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Chronic obstructive pulmonary disease (COPD) is a
major global health problem. The Global Burden of
Disease Studies1–3 found that COPD was the sixth
commonest cause of death worldwide in 1990 but made
the alarming prediction that it would become the third
commonest cause of death by 2020 irrespective of public-
health intervention. Furthermore, COPD was recognised
as being the twelfth greatest cause of chronic morbidity,
with a predicted increase to become the fourth most
important disability-producing illness by 2020. Data from
WHO show that these predictions are likely to be correct;
by 2000 COPD had become the fourth leading cause of
mortality worldwide.4 Although the increase has been due
mainly to the rapid rise in COPD in less developed
countries, the burden in more developed economies such
as the USA and western Europe is still substantial. Data
from the US National Heart, Lung, and Blood Institute
have shown that, in contrast to all other causes of chronic
ill-health in the USA, COPD has been steadily increasing
in importance during the past two decades.5 This
development is paralleled by an increase in consultations
with physicians, across a range of health-care providers.6

In the UK, there was a progressive increase in COPD
diagnosed by general practitioners between 1990 and
1997 and a sharp increase in the number of hospital
admissions due to COPD from 1995 onwards (figure 1).7,8

These changes are not simply due to diagnostic
reclassification but reflect a real increase in the burden of
COPD.

Surveys of patients who have been diagnosed as having
COPD or who have symptoms that suggest chronic
bronchitis indicate a significant degree of disability and
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restriction in daily activities.9–12 A UK national survey of
2500 patients with COPD found that 73% were unable to
undertake activities that were important to them, such as
gardening or going out for social functions.13 These
patients have low expectations of the medical care system,
and many are uncomplaining despite substantial
restrictions due to breathlessness.14 These patients tend to
be slow to seek medical help and are reluctant to press for
more public attention to their problems.

During the past decade there have been several
important publications that have summarised current
opinion and evidence about the management of COPD.
These were initially produced by national thoracic
societies and subsequently by international
organisations.15–18 The most recent is the Global initiative
for chronic Obstructive Lung Disease (GOLD). This
project was developed by WHO and the US National
Heart, Lung, and Blood Institute and resulted in a
document available in full at www.goldcopd.com; an
executive summary has also been published.19 This project
was the first to adopt evidence-based criteria for
recommendations on specific treatments; as part of the
GOLD process, there is a system for regular review and
updating of the latest publications to assess how they
affect the recommendations already made. The last such
review was in July 2003. In addition, the GOLD project
aims to increase awareness of COPD globally and to
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Chronic obstructive pulmonary disease (COPD) is a major cause of death and disability worldwide. Recognition that
the burden of this disorder will continue to increase over the next 20 years despite medical intervention has
stimulated new research into the underlying mechanisms, leading to a rational basis for evaluation of existing
therapies, and has suggested novel treatment approaches. Tobacco exposure remains the main but not exclusive
cause of COPD. Whether the lung is injured by changes in the balance of proteases and antiproteases, tissue damage
by oxidative stress, or a combination of the two is still not known. The genetic basis of susceptibility to COPD is now
being studied as is the role of computed tomography in the identification of structural damage in individuals with less
symptomatic disease. Clinical diagnosis still relies heavily on an appropriate history confirmed by abnormal
spirometry. Smoking cessation is possible in a substantial proportion of individuals with symptoms but is most
effective if withdrawal is supported by pharmacological treatment. Treatment with long-acting inhaled bronchodilators
and, in more severe disease, inhaled corticosteroids reduces symptoms and exacerbation frequency and improves
health status. Rehabilitation can be even more effective, at least for a year after the treatment. Recent guidelines
have made practical suggestions about how to optimise these treatments and when to consider addition of oxygen,
surgery, and non-invasive ventilation. Regular review of this guidance is important if future management advances are
to be implemented effectively.

Search strategy

This seminar is based on a comprehensive review of work
published between 1966 and 2002 (Medline, Cochrane
Library databases) with the keywords “chronic obstructive
pulmonary disease” and the terms “chronic bronchitis”,
“emphysema but not bronchitis unspecified”. The information
reviewed inevitably reflects a personal perspective, but the
studies selected are those we believe contribute most to the
epidemiology, pathobiology, and management of the disease.
In the case of treatment studies, large randomised controlled
trials were selected when available.
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stimulate new research in this previously neglected area.
This review is not intended as a substitute for even the
summary document in GOLD, but our purpose is to
highlight some important issues in which changes are
happening now and are likely to continue in the next few
years.

