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Purpose of review

Asthma and chronic obstructive pulmonary disease
(COPD) are both defined by the presence of airflow
obstruction, but they present distinguishing differences in
terms of both risk factors and clinical phenotypes. Yet it is
quite common in the clinical setting to observe patients
with asthma showing COPD-like phenotypes, and vice
versa, making it a priority to search for optimal prevention,
treatment, and management strategies for these cases of
coexisting lung obstructive diseases.

Recent findings

Recent studies have provided further evidence of strong
epidemiologic and clinical links between asthma and
COPD. Adult subjects with active asthma are as much as
12 times more likely to acquire COPD over time than
subjects with no active asthma. Signs identifying patients
with asthma predisposed to developing COPD may
already be present at the early stages of the disease, a
finding with potential implications for prevention of COPD.
In addition to spirometry and other pulmonary function
tests (such as measurements of residual volume and
diffusing capacity of the lung for carbon monoxide), recent
evidence suggests that the assessment of type and
degree of airway remodeling and the evaluation of
inflammatory markers might prove useful in the future to
characterize phenotypically patients with coexisting
asthma and COPD.

Summary

The nature of the association between asthma and COPD
remains unclear and open to discussion. Further research
is required to develop effective management algorithms for
patients with multiple obstructive lung diseases, determine
to what extent early treatment and optimal management of
asthma may protect against progression into COPD, and
identify genetic markers of individual susceptibility to
specific lung disease phenotypes and pharmacologic
treatments.
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Introduction

In the last decades, the overlap among asthma, chronic
bronchitis, and emphysema has received much attention,
and evidence has been accumulating on the similarities
but also on the distinguishing differences among these
three diseases. One of the most significant driving forces
behind this intense research activity has been the so-
called Dutch hypothesis [1]. In the early 1960s, Oric ¢z al.
[2] proposed that asthma, chronic bronchitis, and emphy-
sema should be considered different expressions of one
disease entity in which both host factors (such as genetic
predisposition to atopy and bronchial hyperresponsive-
ness) and environmental factors (such as smoking) play
major roles. Although this hypothesis has never been
completely abandoned by the scientific community,
asthma and chronic obstructive pulmonary disease
(COPD) have been increasingly differentiated over time
in terms of risk factors, clinical presentations, prognosis,
and management. Current guidelines for their manage-
ment are to a large extent different [3-5]. Yet there is no
consensus on whether asthma and COPD represent dis-
tinct diseases that share some common characteristics or
whether they represent a single disease with multiple
phenotypes. The answer to this question is likely to have
a major impact on the way we will prevent and treat
these diseases in the years to come. This review dis-
cusses some of the most significant advances in the un-
derstanding of the overlap between asthma and COPD
published between October 2002 and June 2004.

Definition and comorbidity
Much of the difficulty in distinguishing asthma, chronic
bronchitis, and emphysema comes from the fact that
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Table 1. Definitions of asthma, chronic bronchitis,
emphysema, and chronic obstructive pulmonary
disease (COPD)

Definition

Asthma [3] Chronic inflammatory disorder of the airways in
which many cells and cellular elements play a
role, in particular, mast cells, eosinophils, T
lymphocytes, neutrophils, and epithelial cells.
In susceptible individuals, this inflammation
causes recurrent episodes of wheezing,
breathlessness, chest tightness, and cough,
particularly at night and in the early morning.
These episodes are usually associated with
widespread but variable airflow obstruction
that is often reversible either spontaneously or
with treatment. The inflammation also causes
an associated increase in the existing bronchial
hyperresponsiveness to a variety of stimuli.

(Clinical and functional definition)

Chronic productive cough for 3 months in each
of 2 successive years in a patient in whom
other causes of productive chronic cough have
been excluded.

(Clinical definition)

Permanent enlargement of the airspaces distal to
the terminal bronchioles, accompanied by
destruction of their walls and without obvious
fibrosis.

(Anatomic definition)

Disease state characterized by airflow limitation
that is not fully reversible. The airflow limitation
is usually both progressive and associated with
an abnormal inflammatory response to the
lungs to noxious particles or gases. The
chronic airflow limitation characteristic of
COPD is caused by a mixture of small airway
disease (obstructive bronchiolitis) and
parenchymal destruction (emphysema).

