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Abstract

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide.
COPD, however, is a heterogeneous collection of diseases with differing causes, pathogenic
mechanisms, and physiological effects. Therefore a comprehensive approach to COPD prevention
will need to address the complexity of COPD. Advances in the understanding of the natural
history of COPD and the development of strategies to assess COPD in its early stages make
prevention a reasonable, if ambitious, goal.

Introduction

Chronic obstructive pulmonary disease (COPD) is, at present, the third leading cause of
mortality worldwide.! Prevention of COPD should be a major public health goal.2 Although
this goal can be achieved to some extent by smoking cessation, smoking is not the only
cause of COPD and additional preventive strategies are needed. Despite the public health
importance of COPD prevention, relatively little is known about it. The diverse causes and
pathogenic processes that lead to COPD mean that COPD is a heterogeneous collection of
many different diseases that are grouped because of similar features. This is an issue for
preventive efforts, which will probably need to be disease specific.
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Definition of early COPD

Issues and challenges with the definition of COPD confound the definition of early COPD

The definition of early COPD is complicated by the issues relating to the definition of
COPD itself and, more importantly, to the heterogeneity of its natural history. The key
defining feature of COPD is post bronchodilator limitation of expiratory airflow by
comparison with lung volumes.3# Expiratory airflow is usually measured as the forced
expiratory volume in 1 s (FEV;) and lung volume as the forced vital capacity (FVC), both of
which are readily assessed with spirometry, a simple non-invasive test. This simple
definition, based on easily measured physiological variables, is very robust for
epidemiological purposes. Although the physiological definition of COPD has the advantage
of being objective, it has two important limitations.

Search strategy and selection criteria

We searched the full available range of articles on PubMed using the search terms
“COPD” and “definition, evaluation, natural history” (search last updated on Feb 21,
2015). We selected articles published in English that addressed early chronic obstructive
pulmonary disease (COPD). We further reviewed references cited in reviewed articles.
We selected articles that informed the strategy for prevention of early COPD. The
development of a research agenda to prevent COPD was the subject of a recent National
Heart, Lung, and Blood Institute workshop and was also used in this regard.

The FEV; cutoff point

The first issue for attempts to define early COPD is the use of a categorical definition.
Airflow varies continuously within a population, and different FEV1:FVC ratio cutoff points
have been used to define COPD.4> Moreover, across a population, both the FVC and the
FEV reduce with age, but the FEV reduces more rapidly. As a result the FEV1:FVC ratio
diminishes with age. Researchers debate whether this loss is merely age related, or
represents pathology present in the general population. However, the changing ratio with age
has led epidemiologists to prefer a statistically based age-specific lower limit of normal to
define the cutoff point for COPD.® Since this cutoff point is difficult to implement clinically,
clinical guidelines usually use a fixed ratio of 0-7, with an FEV{:FVC ratio lower than that
being the criterion to define COPD.46:7 Because of the age-related changes, the fixed ratio
will under-diagnose COPD in younger individuals and over-diagnose COPD in older
individuals (figure 1), which creates a particular difficulty when defining so-called early
disease. This issue can make so-called mild disease difficult to separate from health.8

FEV; can also be reduced in an individual without the FEV1:FVC ratio being reduced.®
Moreover, either emphysema or chronic bronchitis might be present in individuals with
normal lung function and, if so, their outlook is not normal. Further complicating the
definition of emphysema is the reduction in FVC that can result from several disorders
including obesity.1911 This dilemma makes mild COPD difficult to assess in these
individuals with present definitions.
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COPD heterogeneity

The second and more fundamental issue in the definition of early COPD is that COPD is
heterogeneous histologically and pathogenically. Conventionally, COPD includes
emphysema and chronic bronchitis, which might be present to varying degrees and affect
spirometry differently.34 However, other disorders that can restrict expiratory airflow are
excluded from the definition of COPD (panel 1). However, some of the excluded disorders—
eg, bronchiectasis and tracheobronchial malacia—might be present in individuals with
COPD, and whether they represent meaningful subsets of COPD is unknown. Whether to
include patients with asthma who develop fixed airflow limitation within the definition of
COPD has been controversial. The Venn diagram proposed by Snider? (figure 2) presents
graphically the idea that multiple disorders with or without airflow limitation might be
present to varying degrees in different individuals. Whether the relation of bronchiectasis
and tracheobronchial malacia with COPD should be regarded in a similar way to that of
asthma is unresolved.

