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ABSTRACT: Regular use of short-acting β-agonists may decrease control of asth-
ma and increase airway responsiveness to bronchoconstrictor stimuli. The aim of
this study was to determine the effects of regular treatment with the long-acting
β-agonist, salmeterol, on the methacholine dose-response curve (DRC) in mild-to-
moderate asthmatics.

Changes in methacholine airway responsiveness were measured in 14 stable
adult asthmatics, randomized in a double-blind, three-way cross-over design to
receive salmeterol 50 µg, salbutamol 200 µg or placebo, each twice daily for 4
days. Two baseline methacholine DRC, were performed, one without premedica-
tion and one following a single dose of 200 µg salbutamol. Following 4 days of
regular treatment, methacholine DRC to plateau were carried out commencing 15
min after the final dose of trial medication.

There were no significant differences in mean baseline forced expiratory vol-
ume in one second (FEV1) between treatments. Four days treatment with salme-
terol and salbutamol shifted the DRC to the right, but salmeterol provided less
protection than salbutamol. The point of inflection of the curve from baseline
moved 1.9 and 3.2 doubling doses, respectively, compared to placebo (p≤0.001),
and the provocative concentration of methacholine required to produce a 20%
fall in FEV1 (PC20) increased 1.6 and 3.1 doubling doses, respectively (p≤0.001).
The slope of the DRC was increased slightly by both β-agonists compared to place-
bo (log slope 3.11, 3.06 and 2.77 for salmeterol, salbutamol and placebo, respec-
tively). This effect of regular salmeterol on slope was more marked in subjects
with lower baseline FEV1. Maximal response plateaus did not differ between the
three treatments.

These results suggest that regular use either of short- or long-acting β-agonists
could increase the risk of a more precipitous asthma episode associated with
"breakthrough" bronchoconstrictor responses, particularly in those with more
severe initial airflow obstruction, if subjects are exposed to a sufficiently potent
stimulus.
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Airway hyperresponsiveness and variable airway obs-
truction are characteristic functional abnormalities in
asthma. [1, 2]. Asthmatics differ from nonasthmatics in
the position, slope and maximal response of the dose-
response curve (DRC) to bronchoconstrictor stimuli [3],
showing an increased sensitivity to inhaled stimuli, and
an increase in maximal constrictor response [4, 5]. The
greater the severity of airway hyperresponsiveness, the
greater the level of maximal response [6]. In moderate-
to-severe asthmatics, a plateau in the constrictor response
is usually not measurable, reflecting the potential for
"excessive" airway narrowing, which could even lead to
fatality [6, 7]. It has been argued that measuring the sen-
sitivity to bronchoconstrictor agents by determining only
the provoking concentration causing a 20% fall in forced
expiratory volume in one second (FEV1) (PC20) does
not fully reflect clinically relevant aspects of asthma [8],
and that the level of the maximal response may be a
stronger predictor of the severity of symptoms.

Short acting β2-agonists, such as salbutamol, acutely
shift the DRC to the right by up to four doubling doses
of histamine or methacholine [9], but do not protect aga-
inst excessive airway narrowing, since there is no change
in the level of the plateau [10]. BEL et al. [10] showed
that salbutamol may produce a steepening of the slope
of the DRC, and suggested that this may allow the possi-
bility of more rapid deterioration should bronchocon-
striction break through the β2-agonist protection following
exposure to potent allergens or other provoking agents.

Salmeterol is a topically active long-acting β2-agonist,
with a duration of action of 12 h compared with 4–6 h
for salbutamol [11, 12]. Chronic use does not appear to
lead to tachyphylaxis to its bronchodilator effects [13].
However, CHEUNG et al. [14] found that regular treat-
ment with salmeterol in mild asthmatics led to signifi-
cant tolerance to its bronchoprotective effects against
methacholine challenge [14]. A slight reduction in the
maximal response to methacholine was observed on
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commencing treatment, but this benefit was lost after
several weeks of regular use. Another study showed
reduced protection of salmeterol against exercise-induced
bronchoconstriction after 4 weeks regular treatment [15].

