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Table 1. - Influence of 8 weeks of treatment with 800 J.l9 
budesonide on airway calibre and airway hyperreactivity 
in 14 asthmatics 

Budesonide 800 J.lg 

FEV 
1 

%predicted 
PC20 methachline 

From reference [3) 

0 

84 
0.91 

Week 

2 4 

93 93 
1.84 1.89 
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92 92 
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Bronchial hyperreactivity in smokers 

N.B. Pride 

Non-specific bronchial hyperresponsiveness (BHR) is 
regarded as cen1ral LO the development of airway 
narrowing and symptoms in subjects with asthma. 
Because the inLensity of B HR is related to the 
clinical severity of asthma, some experts believe 
that the major aim of 1reatment in asthma should 
be to remove (or at least altenuate) BHR, rather 
than to !real symptoms as Lhey arise. BHR is 
also found in many smokers with developing 
airflow obstruction. This rajscs two questions: 1) 
is BHR in smokers imporumL in Lhe pathogenesis of 
progressive airflow obstruction? (as proposed by 
the 'Dutch hypothesis' of Orie and Van der Lende 
in the 1960s) and, if so, Lhen 2) will attenuation 
of BHR slow down the progression of airnow obstruc
tion in continuing smokers? This report considers 
these two hypotheses. 

There is widespread agreement that bronchial hyper
responsiveness (BHR), - usually assessed as the re
sponse Lo inhaled hisLamine or met.hacholine, is found 
consistently in middle-aged male smokers with mild 
or moderate chronic airnow obstruction [1]. Male 
smokers who have shown preceding, accelerated annual 
decline in forced expiratory volume in one second 
(FE V 

1
) also show abnormal BHR LO inhaled bron

choconstrictor or bronchodilator drugs. The presence 
of an association between low baseline FEV t and an 
accelerated annual decline in FEV1 ('horse-racing 
effect') has recently been discussed and criticized (2], 
however, it appears Lo be a feaLure of middle-aged 
male smokers. 

The associaLion of these Lhree changes is com
patible with the accuracy of the Dutch hypothesis 
but does not indicate whether the BHR observed is 
important in pathogenesis or merely one of many 
unimporLanl consequences of smoking. 

Is the BHR of smokers 'endogenous' or acquired? 

The original Dutch hypothesis implied that BHR 
in smokers was l ikely to be similar to that associated 
wi th asthma and atopy and so to be 'endogenous' 
or 'constitutional' and presumably present al the 
onset of smoking. Such 'endogneous' allergic BHR 
is sufficiently common in the population of pre
smoking age that it must account for a proportion 
of BHR found in smokers, unless smoking is so dis
turbing to those individuals with pre-existing BHR 
that they aJI give up. (Some studies, including our 
own, have found LllaL positive skin tests to common 
inhalant allergens are more common in ex-smokers 
than continuing smokers). So the questions are 
really a) is BHR often acquired after the onset 
of smoking? If the answer is 'yes', b) in the population 
of smokers with BAR, what is the relative prevalence 
of endogenous and acquired BHR? 

Cross-sectional evidence suggests thaL BHR is 
ofLen acquired. In contrast to findings in asthmatics, 
there is a relatively strong inverse association between 
the intensity of B FIR and reduction in lung function. 
Review of various sLudies of BHR in smokers with 
normal lung function, suggests that BHR js not 
increased in young smokers but is in middl e-aged 
smokers [3]. This is confirmed by a recem com
munity-based study in England, which found that 
prevalence of BHR among smokers increased with 
increasing age f4]. Although Lhe answer to question 
(a) would therefore seem to be positive, there is little 
information yet on question (b) although Lhis should 
come from various community studies in progress, 
in panicular the foiJow-up of Lhe original Netherlands 
studies of Van der Lende. 

Concerning our major questions, whether BHR is 
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endogenous or acquired may be of minor importance. 
Either type may be of pathogenetic significance, at
tenuation of either type might be useful therapy. 

Origins of BHR in smokers 

Currently, the Lhree main theories for the origin 
of BHR in smokers are altered airway geometry, 
airway inflammation due LO infection, and allergy. 
The distinction between inflammation and allergy 
may be less clear-cut in 1987 than in the 1960s. 
Clearly unspecified 'inflammation' is far too all
encompassing. New infonnation is emerging which 
bears on the importance of these three factors. 

Allergy. In groups of men, even excluding those 
with an obvious history of asthma, smokers show 
a slight increase in absolute blood eosinophil count 
and with negative skin tests to common inhalant 
antigens have slightly higher blood IgE levels than 
non-smokers. However, we have been unable to re
late these abnonnalities in individual smokers to 
the presence of either BHR or to accelerated an
nual decline in FEV 1 [3]. 

Inflammation. There is no doubt that acute inflam
mation, whether due to respiratory infection, inhaled 
irritant gases or occupational or allergen exposure, 
enhances BHR for days or weeks, so that the hypo
thesis that BHR is associated with chronic inflam
mation of bronchial walls is currently popular. 
There is abundant evidence of chronic inflammation, 
in expectorated sputum, in bronchoalveolar lavage 
fluid and in bronchial wall biopsies, in smokers 
studied in the stable state between clinically evident 
episodes of bronchopulmonary infec tion. There is 
also a chronic elevation of neutrophil and total white 
blood cell (WBC) count in the peripheral blood. 
However, our efforts to confmn an association 
between BHR and chronic airway inflammation 
have so far been unsuccessful. Thus: 

1) Although we found the expected increase of 
total WBC in our smokers, we could not relate 
the extent of increase to annual decline in FEV 1 
[3]; this may be due to lack of numbers in our study, 
as a relation between the extent of elevation of 
WBC count and accelerated annual decline in FEV, 
has been found in large studies. We could also 
find no significant trend for BHR in smokers (or 
ex-smokers) to be related to total WBC count [1]. 

