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Abstract: Chronic obstructive pulmonary disease (COPD) is considered one of the leading causes
of mortality. Cardiovascular comorbidities are diagnosed often in COPD patients, not only because
of the common risk factors these two diseases share, but also because of the systemic inflammation
which characterizes COPD and has deleterious effects in the cardiovascular system. The comorbid
cardiovascular diseases in COPD result in several difficulties in the holistic treatment of these patients
and affect outcomes such as morbidity and mortality. Several studies have reported that mortality
from cardiovascular causes is common among COPD patients, while the risk for acute cardiovascular
events increases during COPD exacerbations and remains high for a long time even after recovery. In
this review, we focus on the prevalence of cardiovascular comorbidities in COPD patients, presenting
the evidence regarding the interaction of the pathophysiological pathways which characterize each
disease. Furthermore, we summarize information regarding the effects of cardiovascular treatment
on COPD outcomes and vice versa. Finally, we present the current evidence regarding the impact of
cardiovascular comorbidities on exacerbations, quality of life and survival of COPD patients.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and
mortality in patients older than 40 years of age, and it is projected to become the fourth
leading cause of premature death by 2040 [1]. In 2023, COPD has been redefined as “hetero-
geneous lung condition characterized by chronic respiratory symptoms (dyspnea, cough,
sputum production and/or exacerbations) due to abnormalities of the airways (bronchitis,
bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive, airflow
obstruction” [2]. A new definition has been stated for AECOPD (Acute Exacerbation of
COPD) too: “an event characterized by dyspnea and/or cough and sputum that worsen
over <14 days, which may be accompanied by tachypnea and/or tachycardia and is often
associated with increased local and systemic inflammation caused by airway infection,
pollution, or other insult to the airways” [3]. Both definitions focus mostly on these diseases’
proper characteristics instead of on their epidemiology, risk factors, cause and diagnostic
criteria. However, COPD has a considerable impact on patients” quality of life, while
exacerbations increase direct health care cost (pharmacotherapy and/or hospitalization)
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and indirect costs (mainly related to a reduction of working days due to dyspnea and func-
tional deterioration) [4,5]. Smoking history and advanced age of COPD patients increase
the risk for various additional disorders, known as comorbidities, which affect outcomes
and complicate treatment [6]. It has been reported that approximately 86-98% of COPD
patients suffer from at least one comorbid condition [7]. A previous study has shown that
comorbidities are responsible for approximately one-third of deaths in COPD patients [8],
while the risk of death is higher in patients with multiple comorbidities [9]. Accordingly,
management of comorbidities and standard treatment, including smoking cessation, phar-
macotherapy, pulmonary rehabilitation, and immunization, are critical components of
contemporary COPD care [10].

One of the most prevalent comorbidities of COPD is cardiovascular disease (CVD) [11],
which constitutes the leading cause of mortality worldwide, affecting approximately
85 million people in Europe [12]. The Global Initiative has highlighted Coexisting COPD
and CVD for Chronic Obstructive Lung Disease (GOLD) as being highly important, since
CVD is responsible for over half of hospitalizations and deaths in COPD patients [13].
COPD and CVD are two entities that share similar pathophysiological mechanisms, and
frequently occur in the same individual, while medications used to treat CVD can either
benefit or harm COPD patients and vice versa. In the absence of definite recommendations
on the treatment of patients with COPD and CVD, this narrative review aims to provide
recent advances in better understanding of the mechanisms leading to the coexistence of
these diseases and to provide information on the effect of specific treatments for either
disease on the other, both during stability and during exacerbations.

2. Methods

We searched Medline (via PubMed) up to February 2023 to identify studies relevant
to this review. The combination of the following keywords was used as search terms:
“Cardiovascular diseases in COPD”, “Prevalence”, “Treatment”, “Survival and Quality
of Life”. In addition, the reference lists of the retrieved articles were further searched to
identify their relevance to the concept of this review.

3. Frequency and Type of Cardiovascular Comorbidities in COPD

The frequency of CVD in COPD varies throughout studies, depending mainly on
disease severity, number of comorbidities, cohorts recruited from primary or secondary
care, methodology, and adjustment for confounding factors. However, it seems that COPD
patients are two to five fold more likely to develop cardiovascular diseases, including
coronary artery disease (CAD), cardiac dysrhythmia, heart failure (HF), and pulmonary
and peripheral vascular disease (PVD), compared to the general population [14,15]. It is
important to point out that this increase in the prevalence of CVD in COPD patients occurs
even after adjustment for age, smoking habit, and other risk factors [15].

3.1. Heart Failure (HF)

The prevalence of HF in COPD ranges from 7% to 42% and is significantly higher
compared to the non-COPD population [16]. At the same time, HF-related hospitalizations
are higher in patients with COPD (1807 vs. 352 per 100,000 person-years for COPD and
non-COPD patients, respectively). Furthermore, the prevalence of HF is approximately 30%
in patients hospitalized for COPD exacerbations, reaching almost 75% in those receiving
mechanical ventilation [17-19]. Large epidemiological studies report that COPD patients
with concomitant HF have a worse prognosis in terms of acute exacerbations, hospitaliza-
tions, and mortality [20-22]. In the same context, HF is the most frequent cause of hospital
readmission and worsens the short and long-term prognosis of patients hospitalized for
COPD exacerbation [17]. Conversely, the prevalence of COPD in patients with HF lies in
the range of 13.0-39.0% [23], while the presence of COPD worsens the prognosis of patients
hospitalized due to HF [24].
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3.2. Ischemic Heart Disease (IHD) and Coronary Artery Disease (CAD)

The frequency of IHD among stable COPD patients seems to range between 7.1%
and 33% [7,25,26] and reaches 17-22% in patients admitted to the hospital for COPD
exacerbations [27]. Recently, it has been reported that COPD patients with clinical manifes-
tation of IHD have significantly decreased exercise capacity (according to the six-minute
walking test (6MWT)), more severe dyspnea (according to the modified medical research
council (mMRC) dyspnea scale), decreased body mass index, more significant airflow
obstruction and a worse quality of life [28]. Furthermore, COPD patients with concomi-
tant IHD have a twofold increased chance of being hospitalized [29] and greater 3-month
mortality [17], while IHD is one of the leading causes of death for this group of patients [30].

10.0% to 17.0% of patients with a confirmed diagnosis of COPD have experienced an
acute myocardial infarction, and COPD roughly doubles the risk of myocardial infarction,
a clinical outcome associated with a worse prognosis [31,32].

Although the data vary across different studies, 20.0-60.0% of COPD patients suffer
from CAD [14,33]. A systematic analysis of the Global Burden of Disease Study con-
ducted in 2017 found that the most common cause for early mortality in COPD was CAD,
accounting for more than one million deaths worldwide [34].

Peripheral artery disease (PAD) is a condition similar to CAD, characterized by
atherosclerotic plaques leading to occlusion of the arteries of the lower limbs. In a large
cohort of COPD patients, 8.8% were diagnosed with PAD, compared to 1.8% in subjects
without COPD (control group), while PAD was associated with a clinically significant
decline in functional ability and health status [35]. As expected, the prevalence of PAD
in COPD patients increases with the severity of airway obstruction and is estimated at
between 13% and 16% [17,27]. In a cohort of 3742 patients who underwent peripheral
vascular interventions or lower extremity bypass for PAD, the coexistence of COPD was
linked with a higher readmission rate [36] whereas, in a prospective cohort study of 170 out-
patients with stable COPD, an ankle-brachial index of <1 was found to be an independent
factor for 4-year mortality [37].

3.3. Arrhythmia

Arrhythmia prevalence estimates may be confounded by asymptomatic and paroxys-
mal AF (atrial fibrillation), as the diagnosis may be limited to self-reporting [38]. Never-
theless, it has been shown that the prevalence of arrhythmia in patients with stable COPD
ranges between 5% and 15% reaching 20-30% in patients with severe disease [39]. Two
systematic analyses reported that the prevalence of arrhythmias in COPD was 5% to 29%
and increased in patients with more severe lung function impairment [14,33]. AF represents
the most frequently encountered supraventricular arrhythmia in COPD, with an estimated
prevalence among stable COPD patients of between 4.7% and 15.0%, while rates range
from 20.0% to 30.0% in patients with very severe disease [40]. In patients hospitalized for
COPD exacerbation, atrial fibrillation was observed in 21%, while arrhythmia appeared in
27% [27]. During COPD exacerbations, AF appears more frequently when PaCO2 (partial
pressure of carbon dioxide) and pulmonary artery systolic pressure are higher [41]. COPD
patients with AF have a worse health-related quality of life (HRQoL), while mortality rates
among patients hospitalized for COPD exacerbations increase when AF is present [42,43].
Furthermore, it seems that COPD exacerbations may trigger AF, while AF per se is also a
risk factor for COPD exacerbations [44]. On the other hand, the presence of COPD seems to
increase the risk of hospital admission due to AF [45].

3.4. Systemic Hypertension and Stroke

Systemic hypertension is the most frequent comorbidity in COPD patients, and even
though it does not affect the progression of COPD per se, it is a vascular risk factor for the
development of CVD [46]. Consequently, in COPD patients, systemic hypertension can
induce the onset of heart failure and ischemic heart disease, aggravating the prognosis of
COPD [47]. Its prevalence in COPD patients ranges between 28.5% and 64.7% [48,49], but
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the rates may vary [14,33]. Therefore, all patients with COPD and systemic hypertension
must have a thorough assessment to identify the risk factors for both diseases. Finally,
COPD is known to increase the risk of stroke, which appears in approximately 10% of
patients with stable COPD and approximately 20% of those hospitalized with COPD
exacerbation [50].

4. Interplay between CVD and COPD

Opver the past decade, there has been a significant improvement in our understanding
of the relationship between COPD and different types of CVD. Although exposure to
deleterious gases is the common risk factor for both diseases, as shown in the Rotterdam
study [51], it seems that their coexistence is associated with more complex inflammatory
mechanisms, especially in patients under 65 years of age [52]. Thus, although smoking
contributes to the occurrence of stroke [51], heart failure, and coronary artery disease, being
a crucial risk factor for atherosclerotic disease and atherosclerotic plaque rupture [53], the
interaction between CVD and COPD involves numerous additional biological processes,
including hypoxia, systemic inflammation, endothelial dysfunction, increased platelet
reactivity, and arterial stiffness [54,55].

Systemic inflammation [56] is implicated in the onset, development, and rupture of
atherosclerotic lesions [57], playing a crucial role in the pathogenesis of CVD [56,57] and
HEF [58]. There is evidence that inflammation is also linked to the development of arrhyth-
mias, and CVD prognosis has been shown to be correlated with the levels of inflammatory
markers, such as intercellular cell adhesion molecule 1 (ICAM-1), interleukin-6, C-reactive
protein, and serum amyloid-A. [59] Blood inflammatory markers, such as CRP, are increased
in COPD patients, whereas individuals with CVD have higher blood concentrations of fib-
rinogen, interleukin-6, interleukin-8, and other inflammatory markers than those without
comorbidities [60]. Patients suffering from both CVD and COPD express elevated levels of
interleukin-6, CRP, and fibrinogen. Similarly, inflammatory biomarkers appear to be
increased during and immediately after an exacerbation of COPD, when the risk of cardio-
vascular events and mortality is higher [61]. There is a significantly higher risk of CVD
events within 30 days after COPD hospitalization and exacerbation, which seems to be
related to the elevated levels of circulating proinflammatory biomarkers known to play a
significant role in the comorbidity of COPD and CVD [62,63].