Limited information exists on the effects of long-act-
ing, β2-agonists on the DRC to bronchoconstrictor stim-
uli, with respect to the slope of the response or the level
of the maximal constrictor response [14]. Case reports
of life-threatening attacks of asthma [16] in young peo-
ple given salmeterol for previously mild asthma led us
to hypothesize that regular use of salmeterol might inc-
rease the slope of the DRC when bronchoconstriction
occurred as a result of a major provocation. The aim of
the present study was to examine the early effects of
regular twice daily treatment with salmeterol and salbu-
tamol on the position, slope and maximal airway response
of the DRC to methacholine in subjects with asthma.

Methods

Nineteen adult subjects (7 males and 12 females) who
met the American Thoracic Society diagnostic criteria
for asthma [17] volunteered to participate in the study.
Subjects had at least a 1 year history of episodic wheez-
ing and dyspnoea. All but two were atopic, and only
one was a current smoker. Eleven subjects were treat-
ed with regular daily inhaled corticosteroids and β2-
agonists when needed, while eight used only β2-agonists
when needed. All subjects had a baseline FEV1 >70%
of predicted and >70% of vital capacity (VC). Subjects
were required to show airway hyperresponsiveness, with
a baseline methacholine PC20 ≤8 mg·mL-1. In addition,
subjects were required to show that they could achieve
a maximal response plateau on the DRC within a mea-
surable range, with no more than a 60% fall in FEV1
from the postsaline value at a methacholine dose ≤360
mg·mL-1, either untreated or following two puffs of sal-
butamol, to ensure a plateau would be measurable dur-
ing the randomized cross-over segments of the study.
None had major exacerbations requiring hospitalization
or change in asthma medications within the last month,
or an upper respiratory infection in the previous 6 weeks.
Those whose asthma became unstable due to infections
or allergen exposure were subsequently excluded from
the study. Subjects were not receiving oral corticos-
teroids, oral β-agonists, theophylline, ipratropium bro-
mide, sodium cromoglycate or nedocromil sodium, and
had never used long-acting β2-agonists. Six patients
used inhaled corticosteroids. Informed consent was ob-
tained from all subjects prior to participation in the
study. The study was approved by the St Joseph's Hospi-
tal Research Ethics Committee.

Study design

Subjects were recruited from out-patient clinics and
underwent two screening methacholine challenges. The
first challenge was performed at least 6 h after the last
use of short-acting β-agonist to assess baseline airway
responsiveness, and continued until a maximal response
plateau was achieved or until a predetermined level of
bronchoconstriction occurred (fall in FEV1 >60% of
postsaline value). The FEV1 did not fall below 1 L in

any subject. A second screening methacholine challenge
was performed on a different day commencing 15 min
after two inhalations (200 µg) of salbutamol. Subjects
who demonstrated a maximal response plateau on one
or both of these days were then randomized to receive
salbutamol (100 µg·puff-1), salmeterol (25 µg·puff-1) and
placebo in a double-blind, three-way cross-over design.

Subjects who used inhaled corticosteroids at entry
were instructed to continue this medication throughout
the entire study at the same dose. All subjects were al-
lowed open label inhaled salbutamol, as needed for
symptom relief. Trial medications were taken at a dose
of two puffs every 12 h for 4 days, using a Ventahaler®
spacer device. Methacholine challenge was carried out
on Day 5, commencing 15 min after treatment with two
puffs of the trial medication administered in the labo-
ratory. A typical challenge procedure took 40–45 min,
so the final dose of each challenge was inhaled about 1
h after inhalation of salmeterol, salbutamol or placebo.
Treatment periods were separated by a wash-out period
of at least 10 days.

Measurements

Spirometric measurements (FEV1 and VC) were obtai-
ned using a dry wedge spirometer (Model 270 wedge
spirometer; Med Science, St. Louis, MO, USA) with
results displayed on an X-Y recorder (HP 7041A; Hewlett-
Packard; Andover, MA, USA). Baseline FEV1 and VC
were recorded as the highest of three reproducible mea-
surements. The degree of bronchodilitation following
salbutamol, salmeterol or placebo was determined 15
min after two puffs of the subject's test medication
inhaled through a Ventahaler® spacer.

