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PPROXIMATELY 1 IN 12 PEOPLE WORLDWIDE ARE AFFECTED BY ASTHMA

or chronic obstructive pulmonary disease (COPD)*? once regarded as two

distinct disease entities, these two conditions are now recognized as hetero-
geneous and often overlapping conditions.> The term “asthma—COPD overlap
syndrome” (ACOS) has been applied to the condition in which a person has clini-
cal features of both asthma and COPD.!?

Asthma is an inflammatory disease that affects the large and small airways. It
typically develops in childhood and is often accompanied by allergies, although
asthma develops in adulthood in a subgroup of patients.! Patients with asthma
have bouts of breathlessness, chest tightness, coughing, and wheezing that are due
to generalized airway obstruction, which is manifested as decreased flow rates
over the entire vital capacity and a diminished forced expiratory volume in 1 second
(FEV)) that usually reverts completely after the attack. This airway obstruction
results predominantly from smooth-muscle spasm (Fig. 1), although airway mucus
and inflammatory infiltrates also contribute. Bronchial hyperresponsiveness, an
enhanced bronchoconstrictor response to inhaled stimuli, is a common and core
feature of asthma but is not sufficiently specific to establish a firm diagnosis.!

COPD is also an inflammatory airway disease, one that affects the small air-
ways in particular.? In chronic bronchitis, there are inflammatory infiltrates in the
airways, especially the mucus secretory apparatus, whereas in emphysema, there
are clusters of inflammatory cells near areas of alveolar-tissue breakdown (Fig. 1).
Chronic bronchitis and emphysema often coexist, although there are patients in
whom one phenotype predominates. COPD usually becomes symptomatic with
breathlessness in persons older than 40 to 45 years of age and is frequently as-
sociated with chronic cough, phlegm, wheezing, or a combination of these. Airway
obstruction results from smooth-muscle contraction, airway mucus, tissue break-
down, or a combination of these, with loss of lung elastic recoil leading to airway
closure. This form of airway obstruction is progressive in many patients. COPD is
caused primarily by smoking, although passive smoking, air pollution, and occu-
pational exposures can cause the condition as well.?

Airway inflammation in asthma differs from that in COPD. Asthma is charac-
terized predominantly by eosinophilic inflammation and inflammation involving
type 2 helper T (Th2) lymphocytes, whereas COPD is characterized predominantly
by neutrophilic inflammation and inflammation involving CD8 lymphocytes.* The
clinical extremes of asthma and COPD are easily recognized in differences in symp-
toms and in the age of the patients. Particularly in older patients, the presentation
of asthma and COPD may converge clinically and mimic each other (Table 1). Irre-
versible airway obstruction develops over time in some patients with asthma ow-
ing to airway remodeling, with the result that these patients with asthma resemble
those with COPD (Fig. 1 and Table 1). In contrast, reversible airway obstruction
can occur in patients with COPD, with the result that these patients with COPD
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Figure 1. Hypothetical Course of Lung Function in Chronic Obstructive Pulmonary Disease (COPD) and Asthma.

COPD is an inflammatory disease of the small airways in particular and involves chronic bronchitis and tissue breakdown (emphysema).
The disease may start with a low level of lung function as early as 25 years of age, followed by an accelerated decline in forced expiratory
volume in 1 second (FEV;) as compared with the normal decline. FEV; may decrease to 50% of the predicted (normal) value at 60 years
of age and may go as low as 25% of the predicted value. During exacerbations, FEV; falls; the fall and recovery are more gradual than in
asthma. In asthma, airway obstruction results predominantly from smooth-muscle spasm and hypersecretion of mucus. Exacerbations
may accompany an accelerated decline in FEV; as well, with a rapid fall and more rapid recovery than in COPD. Progression of disease
may occur in a subgroup of persons with asthma, leading to an FEV; of 50% of the predicted value at 60 years of age. FEV; seldom de-
creases to the low levels that occur more frequently in COPD. On the basis of an FEV; of 55% of the predicted value at 60 years of age,
one cannot differentiate asthma from COPD. ACOS denotes the asthma—COPD overlap syndrome.