2) Non-steroidal anti-inflammatory drugs (NSAID) 
have attenuated the BHR induced by ozone in 
dogs. We therefore decided to try NSAID in smokers 
although they have not been very successful in 
asthma (except in reducing refractoriness to inhaled 
histamine). There was no change in BHR one hour 
after a single 1.2 g dose of aspirin. Neither was 
there any suggestion of refractoriness to histamine 
at this interval in smokers. 

3) A group of recent studies found that inhaled 
corticosteroids produced a moderate attenuation of 
BHR to inhaled histamine in subjects with asthma, 

the effect occurring after two to three months treat
ment. In pilot studies, we have found no consistent 
attenuation of BHR after inhaled corticosteroids in 
twelve smokers studied for three months double
blind, or in six men studied over twelve months in 
an open comparison with six control men. Larger 
and more prolonged studies are of couse necessary. 

4) We have followed sixteen ex-smokers with 
BHR (who had already given up smoking when 
first found to have BHR) by repeating meas
urement of BHR and FEV 1 after an interval of four 
years [5]. There is evidence that ex-smokers show 
reduced bronchial wall inflammation but BHR was 
quite unchanged and FEV 1 showed only the nonnal 
age-related decline over this period , probably due to 
loss of lung recoil, rather than to intrinsic airway 
narrowing. This result favours geometric factors more 
than airway inflammation. Of course we cannot 
exclude the possibility that ex-smokers with BHR 
are biased towards those with 'endogenous'. aller
gic BHR rather than to acquired, non-allergic, smoking
related BHR and there was some evidence LO support 
this. Nevertheless, some reduction in inflammation would 
surely be expected on quitting smoking. 

These investigations, therefore, all failed to find 
positive evidence for bronchial wall inflammation 
in pathogenesis of BHR. 

Altered geometry. We have three pieces of evidence 
in favour of the role of reduced airway dimensions 
in increasing BHR: 
1) Almost all studies, including our own, find a strong 
inverse relationship between intensity of BHR and 
reduction in baseline FEV1• 

2) Sequential prospective studies in 27 continuing 
smokers after an interval of four years have shown 
an increase in BHR which was related to an accel
erated annual decline in FEV1 [5]. 
3) On quitting smoking men who have already 
suiTered some decline in lung function do not usually 
show any recovery of FEV 1 and, similarly, we 
have found that BHR is, on average, unaltered after 
an interval of four years. 

These results indicate an important role for geomet
ric factors in the causation of BHR in smokers, 
but do not suggest that it is the sole factor. Indeed 
BHR can be found in smokers with FEV 1 within 
conventional nonnal limits; but these limits are suffi
ciently wide that such men could have suffered 
some decline from earlier high nonnal values. 

Another way of studying geometric factors is to ex
amine the effects of conventional bronchodilator drugs 
on baseline FEV, and BHR. We studied the effects 
of inhaled salbutamol (5 mg) and ipratropium bromide 
(0.5 mg), separately and in combination; we thought 
this comparison relevant because it is sometimes claimed 
anti-muscarinic drugs are particularly effective in 
smoking-related airflow obstruction whilst beta-agonists 
are particularly effective in asthma. We found that 
while both drugs were on average of similar potency 
to bronchodilators (though there were differences in 
their bronchodilator efficacy in individuals), salbutamol 
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Table 1.-Contrasts between non-specific bronchial hyperresponsiveness in subjects with asthma and smokers 

relation to: 

baseline FEY 1 
diurnal variation in PEF 
blood eosinophil count 

response to other challenges 
(compared to inh.aled histamine): 

isocapnic hyperventilation 
beta-blocking drugs 

acute effects of drugs on BHR: 

aspirin 
inhaled beta-agonists 
inhaled anti-muscarinics 

chronic effects of drugs on BHR: 

inhaled corticosteroids 

importance in pathogenesis of airway narrowing and symptoms 

was much more effective in attenuating BHR than 
ipratropium. These results were similar to those 
obtained in asthma; in general the attenuation of 
BHR was considerably greater than predicted from 
the improvement in FEV, as judged by our four
year follow-up study in smokers. Because of this 
partial dissociation between the effects of the two 
drugs in attenuating BHR and causing bronchodila
tion, these studies only made a limited contribution 
to undersLanding the role of geometric factors in 
BHR. 

Some of the contrasts between the BHR of asthma 
and smokers are summarized in table 1. Alhough the 
answers to the original questions will require exten
sive, prospective studies, two provisional conclusions 
seem reasonable: 1) BHR is acquired in some smokers 
and appears to differ from 'endogenous' allergic 
BHR; 2) acquired BHR in smokers cannot be 
assumed to have the same prognostic significance or 
response to treatment as BHR in asthmatic subjects. 

Astluna 

weak 
strong 
present 

similar 
similar 

no effect 
large reduction 
small reduction 

moderate reduction 

high 

References 

Smokers 

strong 
weak 
absent 

less responsive 
less responsive 

no effect 
large reduction 
small reduction 

(? any significant effect) 
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