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Chronic obstructive pulmonary disease (COPD) is a disease characterized by

persistent airflow limitation, and is associated with abnormal inflammatory

responses in the lungs to cigarette smoke and toxic and harmful gases.

Due to the existence of common risk factors, COPD is prone to multiple

complications, among which cardiovascular disease (CVD) is the most

common. It is currently established that cardiovascular comorbidities increase

the risk of exacerbations and mortality from COPD. COPD is also an

independent risk factor for CVD, and its specific mechanism is still unclear,

which may be related to chronic systemic inflammation, oxidative stress,

and vascular dysfunction. There is evidence that chronic inflammation of

the airways can lead to destruction of the lung parenchyma and decreased

lung function. Inflammatory cells in the airways also generate reactive oxygen

species in the lungs, and reactive oxygen species further promote lung

inflammation through signal transduction and other pathways. Inflammatory

mediators circulate from the lungs to the whole body, causing intravascular

dysfunction, promoting the formation and rupture of atherosclerotic plaques,

and ultimately leading to the occurrence and development of CVD. This article

reviews the pathophysiological mechanisms of COPD complicated by CVD

and the effects of common cardiovascular drugs on COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic
respiratory disease with persistent airflow limitation. The
airflow limitation is usually gradual and not fully reversible.
It is mainly related to smoking and inhalation of other toxic
and harmful gases (1). COPD is the fourth leading cause of
death in the world, and the number of deaths is increasing
year by year (2, 3). In addition, with the aging of the
population and smoking, the economic and social burden
of COPD is also increasing year by year (2, 4). Age and
smoking are also high-risk factors for many other diseases,
making COPD patients prone to multiple other comorbidities,
which complicates treatment (5). Comorbidities are prevalent
in COPD patients, with approximately 86–98% of COPD
patients having at least one comorbidity (6). The presence of
comorbidities reduces patients’ quality of life and increases in-
hospital mortality, and many patients with mild to moderate
COPD die from comorbidities rather than COPD itself (7).
The current treatment of COPD mainly includes two aspects,
one is conventional treatment, including smoking cessation,
bronchodilator, pulmonary rehabilitation and vaccination, and
the other is the management of comorbidities (7, 8). The
management of comorbidities is related to the quality of life
of patients with early COPD (9), and reasonable treatment
can reduce the mortality and economic burden of end-stage
patients (2).

Cardiovascular disease is one of the most common
comorbidities of COPD (10), which is related to the morbidity
and mortality of COPD patients, and is associated with various
diseases, such as acute myocardial infarction, arrhythmia, heart
failure, etc. (11). A recent study by Pikoula et al. showed that
COPD patients with CVD had an increased risk of COPD
exacerbations and were most likely to die from circulatory
disease, suggesting that CVD has an adverse effect on the COPD
population (12). COPD and CVD frequently occur in the same
individual, and the presence of overlapping symptoms (chest
tightness, dyspnea) makes treatment and management of the
disease often incomplete (13). Nearly half of the hospitalizations
and deaths in COPD patients are attributed to CVD (14).
A comprehensive treatment is required for such patients. Drugs
for the treatment of CVD have both benefits and possible side
effects for COPD. This article reviews the pathophysiological

Abbreviations: COPD, chronic obstructive pulmonary disease; CVD,
cardiovascular disease; ROS, reactive oxygen species; NADPH,
nicotinamide adenine dinucleotide phosphate; MAPK, mitogen-activated
protein kinase; NO, nitric oxide; ADMA, asymmetric dimethylarginine;
VCAM-1, vascular cell adhesion molecule-1; eNOS, endothelial nitric
oxide synthase; RAAS, renin-angiotensin-aldosterone system; ACEI,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor
blockers; CRP, C-reactive protein; ICAM-1, intercellular cell adhesion
molecule 1; AF, atrial fibrillation; PRRs, pattern recognition receptors;
OS, Oxidative stress; RNS, reactive nitrogen species.

mechanisms of COPD complicated by CVD and the effects of
common cardiovascular drugs on COPD.