Table 1. Four Examples of Patients with Obstructive Airway Disease.*
Patient with Patient with

Patient with Patient with ACOS Stemming ~ ACOS Stemming
Characteristic “Easy” Asthma “Easy” COPD from Asthma from COPD
Age (yr) 21 65 45 45
Atopy Yes No Yes Yes
Current smoker No Yes No Yes
Pack-years 0 95 0 20
Dyspnea Recurrent Chronic Chronic with flares  Chronic with flares
Wheezing Yes No Yes Yes
Reversible airway obstruction Yes No No Yes
Bronchial hyperresponsiveness Yes No Yes Yes or no

* “Easy” asthma and “easy” COPD are the easily recognized extremes of asthma and COPD. The two patients with the
asthma—-COPD overlap syndrome (ACOS) have a similar age, and both have atopy. Despite not being a smoker, the pa-
tient with ACOS stemming from asthma has irreversible airway obstruction, which is accompanied by chronic dyspnea
and flare-ups of wheezing and bronchial hyperresponsiveness. The patient with ACOS stemming from COPD has some
reversibility of airway obstruction after bronchodilator use, chronic dyspnea, and flare-ups of wheezing, which may or
may not be accompanied by hyperresponsiveness. In the two patients with ACOS, whether the syndrome stems from
asthma or from COPD cannot be easily distinguished by their phenotype.

resemble those with asthma. Recently, the Global
Initiative for Asthma (GINA) and the Global Ini-
tiative for Chronic Obstructive Lung Disease
(GOLD) issued a joint document (available at
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www.ginasthma.org/local/uploads/files/ACOS _
2015.pdf or www.goldcopd.org/uploads/users/files/
GOLD_ACOS_2015.pdf) that describes ACOS as
a clinical entity and proposes that clinicians
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should assemble the features for asthma and for
COPD that best describe the patient and com-
pare the number of features in favor of each diag-
nosis. In practice, if three or more features of
either asthma or COPD are present, that diagno-
sis is suggested; if there are similar numbers
of features of asthma and COPD, the diagnosis
of ACOS should be considered. The relevant vari-
ables are age at onset, pattern and time course
of symptoms, personal history or family history,
variable or persistent airflow limitation, lung
function between symptoms, and severe hyper-
inflation.

According to a case definition of ACOS that
has been widely promulgated, the syndrome is
estimated to be present in 15 to 45% of the
population with obstructive airway disease, and
the prevalence increases with age.*> However, de-
spite this presumed high prevalence, no double-
blind, prospective studies have been conducted
to provide information on how to treat these
types of patients. Indeed, studies of COPD have
excluded nonsmokers and patients with some
bronchodilator reversibility, whereas studies of
asthma have excluded smokers and patients with-
out substantial bronchodilator reversibility. Thus,
the most effective treatment of patients with
ACOS remains unknown.

In this review, we address the following two
questions: How does one determine in a patient
whether a diagnostic label of asthma, COPD, or
ACOS is appropriate? And what treatment should
patients with ACOS receive? The answer to these
questions cannot be evidence-based, because
studies addressing ACOS as a disease entity and
exploring relevant treatment strategies have yet
to be conducted.

PROGRESSIVE AIRWAY OBSTRUCTION

The human lung grows steadily from birth to
early adulthood; growth stops in the third decade
of life. Lung growth leads to increasing lung vol-
umes and improved lung function as measured
by the FEV,. From early adulthood, FEV, normal-
ly declines by approximately 25 to 50 ml annu-
ally.® In patients with obstructive airway disease,
the decrease can be greater — up to 80 ml per
year in some patients with asthma and up to
150 ml per year in some patients with COPD.”®
However, there is no convincing evidence that

the rate of FEV, decline can be used to distin-
guish between asthma and COPD (Fig. 1).

The global trend of increasing life expectancy
shifts the median age of the population with
asthma upward. This increases the probability of
overlap with COPD as defined by FEV ; the esti-
mated prevalence of ACOS is indeed highly age-
dependent.* The potential overlap populations
with an asthma background are thus patients
with long-standing asthma (with onset in either
childhood or adulthood)® and those with severe
asthma.

BRONCHIAL HYPERRESPONSIVENESS

The increased bronchoconstrictor response that
signifies bronchial hyperresponsiveness® may be
specific to allergens but can also be nonspecific,
such as the response to cold and dry air or to
bronchoactive agents such as histamine or metha-
choline. Bronchial hyperresponsiveness has long
been regarded as a hallmark of asthma and is
indeed very common in asthma and a risk factor
for disease development (Fig. 2). It is currently
not part of the definition of asthma,! because it
does not definitively distinguish asthma from
COPD.>™ Bronchial hyperresponsiveness is driven
by multiple factors, such as reduced airway diam-
eter, increased airway-wall thickness, increased
smooth-muscle mass and smooth-muscle reactiv-
ity, increased (peri)bronchial vascularity, loss of
elastic recoil, airway inflammation, epithelial in-
jury, and increased neurogenic activity.’ In pa-
tients with asthma, there is good evidence that
the degree of bronchial hyperresponsiveness is
related to underlying eosinophilic inflammation'!
and phenotypic and functional alterations of
airway smooth muscle (particularly increased
proliferation),” altered glucocorticoid response,*
and small-airway dysfunction.’ It is debatable
whether bronchial hyperresponsiveness is associ-
ated with accelerated FEV, decline in patients with
asthma,® but bronchial hyperresponsiveness has
been shown to be reduced greatly after 3 months
of treatment with inhaled glucocorticoids,*
which is not convincingly the case in patients
with COPD.""!® Notably, long-term treatment with
inhaled glucocorticoids may even normalize
bronchial hyperresponsiveness in patients with
asthma.®®

Bronchial hyperresponsiveness is also a risk
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Figure 2. Risk Factors for Asthma and COPD and the Influence of Environment and Aging.

