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1Department of Respiratory Diseases, University of Modena and Reggio Emilia, Modena, Italy; and 2Department of Internal Medicine,

C. Magati Hospital, Scandiano, Reggio Emilia, Italy

While chronic obstructive pulmonary disease (COPD) is still charac-
terized and diagnosed by lung function measurements, there is
increasing evidence that the chronic diseases that frequently de-
velop with COPD in response to the common risk factors (smoking,
aging, obesity) may contribute significantly to its clinical manifes-
tations and severity. Considering that pharmacologic and nonphar-
macologic treatments of COPD, such as pulmonary rehabilitation,
are primarily symptomatic, it is reasonable to hope that a more
comprehensive management of COPD that takes into account its
comorbidities may improve the response to treatment and reduce
mortality in patients with COPD. Thus, as comorbidities are often
underdiagnosed and undertreated, it is important to search for their
coexistence in COPDand in all chronicdiseases, possiblyby adopting
recommendations for diagnosis of single diseases. This means that
while careful cardiovascular, metabolic, and endocrinologic exami-
nations should be increasingly used in assessing patients with COPD,
lung function measurements may become useful in patients with
chronic cardiovalscular, metabolic, and endocrinologicdiseases.The
increasing evidence that active treatment of comorbidities (by, e.g.,
statins and b-blockers) may reduce morbidity and mortality in
patients with COPD suggests the urgent need for randomized
clinical trials that hopefully will provide the evidence for more
comprehensive clinical guidelines for these patients.
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Chronic diseases make up a huge proportion of human illness. It
has been estimated that in 2005 more than 35 million people died
from heart disease, stroke, cancer, and other chronic diseases (1–
3). Cardiovascular diseases, chronic respiratory diseases, and
diabetes are the most frequent chronic degenerative disorders,
particularly in the elderly; more than half of all elderly people
have at least three chronic medical conditions, and a significant
proportion have five or more (4), that are often unrecognized and
untreated (5). Because of an expected sharp increase in chronic
diseases in the next 10 years, this is an important area of concern
for health authorities (1–3, 6). Chronic diseases share largely
preventable risk factors, in particular poor socioeconomic con-
ditions, poor diet, smoking, obesity, and hypertension (7).

Chronic diseases such as chronic heart failure (CHF) and
chronic obstructive pulmonary disease (COPD) often develop
together with one or more co-morbid conditions and never alone
(7, 8). Not only may a coexisting chronic disease contribute to the
clinical manifestations and the severity and life expectancy of the
patients (9), but it may also influence the efficacy and safety of
patient management. While common clinical practice is to treat
chronic disease as a single condition, there is an urgent need to

update the terminology and classification, and to develop new
criteria for the diagnosis, assessment of severity, and manage-
ment of patients with multiple chronic diseases.

COPD AND ITS CHRONIC COMORBIDITIES

COPD is still defined as a disease state characterized by poorly
reversible airflow limitation induced by cigarette smoke and/or
other noxious particle and gases, and spirometry is recommen-
ded to establish the diagnosis and assess the severity of airflow
limitation (10). However, spirometric assessment poorly corre-
lates with the clinical manifestations of COPD, and a large
proportion of smokers with chronic respiratory symptoms do
not meet the spirometric criteria (11, 12).

Cigarette smoking, the most important and best-established
risk factor for COPD, is also a major risk factor for all other
chronic diseases and cancer, not only because it damages the
lung directly, but also because it may simultaneously cause
systemic effects affecting all organs (13, 14).

The most common comorbidities of COPD that are possibly
related to the systemic effects of smoking are CHF, arrhyth-
mias, hypertension, peripheral and coronary artery diseases,
diabetes and metabolic syndrome, osteoporosis, cancer (partic-
ularly lung cancer), pulmonary vascular abnormalities, psychi-
atric disorders, cachexia, skeletal muscle abnormalities, and
infections (7, 15, 16).

Thus, the systemic effects of smoking may significantly
contribute not only to the respiratory abnormalities, symptoms,
and functional impairment associated with COPD, but also to
the clinical respiratory and nonrespiratory clinical manifesta-
tions related to the chronic diseases often associated with
COPD (7, 17). Low-grade systemic inflammation induced by
smoking and other risk factors has also been implicated in the
pathogenesis of cardiovascular events and chronic myopathy of
the skeletal muscle; since patients with COPD suffer from
excess morbidity and mortality related to cardiovascular events,
it has been suggested that systemic inflammation may be the
common link (18).

COPD is an independent risk factor for cardiovascular disease
(19). Arterial wall stiffness, which relates to cardiovascular risk, is
increased in patients with COPD compared with control subjects
who smoke (20, 21). This suggests that COPD may result in
systemic endothelial dysfunction, which may be a mechanism for
the enhanced cardiovascular risk in COPD (19). Systemic arterial
wall stiffness is also independently related to emphysema as
assessed by CT scanning (22, 23) and correlates with osteoporosis,
another systemic complication of COPD (20). These studies raise
the intriguing possibility that mechanisms that result in alveolar
wall destruction and emphysema may also produce increased
cardiovascular risk and osteoporosis in patients with COPD.

Comorbidities are highly likely to affect health outcomes in
COPD, and patients with COPD are more likely to die of
cardiovascular complications or cancer than of respiratory failure
(24). Progressive respiratory failure accounts for approximately
one third of COPD-related deaths; therefore, factors other than
the progression of lung disease must play a substantial role.
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The number of preexisting comorbidities in patients with
COPD is associated with increased in-hospital mortality (25).
Co-morbid conditions that have been associated with an in-
creased mortality risk in patients with COPD include chronic
renal failure, cor pulmonale (26), and pulmonary vascular disease.
Underlying heart diseases have not been consistently associated
with a higher mortality risk. However, because COPD is frequently
underreported, it is difficult to make an accurate estimate of how
co-morbid conditions influence COPD mortality or, conversely,
how COPD affects the outcome of other diagnoses (24).