Panel 1

Causes of reduced airflow that are generally excluded from chronic
obstructive pulmonary disease

e  Endobronchial or tracheal tumour
« Endobronchial or tracheal stenosis
e Tracheobronchial malacia

e Obliterative bronchiolitis

e Bronchiectasis

e  Cystic fibrosis

e Other causes

e  Sarcoidosis

»  Eosinophilic granuloma

» Respiratory bronchiolitis interstitial lung disease
e  Asthma*

COPD-=chronic obstructive pulmonary disease. *Whether asthma should be excluded
from the diagnosis of COPD has been controversial.

Several distinct causes and pathogenic processes might lead to limitation of airflow (panel
2). These heterogeneous risk factors make identification of early COPD challenging.
Cigarette smoking is the most important risk factor and cause for COPD and some
definitions of COPD have included smoking in the definition.® However, other exposures,
including indoor and outdoor air pollution, can cause COPD.13 Researchers increasingly
recognise the importance of air pollution on lung function loss,1* particularly in the
developing world,1® and various types of pollution might lead to COPD with different
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clinical features and natural histories than cigarette smoking.16:17 However, present
estimates suggest that smoking accounts for only about half of the attributable risk for
COPD in the developed world.1® In the USA, 20% of patients with COPD are non-smokers
and smoking accounts for only part of the risk among smokers. The relative contribution to
COPD due to asthma, air pollution, low maximum attained lung function, or unrecognised
factors is unknown.

Panel 2
Processes that lead to chronic obstructive pulmonary disease

Poor lung development

e Compromised intrauterine development

e Reduced lung growth in childhood
Excess lung damage

o  Cigarette smoking

e Air pollution

e Viral infection
Airway remodelling

e Asthma

e Bronchitis
Deficient lung maintenance or repair

e  Cigarette smoking

e  Starvation

e Ageing

The categories listed are designed to represent the heterogeneity of processes that can
lead to chronic obstructive pulmonary disease. Many categories are themselves
heterogeneous. Importantly, they can be present concurrently to varying degrees in
individual patients. Consequently, many (if not most) patients with the disease have more
than one process active.

Endogenous factors affect individual susceptibility to development of COPD. Genetic
susceptibility to COPD is well recognised and several genes have been suggested to have
roles.1920 However, most genes that are associated with COPD account for only a small
portion of risk and many interacting genes will probably contribute to individual
susceptibility. Non-genetic factors such as early lung development?! and nutrition22 might
also contribute to so-called endogenous susceptibility.

The many causes and susceptibility factors for COPD and their complex interactions imply
that the syndrome of COPD is a composite of many disorders.23 However, the multiple
subtypes of COPD probably will not be easily segregated into distinct diseases. Rather, most
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patients meeting spirometric criteria for COPD will have airflow limitation as a result of
several processes, each with a distinct natural history. Early COPD will have to be
recognised and addressed in the context of this complexity.

Challenges of identifying early COPD

Distinguishing early from mild disease

Whereas the definition of COPD has engendered much discussion, the definition of early
COPD has not. Early implies a time in the natural history of COPD, either before the disease
is present or a time when the disease has not progressed to full clinical effect. As such, early
contrasts with mild COPD. Most of the studies of COPD have many participants aged
greater than 60 years. Many of these participants have so-called mild disease, which might
have been present for decades, and represents so-called late, mild disease. This late, mild
disease should not be confused with so-called early disease. The concept of early disease
necessitates an understanding of disease natural history.

Lung health and COPD natural histories

Pathogenic processes leading to COPD can happen at any time of life and COPD natural
histories can reasonably be viewed in the context of overall lung health.24 Airway branching
is completed by the 17th week of gestation. Airways increase in length and diameter until
young adulthood, but, generally, new airways do not form. Alveoli develop by a separate
process and are present at birth, increasing during childhood through secondary alveolar
wall formation.2® Lung volume and airflow continue to increase as the thorax grows,
reaching a peak in young adulthood (about 20 years of age) (figure 3A). In healthy
individuals, lung function then plateaus for about 10 years, after which lung function is
gradually lost. Whether this loss is so-called normal ageing or represents a pathological
process remains undefined.

