Italian Journal of Medicine (2012) 6, 276—284

u
Available online at www.sciencedirect.com

SciVerse ScienceDirect

p‘ h;th‘tn\at}x.\ll\1"11\1@

>A1CINE

journal homepage: www.elsevier.com/locate/itjm

RASSEGNA

Epidemiology of comorbidities in chronic obstructive
pulmonary disease: clusters, phenotypes and
outcomes

Epidemiologia delle comorbilita nella broncopneumopatia cronica ostruttiva:

cluster, fenotipi e outcome

Shambhu Aryal?, Enrique Diaz-Guzman?, David M. Mannino ®-°-*

3M.D. Division of Pulmonary and Critical Care Medicine, University of Kentucky, USA
bF.C.C.P. Department of Preventive Medicine and Environmental Health, University of Kentucky, USA

Received 30 January 2012; accepted 17 February 2012
Available online 14 May 2012

KEYWORDS Summary COPD isacomplex multisystem disease often accompanied by multiple co-morbidities
COPD; that contribute to symptoms, exacerbations, hospital admissions and mortality. Individual
Comorbidities; comorbidities can be grouped into clusters of common human pathology: inflammation/immune
Human pathology; response (e.g., ischemic heart disease, metabolic syndrome), thrombosis/hemorrhage (e.g., cere-
Phenotypes; brovascular diseases, pulmonary embolism), fibrosis/ cell proliferation (e.g., lung cancer and
Outcomes. other malignancies) and apoptosis/necrosis (e.g., osteoporosis, skeletal muscle dysfunction).

While the prevalence of the co-morbidities has been described in a number of observational
studies, there is considerable variability in results; moreover characterization of cluster of
co-morbidities with the most clinical significance in terms of morbidity and mortality is still
lacking. Pathological mechanisms underlying some of the identified clusters are well known;
others need further clarification to identify possible preventative strategies. Treatment of
COPD must include management of the underlying co-morbidities for best outcomes.

© 2012 Elsevier Srl. All rights reserved.

Introduction mortality as well as economic burden on individuals, families

and the society. COPD is currently the fourth leading cause of
Chronic Obstructive Pulmonary Disease (COPD) is a hetero- death worldwide and is projected to be the third leading
geneous disease that carries a significant morbidity and cause of death by 2020 [1]. Also, COPD is a leading cause of
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hospitalizations in older adults. In the United States, the cost
of COPD care was approximately $ 37.2 billion in 2004 [2]. In
Italy, COPD was responsible for 6% of total health care costs
in 2008 [3]. Although all these figures are alarming, these
figures only represent the “tip of the iceberg’”, as COPD
rarely occurs in isolation, but often is a part of more complex
multisystem syndrome with a large number of associated
comorbidities [4].

Our understanding of the natural history of COPD is based
on large epidemiological studies that have shown that COPD
is largely caused by cigarette smoking, and is characterized
by airflow limitation, limited and declining performance
status, and is frequently associated with systemic manifesta-
tions and complications [5]. COPD progression can vary sig-
nificantly depending on the predominant phenotype as well
as development of systemic complications and comorbidities
[6]. Currently, there are gaps in the knowledge of COPD’s
natural history regarding the exact pathogenesis underlying
the different clusters of co-morbidities as well as the extent
to which these clusters affect patient outcomes. This review
will summarize the comorbidities of COPD using the paradigm
of common human pathologic mechanisms to group these
comorbidities together.

What is Comorbidity? Why are Comorbidities
Important?