In addition to smoking, the other major risk factor for
cardiovascular and other chronic co-morbid conditions is obe-
sity (27, 28). Although obesity by itself may affect lung function
(29), its relationship with COPD has been poorly investigated
and is still unclear. However, obesity may affect respiratory
function in a number of ways. Multiple cross-sectional studies
have demonstrated an inverse relationship between FEV1 and
body mass index (30). This is of particular importance because
FEV1 is an independent predictor of all-cause mortality (31)
and a strong risk factor for cardiovascular disease, stroke, and
lung cancer (32). Thus, considering the frequent comorbidities,
the concept of COPD as a disease diagnosed and monitored
with lung function (e.g., FEV1) is becoming outdated and likely
compromises patient care. It is suggested that patients would
benefit from an earlier, broad-based, and aggressive approach
to management (33).

COPD AS A COMORBIDITY OF OTHER
CHRONIC DISEASES

Smoking and obesity are the two major risk factors for chronic
diseases (34, 35). Obese individuals who smoke have a markedly
reduced life expectancy, and smoking and obesity may interact
synergistically in a vicious circle at different levels and with
different mechanisms, causing endothelial dysfunction and car-
diovascular disease (35, 36). Both obesity and smoking are
associated with insulin resistance, oxidative stress, and increased
concentrations of various (adipo) cytokines and inflammatory
markers, all of which ultimately lead to endothelial dysfunction
and cardiovascular diseases (30). Consequently, weight loss can
reverse many of these problems.

On the other side (vide infra), cachexia and even low body
weight in patients with COPD are associated with impaired
pulmonary status, reduced diaphragmatic mass, lower exercise
capacity, and higher mortality rate when compared with ade-
quately nourished individuals with this disease. Nutritional
support may therefore be a useful part of their comprehensive
care (37, 38).

Patients with peripheral and coronary artery diseases (39, 40),
CHF (41), increased cardiovascular risk (20), diabetes and
metabolic syndrome (42), cerebrovascular disorders (43), cancer
(44) (particularly lung cancer [45]), osteoporosis (46–48), chronic
inflammatory bowel diseases (49, 50), chronic renal failure (51,
52), rheumatoid arthritis (53), psoriasis (54), and premature aging
(55) directly or indirectly share the same major risk factors,
particularly smoking and aging (56–58), and/or have an increased
risk of developing COPD.

CLINICAL GUIDELINES FOR COPD AND
CHRONIC DISEASES

Clinical practice guidelines have been shown to significantly
improve the quality of clinical care. However, most guidelines
ignore the fact that the majority of individuals with a chronic
disease have one or more comorbidities. COPD, CHF, periph-
eral artery disease, diabetes, and non–life-threatening cancer

have a major impact on individuals with a chronic condition,
particularly in the elderly. Also, adhering to current clinical
practice guidelines in caring for an older person with several
comorbidities may have undesirable effects (4). Randomized
clinical trials provide the evidence supporting clinical guide-
lines, but because of inclusion/exclusion criteria, randomized
clinical trials conducted in patients with chronic disease select
subjects who are younger and have milder disease, and exclude
those with significant comorbidities (59). Thus, clinical practice
guidelines do not provide adequate guidance for patients with
complex chronic diseases (4, 60), and a more comprehensive
approach is recommended (61).

According to the most recent clinical guidelines for COPD
(62–64), the available treatments, both pharmacologic and non-
pharmacologic, are essentially symptomatic, with the exception
of two interventions that may also increase life expectancy:
smoking cessation in all patients with COPD, and long-term
oxygen treatment in patients with COPD and respiratory
failure.

The main achievable goals of COPD management today
include relief from symptoms, improvement of exercise toler-
ance and quality of life, and prevention and management of
exacerbations. These goals can be achieved by reduction of risk
factors, management of stable COPD and its comorbidities, and
prompt recognition and management of COPD exacerbation
(62–64).

Prevention is important in COPD. Smoking cessation is the
most effective intervention to reduce symptoms and to decrease
the risk of development and progression of COPD (65) and
almost all other chronic diseases (66). Pharmacotherapy (nico-
tine replacement, buproprion/nortryptiline, and/or varenicline)
may help patients stop smoking (67). As part of prevention,
protection from occupational, indoor, and outdoor pollution is
recommended, although solid data on the effects of this type of
intervention are lacking.

Pharmacologic treatment may relieve symptoms, reduce the
frequency and severity of exacerbations, improve health status,
and improve exercise tolerance. Although the mechanisms are
poorly understood, bronchodilators, particularly inhaled bron-
chodilators, are central to pharmacologic management of COPD,
both on an as-needed basis to relieve intermittent or worsening
symptoms, and on a regular basis to suppress persistent symptoms
and prevent exacerbations. Nonpharmacologic treatment in-
cludes rehabilitation, oxygen therapy, and surgical interventions
(62–64), all of which provide relief from symptoms and may also
increase life expectancy.

In the following sections we discuss the potential effects of
a more comprehensive approach to the treatment of COPD, by
analyzing the evidence suggesting that (1) treatments for COPD
may positively affect morbidity and mortality linked to comor-
bidities of COPD, and (2) treatments for comorbidities may
positively affect morbidity and mortality linked to COPD. We do
not discuss (1) mechanisms of symptomatic effects (e.g., potential
effects of different treatments on respiratory symptoms or
exacerbations), (2) adverse effects of treatments of COPD on
comorbidities (e.g., systemic steroids used for COPD exacerba-
tions in patients with COPD and diabetes), or (3) adverse effects
of treatment of comorbidities on COPD (e.g., b-blockers in
patients with both asthma and COPD).

EFFECTS OF TREATMENT OF COPD ON ITS
COMORBIDITIES

There is evidence to suggest that some interventions in patients
with COPD may affect mortality because of their effects on co-
morbid conditions.
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Smoking Cessation

Anthonisen and coworkers (68) showed in a 14.5-year follow-up
of patients with COPD examined in the Lung Health Study,
that smoking cessation reduces all-cause mortality, even when
successful in only a minority of participants.

