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ABSTRACT: Chronic obstructive pulmonary disease (COPD) has been defined as a preventable

and treatable disease characterised by progressive airflow limitation that is not fully reversible

and associated with an abnormal inflammatory response in the lungs.

Results from a large number of recent studies have characterised the inflammatory processes

underlying COPD. Inflammatory cells, most notably CD8+ T-lymphocytes, macrophages and

neutrophils, as well as a large number of chemokines, cytokines and proteinases, are believed to

play a role.

The inflammatory processes in COPD contribute to remodelling of pulmonary tissues, leading

to the irreversible airflow limitation characteristic of this disease. Inflammation may also

contribute to the comorbidities often observed in COPD patients. Patients with COPD often have

cardiovascular disease, changes in body composition, osteoporosis and anaemia. The same

inflammatory processes that characterise COPD are also risk factors for these comorbidities.

Ongoing studies are evaluating a wide range of new therapies for chronic obstructive

pulmonary disease. Some of these have the potential to blunt the inflammatory processes

underlying chronic obstructive pulmonary disease and potentially the associated comorbid

conditions. These therapies may significantly improve survival, function and quality of life for

patients with this disease.

KEYWORDS: Chronic obstructive pulmonary disease, inflammation, respiratory disease, smoking

cessation, systemic disease, systemic inflammation

T
he most recent update of the Global
Initiative for Chronic Obstructive Lung
Disease (GOLD) [1, 2] defines chronic

obstructive pulmonary disease (COPD) as: ‘‘a
preventable and treatable disease with some
significant extrapulmonary effects that may con-
tribute to the symptom characterised by airflow
limitation that is not fully reversible. The airflow
limitation is usually progressive and associated
with an abnormal inflammatory response of the
lung to noxious particles or gases.’’ COPD has
traditionally been regarded as a disease of the
pulmonary system, characterised by irreversible
airflow limitation due to chronic bronchitis and/
or emphysema. This definition, however, empha-
sises the importance of the inflammatory pro-
cesses present in COPD. This provides a
mechanistic link among multiple organs leading
to the complex interacting systemic manifesta-
tions that account for most of the considerable
morbidity and mortality in COPD patients [3–5].

COPD is the fifth leading cause of death world-
wide [6]. However, until recently, COPD has not
received attention from the medical or research
communities commensurate with its impact on

worldwide health. This may be due, at least in
part, to the fact that the aetiology of COPD is
closely linked to smoking, and smoking cessation
has been viewed as the only treatment that can
significantly alter disease progression in most
patients with this condition. The direct causal
relationship between tobacco smoke and COPD
is well established [7], as are the benefits of
smoking cessation [3, 4, 8]. As a result, there
appears to be a perception that COPD is self-
inflicted. Nevertheless, not all smokers develop
COPD and ,20% of patients with this disease are
nonsmokers [9, 10]. One of the key goals of COPD
research has been to determine whether there are
any pathogenetic features of smoking-related
inflammation that distinguish ‘‘susceptible’’ smo-
kers who develop COPD from those who do not.
Individuals at risk for smoke-induced lung
disease are also at increased risk for other
diseases associated with smoking that are often
comorbid conditions in COPD patients.

The present article provides an overview of the
pulmonary inflammatory response to tobacco
smoke, focusing on selected key studies that
have helped to clarify the link between smoking,
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inflammation and COPD, and considers the role of systemic
inflammation in the pathogenesis of comorbidities observed in
many patients with COPD.

INFLAMMATION IN COPD
Inflammation is believed to play a central role in the
pathogenesis of COPD [11]. Cigarette smoking is associated
with both inflammation of the lower respiratory tract and with
evidence of systemic inflammation. The major alteration in the
lungs of young smokers is a marked increase in alveolar
macrophages. These cells accumulate pigment particles, and
their state of activation and gene expression is altered. With
smoking cessation, however, this change may be reversible. As
smokers are variably sensitive to developing COPD, it is
unclear if these changes reflect the pathogenesis of disease or
an adaptive host defence. As COPD develops, the major cell
types present are macrophages, neutrophils and CD8+
lymphocytes, although eosinophils may also be present in
some individuals, particularly during exacerbations.