(Functional definition)

Chronic
bronchitis [6]

Emphysema [6]

COPD [4,5]

their definitions are not mutually exclusive and are dif-
ferentially based on clinical, anatomic, or functional con-
ditions (Table 1) [3-6]. To complicate things even more,
the working definition of COPD developed within the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) [4,5] is mostly based on the presence of a
nonfully reversible airflow limitation, independent of
the presence of chronic cough and phlegm (7, chronic

bronchitis) and of the existence of emphysematous struc-
tural changes in the lungs. Of note, a nonfully reversible
airway obstruction is also a common feature in subjects
with long-term asthma. The GOLD definition of COPD
does not include the terms emphysema and chronic bron-
chitis [4], which are often used incorrectly and capture
only some of the complex structural abnormalities and
clinical symptoms associated with the disease. In this
review, the GOLD working definition of COPD will be
used mainly, but evidence will also be discussed from
epidemiologic studies using the diagnostic categories of
emphysema and chronic bronchitis. In fact, these terms
may represent useful disease indicators for COPD in
large population studies, particularly when data on lung
function after bronchodilator are not available.

The overlap in terminology of the definitions of asthma,
chronic bronchitis, emphysema, and COPD represents a
major source of confusion, because it affects the ability
not only to distinguish these diseases from each other
but also to estimate consistently the prevalence of airway
obstruction in the general population itself. Celli ez al.
[7¢] found that rates of airway obstruction in adults var-
ied dramatically (by more than 200%) in the general
population according to the definition used (either self-
reported diagnosis of chronic bronchitis/emphysema or
the finding of a ratio forced expiratory volume in Is
(FEV,)/forced vital capacity (FVC) < .70 at spirometry.

The fact that individual patients can have different com-
binations of asthma, chronic bronchitis, and emphysema
has been effectively illustrated using the Venn diagram
[6]. Recently, Soriano ¢z /. [8®] used data from two large
databases from the United States and the United King-
dom to estimate a proportional Venn diagram of obstruc-
tive lung disease. As shown in Figure 1, in the US popu-
lation, 8.5% of the participants reported asthma, chronic
bronchitis, or emphysema. Of these subjects, approxi-
mately 17% reported more than one condition. Subjects
with more than one condition accounted for as many as
50% of patients with obstructive lung disease older than

Figure 1. Proportional Venn diagram of obstructive lung disease (asthma, chronic bronchitis, and emphysema) in
the United States [National Health and Nutrition Examination Survey (NHANES) Il surveys 1988-1994] for all ages
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0.13% Asthma & Emphysema

- Emphysema & Chronic Bronchitis

0.90% Asthma & Chronic Bronchitis

0.24%)| Asthma, Emphysema & Chronic Bronchitis

The circle areas are a proportional representation of the
prevalence of asthma, chronic bronchitis, and emphysema
in the US NHANES Il population. The areas of
intersection represent subjects with more than one
condition. Prevalence rates are listed for each of the seven
possible combinations. In the US NHANES Il population,
the prevalence of asthma was 5.5%, the prevalence of
chronic bronchitis 3.2%, and the prevalence of
emphysema 1.5%. Subjects with more than one condition
accounted for approximately 17% of patients with lung
obstructive disease. Adapted with permission [8¢].




50 years in the United Kingdom [8e]. This proportion
was 25% in an Australian study on subjects age 45 to 69
years [9]. A report from the Italian Study on Asthma in
Young Adults (20—44 years) showed that approximately
20% of the subjects reporting chronic cough and phlegm
(ze, the clinical definition of chronic bronchitis) had co-
existing asthma [10]. Subjects reporting the coexistence
of two or three obstructive lung diseases are on average
older and have higher prevalence of airway obstruction
on spirometry [8e]. In addition, the coexistence of
COPD and asthma has been associated with increased
mortality in several studies, including a recent report
from a nationally representative sample of US deaths
[11]. One striking finding in the study by Soriano ez a/.
[8e] was that as many as 58% of subjects with airway
obstruction confirmed by spirometry reported no diag-
nosis, suggesting that obstructive lung diseases are se-
verely underdiagnosed in the general population.

The common messages emerging from these epidemio-
logic studies are that (1) the prevalence of obstructive
lung diseases, although strictly definition-dependent,
represents a major social and economic burden; (2) the
coexistence of asthma, chronic bronchitis, and/or emphy-
sema in the same patient is associated with increased
severity of disease and risk of mortality; and (3) as many
as half of the cases of airflow obstruction remain undi-
agnosed in the general population. Screening programs
using spirometry [12] or even the simple measurement
of peak flow rate [13] might help to detect a significant
proportion of these undiagnosed cases.