In COPD, comorbid conditions, or comorbidities, may be
defined as the other serious diseases and chronic medical
conditions that afflict persons who have COPD [7]. Comor-
bidities differ from systemic consequences of COPD which are
thought to be direct consequences of the disease with a
cause-and-effect relationship; both however, influence the
course of the disease [8]. For example, ischemic heart dis-
ease is a common comorbidity in COPD while cor pulmonale is
a known systemic consequence. Several factors add to the
complexity of studying comorbidities and outcomes in
patients with COPD. These include smoking history, aging,
polypharmacy and medication interactions, coding inaccu-
racy of diagnoses, and lack of specific case definitions for
some of the comorbidities [9]. Comorbidities play an impor-
tant role in COPD for several reasons. First, they may share
similar pathophysiological mechanisms as COPD. Second,
comorbidities have a significant impact on health status,
healthcare utilization and all-cause hospital admissions in

COPD patients. Third, mortality due to as associated comor-
bidities like cardiovascular disease or malignancy can occur
earlier than respiratory causes; thus, affecting the overall
survival of COPD patients. Fourth, understanding clusters of
comorbidities may be useful to phenotype COPD better with
diagnostic, therapeutic and prognostic implications.

Clusters of Comorbidities in COPD

Based on the definition above, several comorbidities have
been identified in patients with COPD. The prevalence of
these comorbidities in COPD varies significantly between
studies based on definitions and methods used (Table 1) [9].
Historically, human diseases have been classified on the
basis of their end-organ manifestations, using a traditional
clinicopathological approach. The same approach has been
used conventionally to group and describe the comorbidities
of COPD. Recently, Loscalzo has proposed a novel, holistic
method for classifying human diseases based on common
human pathologic mechanisms [10]. This approach could
be used to group the comorbidities of COPD into different
clusters (Table 2) with better understanding of their patho-
biology and consequently, their treatment and outcomes.

Comorbidities classified by organ systems
involved

Using the traditional clinicopathological approach and end-
organ manifestations of the comorbidities of COPD, they can
be grouped as follows.

Respiratory

Several respiratory conditions have been found to coexist
and complicate the course of patients with COPD. Notable
among those are asthma, pneumonia, pulmonary embolism,
obstructive sleep apnea and lung cancer.

Traditionally, many have tried to segregate people with
obstructive airway diseases into those with asthma or COPD.
Nevertheless, evidence suggests that asthma tends to coexist
in a proportion of patients with COPD, especially the elderly
[11,12]. A recent analysis of the NHANES Il database showed
that compared to patients who report COPD only, those who
report coexisting asthma and COPD have a higher risk of
obstruction on spirometry and a higher risk of death during
follow-up [13].

Table 1  Chronic obstructive pulmonary disease and the prevalence of comorbidities (%).

Source n Arthritis Cardiac HTN Diabetes Lipids Psych Gl Cancer Osteoporosis
van Manen and colleagues (1) 1,145 36 13 23 5 = 9 15 6 =
Mapel and colleagues (2) 200 22 65 45 12 — 17 32 18 —
Soriano and colleagues (114) 2,699 28 22 - — — 10 26 4 —
Sidney and colleagues (9) 45,966 = 18 18 2 9 = = = =
Walsh and Thomashow (115) 3,000 70 50 52 16 51 38 62 4 32

Table 1 Summary of the studies on prevalence of comorbidities in COPD. Reprinted with permission of the American Thoracic Society.
Copyright © 2012 American Thoracic Society. Chatila WM, Thomashow Bm, Minai OA, Criner GJ, Make BJ. Title: Comorbidities in chronic
obstructive pulmonary disease. Journal: Proceedings of the American Thoracic Society 2008 May 1, 5 (4): 549-55. Official Journal of the

American Thoracic Society).

Definition of abbreviations:— = no available data; Gl = gastrointestinal disturbances; HTN = hypertension.
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Table 2 Clusters of COPD comorbidities based on common
human pathologic mechanisms.