Interestingly, the main effect of smoking cessation is on
mortality due to myocardial infarction and cancer. Indeed, the
leading causes of death in the Lung Health Study were lung
cancer and coronary heart disease, and smoking cessation was of
benefit in both (Figure 1). This confirms the findings of previous
cohort and case-control studies that showed a decline in death
from coronary heart disease and lung cancer after smoking cessa-
tion. Importantly, these results suggest that mechanisms by which
smoking induces coronary events and lung cancer are apparently
reversible to some extent, at least in the short term.

Rehabilitation

Pulmonary rehabilitation is an essential component of the com-
prehensive management of patients with symptomatic COPD
(69). Rehabilitation includes teaching and supervising of re-
spiratory therapy techniques (e.g., oxygen, inhalers and nebu-
lizers, breathing techniques, chest physical therapy, postural
drainage), exercise conditioning (upper and lower extremities),
and activities of daily living (work simplification, energy conser-
vation) (63). Pulmonary rehabilitation can change outcomes that
predict survival (70) and can improve the systemic component of
COPD and its comorbidities with a potential effect on survival
(71). Because exercise training is the most important component
of a pulmonary rehabilitation program, and because comorbid-
ities are very frequent in patients undergoing rehabilitation (72),
the positive effect of exercise training on cardiovascular (73),
metabolic (74, 75), and endocrine (e.g., osteoporosis) (76) com-
ponents is highly likely.

Supplemental Oxygen Therapy

Long-term supplemental oxygen therapy reduces mortality from
all causes in patients with hypoxemic COPD (77, 78), but whether
it specifically reduces cardiovascular, respiratory, metabolic, or
cancer mortality is not known. However, in addition to its effect
on mortality, long-term oxygen therapy reduces dyspnea, poly-
cythemia, pulmonary artery pressures, sleep disorders, nocturnal
arrhythmias, and neuropsychiatric abnormalities and improves
exercise tolerance, suggesting that its effects go far beyond the

lungs (79, 80). An interesting model comes from the evidence that
oxygen therapy improves renal function in patients with COPD
(81).

Pharmacologic Treatment

The first and only COPD randomized clinical trial to address
the effect of pharmacologic combination therapy with salme-
terol and fluticasone on overall mortality in COPD was the
TORCH trial (Toward a Revolution in COPD Health [82]).
The study initially involved 6,112 patients with moderate-to-
severe COPD, and its primary endpoint was to compare the
effect of salmeterol/fluticasone versus placebo on all-cause
mortality over 3 years. The effect on all-cause mortality almost
reached statistical significance. Interestingly, careful analysis of
the cause of individual deaths by a panel of experts showed
that—in this population—the cause-specific mortality was 27%
cardiovascular, 35% respiratory, 21% cancer, 10% other,
and 8% unknown. Forty percent of deaths were definitely or
probably related to COPD (83). In addition, the effect of
combination treatment, although statistically not significant,
was almost equally distributed between respiratory and other
causes, suggesting that this treatment also has nonpulmonary
effects.

The effects of inhaled steroids on mortality in patients with
COPD is controversial. A pooled analysis, based on intention to
treat, of individual patient data from seven randomized trials of
at least 12 months’ duration in patients with stable COPD
suggested that inhaled corticosteroids may markedly reduce all-
cause mortality (84). However, the 3-year prospective TORCH
study not only did not confirm the effect on mortality, but it
showed a trend toward increased mortality in patients treated
with inhaled corticosteroids alone. This striking discrepancy
should further recommend that retrospective analysis be con-
sidered purely hypothesis generating, rather than solid evi-
dence.

EFFECT OF TREATMENTS OF COMORBIDITIES
ON COPD

Pharmacologic treatment of chronic disease is complex, espe-
cially considering that drugs are usually developed for single
diseases. However, drugs designed for one specific disease may
also favorably affect other diseases. For example, glucose control

Figure 1. Mortality rates at 14.5 years by cause and

smoking status, suggesting that in chronic obstructive

pulmonary disease (COPD) patients’ smoking cessation
reduces mortality by cardiovascular diseases and cancer

more than by lung diseases. (Reproduced by permission

from Reference 68.)

850 PROCEEDINGS OF THE AMERICAN THORACIC SOCIETY VOL 5 2008



with insulin or oral antidiabetic agents not only controls diabetes,
but also prevents systemic effects and comorbidities (85). Simi-
larly, treatments for CHF may positively influence arterial
hypertension (86), and antihypertensive agents used to control
blood pressure may prevent coronary and cerebrovascular dis-
ease (87). Thus, considering that pharmacologic interventions
may indeed reduce mortality from cardiovascular and metabolic
diseases, and considering the increased risk of patients with
COPD to have these chronic diseases as well, it seems reasonable
to recommend a careful search for these comorbidities in patients
with COPD, followed by proper treatment. Also, interestingly,
some of these agents, used in particular for cardiovascular
diseases, have been recently found in retrospective analyses to
have the potential of positively affecting COPD. As with the
above-mentioned example of inhaled corticosteroids, these ret-
rospective studies should be considered only hypothesis gener-
ating, as the confirmatory evidence should come from prospective
randomized clinical trials.

Statins

A large case-control study has shown that statins, angiotensin-
converting enzyme inhibitors (ACEs), and angiotensin receptor
blockers (ARBs) may have dual cardiopulmonary protective
properties, thereby substantially altering the prognosis of pa-
tients with COPD (88).The combination of statins and ACE
inhibitors or ARBs was associated with a reduction in COPD
hospitalization and total mortality in all patients with COPD, in

both the high and the low cardiovascular risk cohorts. Further-
more, this drug combination reduced myocardial infarction in the
COPD cohort with high cardiovascular risk. Benefits were similar
when steroid users were included (Figure 2). Statins may also
reduce the decline in pulmonary function, independently of the
underlying lung disease (89). In another case-control study,
statins even appeared to protect against the development of lung
cancer (90).