Common pathophysiological
mechanism of chronic obstructive
pulmonary disease and
cardiovascular disease

Inflammation and oxidative stress

Chronic systemic inflammation plays an important role
in the pathogenesis of CVD (15, 16) and is involved in
the occurrence, development and rupture of atherosclerotic
plaques (17), leading to coronary heart disease and heart failure
(18). During inflammation, monocytes migrate from the blood
into and under the intima, phagocytose other cells and toxic
molecules (such as oxidized low-density lipoprotein [oxLDL]),
produce inflammatory cytokines, and can differentiate into
inflammatory dendrites shape cells, macrophages, or foam cells,
forming early plaques. Early plaques mature into atherosclerotic
plaques as inflammatory cells and lipids accumulate. Over
time, matrix-degrading proteases and cytokines secreted by
macrophages can lead to the breakdown of the outer fibrous cap
of atheromatous plaques. The expelled plaque fragments release
tissue factor into the blood, triggering a coagulation cascade and
thrombosis, leading to acute narrowing of the arteries, leading
to acute coronary syndrome, myocardial infarction (19). This
suggests that inflammation is involved in the entire process of
atherosclerosis, from the onset of injury to the onset of clinical
symptoms. The levels of circulating inflammatory markers, such
as intercellular cell adhesion molecule 1 (ICAM-1), interleukin-
6, C-reactive protein, and serum amyloid-A, are also associated
with cardiovascular disease prognosis (16). Other studies have
shown that inflammation is also involved in the occurrence
of arrhythmia. During systemic inflammation, the incidence
of atrial fibrillation increases, especially in sepsis, and plasma
C-reactive protein (CRP) levels increase before the onset of
atrial fibrillation. Infiltration of CD68-positive macrophages
and increased expression of IL-6 and transforming growth
factor beta (TGFβ), inflammatory factors mainly derived from
epicardial adipose tissue, were seen in atrial tissue from patients
with atrial fibrillation (AF). Under the induction of systemic
inflammatory response, epicardial adipose tissue increases
and secretes pro-inflammatory cytokines. These inflammatory
factors act on atrial cardiomyocytes, reduce cardiomyocyte
conduction velocity, shorten action potential duration (APD),
and ultimately lead to atrial arrhythmias happened (20).
The inflammasome may be another mechanism by which
inflammation induces arrhythmias. The inflammasome, a multi-
protein complex assembled by cytoplasmic pattern recognition
receptors (PRRs), is an important part of the innate immune
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system and can recruit and activate the proinflammatory
protease caspase-1 under pathological conditions. Activated
caspase-1 cleaves the precursors of IL-1β and IL-18 to
produce the corresponding mature cytokines. Cholesterol-
rich Western diet triggers NLRP3 inflammasome-dependent
innate immune rearrangement, exerting inflammation-related
arrhythmias (21). Inflammation is a hallmark feature of COPD
and one of the mechanisms that affects distant tissues and
organs and increases the prevalence of CVD (22). COPD
is considered an inflammatory disease with infiltration of
various inflammatory cells including neutrophils, mast cells,
eosinophils, CD8+ T lymphocytes, and macrophages in the
airways (23, 24). Smoking is a common risk factor for COPD
and CVD. Smoking can cause various inflammatory responses
in susceptible people. COPD is thought to be the result of an
enhanced lung inflammatory response to noxious gases such as
cigarette smoke and other noxious particles, leading to airflow
limitation that is not fully reversible (2, 25). In COPD patients,
blood inflammatory markers such as CRP were elevated,
while patients with CVD had higher blood concentrations of
fibrinogen, interleukin-6, interleukin-8, and other inflammatory
markers than patients without comorbidities (26). Inflammatory
response may be a key factor in the comorbidity of COPD
and CVD, and it has even been suggested that COPD is only
one of the manifestations of systemic inflammatory response
(27). There is a markedly increased risk of CVD events within
30 days after COPD hospitalization and exacerbations (28),
which is associated with increased circulating proinflammatory
markers (29). Therefore, the inflammatory response state of
COPD patients can promote the occurrence of CVD.

