibitors
and ATI1 receptor blockers against inflammation, vaso-
constriction and small airways fibrosis induced by activa-
tion of the renin-angiotensin system. In effect, in an
established murine model, antagonism of TGF-f signalling
with angiotensin receptor blockade normalises histology
and reduces oxidative stress, cell death, inflammation and,
importantly, metalloprotease activation associated with
chronic cigarette smoke exposure [40].

It is not surprising, therefore, that by using the New
Mexico-based longitudinal Lovelace Smokers Cohort, it
was shown that ACE inhibitors, but not other CV drugs
may be protective against rapid FEV, decline in smokers
[41]. This protective effect was stronger on the decline in
FEV, than on the decline in forced vital capacity, sug-
gesting that ACE inhibitors were more likely to be effec-
tive in preventing the development of obstructive rather
than nonobstructive lung diseases among smokers. Fur-
thermore, Mortensen and colleagues found that the use of
ACE inhibitors prior to admission reduced the mortality of
patients hospitalised with AECOPDs [42] and the study of
Kim and colleagues revealed that the use of ACE inhibitors
and angiotensin II receptor blockers was associated with
reducing the risk of pneumonia in patients with COPD
[43].

There is also documentation that use of the ACE-in-
hibitor enalapril alongside a programme of pulmonary
rehabilitation, in patients without an established indication
for ACE inhibition, reduced the peak work rate response to
exercise training in patients with COPD [44]. However,
this finding contrasts with the results of a previous study

showing that ACE inhibition, using fosinopril for
3 months, did not improve quadriceps function or exercise
performance in patients with COPD with quadriceps
weakness [45].

4.2 Statins

Changes in high-sensitivity (hs)-CRP over time were
associated with corresponding changes in exercise toler-
ance under statin therapy in COPD [46]. Improvement of
exercise tolerance was greater in those with a greater
decrease of hs-CRP levels and higher baseline CRP levels.
Because of its significant correlation of the changes
between exercise time and hs-CRP levels, it is likely that
the involved mechanism could be directly to inhibit hs-
CRP by pravastatin.

Statins have several pharmacological actions that might
be beneficial in the treatment of patients with COPD,
including antioxidant, anti-inflammatory and
immunomodulatory effects [9]. The mechanism by which
statins could be used for the treatment of patients with
COPD, involving the inhibition of the mevalonate path-
way, seems to be the same as that observed for cholesterol
lowering [9]. Inflammatory cells involved in lung and
systemic inflammation including eosinophils, neutrophils,
macrophages, mast cells, T cells and dendritic cells are all
affected by 3-hydroxy-3-methylglutaryl-coenzyme A
reductase activity, and mevalonate pathway metabolites
and/or GTPases, and this evidence collectively indicates a
fundamental role for the mevalonate pathway in respiratory
health and disease [9]. Figure 2 shows the impact of statins
on the mevalonate pathway, leading to anti-inflammatory
effects and protection against bronchial
hyperresponsiveness.

Inhibition of the mevalonate pathway, which triggers the
prenylation of small GTPases, by statins prevents the
detrimental effects of lipopolysaccharide in isolated human
airways [47]. This suggests a potential role for statins in
preventing AECOPD:s. In effect, the use of statins prior to
admission is associated with decreased mortality in sub-
jects hospitalised with an AECOPD [42]. This information
has been generated by a retrospective national cohort study
using Veterans Affairs administrative data including sub-
jects >65 years of age hospitalised with an AECOPD.

However, in the Prospective Randomized Placebo-
Controlled Trial of Simvastatin in the Prevention of COPD
Exacerbations (STATCOPE), a large randomised multi-
centre trial that enrolled 885 participants with COPD who
were at high risk for exacerbations and were treated from
12 to 36 months, the mean number of exacerbations per
person-year was similar in the simvastatin and placebo
groups [48]. There were no significant between-group
differences in the time to the first exacerbation.
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Fig. 1 Impact of angiotensin-converting enzyme (ACE) inhibitors
and angiotensin II type 1 receptor blockers (ARBs) on oxidative
stress, proinflammatory signalling and proliferative effects induced by
renin-angiotensin system activation. AT/ R angiotensin II type 1
receptor, eNOS endothelial nitric oxide synthase, IL interleukin,
MCP-1 monocyte chemoattractant protein-1, NADPH reduced form