There are a large number of established risk factors for asthma and COPD. Although some of these factors are clearly
related to one disease and not the other, there is already considerable overlap early in life and early in the develop-
ment of either disease. With time and increasing age of patients, cumulative environmental hazards, and the result-
ing chronicity of the diseases, the clinical presentations appear more and more similar, making it sometimes impos-
sible to clearly differentiate asthma from COPD in a given person. Although a number of characteristics overlap,
some features of one or the other underlying disease may still be more prominent. Careful examination of these fac-
tors may be helpful to identify the predominant disease phenotype when predicted lung-function values alone are
not sufficient. Spirometry (graph) shows limited reversibility of airway obstruction after bronchodilator (BD) use by
patients with ACOS. BHR denotes bronchial hyperresponsiveness, BPD bronchopulmonary dysplasia, GERD gastro-

esophageal reflux disease, and Th2 type 2 helper T cells.

factor for the development of COPD™ (Fig. 2).
The prevalence of bronchial hyperresponsiveness
among patients with COPD has been reported to
be 60%,* and it may occur even in patients with
mild disease, in whom the baseline level of FEV,
should minimally influence the measurement
of bronchial hyperresponsiveness.?® One study
showed bronchial hyperresponsiveness in 90%
of patients with COPD who did not have a his-
tory of asthma.?! A recent study showed that more
severe bronchial hyperresponsiveness is associ-
ated with higher residual volume (a measure of
air trapping that is related to small-airway dys-
function) in COPD.? In addition, bronchial hyper-
responsiveness is associated with airway inflam-
mation — that is, increased levels of neutrophils,
macrophages, and lymphocytes in sputum and
bronchial-biopsy specimens® and increased levels
of CD8 lymphocytes and eosinophils in periph-

eral lung tissue”® — in patients with COPD. The
association of increased eosinophil levels with
bronchial hyperresponsiveness was once thought
to be limited to patients with asthma.!!

What are the clinical implications of bronchial
hyperresponsiveness in COPD? Studies have
shown that the decline in FEV, is accelerated in
patients with COPD who have bronchial hyper-
responsiveness,”* and that the decline is even
more prominent in smokers.?” Thus, the associa-
tion of bronchial hyperresponsiveness with the
course of lung-function change and with response
to inhaled glucocorticoids differs between COPD
and asthma. Bronchial hyperresponsiveness is a
risk factor for death from COPD in the general
population.?®* Thus, bronchial hyperresponsive-
ness is a marker for more severe disease in both
asthma and COPD, but there are not adequate
data to indicate whether there is a long-term
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benefit to reducing bronchial hyperresponsive-
ness and, if so, how to achieve this in patients
with both asthma and COPD.

REVERSIBILITY OF AIRWAY
OBSTRUCTION

Reversibility of airway obstruction after inhala-
tion of a bronchodilator drug such as albuterol
is a hallmark in early asthma and has long been
regarded as a criterion to distinguish asthma
from COPD. However, the amount of reversibil-
ity can diminish or even disappear with long-
standing asthma.! It is well established that lung
function can be normalized after inhalation of
bronchodilator drugs! or after the use of inhaled
glucocorticoids' in milder forms of asthma. In
contrast, there may be limited reversibility in
more severe asthma; thus, lack of full reversibil-
ity does not rule out an asthma diagnosis.
Reversibility of airway obstruction is frequent-
ly present in COPD as well?®3!; in two studies,
reversibility was observed in up to 44%* and
50%?3! of patients with COPD. Reversibility is not
significantly associated with the risk of exacer-
bation, hospitalization, or death in patients with
COPD.? Studies of the association between re-
versibility and FEV, decline have shown contrast-
ing findings,'®® but overall, no significant as-
sociation was found when baseline FEV, was
taken into account.” Notably, studies have sug-
gested that reversibility occurs in the larger air-
ways of patients with COPD but in a more wide-
spread fashion in patients with asthma.?*%