In addition to inflammation, oxidative stress is another
feature of COPD that plays an important role in the
development of the disease and is also associated with CVD
(30). Oxidative stress (OS) mainly refers to a state of imbalance
between oxidation and antioxidant effects in the body. OS
is almost universal in cardiovascular diseases and is involved
in myocardial ischemia-reperfusion injury (31, 32), heart
failure (33, 34, 35), atherosclerosis (36, 37), atrial fibrillation
(38–40) and hypertension (41–43), etc. An important link
between oxidative stress and cardiovascular outcomes has
been established, supported by extensive clinical trial data.
A study of 636 people showed that levels of the antioxidant
enzyme glutathione peroxidase-1 were positively associated
with the incidence of cardiovascular events (44). The reactive
oxygen species in the heart mainly come from NADPH
oxidase, mitochondria, xanthine oxidase and unconjugated
nitric oxide synthase (NOS). In patients with coronary heart
disease and heart failure, the electron transport chain of
mitochondria is disturbed, and the expression and activity of
NADPH oxidase and xanthine oxidase are increased. NOS
uncoupling and structural instability lead to increased ROS
production. Excessive ROS causes cellular dysfunction, protein
and lipid peroxidation, DNA damage, and ultimately irreversible

cellular damage and apoptosis (45, 46). Under oxidative stress,
ROS can lead to uncoupling of NOS by disrupting the
vascular protective NO signaling pathway. Thereby mediating
endothelial dysfunction and vascular abnormalities. When nitric
oxide synthase is uncoupled, nitric oxide is converted to
superoxide anion 2-) and pernitrite (ONOO-), resulting in
reduced NO bioavailability and vasoconstriction. In addition,
pernitrite can inhibit vasodilation, oxidize DNA and lipids,
and reduce the inhibition of platelet aggregation by NO,
thus participating in the progression of atherosclerosis, and
cardiovascular diseases are mostly caused by atherosclerosis
(47). At the same time, increasing evidence also indicates that
oxygen species has a potential role in the pathophysiology
of AF and ventricular arrhythmia. Reactive oxygen species
may mediate the formation of ectopic heart rhythms by
altering the homeostasis of Ca2+, K+, and Na+ channels
on the cardiomyocyte membrane and causing gap junction
remodeling, but the exact molecular mechanism remains to be
determined (48, 49). Cigarette smoke is the main source of
oxidants in the lungs, and inflammatory cells in the airways also
produce reactive oxygen species (ROS) in the lungs (50). The
production of reactive oxygen species in COPD patients results
from increased nicotinamide adenine dinucleotide phosphate
(NADPH) activity in macrophages, neutrophils, and epithelial
cells (14). Compared with non-smokers, the proportion of
macrophages and neutrophils in the lung tissue of smokers
and COPD patients increased, and the oxidative stress in the
lungs of COPD patients was further aggravated by activating
NADPH to generate reactive oxygen species (51). These reactive
oxygen species enhance pulmonary inflammatory responses
by activating the transcription factor nuclear factor kappa B,
mitogen-activated protein kinase (MAPK) signaling, chromatin
remodeling, and pro-inflammatory gene transcription (51).

Cardiovascular events are one of the leading causes
of hospitalization in patients with COPD and contribute
significantly to the cost burden of the disease. One study
found that among smokers with mild to moderate COPD, CVD
accounted for 50% of hospitalizations (52). Inflammation and
oxidative stress associated with COPD may be the mechanisms
linking COPD with an increased risk of CVD.