Statins are used primarily as lipid-lowering agents in the
treatment of metabolic syndrome, but they also have potent anti-
inflammatory properties that might explain their positive effect
on frequent comorbidities of both metabolic syndrome, for
example, CHF and vascular disease, and COPD (91–94). The
interest in these agents was further enhanced by the discovery
that statins may cause regression of atherosclerosis lesions (95,
96) (Figure 3), an effect that has not previously been observed in
COPD with any intervention, not even after successful smoking
cessation (97).

Considering that statins’ effects on mortality, even in subjects
at risk of developing cardiovascular diseases (98, 99), significantly
reduces cardiovascular morbidity and mortality, the results of
these studies on cardiovascular diseases increase the hopes of
reducing mortality from other chronic diseases, such as COPD.

ACEs and ARBs

As previously mentioned, Mancini and colleagues showed that
the combination of statins and ACE inhibitors or ARBs is

Figure 2. Fully adjusted risk ratios are plotted for the end points of hospitalization for COPD, myocardial infarction, death, and myocardial infarction

or death. Treatments analyzed were angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARB), statins, and the

combination of statins with ACE inhibitors or angiotensin receptor blockers (combination) in the population of patients with COPD with prior
revascularization (high risk). (Reproduced by permission from Reference 88.)
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associated with a reduction in COPD hospitalization and total
mortality in all patients with COPD (88) (Figure 2). The renin-
angiotensin system plays a key role in maintaining blood pressure
homeostasis, as well as fluid and salt balance. Angiotensin II,
a key effector peptide of the system, causes vasoconstriction and
exerts multiple biological functions. ACE plays a central role in
generating angiotensin II from angiotensin I, and capillary blood
vessels in the lung are one of the major sites of ACE expression
and angiotensin II production in the human body. The rennin–
angiotensin system has been implicated in the pathogenesis of
pulmonary hypertension and fibrosis, both of which potentially
develop in COPD (100) Also, in COPD the sympathetic nervous
system, as well as the renin–angiotensin system, may be activated
with possible negative systemic effects on skeletal muscles (101).
Angiotensin II type-1 receptor blockers inhibit the sympathetic
and renin–angiotensin systems and might thus improve skeletal
and respiratory muscle strength in patients in whom these systems
are activated. Unfortunately, angiotensin II receptor blockade by
irbesartan given over 4 months did not modify respiratory muscle
strength in patients with COPD (102). However, the observed
changes in hematocrit and lung volumes suggest that there were
potential direct beneficial effects to the lung in patients with
COPD, which, combined with the recognized effects on cardio-
vascular comorbidities of COPD, might help to modify the
natural course of the disease.

b-Blockers

b-blockers improve health outcomes in patients with cardiovas-
cular disease, and are recommended as first-line therapy for CHF,

a frequent comorbidity of COPD. However, there is some
concern that prescribing b-blockers for patients with COPD
may cause bronchoconstriction and worsen respiratory symp-
toms, even though there is increasing evidence that cardioselec-
tive b blockade is quite safe in patients with COPD. In fact,
a recent metaanalysis that evaluated the relationship between
cardioselective b-blockers and COPD found no significant differ-
ences in FEV1 or respiratory symptoms between those treated
with a cardio-selective b-blocker and those treated with a placebo,
even in patients with severe COPD (103–105). The analysts
concluded that, given their demonstrated benefit in conditions
such as heart failure, coronary artery disease, and hypertension,
cardioselective b-blockers should not be routinely withheld from
patients with COPD.

Two recent studies suggested that b-blockers may, in fact,
have positive effects in patients with COPD with cardiovascular
diseases. Dransfield and coworkers examined a large population
of inpatients admitted for acute exacerbations of COPD, and
found that the use of b-blockers was associated with reduced in-
hospital mortality. The benefit of b-blockers was observed de-
spite the fact that those who received the drugs were older, had
longer hospital stays, and had a greater prevalence of congestive
heart failure and cerebrovascular disease, all factors that are
independent predictors of in-hospital mortality (106). van Gestel
and colleagues showed that the use of cardioselective b-blockers
is associated with reduced mortality in patients with COPD
undergoing vascular surgery, and suggested that in selected
patients with COPD, the use of cardioselective b-blockers may
be safe and associated with reduced mortality (107).

Figure 3. Example of regression

of atherosclerosis induced by sta-

tin treatment in a patient in the

ASTEROID trial. EEM 5 external
elastic membrane. (Reprinted by

permission from Reference 95.)
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Neurohumoral activation in patients with COPD, similar to
that in CHF and other diseases, may have negative effects such
as systemic inflammation, cachexia, effects on ventilation, and
skeletal muscle dysfunction, that might explain the increased
cardiovascular morbidity and mortality in patients with COPD.
Thus, b-blockers and other agents that are now proved to be
well tolerated in COPD, such as ARBs or ACEs (see above),
might have unexpected beneficial effects on COPD and its
comorbidities (101).

Treatments for other important comorbidities of COPD,
such as cachexia, anemia, and chronic renal failure, should be
explored further.

The causes of cachexia in patients with COPD are multifac-
torial and include decreased oral intake, increased work of
breathing due to abnormal respiratory mechanics, and chronic
systemic inflammation and comorbidities (37, 38). While active
nutritional supplementation in undernourished patients with
COPD may lead to weight gain and improvements in respira-
tory muscle function and exercise performance, a recent meta-
analysis provided no evidence that nutritional support has
a significant effect on anthropometric measures, lung function,
or exercise capacity in patients with stable COPD (108). In
contrast, repeated administration of ghrelin, a novel growth
hormone–releasing peptide that is reduced in COPD (109),
may improve body composition, muscle wasting, and functional
capacity in cachectic patients with COPD, suggesting the pos-
sibility of reversing some of the systemic aspects of COPD
(110). In conclusion, it remains unknown whether long-term
weight gain by using enhanced caloric intake, with or without
anabolic steroids or appetite stimulants, furthers survival or
provides other benefits to patients with COPD. However, there
are indications from single-center trials that this is an avenue
well worth exploring (37).