ATOPY IN ASTHMA AND COPD

Atopy is a risk factor for asthma (Fig. 2), and
most people with asthma are atopic.! Allergic
asthma generally responds to treatment with
inhaled glucocorticoids. Atopy can also be pres-
ent in COPD, and it is even a risk factor for
COPD development.>* Two studies have investi-
gated cohorts of persons with COPD for the
presence of atopy and have shown prevalences of
18% and 30%.*3% The European Respiratory
Society Study on Chronic Obstructive Pulmonary
Disease (EUROSCOP),*® a prospective random-
ized, controlled trial of the long-term efficacy of
inhaled glucocorticoids in mild-to-moderate
COPD, showed that approximately 18% of the
patients had atopy. Patients with atopy were

somewhat younger, were more likely to be male,
and had a higher body-mass index (BMI) than
those without atopy. Male sex and high BMI
were also associated with blood eosinophilia, a
marker of atopy, in the Evaluation of COPD
Longitudinally to Identify Predictive Surrogate
Endpoints (ECLIPSE) study, a 1-year observational
study involving patients with mild-to-severe
COPD.* In EUROSCOP, atopy was not signifi-
cantly associated with the baseline severity of
airway obstruction or the rate of FEV, decline,®
but atopy was associated with cough and phlegm
in those receiving placebo, and patients with
atopy who received budesonide treatment had
fewer such symptoms than did those without
atopy. This observation is consistent with the
results of an earlier study that suggested that
patients with COPD who have atopy benefit most
from glucocorticoid treatment.*”

AIRWAY INFLAMMATION IN ASTHMA
AND COPD

There is broad consensus that asthma typically
has an eosinophilic and a Th2-driven cytokine
pattern of inflammation,*® whereas neutrophilic
inflammation dominates in COPD. Bronchial-
biopsy studies, sputum studies, and exhaled-
breath studies have provided evidence of sub-
stantial heterogeneity in mucosal inflammation.*
Patients with asthma who have severe or late-
onset disease or chronic infections or who smoke
may also exhibit neutrophilic inflammation3°
and CD8 cells in the airways,* both of which
were once believed to be hallmarks of COPD.?
Because the number of neutrophils in the air-
ways increases with age this inflammatory
pattern may mimic COPD in older persons with
asthma. Recent data suggest that eosinophil re-
cruitment is governed by several pathways other
than the classical Th2 pathway** — pathways
that involve type 2 innate lymphoid cells, inter-
leukin-33, GATA-3,® and receptors for CRTH2.
This implies that inflammatory changes and
markers are probably more diverse than once
thought in asthma. It is important to note that
an absence of eosinophilia and the lack of a re-
sponse to inhaled glucocorticoids in a patient
does not rule out asthma.'®3#

A Th2 inflammatory signature can also be
present in COPD. For example, interleukin-13
(@ Th2 cytokine) was expressed in more T cells
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in bronchoalveolar-lavage fluid in patients with
COPD than in those without COPD. In a sub-
group of patients with COPD, a Th2 inflamma-
tion—related gene-expression signature was up-
regulated in biopsy specimens of airway walls, a
finding similar to that in patients with asthma.*
This gene-expression profile was also associated
with eosinophilic inflammation in COPD. The
Th2 profile was, however, not associated with an
FEV, response to inhaled glucocorticoids,* as in
asthma, but rather was associated with a de-
crease in the ratio of residual volume to total
lung capacity, a marker of hyperinflation. These
findings show the complexity and shortcomings
of translating an asthma phenotype that is based
on Th2 or eosinophilic inflammation to a pattern
of response to inhaled glucocorticoids in COPD.

Eosinophils are present in 15 to 40% of pa-
tients with stable COPD — in sputum, broncho-
alveolar lavage, and lung tissue — even after
careful exclusion of patients with reversibility of
airway obstruction, bronchial hyperresponsive-
ness, atopy, or a childhood history of asthma;
eosinophil activation is associated with disease
severity.> Eosinophil levels can also be increased
in the sputum of patients with COPD exacerba-
tions.? In the ECLIPSE study, 37.4% of the 1483
patients with COPD had persistent blood eosino-
philia (eosinophil level >2%) during 3 years of
follow-up.® As compared with patients without
eosinophilia, those with eosinophilia were less
likely to be current smokers, were slightly older,
were more likely to be male, and had fewer
symptoms, a better quality of life, a higher fat-
free mass index, and higher FEV, values. In an-
other study, patients with COPD who had higher
blood eosinophil counts, though mostly in the
normal range, maintained FEV, values at follow-
up, whereas those with lower blood eosinophil
counts had accelerated declines in postbroncho-
dilator FEV %

Patients with asthma or COPD who have spu-
tum eosinophilia have a better response to in-
haled glucocorticoids than those who do not
have eosinophilia.>® Targeted treatment with
inhaled glucocorticoids to reduce eosinophil
levels in patients with COPD has been shown to
prevent exacerbations and hospitalizations, and
glucocorticoids have been shown to be effective
in treating exacerbations accompanied by eosino-
philia.? These data suggest that eosinophilic
inflammation in blood, sputum, or lung tissue

signifies an endotype of COPD with more severe
disease as reflected by exacerbations but less
severe disease when assessed by FEV, decline.