Early life events and COPD

Barker and colleagues?! showed that early life events leading to low birthweight increase
COPD risk. The effect of being born small (<5 Ib vs>10 Ib [<2-3 kg vs4-5 kg]) was similar
in magnitude to being an ever smoker for COPD risk. What the intrauterine events are that
lead to COPD risk are not fully understood, but, in addition to birthweight, prematurity,26
maternal smoking,2-28 and maternal nutrition? have all been suggested as risk factors. A
multifactorial pathogenesis is supported by the idea that reduced early life lung function
itself is associated with reduced lung function in early adulthood (aged about 20-25
years).29 Although the mechanisms remain to be established, these early life events might
represent early COPD. When lung development is compromised, maximum attained lung
growth is reduced and the risk of COPD is increased (figure 3B).

Childhood and adolescent lung growth

Disorders that compromise lung growth during childhood and adolescence can also increase
COPD risk. A presumed mechanism for this occurrence is that impaired lung growth and
development leads to reduced maximum attained lung function, which is a risk factor for the
development of COPD (figure 3B). Cigarette smoke is a risk to lung health at these ages as
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well. Active smoking during childhood and adolescence compromises lung growth.30-32
Passive smoking in childhood, independent of maternal smoking during pregnancy, is
associated with reduced maximum attained lung function, although differences in
susceptibility between men and women have been suggested.28 Prematurity might also affect
maximum attained lung function, as does low birthweight.21:26:33 The presence of airways
reactivity and blood eosinophilia, presumably linked to asthma or related processes, is
associated with reduced maximum attained lung function, as is the presence of respiratory
symptoms.32 Although controversial, some studies?1:34-36 suggest that childhood infections
could compromise the development of lung function and increase risk of development of
COPD. Similarly, lung function growth is compromised in children who developed
bronchopulmonary dysplasia, and these individuals are at particular risk of developing
airflow limitation.26:33 Whether altered lung development and growth from other disorders
also leads to accelerated lung function loss in adulthood is unknown.

Plateau phase

After lung growth ceases in young adulthood (aged about 20-25 years), lung function
remains close to constant for about 10 years. Lung function then slowly decreases.37:38
Cigarette smoking shortens the duration of the so-called plateau phase of lung function.37:39
Since cigarette smoking causes the loss of lung function associated with ageing to start at an
earlier age, a shortened plateau phase leads to lower age-adjusted lung function and
increases the risk of development of COPD (figure 3C). Little is known about the
mechanisms for the shortened plateau phase, including whether the mechanisms are distinct
from the mechanisms that cause accelerated lung function loss. Additionally, whether factors
other than cigarette smoking affect the plateau phase is also not known.

Accelerated loss of lung function

The idea that smokers lose lung function at an accelerated rate (about twice that of non-
smokers) was lent support by the landmark study by Fletcher and colleagues*®41 and has
been substantiated. The studies’ results*®:41 show that susceptibility to smoke is variable and
that a portion of smokers will develop symptomatic COPD. Subsequent studies*2:43 have
suggested that about half of smokers will eventually meet the threshold for a COPD
diagnosis. Importantly, the magnitude of the accelerated lung function loss might not be
constant over time. Several studies**#® have suggested that the loss of lung function of
individuals with moderate COPD progresses more rapidly than in those with more severe
COPD. What the rate of lung function loss is in early COPD remains unknown.*6

The way by which smoking accelerates loss of lung function, however, is complex because
many pathogenic processes are initiated by smoke. This complexity might lead to differing
natural histories as well. Burrows* suggested three ways for lung function to decrease:
gradually, at an accelerated rate throughout adult life (figure 3D); episodically, perhaps
related to acute exacerbations (figure 3E); or a phase of rapid progression could develop
after a period of so-called normal ageing (figure 3F). Exposures in addition to cigarette
smoke can accelerate lung function loss, including air pollution and occupational dusts and
fumes.13-15.48.49 Starvation can lead to the development of emphysema.>%:51 Other
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nutritional factors have also been associated with COPD risk,22 although whether these lead
to accelerated lung function loss remains undefined.

Interactions among natural histories

Although much remains unknown about the mechanisms that lead to the reduced lung
function in COPD, several distinct processes can contribute and these probably synergise.
Moreover, some causes of COPD (eg, cigarette smoking) can affect lung function in
different ways at different times in the lifecycle. The concept of early COPD will need to
integrate these diverse processes.

