
EDITORIAL

Bronchodilator reversibility in COPD: the roguish but

harmless little brother of airway hyperresponsiveness?
E.F. Hansen* and J. Vestbo*,#

A
irway hyperresponsiveness (AHR) in chronic obstruc-
tive pulmonary disease (COPD) is well described in an
epidemiological context with rather consistent results.

It is known that AHR is a negative prognostic marker,
associated with an accelerated decline in forced expiratory
volume in one second (FEV1) [1–3] and probably also
associated with an increase in mortality [4]. The presence of
AHR in individual subjects is almost constant. Thus, in the
Lung Health Study (LHS), where responsiveness to methacho-
line was measured at two time points 5-yrs apart, ,17% of the
participants changed responsiveness by o2 concentrations [5].
Smoking cessation is reported to have a beneficial effect on
AHR [5], and smokers with high levels of AHR seem to gain
more from smoking cessation in terms of FEV1 [6].

Even if a lot of the ‘‘hows’’ for AHR in COPD are known, the
‘‘whys’’ have still not been answered. It is not known if AHR
truly denotes a susceptibility to smoking, in line with the
Dutch hypothesis, or if it is a mere reflection of the progression
in COPD. AHR is, unlike in the case of asthma, resistant to
current treatments, and extremely little is known of the
underlying airway biology associated with AHR in COPD.

Bronchodilator reversibility (BDR) in COPD has also been
extensively studied, but with more complex and confusing
results than for AHR. One of the key problems when
examining BDR is that it is not a constant feature in the
individual patient. The large within-subject variability of BDR
has been shown in moderate-to-severe COPD, where ,50% of
the patients changed responder status between study visits [7],
and it is also noted in subjects with mild COPD, as seen in the
study by ANTHONISEN et al. [8] in the current issue of the
European Respiratory Journal.

There has been much interest in the possible association
between BDR and prognosis in COPD, but, despite quite a few
studies, a clear picture has not been elucidated. Some studies
have found reversibility to be a marker of an unfavourable
prognosis in terms of FEV1 decline [1, 9], while others have
found the opposite [2, 10]. In terms of mortality, one study has
shown a favourable effect of BDR [11], whereas others have
found no effect of BDR on mortality [10, 12]. BDR can be
expressed in different terms: for example as an absolute value;

relative to baseline FEV1; relative to predicted FEV1; or in even
more sophisticated ways. The 3–4-fold increase in statistical
models due to this has often brought more confusion than
clarity.

The data set from the LHS is unique in respect to sample size,
as well as length of follow-up, and it is unlikely, in the
foreseeable future, that the picture of BDR in mild COPD will
be developed much further than the one presented by
ANTHONISEN et al. [8] in this issue of the Journal. ANTHONISEN

et al. [8] followed 4,194 subjects with mild COPD for 11 yrs,
with reversibility testing each year for the first 5 yrs, and again
6 yrs later. Furthermore, AHR with methacholine was
measured at baseline, and smoking status throughout the 11
yrs of follow-up was recorded. Thus, it has been possible to
examine the effect of BDR on prognosis in terms of FEV1

decline, to examine the change with time in BDR, and to
examine the association between changes in BDR, changes in
smoking habits and baseline AHR.

The main conclusions from the study seem straightforward.
ANTHONISEN et al. [8] found that baseline bronchodilator
response did not relate to the subsequent decline in lung
function, assessed by data on postbronchodilator FEV1 from 1
to 11 yrs. This observation is in accordance with data from the
Inhaled Steroids in Obstructive Lung Disease in Europe
(ISOLDE) study [7], but not with data from the Intermittent
Positive Pressure Breathing (IPPB) trial [10]. Compared to the
latter study, the LHS had more patients, a substantially longer
follow-up and a more appropriate study design in respect to
examining the effect of bronchodilator responses on prognosis.
A striking finding in the LHS study was the marked increase in
bronchodilator reversibility during the 1st yr of follow-up. The
increase was observed in all smoking strata, but was much
larger in the group of sustained quitters than in intermittent
quitters and continuous smokers. A cross-sectional association
between smoking and bronchodilator response has previously
been reported [10] and it can be speculated that smoking
cessation, by reducing airway inflammation, mediates a
‘‘potential for bronchodilatation’’. The actual reversibility
was not large, the mean reversibility being 111 mL, equivalent
to 4.3% of baseline FEV1. Thus, it is possible that the findings
from the LHS do not apply to patients with more advanced or
reversible disease, such as those entered in some of the large
medication trials, where the mean relative reversibility has
been in the order of 20% [13].

A more thorough examination of the reversibility data from
LHS reveals that more confusion remains. If it is assumed that
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AHR and BDR reflect the same underlying airway abnorm-
ality, it is difficult to put the pieces together. BDR and AHR
were positively correlated, as would be expected. However,
smoking cessation reduced the level of AHR [5], whereas it
increased the level of BDR in the same population. BDR
declined with age, whereas the opposite was the case for AHR
[5]. Disease progression increased both AHR and BDR, judged
from data in continuing smokers. Finally, the baseline level of
AHR was a strong predictor of subsequent decline in FEV1. As
mentioned, this was not the case for BDR.

So can we make any sense from the above conclusions on
bronchodilator reversibility in chronic obstructive pulmonary
disease? On some issues a clearer picture emerges. It seems
that we now can discard bronchodilator reversibility as a
prognostic factor in chronic obstructive pulmonary disease. If
postbronchodilator forced expiratory volume in one second is
controlled for there is no convincing evidence that the level of
reversibility per se is associated with the subsequent decline in
lung function or with mortality. In fact, we now have
convincing evidence that the level of reversibility is not
important for prognosis in chronic obstructive pulmonary
disease, and this statement seems to be true regardless of the
level of disease severity. On the different ‘‘behaviour’’ of
airway hyperresponsiveness and bronchodilator reversibility
in chronic obstructive pulmonary disease, it can be concluded
that they have something in common, but perhaps more that
separates them. They may very well be brothers; however, as
airway hyperresponsiveness grows up and shows its bad
character, bronchodilator reversibility still plays around with
us and we should probably not take him too seriously.
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