Relation between the natural history of
asthma and chronic obstructive

pulmonary disease

In the vast majority of cases, the coexistence of asthma
and COPD is restricted to adult and, particularly, elderly
patients. However, asthma most frequently has its onset
in childhood. In the 1970s, Burrows ez a/. [14] reported
that adults with COPD were more likely to recall respi-
ratory troubles during childhood than those without
COPD, suggesting the existence of a possible progres-
sion of the natural history of childhood asthma into adult
COPD. This hypothesis has not yet been tested conclu-
sively. However, longitudinal cohort studies are provid-
ing growing evidence that childhood asthma does fre-
quently persist into adulthood, and the likelihood of
persistence is directly correlated with the severity of the
disease [15-17]. Are these cases of long-term persistent
asthma destined to develop into a nonfully reversible
airflow obstruction, 7z, COPD? In a recent report from
the large longitudinal cohort of the Tucson Epidemio-
logical Study of Airway Obstructive Disease [18ee], adult
subjects with active asthma were found to have a 12
times higher risk of acquiring COPD over time than sub-
jects with no asthma after adjusting for smoking. One of
the strengths of this report was that, unlike most other
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epidemiologic studies, COPD was defined by the pres-
ence of both a physician-confirmed diagnosis and objec-
tive measurements (FEV, or diffusing capacity of the
lung for carbon monoxide [DLCO] < 80% predicted).
However, this study did not have information on re-
sponse to bronchodilator, leaving unanswered the ques-
tion of whether this progression of asthma into COPD
was indeed marked by the major hallmark of COPD, vz,
the development of nonreversible airflow obstruction.

This question has been addressed in an interesting study
from The Netherlands [19ee] in which a group of 228
asthmatics admitted to an asthma clinic in the 1960s
were extensively re-evaluated 26 years later. At the fol-
low-up visit, 16% of the patients had nonreversible air-
flow obstruction, 23% reduced carbon monoxide transfer
coefficient, and 5% both. Interestingly, lower FEV, val-
ues, less reversibility of airway obstruction, and less se-
vere bronchial hyperresponsiveness at enrollment pre-
dicted the presence of nonreversible obstruction at
follow-up. Similarly, the presence of functional emphy-
sematous signs at enrollment, such as high residual vol-
ume and total lung capacity, predicted the presence of a
reduced carbon monoxide transfer coefficient at follow-
up. These findings suggest that subtle signs identifying
patients with asthma predisposed to develop COPD are
already present at the early stages of the disease.

In interpreting the findings of these long-term longitu-
dinal studies, a word of caution should be said regarding
the possible presence of a cohort effect [20]. In the past,
childhood asthma was more strongly associated with re-
current infections, and its treatment was less effective
than today. This means that, if a link between childhood
asthma and adult COPD exists among the patients with
COPD we see today, this may change in the future when
children with asthma who have benefited from the new
modern asthma treatments and management strategies
will enter their late adulthood. However, to date, to what
extent (if any) an early anti-inflammatory treatment of
asthma is beneficial against the development of nonre-
versible airway obstruction remains a vital, but still open,
question.

Lung function testing in asthma and

chronic obstructive pulmonary disease

There is probably no phenotype that illustrates the com-
plexity of the overlap between asthma and COPD better
than lung function. Both diseases are characterized by
airflow obstruction. Yet although the involvement of
small airways and lung parenchyma appears to be pre-
dominant in COPD [21ee 22e 23], more so than in
asthma, a real distinction between the two diseases
based simply on baseline spirometry is very difficult.

One major discriminatory factor is represented by the
presence of a significant response to bronchodilator in
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asthma, whereas airflow obstruction in COPD is not fully
reversible by definition [4]. However, a partial response
to bronchodilator is a common feature in patients with
COPD [24¢,25-27] who appear to benefit frequently
from the use of short-acting and long-acting [3,-agonists
[289,29]. Several studies have shown that almost 50% of
patients with COPD may have significant improvement
in FEV, after bronchodilator [25,27], and this appears
true even among subjects with severe al-antitrypsin de-
ficiency [24e]. Interestingly, among patients with
COPD, reversibility to B,-agonists appears to be associ-
ated with other asthma-related phenotypes, such as
blood eosinophilia [27], IgE levels, and bronchial hyper-
responsiveness [30e].