Definition
Patients with COPD have been poorly served by
clinicians’ inability to agree on a simple formulation of
their illness that captures both its biology and its effect on
their lives. Early attempts relied on epidemiological
definitions of chronic cough and sputum production
lasting for 3 months over a period of at least 2 years
(chronic bronchitis) or on the presence of emphysema in
pathological specimens. In practice, neither approach was
of much help in clinical management. A major step
forward came with the epidemiological studies of
Fletcher, Peto, and colleagues,20,21 which showed that
death and disability were related to progressive
deterioration in the FEV1 (forced expiratory volume in
1 s) rather than persistent symptoms of cough and
sputum production. Subsequent definitions have
emphasised that a diagnosis of COPD requires the
presence of airflow obstruction defined as a lower than
normal ratio of FEV1 to FVC (forced vital capacity) or
vital capacity (normally <0·7). This definition has been
further extended by the GOLD guidelines (panel 1),
which recognise for the first time the importance of
persistent inflammation and of the inhaled nature of the
insult. Although COPD is most commonly associated
with cigarette smoking, this is not necessarily the only
factor causing the disorder. In many parts of the world,
exposure to indoor pollution or biomass fuels can
produce identical problems; women who are exposed to
smoke from cooking in poorly ventilated conditions are
commonly affected.22–24

Pathophysiology
Airflow obstruction in COPD arises as a result of variable
degrees of narrowing, smooth-muscle hypertrophy, and
fibrosis in the respiratory bronchioles25,26 and loss of elastic
recoil pressure due to pulmonary emphysema.27,28 The
physiological abnormalities that accompany these changes
are shown in figure 2. The reduction in FEV1 that defines
COPD is due mainly to an increase in resistance in the
peripheral airways with a contribution from loss of elastic
recoil. Attempts to define consistent COPD phenotypes
based on the bronchial or emphysematous clinical
syndromes have not been successful, although there is
renewed interest in this approach based on the more
objective data provided by computed tomography (CT).
The inflammatory basis of COPD is now well established.
Studies with induced sputum and bronchoalveolar lavage
have shown that, compared with smokers without airflow
obstruction, COPD patients have more macrophages and
neutrophils in these fluids, the former cells predominating
in mild disease.29,30 Biopsy and resection data confirm
these findings but also show increased numbers of CD8-
positive T lymphocytes in the airway wall.31–33 The degree
of airflow obstruction is correlated with the number of
these cells.33,34 When the number of cells is corrected for
lung volume, all cell types increase throughout the airways
and alveoli as lung function deteriorates.34 The
inflammation is different from that in bronchial asthma, in
which CD4-positive lymphocytes predominate. Thus,
these inflammatory characteristics are a more reliable
pointer to the presence of COPD than more conventional
physiological measurements.35 They may also explain the
differences in response to corticosteroid treatment
between asthma and COPD.

Several mechanisms have been proposed to explain why
the inflammation occurs and how inhaled insults,
particularly cigarette smoke, induce COPD. The
processes are not mutually exclusive and some of the
possible interactions are summarised in figure 3. The idea
that there is an imbalance between the release of proteases
from neutrophils and of the antiprotease enzymes that
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Figure 1: Admissions due to exacerbations of COPD (asthma
excluded) during the 1990s
Broken line indicates change in ICD code. Adapted from reference 8 with
permission
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Figure 2: Pathological processes in COPD and their
physiological consequences
The severity of the inhaled insult varies in a complex way and produces
damage of varying severity within different areas of the lung depending on
individual exposure and susceptibility. DLCO=diffusing capacity of carbon
monoxide.