Furthermore, in the Cohort of Mortality and Inflamma-
tion in COPD (COMIC) study that used a large prospective
cohort with patients with well-defined COPD, statin use
was not associated with time until first hospitalisation for
an AECOPD or time until first community-acquired
pneumonia and even with a reduced risk of all-cause
mortality in patients with COPD [49]. Furthermore, a post-
hoc analysis of the Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto miocardico Heart Failure
(GISSI-HF) trial, which investigated the efficacy of rosu-
vastatin at the dose of 10 mg daily in a population with co-
existing heart failure and COPD, failed to show any ben-
eficial effects on the analysed endpoints of all cause mor-
tality, CV and non-CV mortality, and hospitalisation [50].
Nevertheless, the authors of this post-hoc analysis sug-
gested that some sub-populations, for instance the “sys-
temic inflammation novel phenotype”, might receive some
beneficial effects from regular statin use, also in the
absence of high-cholesterol levels [50]. In effect, in the
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Other cytokines

Small airways

Intra-arterial fibrosis

inflammation

of nicotinamide adenine dinucleotide phosphate, NF-kB transcription
factor nuclear factor-kB, NO nitric oxide, RANTES regulated on
activation normal T cell expressed and secreted, ROS reactive oxygen
species, TGF-f1 transforming growth factor B1, TNF-o. tumour
necrosis factor-o

Rosuvastatin therapy on peripheral vasoDilator function,
inflammatory markers and pulmonary function in patients
with stablE chronic Obstructive pulmonary disease
(RODEO) study, which enrolled patients with stable COPD
without the standard indications for statin therapy, but with
evidence of systemic inflammation, rosuvastatin 10 mg
once daily for 12 weeks was associated with a significant
attenuation of systemic inflammation and improvement in
endothelial-dependent vascular function [51].

4.3 p-Adrenoceptor Blockers

In the Candesartan in Heart failure: Assessment of
Reduction in Mortality and morbidity (CHARM) pro-
gramme, which randomised 7599 patients with symp-
tomatic heart failure, survival was significantly better in
patients with heart failure receiving B-blockers, irrespec-
tive of concurrent bronchodilator therapy [52]. Use of B-
blockade in patients with COPD and concomitant heart
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Fig. 2 Mevalonate pathway
and mechanism of action of
statins. BHR bronchial
hyperresponsiveness, CoA
coenzyme A, FPP farnesyl-
pyrophosphate, FTase farnesyl
protein transferase, GGPP
geranylgeranyl-pyrophosphate,
GGTase geranylgeranyl protein
transferase, HMG-CoA
3-hydroxy-3-methylglutaryl
coenzyme A, IPP isopentenyl-
pyrophosphate, SQase squalene
synthase
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failure has a solid pharmacological basis. It has been
documented for a long time that an enhanced and sustained
cardiac adrenergic drive occurs in heart failure and also in
patients with COPD [53]. The increased levels of plasma
adrenaline stimulate desensitisation of the [,-adrenocep-
tors because of G protein-coupled receptor kinase 2-me-
diated phosphorylation that leads to B,-arrestin binding and
receptor internalisation [54].

Rinaldi and colleagues showed that in a murine model
of heart failure, these increased levels of plasma adrenaline
result in a significant attenuation of relaxation of the air-
ways, an effect that is reversed by treatment with meto-
prolol [54]. The same group has also documented that the
co-administration of a P,-agonist and a [;-blocker can
influence cardiac remodelling [55]. They showed that
treatment with either indacaterol or metoprolol signifi-
cantly reduced the infarct size in heart failure rats com-
pared with the untreated heart failure group. The
combination of indacaterol and metoprolol reduced the
infarct size even further, reduced both blood pressure and
heart rate, reversed the decrease in ejection fraction, and
normalised left-ventricular systolic and diastolic internal
diameters. Furthermore, the combination of indacaterol and
metoprolol normalised the decreased [;-adrenoceptor
messenger RNA expression as well as cardiac cAMP levels

\/
( Membrane anchoring (isoprenylation) ]

Inflammation

and reduced cardiac G protein-coupled receptor kinase 2
expression, catecholamine, ANP, BNP and collagen 1
messenger RNA values compared with the untreated heart
failure group.

These findings fit very well with the hypothesis of Khan
and colleagues [56], according to which synergistic [,-
adrenoceptor stimulation and [;-adrenoceptor blockade
together may be efficacious for the expansion of cardiac
progenitor cells in the failing heart, potentially paving the
way for a novel therapeutic approach to treat congestive
heart failure. However, it has been suggested that reducing
the sympathetic tone and up-regulation of B,-adrenoceptors
in the lungs could be possible mechanisms by which B-
blockers exhibit pulmonary beneficial effects in the long
term in COPD [57]. Long-term use of B-blockers can up-
regulate f,-adrenoceptors in the lungs and thus reduce the
need for B,-agonists [58]. Figure 3 shows the pharmaco-
logical rationale for combining B-blockers and B,-agonists
in patients with both COPD and heart failure.

