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Early cardiovascular involvement 
in Chronic Obstructive Pulmonary Disease

M. Malerba, G. Romanelli

Introduction

Chronic obstructive pulmonary disease (COPD)
is characterised by a not completely reversible air-
flow obstruction due to a complex pathology in-
volving large and small airways, lung parenchyma
and the pulmonary vasculature [1]. COPD affects
over the 5% of the adult population and it is a ma-
jor cause of increasing mortality and morbidity
worldwide [2]. Recently a compelling body of evi-
dence highlighted that COPD is not just a lung dis-
ease, but a systemic disease, with multiple effects
on the whole organism and the cardiovascular sys-
tem in particular, involving mainly atherosclerosis
and promoting diseases such as myocardial infarc-
tion and arrhythmias, stroke and systemic artheri-
opathies [3]. A remarkable high morbidity due to
cardiovascular diseases in COPD patients has been
observed at the present time and the most evident
explanation for this high prevalence is the elevated
occurrence among COPD patients of smoking and
other known risk factors for cardiovascular diseases
such as sedentary lifestyle and poor diet. However,
several studies have shown that impaired lung func-
tion is associated with cardiovascular risk even after
adjusting for known cardiovascular risk factors in-
cluding age, sex, smoke and cholesterol [4] and that
the main causes of death among COPD patients are
of cardiovascular origin. Recent studies [5] indicate

that reduced FEV1 is an independently important
risk factor for cardiovascular mortality, showing
that among the lower and the higher quintile of
FEV1 the risk of death for cardiovascular cause is
increased approximately by 75% in both women
and men. Moreover, airflow obstruction as mea-
sured by a reduced FEV1/FVC ratio may be an im-
portant modifier effect: when the combination of re-
duced FEV1/FVC and arrhythmias is observed the
risk of coronary events is increased by over twofold.
This increased morbidity and mortality may repre-
sent just the “tip of the iceberg” of unknown early
cardiovascular alterations in COPD patients.

This evidence encourages early cardiovascular
risk stratification of COPD patients in the daily
clinical practice. Nevertheless, specialists often fo-
cus on their own field when considering the patient,
and the presence of systemic involvement in COPD
patients is not taken into account or poorly report-
ed. Moreover, the possible risks of some treatments
are underscored and the prevention of cardiovascu-
lar diseases is inadequate in these patients.

Pathogenetic factors

Systemic inflammation

Recent research has demonstrated the exis-
tence of a relationship between chronic obstructive
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Cardiovascular (CV) disease represents a consider-
able risk factor in terms of both morbidity and mortality
in elderly patients with chronic obstructive pulmonary
disease (COPD). In fact, there is a considerable evidence
of this association: for only 20 years forced expiratory vol-
ume in 1 second (FEV1) has been considered as predictive
of cardiovascular mortality especially in elderly patients.
At present, the emerging evidence suggests that hypoxia,
systemic inflammation, oxidative stress may cause an ear-
ly sub-clinical cardiovascular involvement in patients with
COPD. Aging is a selective process dramatically affecting
certain portions of the cardiovascular system for example:

diminished beta-adrenergic responsiveness, increased my-
ocardial and vascular stiffness, decreased arterial barore-
flex, vagal outflow and compromission of diastolic func-
tion. The nature of these interactions is complex and in-
volves not only mechanisms of aging but also multiple de-
fined and undefined (e.g., genetic) risk factors. Cardiovas-
cular diseases are the main causes of mortality among the
subjects with impaired lung function. Even mild reduc-
tions in expiratory flow volumes amplify the risk of is-
chemic heart diseases, strokes, and sudden cardiac deaths
2-to 3-fold, independent of other risk factors. The mecha-
nism or mechanisms responsible for this association, how-
ever, remain largely unknown.
Monaldi Arch Chest Dis 2009; 71: 2, 59-65.
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pulmonary disease (COPD) and systemic inflam-
mation [6]. In fact, cigarette smoke is able to in-
duce an activation of the systemic inflammatory
cascade in susceptible subjects; following the ces-
sation of smoking, a number of subjects have
shown a decrease in inflammation, however in
many cases inflammation becomes self-perpetuat-
ing [7].

