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Do bronchodilators adversely affect the prognosis of bronchial
hyperresponsiveness?

The possible adverse effects of bronchodilators on the
prognosis of bronchial hyperresponsiveness (BHR) is
currently a topical subject. Studies on this subject are,
however, scarce. Many studies have dealt with the imme-
diate or short term effect of bronchodilators on BHR, but
to study the effects of these drugs on the prognosis of
BHR, long term well controlled studies are necessary.
Such studies have started to appear in the last few years.
To answer the question whether bronchodilators adverse-
ly affect the prognosis of BHR, a distinction has to be
made between the effects of bronchodilators without the
use of anti-inflammatory drugs and the effects of
bronchodilators used in combination with anti-inflamma-
tory drugs.

Bronchodilators as monotherapy
Since bronchodilator drugs do not have an effect on late
phase asthmatic reactions, nor on the allergen provoked
increase in BHR, it was generally assumed that these
drugs had no long term effect on BHR. Some years ago,
however, it was observed in two independent studies that
inhaled terbutaline (2000 or 2250 ,ug daily for 2-4 weeks)
increased BHR in some patients with asthma (less than
1-5 doubling dose of histamine).'2 Two other studies in
asthmatic children showed that neither terbutaline (1500
,ug daily for six months),3 fenoterol (600,ug daily for four
months),4 nor ipratropium bromide (120 ,ug daily for four
months)4 had any effect on BHR. In a randomised single
blind self controlled study the use of the /32 adrenergic
drug salbutamol for 12 months caused a small (0-7 doub-
ling dose) but significant increase in BHR in 15 patients
who had not used any 32 adrenergic drugs during the pre-
vious year.5 The increased BHR returned to the baseline
value again after inhaling ipratropium bromide for six
months (fig 1). In the control group, in whom the treat-
ment regimen was taken in the reverse order, the same
trend was observed.

It is not clear what causes an increase in BHR during
treatment with terbutaline'2 or salbutamol.5 It may be
caused by a rebound effect after stopping a /32 adrenergic
drug, possibly the consequence of /32 adrenoceptor sub-
sensitisation.1 2 In our study, however, we could not
detect any subsensitisation to salbutamol in the patients
during the year salbutamol was taken.5 The number and
the affinity of /32 adrenoceptors on circulating lympho-
cytes did not change, nor did the bronchodilator
response to salbutamol. Although 82 adrenoceptors that
were functionally linked to adenylate cyclase were not
specifically investigated, our observation indicates that
there was probably no down regulation in the systemic
burden induced by /32 adrenergic drugs. Even when a
down regulation of /32 adrenoceptors in peripheral
mononuclear blood cells is induced by treatment with /32
adrenergic drugs, this does not necessarily indicate a
clinically relevant subsensitisation of the airways to these
drugs. It has been shown that a down regulation of /32
adrenoceptors linked with a lowered metabolic adenylate
cyclase activity is not associated with a change in the
bronchodilator response to salbutamol.6 In our study
there was no evidence of a relevant subsensitisation of /32
adrenoceptor induced bronchodilatation in the airways.5

Despite these facts, subsensitisation cannot be exclud-
ed as an impaired response to a /2 adrenergic drug might

be more apparent as a change in the provocative concen-
tration causing a 20% fall in FEVy (PC2U) than in FEV,
itself. It is possible that a /32 adrenergic induced subsensi-
tisation of 32 adrenoceptors is more apparent as increased
sensitivity to histamine induced bronchoconstriction
through loss of a /32 adrenoceptor mediated protective
effect. At the present time, however, there is no evidence
that a possible loss of the protective effect of a 32 adrener-
gic agent against histamine (or any other provocative
stimulus) is more sensitive in detecting an induced sub-
sensitisation than a change in the slope of the dose-
response curve of FEVI.