Methacholine challenges were performed according
to the protocol of COCKCROFT et al. [18]. Each challenge
was preceded by a 15 min period of rest following inhal-
ation of medication. After inhalation of saline, complete
DRC were obtained using doubling concentrations of
acetyl-β-methylcholine chloride dissolved in normal
saline (0.03–360 mg·mL-1). The aerosols were generat-
ed by a Wright nebulizer (output 0.13 mL·min-1) and
inhaled by tidal breathing for 2 min with the nose clipped.
FEV1 was measured at 30 and 90 s after each dose. If
the FEV1 was lower at 90 s than at 30 s, additional mea-
surements were made at 180 s and every 2 min there-
after, until the lowest FEV1 was determined. The initial
methacholine concentration used was always two con-
centrations less than the PC20 determined on the first
screening day. Fourfold increments were used until FEV1
fell ≥6%, and then twofold increments until FEV1 fell
≥15%. Concentration increments of half the doubling
dose were then used until a maximal response plateau
was demonstrated, or FEV1 fell >60% from the post-
saline value, or a concentration of 360 mg·mL-1 was
given, or increasing asthma symptoms necessitated ter-
mination of the test.

Statistical analysis

The bronchoconstricting effect of each dose of metha-
choline was expressed as the percentage fall in FEV1
from the postsaline value. FEV1 was plotted against the



log concentration of methacholine, and the PC20 was
calculated by log-linear interpolation between the data
points either side of the 20% fall. A maximal response
plateau was considered to be present if two or more
FEV1 measurements fell within 5% of each other; the
mean of these consecutive data points was calculated
to determine the level of the maximal response. The
slope of the DRC was calculated by linear regression
analysis (using the method of least squares) of the data
points in the "middle" part of the DRC, including the
two data points used in determining the PC20 and all
consecutive data points up to the first point of the plateau,
or up to the last data point if no plateau was demon-
strated. Prior to unblinding of the study, it was noted
that in 4 of 70 challenges, FEV1 fell >20% during the
use of fourfold increments in methacholine concentra-
tions; in these four cases, slope calculations do not inc-
lude the data point prior to the 20% fall. The point of
inflection of the curve (IC) from baseline was determined
by extrapolation of the regression line of the slope back
to a zero Y-value. Natural logarithms of slope, PC20 and
IC were used in the statistical analysis. The differences
in FEV1, IC, PC20, slope and maximal response plateau
between and within the three treatment groups were
examined using analysis of variance (ANOVA) of repeat-
ed measures. The significance of any detected differ-
ences was determined using two-sided Student's paired
and unpaired t-tests. Comparisons were made between
effects of regular salmeterol and placebo, salbutamol
and placebo, and salmeterol and salbutamol. The untreat-
ed challenge (first screening visit) was also compared
with that after 4 days of regular placebo; the effects of sin-
gle dose salbutamol (second screening visit) were com-
pared with regular salbutamol. A p-value less than 0.05
was considered statistically significant. Data were analysed
using the Statistical Package for the Social Sciences (SPSS)
for Windows, version 6.0 (SPSS Inc., Chicago, IL, USA).

Results

Demographic data

Nineteen subjects were randomized into the study, but
data from only 14 subjects (6 males and 8 females, mean
(SD) age 38 yrs (12)) were analysed. Two subjects did
not strictly fulfil entry criteria, one subject developed
an upper respiratory infection after randomization, one
had unstable asthma due to seasonal allergen exposure,
and one had missing data.