A reduced FEV1, coupled with an active smok-
ing status, has an influence on the levels of C-Re-
active Protein (CRP), a common marker of sys-
temic inflammation [8]. CRP, which is now con-
sidered a major risk indicator for cardiovascular
disease [9], has been found to be higher even in pa-
tients with stable COPD, and may be an important
factor in the progression of atherosclerosis in these
patients [5].

Atherosclerosis, in fact, is considered to have an
important inflammatory component [10, 11]. CRP,
in particular, upregulates the production of pro-in-
flammatory cytokines and tissue factors in mono-
cytes, it increases LDL uptake in macrophages and
directly induces the expression of adhesion mole-
cules in endothelial cells [12]. In addition to this,
CPR may also deposit directly in the arterial wall
during the atherogenetic process, interacting with
other inflammatory mediators to create foam cells,
which serve as the building blocks of the atheroge-
netic plaques [13]. On the other hand, serum fib-
rinogen may also promote atherosclerosis, by in-
creasing blood viscosity and acting as a co-factor
for platelets aggregation [14]. There is also data
demonstrating the possible role of acute lung in-

flammation in the induction of acute cardiac events,
by acting on the coagulation cascade through the el-
evation of plasma fibrinogen and IL-6 levels, as
found in COPD exacerbations [15] (figure 1).

Statins have been shown to benefit both cardio-
vascular disorders (CVD) and COPD, with a prob-
able effect on the inflammation in the lungs and in
the atheromatous plaques [16]. On the contrary in-
haled corticosteroids have not had significant effect
on cardiovascular mortality in COPD [17].

Oxidative stress

COPD is an inflammatory lung disease char-
acterised by both systemic and local chronic in-
flammation and oxidative stress [18]. Among the
various sources of oxidative stress, the increased
burden of inhaled oxidants stands out as a promi-
nent cause of lung damage, because COPD is fre-
quently caused by long-term inhalation of noxious
gases and particles, such as cigarette smoke[19].
As a matter of fact, long-term smoke exposure can
result in a dramatic systemic oxidant-antioxidant
imbalance as reflected by an increase in lipid per-
oxidation products and depleted levels of antioxi-
dants like vitamins A and C in smoking patient’s
plasma [20].

The increase in reactive oxygen species
(ROS), generated by various inflammatory, im-
mune and epithelial cells of the airways, is reflect-
ed by a parallel increase in markers of oxidative
stress in the airspaces, sputum, breath, lungs and
blood in patients with COPD.

Fig. 1. - A model of the pathogenesis of COPD. Cigarette smoke and other environmental irritants and infectious organisms may activate alveo-
lar macrophages, bronchial epithelial cells, and other cellular elements in the airways of genetically susceptible individuals. These factors in con-
junction with traditional risk factors such as hypertension, hypercholesterolemia, diabetes, promote atherogenesis and cardiovascular disease
(Adapted from Sin and Man Can. J. Physiol. Pharmacol 2005).
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The presence of elevated amounts of ROS may
play a role in enhancing the inflammatory response
in COPD through the activation of stress kinases and
redox sensitive transcription factors. Recent data has
indicated that oxidative stress and pro-inflammatory
mediators can alter nuclear histone acetylation, al-
lowing access for transcription factors to specific
DNA binding sites, leading to enhanced pro-inflam-
matory gene expression in various lung cells. Thus,
the presence of oxidative stress may have important
consequences on several events of lung physiology
and for the pathogenesis of COPD [20]. Such conse-
quences include increased sequestration of neu-
trophils in the pulmonary microvascular vessels, ox-
idative inactivation of antiproteases and surfactants,
hypersecretion of mucus, membrane lipid peroxida-
tion, alterations of mitochondrial respiration, alveo-
lar epithelial injury, remodelling of extracellular ma-
trix and finally apoptosis [21].

The impact of ROS on chromatin regulation
may have a role in the poor efficacy of corticos-
teroids in COPD. Consequently, an effective, wide
spectrum antioxidant therapy, with the characteris-
tics of adequately high bioavailability and potency,
is urgently needed to control the localised oxida-
tive and inflammatory processes that occur in the
pathogenesis of COPD [22].