EXHALED NITRIC OXIDE IN ASTHMA
AND COPD

Exhaled nitric oxide (FENO) has been described
as a marker of asthmatic airway inflammation.
FENO may serve to establish an asthma diagno-
sis, although its role in the monitoring of the
disease, especially in children,® is still being
debated. FENO levels are lower in smokers than
in nonsmokers, which makes measurements of
FeNO levels less useful for differentiating asthma
from COPD.® FeNO levels associate with sputum
(and blood) eosinophilia in asthma; whether
this is true in COPD is not known. Although
FENO levels in patients with asthma can de-
crease dramatically after treatment with inhaled
glucocorticoids, some patients have persistent
elevations despite treatment with high-dose oral
glucocorticoids. In these cases, pathways other
than the classical Th2 pathway may be operative
(as discussed above).

IS ACOS RELEVANT FOR CLINICAL
PRACTICE?

Even though overlaps between asthma and COPD
are a clinical reality (Fig. 2), GINA and GOLD
documents have not given a specific definition
of ACOS and have stated that more evidence on
“clinical phenotypes and underlying mecha-
nisms” is needed.'? The danger of seeing ACOS
as a disease entity is that we may blur the lines
between asthma and COPD, because studies
addressing the patient population with ACOS
specifically are lacking, which could lead to
overtreatment, particularly with inhaled gluco-
corticoids. Another problem is that different
ACOS definitions are being applied in various
studies (Table S1 in the Supplementary Appen-
dix, available with the full text of this article at
NEJM.org), thus precluding firm conclusions re-
garding clinical severity, management, and prog-
nosis for ACOS. Inconsistent definitions used in
treatment studies make it almost impossible to
determine the most effective therapy for an indi-
vidual patient. Therefore, we suggest extensive
phenotypic characterization of individual pa-
tients before inclusion in clinical trials.
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CURRENT TREATMENT OF ASTHMA
AND COPD

GINA and GOLD provide well-defined treatment
and management plans for clear cases of asthma
and COPD, respectively.l? For example, for the
patient with “easy” asthma (Table 1), a stepwise
approach is recommended on the basis of dis-
ease severity, with the clinical aim of disease
control and future risk reduction. The main pil-
lars of treatment are inhaled glucocorticoids in
combination with bronchodilator drugs, in partic-
ular short-acting beta-agonists and long-acting
beta-agonists (LABAs). Leukotriene-receptor an-
tagonists are an alternative choice in milder dis-
ease.! For severe allergic asthma with appropriate
IgE levels, anti-IgE treatment is an approved op-
tion; long-acting muscarinic antagonists (LAMAs)
have been shown to work in controlled trials and
are now included in the treatment of severe
asthma! but are not approved by the Food and
Drug Administration for this use.

For the patient with “easy” COPD (Table 1), a
stepwise treatment approach is also recom-
mended, with a focus on reduction of symptoms
and exacerbations and acknowledgment of the
role of coexisting conditions. The main empha-
sis is on smoking cessation and the use of LA-
BAs and LAMAs. The role of inhaled glucocorti-
coids has been debated for years and is limited
to patients with more severe disease and those
with frequent exacerbations.?

PATIENTS WITH ASTHMA AND SIGNS

OF CONCOMITANT COPD

Given the lack of randomized intervention stud-
ies of ACOS, it is difficult to provide firm treat-
ment guidance for patients with the syndrome
(Table 1). We believe that treatment with inhaled
glucocorticoids should be continued in patients
with long-standing asthma even if a component
of irreversible airway obstruction develops; leu-
kotriene modifiers may be of value in those with
atopy. Combination therapy with a LAMA and a
LABA is a well-established treatment and is a
reasonable approach for patients with more se-
vere asthma or COPD or with overlapping condi-
tions. However, given the ongoing debate on the
safety of LABAs in people with asthma, any
suspicion of an asthmatic component in a given
person should definitely prompt the use of in-
haled glucocorticoids.