Vascular endothelial dysfunction

Vascular endothelium is widely distributed in the body and
can maintain the tension of blood vessels and the structure
of blood vessels by mediating vasodilation, contraction,
production inhibition and production promotion, as well
as the balance of anti-inflammatory and pro-inflammatory,
and can synthesize and release vasoactive substances., to
regulate vascular tone, thereby regulating platelet function,
inflammatory response, and vascular smooth muscle cell growth
and migration (53). Vascular endothelial dysfunction refers
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to the imbalance between vasodilator and vasoconstrictor
factors produced by endothelial cells, which is the main
factor of atherosclerosis and occurs in the early stages of
atherosclerosis (54, 55). Atherosclerosis is a major factor
in the pathogenesis of CVD (56). The increased risk of
acute atherothrombotic events in COPD is independent
of smoking and other cardiovascular risk factors. Airway
inflammation in COPD spreads to the systemic circulation
and plays a key role in plaque formation and rupture (57).
The most important vasodilatory substance released by the
vascular endothelium is nitric oxide (NO), which can inhibit
growth and inflammation, and has anti-platelet aggregation
effects. Decreased NO is a manifestation of endothelial
dysfunction and is associated with decreased NO synthase
activity (competitive inhibition by L-arginine or competitive
inhibition by asymmetric dimethylarginine) or decreased
NO bioavailability (overexpression of endothelin-1) (58–60).
Circulating concentrations of asymmetric dimethylarginine
(ADMA) are significantly elevated in COPD patients and
are significantly correlated with disease progression. Elevated
ADMA inhibits NOS activity and further increases endothelial
dysfunction (53). It has been found that NO-mediated
endothelial relaxation in COPD patients is present early in
the disease and is associated with airflow obstruction (61).
The results of multiple meta-analyses have also confirmed that
COPD endothelial function is impaired, and the severity is
positively correlated with the degree of airway obstruction
(62–64). Endothelial dysfunction in COPD may be involved
in the following aspects (65): (1) Toxic effects of cigarette
smoke; (2) Production of autoantibodies in endothelial cells; (3)
Vascular inflammation; (4) Increased levels of oxidative stress;
(5) Antioxidant Pathway activation decreased; (6) NO release
decreased, endothelin-1 expression increased and so on. Insulin
resistance may also be involved in COPD vascular dysfunction
(66). When insulin resistance occurs, insulin signal transduction
changes, eNOS activity is down-regulated, and elevated blood
sugar can lead to increased glycation end products, which
promote vascular inflammation, inhibit NO production and
release, and lead to endothelial dysfunction.

Vascular endothelial injury in COPD patients mediates the
occurrence of CVD, which is the result of enhanced oxidative
stress and inflammatory response, thereby significantly
increasing the risk of vascular diseases such as atherosclerosis,
myocardial infarction, and stroke (67). In the initial stage
of atherosclerotic injury, the damage of vascular endothelial
function can be seen. Under the stimulation of inflammation,
vascular endothelial cells secrete vascular cell adhesion
molecule-1 (VCAM-1), which promotes the adhesion
and aggregation of inflammatory cells, thereby exerting
inflammatory damage (68). Studies have shown that when
inflammatory mediators are removed, the integrity of the
vascular endothelium can be restored, and the incidence of
CVD will be reduced (69). Inflammatory factors can enhance

NOX-NADPH oxidase activity resulting in increased ROS
production, which induces vessel wall inflammation through
activation of nuclear factor κ-light chain enhancer (NFκB)
signaling in B cells (70). In addition, increased ROS production
can lead to the rapid inactivation of NO to form peroxynitrite,
a strong oxidant molecule that simultaneously uncouples
endothelial nitric oxide synthase (eNOS), resulting in increased
superoxide and activity NO production is further reduced,
ultimately promoting the formation of atherosclerosis (71).