If patients with COPD frequently show asthma-related
phenotypes such as partial bronchoreversibility and
bronchial hyperresponsiveness [31], patients with
asthma may develop airflow function signs that are char-
acteristic of COPD. In addition to the aforementioned
development of irreversible lung obstruction, long-term
asthma has been associated with an accelerated decline
of FEV, [32]. There has been much debate on whether
this accelerated decline is present only among those pa-
tients with asthma who eventually progress into COPD
[33¢,34,35] and on what factors might help identify these
subgroups of patients with asthma susceptible to accel-
erated decline of lung function [33¢,35—40]. There is not
yet conclusive evidence to answer these two questions,
which are likely to have essential clinical implications,
because FEV, decline is one of the strongest predictors
of mortality among patients with obstructive lung dis-
cases.

Taken together, these studies confirm the difficulty of
distinguishing asthma and COPD based simply on spi-
rometric parameters and reinforce the need of more dis-
criminatory tests, such as DLCO measurement [41e].
Most importantly, they suggest that basing the definition
of asthma and COPD on functional parameters empha-
sizes similarities rather than differences between these
diseases.

Overlap of asthma and chronic obstructive
pulmonary disease: is airway remodeling

the link?

Some researchers believe that a significant part of the
phenotypic overlap between asthma and COPD can be
ascribed to the airway remodeling that takes place in
these diseases. This area is being extensively investi-
gated, and it was identified as one of the six priority areas
for research in asthma in a recent National Heart, Lung,
and Blood Institute Working Group report [42ee]. Air-
way remodeling is characterized by functionally relevant
changes of the cellular and molecular constituents of the
airway wall [43e.44] that are linked to the surrounding
inflammatory process. Airway remodeling occurs in both

asthma and COPD, but it presents important differences
in the structures, anatomic sites, and cell types involved
in the two diseases [45].

Airway remodeling has been postulated to be linked
among patients with asthma to the development of
COPD-like pulmonary signs, such as nonreversible air-
flow obstruction and accelerated FEV, decline [46—48].
However, to date, this association is far from being fully
elucidated. Indirect evidence is provided by a recent
study by Benayoun ez a/. [49¢] in which fibroblast ac-
cumulation and airway smooth muscle hypertrophy in
proximal airways were found to characterize severe per-
sistent asthma and to correlate negatively with both pre-
bronchodilator and postbronchodilator FEV, values
among patients with asthma.

The availability of new technologic tools less invasive
than the histologic examination of lung biopsies will
make it easier to assess the functional impact of airway
remodeling in asthma and COPD. Nakano ez a/. [43¢]
have reviewed the use of high-resolution C'T (HRCT) to
assess airway remodeling and concluded that, although
further technologic advances are hoped for, asthma and
COPD do show different patterns of remodeling with
the current HRC'T' quantitative methods. However, in
both diseases, it appears possible to identify HRC'T pa-
rameters derived from the airway wall area, the airway
luminal area, and the lung tissue density that correlate
with lung function and disease severity [50-55]. Most
importantly, among patients with asthma, the degree of
airway wall thickness and low attenuation areas in the
lungs, as assessed by HRC'T scan, was found to correlate
with COPD-like functional signs, such as irreversible air-
flow obstruction and reduced diffusing capacity for car-
bon monoxide [56¢,57]. These findings suggest that the
histologic or HRC'T-derived assessment of the type and
degree of airway remodeling may help to characterize
phenotypically patients with coexisting lung obstructive
diseases.

Inflammation in asthma and chronic
obstructive pulmonary disease

Important contributions to the differentiation of asthma
and COPD come from studies comparing the type and
degree of airway inflammation in these diseases. Both
asthma and COPD are airway inflammatory diseases, but
with distinct characteristics [58ee]. In asthma, eosino-
phils, mast cells, and CD4" T lymphocytes represent the
most prominent inflammatory cell types, whereas neu-
trophils, macrophages, and CD8" T cells are prominent
in COPD [21ee 58ee].