Baseline spirometry and DRC data from the two pre-
randomization visits are presented in table 1. The mean
(SD), FEV1/VC was 75 (7.0) %, and the mean (SD) degree
of reversibility to salbutamol at the second prerandomi-
zation visit was 6.2 (3.5) % increase in FEV1. The mean
shift in IC following a single dose of salbutamol was
3.8 doubling doses, and in PC20 3.7 doubling doses,
with no change in slope or level of plateau compared
with the baseline visit. Subjects had a mean (SD) fall
in FEV1 of 4.7 (3.3) % from baseline after saline inhala-
tion during the first prerandomization challenge. Follow-
ing 4 days pretreatment, the mean increase in FEV1
from baseline at 15 min was 7.2 (5.1) % after 200 µg
salbutamol, 2.4 (4.5) % after 50 µg salmeterol (p<0.05),
and 0.25 (3.8) % after placebo (p<0.001). The geomet-
ric mean baseline PC20 in the 14 subjects was 1.82
mg·mL-1. There were no significant changes in base-
line FEV1 or VC among the treatment periods.

Airway responsiveness

Individual methacholine PC20 results and the IC fol-
lowing each study medication are shown in table 2, and
mean data are shown graphically as complete DRCs in
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Table 1.  –  Demographic and treatment variables, baseline lung function, and features of individual dose-response
curves to methacholine at screening visits without pretreatment and 15 min after 200 µg salbutamol

Baseline: no medication Baseline: 15 min postsalbutamol

Ss Age Steroid FEV1 IC PC20 Slope Plateau IC PC20 Slope Plateau
No. Sex Yrs µg·day-1 % pred mg·mL-1 mg·mL-1 % mg·mL-1 µg·mL-1

1 M 30 0 92 0.35 0.66 32.0 45 7.45 18.60 26.6 54
2 F 38 0 108 0.69 2.46 15.9 35 32.80 113.40 15.6 NA
3 F 38 0 88 1.32 4.54 16.0 32 6.08 29.12 12.1 26
4 M 20 0 80 1.12 3.70 15.9 28 44.97 115.90 22.1 32
5 F 37 0 96 0.48 2.30 15.4 46 7.05 17.99 21.4 34
6 M 21 0 86 1.20 2.07 36.5 46 81.50 97.20 115.0 53
7 M 46 0 80 1.09 2.13 28.7 52 7.79 20.20 21.6 53
8 F 20 0 89 0.27 0.77 18.8 27 12.60 40.85 11.6 30
9 M 42 1000 96 0.15 0.42 19.1 38 1.68 3.30 21.7 NA

10 F 60 800 103 0.33 1.86 11.7 34 5.85 24.80 13.5 28
11 M 53 400 88 0.23 1.66 14.8 NA 44.80 81.90 29.8 23
12 F 43 500 88 0.94 2.71 19.2 51 3.98 9.58 22.8 43
13 F 37 200 104 1.46 3.03 36.8 NA 1.93 5.04 19.7 50
14 F 44 800 88 0.52 1.92 17.6 43 0.50 4.24 9.3 26

Mean 38 617 91 0.58‡ 1.82‡ 20.0 40 8.2‡ 23.3‡ 20.6 38
(n=6)

‡: geometric mean. Ss: subjects; M: male; F: female; FEV1: forced expiratory volume in one second; % pred: percentage of pre-
dicted value; IC: point of inflection of the dose-response curve; slope: slope expressed as percentage fall of FEV1 (from post-nor-
mal saline baseline) divided by log (n) mg·mL-1; PC20: provocative concentration causing a 20% fall in FEV1; NA: maximal response
plateau not achieved. 



figure 1. There were no statistically significant within tre-
atment differences in mean PC20 and IC between the
subjects using or not using inhaled corticosteroids, and
so data from all 14 subjects were combined for analyses.

The inflection of the methacholine DRC was signifi-
cantly shifted to the right by regular salmeterol (p=0.001
relative to regular placebo) and regular salbutamol
(p<0.001 relative to placebo), but salbutamol shifted
the curve further than did salmeterol (p<0.005). After
pretreatment with salmeterol, geometric mean PC20
increased 1.6 doubling doses over placebo (p=0.001),
while salbutamol increased PC20 by 3.1 doubling doses
(p<0.001). Hence, protection against methacholine-
induced bronchoconstriction after 4 days of twice daily

salbutamol was significantly greater than after 4 days
of twice daily salmeterol (p<0.001). There were no sig-
nificant correlations between the magnitude of the change
in PC20 and baseline spirometry or the degree of bron-
chodilatation occurring following study medications
before challenge testing. 