Hypoxia

Hypoxia refers to a pathological process in which the
metabolism, function and morphological structure of tissues
are abnormally changed due to insufficient oxygen supply
or oxygen use disorders in tissues. Hypoxia is a common
clinical pathological process, and hypoxia of important organs
such as brain, heart and lungs is also an important cause of
death. There is evidence that hypoxia plays a detrimental role
in CVD (72). Hypoxia enhances the expression of hypoxia-
inducible genes, which are related to vascular endothelial
production, erythropoiesis, cell metabolism, and inflammatory
processes, and participate in atherosclerosis, vascular and
cardiac remodeling by altering cell transduction pathways
(73). The maintenance of normal vascular function depends
on the production and regulation of NO. NO synthase is
responsible for the production of endothelial NO. Hypoxia
can cause post-translational modification of NO synthase,
leading to the disturbance of NO production, ultimately
causing vascular dysfunction and driving the occurrence of
CVD and development (13). Long-term chronic hypoxia
in COPD patients induces systemic inflammation, oxidative
stress, foam cell production, and increased expression of
cell adhesion molecules in endothelial cells, leading to
the progression of atherosclerosis, which in turn induces
CVD (74). Long-term chronic hypoxia in COPD patients
is also a key driver of pulmonary hypertension. Hypoxia-
induced vasoconstriction, systemic inflammation, endothelial
dysfunction, and erythrocytosis, as well as persistent lung
inflammation from increased ROS and reactive nitrogen species
(RNS) in vivo, all promote pulmonary arterial remodeling,
vessel narrowing, and subsequent increased pulmonary arterial
pressure. Later, it can lead to right heart enlargement, followed
by pulmonary heart disease and ventricular failure (14, 27). The
incidence of myocardial infarction and heart failure in these
patients was significantly increased.

Chronic obstructive pulmonary disease is an independent
risk factor for CVD (75), and CVD is very prevalent in
COPD patients and is associated with considerable morbidity
and mortality, a condition that is increasingly seen across the
“cardiopulmonary continuum”. In the context, both diseases are
associated with systemic inflammation, with the involvement
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of hypoxia, oxidative stress and other factors (76). The
above-mentioned multiple pathogenic mechanisms do not act
independently, but are interrelated and promote each other.
The persistent respiratory symptoms of COPD are caused
by abnormalities in the airways and alveoli that result from
chronic lung inflammation, and oxidative stress exacerbates
the inflammatory response in the airways, while increased
oxidative stress leads to endothelial dysfunction. Deficiency of
vascular endothelial antioxidant factor NO increases oxidative
stress. In COPD, hypoxia increases oxidative stress and the
production of reactive oxygen species, while reducing the
production of vascular endothelial antioxidant factors. A vicious
cycle is formed between these factors, which eventually leads
to the occurrence of CVD (Figure 1). Understanding these
pathophysiological mechanisms could provide new directions
for disease treatment. Since oxidative stress is a key factor in
disease progression, drugs against oxidative stress have attracted
more and more attention in recent years. Animal studies
have shown that Apocynin, an inhibitor of reactive oxygen
species generation, can reduce cigarette smoke-induced lung
inflammation in mice (77). Funamoto’s research shows that
curcumin can reduce oxidized low-density lipoprotein, thereby
delaying the occurrence and development of atherosclerosis,
which may be related to curcumin’s inhibition of NF-κB to
produce antioxidant activity, inhibit inflammation and oxidative

stress reaction (78). Therefore, antioxidant therapy may become
a new target for the treatment of COPD combined with CVD.

Effects of common therapeutic drugs
for cardiovascular disease on chronic
obstructive pulmonary disease

Chronic obstructive pulmonary disease and CVD are closely
related. Due to overlapping symptoms and signs, clinical
symptoms are often attributed to one disease, while another
disease is ignored. In patients with newly diagnosed CVD,
uncertainty about the safety of some physicians has also led to
underuse of CVD drugs, even in patients with known CVD (8).
The use of cardiovascular drugs may be beneficial to patients,
reducing the risk of disease progression and death to a certain
extent (79, 80).