Since we were particularly interested in subsensitisa-
tion to the /2 adrenergic drug, we selected only those
patients who had not used anyf/2 adrenergic drugs or
/3 blockers during at least the year before the start of the
study.5 These consisted of 15 patients who were part of a
much larger group of 144 patients studied whilst taking
salbutamol and ipratropium bromide for two years. The
recently published data of the whole study group showed
that the effect of salbutamol on BHR was similar to that
of ipratropium bromide.7 The most important question
in the main study was whether the effects of the continu-
ous use of salbutamol or ipratropium bromide on decline
in lung function or BHR differed from changes seen in
subjects taking treatment on demand only. In asthma,
BHR did not significantly increase during the two years
of continuous bronchodilator treatment compared with
treatment on demand. Only in patients with chronic
bronchitis was there a very small decrease in PC20 after
12 months of continuous treatment in comparison with
symptomatic treatment (0 4 doubling dose, p < 0.05).7
The recently published study of Haahtela et a18

showed that, with a relatively low dose of a /32 adrenergic
drug (terbutaline 750 jug daily for two years), PC2o did
not decrease but, in fact, increased by 0 5 doubling dose
of histamine (p < 0-01) when compared with the pre-
treatment period. In another study a much higher dosage
of the /32 adrenergic drug (terbutaline 2000 ug) plus an
anticholinergic drug (ipratropium bromide 160 ug) was

Figure 1 Bronchial hyperresponsiveness (expressed as mean log10 PC20
histamine) during 12 months treatment with salbutamol and 6 months
treatment with ipratropium bromide (experimental group) or during the

reere traten regme (cnto''oup).
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compared with the same /32 adrenergic drug plus placebo
for 2-5 years. The results showed that BHR was not
increased during the continuous use of the f32 adrenergic
drug plus the anticholinergic drug, nor during the use of
the 32 adrenergic drug plus placebo.9
From all these studies we may conclude that

monotherapy of bronchodilators in general does not
increase BHR. In subgroups of patients and with high
dosages of a /32 adrenergic drug there may be an effect,
but it is small (between 05 and 1-5 doubling dose of his-
tamine which is virtually similar to the repeatability of the
challenge test)'0 and of doubtful clinical significance, and
it is very unlikely that slightly responsive patients would
notice this increase in BHR. It may, however, have other
consequences for patients with more severe asthma. It
has been argued by Mitchell that a small increase in BHR
in the whole population of asthmatic subjects results in a
small increase in the number of patients with mild asth-
ma, but in a substantial increase in the proportion of
patients with moderately severe asthma (fig 2)."1
According to Mitchell this drug induced change in BHR
might have contributed to the increase in mortality from
asthma. Indeed, an association between the prescription
of fenoterol'2 and (more recently) of other fi2 adrenergic
drugs"3 and mortality from asthma was found in two
epidemiological studies. It has never been proved, how-
ever, that this relationship was causal. It is more probable
that overdependence on the /32 adrenergic drugs delays
the use of needed anti-inflammatory agents and therefore
might be a cause of mortality in asthma patients.'4
The effect of bronchodilators (given as monotherapy)

on the decline in lung function seems of more clinical
importance. We recently published the changes induced
by continuous bronchodilator treatment compared with
treatment on demand.7 The decline in lung function was
72 ml/year during continuous use and 20 ml/year during
treatment on demand (p < 005). The difference in
decline was observed over a two year period and needs to
be confirmed in longer studies before definite conclu-
sions can be drawn. The design of our study was single
blind, and the conclusion on decline in lung function was
related only to 144 of the 223 patients who completed
the two year study. We do not have a reliable estimate of
the decline in lung function of the remaining 79 patients,
40 of whom dropped out because of inadequate response
to treatment. Of these 40 inadequately treated patients,
the number of patients treated continuously was twice as
high as that of those treated on demand, which might
confirm the possible deleterious effects of continuous
treatment.7
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Figure 2 Theoreticalfrequency distribution of the severity ofasthma as
measured by the PC2, to histamine. A small change in bronchial
hyperresponsiveness (*-+) results in a large change in the proportion of
patients with moderate asthma (adaptedfrom Mitchetl 11 with permission
of the author).