Whatever the case may be, a meta-analysis of 15 pooled
cohort studies on the use of B-blockers in patients with
COPD demonstrated that -blockers produced a significant
reduction in mortality and AECOPDs that was far greater
than seen with any inhaled medicine [59]. This effect
seemed to be greater in patients with pre-existing heart
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Fig. 3 Pharmacological rationale for combining B-adrenoreceptor (AR) blockers and P,-AR agonists in patients with chronic obstructive
pulmonary disease (COPD) and concomitant heart failure. ASM airway smooth muscle, GPRK2 G protein-coupled receptor kinase 2

disease. However, a prospective national study of patients
starting long-term oxygen therapy for COPD in Sweden
suggested that B-blockers decrease survival in patients with
severe oxygen-dependent COPD [60]. This finding has
been challenged by the results of a prospective follow-up
of the COPDGene cohort, a multicentre observational
cohort of current and former smokers, which showed that
B-blockers were associated with a significant reduction in
AECOPD:s also in subjects with severe COPD and on home
oxygen [61]. The benefits of B-blockers in patients with
COPD and coexistent CVD are less evident in those sub-
jects that are older or who have more severe disease [62].
In any case, patients with COPD discharged from hospital
with B-blockers after a myocardial infarction had a lower
all-cause mortality compared with patients not prescribed
B-blockers [63].

The question is still open as to which pharmacological
properties of B-blockers make them effective in patients
with concomitant COPD and CVD and indeed whether
some of the benefit is the result of some of the B-blockers
actually behaving as inverse agonists [53]. B-Blockers can
be broadly classified into (1) nonselective, those producing
a competitive blockade of both B;-adrenoceptors and f3,-
adrenoceptors and (2) those with much higher affinity for
the B;-adrenoceptors than for the f,-adrenoceptors, usually
called B,-adrenoceptor-selective (cardioselective) blockers.
Although it has been suggested that there is no significant
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difference in AECOPDs based on B-blocker cardioselec-
tivity [64], there is evidence that bisoprolol, a typical
highly cardioselective B-blocker, reduced the incidence of
chronic heart failure and/or AECOPDs compared with
carvedilol, a typical non-selective PB-adrenergic and ol;-
adrenoceptor blocker [65]. Apparently, intrinsic sympath-
omimetic activity (ISA) seems to be at least as important as
Bi-adrenoceptor selectivity in reducing the increase in
airway resistance that results from B-blockade both at rest
and during exertion [53]. Treatment with B-blockers that
have ISA is associated with downregulation of ,-adreno-
ceptors. This finding is consistent with data showing that -
blockers with ISA did not produce the increase in B,-ag-
onist response that was seen with B-blockers without ISA
[53]. Because agents with ISA offer less cardioprotection
than do B-blockers without this ancillary property, the use
of these drugs should be severely restricted [53].

4.4 Anti-Platelet Drugs

Platelet activation is increased in patients with stable and
acute exacerbation of COPD [66]. Actually, there is evi-
dence that the mean platelet volume, as an index of platelet
activation that is correlated with a higher risk of developing
atherosclerotic thrombotic CV events, is higher in patients
with COPD than in controls and even higher in patients
with more severe COPD and during acute exacerbation
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[67]. Moreover, in elderly male patients with COPD, the
mean platelet volume was negatively correlated with the
level of FEV, and left-ventricular ejection fraction [68]. It
has been suggested that platelets may have an important
inflammatory role in COPD, possibly related to hypoxia
[69]. Platelets should no longer be considered just cell
fragments that contribute to plugging of injured blood
vessels, but as inflammatory cells in their own right that
play a key role in the recruitment and activation of
inflammatory cells in diseases such as COPD [70].

Nevertheless, the impact of antiplatelet drug adminis-
tration in patients with COPD is still controversial.
Ekstrom and colleagues [60] showed that antiplatelet drugs
improve survival in patients with severe oxygen-dependent
COPD. Furthermore, in patients admitted to hospital for
AECOPD, antiplatelet therapy was associated with a
reduced 1-year mortality [69]. A recent systematic review
and meta-analysis suggested that antiplatelet therapy might
significantly contribute to reduce all-cause mortality in
patients with COPD, independently of the presence or not
of ischaemic heart disease [71]. Regrettably, other studies
came to the opposite conclusion [72, 73]. In particular, in
patients with COPD taking dual antiplatelet therapy
(aspirin plus clopidogrel), a lower drug responsiveness
compared with patients without COPD was observed [74].
It has been speculated that the proinflammatory nature of
COPD could be involved, influencing both platelet function
and drug responsiveness.

5 Discussion

Currently, no COPD guideline recommends a core CV
evaluation for patients with COPD and no CVD guideline
recommends a core pulmonary evaluation for patients with
CVD. This is the likely reason why there is little specific
guideline guidance for treating COPD in patients with
CVD, or vice versa. There is clearly a need for COPD and
CVD to be considered in an integrated way [1].