PATIENTS WITH COPD AND SIGNS OF CONCOMITANT
ASTHMA

Traditionally, COPD is characterized by a rele-
vant smoking history, persistent and progressive
airway obstruction, lack of reversibility of airway
obstruction, and neutrophil infiltration in the
airways. As noted above, we now appreciate that
reversibility, eosinophilia, and bronchial hyper-
responsiveness may be present in patients with
COPD. We think that patients who have any of
these asthmalike features might benefit from
inhaled glucocorticoids. This approach should be
evaluated in large clinical-effectiveness studies
with extensive phenotyping at baseline. Notably,
such studies need to expand on alternative out-
come measures, because patients with COPD and
concomitant signs of asthma may not have easily
measured changes in FEV, in response to treat-
ment and over a short period of time.*

CONCLUSIONS

The current debate on ACOS is not new. In 1961,
a “Dutch hypothesis,” presented by Orie and col-
leagues,* acknowledged the frequent problems
in differentiating between asthma and COPD.
The clinicians and researchers who developed
this hypothesis may have been far ahead of their
time: they suggested that asthma and COPD may
differ in their extremes but that in adults, the
clinical expression depends on age, sex, and envi-
ronmental factors (Fig. 2). They proposed not
labeling a disease on the basis of the clinical
impression but rather defining it on the basis
of agreed-upon and measured criteria. This was
undoubtedly a forerunner of current phenotyp-
ing approaches and is in line with what we pro-
pose today.

On the basis of information presented in the
current review, we believe that it is premature to
recommend the designation of ACOS as a dis-
ease entity in primary and specialist care. More
research is needed to better characterize patients
and to obtain a standardized definition of ACOS
that is based on markers that best predict treat-
ment response in individual patients We suggest
that health professionals keep clear records with
objective measures on every patient, including
symptoms, exacerbations, lung function, and
response to treatments. We hope that these ob-
servational data, along with data from yet-to-be-
performed clinical trials, will guide our hand in
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treating patients with a suspected overlap between

asthma and COPD.

Dr. Postma reports consulting fees paid to her institution by
Chiesi, Boehringer Ingelheim, Teva, Takeda, AstraZeneca, Novar-
tis, and GlaxoSmithKline. Dr. Rabe reports receiving consulting

fees from InterMune, Chiesi, GlaxoSmithKline, AstraZeneca/Pearl,

Novartis, Takeda, Teva, Sandoz International, Berlin-Chemie, and
Boehringer Ingelheim and grant support from InterMune. No other

potential conflict of interest relevant to this article was reported.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

REFERENCES

1. Global Initiative for Asthma. Global
strategy for asthma management and
prevention (updated 2015) (http://www
.ginasthma.org/local/uploads/files/GINA_
Report_2015_May19.pdf).

2. Global Initiative for Chronic Obstruc-
tive Lung Disease. Global strategy for the
diagnosis, management, and prevention
of chronic obstructive pulmonary disease
(updated 2015) (http://www.goldcopd.org/
uploads/users/files/fGOLD_Report_2015_
Apr2.pdf).

3. Barker BL, Brightling CE. Phenotyp-
ing the heterogeneity of chronic obstruc-
tive pulmonary disease. Clin Sci (Lond)
2013;124:371-87.

4. Gibson PG, Simpson JL. The overlap
syndrome of asthma and COPD: what are
its features and how important is it? Tho-
rax 2009;64:728-35.

5. de Marco R, Pesce G, Marcon A, et al.
The coexistence of asthma and chronic ob-
structive pulmonary disease (COPD): prev-
alence and risk factors in young, middle-
aged and elderly people from the general
population. PLoS One 2013;8(5):e62985.
6. VestboJ, Edwards LD, Scanlon PD, et al.
Changes in forced expiratory volume in
1 second over time in COPD. N EnglJ Med
2011;365:1184-92.

7. James AL, Palmer LJ, Kicic E, et al.
Decline in lung function in the Busselton
Health Study: the effects of asthma and
cigarette smoking. Am J Respir Crit Care
Med 2005;171:109-14.

8. Tashkin DP. Variations in FEV, decline
over time in chronic obstructive pulmo-
nary disease and its implications. Curr
Opin Pulm Med 2013;19:116-24.

9. Postma DS, Kerstjens HAM. Charac-
teristics of airway hyperresponsiveness in
asthma and chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med
1998;158:5187-92.

10. Grootendorst DC, Rabe KF. Mecha-
nisms of bronchial hyperreactivity in asth-
ma and chronic obstructive pulmonary
disease. Proc Am Thorac Soc 2004;1:77-
87.

11. Wardlaw AJ, Dunnette S, Gleich GJ,
Collins JV, Kay AB. Eosinophils and mast
cells in bronchoalveolar lavage in subjects
with mild asthma: relationship to bron-
chial hyperreactivity. Am Rev Respir Dis
1988;137:62-9.