CD8+ T-LYMPHOCYTES
There are significant differences in CD8+ T-lymphocyte
profiles in the peripheral and central airways of smokers with
and without COPD [12–14]. It is likely that the peripheral
airways are the site of airflow obstruction in many individuals
with COPD. In this context, SAETTA et al. [14] examined surgical
specimens from two groups of smokers undergoing lung
resection for localised pulmonary lesions. One group was
asymptomatic and had normal lung function while the other
had symptoms of chronic bronchitis and mild chronic airflow
limitation (i.e. COPD). Immunohistochemical methods were
used to identify neutrophils, macrophages and CD4+ and
CD8+ T-lymphocytes infiltrating the airway wall. Morpho-
metry was employed to measure the internal perimeter, airway
wall and smooth muscle area in peripheral airways. Smokers
with COPD had increased smooth muscle mass suggesting the
presence of airway remodelling and an increased number of
CD8+ T-lymphocytes (fig. 1) compared with smokers without
COPD. Other inflammatory cell types, including neutrophils,

assessed in the airway tissues were comparable between the
two groups.

Similar changes were observed by O’SHAUGHNESSY et al. [13] in
the large airways, in bronchial biopsies from five normal
nonsmokers without chronic bronchitis, in 11 smokers with
chronic bronchitis but without airflow limitation, and in 13
smokers with chronic bronchitis and airflow limitation (i.e.
COPD). Increased numbers of CD8+ T-lymphocytes were
observed in the subjects with COPD, and there was a
correlation between the number of CD8+ T-lymphocytes and
the degree of airflow limitation. Similar observations were
made in a study by DI STEFANO et al. [12] of 24 subjects assessed
by bronchial biopsy. Since the large airways are not likely to
be the major site of airflow limitation, the relationship
observed between forced expiratory volume in one second
(FEV1) and increased numbers of CD8 lymphocytes suggests
that the inflammatory response is more generalised. Consistent
with this increase, in a study by SAETTA et al. [15], CD8
lymphocytes were reported in both the alveolar wall and the
pulmonary arteries.

PEINADO et al. [16] confirmed the increased numbers of CD8
lymphocytes in pulmonary arteries. Importantly, they
extended these observations by evaluating the endothelium-
dependent relaxation in the pulmonary arteries in the follow-
ing three groups of patients who were undergoing lung
resection: nonsmokers, smokers with normal lung function and
smokers with COPD. In the COPD subjects, the pulmonary
arteries developed a lower degree of relaxation in response to
adenosine diphosphate compared with either the nonsmokers
or the smokers with normal lung function. The COPD patients
in this study also had increased numbers of inflammatory cells
(specifically T-lymphocytes) in their pulmonary arteries.
Although potential mechanisms are not established, the
intensity of the inflammatory infiltrate correlated with both
endothelium-dependent relaxation and intimal thickness.
Moreover, the CD8+ T-lymphocyte subset was increased not
just in COPD patients but also in the group of smokers with
normal lung function, leading to a reduction of the CD4+/
CD8+ ratio (fig. 2). The relationship between CD8+ T-lymphocyte
infiltration in smokers and impairment of arterial structure
and function suggests the possibility that CD8+ T-lympho-
cytes play a role early in the pathogenesis of pulmonary
vascular abnormalities that may occur in the early stages of
COPD (fig. 3).

AIRWAY NEUTROPHILS
Neutrophils are also present in increased numbers and are
related to disease severity in COPD (fig. 3). In an early study,
THOMPSON et al. [17] used bronchoalveolar lavage (BAL) and
bronchoscopy to characterise intraluminal airway inflamma-
tion in 28 patients with chronic bronchitis and fixed airway
obstruction, 15 asymptomatic smokers and 25 healthy non-
smoking volunteers. Evidence of inflammation was greater
among the chronic bronchitis patients, and the BAL fluid from
these individuals contained a higher percentage of neutrophils
(35.8%) than the BAL fluid from either the asymptomatic
smokers (20.7%) or the nonsmokers (10.3%). Chronic bronchitis
patients with significant percentages of neutrophils (.20%) in
BAL fluids had significantly more sputum production and
lower FEV1 values than patients with a lower percentage of

FIGURE 1. Photomicrograph showing CD8+ T-lymphocyte infiltration in a

peripheral airway of a smoker with symptoms of chronic bronchitis and mild chronic

airflow limitation. Anti-CD8 antibody was used for immunostaining. Scale

bar550 mm. Reproduced from [15] with permission from the publisher.
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neutrophils (,20%). The link between neutrophils and smok-
ing is underscored by results showing that the percentage of
neutrophils in BAL fluid is highly correlated with the cigarette
smoking history in both pack-yrs (r250.65) and number of
cigarettes smoked per day (r250.41) [17].