1. Inflammation/ Immune response -Asthma, pneumonia,
IHD, osteoporosis, skeletal muscle dysfunction, metabolic
syndrome

2. Apoptosis/Necrosis/Degeneration-Cardiovascular
diseases, malignancies, metabolic syndrome,
osteoporosis, skeletal muscle dysfunction

3. Trauma and repair/ Cell proliferation and Neoplasia/
Fibrosis- Malignancies, Musculoskeletal dysfunction

4. Thrombosis/hemorrhage-PE, IHD, cerebrovascular
diseases

5. Unknown- Depression, chronic renal failure

Pneumonia is viewed by some as part of the spectrum of
COPD exacerbations; however, there are important differ-
ences between the two, and studies have shown that patients
with COPD and pneumonia have more abrupt onset of symp-
toms, more severe illness, longer length of stay, and higher
rates of ICU admission and death [14]. Distinguishing COPD
exacerbations from pneumonia is important to ensure ther-
apeutic success, although in clinical practice many patients
that present to the hospital with new onset pneumonia are
unaware of the presence of COPD. For example, in a study
that included 707 patients presenting with community-
acquired pneumonia, 19% had COPD while in 10% of the
cases, pneumonia led to the new diagnosis of COPD [15].
Also, some COPD therapies like salmeterol and fluticasone
have been shown to increase the incidence of pneumonia yet
decrease the incidence of exacerbations [16].

Pulmonary embolism (PE) is thought to be a common
comorbid condition in patients with COPD, although the data
is somewhat controversial. In a study of 211 consecutive
patients admitted for severe exacerbation of COPD of
unknown origin and undergoing spiral CT or ultrasonography,
that 25% of patients had PE [17]. In contrast, a more recent
study reported a low incidence of PE in 123 consecutive
patients admitted for acute exacerbation of COPD: 6.2% of
patients with a clinical suspicion of PE, and only 1.3% of those
with low suspicion [18].

Finally, although the prevalence of obstructive sleep
apnea has not been shown to be significantly different in
patients with COPD compared to people without it, patients
with concomitant COPD and obstructive sleep apnea have
higher pulmonary artery pressures, increased incidence of
right heart failure, and more hypoxia and hypercapnia for a
similar level of lung function [19]. These patients also have
an increased risk of hospital admission for COPD exacerbation
and higher mortality than COPD patients without OSA and this
risk decreases with use of continuous positive airway pressure
[20].

Cardiovascular and Cerebrovascular

A wide variety of cardiovascular conditions afflict people
with COPD including coronary artery disease (CAD), conges-
tive heart failure (CHF), cerebrovascular diseases, arrhyth-
mias and hypertension. Cardiovascular disease is the leading
cause of death in patients with mild-to-moderate COPD.
In a pooled analysis of two large population-based
epidemiological studies by Mannino et al, the prevalence
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Results from Cox proportional hazard models (presented as hazard ratio with
95% confidence interval) that predict death within 5 yrs by modified Global
Initiative for Obstructive Lung Disease (GOLD) category and the presence of
no (i), one (Q), two (M) or three (=) comorbid diseases (diabetes,
hypertension or cardiovascular disease). The reference group (normal) was
subjects with normal lung function for each comorbid disease. Models were
adjusted for age, sex, race, smoking status, education level and body mass
index. Subjects were from the Atherosclerosis Risk in Communities Study
during 1986-1989 and the Cardiovascular Health Study during 1989-1990,
COLD 3/4: forced expiratory volume in one second (FEV))/forced vital
capacity (FVC) <0.70 and FEV; <50% predicted, COLD 2: FEV, /FVC <0.70 anc
FEV) 250 to <80% pred, GOLD 1: FEV)/FVC <0.70 and FEV), 280% pred,
restricted (R): FEVy/FVC 20.70 and FVC <80% pred; GOLD 0: presence of
respiratory symptoms in the absence of any lung function abnormality and
no lung disease.

Figure 1 Prevalence of different comorbidities across spec-
trum of GOLD classes of COPD. ““Reproduced with permission of
the European Respiratory Society. Eur Respir J October 2008
32:962-969; published ahead of print June 25, 2008,
doi:10.1183/09031936.00012408° Copyright remains with
European Respiratory Society®.

of cardiovascular disease (defined as IHD, heart failure,
stroke and/or transient ischemic attack) in COPD patients
was found to be 20—22% compared with 9% in subjects
without COPD [21]. These increases were particularly ampli-
fied in COPD patients with GOLD stage IIl and IV disease
rather than those with mild-to-moderate COPD (Fig. 1) [21].