The 2017 updated version of the Global Initiative for
Chronic Obstructive Lung Disease Strategy recommends
that treatment for any co-morbidity, including CVD,
should follow that disease-specific guideline [10]. This is
likely because treatment of CVD might reduce morbidity
and mortality in patients with COPD and reduces hospi-
talisation from AECOPDs [4]. Unfortunately, to date, it is
still unclear whether treatment of CVD alters the natural
history of COPD or whether it has a beneficial effect in
patients with COPD by treating the underlying disease or
merely by reducing CV complications [9].

This is clearly an issue that needs resolving, as there is
no direct evidence that this respiratory disease should be
treated differently in the presence of CVD [75-77]. Despite

this, regardless of any scientific speculation, we believe
that, while waiting for studies specifically designed to
understand which drugs are effective and safe in patients
with coexisting COPD and CVD, a degree of caution in the
choice of therapy is necessary, being aware that it is
absolutely appropriate to consider the two diseases
concomitantly.

We have already highlighted that [,-agonists may
induce tachycardia or precipitate cardiac rhythm disorders
in susceptible patients, without increasing the risk of CV
events [16]. Therefore, concomitant CVD does not justify
their avoidance. Nonetheless, because no distinction is
made in the Global Initiative for Chronic Obstructive Lung
Disease Strategy as to which class of bronchodilators
should be considered first, but only recommends the use of
long-acting bronchodilator agents [10], a patient requiring
regular long-acting bronchodilators should be switched to a
LAMA according to current CV safety data [28]. However,
we recognise that there is a limitation in the existing
LAMA CV safety database, and that there is a paucity of
information on the safety of these drugs in high-risk
patients, such as those with coronary artery disease, heart
failure, cardiac arrhythmia, hypoxemia requiring daytime
oxygen therapy and creatinine levels >2 mg/dL, because
such patients were excluded from phase III clinical trials
[78]. These patients may be at increased risk of drug-re-
lated cardiac events in a real-world setting. Therefore,
adequately designed randomised trials pre-specified for CV
outcomes to confirm CV safety of LAMAs are now
mandatory.

In patients with COPD with concomitant chronic heart
failure, concurrent administration of a LABA and a B-
blocker seems an attractive option. However, the efficacy
of concomitant B-blockers to offset the adverse CV effects
of P,-agonists in patients suffering from COPD with
coexistent heart failure and reduced ejection fraction has
not yet been assessed in clinical trials [76]. The addition of
an ICS does not seem to increase the risk of adverse CV
events [38], while regarding the use of dual bronchodilators
(LABA/LAMA FDCs) we must repeat the comments that
we have made for LAMAs.

There is no specific contraindication to use ACE inhi-
bitors, AT1 receptor blockers and statins in patients with
COPD, although between 5 and 20% of subjects treated
with ACE inhibitors develop a cough and, consequently, in
these patients it is preferable to prescribe AT1 receptor
blockers because they induce fewer cough events than
ACE inhibitors [79]. Quite the reverse, the prescription of
B-blockers has traditionally been contraindicated in COPD,
mainly because of anecdotal evidence and case reports
citing acute bronchospasm especially in patients with more
severe COPD or increased airway hyperresponsiveness
after their administration [80]. Actually, the use of B-

A\ Adis



730

M. Cazzola et al.

blockers is significantly lower in patients with heart failure
and COPD than in patients with heart failure alone, irre-
spective of the severity of COPD [81]. Nonetheless, the
literature is reassuring [53, 80] and the use of B-blockers is
recommended in international management guidelines for
heart failure [82], coronary artery disease [83] and hyper-
tension [84] and also for patients with concomitant COPD.
Cardioselective B;-blockers are preferred to the nonselec-
tive B-blockers as they are less likely to produce bron-
choconstriction in COPD [53].

Intriguingly, cardioselective P;-blockers had larger
beneficial effects on mortality than nonselective ones but
similar effects on the risk of AECOPDs [85]. Apparently,
only B-blockers that are PB,-adrenoceptor inverse agonists
such as nadolol, which could also inactivate the sponta-
neously active P,-adrenoceptors, exert their beneficial
effects on airway epithelial cells and immune cells by
inhibiting constitutive proinflammatory signalling through
non-canonical B-arrestin-2-mediated signalling, with a real
potential to affect AECOPDs [80]. Therefore, it will be
important to verify if the specific frequent exacerbator
COPD phenotype is particularly sensitive to [,-adreno-
ceptor inverse agonists [80]. We are confident that a pos-
itive result of a randomised clinical trial with an inverse
agonist on AECOPDs would cause a paradigm shift com-
parable to B-blocker use in patients with heart failure in the
1990s.
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