Panel 1: GOLD definition of COPD19

COPD is characterised by airflow limitation that is not fully
reversible. The airflow limitation is in most cases both
progressive and associated with an abnormal inflammatory
response of the lungs to noxious particles or gases.
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prevent elastin digestion arose from the observation that
patients deficient in �1-antitrypsin developed emphysema.
This deficiency remains the main genetic disorder causing
COPD in people of European descent, although it is still a
rare form of the disease.36

Another potentially complementary hypothesis
proposes that oxidative stress caused by inhaled cigarette
smoke can explain the pathological changes in COPD.
Findings in patients have now confirmed previous
observations of increased oxidative stress in COPD by
showing increased amounts of oxidation products in
exhaled breath condensates of patients with stable
disease.37,38 Studies in mice exposed to cigarette smoke
have shown that the hallmarks of oxidative lung damage
and the pathological changes of emphysema can be
produced by this stimulus39 and blocked by pretreatment
with superoxide dismutase.40

Models of emphysema have also been used to study the
effect of specific gene deletions, for example deletion of
the gene for matrix metalloproteinase 12 (MMP12),
which can protect against the development of emphysema
during cigarette-smoke exposure.41 In other studies, genes
have been overexpressed; for example, overexpression of
interleukin 13 produced mice with a COPD-like illness.42

Further direct manipulation of the genome is likely to
yield greater understanding of the processes regulating
inflammation in COPD. Another interesting observation
is that emphysema is associated with apoptosis of the
alveolar cells, possibly secondary to inhibition of vascular
endothelial growth factor.43 These findings emphasise the
dynamic nature of lung damage and its interaction with
natural repair mechanisms designed to maintain lung
structure, a research area likely to promote better
understanding of the mechanisms that lead to progression
of COPD.

Genetic factors are likely to be major determinants of
susceptibility to COPD, although systematic studies are
only now being undertaken. Early-onset emphysema in
women has a genetic basis, independent of �1-antitrypsin
status.44–46 Attempts to link COPD with specific
susceptibility genes have had varying degrees of success.
Several candidate gene polymorphisms have been
proposed, mostly in genes protecting against oxidant
injury or involved in the inflammatory cascade. However,

these data have not been replicated in other populations.44

Another approach involving scanning of the whole
genome in patients and unaffected siblings is now under
way and should identify new gene associations with
COPD.

There is increasing recognition that COPD is not
simply confined to the lungs but has systemic effects, at
least in individuals with more advanced disease.47 Some
consequences (eg, tissue hypoxia in patients with
impaired gas exchange) have been recognised for many
years. However, COPD patients are also now known to
have a high prevalence of osteoporosis irrespective of sex,
and many have a low body-mass index, which is an
independent predictor of mortality.48 The skeletal muscles
are also abnormal, and reduced muscle strength predicts
increased health-care contact irrespective of lung
function.49 Identification of the mechanisms that produce
these abnormalities is an active research area.

Physiological consequences
Advances in the biology of COPD have been
accompanied by improved understanding of the factors
leading to the disabling symptoms, particularly exercise-
induced breathlessness. The development of simpler
methods that reliably detect expiratory flow limitation
during breathing at rest50 and measure inspiratory capacity
and hence end-expiratory lung volume during exercise51

has enabled a convincing explanation of the origin of
dyspnoea, at least in severe disease. Figure 4 shows that in
patients with expiratory flow limitation at rest, increases in
ventilation during exercise can be achieved only by
allowing end-expiratory lung volume to rise. This change
correlates with the intensity of dyspnoea during exercise,51

can be effectively delayed by pretreatment with
bronchodilator drugs52 or by breathing oxygen when
exercising,53 and is most obvious when tidal expiratory
flow limitation is detected at rest.54