In the subsequent study by DI STEFANO et al. [12], no difference
in neutrophils between those with and without airflow
limitation was observed. However, THOMPSON et al. [17]
assessed intraluminal inflammation using BAL, while DI

STEFANO et al. [12] assessed airway wall neutrophils, indicating
that the neutrophilic inflammation of the two compartments
may differ. In this context, the accumulation of neutrophils in
airway glands has been suggested to contribute to mucus
hypersecretion [18]. Several subsequent studies, including both
BAL and sputum analyses, have confirmed the presence of
increased intraluminal neutrophils in COPD. Interestingly,
subsequent studies have suggested that tissue neutrophils [19]
also increase as disease severity worsens (fig. 3).

With exacerbations, neutrophilic inflammation is likely to
increase. In a biopsy study of 11 patients with chronic
bronchitis examined during an exacerbation, higher numbers
of neutrophils were observed than in 12 individuals with stable
chronic bronchitis [20]. Similar increases in intraluminal
neutrophils during exacerbations have been observed in
sputum specimens.

SMOKING CESSATION AND PULMONARY
INFLAMMATION
The Lung Health Study (LHS) demonstrated that smoking
cessation early in the course of COPD can slow the rate at
which lung function is lost. The LHS was a randomised clinical
trial of smoking cessation and regular administration of an
inhaled bronchodilator in 5,887 middle-aged smokers who had
mild COPD [21]. Participants in the LHS were randomised to
one of the following three groups: 1) smoking intervention (i.e.
an intensive smoking cessation programme with a continuing
5-yr maintenance programme to prevent relapse) plus bronch-
odilator; 2) smoking intervention (as above) plus placebo; and
3) usual care. After 5 yrs, smoking cessation significantly
reduced the rate of decline in lung function. The use of a
bronchodilator resulted only in a small improvement in FEV1,

which was immediately reversed after the drug was discon-
tinued. A follow-up study performed 11 yrs after the LHS
entry included 4,527 of the surviving participants. Most (93%)
of these participants who abstained from smoking throughout
the initial 5-yr study period remained abstinent at 11 yrs. The
benefits of cessation were even clearer: quitters had smaller
declines in FEV1 than continuing smokers (fig. 4). At 11 yrs,
38% of continuing smokers had an FEV1 value ,60% of the
predicted normal value versus 10% of the sustained quitters [3].

As might be expected, smoking cessation is associated with a
reduction in lower respiratory tract inflammation in ‘‘normal’’
smokers. SKOLD et al. [22] performed BAL in smokers before
cessation and at 1, 3, 6, 9 and 15 months after quitting. After
smoking cessation, total recovered macrophages were
decreased after 1 month and had returned to normal levels
by 6 months. The autofluorescence characteristic of smokers’
macrophages, which presumably reflects engulfed particles,
remained elevated for 15 months. A similar change in
inflammatory cells following smoking cessation was observed
in sputum of normal smokers by SWAN et al. [23].

In patients with COPD, however, inflammation may not
resolve as readily. In a cross-sectional study, TURATO et al.
[24] assessed endobronchial biopsies in nine current and seven
former smokers who had quit, on average, 13 yrs earlier. There
were no differences in numbers of airway neutrophils, total
lymphocytes, CD4 or CD8 lymphocytes, macrophages or for
any other parameter assessed. While this was a small study,
RUTGERS et al. [25] provided more evidence for the persistence
of inflammatory cells after smoking cessation in COPD in
another cross-sectional study that evaluated 18 COPD patients
(three nonsmokers and 15 ex-smokers, all with bronchitis) and
11 nonsmoking healthy controls. Participants with COPD, who
did not currently smoke, had persistent airway inflammation
that was reflected by significantly increased mucosal macro-
phage and eosinophil numbers, elevated sputum neutrophil
and eosinophil percentages, and higher BAL fluid eosinophil
percentages compared with healthy controls. In a larger cross-
sectional study of 114 subjects, LAPPERRE et al. [26] stratified
subjects based on whether they were smokers, or had quit more
or less than 3.5 yrs earlier. Compared with current smokers,
ex-smokers had higher numbers of total lymphocytes,
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FIGURE 2. Counts of a) CD4+, b) CD8+ and c) CD4+/CD8+ T-lymphocytes in pulmonary artery specimens from nonsmokers (NS), smokers with normal lung function (S)

and chronic obstructive pulmonary disease (COPD) patients. Reproduced and modified from [16] with permission from the publisher. *: p,0.05.
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CD4+ lymphocytes and plasma cells in endobronchial biopsy
specimens. CD8+ lymphocytes, in contrast, were reduced in the
long-term ex-smokers.