12. Gunst SJ, Panettieri RA Jr. Point: al-
terations in airway smooth muscle pheno-
type do/do not cause airway hyperrespon-
siveness in asthma. J Appl Physiol (1985)
2012;113:837-9.

13. Prosperini G, Rajakulasingam K, Cac-
ciola RR, et al. Changes in sputum counts
and airway hyperresponsiveness after
budesonide: monitoring anti-inflamma-
tory response on the basis of surrogate
markers of airway inflammation. J Allergy
Clin Immunol 2002;110:855-61.

14. Brown RH, Pearse DB, Pyrgos G, Liu
MC, Togias A, Permutt S. The structural
basis of airways hyperresponsiveness in
asthma. J Appl Physiol (1985) 2006;101:
30-9.

15. Tracey M, Villar A, Dow L, Coggon D,
Lampe FC, Holgate ST. The influence of
increased bronchial responsiveness, atopy,
and serum IgE on decline in FEV1: a longi-
tudinal study in the elderly. Am J Respir
Crit Care Med 1995;151:656-62.

16. Kerstjens HAM, Brand PL, Hughes MD,
et al. A comparison of bronchodilator
therapy with or without inhaled cortico-
steroid therapy for obstructive airways
disease. N Engl J Med 1992;327:1413-9.
17. Rutgers SR, Koéter GH, van der Mark
TW, Postma DS. Short-term treatment
with budesonide does not improve hyper-
responsiveness to adenosine 5-monophos-
phate in COPD. Am J Respir Crit Care Med
1998;157:880-6.

18. Lung Health Study Research Group.
Effect of inhaled triamcinolone on the de-
cline in pulmonary function in chronic
obstructive pulmonary disease. N Engl J
Med 2000;343:1902-9.

19. Rijcken B, Schouten JP, Xu X, Rosner
B, Weiss ST. Airway hyperresponsiveness
to histamine associated with accelerated
decline in FEV1. Am J Respir Crit Care
Med 1995;151:1377-82.

20. Tashkin DP, Altose MD, Bleecker ER,
et al. The Lung Health Study: airway re-
sponsiveness to inhaled methacholine in
smokers with mild to moderate airflow
limitation. Am Rev Respir Dis 1992;145:
301-10.

21. Lapperre TS, Snoeck-Stroband JB,
Gosman MM, et al. Effect of fluticasone
with and without salmeterol on pulmo-
nary outcomes in chronic obstructive pul-
monary disease: a randomized trial. Ann
Intern Med 2009;151:517-27.

22. van den Berge M, Vonk JM, Gosman M,
et al. Clinical and inflammatory determi-
nants of bronchial hyperresponsiveness
in COPD. Eur Respir J 2012;40:1098-105.
23. Langas T, Kasahara DI, Gross JL, etal.
Cholinergic hyperresponsiveness of periph-
eral lung parenchyma in chronic obstruc-
tive pulmonary disease. Respiration 2011;
82:177-84.

24, Postma DS, de Vries K, Koéter GH,
Sluiter HJ. Independent influence of revers-
ibility of air-flow obstruction and non-
specific hyperreactivity on the long-term
course of lung function in chronic air-
flow obstruction. Am Rev Respir Dis 1986;
134:276-80.

25. Tashkin DP, Altose MD, Connett JE,
Kanner RE, Lee WW, Wise RA. Methacho-
line reactivity predicts changes in lung
function over time in smokers with early
chronic obstructive pulmonary disease: the
Lung Health Study Research Group. Am J
Respir Crit Care Med 1996;153:1802-11.
26. Hospers JJ, Postma DS, Rijcken B,
Weiss ST, Schouten JP. Histamine airway
hyper-responsiveness and mortality from
chronic obstructive pulmonary disease:
a cohort study. Lancet 2000;356:1313-7.
27. Vestbo J, Hansen EF. Airway hyper-
responsiveness and COPD mortality. Tho-
rax 2001;56:Suppl 2:1i11-ii14.

28. Boros PW, Martusewicz-Boros MM.
Reversibility of airway obstruction vs bron-
chodilatation: do we speak the same lan-
guage? COPD 2012;9:213-5.

29. Postma DS, Reddel HK, ten Hacken
NHT, van den Berge M. Asthma and
chronic obstructive pulmonary disease:
similarities and differences. Clin Chest
Med 2014;35:143-56.

30. Bleecker ER, Emmett A, Crater G,
Knobil K, Kalberg C. Lung function and
symptom improvement with fluticasone
propionate/salmeterol and ipratropium
bromide/albuterol in COPD: response by
beta-agonist reversibility. Pulm Pharmacol
Ther 2008;21:682-8.