There were no significant differences between the
response to challenge following 4 days placebo and the
untreated baseline response, nor between the responses
to challenge following single dose salbutamol and that
after 4 days regular treatment (fig. 1).

Maximal airway narrowing

The level of maximal airway narrowing after inhaled
methacholine was expressed as the mean percentage fall
in FEV1 from the postsaline value to the plateau (table
2). A plateau was obtained on all but five occasions
postrandomization. The mean (SD) plateau levels of FEV1
were a fall of 38 (8) % for salmeterol, 42 (11) % for sal-
butamol and 40 (9) % following placebo. These were
not significantly different to each other, or to the pre-
randomization measurements.

Slope of the dose response curve

DRC slopes were log transformed prior to analysis.
Individual and mean values following each treatment
are shown in table 2. The mean slope of the DRC was
significantly increased by 4 days treatment either with
salmeterol (p<0.01) or salbutamol (p<0.05) compared
with placebo. There were no significant differences in
mean slope between salmeterol and salbutamol treat-
ments. The change in slope following each medication
did not differ significantly between those subjects using

EFFECTS OF β-AGONISTS ON AIRWAY RESPONSIVENESS 333

Table 2.  –  Features of individual dose-response curves to methacholine after 4 days pretreatment with salmeterol,
salbutamol and placebo

Ss Placebo Salmeterol Salbutamol

No. IC PC20 Log Plateau IC PC20 Log Plateau IC PC20 Log Plateau
mg·mL-1 mg·mL-1 slope# % mg·mL-1 mg·mL-1 slope# % mg·mL-1 mg·mL-1 slope# %

1 0.45 1.15 3.22 NA 3.70 8.68 3.20 NA 5.99 18.30 2.99 NA
2 0.97 3.48 2.82 31 4.80 19.00 2.70 36 15.50 37.50 2.95 40
3 1.83 5.12 2.98 36 8.28 18.56 3.21 34 16.53 37.29 3.19 32
4 0.69 3.80 2.37 30 3.99 13.60 2.67 41 13.10 33.20 3.03 44
5 0.36 1.16 2.88 43 2.88 5.17 3.51 41 2.21 7.56 2.87 38
6 0.89 3.67 2.78 44 4.36 10.58 3.10 36 13.62 34.50 4.19 NA
7 2.26 4.90 3.24 50 2.28 3.75 3.69 51 3.95 8.96 3.13 57
8 0.94 1.08 1.64 22 0.87 7.49 2.16 22 11.17 23.88 2.72 22
9 0.20 0.61 2.90 54 0.50 1.47 2.91 49 2.43 5.77 3.19 56

10 0.79 1.93 3.06 35 2.24 6.24 3.01 32 4.81 17.40 2.80 33
11 0.62 2.80 2.59 40 35.00 50.00 4.04 33 28.50 58.90 3.28 42
12 1.44 7.04 2.56 49 1.88 4.48 2.76 39 1.08 17.90 2.85 54
13 2.23 4.67 3.29 44 2.15 3.18 3.64 NA 9.30 22.47 3.10 51
14 0.10 0.78 2.41 43 0.61 1.72 2.96 44 2.45 10.93 2.61 33

Mean
Salbutamol p.r.n 0.88 2.53 2.74 36 3.32 9.49 3.03 38 8.5 21.5 3.13 39
Steroid group 0.55 2.09 2.80 44 2.14 4.71 3.22 39 4.48 17.3 2.97 45
Overall mean 0.72 2.34 2.77 40 2.75 7.03 3.11 38 6.45 19.6 3.06 42

#: natural logarithm of slope expressed as fall in FEV1 (% of predicted) divided by log (n) mg·mL-1. For definitions see legend to table 1.
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Fig. 1.  –  Mean dose-response curves for each treatment period (per-
centage fall of FEV1 from postsaline FEV1), constructed from mean
inflection points, slopes and plateaus following salmeterol, salbuta-
mol and placebo. ●: prestudy baseline; ■: prestudy salbutamol; ▲:
salmeterol; ◆: salbutamol: ★: placebo. FEV1: forced expiratory vol-
ume in one second.



regular inhaled corticosteroids and those using only sal-
butamol for symptom control.