Subgroup analysis in our study population showed that
the adverse effect on lung function was greatest in allergic
and reversible asthmatic patients who were continuously
treated with salbutamol."5 There was a significant dose-
response relationship between the mean daily dose of
salbutamol and the decline in FEVy during one year. The
more salbutamol used per day by the patients, the more
rapid their annual decline in FEV, (65 ml decline in
FEV, per mean daily dose of 400 ,ug salbutamol,
p = 0.02).16 As the treatment regimen was based on ran-
dom allocation, patients taking the maximum dose of
drugs did not differ in baseline characteristics from those
taking lower dosages. The results were therefore not
biased by differences in the severity of asthma at the start
of the study.
A possible explanation for the larger decline in FEV, in

asthmatic patients who used salbutamol has been pro-
posed by Dugas et al 17 who have shown that 32 adrenergic
drugs have dose related stimulating effects on several
inflammatory mediators specific to asthma. These media-
tors maintain the epithelial damage of the airways in
asthma which makes the airway wall more sensitive to
penetration of antigens. The increase in antigen load
aggravates the inflammation which probably contributes
to the rapid decline in FEVy seen in allergic patients with
asthma.'8

It has been hypothesised that bronchoconstriction
induced by exposure to allergens is a primitive defence
mechanism that prevents irritants from entering the
lower airways.'9 Heparin would be released from mast
cells to limit the acute inflammatory response to antigens,
and this release would be inhibited by /32 adrenergic
drugs. Inhibition of this defence system by /32 adrenergic
drugs would thus lead to an increased irritant load and
aggravated inflammation.'9 As stabilising mast cells have
never been shown to increase inflammation, this last
hypothesis seems unlikely.

Bronchodilators in combination with
anti-inflammatory treatment
Clinically it is probably more important to know what
effect bronchodilators have on BHR when used in com-
bination with anti-inflammatory drugs. It is generally
accepted that if asthmatic patients need to inhale a
bronchodilator more than once daily, it is advisable to
add anti-inflammatory medication.20

In the study of Haahtela et al an inhaled steroid
(budesonide 1200 ,ug daily) combined with supplemen-
tary inhaled terbutaline improved BHR compared with
the effect of a bronchodilator alone (terbutaline 750 pg
daily).8 The combination of a bronchodilator (terbutaline
2000 ,ug daily) with an inhaled steroid (beclomethasone
800 ,ug daily) has been shown to improve BHR by almost
two doubling doses in PC20 histamine during the first
year of study compared with bronchodilator alone.9 A
comparable result was observed in an eight week study
on asthmatic children with the same drugs.2' In another
study a comparison of salbutamol plus theophylline v
salbutamol plus beclomethasone in asthmatic patients
inadequately controlled with salbutamol alone showed a
clear improvement in BHR within three weeks of inhaled
steroid treatment, whereas no change occurred during
theophylline treatment.22 Even in mild non-steroid
dependent asthmatic patients a low dose of an inhaled
steroid (400 pg budesonide daily) improved BHR four-
fold when given for one year, compared with broncho-
dilator alone.2' All these studies provide abundant
evidence that the combination of a bronchodilator with
an inhaled steroid clearly improves BHR, while a
bronchodilator alone has no effect.
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A study by our group investigated whether rapid pro-

gression of patients with asthma or chronic obstructive
airways disease (COPD) could be reversed or slowed by
additional anti-inflammatory treatment.24 The study pop-

ulation comprised a subgroup of 56 of the 144 patients
who completed the two year bronchodilator study.7
During the first two years these 56 patients (28 with asth-
ma, 28 with COPD) had a rapid annual decline in FEVy
of 160 ml/year with an average of two exacerbations per

year. They were additionally treated with an inhaled
steroid (beclomethasone 800,g daily) for a further two
years. In the patients with asthma the PC20 decreased by
04 doubling dose/year during bronchodilator treatment,
but increased to 1 1 doubling dose/year during steroid
treatment. In the patients with COPD no improvement
in PC20 was observed.

Other studies have appeared in which the effects of dif-
ferent anti-inflammatory drugs (steroid v cromoglycate or

nedocromil) were compared.25-27 In two25 26 the combina-
tion of an inhaled steroid with a bronchodilator had a

more favourable effect on BHR than the combination of
cromoglycate (or nedocromil) with a bronchodilator,
while in the third study it had a comparable effect.27 This
difference in effect was probably the consequence of
patient selection: the former two studies included (main-
ly) patients with allergic asthma while the latter study
comprised patients with non-allergic asthma.