Natural history beyond FEV,

Airflow limitation is used to define COPD, but it only partly captures the clinical features of
COPD. Cough and sputum probably result from airways metaplasia, inflammation, and
glandular hyperplasia.3# Dyspnoea in COPD is mostly due to dynamic hyperinflation,52:53
The extrapulmonary features that are characteristic of COPD are relatively independent of
FEV, and are often the major clinical problems patients face.>4-5¢ Moreover,
extrapulmonary problems might be present when FEV4; compromise is mild, suggesting
these comorbidities might be particularly relevant for the assessment of early disease. In
support of this theory, most of the increased risk for cardiac disease associated with COPD
occurs with very mild limitation of FEV and is present even with FEVq levels in low levels
of the healthy range.>” Additionally, very reduced activity levels are present in patients with
mild COPD,58-60 and muscle weakness often restricts exercise capacity rather than
airflow.51-63 Whether these comorbidities should be regarded as extrapulmonary
manifestations or as separate diseases is unclear. However, each of these comorbidities will
have so-called early phases that might be appropriate for intervention, and these could
precede the development of FEV, compromise.

Summary of challenges for the definition of early COPD

Early COPD means an interval in time at the beginning of the disease course. This early
phase could occur in late life—for example, in an individual who has had a natural history of
healthy lung function but who has entered a period of very rapid loss of lung function.
Alternatively, early COPD could happen in mid or very early life. Since several pathogenic
processes could be active in the same individual, these processes can be early at different
times in the individual. Finally, COPD is defined in terms of severity of airflow limitation.
The disease process that leads to airflow limitation could be active at a time when lung
function is healthy. Whether such a person should be deemed healthy or not seems less
important than recognition of whether the individual has a process that needs attention.

Assessment of early COPD

Lung function

Several diagnostic tests could define early COPD (panel 3). Spirometry is the most widely
used method to assess lung function. The test is well understood, is readily available, is used
to assess the prevalence and severity of COPD, and can be practised in various settings and
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in children aged 3-5 years and older.54-87 Spirometry could be used to diagnose early
COPD, but the diagnosis is likely to need sequential measures. One test, for example, can
define so-called mild COPD, but whether the disease is newly incident or has been present
for many years might be difficult to establish. Longitudinal use of spirometry, therefore is
needed to diagnose so-called early disease.

Panel 3

Potential measures of disease progression in chronic obstructive
pulmonary disease

Physiology
Airflow
e Forced expiratory volume in1s
e Impedance oscillometry
Lung volume
e Inspiratory capacity
»  Dynamic hyperinflation
Other
» Diffusion capacity of the lung for carbon monoxide
o  Exercise capacity
— Maximum oxygen consumption
—  Submaximum constant work rate endurance time
e Lung clearance index
Imaging
CT scan
e Emphysema
—  Global severity
— Pattern
e Airways
e Vasculature
Magnetic resonance imaging
Performance
6 min walk test

Activity measures

Health status
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SGRQ

CAT

Short Form (36) Health Survey

SGRQ=St George’s Respiratory Questionnaire. CAT=COPD Assessment Test.

Several large longitudinal studies#0:41:44.45.68 haye established rates of loss of lung function
for non-smokers, smokers, and individuals with established COPD. The presence of rapid
loss of FEV1 in individuals with healthy lung function is therefore a feasible strategy to
identify early disease. Identification of natural histories with other trajectories—eg, reduced
lung growth or reduced plateau phase—is also feasible to identify early disease.30-32:37.38
Routine sequential measures of spirometry have the potential to identify early COPD, but
are not used routinely at present to monitor for the development of disease. Present
management of patients with cystic fibrosis shows that sequential measures of spirometry
are clinically feasible and that the values obtained can suggest changes in disease natural
history.%9 A similar strategy could probably be used to assess early COPD.

In addition to spirometry, other measures of lung function might have potential to detect
early COPD.56 The lung clearance index captures the heterogeneity of small airways
function and seems to be more sensitive to early lung function compromise in cystic fibrosis
than spirometry.’%71 The usefulness of the lung clearance index in COPD is not established.
Similarly, impedance oscillometry, which assesses airways resistance and capacitance and is
effort independent, might be particularly useful in sequential assessment of patients with
COPD.”2-"4 Impedance oscillometry has been reported to be abnormal in patients with
pulmonary symptoms with FEV in the healthy range, and thus might have potential to
detect early COPD."® The diffusion capacity of the lung for carbon monoxide is reduced in
emphysema.®* The test’s potential for detecting early disease or disease progression,
however, is deemed to be limited by variance in the test itself and difficulties in calibration
of the measures across centres.