The main cardiovascular comorbidity in COPD is ischemic
heart disease (IHD). Multiple studies have demonstrated
that the prevalence and odds of development of IHD in
people with COPD is considerably higher compared to con-
trols even when adjusted for known cardiovascular risk
factors [22—24]. In the Evaluation of COPD Longitudinally
to Identify Predictive Surrogate Endpoints (ECLIPSE) study,
‘heart trouble’ was reported in 26% of 2164 COPD patients
compared with 11% of 337 smoking controls (p < 0.001),
with a myocardial infarction reported in 9 versus 3%
(p < 0.001) [25]. Heart failure is a complex clinical syn-
drome with many features in common with COPD. There are
many causes of heart failure but the most common are IHD
and long-standing poorly controlled hypertension, both of
which are common in COPD patients. The overall prevalence
of heart failure in COPD in the ECLIPSE study was 7%, [25]
and increased with the severity of airflow limitation. The
prevalence of cardiac arrhythmia in COPD is estimated at
around 12% [22], atrial fibrillation being the most common

type.
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Cerebrovascular diseases are also quite common in people
with COPD. Feary and colleagues reported the prevalence of
stroke as 9.9% in those with COPD compared with a back-
ground prevalence of 3.2% in the rest of the population [26].
In the longitudinal part of the study, COPD was associated
with a 2.8-fold increase in the incidence of acute stroke.
Despite the reported prevalence and relative importance of
stroke, there is a limited data on its symptomatic and func-
tional impact on COPD.

Metabolic

Metabolic syndrome is a complex disorder recognized
clinically by the findings of abdominal obesity, elevated
triglycerides, atherogenic dyslipidemia, elevated blood pres-
sure, and high blood glucose and/or insulin resistance.
Patients with COPD often have one or more component of
the metabolic syndrome and osteoporosis which are at least,
in part, independent of treatment with steroids and/or
decreased physical activity [27].

Hypertension is consistently one of the most prevalent
comorbid diagnoses in COPD. In the pooled analysis of two
large population-based cohorts by Mannino et al, prevalence
of hypertension of 34% in normal subjects, increasing to 40%
in GOLD stage | patients, 44% in GOLD stage Il and 51% in GOLD
stages Ill and IV [21]. Hypertension is generally asymptomatic
and thus would not be expected to particularly impact on
COPD patients. However, it is a key risk factor for athero-
sclerotic diseases, hemorrhagic stroke and cardiac arrhyth-
mias, and therefore its sequelae may have a profound impact
on COPD patients.

Type Il diabetes is more prevalent in moderate-to-very
severe COPD than in the general population, with an overall
prevalence of 12.7% [21]. Although, some nondiabetic
patients have hyperglycemia induced by systemic corticos-
teroids, many more have truly overt diabetes.

Studies on dyslipidemia in COPD are limited and have
generally relied on questionnaire or diagnostic codes to
determine frequency [9]. Therefore, it is unknown if dysli-
pidemia is another independent factor that could explain the
increased risk of cardiovascular morbidity and mortality in
COPD. There is no evidence that management of dyslipidemia
in COPD should be different to that recommended for the
general population, particularly in terms of lifestyle and diet
modifications. However, there is a growing body of evidence
that statin therapy is beneficial in COPD patients, beyond
important effects on cardiovascular risk reduction [28].