Pearson correlation coefficients (r) were calculated to
determine the relationships between the increase in the
slope of the DRC (relative to placebo) after each study
medication, and other outcome measures. The increase
in slope of the DRC following treatment with salme-
terol correlated negatively with the baseline FEV1 ob-
tained on the day of the test (r=-0.85; p<0.001) (fig. 2),
as well as the initial screening FEV1 (r=-0.70; p<0.01).
Therefore, subjects with lower baseline pulmonary func-
tion had a greater steepening of the slope of the DRC.
A trend towards this effect was also seen with salbu-
tamol, but did not achieve significance (r=-0.48; p=0.084).

Discussion

Both salmeterol and salbutamol produce bronchodila-
tion and protect, to a degree, against methacholine-ind-
uced bronchoconstriction. However, neither salmeterol
nor salbutamol reduce the level of maximal airway nar-
rowing. Furthermore, both medications used twice daily
for 4 days slightly increased the slope of the metha-
choline DRC compared to placebo. These results raise
further questions regarding the use of regular treatment
with β2-agonists, as single dose (p.r.n. use) seems as
effective in providing bronchoprotection, whilst regular
use might increase the risk of more severe breakthrough
bronchoconstriction under some circumstances.

BEL et al. [10] have previously demonstrated that salbu-
tamol increased the slope of the methacholine DRC in
asthma [10]. This current study supports the findings with
salbutamol and also reveals a similar increase in slope
after only 4 days regular use of salmeterol. The potential
for more rapid breakthrough bronchoconstriction together
with the lack of reduction of maximal airway narrow-
ing provides one possible explanatory mechanism for
recent case reports of sudden deterioration or deaths in
asthmatics who were using salmeterol [16, 19].

A new finding from the present study was the nega-
tive correlation between the increase in slope of the DRC
after pretreatment with salmeterol and the baseline spiro-
metry. The results suggest that asthmatics with lower
baseline pulmonary function, who should theoretically
benefit more from the bronchodilator effects of salme-
terol, also develop a greater increase in slope of the DRC.
These results were found despite the recruitment of asth-
matics with relatively mild degrees of airflow obstruc-
tion (mean FEV1/VC 75%), and were not modified by
concomitant use of inhaled corticosteroid.

There is a growing body of evidence that regular ther-
apy with short-acting β2-agonists, especially the more pot-
ent agents, may be deleterious [20], although some argue
against this position [21, 22]. Regular use of short-act-
ing β2-agonists has been associated with changes in air-
way responsiveness, including a rebound increase after
cessation of therapy [23]. Tolerance to the protective ef-
fects of short-acting β2-agonists against methacholine- and
allergen-induced bronchoconstriction has been shown
after chronic use [24, 25]. Some clinical trials have found
a decrease in pulmonary function and asthma control,
and an increase in bronchial hyperresponsiveness in asth-
matics using regular treatment with these medications
[26, 27]. These results, and epidemiological evidence
associating asthma mortality with more frequent use of
β2-agonists, have brought into question the safety of reg-
ular use of short-acting β2-agonists [20].

In the present study, PC20 was moved into the "nor-
mal" range of airway responsiveness by salbutamol and
into the "mildly increased" range of airway responsi-
veness by salmeterol. Despite this reduction in airway
reactivity as conventionally measured, there was no
reduction in the maximal response plateau. Untreated
subjects with normal or only mildly increased airway
responsiveness at baseline generally have a dose-response
plateau at much lower levels of airway narrowing [6,
7]. Maximal airway narrowing is thought to be deter-
mined by smooth muscle contractility and thickness of
the airway wall, which β-agonists do not appear to
affect. Asthma treatment might be more effective if
directed at limiting or preventing excessive airway nar-
rowing [28].