If the combination of a bronchodilator with a steroid is
superior to the use of bronchodilators alone, there is still
debate as to whether the additional bronchodilator
should be used continuously or on demand. This ques-

tion was addressed by Sears et al.28 In their study 50 of
the 64 participating patients used inhaled corticosteroids
and two others received cromoglycate (therefore only 12
patients received bronchodilator as single treatment). It
was shown that 6% of the 64 asthmatic subjects had an

increased BHR during six months of intermittent use of
fenoterol, compared with 34% during continuous use of
800 pg fenoterol daily (p = 0-0005). Although the study
was carried out with fenoterol, Sears suggested that the
adverse effect was probably not specific to fenoterol but
to fl2 adrenergic drugs as a class. The result of this study
might indicate that the bronchodilator should preferably
be taken in low dosage or on demand when used in
combination with a steroid. This study is, however, an

isolated one and has to be confirmed by others.

Long acting bronchodilators
There is no convincing evidence that long acting P2

adrenergic drugs (salmeterol and formoterol) have anti-
inflammatory properties, although they may have some

non-bronchodilator properties which might be useful in
the treatment of asthma.29'0 There is, however, no evi-
dence that these additional properties contribute to the
effect of these drugs in treating asthma. All trial data
available so far carry no clear indication of action of the
drugs other than bronchodilator properties."

Studies have shown that there is no evidence that long
term treatment with salmeterol32 or formoterol33 leads to
tolerance of their bronchodilating effect. There is a sug-
gestion, however, that salmeterol (100 pg daily for eight
weeks as monotherapy) causes tolerance to its protective
effect against methacholine, despite well maintained
bronchodilation.'4 This tolerance might be the conse-

quence of a rebound deterioration, as BHR was mea-

sured 36 hours after interrupting regular treatment. No
such rebound effect was observed after stopping salme-
terol at the end of the study.'4 If this observation is con-

firmed by physiological stimuli other than methacholine,

it might indicate that in the long term the drug does not
protect against provocative stimuli. As no tolerance to the
bronchodilator ability of the drug was observed, patients
will probably not notice this increase in susceptibility to
acute bronchoconstriction.
We have recently expressed our concern that patients

may be misled by the apparent wellbeing produced by
the long acting bronchodilators, as they are more effec-
tive in suppressing symptoms-for example, morning
breathlessness-and may therefore suppress the subjec-
tive need for anti-inflammatory treatment.35 This concern
increased when we reanalysed our data of the two year
intervention study with short acting bronchodilators7 and
discovered that there was some correlation between the
symptoms experienced and decline in lung function in
symptomatically treated patients, but that there was no
correlation at all in continuously treated patients.'6 A
plausible explanation for this finding may be that,
because of the rapid bronchodilator response in the day
to day control of symptoms, continuous bronchodilation
masks the ongoing decline in lung function and any dete-
rioration of the disease. Patients who receive continuous
bronchodilator treatment may better tolerate potentially
adverse situations and may, as a result, be more exposed
to sensitising agents.37 If long acting bronchodilators are
more effective at suppressing symptoms, they may sup-
press the subjective need for anti-inflammatory medica-
tion to an even greater extent. This has already been
observed during long term use of formoterol.3' As long as
it is uncertain which long term effects the long acting 62
adrenergic drugs have on BHR, patients should be
instructed to use these drugs carefully and only in com-
bination with anti-inflammatory medication.

Conclusion
We conclude that monotherapy with bronchodilators
does not, in general, increase BHR. In subgroups of
patients and with high dosages of a fl2 adrenergic drug it
may have such an effect, although it is small and of
doubtful clinical relevance. There are indications that the
decline in lung function increases during continuous use
of a bronchodilator when compared with treatment on
demand. This needs to be confirmed in studies of longer
than two years before definite conclusions can be drawn
about the effect of continuous bronchodilator treatment
on the progression of the disease.

There is abundant evidence that the combination of a
bronchodilator with an inhaled steroid improves BHR
compared with the use of a bronchodilator alone. It is
advised that the bronchodilator should be taken in a low
dosage or on demand when used in combination with a
steroid. More research is needed to decide which addi-
tional bronchodilator drugs should be used (and in what
dose) when the patient is treated with anti-inflammatory
drugs.
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