Beta-blockers

With the aging of the population, the increase in air
pollution and smoking rates, the global economic burden of
COPD is increasing, and most COPD patients are complicated
by CVD, which prolongs the hospitalization period, costs a lot

FIGURE 1

The pathogenesis of chronic obstructive pulmonary disease (COPD) complicated with cardiovascular disease (CVD) and the relationship
between various factor.
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and has a poor prognosis. Beta-agonists can stimulate beta-
receptors on airway smooth muscle to produce bronchodilator
effects and are the basis for COPD, while beta-blockers
can counteract the toxicity of catecholamine adrenergic
transmitters, especially through beta1 receptors mediated
cardiotoxicity, as well as anti-hypertension, anti-myocardial
ischemia, blocking the renin-angiotensin-aldosterone system
by inhibiting renin release, improving cardiac function and
increasing left ventricular ejection fraction, antiarrhythmic and
other effects, is the standard treatment of many CVD drugs. The
use of beta-blockers in COPD patients has been controversial
because of their opposing pharmacological effects. The 2016
European Society of Cardiology guidelines recommend the use
of beta-blockers in patients with COPD and CVD (81). Beta-
blockers are underused in COPD patients with CVD due to
concerns about potential side effects, resulting in poor patient
outcomes (82, 83).

Beta -adrenergic receptors are divided into three subtypes.
β1 and β3 are mainly distributed on cardiomyocytes. After
β1 receptor activation, it can have positive effects on the
myocardium, and after β3 receptor activation, it can produce
negative inotropic effect. β2 receptors are mainly distributed on
smooth muscle, and the activation of this receptor can cause
smooth muscle relaxation (84). Beta-blockers are classified into
non-selective beta-blockers and cardioselective beta-blockers
according to their receptor subtypes. Cardioselective β-receptor
antagonists have higher selectivity for cardiac β1-receptors,
and the adverse reactions such as bronchospasm are milder at
the treatment dose. A growing number of clinical trials and
meta-analyses have also shown that the use of selective beta-
blockers in COPD patients is safe and reduces all-cause and
in-hospital mortality. Studies have shown that beta-blockers do
not exacerbate COPD, and even suggest that cardioselective
beta-blockers are beneficial for COPD. A study on the efficacy
of bisoprolol in the treatment of COPD complicated with
heart failure showed that the bisoprolol treatment group could
effectively improve blood gas indexes, improve left ventricular
systolic and diastolic function, improve quality of life, and
relieve clinical symptoms (85). In a study of patients with
moderate to severe COPD, there was no significant difference
in the risk of exacerbation of COPD between the metoprolol
group and the placebo group (86). A recent study on the
effect of beta-blockers on the long-term prognosis of Asian
COPD patients with heart failure showed that beta-blockers
can reduce all-cause mortality in these patients. At the same
time, active use of beta-blockers in such patients is advocated
(87). Results of a recent large meta-analysis showed that beta-
blockers are safe and reduce all-cause and in-hospital mortality
in patients with COPD, and selective beta-blockers may even
reduce the acute incidence of COPD. It does not affect the
effect of bronchodilators and can resist the increased heart rate
caused by bronchodilators. Therefore, the use of beta-blockers

should not be restricted in patients with COPD and heart
disease (88).

At present, most of the data are derived from observational
studies or based on retrospective studies. The sample size is
small and the observation time is short, and there may be some
bias. More high-quality RCT studies are still needed to further
demonstrate the safety of β-blockers in patients with COPD.