As cross-sectional data exhibit that elevated arterial stiffness is independently related
to COPD, the growing understanding of the increased cardiovascular risk associated with
COPD has led to a request for respiratory physicians to evaluate arterial pulse wave velocity
in standard practice [64]. Arterial stiffness may be caused due to the imbalance between
matrix metalloproteases and is related to elastin degradation, leading to emphysema in the
lung and the systemic disruption of elastin in the vasculature [65]. Arterial stiffness plays a
key role among the different surrogate measures of cardiovascular risk and is a powerful
independent predictor of cardiovascular events beyond the traditional cardiovascular risk
factors, considered as a surrogate marker of coronary, cerebrovascular, and peripheral
artery disease [52]. Although Sabit and co-workers initially reported a correlation between
arterial stiffness, the degree of airway obstruction, and systemic inflammation in COPD
patients [66], it is unclear whether arterial stiffness has a causative relationship with CVD
and COPD or only represents a complication of these concomitant conditions.

The primary cause of atherosclerosis is vascular endothelial dysfunction, which refers
to the imbalance of vasodilator and vasoconstrictor substances produced by endothelial
cells, which in turn, is a critical factor in the pathogenesis of CVD [67]. Vascular en-
dothelial injury recognized in COPD is the result of increased inflammatory response
and oxidative stress, contributing to the development of CVD in these patients and thus
dramatically increasing the risk of cardiovascular disorders such as atherosclerosis, my-
ocardial infarction, and stroke [68]. Some studies reveal that patients with COPD have
impaired endothelial-dependent and endothelium-independent vascular function com-
pared to controls [69]. In contrast, other studies suggest that, when inflammatory mediators
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are removed, the integrity of the vascular endothelium can be restored, and the incidence
of CVD is reduced [70]. The higher risk of cardiovascular disease in COPD patients may
be explained by this interrelation between systemic inflammation and impaired systemic
vascular function.

Patients with COPD often experience hypoxia, which is either sustained in those with
severe disease or intermittent, appearing during exercise or at the time of exacerbation.
Hypoxia induces CVD risk via numerous mechanisms, including elevated systemic in-
flammation and oxidative and hemodynamic stress [55]. Hypoxia stimulates the release of
cell adhesion molecules on the vascular endothelium, allowing circulating leukocytes to
adhere to the vascular intima and increasing the risk of atherosclerosis through promoting
proinflammatory cytokines and oxidative stress [71]. Moreover, carotid-femoral pulse wave
velocity (PWV) has been significantly associated with the partial pressure of oxygen in the
arterial blood (PaO2) in COPD, indicating that hypoxemia may lead to increased arterial
stiffness [64]. In addition, studies have shown that static hyperinflation in COPD has the
most robust relationship with heart size and that airway obstruction is associated with
decreasing heart size [72]. Apart from being evident in severe emphysema, a decreased
heart size has been shown to have a strong correlation with hyperinflation across the
whole severity spectrum of COPD leading to hypoxemia [73]. Moreover, it is well known
that patients with COPD may experience airflow restriction, which can cause static and
dynamic chest hyperinflation. This can make breathing work harder and put more strain
on the respiratory muscles, leading to increased intrathoracic pressure. High intrathoracic
pressure inhibits venous return to the right ventricle by compressing the intrathoracic big
veins and the right atrium. While the left ventricle is primarily affected by bigger pressure
changes and the systemic circulation is placed in compartments of different pressures, the
right ventricular function is largely influenced by preload due to the ventricular filling [74].
Additionally, due to increased lung volume and increased peripheral vascular resistance
(PVR), which is a result of dynamic hyperinflation, the intrathoracic pressure increases
during exhalation, decreasing the right ventricular (RV) preload and increasing the RV
afterload [75]. Recent data from Lukacsovits et al. has shown that the intrathoracic pressure
during exercise in COPD patients has significantly greater swing than healthy individuals,
thereby affecting stroke volume and cardiac output [76].

Patients with COPD and IC/TLC (Inspiratory Capacity/Total Lung Capacity) of
<0.25 have a defective global right ventricular function and left ventricular diastolic
filling, independently associated with reduced exercise tolerance [77]. Pulmonary vascular
remodeling and vasoconstriction are also a consequence of chronic hypoxemia in stable
COPD patients, which leads to right-ventricular diastolic dysfunction and thus contributes
to CVD risk [78]. This is accomplished through rising pulmonary vascular resistance, which
results in the displacement of the interventricular septum to the left ventricle, which in
turn may cause impairment of ventricular filling, stroke volume, and cardiac output [79].

5. Effect of Treatment for CVD on COPD and Vice Versa

Although available data is contradictory, there are some studies supporting that the
use of cardiovascular drugs reduces mortality in patients with COPD-heart failure over-
lap [80] and decelerates disease progression, although they might be underused in COPD
patients [81]. Routine medications for CVD include (3-blockers, angiotensin-converting
enzyme inhibitors (ACElIs), angiotensin II receptor blockers (ARBs), antiplatelets and
statins. The German COPD cohort COSYCONET (COPD and Systemic Consequences—
Comorbidities Network), a prospective, multicenter cohort study including patients with
stable COPD, reported that patients with COPD and heart failure appear less likely to
receive appropriate therapy for heart failure and thus experience a worse prognosis [82].

5.1. B- Blockers

The safety of b-blockers in COPD patients is debatable, since these drugs can poten-
tially cause bronchoconstriction and decrease the effectiveness of both short and long-acting
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2-agonists [83]. However, in 2017, a large prospective study, including patients from the
COPDGene cohort, has shown that, regardless of the severity of the airway obstruction,
the use of b-blockers is linked to a considerable reduction in COPD exacerbations, while
a systematic review, which included randomized controlled trials [84], concluded that
cardio-selective b-blockers do not have serious adverse respiratory reactions and can also
reduce the risk of COPD exacerbations.

On the other hand, a meta-analysis comparing multiple studies concluded that the
use of b-blockers was related to a larger FEV; decline in patients with higher lung function
at baseline, while a prospective, randomized controlled trial on the use of metoprolol in
patients with moderate to severe COPD was discontinued after b-blocker was associated
with a higher risk of hospitalizations due to exacerbation [85].

The 2016 European Society of Cardiology guidelines advocate their use in patients
with COPD and CVD [86]. A meta-analysis conducted in 2020 found that b-blockers
are safe and reduce all-cause mortality (including in-hospital mortality) in patients with
COPD, while selective b-blockers may even reduce the acute incidence of COPD exacerba-
tions [87]. Finally, they can withstand the elevated heart rate caused by bronchodilators
and do not interfere with their effectiveness [87]. In conclusion, owing to their conflicting
pharmacological effects, the use of beta-blockers in COPD has been debatable.

5.2. Angiotensin-Converting Enzyme Inhibitors (ACEIs) and Angiotensin 11 Receptor
Blockers (ARBs)

ACEIs and ARBs are two common renin-angiotensin-aldosterone system inhibitors
used to treat cardiovascular disease CVD, but there is limited data on their use in COPD
patients. Data from a large population-based trial, the Multi-Ethnic Study of Atherosclerosis
Lung Study, revealed that both ACE inhibitors and ARBs were related to slower progres-
sion of emphysema, particularly among former smokers [88]. Similarly, another study
conducted in Taiwan concluded that risks of pneumonia and severe exacerbations were
significantly lower in COPD patients receiving ARBs than in those receiving ACEISs [89].
Furthermore, irbesartan, an angiotensin receptor blocker, was well tolerated in patients
with stage III and IV COPD, raising the possibility that patients with chronic obstructive
pulmonary disease may obtain unexpectedly favorable effects from taking these classes
of medication [90]. The recently published PARADIGM-HF (Prospective Comparison of
Angiotensin Receptor Blocker-Neprilysin Inhibitor With Angiotensin-Converting Enzyme
Inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure) trial
demonstrated that the usage of RAAS inhibitors in individuals with heart failure and COPD
was consistent with those without COPD, indicating that these drugs did not cause more
side effects in patients with COPD [91].

5.3. Diuretics

Loop diuretics, thiazide diuretics, and potassium-sparing diuretics are the three pri-
mary categories of diuretics widely used for the management of patients with heart failure.
Diuretics can improve pulmonary ventilation, decrease pulmonary congestion and edema,
and increase lung compliance, which is extremely helpful for COPD patients [92,93]. In a
comparative effectiveness study among patients with concomitant hypertension and COPD
requiring two antihypertensive agents, combination therapy with a thiazide diuretic was
related to a significantly lower risk of hospitalization for congestive heart failure among
patients without a history of congestive heart failure [94]. The side effects arising from the
use of diuretics are well known and include hypokalemia, elevated pO2, metabolic alkalo-
sis, and decreased cardiac output [95]. Consequently, to obtain personalized treatment, the
type and dosage of diuretics should be decided with regard to the underlying condition.

5.4. Antiplatelets

Antiplatelet therapy contributes significantly to the reduction of all-cause mortality
in COPD patients [96]. The role of antiplatelets in the management of COPD and CVD
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has been investigated in several studies. According to a prospective national study, an-
tiplatelet medications increased COPD patients’ survival rates, perhaps due to a systemic
antithrombotic effect [97], while a post-hoc analysis of the PLATO trial (Platelet Inhibition
and Patient Outcomes) [98] showed that, without raising the overall rate of major bleeding
incidents, antiplatelet treatment significantly decreased the absolute risk of ischemic events
in COPD patients. COPD is associated with a high prothrombotic setting, indicating that
anticoagulation therapy may impact CVD morbidity and mortality in these patients in
addition to antiplatelet therapy [99]. Regarding the use of aspirin in COPD patients, it has
not been found to alter lung function parameters [100]. However, observational studies rec-
ommend that it is associated with fewer acute exacerbations of COPD, reduced progression
of emphysema, lower mortality, and better quality of life [96,101,102].

5.5. Statins

Statins, i.e., 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors,
decrease not only total cholesterol, LDL, and triglyceride levels but also exhibit pleiotropic
pharmacological actions, such as antioxidant, anti-inflammatory, antithrombotic and im-
munomodulatory effects [103]. Since the early 2000s, treatment with statins has been
associated with improved survival in COPD [104], although they may be only partially
beneficial, as they do not reduce pulmonary exacerbations nor improve lung function [105].
Although observational studies which included COPD patients who used statins for car-
diovascular and metabolic purposes have shown an association between statin use and
improved outcomes (such as reduced exacerbations and mortality) [106], this effect of
statins in exacerbations was not proved in patients with COPD who had no metabolic or
cardiovascular indication for statin treatment [107]. Finally, it is worth mentioning that
statins reduce the risk of pulmonary hypertension in COPD, an effect that seems to be dose-
and time-dependent [108].