Osteoporosis and osteopenia are more prevalent in COPD
than control subjects at 40—70% depending on the study
population, and are related to disease severity, CT-quantified
emphysema score, arterial stiffness, systemic inflammatory
markers, BMI and physical activity [29]. Males in their mid to
late 60 s with a smoking history of greater than 60 pack-years
have a prevalence rate of vertebral fractures similar to, and
possibly greater than, postmenopausal women greater than
or equal to 65 years old [30]. Systemic steroids remain the
most common cause of drug-related osteoporosis; the role of
inhaled corticosteroids in the development of osteoporosis is
still a matter of controversy. Skeletal muscle dysfunction is
also quite common in COPD [29] for many reasons including
periods of relative inactivity, use of systemic glucocorticoids,
malnutrition, and possibly systemic inflammation and

oxidative stress. COPD patients with suspected or known
skeletal dysfunction benefit highly from pulmonary rehabili-
tation programs.

Malignant

Lung cancer is an important cause of mortality in COPD.
Depending on studies, lung cancer has been found to be the
cause of death in 7 to 38% cases [9]. Although smoking causes
COPD and lung cancer, airways obstruction has a greater risk
on developing lung cancer than status or degree of smoking
[31]. Moreover, the risk of developing lung cancer has been
shown to be proportional to the severity of airways obstruc-
tion. Compared with smokers with normal lung function,
hazard ratios for developing lung cancer for patients with
mild to moderate and severe COPD ranged between 1.4 and
2.7 and 2.8 and 4.4, respectively [32]. The risk of lung cancer
was 3.5-fold higher for women than men at similar levels of
FEV1 [31].

COPD patients are also at increased risk of extrapulmon-
ary malignancies, although there is limited research in this
area. In one study, COPD was also associated with an
increased risk of death from extrapulmonary cancer, with
a hazard ratio of 1.43; the relationship was significant for
moderate COPD (HR, 1.70), but not for severe COPD
(HR, 1.38), nor for patients with mild COPD (HR, 1.22) [33].

Miscellaneous

Chronic renal failure (CRF) is another comorbidity of COPD
that needs more research. In a cohort of 365 patients, the
prevalence of concealed (with normal GFR) and overt CRF in
patients with COPD was 20.8% and 22.2%, respectively com-
pared to 10.0% and 13.4%, respectively in controls [34].
Diabetes, hypoalbuminemia, and muscloskeletal diseases
were significant correlates of concealed CRF while body mass
index (BMI) and diabetes were significantly associated with
overt CRF. Although there may not be a direct renal therapy
applicable for CRF coexisting with COPD, there may be an
underlying comorbidity such as hypertension or diabetes
which could be managed more appropriately. CRF may also
affect the ability to compensate for hypercapnic respiratory
failure [29].

Symptomatic gastroesophageal reflux disease (GERD)
occurs in up to 30—60% of COPD patients [35] many more
asymptomatic are detected by esophageal manometry. There
are reasons why reflux may be more prevalent in COPD,
including a low lying diaphragm from hyperinflation, cough-
ing and increased use of abdominal muscles for ventilation
[29]. Data from the ECLIPSE study identified a history of
heartburn or reflux as an independent predictor of frequent
COPD exacerbations [36].

Depression is a common comorbidity of most symptomatic
chronic diseases that has great implications; prevalence may
be higher in COPD than other chronic diseases [37]. Data from
the ECLIPSE study showed around a quarter of COPD patients
had depression as defined by the score on a validated ques-
tionnaire compared with 12% of control subjects [38]. It is
widely acknowledged that depression is under-recognized in
COPD and screening questionnaires may be a useful adjunct
to a clinical diagnosis, upon which management should be
based. Systemic pulmonary rehabilitation, pharmacological
antidepressants and psychotherapeutic strategies may all be
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beneficial, but more work is required to optimize the man-
agement pathway of these individuals.

Comorbidities Classified by Pathophysiological
Mechanisms Involved

Although the association between COPD and its comorbidities
is quite strong, the pathophysiological link is not as well
understood. The mechanisms that have been proposed are
very interrelated. As mentioned previously, these may poten-
tially be used to cluster the comorbidities as summarized in
Table 2.