Exercise performance or dynamic hyperinflation

Although limitation of expiratory airflow is the defining feature of COPD, the compromise
of lung volume is what causes dyspnoea and frequently restricts exercise.52:53 Specifically,
the lungs might not have adequate time to empty because of the limitation in expiratory flow
as respiratory rate increases. This restriction of the lungs’ ability to empty results in air from
one inspiration being trapped in the lung when the next inspiration begins. As a result, the
lungs can become progressively hyperinflated as a function of respiratory rate—hence the
term dynamic hyperinflation. This problem leads to dyspnoea, possibly due to the increased
work needed to breathe at increased lung volumes. Dynamic hyperinflation is related not
only to overall airflow limitation, measured by the FEV, but also to the heterogeneity of
airflow within the lung.”® Consequently, dynamic hyperinflation might be a more sensitive
measure of disease severity than FEV1 in mild COPD. Whether assessment of dynamic
hyperinflation could be used to assess early COPD remains untested. Present methods need
specialised laboratories and the tests are not well suited for multiple repeat measures.
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Imaging

Nevertheless, dynamic hyperinflation or ventilation, or both, measured during exercise,
might be able to identify the presence of early COPD.

By contrast with the routine chest radiograph, which is abnormal only with relatively severe
emphysema, CT has tremendous potential to assess early COPD.277:78 The CT scanner is
fundamentally a densitometer, deter mining the radiographic density of three-dimensional
voxels of the imaged tissue. The resolution of present instruments results in cubic voxels of
about 0-75 mm per side. Images, which are used for routine clinical interpretation, are
reconstructed from the density data. The data, however, are ideally suited to generate
quantitative assessments and methods have been developed to assess both emphysema and
airways disease.”9-81

The lost lung tissue in emphysema is replaced by empty airspace, resulting in a substantial
decrease in radiographic density that is quantifiable by the CT scan. Several consensus
meetings have addressed technical issues, including comparison of variables to assess
emphysema and normalisation of data to lung volume and normal ranges. The clinical
validity of CT measures has been assessed in studies’®-82 that have validated overall lung
density, a measure of total emphysema.

Techniques have also been developed to assess the pattern of emphysema that can be
quantitated by the CT scan. Specific clinical correlations have been shown with upper lobe
versus lower lobe predominant disease,8 and patterns of emphysema, including
centrilobular, diffuse and paraseptal, have been suggested to be distinct clinical phenotypes.
Changes in lung volumes have been associated with mild COPD, although physiological
measures to assess these have had restricted use.84 Comparison of inspiratory and expiratory
scans can identify local air trapping, which could be a particularly sensitive measure of
volume changes present in mild disease.’®

Substantial emphysema can be present in individuals with mild airflow limitation or with
airflow that is within the generally accepted spirometric healthy range. So far, no systematic
studies assessing the use of CT scans to detect early emphysema have been done; these
studies would need to assess quite young individuals sequentially over time. However, the
Genetic epidemiology of COPD (COPDGene) study8® could provide such data in the near
future. Sequential CT studies82:86 have been done in patients with o, 1 antitrypsin deficiency
associated emphysema and patients with cigarette smoke associated emphysema, and the
ability of CT scan to assess disease progression seems to be at least similar to that of
spirometry. Registration methods have been described within the past few years that can
assess density changes in spatially defined regions over time that might substantially
improve the assessment of changes over time.87

Airways can also be assessed by CT scan and several measures have been proposed.”9-81
These measures include assessment of airways thickness and airways number. However, less
consensus exists on the best way to assess airways than exists for the assessment of alveolar
structures.88 Nevertheless, airways disease, assessed as wall thickness, has been related to
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exacerbation risk,8° suggesting wall thickness is a clinically valid measure. The use of CT
measured airways variables to assess early COPD is mostly untested.

Other imaging modalities also have potential to assess early emphysema. Hyperpolarised
magnetic resonance imaging can provide a measure of alveolar size by estimating gas
diffusion distance. This method allows quantification of alveolar enlargement®0 and has also
been used to track alveolar growth.%! Gas diffusion can be quantified with spatial
orientation, which can estimate small airway size.%2 Finally, specialised methods allow
assessment of pulmonary vasculature,? which might be particularly important because
emphysema is characterised by loss of pulmonary capillary bed. Although these methods are
still in the investigational stage, they offer promising novel means to assess the lung and
have great promise in the assessment of early COPD.