5.6. COPD Medication

Medications currently used for COPD treatment may also have an impact on the
outcome of cardiovascular diseases. Even though tachyarrhythmias and hypokalemia
are well-known side effects of bronchodilators, they have a fundamental role in COPD
treatment [109]. Numerous studies have shown that the severity of COPD and disease
exacerbations are associated with increased cardiovascular events and worse mortality
from CVD [110,111]. Bronchodilators are classes of drugs that increase FEV; and improve
other spiro-metric parameters, contribute to the reduction of dynamic hyperinflation at
rest and during exercise, thus improving exercise performance, and reduce the number of
exacerbations [46]. The extent of these changes suggests that these drugs may have a benefi-
cial effect on CVD outcomes. Generally, little research has been done on the cardiovascular
risk related to the LAMA /LABA combinations. An extensive network meta-analysis involv-
ing 23 studies found that LAMA/LABA combination therapy had comparable effects to
either monotherapy on safety outcomes [112]. Moreover, a meta-analysis contrasting dual
bronchodilation with monotherapy showed a greater improvement in FEV; with a slight
difference in health status with LAMA /LABA combination compared to monotherapy,
with no escalation in cardiovascular risk [113]. On the contrary, a real-world primary care
database revealed an increased risk of developing heart failure one year after switching
from single to dual bronchodilator medication, but with no evident higher risk of acute my-
ocardial infarction, stroke, or arrhythmia [114]. Moreover, in recent years, data indicate that
long-acting dual bronchodilators have been related to an increased risk of cardiac events in
comparison with monotherapy [115] whereas, compared with ICS/LABA, LAMA/LABA
combination or triple therapy escalates cardiovascular risk in COPD patients [116].

Concerning inhaled corticosteroids (ICS), an increase in their administered dose prob-
ably reduces CV events and leads to an improvement in lung function, reduction of exacer-
bations of COPD, and potential reduction of all-cause mortality [117,118]. Nevertheless, in
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the SUMMIT study, which recruited a large cohort of COPD patients with CVD or major
risk factors, inhaled corticosteroids showed no effect on cardiovascular events [110].

6. COPD Exacerbations Course and Treatment in Patients with CVDs

AECOPD is characterized by increased dyspnea and/or cough and sputum, which
may be accompanied by tachypnea and/or tachycardia and is often associated with in-
creased local and systemic inflammation [46]. However, COPD exacerbations are not only
presented with worsening respiratory symptoms but are also tumultuous situations leading
to aggravated adverse events [119]. The risk of CV events is increased during COPD exacer-
bations, especially in patients with CVD or CV risk factors, as a result of lung inflammation
and oxidative stress [54,60]. Several studies have tried to uncover the causative relationship
between COPD exacerbations and CV events. Donalson et al. (2010) showed a 2.2-fold
higher possibility of MI within a brief 5-day window and a 1.3-fold higher possibility of
stroke within 49 days after COPD exacerbation [120]. Reilev et al. (2019) found, instead, a
4-fold risk for cardiovascular death and higher risks for MI and stroke (incidence rate ratio
(IRR) =2.58,95% CI = 2.26-2.95 and (IRR = 1.97, 95% CI = 1.66-2.33 respectively) during
the 4-week period after the onset of an AECOPD and a stronger association in the subgroup
analysis for the older age groups [121].

A post-hoc analysis of UPLIFT confirmed that cardiovascular events are the most com-
mon adverse events during and after AECOPD [122]. Moreover, it has been reported that
there is a sixfold higher risk of stroke after a severe AECOPD compared to stable disease,
probably due to the presence of hypoxia and acute inflammation during AECOPD [51].
Rothnie et al. described that, during AECOPD, patients at greater risk for cardiovascular
complications (mainly non-STEMI MI) had experienced fewer exacerbations in the previous
year than those with more significant lung function impairment. [123] Regarding the time
of onset of a CV event, Goto et al. showed that adverse cardiovascular events occur both in
short- (30-day) as well as long-term periods (1 year) after AECOPD [124], while Wang et al.
showed that the risk of cardiovascular adverse events after hospitalization for AECOPD is
high for at least 90 days and is associated with mortality [125].

6.1. Pathophysiology

Patho-physiologically, the biomarker profile or inflammatory pathway of COPD exac-
erbation that can cause a CV event remains unclear. It has been hypothesized that higher
levels of Troponin T [126] and renal endothelin-1 production [127] or increased circulating
fibrinogen levels [128] and endothelial dysfunction [129] during AECOPD are associated
with increased cardiovascular risk. AECOPD are provoked mainly by viral and/or bacterial
airway infection, which can also trigger systemic inflammatory processes, with elevated
production of acute phase biomarkers such as plasma fibrinogen and C-reactive protein
(CRP) [130]. There is a direct connection between plasma fibrinogen and thromboembolic
events, while CRP can lead to the adhesion of leukocytes to arterial endothelium [131]. A
recent meta-analysis of Theodorakopoulou et al. supports the dysfunction of endothelium-
dependent, but mostly endothelium-independent, vasodilation of the branchial artery
during AECOPD [132]. The hypoxemia caused by AECOPD is yet another possible ex-
planation for CV events [124], since it increases pulmonary artery pressures leading to
right heart strain, cardiac remodeling, and AF, or through endothelial dysfunction to
thromboembolic events [133,134].

The study of Labonté et al. has shown that Club Cell protein 16 (CC-16) and V-rel avian
reticulo-endotheliosis viral oncogene homolog B (RelB) were inversely associated with
arterial stiffness during AECOPD and up to 6 months after the exacerbation [135]. CC-16 is
known for its connection with lung function and COPD progression [136,137], while in the
study mentioned above its levels could predict exacerbation frequency [135]. RelB, an anti-
inflammatory cytokine against cigarette smoke-induced inflammation, belongs to the NFkB
family and seems to have a negative connection with systolic blood pressure during COPD
exacerbation [138]. Furthermore, the levels of CD34+ cells, influenced by inflammation
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during an exacerbation, correlate with cardiac parameters (NT-proBNP plasma levels, LVEF,
PASP, and resting heart rate) that predict CV events during AECOPD [139].

The causal nexus between AECOPD and CV events could be explained through the
abrupt rise in airway resistance during an exacerbation that substantially reduces lung emp-
tying and expiratory flow [60]. As a result, during an exacerbation, patients often breathe
quickly and shallowly, creating an endless loop whereby lung emptying time decreases,
and dynamic hyperinflation (DH) rises. As a consequence of DH, pulmonary hypertension
worsened (intra-alveolar vessel compression), right ventricular pre-load reduced, and,
sometimes, left ventricular afterload increased, establishing favorable circumstances for
CV events [140].

6.2. Treatment

Although short courses of OCS (up to 5 Days) can rarely induce dyslipidemia, hyper-
tension, or hyperglycemia, COPD patients with frequent exacerbations could be affected
by the side effects of systemic steroid therapy. Additionally, these patients are treated
with ICS, which can eventually result in undesirable side effects even when prescribed
in moderate doses. Dyslipidemia, hypertension, and hyperglycemia are key factors in a
variety of CV events [141]. Furthermore, the intensified use of bronchodilators during
an AECOPD could increase heart rate and lead to arrhythmias and myocardial ischemia
in patients with CVD [142]. On the other hand, a combination of SABA with LAMA in
a model of lung hyperinflation during exercise resulted in faster QT kinetics and more
pronounced improvements in microvascular oxygen delivery compared to placebo [143].
The use of specific antibiotics, such as clarithromycin, in patients with AECOPD may be
linked to excessive cardiovascular events that persist beyond the prescribed term [144],
though according to the cohort study of Berni et al,, it is more likely the site of infection
rather than the use of antibiotics that increases the risk for CV events [145]. Overall, it is
impossible to completely rule out the impact of time-dependent confounding brought on
by these medications [121].

7. Life Expectancy and Quality of Life

In COPD patients, cardiovascular disease continues to be one of the leading causes
of death [9,146]. Indeed, mortality linked to cardiac illness is higher than death related
to respiratory failure in individuals with moderate COPD [147]. In the study of Mannino
et al., cardiovascular diseases and diabetes mellitus predicted higher mortality than other
comorbidities in patients with COPD [9]. Among patients with moderate to severe COPD,
in the TORCH trial, death-rate due to CV events was 26% [148], and in a large Danish meta-
analysis was about the same at 24.8% [121], whereas in the UPLIFT trial this was estimated
at 18.8% and in a post-hoc analysis of SUMMIT trial was even lower at 5.7% [63,122].
Among the most common CV comorbidities, Divo et al., in their multicenter RCT, found
that Atrial Fibrillation, Congestive Heart Failure, and Coronary Artery Disease were
independently associated with COPD mortality [149]. On the other hand, patients with
myocardial infarction have a higher mortality rate when COPD co-exists [150] and a higher
incidence of cardiovascular-related mortality, myocardial infarction, and arrhythmias is
linked to decreased pulmonary function in COPD patients [151-154].

The combination of COPD and CVD also significantly influences patients” Quality of
Life. According to the National Health and Nutrition Examination Survey, Chronic Heart
Failure was associated with worse self-related health (OR 3.07, 95% CI 1.69-5.58) in COPD
patients, independent of age, gender, and race [155]. Inversely, in a systematic review that
examines the impact of non-cardiovascular comorbidities on the Quality of Life of patients
with chronic heart failure, a statistically significant negative association was found between
respiratory diseases, mainly COPD, and Quality of Life [156].
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8. Conclusions

In conclusion, as the presence of CVDs has a significant impact on the prognosis of
COPD, the diagnosis and appropriate treatment of these comorbidities is a crucial step in
the management of COPD. (Figure 1 summarizes the interactions between cardiovascular
events and COPD). Due to the pathophysiological and inflammatory linkages between
COPD and CVDs, all physicians must evaluate COPD patients for cardiac comorbidities,
both under stable conditions and during exacerbations.

Risk Factors
Age
Smoking
Air Pollution
Infections
Hypertension
Diabetes Mellitus
Hyperlipidemia

Cardiovascular Events

N
v

CV death, MI, Stroke,
unstable angina,
Pulmonary Embolism,
Deep Vein Thrombosis,
Pulmonary Hypertension

Ilﬁamum

Oxidative stress
Thrombaosis
Endothelial Dysfunction
Hypertophy
Arterial Stiffening

Inflammati
Oxidativ i
Endothelial Dysfunction

Hype rinflation
Hypoxia

Figure 1. Interplay between COPD and Cardiovascular diseases.

Author Contributions: All authors have contributed equally to writing of the original draft as well
as reviewing and editing this paper. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationships that could have appeared to influence the work reported in this paper.

