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ABSTRACT: Regular treatment with (3,-agonists has been reported to be associat-
ed with an increase in risk of asthma death or near death, and with a deteriora-
tion in asthma symptom control. Low-dose f3,-agonists provide effective bronchodilatation
and bronchoprotection, even though maximal bronchodilatation is not achieved, and
they may offer a better safety profile.

In a double-blind, randomized, cross-over study, we evaluated the efficacy of low-
dose salbutamol metered-dose inhaler (50 pg: puff-1), used over a period of 2 weeks,
compared with a standard dose (100 pg*puff-1) in control of asthma symptoms in
20 moderately severe asthmatic subjects using inhaled glucocorticosteroid therapy.
Asthma control was assessed by symptom scores, peak flow rates, spirometry, inhaler
usage and, where possible, by bronchial responsiveness to methacholine.

Despite a 46% reduction in mean weekly salbutamol dosage, mean forced expi-
ratory volume in one second (FEV1), morning and evening peak expiratory flow
(PEF), PEF variability, dose of methacholine provoking a 20% decrease in FEV1
(PC20) (n=9), and symptom scores showed no difference between low-dose and stan-
dard inhaler treatment periods. Low-dose inhaler administration resulted in a small
but significant increase in number of inhaler actuations.

Low-dose salbutamol metered-dose inhaler may, thus, be useful for control of symp-
toms in moderately severe asthma. This strategy could be used to achieve a reduc-
tion in total 3,-agonist usage, which may minimize any potential for adverse effects.
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B,-adrenoceptor agonists provide highly effective relief
for acute asthma symptoms and are the most widely pre-
scribed drug for asthma in industrialized countries [1].
However, recent studies have suggested that overuse of
[3,-agonists may worsen asthma control [2, 3], and may
be associated with increased morbidity and mortality in
asthma [4]. Any adverse effects of P,-agonists may
depend on the dose of the drug used. The epidemic of
asthma deaths observed in the 1960s was temporally
associated with the introduction of a high-dose isopre-
naline formulation [5], and subsided after this was with-
drawn [6]. A more recent epidemic of asthma deaths in
New Zealand has been associated with the use of fenoterol,
which was marketed in a relatively high dosage [7]. The
results of one recent epidemiological study suggest a
dose-response relationship between risk of asthma death
and the dosage of inhaled B,-agonist prescribed [4].

Shortly after inhaled B,-agonists were first introduced,
individual cases were reported in which deleterious effects
of ,-agonists used in high-dose were documented [8],
with improvement in asthma control following [3,-agonist
withdrawal [9]. When the newer selective [3,-agonists,
such as terbutaline and salbutamol, were introduced, they
were marketed at a dose originally determined by com-
parison with isoprenaline 1,000 pg [10], a dose which

may have been too high [6, 11]. The dose of the shorter-
acting [3,-agonists has, nonetheless, remained unchanged,
and [3,-agonists are prescribed as a standard dose, without
adjustment for body size. Salbutamol, although marketed
in 100 pg-actuation’!, will produce effective bronchodi-
latation at less than 25 pg [12-15]. Low-dose formulations
could potentially produce equivalent bronchodilatation in
asthma whilst providing a better safety profile. If asthma
control indeed deteriorates on high-dose [3,-agonists, a
reduction in dose might improve asthma symptoms.

In order to study this question, we examined the efficacy
of a low-dose formulation of salbutamol (50 pg-puffl),
used when needed for relief of asthma symptoms, in a
group of moderately severe asthmatic subjects, all requir-
ing moderately high doses of inhaled glucocorticosteroids
for optimal symptom control.

Methods

Subjects

Twenty four nonsmoking asthmatic subjects meeting
the American Thoracic Society diagnostic criteria for
asthma [16] (13 male and 11 females, mean age 4943 yrs)



1848 D.H. YATES ET AL.

(table 1) were recruited. All subjects had >15% reversibil-
ity to 200 pg salbutamol, and/or peak expiratory flow
(PEF) variability of >15%, and moderately severe or
severe asthma. All had previously used either higher
dose inhaled or oral glucocorticosteroid therapy, and their
asthma control had been stabilized in the out-patient
clinic on the dose of inhaled glucocorticosteroid used in
the study. All gave written informed consent to partic-
ipate in the study, which was approved by the Royal
Brompton Hospital Ethics Committee. All subjects had
daily symptoms of variable wheeze and dyspnoea, and
all were using inhaled glucocorticosteroids. Subjects
were selected for the study only if they used more than
four puffs of salbutamol daily. Three patients also used
salmeterol and four used aminophylline. All medica-
tions other than salbutamol were maintained at stable
dosage throughout the study, and all patients used salbu-
tamol on an as-needed basis during the study period.
Atopy was defined by one or more of the following:
skin-prick tests to six common aeroallergens >2 mm
greater than control; history of atopy (seasonal rhinitis,
eczema); or elevated immunoglobin E (IgE) [17].

No subject had suffered an asthma exacerbation or
respiratory tract infection within the 6 weeks preceding
the study, nor used oral glucocorticosteroids less than 12
weeks before study entry. Inhaled bronchodilators and
caffeine-containing drinks were withheld for at least 12 h
(24 h for salmeterol) before each study visit, and theo-
phyllines for 24 h. Patients attended the laboratory at
approximately the same time of day. Study inhalers were
weighed before and after each treatment period in order
to allow an assessment of compliance.