There is renewed interest in the effects of COPD on
skeletal muscles such as the quadriceps. Studies with
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Figure 3: Potential mechanisms involved in the pathogenesis of
COPD
Some of the more important candidate cells and mediators and some of
the potentially large number of interactions between them are shown. The
degree of tissue damage is modified by the extent to which repair occurs,
which emphasises the dynamic nature of all these processes. Naturally
occurring inhibitory enzymes are secreted along with the active proteases.
MMP=matrix metalloproteinases; AAT=�1-antitrypsin; SLPI=secretory
leucocyte protease inhibitor; TIMP=tissue inhibitor of metalloproteinases.
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Figure 4: Tidal flow limitation and dynamic hyperinflation during
exercise
The left panel shows a maximum flow–volume loop of a patient with
COPD (spirometry shown). The tidal breathing loop at rest (loop 1 dashed
line) is flow limited during expiration; during exercise expiratory flow can
be increased only by breathing at a higher lung volume (loop 2 dotted
line). Solid line is maximum flow-volume loop (Adapted with permission
from Hughes JMB, Pride NB. Lung function tests. London: W B Saunders,
2002.) The right panel shows the lung volumes during exercise in a group
of similar COPD patients before (shaded area, solid lines) and after (open
area, broken lines) treatment with ipratropium bromide. Since total lung
capacity (TLC) is constant during exercise, the inspiratory capacity (IC)
allows end-expiratory lung volume (EELV) to be measured. In contrast to
the normal situation, in COPD EELV rises as exercise proceeds, as
predicted in the left panel. The bronchodilator delays this change in EELV,
prolongs exercise time, and reduces dyspnoea at any rate of ventilation.
Data redrawn from reference 52 with permission.
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magnetic resonance spectroscopy have shown that severe
acidosis develops in the muscles of COPD patients as they
exercise, a change reversed by rehabilitation.55 Whether
this effect results from impaired oxygen delivery to the
muscle or to changes in its fibre composition is not clear.

Clinical assessment
The diagnosis of COPD is based on a typical history of
persistent progressive symptoms, an appropriate risk
factor (eg, cigarette smoking), and a confirmatory
spirometric test. Despite much discussion and a clear
difference between North America and Europe in its
definition,15,17,18 bronchodilator reversibility testing plays
only a small part in the assessment of the COPD patient.
A useful feature for confirmation of the diagnosis is that
the patient’s lung function does not return to normal after
bronchodilator administration. However, smaller degrees
of reversibility that exceed arbitrary thresholds do not
seem to be related to subsequent mortality and contribute
little in practice for COPD management.56

Current approaches to staging of disease severity use
deliberately wide bands of FEV1 to encompass the
different grades because spirometry bears only a loose
relation to symptom intensity (table). Use of additional
physiological measurements such as the diffusing capacity
of carbon monoxide (DLCO) or static lung volumes allows
for better characterisation of the patient but seldom
influences management. However, identification of
arterial hypoxaemia is important, and blood gases should
be measured if the FEV1 is less than 30% predicted.

There is evidence that other non-pulmonary factors
including an overall assessment of the patient’s well-
being, such as health status or the MRC dyspnoea grade,
help to predict health-care utilisation57,58 and possibly
mortality59,60 more accurately than FEV1 alone. Similarly,
recording of body-mass index is simple and prognostically
important in more severe disease.48 Whether
quantification of the extent of emphysema by structural
techniques such as CT will provide further improvement
is less clear, but exercise performance seems to be an
important determinant of health status61 and could
usefully be documented in patients with more severe
disease. Attempts at synthesising these factors into a more
comprehensive staging system are under way, but there is
no agreement about how best this can be achieved.

Treatment approaches
These fall into three broad areas: prevention of disease
progression, management of stable disease, and
management of exacerbations. There is now a much
firmer evidence base for many of the management
suggestions incorporated in the various guidelines.15–19

Prevention of disease progression
Smoking cessation early in the natural history of COPD
not only returns the subsequent rate of declining function
towards normal but also reduces future mortality,20 as
confirmed by the 11-year follow-up of the original Lung
Health Study population62 (figure 5). Whether this is true
in more advanced disease is still unclear, but ex-smokers
have better health status than current smokers with a
similar degree of lung-function impairment.63 Although
patients with COPD are not easily persuaded to stop
smoking, organised smoking cessation programmes can
help. Such programmes should include prescription of
appropriate agents to reduce tobacco withdrawal
symptoms, such as nicotine replacement therapy64 and
bupropion.65 The original intention-to-treat analysis of the
effect of nicotine replacement in the first Lung Health
Study was disappointing,66 perhaps reflecting the
effectiveness of counselling in the patients assigned
placebo. Bupropion is promising in COPD patients,
although to date only 6-month follow-up data have been
reported in these patients.