Hypoxia

The biological response to chronic hypoxia is
a systemic, very complex, as-of-yet unclear mech-
anism, based on the control of genetic expression.

Fig. 2. - Hypothetical mechanism for a COPD effect on cardiovascular risk. COPD has evidence of increased systemic inflammation, and oxida-
tive stress, and also has an increased incidence of haemodynamic abnormalities as well as chronic hypoxia and its complications. These factors
might probably increase the risk of developing cardiac disease (Adapted from Maclay JD et al. Respirology 2007).

The heart subsists on an obligate aerobic me-
tabolism and, at rest, consumes 10-15 ml of oxy-
gen per minute for 100 g of tissue, a rate higher
than that of the brain. Therefore, a constant and ad-
equate oxygen supply is necessary for the heart to
stay functioning and vital [23].

Oxygen is also the main determinant of genetic
expression in myocardial cells: in a situation of
deficitary oxygen supply, the genetic expression
patterns of these cells becomes significantly alterat-
ed [24]. Furthermore, oxygen is fundamental in the
formation of nitric oxide (NO), which contributes,
along with many other factors, to control vascular
tone and, consequently, the blood supply to the tis-
sues [25]. In addition, oxygen of course has a cen-
tral role in the production of ROS, which may in-
duce irreversible damage to cells [25]. Chronic hy-
poxia induces a number of clinically relevant modi-
fications, both structural and functional, in the or-
ganism, of which polyglobulia and the remodelling
of pulmonary vessels are well known examples
[26]. With this in mind, the elevated frequency of
left ventricular hypertrophy and coronaropathy,
documented in hypoxemic COPD patients, could
undoubtedly be imputed to chronic hypoxia [27].

While it is unclear whether chronic hypoxia is
a direct cause of cardiac dysfunction, as opposed
to only being the trigger of an inadequate adaptive
response, it is still surely recommended, to attempt
a correction of this consequence of COPD in
everyday clinical practice, in order to reduce its
negative impact, both on a cardiovascular and sys-
temic level (figure 2).
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Aging and atherosclerosis

Aging is an important determinant of both ar-
terial stiffening and the development of emphyse-
ma, and it is also a key cause of skin wrinkling and
osteoporosis [33, 34]. Consequently, there has
been some interest in aging as a mechanism of dis-
ease in patients with COPD [35]. Although ciga-
rette smoke exposure is the main cause of COPD,
individuals vary in their susceptibility to its ef-
fects, in fact many of the features of COPD are al-
so seen with normal aging among never-smokers.
Progressive decline in lung function, characteristic
feature of COPD, for example, also occurs with
age in healthy individuals [36]. Aging lungs also
show progressive distal airspace enlargement, as-
sociated with elastin fibrin fragmentation and loss
of elasticity, resulting in an emphysema-like con-
dition [33, 37].

Aging is characterised by shortening of the
DNA component of telomeres, the specialised seg-
ments located at the end of eukaryotic chromo-
somes which protect them from degradation and re-
combination [38]. In most somatic cells telomeres
shorten with every cell cycle, and systemic oxida-
tive stress and inflammation enhance this shorten-
ing process [39]. Telomere length therefore reflects
replication history of cells, but it is also a reflection
of cumulative oxidative stress and chronic inflam-
mation acting on progenitor cells [40] and provides
a marker of biological age (figure 3).