Anemia frequently occurs in patients with COPD, and in-
adequate hemoglobin levels could aggravate tissue hypoxia and
have a negative prognostic impact (111, 112). Blood cell trans-
fusion in anemic patients with COPD reduces minute ventilation
and the work of breathing (113), suggesting that correcting low
hemoglobin levels could alleviate dyspnea and improve exercise
capacity. In a small set of anemic ventilator-dependent patients
with COPD, raising hemoglobin levels to more than 12 g/dl
seemed to improve patients’ breathing enough to make ventilator
weaning possible (114).

Chronic renal failure is a gradual and progressive loss of the
ability of the kidneys to excrete wastes, concentrate urine, and
conserve electrolytes. It may range from mild dysfunction to
severe renal failure and end-stage renal disease, which is associ-
ated with significant comorbidities (51, 115). Diabetes and
hypertension (high blood pressure) account for the majority of
cases of chronic renal failure and end-stage renal disease, and
both renal failure and ischemic heart disease are highly relevant
to the prognosis of patients with COPD discharged from the
hospital after an acute exacerbation. These co-morbid diseases
probably act as markers of frailty by increasing the fatality rate of
later COPD exacerbations (116).

CONCLUSIONS

As mentioned, most clinical practice guidelines ignore the fact
that the majority of individuals with a chronic disease have one or
more chronic comorbidities (e.g., CHF, peripheral artery disease,
diabetes, or non–life-threatening cancer), that may have a major
impact on COPD and on chronic diseases in general (9). Thus,
although comorbidities are quite common in patients with
COPD, most recent evidence-based guidelines provide little
guidance in caring for patients with COPD with multiple chronic

diseases (62–64). Most patients with chronic diseases are given
multidrug regimens, which clearly provide added disease-specific
benefits for at least some subpopulations of patients, unlike
single-drug therapy. Less clear, however, are the long-term net
benefits and harm associated with the combination of medica-
tions that are taken in adherence to disease-specific guidelines by
patients with several coexisting health conditions (117, 118).
Thus, as comorbidities are often underdiagnosed and under-
treated, it is important to search for their co-existence with COPD
and with all chronic diseases, possibly by adopting recommen-
dations for the diagnosis of single diseases. This means that, while
careful cardiovascular, metabolic, and endocrinologic examina-
tions should be increasingly used in assessing patients with
COPD, lung function measurements may be useful in patients
with chronic cardiovascular, metabolic, and endocrinologic dis-
eases as well.

Considering that pharmacologic (62–64), and even nonphar-
macologic treatment of COPD such as pulmonary rehabilitation
(69), are primarily symptomatic, and considering the frequent
chronic comorbidities of COPD (7), it is reasonable to hope that
a more comprehensive approach to COPD together with its
comorbidities may identify novel targets for treatment and
modify the natural course of the disease (60, 61). This is
particularly relevant for those conditions that appear more pre-
ventable and treatable than COPD, such as cardiovascular and
metabolic disorders. The increasing evidence that treatment of
comorbidities may reduce morbidity and mortality in patients
with COPD suggests the urgent need for randomized clinical
trials that hopefully will provide the evidence for more compre-
hensive clinical guidelines for these patients.
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Luppi, Franco, Beghé, et al.: COPD and Its Comorbidities 853



8. Falk JA, Kadiev S, Criner GJ, Scharf SM, Minai OA, Diaz P. Cardiac

disease in chronic obstructive pulmonary disease. Proc Am Thorac
Soc 2008;5:543–548.

9. Weiss CO, Boyd CM, Yu Q, Wolff JL, Leff B. Patterns of prevalent

major chronic disease among older adults in the United States. JAMA
2007;298:1160–1162.

10. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P,

Fukuchi Y, Jenkins C, Rodriguez-Roisin R, van Weel C, et al. Global
strategy for the diagnosis, management, and prevention of chronic
obstructive pulmonary disease: GOLD executive summary. Am J
Respir Crit Care Med 2007;176:532–555.

11. Bon JM, Weissfeld JL, Sciurba FC. A unique spirometric phenotype in

COPD. Am J Respir Crit Care Med 2008;178:431–432.
12. Fabbri LM, Boschetto P, Mapp CE. COPD guidelines: the important

thing is not to stop questioning. Am J Respir Crit Care Med 2007;176:
527–528.

13. Yanbaeva DG, Dentener MA, Creutzberg EC, Wesseling G, Wouters

EF. Systemic effects of smoking. Chest 2007;131:1557–1566.
14. Barnes PJ. Immunology of asthma and chronic obstructive pulmonary

disease. Nat Rev Immunol 2008;8:183–192.
15. Chatila WM, Thomashow BM, Minai OA, Criner GJ, Make BJ.

Comorbidities in chronic obstructive pulmonary disease. Proc Am
Thorac Soc 2008;5:549–555.

16. Soriano JB, Visick GT, Muellerova H, Payvandi N, Hansell AL.

Patterns of comorbidities in newly diagnosed COPD and asthma in
primary care. Chest 2005;128:2099–2107.

17. Fabbri LM, Rabe KF. From COPD to chronic systemic inflammatory

syndrome? Lancet 2007;370:797–799.
18. Sevenoaks MJ, Stockley RA. Chronic obstructive pulmonary disease,

inflammation and comorbidity–a common inflammatory phenotype?
Respir Res 2006;7:70.

19. Maclay JD, McAllister DA, Macnee W. Cardiovascular risk in chronic

obstructive pulmonary disease. Respirology 2007;12:634–641.
20. Sabit R, Bolton CE, Edwards PH, Pettit RJ, Evans WD, McEniery CM,

Wilkinson IB, Cockcroft JR, Shale DJ. Arterial stiffness and osteo-
porosis in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2007;175:1259–1265.

21. Mills NL, Miller JJ, Anand A, Robinson SD, Frazer GA, Anderson D,

Breen L, Wilkinson IB, McEniery CM, Donaldson K, et al. Increased
arterial stiffness in patients with chronic obstructive pulmonary
disease: a mechanism for increased cardiovascular risk. Thorax 2008;
63:306–311.