Removal of an affected individual from a polluted
environment is easier to propose than achieve, but
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Figure 5: Decline in lung function in relation to smoking status
in COPD
Lung function in patients with mild COPD who stop smoking completely
declines more slowly than those who continue or those who give up
intermittently. Data derived from follow-up of the original Lung Health
Study cohort.66 The original small difference in lung function produced by
the greater number quitting among patients randomly assigned nicotine
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improved ventilation is a potentially useful intervention
for some patients.

One issue of special interest is �1-antitrypsin deficiency,
which should be considered in white people with
emphysema who have little or no tobacco exposure or
disease evident by the age of 50. Substantial progress has
been made both in elucidation of the basic molecular
biology and in development of replacement therapy
programmes, at least in the USA.67 The value of this
treatment remains controversial. A European randomised
trial has so far failed to show an effect on lung function
with regular replacement therapy but has shown
differences in lung CT density.68 This method of assessing
progressive lung damage may be useful in detecting the
treatment effect of other drugs designed to modify lung
growth, such as retinoids.

Management of stable disease
Management should involve several different treatment
approaches and should be directed at control of
symptoms, improvement in exercise capacity, and
prevention of exacerbations (figure 6).

Since airflow obstruction is a constant feature of
COPD, a reasonable approach is to try to maintain
effective bronchodilation continuously. This aim is now
possible with negligible side-effects by use of long-acting
inhaled � agonist or anticholinergic drugs.69–74 The greater
side-effect profile associated with theophyllines has
relegated them to a third-line add-on role in treatment.
Long-acting inhaled drugs produce more consistent
bronchodilation than is achieved by anticholinergics
inhaled four times daily72,74 and are associated with better
health status and fewer disease exacerbations.74 Whether
tiotropium is superior to long-acting inhaled � agonists is
not clear, although one study suggested this possibility.75

The value of combining these different drugs in the same
patient is still to be tested.

Inhaled corticosteroids are still widely used in COPD,
although the scientific basis of this approach remains
contentious.76,77 These drugs do not modify the rate of
decline of lung function78–81 but do reduce the number of
exacerbations and decline in health status seen in patients
with more severe disease.63,80 Evidence from large general

population databases suggests that treatment with inhaled
corticosteroids is associated with fewer hospital
admissions and lower mortality.82,83 However, these
reports have significant limitations. Recent large
prospective randomised controlled trials suggest that
addition of an inhaled corticosteroid to a long-acting
inhaled bronchodilator, typically a � agonist, is useful in
patients whose FEV1 is less than 50% predicted and who
have a history of regular exacerbation. Combination of
these treatments leads to fewer exacerbations, better
health status, fewer symptoms, and improved lung
function than with either treatment used alone.84–86

Pulmonary rehabilitation can be used at any stage of
COPD and is very effective.87–93 Most programmes involve
7–12 weeks of intermittently supervised exercise therapy
coupled with general education about COPD. They
commonly produce striking improvements in exercise
capacity and health status together with a reduction in
symptoms and even hospital admission. Unfortunately,
the effects tend to wane over the subsequent 18 months,
and the optimum way to prevent this loss of effect is still
to be determined. Not every patient completes the
rehabilitation programme, exacerbations of COPD and
poor initial motivation being common reasons for failure.

Oxygen therapy is confined to patients with more severe
disease and is used in three distinct ways.94 In patients
whose arterial oxygen partial pressure (PaO2) is always less
than 7·3 kPa, domiciliary oxygen for 15 h per day or more
prolongs life (figure 7); no survival benefit is seen with
lesser degrees of hypoxaemia.9,95–97 Oxygen taken while
exercising improves endurance98,99 and is commonly used
in this way in the USA. Whether oxygen desaturation is
necessary for this benefit to occur is not clear, although
prescription of ambulatory oxygen generally requires that
desaturation is present. Finally, many patients receive
oxygen to control acute episodes of dyspnoea or to use
before they exercise. Good evidence to support either
practice is lacking, although clinicians often report that
patients appreciate having oxygen available at home even
if they seldom use it.