Cellular senescence is associated with short-
ened or damaged telomeres and it is characterised

by permanent exit from the cell cycle, morpholog-
ic changes, and altered function. Senescent cells
show increased release of cytokines and
chemokines and enhanced matrix metalloprotease
activity [41], which are potential mechanisms for
the enhanced inflammation and tissue destruction
in emphysema. Accelerated aging, as measured by
telomere shortening has also been linked to car-
diovascular disease [42]. Telomere length is a pre-
dictor of cardiovascular events [43], and reduced
leukocyte telomere length is associated with all
cause mortality in patients with stable coronary
disease [42]. Moreover shorter telomeres have
been detected in senescent endothelial cells and
vascular smooth muscle cells from human athero-
sclerotic plaques [44-47]. Senescent cells promote
endothelial dysfunction and hence atherosclerosis,
and appear to be implicated in plaque destabilisa-
tion [46, 47]. Therefore, accelerated aging, charac-
terised by shortening of the DNA component of
telomeres, might cause vascular and pulmonary
disease by an increased systemic inflammation,
connective tissue destruction, and endothelial dys-
function. Accelerated aging processes may there-
fore be the link for the association between COPD
and increased cardiovascular risk.

The effect of age on heart size has been as-
sessed by several techniques, including echocar-
diography. Most cross-sectional studies have
demonstrated that end-diastolic and end-systolic
left-ventricle (LV) wall thickness and estimated of
left-ventricular mass, measured via M-mode
echocardiography, increase with age.

Fig. 2. - Molecular mechanism of aging and development of COPD. Emphysema and chronic airway obstruction may be one of the phenomena
underlying accelerated lung aging process resulting from a failure of lung maintenance and repair due to significant and sustained lung injury by
exposed cigarette smoke, air particulates, and pollutants (Adapted from Ito and Barnes. Chest 2009).
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Cardio-vascular dysfunction

According to multiple studies, involving dif-
ferent patient series, an approximation of 10 to
40% of subjects with COPD also show signs of left
ventricular dysfunction, and a significantly high
percentage of deaths in COPD patients is actually
attributable to a cardiovascular cause. Together
with lung cancer, cardiovascular disease is the
main cause of death in mild to moderate COPD pa-
tients, while respiratory failure is responsible of
the death of most moderate to severe (FEV1<60%)
COPD patients [28].

However, a meta-analysis conducted on over
80,000 patients revealed that subjects in the lowest
lung function quintile have almost a doubled risk of
cardiovascular mortality, compared to subjects in
the highest lung function quintile [29]. In particu-
lar, for every 10% reduction in FEV1, these patients
suffer a 28% increase in cardiovascular mortality.
In addition to being a prominent cause of death,
cardiovascular disease is also responsible of a se-
vere impairment in the quality of life of COPD pa-
tients, by increasing the number of hospitalisations
these patients require: according to the Lung Health
Study, 42% of the first, and 44% of the second hos-
pitalisations were due to CVD in patients with mild
to moderate COPD, while respiratory causes ac-
counted for a mere 14% of admissions [30].

The knowledge of this significant data, cou-
pled with several other studies, contributes to
defining and ultimately establishing COPD as a
powerful independent risk factor for cardiovascu-
lar morbidity and mortality [5].

Even after adjustments for the most common
cardiovascular risk factors, COPD patients have a
4.5 risk ratio of developing chronic heart failure,
compared to age-matched non-COPD controls
[31]. However, the association of CVD and COPD
is often overlooked: a recent study has evidenced
how, of the 405 COPD patients involved, a re-
markable 20.5% (83 patients) were diagnosed with
concomitant heart failure following a systemic di-
agnostic investigation [32].

The interaction between lungs and heart due to
their anatomical and functional relation produces
mainly two types of consequences: diseases shar-
ing similar risk factors, such as cigarette smoke and
atherosclerosis (e.g. coronary, carotid and peripher-
al artery disease) or heart failure and COPD; sec-
ondly illness resulting in dysfunction of heart func-
tion due to lung diseases such as pulmonary hyper-
tension and ventricular dysfunction secondary to
increased intra-thoracic mechanical load.

In fact, COPD patients have an increased risk
of fatal myocardial infarction even independent of
smoking status, this encourages the search of ath-
erosclerotic heart disease in these patients with ex-
ercise tests or other more complex and expensive
methods [48].

A link between COPD and cardiovascular dis-
ease comes from the measures of central arterial
stiffness a new technique for assessing cardiovas-
cular risk [49]. This measure (termed pulse wave
velocity) reflects more closely the pathological

state of the central arteries and therefore appears to
be better associated with coronary artery disease
and with smoking injury [50]. A relationship be-
tween pulse wave velocity and FEV1 % predicted
has been described in a study with COPD patients,
in which patients with a FEV1 % predicted < 50
had increased arterial stiffness, compared to pa-
tients with FEV1% predicted > 50 [49].