22. Barr RG, Mesia-Vela S, Austin JH, Basner RC, Keller BM, Reeves

AP, Shimbo D, Stevenson L. Impaired flow-mediated dilation is
associated with low pulmonary function and emphysema in ex-
smokers: The emphysema and cancer action project (EMCAP) study.
Am J Respir Crit Care Med 2007;176:1200–1207.

23. McAllister DA, Maclay JD, Mills NL, Mair G, Miller J, Anderson D,

Newby DE, Murchison JT, Macnee W. Arterial stiffness is indepen-
dently associated with emphysema severity in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 2007;176:
1208–1214.

24. Mannino DM, Watt G, Hole D, Gillis C, Hart C, McConnachie A,

Davey Smith G, Upton M, Hawthorne V, Sin DD, et al. The natural
history of chronic obstructive pulmonary disease. Eur Respir J 2006;
27:627–643.

25. Sidney S, Sorel M, Quesenberry CP Jr, DeLuise C, Lanes S, Eisner

MD. COPD and incident cardiovascular disease hospitalizations and
mortality: Kaiser Permanente medical care program. Chest 2005;128:
2068–2075.

26. Naeije R. Pulmonary hypertension and right heart failure in chronic

obstructive pulmonary disease. Proc Am Thorac Soc 2005;2:20–22.
27. Peeters A, Barendregt JJ, Willekens F, Mackenbach JP, Al Mamun

A, Bonneux L. Obesity in adulthood and its consequences for
life expectancy: a life-table analysis. Ann Intern Med 2003;138:
24–32.

28. Stevens J, Cai J, Evenson KR, Thomas R. Fitness and fatness as

predictors of mortality from all causes and from cardiovascular
disease in men and women in the lipid research clinics study. Am J
Epidemiol 2002;156:832–841.

29. Parameswaran K, Todd DC, Soth M. Altered respiratory physiology in

obesity. Can Respir J 2006;13:203–210.
30. McClean KM, Kee F, Young IS, Elborn JS. Obesity and the lung: 1.

Epidemiology. Thorax 2008;63:649–654.
31. Schunemann HJ, Dorn J, Grant BJ, Winkelstein W Jr, Trevisan M.

Pulmonary function is a long-term predictor of mortality in the

general population: 29-year follow-up of the buffalo health study.
Chest 2000;118:656–664.

32. Cook NR, Hebert PR, Satterfield S, Taylor JO, Buring JE, Hennekens

CH. Height, lung function, and mortality from cardiovascular disease
among the elderly. Am J Epidemiol 1994;139:1066–1076.

33. Cooper CB, Dransfield M. Primary care of the patient with chronic

obstructive pulmonary disease: part 4. Understanding the clinical
manifestations of a progressive disease. Am J Med 2008;121:S33–S45.

34. Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas

LF, Aviv A, Spector TD. Obesity, cigarette smoking, and telomere
length in women. Lancet 2005;366:662–664.

35. Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity

with cardiovascular disease. Nature 2006;444:875–880.
36. Huttunen R, Laine J, Lumio J, Vuento R, Syrjanen J. Obesity and

smoking are factors associated with poor prognosis in patients with
bacteraemia. BMC Infect Dis 2007;7:13.

37. King DA, Cordova F, Scharf SM. Nutritional aspects of chronic

obstructive pulmonary disease. Proc Am Thorac Soc 2008;5:519–
523.

38. Lainscak M, Podbregar M, Anker SD. How does cachexia influence

survival in cancer, heart failure and other chronic diseases? Curr Opin
Support Palliat Care 2007;1:299–305.

39. Scrutinio D, Giannuzzi P. Comorbidity in patients undergoing coronary

artery bypass graft surgery: impact on outcome and implications for
cardiac rehabilitation. Eur J Cardiovasc Prev Rehabil 2008;15:379–
385.

40. Han MK, McLaughlin VV, Criner GJ, Martinez FJ. Pulmonary

diseases and the heart. Circulation 2007;116:2992–3005.
41. Mascarenhas J, Lourenco P, Lopes R, Azevedo A, Bettencourt P.

Chronic obstructive pulmonary disease in heart failure: prevalence,
therapeutic and prognostic implications. Am Heart J 2008;155:521–
525.

42. Yeh HC, Punjabi NM, Wang NY, Pankow JS, Duncan BB, Cox CE,

Selvin E, Brancati FL. Cross-sectional and prospective study of lung
function in adults with type 2 diabetes: the atherosclerosis risk in
communities (ARIC) study. Diabetes Care 2008;31:741–746.

43. De Reuck J, Proot P, Van Maele G. Chronic obstructive pulmonary

disease as a risk factor for stroke-related seizures. Eur J Neurol 2007;
14:989–992.

44. Schottenfeld D, Beebe-Dimmer J. Chronic inflammation: a common

and important factor in the pathogenesis of neoplasia. CA Cancer J
Clin 2006;56:69–83.

45. Brody JS, Spira A. State of the art. Chronic obstructive pulmonary

disease, inflammation, and lung cancer. Proc Am Thorac Soc 2006;3:
535–537.

46. Hanley DA, Brown JP, Tenenhouse A, Olszynski WP, Ioannidis G,

Berger C, Prior JC, Pickard L, Murray TM, Anastassiades T, et al.
Associations among disease conditions, bone mineral density, and
prevalent vertebral deformities in men and women 50 years of age
and older: cross-sectional results from the Canadian multicentre
osteoporosis study. J Bone Miner Res 2003;18:784–790.

47. Jorgensen NR, Schwarz P. Osteoporosis in chronic obstructive pulmo-

nary disease patients. Curr Opin Pulm Med 2008;14:122–127.
48. Vrieze A, de Greef MH, Wijkstra PJ, Wempe JB. Low bone mineral

density in copd patients related to worse lung function, low weight
and decreased fat-free mass. Osteoporos Int 2007;18:1197–1202.