Inflammation/Immune Response

Systemic inflammation appears to play a central role in the
pathogenesis of COPD and its comorbid conditions. [27].
However, the origin of systemic inflammation in COPD

is unknown, and several potential mechanisms have been
proposed [39]. Some authors believe that systemic inflam-
mation in COPD may result from “spill-over” of mediators,
cytokines, or activated inflammatory cells from the lung into
the systemic circulation, although others argue that inflam-
mation may arise in non-pulmonary tissues [8]. Patients with
COPD have been observed to have increases in circulating
levels of cytokines (IL-6, IL-8, TNF —Alpha), acute phase
reactants (CRP, adhesion molecules, fibrinogen, serum amy-
loid A) and circulating activated inflammatory cells, parti-
cularly neutrophils [8]. Cigarette smoking appears to be the
common inciting factor for the inflammatory cascade in many
patients with COPD and its comorbidities, Figure 2 [40].
However, not all smokers develop COPD; moreover inflam-
mation from cigarette smoking exposure seems to persist after
cessation of smoking. These observations have given way to
the hypothesis that COPD is an autoimmune condition [41].
There is now evidence that both innate and adaptive immune
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Systemic effects and comorbidities of chronic obstructive pulmonary discase
(COPD). Peripheral lung inflammatuon may cause a "spill-over™ of cytokines,
such as interlukin (IL)-6, IL-18 and tumour necrosis factor (TNF)-¢, into the
systemic circulation, which may increase acute-phase proteins such as C-
reactive protein (CRP). Systemic Inflammation may then lead to skeletal
muscle atrophy and cachexia and may initiate and worsen comorbid
conditions. Systemic inflammation may also accelerate lung cancer. An
alternative view Is that systemic inflammmation causes several inflammatory
diseases, including COPD.

Figure 2 Role of systemic inflammation in development of comorbidities of COPD (40). Reproduced with permission of the European

Respiratory Society. Eur Respir J May 2009 33:1165-1185.
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response is impaired in COPD. Also, there are many potential
mechanisms that can boost an acquired immune response in
COPD [42].

Systemic inflammation in COPD is known to contribute
significantly to the development of cardiovascular diseases,
particularly atherosclerosis via endothelial dysfunction
[27]. Systemic inflammation may also explain why patients
with COPD have an increased risk of developing diabetes:
some aspects of inflammation can predict the development
of diabetes and glucose disorders while fibrinogen, circu-
lating white blood cell count and lower serum albumin
predict the development of type 2 diabetes [43]. Post-
menopausal osteoporosis is related to high serum levels
of TNF-a and IL-6, and osteopenia found in COPD is also
associated with an increase in circulating TNF-a [27]. Sys-
temic inflammation may also lead to lack of response to
nutritional supplementation resulting in muscle wasting
and skeletal muscle dysfunction [44]. There is also increas-
ing recent evidence that chronic infections act as a source
of inflammation in COPD and contribute to exacerbations
[45]. The immune response part of the inflammatory cas-
cade in COPD could potentially explain some of the other
comorbidities in COPD, particularly asthma, and the meta-
bolic syndrome [42].

Degeneration/Apoptosis/Necrosis

COPD has often been considered a degenerative disease of
ageing similar to other chronic diseases. Aging is commonly
characterized as a progressive, generalized impairment of
function resulting in an increasing vulnerability to environ-
mental challenge and a growing risk of disease. Cellular
degeneration is highly complex, involving multiple mechan-
isms at different levels including DNA damage, oxidative
stress and telomere shortening. Current theoretical under-
standing suggests that cells tend to accumulate damage as
they age. Such damage is intrinsically random in nature, but
its rate of accumulation is regulated by genetic mechanisms
for maintenance and repair. As cell defects accumulate, the
effects on the body as a whole are eventually revealed as
age-related frailty, disability and chronic diseases [46,47].
Recently, a number of antiaging molecules have been iden-
tified, and evaluation of these molecules in patients with
COPD might identify several new molecular targets for the
treatment of COPD [48].