31. Tashkin DP, Celli B, Senn S, et al.
A 4-year trial of tiotropium in chronic
obstructive pulmonary disease. N Engl J
Med 2008;359:1543-51.

32. Verbanck S, Schuermans D, Noppen
M, Van Muylem A, Paiva M, Vincken W.
Evidence of acinar airway involvement in
asthma. Am J Respir Crit Care Med 1999;
159:1545-50.

33. Verbanck S, Schuermans D, Van Muy-
lem A, et al. Conductive and acinar lung-
zone contributions to ventilation inhomo-
geneity in COPD. Am J Respir Crit Care
Med 1998;157:1573-7.

34. Sparrow D, O’Connor G, Weiss ST.
The relation of airways responsiveness
and atopy to the development of chronic
obstructive lung disease. Epidemiol Rev
1988;10:29-47.

35. Fattahi F, ten Hacken NH, Lofdahl
CG, et al. Atopy is a risk factor for respira-
tory symptoms in COPD patients: results

1248 N ENGLJ MED 373;13 NEJM.ORG SEPTEMBER 24, 2015

The New England Journal of Medicine
Downloaded from negjm.org at VIRGINIA COMMONWEALTH UNIV on September 24, 2015. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.



from the EUROSCOP study. Respir Res
2013;14:10.

36. Jamieson DB, Matsui EC, Belli A, et al.
Effects of allergic phenotype on respira-
tory symptoms and exacerbations in pa-
tients with chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med
2013;188:187-92.

37. Sahn SA. Corticosteroids in chronic
bronchitis and pulmonary emphysema.
Chest 1978;73:389-96.

38. Wenzel SE. Asthma phenotypes: the
evolution from clinical to molecular ap-
proaches. Nat Med 2012;18:716-25.

39. Mauad T, Dolhnikoff M. Pathologic
similarities and differences between asth-
ma and chronic obstructive pulmonary dis-
ease. Curr Opin Pulm Med 2008;14:31-8.
40. Ravensberg AJ, Slats AM, van Weter-
ing S, et al. CD8(+) T cells characterize
early smoking-related airway pathology

in patients with asthma. Respir Med 2013;
107:959-66.

41. Pignatti P, Ragnoli B, Radaeli A,
Moscato G, Malerba M. Age-related in-
crease of airway neutrophils in older
healthy nonsmoking subjects. Rejuvena-
tion Res 2011;14:365-70.

42. Brusselle GG, Maes T, Bracke KR.
Eosinophils in the spotlight: eosinophilic
airway inflammation in nonallergic asth-
ma. Nat Med 2013;19:977-9.

43. Krug N, Hohlfeld JM, Kirsten AM, et al.
Allergen-induced asthmatic responses
modified by a GATA3-specific DNAzyme.
N Engl J Med 2015;372:1987-95.

44, Christenson SA, Steiling K, van den
Berge M, et al. Asthma-COPD overlap:
clinical relevance of genomic signatures
of type 2 inflammation in COPD. Am J
Respir Crit Care Med 2015;191:758-66.
45. Singh D, Kolsum U, Brightling CE,

ASTHMA—-COPD OVERLAP SYNDROME

Locantore N, Agusti A, Tal-Singer R.
Eosinophilic inflammation in COPD:
prevalence and clinical characteristics.
Eur Respir J 2014;44:1697-700.

46. Siva R, Green RH, Brightling CE, et al.
Eosinophilic airway inflammation and ex-
acerbations of COPD: a randomised con-
trolled trial. Eur Respir J 2007;29:906-13.
47. Chung KF, Wenzel SE, Brozek JL, et al.
International ERS/ATS guidelines on defi-
nition, evaluation and treatment of severe
asthma. Eur Respir J 2014;43:343-73.

48. Barnes PJ, Dweik RA, Gelb AF, et al.
Exhaled nitric oxide in pulmonary dis-
eases: a comprehensive review. Chest 2010;
138:682-92.

49, Orie NGM, Sluiter HJ, eds. Bronchitis.
Assen, the Netherlands: Royal van Gor-
cum, 1962.

Copyright © 2015 Massachusetts Medical Society.

IMAGES IN CLINICAL MEDICINE

The Journal welcomes consideration of new submissions for Images in Clinical
Medicine. Instructions for authors and procedures for submissions can be found
on the Journal’s website at NEJM.org. At the discretion of the editor, images that
are accepted for publication may appear in the print version of the Journal,

the electronic version, or both.

N ENGL J MED 373;13 NEJM.ORG SEPTEMBER 24, 2015

1249

The New England Journal of Medicine
Downloaded from negjm.org at VIRGINIA COMMONWEALTH UNIV on September 24, 2015. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.



