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Chronic obstructive pulmonary disease (COPD) is a major
health problem because its high prevalence (about 10% of
the adult population, e.g., 13.7% in population over 40-
year old in China (1), rising incidence, associated morbidity
and mortality and personal, familiar, social and economic
associated costs (2). Traditionally, COPD has been
considered a disease of old men self-inflicted by tobacco
smoking. Yet, recent research evidence (3,4) challenges this
traditional paradigm. This Editorial briefly reviews some
of these challenges and proposes a novel understanding of
COPD at the beginning of the XXI Century.

Beyond smoking

Tobacco smoking is the major environmental risk factor
for COPD and every effort must be done to prevent
smoking initiation and to favor smoking cessation as soon as
possible (5). Yet, solid epidemiologic evidence indicates
that about a third of COPD patients worldwide have never
smoked (6). Exposure to other environmental risk factors,
including biomass fumes, atmospheric pollution and
occupational exposure, also increases the risk of COPD (3,7).
Further, as discussed below, there is a number of conditions,
including prematurity, poor nutrition and repeated
infections during infancy, among others, that may condition
the normal development of the lungs, both before and after
birth, and lead to COPD in adulthood (8,9).

Lung function trajectories

After birth, the lungs develop and grow until they reach
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a peak at about 20 years of age (earlier in females) (5);
then, after a brief plateau, lung function declines slightly
due to lung ageing (8) (Figure I). Since the seminal paper
by Fletcher and Peto in 1977 (10), we know that, in a
proportion of so-called susceptible smokers, lung function
decline in adulthood is accelerated, and that this is a major
cause of airflow limitation, hence COPD, in late adulthood.
Recent epidemiological evidence has confirmed that
this actually occurs in about half of patients with COPD
diagnosed in the clinic (11); however, the other half have
followed a completely different lung function trajectory,
characterized by poor lung development in early life
(fetal period, infancy and/or adolescence), reduced peak
lung function after adolescence and normal rate of lung
function decline thereafter (11) (Figure 1). Importantly,
these individuals have a higher prevalence and an earlier
incidence of cardiac and metabolic co-morbidities, as well
as premature death (12). This suggests that an abnormal
development of the lung is associated with abnormal
development in other organs. This opens new windows
of opportunity for prevention, early diagnosis and early
treatment (13).

Two other observations are worth discussing here.
First, about two thirds of children born with low lung
function are able to “catch-up” and regain a normal lung
function trajectory, whereas the other third does not (14).
Why is it we do not know, but understanding “catch-up”
better may help the latter group of children to normalize
their lung function and, potentially, to “cure” COPD in
adulthood (8). Second, about 10% of individuals in the
general population exhibit a supra-normal lung function
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Figure 1 Potential lung function trajectories from birth to death. For further explanations, see text. Reproduced with permission from

reference (3).

trajectory (Figure 1) (14). These individuals have a large
lung function reserve, so even if the loose a significant
part of it during adulthood, they may reach elderly with
an apparently normal (pseudo-normal) lung function (3)
and contribute to explain why some individuals with
emphysema (15) or symptoms (16) may still have normal
spirometry.

Disease or syndrome: pre-COPDs

The current definition of COPD states that it is a
“preventable and treatable disease that is characterized by
persistent respiratory symptoms and airflow limitation due
to airway and/or alveolar abnormalities usually caused by
significant exposure to noxious particles or gases” (17). Yet,
due to the variety of potential causes and the heterogeneous
clinical presentation of COPD (18), COPD should now be
understood as a clinical syndrome characterized by varying
combinations of chronic respiratory symptoms, structural
pulmonary abnormalities (such as airway remodelling,
emphysema and/or pulmonary vascular abnormalities), and
abnormal lung function (airflow limitation, gas trapping,
hyperinflation, reduced diffusing capacity and/or abnormal
pulmonary gas exchange), often accompanied by significant
extra-pulmonary multimorbidity (3,4). This syndrome
results from different, life-long, dynamic, interactive and
cumulative gene-environment interactions (smoking and
others) that modulate the development, maintenance and
function of the lungs (and likely other systemic organs
too) (13). This consideration allows a new taxonomy of
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COPD (19), where patients with symptoms and structural
abnormalities, but without airflow limitation, will be

classified as pre-COPD (19).

Addressing the complexity of COPD: endotypes,
phenotypes, biomarkers and treatable traits

COPD is a highly complex and heterogeneous disease. This
means that it has several components, that are not always
present in all patients (or even in the same patient, through
time), and that their relationships are not linear (hence, one
cannot be predicted from another one) (20). To address this
complexity, the following considerations are relevant (21).
First, the term endotype refers to specific biological
mechanisms that underlie a given clinical presentation
(phenotype), and whose presence can be identified by
validated biomarkers (21,22). Second, the term treatable
traits refers to those patient characteristics that can
be identified by phenotype recognition or biomarker/
endotype determination that merit specific treatment (23).
A good example of this approach is the consideration of
the number of circulating eosinophils in blood (Eos) to
add inhaled steroids (ICS) to bronchodilator treatment
in the management of stable COPD, as advocated by the
GOLD 2019 (24). Several studies have now convincingly
shown that when Eos are higher than 300 cells/pL, ICS
are effective in reducing the future risk of exacerbations,
whereas they are ineffective when Eos are lower than
100 cells/uL; in between these two thresholds, there may
be some effect in some patients (25). Importantly, treatable
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Figure 2 Control panel for the management of patients with COPD. For further explanations, see text. Reproduced with permission from

reference (26). COPD, chronic obstructive pulmonary disease.

traits are not restricted to the pulmonary domain, and there
are also extra-pulmonary treatable traits (multimorbidity)
that require specific treatment if present and, of note, social
and behavioural treatable traits (such as smoking, treatment
adherence, appropriate use of inhalers and/or living alone,
among others) which, albeit not strictly biologically related
to COPD, are of extreme importance in its appropriate
clinical management (22,23). Finally, it should always be
considered that treatable traits may co-exist in the same
patient and they may change with time either spontaneously
or as a result of therapy (23).

Technology to facilitate clinical practice

It has been proposed that these treatable traits can be
presented to the practicing clinician in the form of a
“control panel” (26) (Figure 2), like that used in cars to
provide the driver with the important information (speed,
engine temperature, fuel reserved, and so on). On the other
hand, a free downloadable application of the GOLD 2019
recommendations (24) is now available in the App store
(https://apps.apple.com/us/app/gold-2019-pocket-guide/
1id1449840740). It intends to facilitate the use of these
recommendations in clinical practice.
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Conclusions: COPD in the XXI Century

Many aspects of our understanding of COPD are changing
rapidly. They have the potential to modify very significantly
the way we prevent, diagnose and treat the disease. The
eradication of COPD is ambitious but potentially achievable
goal this century (27).
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