Aging of the population increases the prevalence of
chronic diseases including cardiovascular disease, cancer,
diabetes, and osteoporosis all of which are known comorbid-
ities of chronic obstructive pulmonary disease (COPD) [49]. A
single common pathway of cellular degeneration may explain
part of the development of all these syndromes as they often
develop in parallel or closely spaced in time.

Trauma and Repair: Oxidative Stress and protease/
antiprotease imbalance/Cellular proliferation/
Neoplasia/Fibrosis

Another potential mechanism in COPD pathogenesis is trauma
with poor repair. Cellular trauma seems to be mediated by at
least two mechanisms namely oxidative stress and protease/
antiprotease imbalance. Repair subsequently occurs via
fibrosis and/or cellular proliferation; both of these are rela-
tively understudied in COPD.

Oxidative stress, defined as oxidant-antioxidant imbal-
ance metabolism is over-activated in COPD. The major exter-
nal source of oxidants is components of cigarette smoke.
Bronchial inflammation involving phagocytes, such as neu-
trophils and macrophages, adds an internal production of
oxidants. Antioxidants such as the glutathione system and the
haemoxygenase (HO)-1 pathway which counteract oxidative
stress are also impaired in COPD [50].

There is also considerable protease-antiprotease imbal-
ance in COPD [51]. Proteases are cleavage proteins produced
by various cells within the airways. Their activity is regulated
by the production and release of antiproteases, such as
al-antitrypsin, secretory leukoprotease inhibitor and tissue
inhibitor of metalloproteinases (TIMPs). Cigarette smoke
inhibits the activity of antiproteases leading to a protease-
antiprotease imbalance identical to what is seen in alpha-1
antitrypsin deficiency. Consequently, there is tissue damage
that can lead to local and systemic inflammation.

Cellular damage and aberrant repair may explain some of
the comorbidities of COPD. Oxidative stress and protease-
antiprotease imbalance both result in systemic inflammation
with its successive consequences as described above. Oxida-
tive stress is also thought to contribute significantly to
corticosteroid resistance in COPD with many resultant impli-
cations in COPD comorbidities [52]. Skeletal muscle in COPD
is thought to be partly a result of oxidative stress [40]. Also,
cellular trauma and aberrant repair mechanisms are thought
to be the etiology of various pulmonary [53] and extrapul-
monary cancers seen in COPD.

Thrombosis/Hemorrhage

There is now some evidence to consider COPD as a prothrom-
botic state. Fibrinogen levels are higher in stable COPD
patients than in healthy controls [54]. It is further elevated
during acute exacerbations of COPD, probably due to sys-
temic inflammation [55]. Fibrin clots in COPD patients are
denser than in healthy subjects and therefore more resistant
to lysis, although statin therapy may ameliorate this [56].
Platelet activation has been shown to be increased in stable
COPD as detected by platelet-monocyte aggregates and
further increased during exacerbations [57]. Moreover, there
is evidence of endothelial dysfunction in COPD [27] which
could predispose to both thrombogenesis and/or hemor-
rhage.

Prothrombotic state in COPD could explain several of the
comorbidities including venothromboembolic diseases, cer-
ebrovascular conditions and ischemic heart diseases. For
example, the elevated fibrinogen levels would explain the
increased incidence of ischemic heart disease. Moreover,
incidence of acute coronary syndrome is known to
be significantly higher immediately after a COPD exacerba-
tion [58], and this correlates to even higher fibrinogen levels
[55]. The increased platelet activation could explain the
increased incidence of venothromboembolic diseases too.

Unknown

The pathogenesis behind many comorbidities of COPD has not
clearly been elucidated and merits further research. Chronic
depression associated with COPD has been thought to result
from direct damage to the white matter in the brain from
vascular endothelial dysfunction but there are no definitive
studies to support this hypothesis [59]. Similarly, chronic
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Figure3 Complex Pathway Linking Chronic Obstructive Pulmonary Disease and Its Key Comorbidities (29). Taken from: Expert Review

of Respiratory Medicine, October 2011, Vol. 5, Pages 647-662.

renal failure could be attributed to increased atheroscler-
ogenesis but this needs further studies.