Can the inflammatory phenotype help distinguish pa-
tients with asthma from those with COPD in the pres-
ence of an irreversible airflow obstruction? To address
this question, Fabbri ez a/. [59¢] studied 27 subjects



with a history of COPD and 19 subjects with a history of
asthma with comparable degrees of fixed airflow obstruc-
tion. The two groups differed according to a large num-
ber of factors related to lung function (residual volume,
diffusing capacity), imaging (HRCT scan emphysema
score), bronchial biopsy (thickening of the epithelial
basement membrane), and inflammatory cells (eosino-
phils, neutrophils, and CD4"/CD8" ratio of T cells) in
collected specimens. Interestingly, the percentages of
sputum and bronchoalveolar lavage cosinophils were the
best predictors of a history of asthma.

The immunologic differentiation of asthma and COPD
may also have important prognostic and therapeutic im-
plications. Sputum cosinophilia is associated with poorly
controlled asthma [60], and normalization of eosinophil
count in induced sputum has been linked to reduction in
asthma exacerbations and hospital admissions [61e].
Neutrophilic inflammation is less sensitive to treatment
with steroids than eosinophilic inflammation [21ee 62],
and the percentage of neutrophils in induced sputum has
been shown to correlate with accelerated FEV, decline
among patients with asthma [33¢]. However, the use of
immunologic markers to differentiate asthma and COPD
can prove challenging in the clinical setting, even with
invasive procedures such as bronchial biopsies [63]. Fur-
ther research is needed to determine whether minimally
invasive methodologies, such as inflammatory cell count
in induced sputum or measurements of stimulated pro-
duction of cytokines from peripheral blood mononuclear
cells [64], can improve the ability to diagnose and treat
patients with coexisting lung obstructive diseases.

Risk factors and susceptibility for asthma

and chronic obstructive pulmonary

disease: a dynamic relation

The presented evidence illustrates the complexity of the
phenotypic overlap between asthma and COPD. Yet
there is another equally important overlap between the
risk factors associated with these diseases. Smoking, the
long-recognized major risk factor for COPD [65], is also
associated with asthma-related intermediate phenotypes,
such as elevated IgE [66¢], eosinophilia [67¢], and bron-
chial hyperresponsiveness [31,66¢,67¢]. Conversely,
bronchial hyperresponsiveness and IgE levels are signifi-
cant predictors of the rate of FEV, decline among pa-
tients with COPD [68] and late-onset airway obstruction
among adults [69]. The interrelationship between risk
factors for lung obstructive diseases is also evident in the
occupational setting. Recently, approximately 15% of
both asthma and COPD were estimated to be work-
related in a statement by the American Thoracic Society
[70ee]. Although the relative importance of the underly-
ing mechanisms (IgE-mediated versus irritant-induced)
is likely to be different in occupational asthma and
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COPD, subjects with asthma and COPD can be suscep-
tible to the same noxious occupational agents.

‘This overlap of phenotypes and risk factors suggests that
a rigid model cannot describe the complexity of the re-
lation between asthma and COPD, and factors such as
individual genetic susceptibility and interaction between
different risk factors and/or clinical phenotypes must also
be taken into account.

Conclusion

In the last few years, intense research efforts have been
devoted to expand understanding of the overlap be-
tween asthma and COPD. It is increasingly evident that
a distinction between these diseases cannot be based
simply on spirometry testing, with or without broncho-
dilator response. Supplemental pulmonary function
tests, such as measurements of residual volume and
DLCO, remain useful tools in patients with coexisting
obstructive lung diseases. Assessment of type and degree
of airway remodeling and evaluation of inflammatory
markers might also prove useful in the future to charac-
terize phenotypically patients with asthma and COPD.
The ultimate goal of differentiating patients with asthma
and COPD is to provide better prevention, treatment,
and management of these diseases. Future research is
required to determine whether patients with coexisting
signs of asthma and COPD may benefit from manage-
ment strategies that are based on multiple functional,
morphologic, and immunologic assessments rather than
on a categorization into rigid diagnostic labels of either
asthma or COPD. Another essential research question
will be whether early treatment and optimal manage-
ment of asthma may reduce the proportion of asthma
cases that ultimately develop COPD-like signs. In this
framework, the completion of the sequencing of the hu-
man genome is providing a new extraordinary opportu-
nity to identify genetic markers of individual suscepti-
bility to specific risk factors, to specific disease
phenotypes, and to specific pharmacologic treatments.
"T'his is probably the most promising research area for the
years to come.
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