References

1.  Foreman, K.J.; Marquez, N.; Dolgert, A.; Fukutaki, K.; Fullman, N.; McGaughey, M.; Pletcher, M.A.; Smith, A.E.; Tang, K,;
Yuan, C.W.; et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death:
Reference and alternative scenarios for 2016-40 for 195 countries and territories. Lancet 2018, 392, 2052-2090. [CrossRef] [PubMed]

2. Celli, B,; Fabbri, L.; Criner, G.; Martinez, EJ.; Mannino, D.; Vogelmeier, C.; Montes de Oca, M.; Papi, A ; Sin, D.D.; Han, M.K;; et al.
Definition and Nomenclature of Chronic Obstructive Pulmonary Disease: Time for Its Revision. Am. J. Respir. Crit Care Med. 2022,
206, 1317-1325. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(18)31694-5
https://www.ncbi.nlm.nih.gov/pubmed/30340847
https://doi.org/10.1164/rccm.202204-0671PP
https://www.ncbi.nlm.nih.gov/pubmed/35914087

Life 2023, 13, 1299 11 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

Celli, B.R.; Fabbri, L.M.; Aaron, S.D.; Agusti, A.; Brook, R.; Criner, G.J.; Franssen, EM.E.; Humbert, M.; Hurst, ].R.; O’Donnell, D.;
et al. An Updated Definition and Severity Classification of Chronic Obstructive Pulmonary Disease Exacerbations: The Rome
Proposal. Am. J. Respir. Crit. Care Med. 2021, 204, 1251-1258. [CrossRef]

Sin, D.D.; Stafinski, T.; Ng, Y.C.; Bell, N.R; Jacobs, P. The impact of chronic obstructive pulmonary disease on work loss in the
United States. Am. J. Respir. Crit. Care Med. 2002, 165, 704-707. [CrossRef] [PubMed]

Guarascio, A.J.; Ray, S.M.; Finch, C.K,; Self, T.H. The clinical and economic burden of chronic obstructive pulmonary disease in
the USA. Clin. Outcomes Res. 2013, 5, 235-245. [CrossRef]

Chatila, W.M.; Thomashow, B.M.; Minai, O.A.; Criner, G.J.; Make, B.]. Comorbidities in chronic obstructive pulmonary disease.
Proc. Am. Thorac. Soc. 2008, 5, 549-555. [CrossRef]

Putcha, N.; Drummond, M.B.; Wise, R.A.; Hansel, N.N. Comorbidities and Chronic Obstructive Pulmonary Disease: Prevalence,
Influence on Outcomes, and Management. Semin. Respir. Crit. Care Med. 2015, 36, 575-591. [CrossRef]

Rennard, S.I. Looking at the patient—Approaching the problem of COPD. N. Engl. ]. Med. 2004, 350, 965-966. [CrossRef]
Mannino, D.M.; Thorn, D.; Swensen, A.; Holguin, F. Prevalence and outcomes of diabetes, hypertension and cardiovascular
disease in COPD. Eur. Respir. ]. 2008, 32, 962-969. [CrossRef]

Recio Iglesias, J.; Diez-Manglano, ].; Lopez Garcia, F.; Diaz Peromingo, J.A.; Almagro, P.; Varela Aguilar, ]. M. Management of the
COPD Patient with Comorbidities: An Experts Recommendation Document. Int. ]. Chronic Obstr. Pulm. Dis. 2020, 15, 1015-1037.
[CrossRef]

Magnussen, H.; Disse, B.; Rodriguez-Roisin, R.; Kirsten, A.; Watz, H.; Tetzlaff, K.; Towse, L.; Finnigan, H.; Dahl, R.; Decramer, M.;
et al. Withdrawal of inhaled glucocorticoids and exacerbations of COPD. N. Engl. |. Med. 2014, 371, 1285-1294. [CrossRef]
European Heart Network. European Cardiovascular Disease Statistics 2017 Edition. 2017. Available online: http://www.
ehnheart.org/cvd-statistics.htm (accessed on 1 February 2023).

Brassington, K.; Selemidis, S.; Bozinovski, S.; Vlahos, R. New frontiers in the treatment of comorbid cardiovascular disease in
chronic obstructive pulmonary disease. Clin. Sci. 2019, 133, 885-904. [CrossRef]

Chen, W.; Thomas, ].; Sadatsafavi, M.; FitzGerald, ].M. Risk of cardiovascular comorbidity in patients with chronic obstructive
pulmonary disease: A systematic review and meta-analysis. Lancet Respir. Med. 2015, 3, 631-639. [CrossRef]

Curkendall, S.M.; DeLuise, C.; Jones, ].K.; Lanes, S.; Stang, M.R.; Goehring, E., Jr.; She, D. Cardiovascular disease in patients with
chronic obstructive pulmonary disease, Saskatchewan Canada cardiovascular disease in COPD patients. Ann. Epidemiol. 2006,
16, 63-70. [CrossRef]

Sidney, S.; Sorel, M.; Quesenberry, C.P,, Jr.; DeLuise, C.; Lanes, S.; Eisner, M.D. COPD and incident cardiovascular disease
hospitalizations and mortality: Kaiser Permanente Medical Care Program. Chest 2005, 128, 2068-2075. [CrossRef]

Almagro, P; Cabrera, EJ.; Diez, ].; Boixeda, R.; Alonso Ortiz, M.B.; Murio, C.; Soriano, J.B.; Working Group on, COPD, Spanish
Society of Internal Medicine. Comorbidities and short-term prognosis in patients hospitalized for acute exacerbation of COPD:
The EPOC en Servicios de medicina interna (ESMI) study. Chest 2012, 142, 1126-1133. [CrossRef]

Mentz, R.].; Fiuzat, M.; Wojdyla, D.M.; Chiswell, K.; Gheorghiade, M.; Fonarow, G.C.; O’Connor, C.M. Clinical characteristics and
outcomes of hospitalized heart failure patients with systolic dysfunction and chronic obstructive pulmonary disease: Findings
from OPTIMIZE-HF. Eur. ]. Heart Fail. 2012, 14, 395-403. [CrossRef]

Matamis, D.; Tsagourias, M.; Papathanasiou, A.; Sineffaki, H.; Lepida, D.; Galiatsou, E.; Nakos, G. Targeting occult heart failure in
intensive care unit patients with acute chronic obstructive pulmonary disease exacerbation: Effect on outcome and quality of life.
J. Crit. Care 2014, 29, 315.e7-315.e14. [CrossRef]

Lee, H.; Jhun, BW.; Cho, J.; Yoo, K.H.; Lee, ].H.; Kim, D.K;; Lee, ].D.; Jung, K.S.; Lee, ].Y.; Park, H.Y. Different impacts of respiratory
symptoms and comorbidities on COPD-specific health-related quality of life by COPD severity. Int. J. Chronic Obstr. Pulm. Dis.
2017, 12, 3301-3310. [CrossRef]

Almagro, P; Calbo, E.; Ochoa de Echaguen, A.; Barreiro, B.; Quintana, S.; Heredia, J.L.; Garau, J. Mortality after hospitalization
for COPD. Chest 2002, 121, 1441-1448. [CrossRef]

Axson, E.L.; Ragutheeswaran, K.; Sundaram, V.; Bloom, C.I; Bottle, A.; Cowie, M.R.; Quint, ].K. Hospitalisation and mortality in
patients with comorbid COPD and heart failure: A systematic review and meta-analysis. Respir. Res. 2020, 21, 54. [CrossRef]
[PubMed]

Kwon, B.J.; Kim, D.B.; Jang, S.W.; Yoo, K.D.; Moon, K.W.; Shim, B.J.; Ahn, S.H.; Cho, EJ.; Rho, T.H.; Kim, ].H. Prognosis of heart
failure patients with reduced and preserved ejection fraction and coexistent chronic obstructive pulmonary disease. Eur. J. Heart
Fail. 2010, 12, 1339-1344. [CrossRef] [PubMed]

Canepa, M.; Straburzynska-Migaj, E.; Drozdz, J.; Fernandez-Vivancos, C.; Pinilla, ] M.G.; Nyolczas, N.; Temporelli, P.L.; Mebazaa,
A.; Lainscak, M.; Laroche, C.; et al. Characteristics, treatments and 1-year prognosis of hospitalized and ambulatory heart failure
patients with chronic obstructive pulmonary disease in the European Society of Cardiology Heart Failure Long-Term Registry.
Eur. ]. Heart Fail. 2018, 20, 100-110. [CrossRef] [PubMed]

Mapel, D. Insights into COPD comorbidities from the OLIN study and other large databases. COPD 2011, 8, 397-399. [CrossRef]
Mapel, D.W,; Dedrick, D.; Davis, K. Trends and cardiovascular co-morbidities of COPD patients in the Veterans Administration
Medical System, 1991-1999. COPD 2005, 2, 35-41. [CrossRef]


https://doi.org/10.1164/rccm.202108-1819PP
https://doi.org/10.1164/ajrccm.165.5.2104055
https://www.ncbi.nlm.nih.gov/pubmed/11874818
https://doi.org/10.2147/CEOR.S34321
https://doi.org/10.1513/pats.200709-148ET
https://doi.org/10.1055/s-0035-1556063
https://doi.org/10.1056/NEJMp048022
https://doi.org/10.1183/09031936.00012408
https://doi.org/10.2147/COPD.S242009
https://doi.org/10.1056/NEJMoa1407154
http://www.ehnheart.org/cvd-statistics.htm
http://www.ehnheart.org/cvd-statistics.htm
https://doi.org/10.1042/CS20180316
https://doi.org/10.1016/S2213-2600(15)00241-6
https://doi.org/10.1016/j.annepidem.2005.04.008
https://doi.org/10.1378/chest.128.4.2068
https://doi.org/10.1378/chest.11-2413
https://doi.org/10.1093/eurjhf/hfs009
https://doi.org/10.1016/j.jcrc.2013.11.011
https://doi.org/10.2147/COPD.S145910
https://doi.org/10.1378/chest.121.5.1441
https://doi.org/10.1186/s12931-020-1312-7
https://www.ncbi.nlm.nih.gov/pubmed/32059680
https://doi.org/10.1093/eurjhf/hfq157
https://www.ncbi.nlm.nih.gov/pubmed/20861127
https://doi.org/10.1002/ejhf.964
https://www.ncbi.nlm.nih.gov/pubmed/28949063
https://doi.org/10.3109/15412555.2011.636555
https://doi.org/10.1081/COPD-200050671

Life 2023, 13, 1299 12 of 17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

Almagro, P; Lopez Garcia, F; Cabrera, EJ.; Montero, L.; Morchon, D.; Diez, J.; Soriano, J.B.; Grupo Epoc De La Sociedad Espanola
De Medicina, I. Comorbidity and gender-related differences in patients hospitalized for COPD. The ECCO study. Respir. Med.
2010, 104, 253-259. [CrossRef]

Patel, A.R.C.; Donaldson, G.C.; Mackay, A.J.; Wedzicha, ]J.A.; Hurst, J.R. The impact of ischemic heart disease on symptoms,
health status, and exacerbations in patients with COPD. Chest 2012, 141, 851-857. [CrossRef]

Dalal, A.A.; Shah, M.; Lunacsek, O.; Hanania, N.A. Clinical and economic burden of patients diagnosed with COPD with
comorbid cardiovascular disease. Respir. Med. 2011, 105, 1516-1522. [CrossRef]

Soriano Ortiz, ].B.; Almagro, P.; Sauleda Roig, J. Causes of mortality in COPD. Arch. Bronconeumol. 2009, 45 (Suppl. S4), 8-13.
[CrossRef]

MacDonald, M.I; Shafuddin, E.; King, P.T.; Chang, C.L.; Bardin, P.G.; Hancox, R.J. Cardiac dysfunction during exacerbations of
chronic obstructive pulmonary disease. Lancet Respir. Med. 2016, 4, 138-148. [CrossRef]

Rothnie, K.J.; Smeeth, L.; Herrett, E.; Pearce, N.; Hemingway, H.; Wedzicha, J.; Timmis, A.; Quint, ].K. Closing the mortality gap
after a myocardial infarction in people with and without chronic obstructive pulmonary disease. Heart 2015, 101, 1103-1110.
[CrossRef] [PubMed]

Mullerova, H.; Agusti, A.; Erqou, S.; Mapel, D.W. Cardiovascular comorbidity in COPD: Systematic literature review. Chest 2013,
144,1163-1178. [CrossRef] [PubMed]

Collaborators, G.B. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries and territories,
1980-2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392, 1736-1788. [CrossRef]
Houben-Wilke, S.; Jorres, R.A.; Bals, R.; Franssen, EM.; Glaser, S.; Holle, R.; Karch, A.; Koch, A.; Magnussen, H.; Obst, A.; et al.
Peripheral Artery Disease and Its Clinical Relevance in Patients with Chronic Obstructive Pulmonary Disease in the COPD and
Systemic Consequences-Comorbidities Network Study. Am. . Respir. Crit. Care Med. 2017, 195, 189-197. [CrossRef] [PubMed]
Aziz, F; Lehman, E.B. Preexisting Conditions Determine the Occurrence of Unplanned Readmissions after Procedures for
Treatment of Peripheral Arterial Disease. Ann. Vasc. Surg. 2018, 50, 60-72. [CrossRef]