It is now believed that the presence of heart
failure is overlooked in patients with COPD [51],
however the exact prevalence of heart dysfunction
in these patients is not yet known [51]. One study
has demonstrated a prevalence of left ventricular
failure of 20% among COPD patients who have
not previously had this diagnosis [52]. Diagnosing
heart failure in the presence of COPD is compli-
cated by similarities in symptoms and physical
findings [53,54]. The chest X-ray is less sensitive
for detecting heart failure in these patients because
of hyper-inflated lungs, and heart dilatation caused
by COPD itself. Moreover, in severe COPD some
degree of pulmonary congestion is usually present
on chest X-ray [55]. Electrocardiographic abnor-
malities may overlap in COPD and heart failure
patients [56]. Plasma B-type natriuretic peptide
(BNP) can help the physician in differentiating
COPD with and without heart failure [57]. How-
ever during COPD exacerbations, BNP can be ele-
vated, although not as high as in severe heart fail-
ure, due to pressure or volume overload acting on
right ventricle [58], thus producing confounding
results in a large number of patients. The assess-
ment of left ventricular function by two dimen-
sional echo-Doppler examination is usually re-
quired to demonstrate or exclude heart failure,
however in COPD patients echocardiographic
windows are often limited by hyper-inflated lungs
and precise measurements can be complex in up to
10-30% of COPD patients [59]. To avoid these dif-
ficulties cardiovascular magnetic resonance or ra-
dionuclide ventriculography may be required,
however disadvantages of these procedures are the
time-consuming data acquisition and post process-
ing and the higher cost compared to echocardiog-
raphy [60].

In our personal clinical experience, we studied
a cohort of twelve COPD patients with stable mild
airflow limitation and without cardiovascular co-
morbidity. At echocardiography assessment ten
patients (83%) showed a first degree diastolic dys-
function of the left ventricle (unpublished data).
As a possible hypothesis, a not completely re-
versible respiratory obstruction may be associated
to a sub-clinical diastolic dysfunction of the left
ventricle, which may be an early sign of occult
coronaropathy. Currently, the role of systemic in-
flammation in promoting the atherosclerotic
process is well known, thus it may also be possible
that unrecognised vascular alterations could lead
to asymptomatic heart modifications in these pa-
tients, which could be suspected whenever an al-
tered left ventricle function is found in echocar-
diography. Finally, considering the cardio-pul-
monary system altogether, it is certainly possible
that alterations in the respiratory mechanics may
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induce modifications of the cardiac function, left
ventricle included. Further studies will be neces-
sary to assess the intricate pathophysiological in-
teractions between heart, lungs, and the organism
in its entirety.

In conclusion, there is considerable interest in
comorbidities associated with COPD, and espe-
cially the significant burden of morbidity and mor-
tality associated with CVD. Patients with COPD
are subjected to stressors including cigarette
smoke, chronic inflammation, oxidative stress and
hypoxia as well as repeated exacerbations with
marked acute local and systemic inflammation and
hypoxia, one might expect cardiovascular compli-
cations. Because these extra-pulmonary manifesta-
tions of COPD are common and may have relevant
implications for the patient prognosis, a precise
screening and appropriate treatment of these con-
ditions is compulsory. Observational studies sup-
port this supposition and currently, there are a
number of ongoing studies investigating the patho-
genesis of atherosclerosis correlate to airways dis-
ease. In the next future it will be essential to assess
whether COPD is able to influence atherosclerosis
and cardiac events separately from smoking and
above all whether anti-COPD interventions, other
than smoking cessation, can modify cardiovascu-
lar risk in these patients.

Given the complex nature of both COPD and
CVD, it seems likely that no single cause of the as-
sociation will be found but in the near future we
can expect a better understanding of the mecha-
nisms connecting these two conditions as well as a
clearer view on the most relevant targets for thera-
peutic intervention.
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