How do Phenotypes of Comorbidity relate to
worse Outcomes?

The presence of both COPD and other comorbidities is asso-
ciated with poor health outcomes. The inter-relationship
between COPD, its comorbidities and outcomes is summar-
ized in Figure 3 [29].

COPD patients are more likely to die from a comorbid
disease than COPD itself. The data from the Towards a
Revolution for COPD Health (TORCH) study demonstrated
this nicely (Table 3) [60]. Of the 911 deaths in patients with

Table 3 Causes of mortality in COPD in the TORCH study
(60). Adapted by permission from BMJ Publishing Group
Limited. Ascertainment of cause-specific mortality in COPD:
operations of the TORCH Clinical Endpoint Committee,
McGarvey, LP, et al, Thorax 62(5), 411—415 (2007).

Classification of cause-specific mortality (n=911)

System % Subcategory %

Cordiovasculor 26 Congestive heart failure 3
Myocardial infarcrtion 3
Stroke 4
Sudden death 16

Respiratory 35 COPD 27
Pneumonia 8
Other <1

Cancer 21 Lung 14
Other 7

Other cause 10

Unknown cause 8

well-characterized COPD, only 40% of the deaths were defi-
nitely or probably related to COPD. The remainder was
mostly unrelated to COPD (50%) or unknown (9%).

Comorbidities are a common cause, or a contributing
cause, to many of the hospitalizations in COPD patients. In
the Lung Health Study 12.8% of the 5,887 smokers were
hospitalized, with 42% of the hospitalizations secondary to
cardiovascular events or pulmonary complications [61]. In a
study of over 45,000 patients with COPD, heart failure was
the leading cause of hospitalization, followed by myocardial
infarction and stroke [62]. Kinnunen and colleagues found
that comorbidities had an impact on the duration of COPD
hospitalizations, and reported a mean length of stay of
7.7 days without any comorbidity compared with 10.5 days
if a concurrent disease was present [63].

Comorbidities also influence outcomes of COPD exacer-
bations. A study evaluated, hospital mortality, length of stay,
and death and readmission at 90 days after index admission
for a COPD exacerbation [64]. Prevalence of co-morbidities
was associated with worse outcomes for all four measures.
Hospital mortality risk was increased with cor pulmonale,
left ventricular failure, neurological conditions and non-
respiratory malignancies whilst 90 day death was also
increased by lung cancer and arrhythmias. Ischemic and
other heart diseases were important factors in readmis-
sion.

Finally, the economic burden of comorbidities in COPD is
significant. An analysis of Maryland Medicare database [65]
for example, showed that compared with the controls Med-
icaid COPD patients had higher comorbidity burden and were
more likely to have myocardial infarction, congestive heart
failure, cerebrovascular disease, peptic ulcer, mild liver
disease, hypertension, sleep apnea, tobacco use, and
edema. COPD patients on average had 24% more medical
claims (81.4 vs. 65.4, p < 0.001) and were 33% more expen-
sive than controls ($7603 vs. $5732, p < 0.001). Hyperten-
sion, tobacco use, and edema were associated with
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incremental medical utilization and cost in COPD patients;
depression was associated with incremental medical utiliza-
tion but not cost.

Conclusion

Chronic obstructive pulmonary disease is a complex and a
heterogeneous disease. The vast majority of patients have
other comorbidities. Pulmonary and extra-pulmonary comor-
bidities share pathophysiological links and have a profound
impact on morbidity and mortality. The comorbidities can be
clustered into identifiable groups based on determinants of
common human pathology that could help to create better
phenotypes of patients with COPD. Regardless, understand-
ing the relationships between COPD and its comorbidities
from a cellular to a population level would enable future
intervention that ultimately will result in improved out-
comes.
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