Cross-sectional studies of former smokers with COPD have a
number of potential biases, including the reasons for cessation
and the persistence of symptoms despite cessation. Importantly,
WILLEMSE et al. [27] have evaluated the effect of smoking
cessation prospectively. In 12 patients with COPD who
successfully quit, there were increases in sputum neutrophils,
lymphocytes and interleukin (IL)-8. In addition, while the
differences did not reach statistical significance, there were
trends toward increased inflammation assessed by endobron-
chial biopsy. These findings are in contrast with 16 asympto-
matic smokers who quit and in whom inflammatory parameters
were either unchanged or decreased. A similar failure for
inflammation to resolve in a prospective smoking cessation
study has been reported by SPURZEM et al. [28].

While the available data are limited, they are consistent with
the concept that smoking initiates an inflammatory response in

the lung. Cessation early enough can lead to reversal of this
inflammation, although it may take many months for normal-
isation. However, once COPD is established, inflammation can
persist. Following cessation, there may be an evolution of the
inflammatory response that may include an initial increase in
some inflammatory measures and a long-term decline in other
measures. These temporal changes remain to be defined, as do
their functional significance. Nevertheless, the persistence of
inflammation following smoking cessation is consistent with
the concept that systemic effects of COPD may be a result of
inflammation, even in the ex-smoking COPD patient.

SYSTEMIC CONSEQUENCES LINKED TO SYSTEMIC
INFLAMMATION
COPD is often associated with clinical manifestations that
include metabolic abnormalities, weight loss, muscle weakness
and wasting, cardiovascular disease (e.g. atherothrombosis,
ischaemic heart disease, stroke and coronary death), depres-
sion, osteoporosis, cancer and anaemia [29]. There is a rapidly
growing body of evidence indicating that the pulmonary
disease observed in patients with COPD is also associated with
systemic inflammation [30]. GAN et al. [30] reviewed 14 original
studies that reported on the relationship between COPD, FEV1

(or forced vital capacity) and levels of various systemic
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FIGURE 3. Clinical findings in patients with chronic obstructive pulmonary

disease according to the Global Initiative for Chronic Obstructive Lung Disease

(GOLD) stage. a) Extent of airway inflammatory response as measured by the

percentage of airways containing polymorphonuclear neutrophils (PMNs), macro-

phages and eosinophils; b) similar data for CD4+ T-lymphocytes, CD8+ T-

lymphocytes and B-cells. h: GOLD stage 0; &: GOLD stage 1; &: GOLD stage 2;

&: GOLD stage 3. Reproduced from [19] with permission from the publisher.
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inflammatory markers, namely C-reactive protein (CRP),
fibrinogen, leukocytes, tumour necrosis factor (TNF)-a, and
IL-6 and -8. This analysis indicated that reduced lung function
was significantly correlated with elevated levels of systemic
inflammatory markers. A subsequent study carried out by the
same group indicated that both active smoking and reduced
FEV1 independently contribute to increased levels of systemic
inflammatory markers, consistent with the concept described
previously that smoking cessation may not fully attenuate the
systemic inflammatory processes underlying COPD [31].

Many of the systemic comorbidities associated with COPD
have been related to systemic inflammation. The relationship
between COPD, systemic inflammation and cardiovascular
disease is of particular importance, since more than one-half of
all patients with COPD die from cardiovascular causes [21, 30,
32]. Airflow limitation increases the risk of cardiovascular
mortality, and this relationship is present across all levels of
lung function, even in the ‘‘normal range’’. An FEV1 of 90%
pred, for example, is associated with a three-fold increased risk
of myocardial infarction or cardiac death compared with an
FEV1 of 110% pred [33]. Interestingly, this relationship was
present in both smokers and nonsmokers. Lung function, in
fact, is a better predictor of all-cause and cardiac-specific
mortality than many established risk factors, including serum
cholesterol [34, 35].