Statins

Statins, i.e., 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors, potently lower not only
total cholesterol and LDL but also triglycerides to a certain
extent, can also increase high-density lipoprotein, so statins
are more comprehensive lipid-lowering drugs (89). The
mechanism of action of statins is to competitively inhibit the
endogenous cholesterol synthesis rate-limiting enzyme HMG-
CoA reductase, block the intracellular oxyvalonate metabolic
pathway, and reduce intracellular cholesterol synthesis. It is
mainly used to treat atherosclerosis clinically, and it has become
a commonly used drug for the prevention and treatment of
coronary heart disease. In recent years, studies have found
that statins have multiple non-lipid-lowering effects, including
stabilizing atherosclerotic plaques, improving endothelial
function, and anti-inflammatory and stabilizing lipid cores
(90). Persistent airflow limitation in COPD is associated with
chronic airway inflammation, and the anti-inflammatory and
antioxidant effects of statins may reduce the risk of exacerbation
in COPD patients (91, 92). Randomized controlled studies
have shown that rosuvastatin can benefit patients with stable
COPD by reducing systemic inflammation and improving
endothelial-dependent vascular function in vivo (93). A later
observational study also showed that COPD patients with
cardiovascular indications and systemic inflammation may
derive clinical benefit from statin therapy (94). The results
of the STATCOPE study showed that simvastatin did not
increase the number and duration of exacerbations in patients
with moderate to severe COPD (95). However, the study data
did not show the therapeutic benefit of statins in patients
with moderate to severe COPD, and the benefit of statins in
patients with COPD and CVD cannot be ruled out because
patients with coronary heart disease were not included. A recent
cohort observational study on the effect of statins on the
acute exacerbation rate in COPD patients obtained similar
results from the STATCOPE study, that is, statins had no
effect on the exacerbation rate and mortality in COPD patients
(96). The results of a recent systematic review evaluating
the benefits and harms of statins compared with placebo in
COPD patients showed that statin use can reduce CRP and
IL-6 levels, but there were no significant gains in COPD
mortality, exacerbation frequency, or lung function (97). Of
course, the use of statins did not increase adverse effects
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(97). Several retrospective studies have shown that statins
can reduce the risk of acute exacerbations in patients with
COPD (98–101). The results of a recent study on the effect
of losartan on the progress of emphysema have not been
published yet (102). Statins also reduce the risk of pulmonary
hypertension in COPD, with higher daily doses and longer
lasting benefits (103).

Renin-angiotensin-aldosterone system
inhibitors

The renin-angiotensin-aldosterone system (RAAS) is a
blood pressure regulating system produced by the kidneys
in the body, causing vascular smooth muscle contraction
and water and sodium retention, resulting in a blood
pressure boosting effect. Renin-angiotensin-aldosterone system
inhibitors, including angiotensin-converting enzyme inhibitors
(ACEI) and angiotensin II receptor blockers (ARBs), are
currently widely used in the prevention and treatment
of cardiovascular diseases, while RAAS may promote the
progression of COPD and pulmonary fibrosis by inducing the
production and release of inflammatory factors and reactive
oxygen species (104). There are relatively few data on the
application of RAAS inhibitors in patients with COPD. A recent
randomized controlled study showed that the use of RAAS
inhibitors in patients with heart failure with COPD compared
with those without COPD were consistent, meaning that RAAS
inhibitors did not increase adverse outcomes in COPD patients
(105). Angiotensin II receptor blockers are well tolerated in
patients with stage III and IV COPD, and there may be potential
benefit in patients with COPD and cardiovascular comorbidities
(106). A Multi-Ethnic Study of Atherosclerosis Lung Study
found that the use of ACEI or ARB can delay the development
of emphysema, especially in smokers, and the efficacy is dose-
related (107). The most common side effect of ACEIs is cough,
usually dry or irritating, occurring in approximately 5–20% of
patients (108). Studies have also shown that the use of ARBS
drugs in COPD patients has a lower risk of exacerbation,
pneumonia, and mortality compared with ACEI drugs (109).
So angiotensin II antagonists may be a better choice when
treatment is needed.