Waschki, B.; Kirsten, A.; Holz, O.; Muller, K.C.; Meyer, T.; Watz, H.; Magnussen, H. Physical activity is the strongest predictor of
all-cause mortality in patients with COPD: A prospective cohort study. Chest 2011, 140, 331-342. [CrossRef]

Lip, G.Y.; Tse, H.F,; Lane, D.A. Atrial fibrillation. Lancet 2012, 379, 648-661. [CrossRef]

Roversi, S.; Fabbri, L.M.; Sin, D.D.; Hawkins, N.M.; Agusti, A. Chronic Obstructive Pulmonary Disease and Cardiac Diseases. An
Urgent Need for Integrated Care. Am. ]. Respir. Crit. Care Med. 2016, 194, 1319-1336. [CrossRef]

Konecny, T.; Park, ].Y.; Somers, K.R.; Konecny, D.; Orban, M.; Soucek, F.; Parker, K.O.; Scanlon, P.D.; Asirvatham, S.J.; Brady, P.A,;
et al. Relation of chronic obstructive pulmonary disease to atrial and ventricular arrhythmias. Am. J. Cardiol. 2014, 114, 272-277.
[CrossRef]

Terzano, C.; Romani, S.; Gaudio, C.; Pelliccia, F; Serao, M.; Vitarelli, A. Right heart functional changes in the acute, hypercapnic
exacerbations of COPD. BioMed Res. Int. 2014, 2014, 596051. [CrossRef]

Steer, J.; Gibson, J.; Bourke, S.C. The DECAF Score: Predicting hospital mortality in exacerbations of chronic obstructive pulmonary
disease. Thorax 2012, 67, 970-976. [CrossRef]

Echevarria, C.; Steer, ].; Heslop-Marshall, K.; Stenton, S.C.; Hickey, PM.; Hughes, R.; Wijesinghe, M.; Harrison, R.N.; Steen, N.;
Simpson, A.J.; et al. Validation of the DECAF score to predict hospital mortality in acute exacerbations of COPD. Thorax 2016,
71,133-140. [CrossRef]

Onishi, K. Total management of chronic obstructive pulmonary disease (COPD) as an independent risk factor for cardiovascular
disease. J. Cardiol. 2017, 70, 128-134. [CrossRef]

Barrett, TW.,; Self, W.H.; Jenkins, C.A.; Storrow, A.B.; Heavrin, B.S.; McNaughton, C.D.; Collins, S.P.; Goldberger, J.J. Predictors
of regional variations in hospitalizations following emergency department visits for atrial fibrillation. Am. J. Cardiol. 2013,
112,1410-1416. [CrossRef]

GOLD Guidelines. 2023. Available online: www.goldcopd.org (accessed on 20 February 2023).

Wakabayashi, K.; Gonzalez, M.A.; Delhaye, C.; Ben-Dor, I.; Maluenda, G.; Collins, S.D.; Syed, A.L; Gaglia, M.A,, Jr.; Torguson, R.;
Xue, Z.; et al. Impact of chronic obstructive pulmonary disease on acute-phase outcome of myocardial infarction. Am. J. Cardiol.
2010, 106, 305-309. [CrossRef]

Higashimoto, Y.; Yamagata, T.; Maeda, K.; Honda, N.; Sano, A.; Nishiyama, O.; Sano, H.; Iwanaga, T.; Chiba, Y.; Fukuda, K,; et al.
Influence of comorbidities on the efficacy of pulmonary rehabilitation in patients with chronic obstructive pulmonary disease.
Geriatr. Gerontol. Int. 2016, 16, 934-941. [CrossRef]

Battaglia, S.; Basile, M.; Scichilone, N.; Bellia, V. Prevalence of Co-morbidities and Severity of COPD. COPD 2015, 12, 390-394.
[CrossRef]

Yin, L.; Lensmar, C.; Ingelsson, E.; Back, M. Differential association of chronic obstructive pulmonary disease with myocardial
infarction and ischemic stroke in a nation-wide cohort. Int. J. Cardiol. 2014, 173, 601-603. [CrossRef]

Portegies, M.L.; Lahousse, L.; Joos, G.F; Hofman, A.; Koudstaal, PJ.; Stricker, B.H.; Brusselle, G.G.; Ikram, M.A. Chronic
Obstructive Pulmonary Disease and the Risk of Stroke. The Rotterdam Study. Am. J. Respir. Crit. Care Med. 2016, 193, 251-258.
[CrossRef]

Morgan, A.D.; Zakeri, R.; Quint, ] K. Defining the relationship between COPD and CVD: What are the implications for clinical
practice? Ther. Adv. Respir. Dis. 2018, 12, 1753465817750524. [CrossRef]


https://doi.org/10.1016/j.rmed.2009.09.019
https://doi.org/10.1378/chest.11-0853
https://doi.org/10.1016/j.rmed.2011.04.005
https://doi.org/10.1016/S0300-2896(09)72857-1
https://doi.org/10.1016/S2213-2600(15)00509-3
https://doi.org/10.1136/heartjnl-2014-307251
https://www.ncbi.nlm.nih.gov/pubmed/25765553
https://doi.org/10.1378/chest.12-2847
https://www.ncbi.nlm.nih.gov/pubmed/23722528
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1164/rccm.201602-0354OC
https://www.ncbi.nlm.nih.gov/pubmed/27532739
https://doi.org/10.1016/j.avsg.2018.01.075
https://doi.org/10.1378/chest.10-2521
https://doi.org/10.1016/S0140-6736(11)61514-6
https://doi.org/10.1164/rccm.201604-0690SO
https://doi.org/10.1016/j.amjcard.2014.04.030
https://doi.org/10.1155/2014/596051
https://doi.org/10.1136/thoraxjnl-2012-202103
https://doi.org/10.1136/thoraxjnl-2015-207775
https://doi.org/10.1016/j.jjcc.2017.03.001
https://doi.org/10.1016/j.amjcard.2013.07.005
www.goldcopd.org
https://doi.org/10.1016/j.amjcard.2010.03.026
https://doi.org/10.1111/ggi.12575
https://doi.org/10.3109/15412555.2014.974734
https://doi.org/10.1016/j.ijcard.2014.03.140
https://doi.org/10.1164/rccm.201505-0962OC
https://doi.org/10.1177/1753465817750524

Life 2023, 13, 1299 13 of 17

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Campo, G.; Pavasini, R.; Malagu, M.; Mascetti, S.; Biscaglia, S.; Ceconi, C.; Papi, A.; Contoli, M. Chronic obstructive pulmonary
disease and ischemic heart disease comorbidity: Overview of mechanisms and clinical management. Cardiovasc. Drugs Ther. 2015,
29, 147-157. [CrossRef] [PubMed]

Rennard, S.I. Clinical approach to patients with chronic obstructive pulmonary disease and cardiovascular disease. Proc. Am.
Thorac. Soc. 2005, 2, 94-100. [CrossRef] [PubMed]

Maclay, J.D.; MacNee, W. Cardiovascular disease in COPD: Mechanisms. Chest 2013, 143, 798-807. [CrossRef] [PubMed]

Sin, D.D.; Man, S.F. Why are patients with chronic obstructive pulmonary disease at increased risk of cardiovascular diseases?
The potential role of systemic inflammation in chronic obstructive pulmonary disease. Circulation 2003, 107, 1514-1519. [CrossRef]
Libby, P. Inflammation in atherosclerosis. Nature 2002, 420, 868-874. [CrossRef]

Paulus, W.J.; Tschope, C. A novel paradigm for heart failure with preserved ejection fraction: Comorbidities drive myocardial
dysfunction and remodeling through coronary microvascular endothelial inflammation. J. Am. Coll. Cardiol. 2013, 62, 263-271.
[CrossRef]

Linden, F.; Domschke, G.; Erbel, C.; Akhavanpoor, M.; Katus, H.A.; Gleissner, C.A. Inflammatory therapeutic targets in coronary
atherosclerosis-from molecular biology to clinical application. Front. Physiol. 2014, 5, 455. [CrossRef]

Rabe, K.F,; Hurst, ].R.; Suissa, S. Cardiovascular disease and COPD: Dangerous liaisons. Eur. Respir. Rev. 2018, 27, 185057.
[CrossRef]

Boschetto, P.; Beghe, B.; Fabbri, L.M.; Ceconi, C. Link between chronic obstructive pulmonary disease and coronary artery disease:
Implication for clinical practice. Respirology 2012, 17, 422-431. [CrossRef]

Pinto-Plata, V.M.; Livnat, G.; Girish, M.; Cabral, H.; Masdin, P,; Linacre, P.; Dew, R.; Kenney, L.; Celli, B.R. Systemic cytokines,
clinical and physiological changes in patients hospitalized for exacerbation of COPD. Chest 2007, 131, 37-43. [CrossRef]
Kunisaki, K.M.; Dransfield, M.T.; Anderson, J.A.; Brook, R.D.; Calverley, PM.A_; Celli, B.R.; Crim, C.; Hartley, B.E; Martinez, FJ.;
Newby, D.E,; et al. Exacerbations of Chronic Obstructive Pulmonary Disease and Cardiac Events. A Post Hoc Cohort Analysis
from the SUMMIT Randomized Clinical Trial. Am. J. Respir. Crit. Care Med. 2018, 198, 51-57. [CrossRef]

Vivodtzev, I.; Tamisier, R.; Baguet, J.P; Borel, J.C.; Levy, P,; Pepin, J.L. Arterial stiffness in COPD. Chest 2014, 145, 861-875.
[CrossRef]

Vanfleteren, L.E.; Spruit, M.A.; Groenen, M.T.; Bruijnzeel, P.L.; Taib, Z.; Rutten, E.P.; Roodt, ].O.; Akkermans, M.A.; Wouters,
E.F; Franssen, FM. Arterial stiffness in patients with COPD: The role of systemic inflammation and the effects of pulmonary
rehabilitation. Eur. Respir. ]. 2014, 43, 1306-1315. [CrossRef]

Sabit, R.; Bolton, C.E.; Edwards, P.H.; Pettit, R.].; Evans, W.D.; McEniery, C.M.; Wilkinson, I.B.; Cockeroft, ].R.; Shale, D.J. Arterial
stiffness and osteoporosis in chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 2007, 175, 1259-1265. [CrossRef]
Husain, K.; Hernandez, W.; Ansari, R.A.; Ferder, L. Inflammation, oxidative stress and renin angiotensin system in atherosclerosis.
World |. Biol. Chem. 2015, 6, 209-217. [CrossRef]

Brassington, K.; Selemidis, S.; Bozinovski, S.; Vlahos, R. Chronic obstructive pulmonary disease and atherosclerosis: Common
mechanisms and novel therapeutics. Clin. Sci. 2022, 136, 405-423. [CrossRef]

Eickhoff, P.; Valipour, A.; Kiss, D.; Schreder, Z.M.; Cekici, L.; Geyer, K.; Kohansal, R.; Burghuber, O.C. Determinants of systemic
vascular function in patients with stable chronic obstructive pulmonary disease. Am. . Respir. Crit. Care Med. 2008, 178,1211-1218.
[CrossRef]