The concept that systemic inflammation is the mechanistic link
between reduced lung function and cardiac risk is appealing.
SIN and MAN [36] analysed data from 6,629 participants in the
Third National Health and Nutrition Examination Survey to
determine whether CRP and other systemic inflammatory
markers were present in those with chronic airflow obstruction
and whether or not they were associated with cardiac disease.
Individuals with severe airflow obstruction had circulating
neutrophil, platelet, fibrinogen and CRP levels that were
markedly higher than those in participants without airflow
obstruction (fig. 5), and the relationships between lung
function and the systemic inflammatory markers was statisti-
cally significant. Moderate and severe airflow obstruction were
both associated with increased occurrence of ischaemic
electrocardiographic changes. Subjects with highly elevated
CRP levels and moderate or severe airflow obstruction had
cardiac infarction injury scores that were 2.68 and 5.88 U
higher, respectively, than in those in subjects without airflow
obstruction and with low CRP levels. These results raise the
possibility that inflammation reflected by elevated CRP levels
and impaired pulmonary function may be independently
related to the risk for cardiac disease.

Systemic inflammation may also contribute to the changes in
muscle mass and strength that characterise COPD patients. EID

et al. [37] have demonstrated an association between body
composition and the inflammatory response in stable COPD
patients. Individuals with a normal body mass index (BMI)/
low creatinine–height index (CHI; a measure that reflects
skeletal muscle mass), as well as those with a low BMI/low
CHI, had higher levels of IL-6 and TNF-a than subjects with a
normal BMI/normal CHI. A more recent study involving 102
individuals with severe to very severe COPD confirmed that
reduced FEV1 was associated with systemic inflammation, as
reflected by increased plasma levels of IL-6 and CRP.
Importantly, elevated CRP was also associated with reduced
muscle strength, with decreased exercise endurance, shorter 6-
min walk distance and poor health status [38]. Inflammation-
associated oxidative stress leading to skeletal muscle dysfunc-
tion, apoptosis and wasting has been suggested to account for
the relationship between inflammation and loss of lean body
mass in patients with COPD [39].

REPAIR PROCESSES
The anatomical changes that characterise COPD result not only
from tissue destruction but also from abnormal tissue repair
[40]. Deficient repair of alveolar structures, for example, is
likely to contribute to the development of emphysema [41, 42].
Similarly, overexuberant repair may contribute to the peri-
bronchial fibrosis that results in airway narrowing and also
contributes to airflow limitation [19]. In this context, repair
should be regarded as an integral part of the inflammatory
process. It is likely, therefore, that the abnormal repair present
in COPD results, at least in part, as a consequence of the
pathological inflammation. Supporting this concept are a
number of studies that demonstrate that inflammatory
mediators can modulate mesenchymal cell, epithelial cell and
endothelial cell repair responses.

It seems likely that many of the systemic morbidities
associated with COPD are also processes of abnormal repair.
For example, the loss of bone that characterises osteoporosis,
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resembles emphysema in that both represent an imbalance
between tissue destruction and tissue renewal. Similarly, the
accumulation of mesenchymal cells and connective tissue in
atherosclerosis resembles, in some respects, the peribronchial
fibrosis of COPD. To what degree these systemic associations
of COPD reflect consequences of the systemic inflammation
remains to be determined, but a mechanistic link seems
plausible.

CONCLUSION
Although current knowledge about the pathogenesis of
chronic obstructive pulmonary disease is expanding rapidly,
there is still considerable room for improvement in chronic
obstructive pulmonary disease management in order to
optimise patient outcomes. It is now well established that
noxious substances, such as tobacco smoke, can set off a
cascade of inflammatory events in the lungs, involving many
types of inflammatory cells and mediators. This can lead to
tissue injury, which, together with ineffective repair, can cause
changes in structure that compromise airflow. Importantly,
pulmonary inflammation, once established in patients with
chronic obstructive pulmonary disease, may be independent
of cigarette smoking. Pulmonary inflammation, moreover,
appears to be correlated with systemic inflammation. This, in
turn, is thought to contribute to the development of chronic
obstructive pulmonary disease comorbidities, such as cardio-
vascular disease, which are a major source of morbidity and
mortality in chronic obstructive pulmonary disease patients.
Current and future research will help to clarify whether
attenuation of this systemic inflammation will occur with new
chronic obstructive pulmonary disease therapies and whether
targeting inflammation in the lung will reduce the risk for
comorbidities in chronic obstructive pulmonary disease
patients. However, the limited evidence available raises the
possibility that medications that blunt the systemic and
pulmonary inflammatory processes underlying chronic
obstructive pulmonary disease and comorbid conditions have
the potential to improve survival, function and quality of life
for patients with this disease.
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