Antiplatelet therapy

Thrombosis is one of the main causes of cardiovascular
diseases. The adhesion, release and aggregation of platelets in
blood vessels are the main causes of thrombosis. Therefore,
antiplatelet therapy is widely used in some vascular diseases.
Platelet activation is increased in COPD patients (110), it
may be related to factors such as inflammatory response,
hypoxia, and hemodynamic changes, which further increase

the cardiovascular risk in COPD patients (111). In a study
in patients with COPD exacerbations, thrombocytosis was
associated with increased in-hospital and 1-year mortality,
and antiplatelet therapy significantly reduced 1-year mortality
(110). Results of a recent randomized controlled study showed
that platelet response to aspirin and ticagrelor antiplatelet
therapy was not observed in nearly one-third of COPD
patients with no prior CVD history, supporting a high
prothrombotic environment in COPD patients, suggesting that
in addition to antiplatelet therapy, anticoagulation therapy may
have an impact on CVD morbidity and mortality in COPD
patients (112). The results of a meta-analysis demonstrated
that antiplatelet therapy reduced all-cause mortality in COPD
patients (113). A prospective multicenter study showed that
antiplatelet drugs improved survival in COPD patients, possibly
related to systemic antithrombotic effects (114). However, there
are no studies showing that the use of aspirin can improve
lung function in COPD patients (115). The results of another
study showed that antiplatelet therapy significantly reduced
the risk of ischemic events in patients with acute coronary
syndrome and COPD, without increasing the total serious
bleeding events (116).

Diuretics

Diuretics, mainly divided into loop diuretics, thiazide
diuretics, and potassium-sparing diuretics, are important
components of the treatment strategy for patients with heart
failure. The use of thiazide diuretics in COPD patients with
hypertension has not been found to affect respiratory function
and does not increase the risk of acute exacerbations in
COPD patients. Thiazide diuretics are not contraindicated
in COPD patients (117). There are few data on the use of
loop diuretics in COPD patients. A recent study on diuretic
use and adverse respiratory events in elderly COPD patients
found that the proportion of patients receiving loop diuretics
due to acute exacerbation or pneumonia was higher than the
control group. While the rate of exacerbation was decreased
in patients receiving thiazide diuretics, patients receiving
potassium-sparing diuretics and carbonic anhydrase inhibitors
did not differ significantly from controls (118). However, further
research is needed to clarify whether the results come from
causality or confounding factors. On the other hand, the use of
diuretics can reduce pulmonary congestion and edema, increase
lung compliance and improve pulmonary ventilation function
(119, 120), which is beneficial for COPD patients. However, the
related side effects caused by diuretics still need attention, such
as hypokalemia, hypercapnia, metabolic alkalosis, and decreased
cardiac output (121–123). Secondly, the excessive dosage of
diuretics can lead to thick airway secretions in patients with
COPD, thus making it difficult to expectoration and aggravating
the disease. Therefore, the type and dosage of diuretics should
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be determined according to the condition, so as to achieve
individualized treatment.

By reviewing the current literature, in general, most CVD
drugs are relatively safe in COPD patients, and active drug
intervention is encouraged for COPD patients with CVD.

Conclusion

The comorbidities of COPD are very common and may
even be fatal, and such patients should be actively intervened
and managed. CVD is a common complication of COPD,
among which atrial fibrillation, heart failure and ischemic
cardiomyopathy are the most common, and many factors
such as inflammation, oxidative stress, hypoxia, and vascular
endothelial dysfunction are involved in this process. Due to
overlapping symptoms and signs such as dyspnea and fatigue,
clinical treatment is often insufficient, and acute respiratory
symptoms are often caused by confounding factors in the lungs
and heart, and most cardiovascular drugs do not increase the
risk of COPD exacerbation, or even can improve prognosis.
Therefore, comprehensive management and individualized
treatment should be done for COPD patients with CVD.
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