De Moraes, M.R.; da Costa, A.C.; Correa Kde, S.; Junqueira-Kipnis, A.P.; Rabahi, M.F. Interleukin-6 and interleukin-8 blood levels’
poor association with the severity and clinical profile of ex-smokers with COPD. Int. ]. Chronic Obstr. Pulm. Dis. 2014, 9, 735-743.
[CrossRef]

Zieman, S.J.; Melenovsky, V.; Kass, D.A. Mechanisms, pathophysiology, and therapy of arterial stiffness. Arter. Thromb. Vasc. Biol.
2005, 25, 932-943. [CrossRef]

Watz, H.; Waschki, B.; Meyer, T.; Kretschmar, G.; Kirsten, A.; Claussen, M.; Magnussen, H. Decreasing cardiac chamber sizes and
associated heart dysfunction in COPD: Role of hyperinflation. Chest 2010, 138, 32-38. [CrossRef]

Ferguson, G.T. Why does the lung hyperinflate? Proc. Am. Thorac. Soc. 2006, 3, 176-179. [CrossRef]

Shekerdemian, L.; Bohn, D. Cardiovascular effects of mechanical ventilation. Arch. Dis. Child. 1999, 80, 475-480. [CrossRef]
Tzani, P; Aiello, M.; Elia, D.; Boracchia, L.; Marangio, E.; Olivieri, D.; Clini, E.; Chetta, A. Dynamic hyperinflation is associated
with a poor cardiovascular response to exercise in COPD patients. Respir. Res. 2011, 12, 150. [CrossRef]

Lukacsovits, J.; Szollosi, G.; Varga, ].T. Cardiovascular effects of exercise induced dynamic hyperinflation in COPD patients-
Dynamically hyperinflated and non-hyperinflated subgroups. PLoS ONE 2023, 18, e0274585. [CrossRef]

Vassaux, C.; Torre-Bouscoulet, L.; Zeineldine, S.; Cortopassi, F.; Paz-Diaz, H.; Celli, B.R.; Pinto-Plata, V.M. Effects of hyperinflation
on the oxygen pulse as a marker of cardiac performance in COPD. Eur. Respir. ]. 2008, 32, 1275-1282. [CrossRef]

Zangiabadi, A.; De Pasquale, C.G.; Sajkov, D. Pulmonary hypertension and right heart dysfunction in chronic lung disease.
BioMed Res. Int. 2014, 2014, 739674. [CrossRef]

Vonk-Noordegraaf, A. The shrinking heart in chronic obstructive pulmonary disease. N. Engl. J. Med. 2010, 362, 267-268.
[CrossRef]

Su, V.Y.; Yang, Y.H.; Perng, D.W,; Tsai, Y.H.; Chou, K.T.; Su, K.C.; Su, WJ.; Chen, P.C.; Yang, K.Y. Real-world effectiveness of
medications on survival in patients with COPD-heart failure overlap. Aging 2019, 11, 3650-3667. [CrossRef]


https://doi.org/10.1007/s10557-014-6569-y
https://www.ncbi.nlm.nih.gov/pubmed/25645653
https://doi.org/10.1513/pats.200410-051SF
https://www.ncbi.nlm.nih.gov/pubmed/16113475
https://doi.org/10.1378/chest.12-0938
https://www.ncbi.nlm.nih.gov/pubmed/23460157
https://doi.org/10.1161/01.CIR.0000056767.69054.B3
https://doi.org/10.1038/nature01323
https://doi.org/10.1016/j.jacc.2013.02.092
https://doi.org/10.3389/fphys.2014.00455
https://doi.org/10.1183/16000617.0057-2018
https://doi.org/10.1111/j.1440-1843.2011.02118.x
https://doi.org/10.1378/chest.06-0668
https://doi.org/10.1164/rccm.201711-2239OC
https://doi.org/10.1378/chest.13-1809
https://doi.org/10.1183/09031936.00169313
https://doi.org/10.1164/rccm.200701-067OC
https://doi.org/10.4331/wjbc.v6.i3.209
https://doi.org/10.1042/CS20210835
https://doi.org/10.1164/rccm.200709-1412OC
https://doi.org/10.2147/COPD.S64135
https://doi.org/10.1161/01.ATV.0000160548.78317.29
https://doi.org/10.1378/chest.09-2810
https://doi.org/10.1513/pats.200508-094DO
https://doi.org/10.1136/adc.80.5.475
https://doi.org/10.1186/1465-9921-12-150
https://doi.org/10.1371/journal.pone.0274585
https://doi.org/10.1183/09031936.00151707
https://doi.org/10.1155/2014/739674
https://doi.org/10.1056/NEJMe0906251
https://doi.org/10.18632/aging.102004

Life 2023, 13, 1299 14 of 17

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

NICE. Cardiovascular Disease Risk Assessment and Prevention. 2020. Available online: https:/ /bnf.nice.org.uk/treatment-
summary/cardiovascular-disease-risk-assessmentand-prevention.htm (accessed on 1 March 2023).

Alter, P.; Mayerhofer, B.A.; Kahnert, K.; Watz, H.; Waschki, B.; Andreas, S.; Biertz, F,; Bals, R.; Vogelmeier, C.F; Jorres, R.A.
Prevalence of cardiac comorbidities, and their underdetection and contribution to exertional symptoms in COPD: Results from
the COSYCONET cohort. Int. J. Chronic Obstr. Pulm. Dis. 2019, 14, 2163-2172. [CrossRef]

Baker, J.G.; Wilcox, R.G. beta-Blockers, heart disease and COPD: Current controversies and uncertainties. Thorax 2017, 72, 271-276.
[CrossRef]

Li, X.E; Mao, Y.M. Beta-blockers in COPD: A systematic review based on recent research. Life Sci. 2020, 252, 117649. [CrossRef]
Dransfield, M.T.; Voelker, H.; Bhatt, S.P.; Brenner, K.; Casaburi, R.; Come, C.E.; Cooper, ].A.D.; Criner, G.J.; Curtis, J.L.; Han, M.K,;
et al. Metoprolol for the Prevention of Acute Exacerbations of COPD. N. Engl. |. Med. 2019, 381, 2304-2314. [CrossRef]
Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, ].G.E; Coats, A.].S.; Falk, V.; Gonzalez-Juanatey, J.R.; Harjola, V.P;
Jankowska, E.A; et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for
the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur. Heart ]. 2016, 37, 2129-2200. [CrossRef]

Yang, Y.L.; Xiang, Z.].; Yang, ] H.; Wang, W.J.; Xu, Z.C.; Xiang, R.L. Association of beta-blocker use with survival and pulmonary
function in patients with chronic obstructive pulmonary and cardiovascular disease: A systematic review and meta-analysis. Eur.
Heart J. 2020, 41, 4415-4422. [CrossRef]

Parikh, M.A.; Aaron, C.P; Hoffman, E.A.; Schwartz, ]J.E.; Madrigano, J.; Austin, ] HM.; Kalhan, R.; Lovasi, G.; Watson, K;
Stukovsky, K.H.; et al. Angiotensin-Converting Inhibitors and Angiotensin II Receptor Blockers and Longitudinal Change in
Percent Emphysema on Computed Tomography. The Multi-Ethnic Study of Atherosclerosis Lung Study. Ann. Am. Thorac. Soc.
2017, 14, 649-658. [CrossRef]

Lai, C.C.; Wang, Y.H.; Wang, C.Y.; Wang, H.C.; Yu, C.]J.; Chen, L. Comparative effects of angiotensin-converting enzyme inhibitors
and angiotensin II receptor blockers on the risk of pneumonia and severe exacerbations in patients with COPD. Int. ]. Chronic
Obstr. Pulm. Dis. 2018, 13, 867-874. [CrossRef]

Meysman, M. Angiotensin II blockers in obstructive pulmonary disease: A randomised controlled trial. Eur. Respir. ]. 2006, 28,
670; author reply 670-671. [CrossRef]

Ehteshami-Afshar, S.; Mooney, L.; Dewan, P.; Desai, A.S.; Lang, N.N.; Lefkowitz, M.P,; Petrie, M.C,; Rizkala, A.R.; Rouleau, J.L.;
Solomon, S.D.; et al. Clinical Characteristics and Outcomes of Patients With Heart Failure With Reduced Ejection Fraction and
Chronic Obstructive Pulmonary Disease: Insights From PARADIGM-HE. J. Am. Heart Assoc. 2021, 10, €019238. [CrossRef]
Brijker, F.; Heijdra, Y.F; van den Elshout, EJ.; Folgering, H.T. Discontinuation of furosemide decreases PaCO(2) in patients with
COPD. Chest 2002, 121, 377-382. [CrossRef]

Light, RW.; George, R.B. Serial pulmonary function in patients with acute heart failure. Arch. Intern. Med. 1983, 143, 429-433.
[CrossRef]

Herrin, M.A.; Feemster, L.C.; Crothers, K.; Uman, J.E.; Bryson, C.L.; Au, D.H. Combination antihypertensive therapy among
patients with COPD. Chest 2013, 143, 1312-1320. [CrossRef] [PubMed]

Vozoris, N.T.; Wang, X.; Austin, P.C.; O’'Donnell, D.E.; Aaron, S.D.; To, T.M.; Gershon, A.S. Incident diuretic drug use and adverse
respiratory events among older adults with chronic obstructive pulmonary disease. Br. |. Clin. Pharmacol. 2018, 84, 579-589.
[CrossRef] [PubMed]

Pavasini, R.; Biscaglia, S.; d’Ascenzo, E; Del Franco, A.; Contoli, M.; Zaraket, F.; Guerra, F; Ferrari, R.; Campo, G. Antiplatelet
Treatment Reduces All-Cause Mortality in COPD Patients: A Systematic Review and Meta-Analysis. COPD 2016, 13, 509-514.
[CrossRef] [PubMed]

Ekstrom, M.P; Hermansson, A.B.; Strom, K.E. Effects of cardiovascular drugs on mortality in severe chronic obstructive pulmonary
disease. Am. J. Respir. Crit. Care Med. 2013, 187, 715-720. [CrossRef]

Andell, P; James, S.K.; Cannon, C.P.; Cyr, D.D.; Himmelmann, A.; Husted, S.; Keltai, M.; Koul, S.; Santoso, A.; Steg, P.G.; et al.
Ticagrelor Versus Clopidogrel in Patients With Acute Coronary Syndromes and Chronic Obstructive Pulmonary Disease: An
Analysis From the Platelet Inhibition and Patient Outcomes (PLATO) Trial. . Am. Hear. Assoc. 2015, 4, €002490. [CrossRef]
Kunadian, V.; Wilson, N.; Stocken, D.D.; Ali, H.; McColl, E.; Burns, G.; Howe, N.; Fisher, A.; De Soyza, A. Antiplatelet therapy
in the primary prevention of cardiovascular disease in patients with chronic obstructive pulmonary disease: A randomised
controlled proof-of-concept trial. ER] Open Res. 2019, 5, 00110-2019. [CrossRef]

Balbirsingh, V.; Mohammed, A.S.; Turner, A.M.; Newnham, M. Cardiovascular disease in chronic obstructive pulmonary disease:
A narrative review. Thorax 2022, 77,939-945. [CrossRef]

Aaron, C.P; Schwartz, J.E.; Hoffman, E.A.; Angelini, E.; Austin, ].H.M.; Cushman, M.; Jacobs, D.R,, Jr.; Kaufman, ].D.; Laine, A;
Smith, L.J.; et al. A Longitudinal Cohort Study of Aspirin Use and Progression of Emphysema-like Lung Characteristics on CT
Imaging: The MESA Lung Study. Chest 2018, 154, 41-50. [CrossRef]