49. Jess T, Loftus EV Jr, Harmsen WS, Zinsmeister AR, Tremaine WJ,

Melton LJ III, Munkholm P, Sandborn WJ. Survival and cause
specific mortality in patients with inflammatory bowel disease: a long
term outcome study in Olmsted County, Minnesota, 1940–2004. Gut
2006;55:1248–1254.

50. Ekbom A, Brandt L, Granath F, Lofdahl CG, Egesten A. Increased

risk of both ulcerative colitis and crohn’s disease in a population
suffering from COPD. Lung 2008;186:167–172.

51. Cavanaugh KL, Merkin SS, Plantinga LC, Fink NE, Sadler JH, Powe

NR. Accuracy of patients’ reports of comorbid disease and their
association with mortality in ESRD. Am J Kidney Dis 2008;52:118–
127.

52. Zhang L, Zhang P, Wang F, Zuo L, Zhou Y, Shi Y, Li G, Jiao S, Liu Z,

Liang W, et al. Prevalence and factors associated with ckd: a pop-
ulation study from Beijing. Am J Kidney Dis 2008;51:373–384.

53. Goodson NJ, Farragher TM, Symmons DP. Rheumatoid factor,

smoking, and disease severity: associations with mortality in rheuma-
toid arthritis. J Rheumatol 2008;35:945–949.

54. Wu Y, Mills D, Bala M. Psoriasis: cardiovascular risk factors and other

disease comorbidities. J Drugs Dermatol 2008;7:373–377.

854 PROCEEDINGS OF THE AMERICAN THORACIC SOCIETY VOL 5 2008



55. Vogelmeier C, Bals R. Chronic obstructive pulmonary disease and

premature aging. Am J Respir Crit Care Med 2007;175:1217–1218.
56. De Martinis M, Franceschi C, Monti D, Ginaldi L. Inflammation

markers predicting frailty and mortality in the elderly. Exp Mol
Pathol 2006;80:219–227.

57. Franceschi C. Inflammaging as a major characteristic of old people: can

it be prevented or cured? Nutr Rev 2007;65:S173–S176.
58. Florez H, Troen BR. Fat and inflammaging: a dual path to unfitness in

elderly people? J Am Geriatr Soc 2008;56:558–560.
59. Costantino G, Rusconi AM, Duca PG, Guzzetti S, Bossi I, Del Medico

M, Pisano G, Bulgheroni M, Solbiati M, Furlan R, et al. Eligibility
criteria in heart failure randomized controlled trials: A gap between
evidence and clinical practice. Intern Emerg Med (in press).

60. Horwich TB, Fonarow GC. Reverse epidemiology beyond dialysis

patients: chronic heart failure, geriatrics, rheumatoid arthritis, copd,
and aids. Semin Dial 2007;20:549–553.

61. Kuzma AM, Meli Y, Meldrum C, Jellen P, Butler-Lebair M, Koczen-

Doyle D, Rising P, Stavrolakes K, Brogan F. Multidisciplinary care of
the patient with chronic obstructive pulmonary disease. Proc Am
Thorac Soc 2008;5:567–571.

62. Global initiative for chronic obstructive lung disease. A collaborative

project of the National Heart, Lung, and Blood Institute, National
Institutes of Health, and the World Health Organization. Bethesda
(MD): National Institutes of Health, National Heart, Lung, and Blood
Institute; 2007.Available from:www.goldcopd.org(accessed 2008 Oct 14).

63. Celli BR. Update on the management of COPD. Chest 2008;133:1451–

1462.
64. O’Donnell DE, Hernandez P, Kaplan A, Aaron S, Bourbeau J,

Marciniuk D, Balter M, Ford G, Gervais A, Lacasse Y, et al.
Canadian thoracic society recommendations for management of
chronic obstructive pulmonary disease: 2008 update. Highlights for
primary care. Can Respir J 2008;15(Suppl. A):1A–8A.

65. Willemse BW, Postma DS, Timens W, ten Hacken NH. The impact of

smoking cessation on respiratory symptoms, lung function, airway
hyperresponsiveness and inflammation. Eur Respir J 2004;23:464–476.

66. Gritz ER, Vidrine DJ, Fingeret MC. Smoking cessation a critical

component of medical management in chronic disease populations.
Am J Prev Med 2007;33:S414–S422.

67. Srivastava P, Currie GP, Britton J. Smoking cessation. BMJ 2006;332:

1324–1326.
68. Anthonisen NR, Skeans MA, Wise RA, Manfreda J, Kanner RE,

Connett JE. The effects of a smoking cessation intervention on 14.5-
year mortality: a randomized clinical trial. Ann Intern Med 2005;142:
233–239.

69. Troosters T, Casaburi R, Gosselink R, Decramer M. Pulmonary

rehabilitation in chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 2005;172:19–38.

70. Ries AL, Kaplan RM, Myers R, Prewitt LM. Maintenance after

pulmonary rehabilitation in chronic lung disease: a randomized trial.
Am J Respir Crit Care Med 2003;167:880–888.

71. Cote CG, Celli BR. Pulmonary rehabilitation and the BODE index in

COPD. Eur Respir J 2005;26:630–636.
72. Crisafulli E, Costi S, Luppi F, Cirelli G, Cilione C, Coletti O, Fabbri

LM, Clini EM. Role of comorbidities in a cohort of patients with
COPD undergoing pulmonary rehabilitation. Thorax 2008;63:487–
492.

73. Casillas JM, Gremeaux V, Damak S, Feki A, Perennou D. Exercise

training for patients with cardiovascular disease. Ann Readapt Med
Phys 2007;50:403–418.

74. Lakka TA, Laaksonen DE. Physical activity in prevention and treat-

ment of the metabolic syndrome. Appl Physiol Nutr Metab 2007;32:
76–88.