Overall, the subjects showed relatively small increa-
ses in FEV1 with study medications, since the subjects
had mild asthma and, therefore, near normal values at
baseline. Nevertheless, salbutamol produced significantly
greater bronchodilation than salmeterol. Since baseline
FEV1 measurements were made 15 min after giving the
medication, this difference in bronchodilator effect is
likely to be due to the slower onset of action of salme-
terol compared to salbutamol (17.6 and 0.8 min, respec-
tively) [29]. However, the slower onset of effect is
unlikely to be a consideration with respect to the sig-
nificantly greater protection given by salbutamol against
methacholine-induced bronchoconstriction compared to
salmeterol. Both medications were given regularly for
four consecutive days prior to measuring airway respon-
siveness. Measurements were made no later than 12 h
after the previous dose, and so the bronchoprotective
activity of salmeterol should still be present at the time
of testing [30, 31]. Furthermore, the duration of the
mechacholine challenge was on average 45 min, so that
the time of the final concentration or maximal challenge

A.G. WONG ET AL.334

Fig. 2.  –  Negative correlation between baseline FEV1 obtained on
the day of test and change in slope (log) of DRC with salmeterol rel-
ative to placebo (r =-0.85; p<0.001). If the outlying data point is
removed, the correlation remains significant (r =- 0.59; p<0.03). FEV1:
forced expiratory volume in one second; DRC: dose response curve.
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was about 60 min after dosing, at which time salme-
terol should be exerting its maximal effect. Therefore,
in mild asthmatics, salmeterol in usual twice daily dosage
appears to provide less protection than salbutamol agai-
nst methacholine-induced bronchoconstriction. As salbu-
tamol was also given only twice daily, its bronchoprotective
effect may have been closer to that observed after once
only (p.r.n.) use than to that occurring when salbuta-
mol is used three or four times daily.

Regular use of salmeterol leads to tolerance with res-
pect to protection against bronchoconstrictor stimuli,
such as inhaled methacholine [14], or exercise [15], but
has not been shown to have a deleterious effect on asth-
ma control. BHAGAT et al. [32] have recently shown that
the degree of bronchoprotection provided by salmeterol
declines quickly, in that the shift in PC20 decreased from
3.3 doubling doses to only 1.5 doubling doses within 4
days of commencing therapy. They also found that a
supplementary dose of salbutamol, 200 µg, used as "res-
cue therapy" during salmeterol treatment gave substan-
tially reduced protection (from 3.7 to 1.9 doubling dose
shift in PC20). These effects occur both in subjects treat-
ed with inhaled corticosteroid and those using β-agonists
only [33, 34]. Our results suggest that use of a single
(p.r.n.) dose of salbutamol provides more effective bron-
choprotection than regular use of salmeterol. Hence, it
may be more effective to use an occasional dose of short-
acting β-agonist if effective bronchoprotection is required
in a particular circumstance, rather than to rely on twice
daily use of a long-acting β-agonist.

A postmarketing study in the UK compared the safe-
ty of regular use of salmeterol and salbutamol in asth-
ma. The odds ratio for death in the salmeterol treated
subjects was 3.0, although the small number of deaths
in the study (14 among over 25,000 subjects) meant
this finding was statistically insignificant (95% confi-
dence interval 0.7–20.0) [35]. Case reports of sudden
and unexpected deterioration of asthma in subjects tak-
ing regular salmeterol, who were previously regarded as
not having particularly troublesome asthma [16], and iso-
lated case reports of deaths occurring while using sal-
meterol [19] are difficult to interpret. Thus, the safety
of regular use of long-acting β-agonists remains uncer-
tain. Our findings indicate the need for continued sur-
veillance of the safety of regular use of these medications,
particularly in those with more troublesome asthma.

In summary, salmeterol inhalation following regular
twice daily use at recommended dosage gave less pro-
tection against methacholine challenge than salbutamol,
and was associated with a slight increase in the slope of
the bronchoconstrictor dose-response curve to methacho-
line, more so in those with reduced baseline forced expira-
tory volume in one second. These findings, although
small in magnitude, add to concerns about the possi-
bility that regular long-acting, as well as short-acting,
β-agonist may have deleterious effects in some asth-
matics.
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