Fawzy, A ; Putcha, N.; Aaron, C.P; Bowler, R.P; Comellas, A.P.; Cooper, C.B.; Dransfield, M.T.; Han, M.K.; Hoffman, E.A.; Kanner,
R.E; et al. Aspirin Use and Respiratory Morbidity in COPD: A Propensity Score-Matched Analysis in Subpopulations and
Intermediate Outcome Measures in COPD Study. Chest 2019, 155, 519-527. [CrossRef]

Young, R.P.; Hopkins, R.; Eaton, T.E. Pharmacological actions of statins: Potential utility in COPD. Eur. Respir. Rev. 2009,
18,222-232. [CrossRef]


https://bnf.nice.org.uk/treatment-summary/cardiovascular-disease-risk-assessmentand-prevention.htm
https://bnf.nice.org.uk/treatment-summary/cardiovascular-disease-risk-assessmentand-prevention.htm
https://doi.org/10.2147/COPD.S209343
https://doi.org/10.1136/thoraxjnl-2016-208412
https://doi.org/10.1016/j.lfs.2020.117649
https://doi.org/10.1056/NEJMoa1908142
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehaa793
https://doi.org/10.1513/AnnalsATS.201604-317OC
https://doi.org/10.2147/COPD.S158634
https://doi.org/10.1183/09031936.06.00063606
https://doi.org/10.1161/JAHA.120.019238
https://doi.org/10.1378/chest.121.2.377
https://doi.org/10.1001/archinte.1983.00350030039007
https://doi.org/10.1378/chest.12-1770
https://www.ncbi.nlm.nih.gov/pubmed/23287970
https://doi.org/10.1111/bcp.13465
https://www.ncbi.nlm.nih.gov/pubmed/29139564
https://doi.org/10.3109/15412555.2015.1099620
https://www.ncbi.nlm.nih.gov/pubmed/26678708
https://doi.org/10.1164/rccm.201208-1565OC
https://doi.org/10.1161/JAHA.115.002490
https://doi.org/10.1183/23120541.00110-2019
https://doi.org/10.1136/thoraxjnl-2021-218333
https://doi.org/10.1016/j.chest.2017.11.031
https://doi.org/10.1016/j.chest.2018.11.028
https://doi.org/10.1183/09059180.00005309

Life 2023, 13, 1299 15 of 17

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Soyseth, V.; Brekke, PH.; Smith, P.; Omland, T. Statin use is associated with reduced mortality in COPD. Eur. Respir. |. 2007,
29, 279-283. [CrossRef]

Walsh, A.; Perrem, L.; Khashan, A.S.; Henry, M.T.; Ni Chroinin, M. Statins versus placebo for people with chronic obstructive
pulmonary disease. Cochrane Database Syst. Rev. 2019, 7, CD011959. [CrossRef]

Ingebrigtsen, T.S.; Marott, ].L.; Nordestgaard, B.G.; Lange, P.; Hallas, J.; Vestbo, J. Statin use and exacerbations in individuals with
chronic obstructive pulmonary disease. Thorax 2015, 70, 33—40. [CrossRef]

Criner, G.J.; Connett, J.E.; Aaron, S.D.; Albert, R.K.; Bailey, W.C.; Casaburi, R.; Cooper, J.A.,, Jr.; Curtis, ].L.; Dransfield, M.T,;
Han, M.K,; et al. Simvastatin for the prevention of exacerbations in moderate-to-severe COPD. N. Engl. |. Med. 2014, 370,
2201-2210. [CrossRef]

Wu, W.T.; Chen, C.Y. Protective Effect of Statins on Pulmonary Hypertension in Chronic Obstructive Pulmonary Disease Patients:
A Nationwide Retrospective, Matched Cohort Study. Sci. Rep. 2020, 10, 3104. [CrossRef]

Gupta, P.; O’'Mahony, M.S. Potential adverse effects of bronchodilators in the treatment of airways obstruction in older people:
Recommendations for prescribing. Drugs Aging 2008, 25, 415-443. [CrossRef]

Vestbo, J.; Anderson, J.A.; Brook, R.D.; Calverley, PM.; Celli, B.R.; Crim, C.; Martinez, F; Yates, ].; Newby, D.E.; Investigators, S.
Fluticasone furoate and vilanterol and survival in chronic obstructive pulmonary disease with heightened cardiovascular risk
(SUMMIT): A double-blind randomised controlled trial. Lancet 2016, 387, 1817-1826. [CrossRef]

Almagro, P.; Boixeda, R.; Diez-Manglano, J.; Gomez-Antunez, M.; Lopez-Garcia, F.; Recio, ]. Insights into Chronic Obstructive
Pulmonary Disease as Critical Risk Factor for Cardiovascular Disease. Int. . Chron Obstr. Pulm. Dis. 2020, 15, 755-764. [CrossRef]
Oba, Y.; Sarva, S.T.; Dias, S. Efficacy and safety of long-acting beta-agonist/long-acting muscarinic antagonist combinations in
COPD: A network meta-analysis. Thorax 2016, 71, 15-25. [CrossRef]

Calzetta, L.; Rogliani, P.; Matera, M.G.; Cazzola, M. A Systematic Review With Meta-Analysis of Dual Bronchodilation With
LAMA /LABA for the Treatment of Stable COPD. Chest 2016, 149, 1181-1196. [CrossRef]

Suissa, S.; Dell’Aniello, S.; Ernst, P. Concurrent use of long-acting bronchodilators in COPD and the risk of adverse cardiovascular
events. Eur. Respir. J. 2017, 49, 1602245. [CrossRef] [PubMed]

Parkin, L.; Williams, S.; Sharples, K.; Barson, D.; Horsburgh, S.; Jackson, R.; Wu, B.; Dummer, J. Dual versus single long-acting
bronchodilator use could raise acute coronary syndrome risk by over 50%: A population-based nested case-control study.
J. Intern. Med. 2021, 290, 1028-1038. [CrossRef] [PubMed]

Yang, M.; Li, Y,; Jiang, Y.; Guo, S.; He, ].Q.; Sin, D.D. Combination therapy with long-acting bronchodilators and the risk of major
adverse cardiovascular events in patients with COPD: A systematic review and meta-analysis. Eur. Respir. ]. 2023, 61, 2200302.
[CrossRef] [PubMed]

Calverley, PM.; Anderson, ].A ; Celli, B.; Ferguson, G.T.; Jenkins, C.; Jones, PW.; Yates, ].C.; Vestbo, ].; Investigators, T. Salmeterol
and fluticasone propionate and survival in chronic obstructive pulmonary disease. N. Engl. ]. Med. 2007, 356, 775-789. [CrossRef]
[PubMed]

Rabe, K.F,; Martinez, FJ.; Ferguson, G.T.; Wang, C.; Singh, D.; Wedzicha, J.A.; Trivedi, R.; St Rose, E.; Ballal, S.; McLaren, J.;
et al. Triple Inhaled Therapy at Two Glucocorticoid Doses in Moderate-to-Very-Severe COPD. N. Engl. ]. Med. 2020, 383, 35-48.
[CrossRef]

Hillas, G.; Perlikos, E.; Tzanakis, N. Acute exacerbation of COPD: Is it the “stroke of the lungs”? Int. ]. Chron Obstr. Pulm. Dis.
2016, 11, 1579-1586. [CrossRef]

Donaldson, G.C.; Hurst, J.R.; Smith, C.J.; Hubbard, R.B.; Wedzicha, J.A. Increased risk of myocardial infarction and stroke
following exacerbation of COPD. Chest 2010, 137, 1091-1097. [CrossRef]

Reilev, M; Pottegard, A.; Lykkegaard, J.; Sondergaard, J.; Ingebrigtsen, T.S.; Hallas, J. Increased risk of major adverse cardiac
events following the onset of acute exacerbations of COPD. Respirology 2019, 24, 1183-1190. [CrossRef]

Halpin, D.M.; Decramer, M.; Celli, B.; Kesten, S.; Leimer, I.; Tashkin, D.P. Risk of nonlower respiratory serious adverse events
following COPD exacerbations in the 4-year UPLIFT(R) trial. Lung 2011, 189, 261-268. [CrossRef]

Rothnie, K.J.; Connell, O.; Mullerova, H.; Smeeth, L.; Pearce, N.; Douglas, I.; Quint, ].K. Myocardial Infarction and Ischemic
Stroke after Exacerbations of Chronic Obstructive Pulmonary Disease. Ann. Am. Thorac. Soc. 2018, 15, 935-946. [CrossRef]
Goto, T.; Shimada, Y.J.; Faridi, M.K.; Camargo, C.A., Jr.; Hasegawa, K. Incidence of Acute Cardiovascular Event After Acute
Exacerbation of COPD. J. Gen. Intern. Med. 2018, 33, 1461-1468. [CrossRef]

Wang, M,; Lin, E.P; Huang, L.C.; Li, C.Y.; Shyr, Y.; Lai, C.H. Mortality of Cardiovascular Events in Patients With COPD and
Preceding Hospitalization for Acute Exacerbation. Chest 2020, 158, 973-985. [CrossRef]

Brekke, PH.; Omland, T.; Holmedal, S.H.; Smith, P.; Soyseth, V. Troponin T elevation and long-term mortality after chronic
obstructive pulmonary disease exacerbation. Eur. Respir. ]. 2008, 31, 563-570. [CrossRef]

Sofia, M.; Maniscalco, M.; Celentano, L.; Faraone, S.; Mormile, M.; Alifano, M.; Carratu, L. Abnormalities of renal endothelin
during acute exacerbation in chronic obstructive pulmonary disease. Pulm. Pharmacol. Ther. 2001, 14, 321-327. [CrossRef]
Wedzicha, J.A.; Seemungal, T.A.; MacCallum, PK.; Paul, E.A.; Donaldson, G.C.; Bhowmik, A.; Jeffries, D.].; Meade, TW. Acute
exacerbations of chronic obstructive pulmonary disease are accompanied by elevations of plasma fibrinogen and serum IL-6
levels. Thromb. Haemost. 2000, 84, 210-215.