Clinical features

The present definition of chronic bronchitis—cough or sputum, or both, present on most
days for 3 consecutive months in 2 consecutive years—was adopted as a temporary working
definition in 1962 because no more precise consensus could be reached.®* No satisfactory
replacement has emerged so far. Because cough and sputum are readily assessed by history,
the presence of chronic bronchitis can be assessed by questionnaire. Several instruments
have been developed for this purpose and general respiratory symptom questionnaires that
include cough and sputum questions have been used as well.®>-98 As noted previously,
chronic bronchitis can be present without airflow limitation.3 When present, chronic
bronchitis is associated with poorer health status and worse prognosis—including a greater
likelihood of developing airflow limitation—than when it is absent.97:99-101 Whether
individuals with chronic bronchitis without airflow limitation should be regarded as having
early COPD or as being at risk of developing COPD is unresolved, but symptoms of cough,
sputum, and dyspnoea have been associated with subsequent incident COPD.%9

Patients with COPD manifest several characteristic extrapulmonary features. Prominent
among these features is a substantially reduced level of physical activity.>8-60 Physical
activity can be assessed by questionnaires and by monitors that are sensitive to movement.
In 2013, a combined questionnaire and monitor approach was developed for use in patients
with COPD.102.103 Because substantially reduced levels of activity might be present in mild
COPD, activity measures would probably be useful for the assessment of early COPD.
Whether other extra pulmonary morbidities associated with COPD will be useful in the
assessment of early COPD remains largely untested.

Health status measures

Patients with COPD have impaired health status, and several validated disease-
specificl04105 and general measures!® have been widely used in clinical studies.
Importantly, health status measures correlate with airflow limitation (although only poorly),
suggesting that health status measures capture different features of the clinical experience
compared with spirometry.197 Health status measures are also abnormal in smokers with
normal airflow, suggesting that these measures could be used to assess early COPD.108.109
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Biomarkers of disease progression

COPD is associated with inflammation of the lungs. Cigarette smoke and many other COPD
risk factors lead to inflammation, which is thought to have a pathogenic role in the
development of COPD. However, as yet, neither measures of inflammation nor other
biomarkers can identify individuals with lung function in the healthy range who will develop
COPD. Nevertheless, this is a promising area of continuing research.34

Prevention of early COPD

Types of prevention

Prevention can be classified as primary, secondary, or tertiary. Prevention of disease
development in people who are still well is primary prevention. Prevention of clinically
apparent disease in people with detectable abnormalities is secondary prevention. Prevention
of disease progression in people with clinically apparent disease is tertiary prevention.
However, in the context of early COPD, these distinctions are often difficult because of the
complex and heterogeneous natural history of COPD, the arbitrary selection of so-called
cutoff points separating disease from normal, and the imprecise definition of when disease
starts. Nevertheless, several potential strategies for prevention have been developed, and
excellent evidence exists that prevention is an achievable goal.

Of the many causes of COPD, cigarette smoking is by far the most important. Smoking
cessation or prevention can lead to primary, secondary, and tertiary prevention. If achieved
early enough, smoking cessation reduces the incidence of respiratory morbidity and incident
COPD.10 The Lung Health Study (LHS)1! showed secondary prevention by prospectively
assessing the effect of smoking cessation on the progression of FEV1 loss in a group of
individuals with mild COPD, and these results have been substantiated in the observational
Framingham study, 112 which also showed tertiary prevention. The mean age of LHS
participants was 48 years, therefore in most of these participants the disease processes
leading to COPD had probably been present for decades. However, disease was mild and
was early in the sense that its progression was mitigated by smoking cessation.