The most striking new treatment is lung volume
reduction surgery. Two randomised controlled trials have
shown that this treatment improves exercise capacity and
health status while reducing breathlessness during daily
activities.100,101 The large multicentre National Emphysema
Treatment Trial in the USA identified an unacceptable
surgical risk in patients with FEV1 of less than 20%
predicted and either DLCO less than 20% predicted or a
homogeneous pattern of emphysema on CT.102 Survival
improved and symptomatic benefits were greater in patients
with homogeneous emphysema and low exercise capacity
after rehabilitation.103 The recognition that lung trans-
plantation conveys a symptomatic rather than a survival
benefit has affected the priority given to COPD patients in
countries where organs are scarce, and fewer patients with
COPD are now being given transplants in the UK.104,105

Management of exacerbations
The most recent definition for these events is given in
panel 2.106 Exacerbations become progressively more
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Panel 2: Recent consensus definition of an
exacerbation of COPD105

An exacerbation of COPD is a sustained worsening of the
patient’s condition from the stable state and beyond normal
day-to-day variation, which is acute in onset and necessitates
a change in regular medication.
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troublesome as baseline lung function declines and
patients who have frequent exacerbations have worse
health status107 and may show more rapid deterioration in
lung function than those who seldom have
exacerbations.108 Previous viral infection accounts for
about 30% of exacerbations,109 with bacterial infection
present in 30–50% of cases, depending on the severity of
the episode.110,111 Persistent bacterial infection is associated
with more intense airway inflammation,112 whereas
patients with symptoms of chronic bronchitis are more
likely to have recurrent exacerbations.113 Although
prophylactic antibiotic treatment does not reduce
exacerbation frequency, influenza vaccination is beneficial
and should be offered routinely at the appropriate season.

Management of exacerbations still focuses on increases
in bronchodilator therapy, antibiotics for some patients,
and the addition of oral corticosteroids. Antibiotics are
helpful if there is an increase in dyspnoea, coughing, and
the volume and purulence of the sputum. Several
randomised controlled trials have shown that, compared
with placebo, oral and nebulised corticosteroids accelerate
the rate of improvement in lung function during an
exacerbation, and that oral corticosteroids can reduce the
length of the hospital stay.114–117 Treatment with 30 mg
prednisolone for 7–10 days is sufficient; higher doses used
in other studies are unnecessary. Controlled oxygen
therapy is needed for patients who need admission to
hospital but the use of an unnecessarily high inspired
concentration of oxygen leads to potentially dangerous
degrees of acidosis.118 However, the recognition that
hospital admission is closely related to the presence of
comorbidities and respiratory acidosis119 allows the

identification of patients who can be safely managed in the
community with appropriate nurse support and
conventional medical therapy as outlined above.120–122 This
technique can also be adapted to reduce the duration of
hospital stays in patients who initially need admission.123 It
is preferred by patients124 and is cost-saving.

If respiratory acidosis develops, non-invasive positive-
pressure ventilation offers a useful alternative to
conventional positive-pressure ventilation and can reduce
the workload in intensive-care units.125 It is most effective
when the pH is between 7·30 and 7·35;126 it can reduce
both the risk of nosocomial pneumonia and duration of
stay in the intensive-care unit.127 It appears to be less
effective in more acidotic patients who ideally should
undergo conventional positive-pressure ventilation,
provided it is ethically reasonable to do so and in line with
their stated wishes.

Future progress
The next 5 years should see improvements in our
understanding of many areas relevant to COPD. A
selection of some of the more promising areas is given in
panel 3.

The epidemiology of the disease will continue to change
with a steady rise in the number of cases identified among
women. A more comprehensive description of the
physiological abnormalities accompanying expiratory flow
limitation at rest is likely, as well as the development of
simpler ways to detect this feature. The use of CT to
diagnose emphysema will increase and with it the
uncertainty about the importance of emphysema in
individuals who have little or no lung-function abnormality.
Most clinical trials will use existing therapies in different
combinations, although the effect, if any, of these
treatments on mortality should be clarified when the
TORCH (Towards a Revolution in COPD Health) study is
reported in 2007. Undoubtedly, some novel treatments
directed at controlling inflammation in COPD will reach
the proof-of-principle stage,128 although the attrition rate
continues to be high among the leading candidate
molecules. Screening of suitable candidate compounds
would be greatly helped if we knew more about the value of
disease markers such as induced sputum or exhaled breath
condensates as surrogates for future disease progression.

For most patients the major advances in care will come
from the systematic application of existing knowledge to
their treatment and the availability of proven treatment in
a readily accessible form.
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