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The large body of literature on airway hyperresponsiveness
(AHR) and chronic obstructive pulmonary disease (COPD),
including studies by Tkakova et al1 and others,2 suggests that pa-
tients with COPD who exhibit AHR have a worse prognosis
regarding the rate of decrease of FEV1 and even with regard to
mortality. Although the ability to predict a decrease in lung func-
tion and mortality might be of relevance to improved understand-
ing of disease mechanisms, its practical application for clinical
care is unclear. Furthermore, there seems to be a disconnect be-
tween currently available biomarkers and AHR in patients with
COPD, with these biomarkers indistinguishable or even lower
in those with AHR. The reasons for these findings might relate
to issues surrounding AHR itself, the manner in which it is
measured, the choices of biomarkers, and the epidemiologic def-
initions of COPD (vs asthma).
AHR AND ASTHMA
AHR is a fundamental feature of asthma. The mechanism of

AHR in asthmatic patients is not completely clear, and there are
likely multiple mechanisms.3 The issue is further complicated by
differing responses to different stimuli.

Stimuli used to measure AHR have been divided into direct and
indirect.4 Direct stimuli (eg, histamine and methacholine) act
directly on smooth muscle receptors. Indirect stimuli (eg, exer-
cise, eucapnic voluntary hyperpnea, hypertonic saline, and
mannitol) act through at least 1 additional pathway, most
commonly osmotic mediator release from inflammatory cells.
Direct AHR in asthmatic patients can be transient (inducible
and reversible), somehow related to airway inflammation, or
persistent, remaining even in the absence of inflammation.3

Both of these likely relate to increased responsiveness of the
smooth muscle itself. The latter is probably due to smooth muscle
bulk (hyperplasia and hypertrophy), whereas the former might be
due (in addition) to alteration in contractility. Direct AHR will
likely also be affected by airway caliber. Indirect AHR, on the
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other hand, is considered to be a surrogate measure for (the asth-
matic type of) airway inflammation and, as such, is considered by
many to be a more asthmatic type of AHR. It is more variable
(inducible and reversible) than direct AHR4 and has been sug-
gested to be a better tool (than direct AHR) to assess control
and (perhaps) guide corticosteroid dosing.
AHR AND COPD
The majority of patients with moderate-to-severe COPD have

AHR to direct stimuli; this will be less (25% to 50%) in patients
with milder COPD. Relatively small studies in carefully selected
patients with relatively pure (ie, nonasthmatic) COPD have
repeatedly shown a strong correlation with direct responsiveness
and reduced airway caliber.3 This leads to the hypothesis that
direct AHR in patients with COPD is based on a geometric phe-
nomenon in that the resistance in a tube is inversely proportional
to the radius to the fourth power. This is supported by the obser-
vation that resected airway smooth muscle from patients with
COPD with in vivo direct AHR does not demonstrate ex vivo
AHR.5

Direct AHR in patients with COPD is also significantly
associated with gas trapping/hyperinflation.6 Patients with
COPD who also have asthma (some would call this ‘‘COPD and
asthma,’’ and others would use the term ‘‘asthma-COPD overlap
syndrome’’ or ACOS) will also manifest asthmatic AHR,
including indirect AHR. The presence of AHR to indirect stimuli
has been used to differentiate asthma from COPD.3,7 In addition,
AHR to indirect stimuli (mannitol in particular) predicts respon-
siveness to corticosteroids (an asthmatic feature).8 In addition to
the geometric component in all and an asthmatic component in
some, there might yet be other mechanisms for AHR in patients
with COPD.
AHR AND COPD PROGNOSIS
There is little doubt that (direct) AHR in patients with COPD is

associated with worse prognosis, including accelerated decrease
in FEV1, disease progression, and, importantly, increased mortal-
ity.1,2 The pathogenic implications of this relationship are not
clear. There are (at least) 3 potential explanations that are not
mutually exclusive. First, AHR, particularly the geometric type,
could be the result of the more severe disease (ie, because of
more severe obstruction). Second, AHR (either variety) could
be the cause of the more severe disease. Third, AHR could be
associated with but not the cause of the more severe disease.

The concept that (direct) AHR might be a marker of asthma in
conjunction with COPD is logical and requires further consider-
ation. Because asthma, either alone or combined with COPD, is
(or should be) more responsive to treatment, it is at least
somewhat counterintuitive to associate ACOS causally with a
worse prognosis. Further studies could assess indirect AHR (eg,
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mannitol), which is probably a better asthma marker than
methacholine responsiveness. Integration of additional inflam-
matory markers, especially sputum eosinophil counts, might also
prove valuable.

The lack of association of greater AHR with higher levels of
many blood-related biomarkers is initially somewhat surprising.
In asthmatic patients increases in both blood and sputum
eosinophils have been positively associated with AHR, although
correlations with fraction of exhaled nitric oxide have been
inconsistent.9,10 Furthermore, in asthmatic patients it has been
shown (although never replicated) that dosing patients with
inhaled corticosteroids on the basis of their AHR led to improved
outcomes11 and higher inhaled corticosteroid doses. Thus inflam-
mation and inflammatory markers appear to have some relation-
ship with AHR in asthmatic patients. In asthmatic patients these
relationships appear to be related to both direct and indirect mea-
sures of AHR. Although a direct comparison of the biomarkers
measured in the COPD trials with the traditional asthma bio-
markers is not possible, TH2/type 2 biomarkers, including eo-
taxin, similarly did not positively associate with AHR.
However, it is conceivable that levels of type 1 biomarkers (inter-
ferons and interferon-inducible protein 10) might also be
inversely related to AHR in asthmatic patients. Thus the relation-
ship of AHR to inflammation is likely to be complex, biomarker
dependent, and perhaps disease specific.

Finally, it is critical to address the effect of all these measures
on clinical approaches to patient care. Despite the fact that
treatment based on AHR can lead to better outcomes in asthmatic
patients, this approach has never been implemented or even
promoted in various asthma guidelines. This is likely because of
the difficulty in performing the test or tests, the inherent
variability of the test, and perhaps the higher doses of inhaled
corticosteroids required to lead to the improved outcomes. In
patients with COPD, although there is a suggestion that decrease
in lung function and even death is linked to AHR, the treatment
choices to improve this AHR might be more limited. In fact, the
most likely treatment approach would be one targeted at
improving the degree of airway obstruction (as opposed to
indirectly through effects on inflammation).

The study by Tkakova et al1 appears to have performed the
methacholine challenges on minimal background medication,
with subsequent treatment limited to corticosteroids, short-
acting bronchodilators, or both. Given the marginal effect of
both long-acting b-agonists and long-acting muscarinic agents
on survival in patients with COPD, it is conceivable that specif-
ically targeting patients with high AHR with bronchodilator ap-
proaches could affect outcomes, including death.12,13

Prospective studies of indirect AHR and inflammatory bio-
markers are needed before clinically meaningful, guideline-
affecting recommendations can be made.

We thank Jacquie Bramley for assistance in preparation of this manuscript.
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