Primary prevention

Primary prevention strategies are appealing, but can be difficult to assess. Identification of
modifiable risk factors for COPD has suggested strategies to mitigate the risk.24 However,
the mechanistic basis for the associations between risk factors and disease is generally not
understood. Whether correction of risk factors will reduce disease incidence, therefore, has
to be assessed empirically. This assessment is somewhat daunting because interventions
might need to begin with pregnancy to prevent disease being present six decades later.
However, the associations between lung growth and development, maximum attained lung
function in young adulthood (aged about 20-25 years), and the development of COPD
suggest intermediate endpoints might exist that could be assessed in trials of prevention.
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Secondary prevention

Secondary prevention requires the ability to detect early disease before it is clinically
apparent. LHS showed that spirometry can be successfully used to assess smoking cessation
as a preventive measure for COPD progression.111

Tertiary prevention

Several studies8111.113 syggest that disease progression can be slowed in established
COPD. In the TORCH study,58 spirometry also showed significantly reduced progression
with fluticasone proprionate (13 mL/year), salmeterol (13 mL/year), and the combination
(16 mL/year) compared with placebo, although these differences are less than the generally
accepted clinical target of 20 mL/year. The UPLIFT study!13 reported no significant
difference in lung function loss between patients given tiotropium versus placebo. However,
among individuals with moderate disease (FEV1 56% predicted), the rate of FEV loss of
those given tiotropium was 6 mL less than that of the controls.113 Although not tested for
primary or secondary prevention, these findings suggest that, as with smoking cessation,
pharmacological interventions could be more effective in early disease than in late disease.

Studies such as the LHS,111 TORCH,58 and UPLIFT13 are large, with several thousand
participants. However, participant selection could improve the efficiency of prevention
studies. As noted previously, the rate of loss of lung function in patients with COPD is
highly variable. Inclusion of those patients with COPD more likely to rapidly lose their lung
function could substantially reduce the size and, possibly, the duration of prevention studies.

A different approach will be necessary to identify early COPD due to so-called life
trajectories different from accelerated loss of lung function (figure 3). Stratification of
participants for prevention studies on the basis of their natural history will be particularly
important for interventions that are specific for pathogenic mechanisms present in only a
portion of the population. Validation of diagnostic biomarkers that can stratify individuals
appropriately will be necessary for these highly focused approaches.

Measures other than spirometry have the potential not only to assess disease progression but
also to identify subtypes of patients with COPD. Thus, identification of individuals with
emphysema (by CT scan), chronic bronchitis (by history), airways reactivity (by
methacholine challenge), or decreased physical activity levels could be candidates for
interventions designed to prevent both the progression of the diagnostic feature and the
development of fixed airflow limitation.

Other quantitative measures of disease severity in COPD, including dynamic hyperinflation,
exercise performance, activity levels, health status, and comorbidities might also provide
adequate measures of disease progression for secondary prevention interventions. In view of
the complexities of COPD pathogenesis and the heterogeneity of its natural histories, some
interventions will probably mitigate progression of some aspects of COPD but not others.
Thus, the ability to identify subsets of patients with COPD and to quantify multiple
dimensions of disease progression could prove particularly important.
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COPD is a major worldwide public health issue. Efforts to control cigarette smoking will
have a major effect on COPD prevention. However, smoking is not the only risk factor for
COPD and additional preventive efforts are needed. The ability to assess disease progression
combined with an understanding of the complex and heterogeneous natural histories of
COPD throughout the entire life cycle is creating novel opportunities for preventive
interventions, which might need to be selective for specific types of COPD.
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Figure 1. Effect of age on FEV1:FVC ratio and definition of chronic obstructive pulmonary

disease

Diagram showing the loss of the lower limit of normal of FEV:FVC ratio with ageing. The
blue shaded portion represents elderly patients who are potentially overdiagnosed and the
orange shaded portion represents younger adults who are potentially underdiagnosed with
obstructive lung disease. FEV1=forced expiratory volume in 1 s. FVC=forced vital capacity.
Reproduced from Mannino and colleagues,8 by permission of BMJ Publishing Group.
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Figure 2. Subsets of chronic obstructive pulmonary disease
Chronic bronchitis, emphysema, and asthma can lead to fixed airflow limitation. The three

disorders can overlap. All can be present without airflow limitation. This results in several
(numbered) potential groups, which could be deemed subsets of chronic obstructive
pulmonary disease and related disorders. Modified from Snider,12 by permission of the
American Thoracic Society.
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Figure 3. Natural history of lung function and development of chronic obstructive pulmonary

disease

(A) Normal lung function natural history. (B) Reduced lung growth during fetal
development, childhood, or adolescence (which might be independent), any of which can
reduce attained lung function. (C) Shortened plateau. (D) Accelerated lung function loss
during adulthood. (E) Episodic loss of lung function without full recovery. (F) Late
accelerated loss of lung function. FEV,=forced expiratory volume in 1 s. *Presence of early
disease for each disease natural history.
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