Ozben, B.; Eryuksel, E.; Tanrikulu, A.M.; Papila-Topal, N.; Celikel, T.; Basaran, Y. Acute exacerbation impairs endothelial function
in patients with chronic obstructive pulmonary disease. Turk Kardiyol. Dern. Ars. 2010, 38, 1-7.


https://doi.org/10.1183/09031936.00106406
https://doi.org/10.1002/14651858.CD011959.pub2
https://doi.org/10.1136/thoraxjnl-2014-205795
https://doi.org/10.1056/NEJMoa1403086
https://doi.org/10.1038/s41598-020-59828-0
https://doi.org/10.2165/00002512-200825050-00005
https://doi.org/10.1016/S0140-6736(16)30069-1
https://doi.org/10.2147/COPD.S238214
https://doi.org/10.1136/thoraxjnl-2014-206732
https://doi.org/10.1016/j.chest.2016.02.646
https://doi.org/10.1183/13993003.02245-2016
https://www.ncbi.nlm.nih.gov/pubmed/28536251
https://doi.org/10.1111/joim.13348
https://www.ncbi.nlm.nih.gov/pubmed/34289189
https://doi.org/10.1183/13993003.00302-2022
https://www.ncbi.nlm.nih.gov/pubmed/36137586
https://doi.org/10.1056/NEJMoa063070
https://www.ncbi.nlm.nih.gov/pubmed/17314337
https://doi.org/10.1056/NEJMoa1916046
https://doi.org/10.2147/COPD.S106160
https://doi.org/10.1378/chest.09-2029
https://doi.org/10.1111/resp.13620
https://doi.org/10.1007/s00408-011-9301-8
https://doi.org/10.1513/AnnalsATS.201710-815OC
https://doi.org/10.1007/s11606-018-4518-3
https://doi.org/10.1016/j.chest.2020.02.046
https://doi.org/10.1183/09031936.00015807
https://doi.org/10.1006/pupt.2001.0303

Life 2023, 13, 1299 16 of 17

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Sinden, N.J.; Stockley, R.A. Systemic inflammation and comorbidity in COPD: A result of ‘overspill” of inflammatory mediators
from the lungs? Review of the evidence. Thorax 2010, 65, 930-936. [CrossRef]

Sin, D.D.; Anthonisen, N.R.; Soriano, J.B.; Agusti, A.G. Mortality in COPD: Role of comorbidities. Eur. Respir. ]. 2006,
28, 1245-1257. [CrossRef]

Theodorakopoulou, M.P; Bakaloudi, D.R.; Alexandrou, M.E.; Papakosta, D.; Pataka, A.; Kioumis, I.; Boutou, A.K. Endothelial
Dysfunction during Acute Exacerbations of Chronic Obstructive Pulmonary Disease: A Systematic Review and Meta-Analysis.
COPD 2021, 18, 246-253. [CrossRef]

Falk, J.A.; Kadiev, S.; Criner, G.J.; Scharf, S.M.; Minai, O.A.; Diaz, P. Cardiac disease in chronic obstructive pulmonary disease.
Proc. Am. Thorac. Soc. 2008, 5, 543-548. [CrossRef]

Clarenbach, C.F,; Senn, O.; Sievi, N.A.; Camen, G.; van Gestel, A.J.; Rossi, V.A.; Puhan, M.A.; Thurnheer, R.; Russi, E.W.; Kohler,
M. Determinants of endothelial function in patients with COPD. Eur. Respir. J. 2013, 42, 1194-1204. [CrossRef] [PubMed]
Labonte, L.E.; Bourbeau, J.; Daskalopoulou, S.S.; Zhang, M.; Coulombe, P.; Garland, K.; Baglole, C.J. Club Cell-16 and RelB as
Novel Determinants of Arterial Stiffness in Exacerbating COPD Patients. PLoS ONE 2016, 11, €0149974. [CrossRef] [PubMed]
Park, H.Y,; Churg, A.; Wright, J.L.; Li, Y.; Tam, S.; Man, S.E,; Tashkin, D.; Wise, R.A.; Connett, ].E.; Sin, D.D. Club cell protein 16
and disease progression in chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 2013, 188, 1413-1419. [CrossRef]
[PubMed]

Lomas, D.A.; Silverman, E.K.; Edwards, L.D.; Miller, B.E.; Coxson, H.O.; Tal-Singer, R. Evaluation of serum CC-16 as a biomarker
for COPD in the ECLIPSE cohort. Thorax 2008, 63, 1058-1063. [CrossRef] [PubMed]

Labonte, L.; Coulombe, P.; Zago, M.; Bourbeau, J.; Baglole, C.J. Alterations in the expression of the NF-kappaB family member
RelB as a novel marker of cardiovascular outcomes during acute exacerbations of chronic obstructive pulmonary disease. PLoS
ONE 2014, 9, €112965. [CrossRef]

Liu, Y,; Liu, X;; Lin, G.; Sun, L.; Li, H.; Xie, C. Decreased CD34+ cell number is correlated with cardiac dysfunction in patients
with acute exacerbation of COPD. Heart Lung Circ. 2014, 23, 875-882. [CrossRef]

O’Donnell, D.E.; Laveneziana, P.; Webb, K.; Neder, J.A. Chronic obstructive pulmonary disease: Clinical integrative physiology.
Clin. Chest Med. 2014, 35, 51-69. [CrossRef]

Strohmayer, E.A.; Krakoff, L.R. Glucocorticoids and cardiovascular risk factors. Endocrinol. Metab. Clin. N. Am. 2011, 40, 409-417.
[CrossRef]

Salpeter, S.R.; Ormiston, T.M.; Salpeter, E.E. Cardiovascular effects of beta-agonists in patients with asthma and COPD: A
meta-analysis. Chest 2004, 125, 2309-2321. [CrossRef]

Berton, D.C.; Barbosa, P.B.; Takara, L.S.; Chiappa, G.R.; Siqueira, A.C.; Bravo, D.M.; Ferreira, L.E.; Neder, ].A. Bronchodilators
accelerate the dynamics of muscle O2 delivery and utilisation during exercise in COPD. Thorax 2010, 65, 588-593. [CrossRef]
Schembri, S.; Williamson, P.A.; Short, PM.; Singanayagam, A.; Akram, A.; Taylor, J.; Singanayagam, A.; Hill, A.T.; Chalmers, ].D.
Cardiovascular events after clarithromycin use in lower respiratory tract infections: Analysis of two prospective cohort studies.
BM]J 2013, 346, £1235. [CrossRef]

Berni, E.; de Voogd, H.; Halcox, ].P.,; Butler, C.C.; Bannister, C.A.; Jenkins-Jones, S.; Jones, B.; Ouwens, M.; Currie, C.J. Risk of
cardiovascular events, arrhythmia and all-cause mortality associated with clarithromycin versus alternative antibiotics prescribed
for respiratory tract infections: A retrospective cohort study. BMJ Open 2017, 7, e013398. [CrossRef]

Agarwal, S.; Rokadia, H.; Senn, T.; Menon, V. Burden of cardiovascular disease in chronic obstructive pulmonary disease. Am. J.
Prev. Med. 2014, 47, 105-114. [CrossRef]

Mannino, D.M.; Doherty, D.E.; Sonia Buist, A. Global Initiative on Obstructive Lung Disease (GOLD) classification of lung disease
and mortality: Findings from the Atherosclerosis Risk in Communities (ARIC) study. Respir. Med. 2006, 100, 115-122. [CrossRef]
McGarvey, L.P; John, M.; Anderson, J.A.; Zvarich, M.; Wise, R.A.; Committee, T.C.E. Ascertainment of cause-specific mortality in
COPD: Operations of the TORCH Clinical Endpoint Committee. Thorax 2007, 62, 411-415. [CrossRef]

Divo, M.; Cote, C.; de Torres, ].P; Casanova, C.; Marin, ].M.; Pinto-Plata, V.; Zulueta, J.; Cabrera, C.; Zagaceta, ].; Hunninghake, G.;
et al. Comorbidities and risk of mortality in patients with chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med.
2012, 186, 155-161. [CrossRef]

Salisbury, A.C.; Reid, K.J.; Spertus, J.A. Impact of chronic obstructive pulmonary disease on post-myocardial infarction outcomes.
Am. ]. Cardiol. 2007, 99, 636—641. [CrossRef]

Stone, 1.S.; Barnes, N.C.; Petersen, S.E. Chronic obstructive pulmonary disease: A modifiable risk factor for cardiovascular
disease? Heart 2012, 98, 1055-1062. [CrossRef]

Friedman, G.D.; Klatsky, A.L.; Siegelaub, A.B. Lung function and risk of myocardial infarction and sudden cardiac death. N. Engl.
J. Med. 1976, 294, 1071-1075. [CrossRef]

Ebi-Kryston, K.L.; Hawthorne, V.M.; Rose, G.; Shipley, M.].; Gillis, C.R.; Hole, D.J.; Carmen, W.; Eshleman, S.; Higgins, M.W.
Breathlessness, chronic bronchitis and reduced pulmonary function as predictors of cardiovascular disease mortality among men
in England, Scotland and the United States. Int. |. Epidemiol. 1989, 18, 84-88. [CrossRef]

Ebi-Kryston, K.L. Respiratory symptoms and pulmonary function as predictors of 10-year mortality from respiratory disease,
cardiovascular disease, and all causes in the Whitehall Study. J. Clin. Epidemiol. 1988, 41, 251-260. [CrossRef] [PubMed]


https://doi.org/10.1136/thx.2009.130260
https://doi.org/10.1183/09031936.00133805
https://doi.org/10.1080/15412555.2021.1900094
https://doi.org/10.1513/pats.200708-142ET
https://doi.org/10.1183/09031936.00144612
https://www.ncbi.nlm.nih.gov/pubmed/23429917
https://doi.org/10.1371/journal.pone.0149974
https://www.ncbi.nlm.nih.gov/pubmed/26914709
https://doi.org/10.1164/rccm.201305-0892OC
https://www.ncbi.nlm.nih.gov/pubmed/24245748
https://doi.org/10.1136/thx.2008.102574
https://www.ncbi.nlm.nih.gov/pubmed/18757456
https://doi.org/10.1371/journal.pone.0112965
https://doi.org/10.1016/j.hlc.2014.03.008
https://doi.org/10.1016/j.ccm.2013.09.008
https://doi.org/10.1016/j.ecl.2011.01.011
https://doi.org/10.1378/chest.125.6.2309
https://doi.org/10.1136/thx.2009.120857
https://doi.org/10.1136/bmj.f1235
https://doi.org/10.1136/bmjopen-2016-013398
https://doi.org/10.1016/j.amepre.2014.03.014
https://doi.org/10.1016/j.rmed.2005.03.035
https://doi.org/10.1136/thx.2006.072348
https://doi.org/10.1164/rccm.201201-0034OC
https://doi.org/10.1016/j.amjcard.2006.09.112
https://doi.org/10.1136/heartjnl-2012-301759
https://doi.org/10.1056/NEJM197605132942001
https://doi.org/10.1093/ije/18.1.84
https://doi.org/10.1016/0895-4356(88)90129-1
https://www.ncbi.nlm.nih.gov/pubmed/3339378

Life 2023, 13, 1299 17 of 17

155. Putcha, N.; Puhan, M.A.; Hansel, N.N.; Drummond, M.B.; Boyd, C.M. Impact of co-morbidities on self-rated health in self-reported
COPD: An analysis of NHANES 2001-2008. COPD 2013, 10, 324-332. [CrossRef] [PubMed]

156. Comin-Colet, J.; Martin Lorenzo, T.; Gonzalez-Dominguez, A.; Oliva, J.; Jimenez Merino, S. Impact of non-cardiovascular
comorbidities on the quality of life of patients with chronic heart failure: A scoping review. Health Qual. Life Outcomes 2020,
18, 329. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3109/15412555.2012.744963
https://www.ncbi.nlm.nih.gov/pubmed/23713595
https://doi.org/10.1186/s12955-020-01566-y
https://www.ncbi.nlm.nih.gov/pubmed/33028351

	Introduction 
	Methods 
	Frequency and Type of Cardiovascular Comorbidities in COPD 
	Heart Failure (HF) 
	Ischemic Heart Disease (IHD) and Coronary Artery Disease (CAD) 
	Arrhythmia 
	Systemic Hypertension and Stroke 

	Interplay between CVD and COPD 
	Effect of Treatment for CVD on COPD and Vice Versa 
	B- Blockers 
	Angiotensin-Converting Enzyme Inhibitors (ACEIs) and Angiotensin II ReceptorBlockers (ARBs) 
	Diuretics 
	Antiplatelets 
	Statins 
	COPD Medication 

	COPD Exacerbations Course and Treatment in Patients with CVDs 
	Pathophysiology 
	Treatment 

	Life Expectancy and Quality of Life 
	Conclusions 
	References