75. Cannon CP. Cardiovascular disease and modifiable cardiometabolic

risk factors. Clin Cornerstone 2007;8:11–28.
76. Lewiecki EM. Prevention and treatment of postmenopausal osteopo-

rosis. Obstet Gynecol Clin North Am 2008;35:301–315. (ix.).
77. Nocturnal oxygen therapy trial group. Continuous or nocturnal oxygen

therapy in hypoxemic chronic obstructive lung disease: A clinical trial.
Ann Intern Med 1980;93:391–398.

78. Long term domiciliary oxygen therapy in chronic hypoxic cor pulmo-

nale complicating chronic bronchitis and emphysema: report of the
Medical Research Council Working Party. Lancet 1981;317:681–686.

79. Croxton TL, Bailey WC. Long-term oxygen treatment in chronic

obstructive pulmonary disease: Recommendations for future re-
search: An NHLBI workshop report. Am J Respir Crit Care Med
2006;174:373–378.

80. Kim V, Benditt JO, Wise RA, Sharafkhaneh A. Oxygen therapy in

chronic obstructive pulmonary disease. Proc Am Thorac Soc 2008;5:
513–518.

81. Lima MR, Burdmann EA, Cipullo JP. Oxygen therapy improves renal

function in patients with chronic obstructive pulmonary disease. Ren
Fail 2005;27:373–379.

82. Calverley PM, Anderson JA, Celli B, Ferguson GT, Jenkins C, Jones

PW, Yates JC, Vestbo J. Salmeterol and fluticasone propionate and
survival in chronic obstructive pulmonary disease. N Engl J Med 2007;
356:775–789.

83. McGarvey LP, John M, Anderson JA, Zvarich M, Wise RA. Ascer-

tainment of cause-specific mortality in COPD: operations of the
TORCH clinical endpoint committee. Thorax 2007;62:411–415.

84. Sin DD, Wu L, Anderson JA, Anthonisen NR, Buist AS, Burge PS,

Calverley PM, Connett JE, Lindmark B, Pauwels RA, et al. Inhaled
corticosteroids and mortality in chronic obstructive pulmonary dis-
ease. Thorax 2005;60:992–997.

85. Ryden L, Standl E, Bartnik M, Van den Berghe G, Betteridge J, de

Boer MJ, Cosentino F, Jonsson B, Laakso M, Malmberg K, et al.
Guidelines on diabetes, pre-diabetes, and cardiovascular diseases:
executive summary. The task force on diabetes and cardiovascular
diseases of the European Society of Cardiology (ESC) and of the
European Association for the Study of Diabetes (EASD). Eur Heart J
2007;28:88–136.

86. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M,

Tavazzi L, Smiseth OA, Gavazzi A, Haverich A, et al. Guidelines for
the diagnosis and treatment of chronic heart failure: executive
summary (update 2005). The task force for the diagnosis and
treatment of chronic heart failure of the European Society of
Cardiology. Eur Heart J 2005;26:1115–1140.

87. European Society of Hypertension-European Society of Cardiology.

Guidelines for the management of arterial hypertension. J Hypertens
2003;21:1011–1053.

88. Mancini GB, Etminan M, Zhang B, Levesque LE, FitzGerald JM,

Brophy JM. Reduction of morbidity and mortality by statins, angio-
tensin-converting enzyme inhibitors, and angiotensin receptor block-
ers in patients with chronic obstructive pulmonary disease. J Am Coll
Cardiol 2006;47:2554–2560.

89. Alexeeff SE, Litonjua AA, Sparrow D, Vokonas PS, Schwartz J. Statin

use reduces decline in lung function: VA normative aging study. Am J
Respir Crit Care Med 2007;176:742–747.

90. Khurana V, Bejjanki HR, Caldito G, Owens MW. Statins reduce the

risk of lung cancer in humans: a large case-control study of US
veterans. Chest 2007;131:1282–1288.

91. Lee JH, Lee DS, Kim EK, Choe KH, Oh YM, Shim TS, Kim SE, Lee

YS, Lee SD. Simvastatin inhibits cigarette smoking-induced emphy-
sema and pulmonary hypertension in rat lungs. Am J Respir Crit Care
Med 2005;172:987–993.

92. Morimoto K, Janssen WJ, Fessler MB, McPhillips KA, Borges VM,

Bowler RP, Xiao YQ, Kench JA, Henson PM, Vandivier RW.
Lovastatin enhances clearance of apoptotic cells (efferocytosis) with
implications for chronic obstructive pulmonary disease. J Immunol
2006;176:7657–7665.

93. van der Harst P, Voors AA, van Gilst WH, Bohm M, van Veldhuisen

DJ. Statins in the treatment of chronic heart failure: biological and
clinical considerations. Cardiovasc Res 2006;71:443–454.

94. van Gestel YR, Hoeks SE, Sin DD, Simsek C, Welten GM, Schouten

O, Stam H, Mertens FW, van Domburg RT, Poldermans D. Effect of
statin therapy on mortality in patients with peripheral arterial disease
and comparison of those with versus without associated chronic
obstructive pulmonary disease. Am J Cardiol 2008;102:192–196.

95. Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM,

Davignon J, Erbel R, Fruchart JC, Tardif JC, et al. Effect of very
high-intensity statin therapy on regression of coronary atherosclero-
sis: the asteroid trial. JAMA 2006;295:1556–1565.

96. Nicholls SJ, Tuzcu EM, Sipahi I, Grasso AW, Schoenhagen P, Hu T,

Wolski K, Crowe T, Desai MY, Hazen SL, et al. Statins, high-density
lipoprotein cholesterol, and regression of coronary atherosclerosis.
JAMA 2007;297:499–508.

97. Turato G, Di Stefano A, Maestrelli P, Mapp CE, Ruggieri MP, Roggeri

A, Fabbri LM, Saetta M. Effect of smoking cessation on airway
inflammation in chronic bronchitis. Am J Respir Crit Care Med 1995;
152:1262–1267.

98. Ridker PM, Fonseca FA, Genest J, Gotto AM, Kastelein JJ, Khurmi NS,

Koenig W, Libby P, Lorenzatti AJ, Nordestgaard BG, et al. Baseline
characteristics of participants in the Jupiter trial, a randomized placebo-
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