Table 1. — Patient characteristics

Study design

The study was double-blind, randomized and cross-
over. After a screening visit, patients entered a run-in
period of 2 weeks, during which the patient remained on
her/his usual medication. Patients were then randomly
allocated either to reduced dose or standard dose metered-
dose inhaler (MDI) for 2 weeks, and the alternative study
treatment was then used for a further 2 weeks. Salbutamol,
100 and 50 pg-puff-! were kindly supplied by 3M Australia.
Asthma control was measured by serial peak flows, symp-
tom scores, rescue inhaler usage, spirometry, and provoca-
tive concentration of methacholine causing a 20% reduction
in forced expiratory volume in one second (FEV1), (PC20)
where FEV1, was >65%.

Symptom scores were measured on a 0-3 scale for
early morning tightness, asthma last night and asthma
during the day. Daily inhaler usage was also recorded.
Scores were as follows: early morning tightness: O=none;
1=mild tightness, no effect on routine activity; 2=moderate
tightness affecting routine activity; 3=severe tightness.
Asthma last night: O=none; 1=woken once; 2=woken 24
times; 3=awake most of the night due to asthma. Asthma
during the day: O=none; 1=mild wheeze, no effect on daily
activity; 2=moderate wheeze affecting routine activity;
3=unable to perform normal daily activity.

Bronchial provocation challenge

Bronchial provocation challenge was performed accord-
ing to our standardized technique [18]. Fresh solutions
of methacholine (MCh) (Sigma, Poole, UK) were made

Pt Age Sex FEV1 Atopy IgE Eos Total GCS Other medication
No. yIs Jopred U-L! x109-L-1 therapy

1 47 F 89 + 160 04 Bud 800 pg b.d.. -

2 43 M# 84 + 266 0.4 Bud 800 pg b.d.. -

3 30 M 94 + 60 0.2 Bud 800 pg b.d.. -

4 39 M 75 + 61 0.3 Bud 1.6 mg b.d. -

5 33 M# 104 + 247 0.3 BDP 1000 pg b.d. -

6 52 F 63 + 22 0 Bud 800 pg b.d. -

7 25 M 72 + 196 0.2 Bud 800 pg b.d. -

8 40 F 49 + 41 0.2 Bud 1.2 mg b.d. -

9 52 M 54 + 37 0.5 Bud 1.6 mg b.d. -

10 66 M 56 + 58 0.2 BDP 400 pg b.d. -

11 40 M 49 + 772 0.4 Bud 800 pg b.d. Salmeterol 50 pg b.d.
12 71 M# 32 + 249 0.5 BDP 1.5 mg a.m., -

500 pg p.m.

13 63 M 24 + 27 0 BDP 1.5 mg b.d. -
14 55 F 66 - 54 0.3 BDP 1.5 mg b.d. -
15% 60 M 51 + 59 0.5 BDP 1.5 mg q.i.d. Theo 300 mg b.d.
16* 36 F 59 + 1544 0.2 BDP 1 mg b.d. Theo 225 mg b.d.
17 40 M# 70 + 140 0.7 Bud 1.6 mg b.d. -
18 83 F# 63 - 249 0.5 Bud 400 pg b.d. Nifedipine 10 mg b.d.
19 38 M 39 + 31 0.1 BDP 400 pg b.d. Theo 300 mg p.m.
20 36 F 66 + ND 1.1 Bud 1.6 mg Oxivent 2 puffs b.d.
21% 51 M# 34 + 49 0.3 Flut 500 ng b.d. Salmeterol 50 ug b.d.
22 60 F# 66 + 68 0.1 BDP 400 pg b.d. Salmeterol 50 pg b.d.
23 38 M 57 + 1385 0.1 Flut 500 ng b.d. Ipratropium p.r.n.
24%* 50 F 72 + 14 0.1 Bud 800 pg b.d. Theo 225 mg b.d.

FEV1: forced expiratory volume in one second; Eos: peripheral blood eosinophil count; IgE: immunoglobulin E; +: atopic;
-: nonatopic; Bud: budesonide; BDP: beclomethasone dipropionate; Flut: fluticasone; Theo: theophylline; GCS: glucocor-

ticosteroid; Pt: patient; M: male; F: female. *:

withdrew from study; #:

ex-smoker. ND: not done. Normal range for

eosinophils 0-0.4x10° cells-L-!. Normal range for IgE 25-150 U-L-L
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up in 0.9% saline in doubling dilutions (0.06-32 mg-mL-!).
Each solution was administered from a nebulizer attached
to a breath-activated dosimeter (Mefar, Brescia, Italy).
The nebulizer delivered particles with an aerodynamic
mass median diameter of 3.5-4 pum at an output of 9
uL-breath-1,

After resting quietly, baseline spirometry was assessed
by three forced expiratory manoeuvres using a dry wedge
spirometer (Vitalograph, Buckingham, UK). Subjects
then inhaled five breaths of saline and FEV1 was mea-
sured 2 min after the last inhalation. Incremental doses
of MCh were administered at 3 min intervals. Challenges
were terminated when a 20% decrease in FEV1 from the
post saline value was reached.

Statistical methods

FEV1, and PEF data were analysed by analysis of vari-
ance (ANOVA) and paired two-tailed t-tests. Values are
expressed at meantstandard error (SEM), unless otherwise
specified. Symptom scores were analysed by Friedman's
test for nonparametric data, as these are not normally
distributed. PC20 values were log, transformed for analy-
sis. These were compared by ANOVA and paired two
tailed t-tests. Geometric mean concentrations were cal-
culated by taking the antilog of the mean PC20 values
and expressed in the text as mg-mL-! with sem. Significance
was taken as a p-value of less than 0.05. Based on the
standard deviation of the difference in FEV1, observed
during an initial assessment using the same symptom
score and airway measurements in clinic patients, and
an estimated clinically relevant difference in FEV1 of
300 mL, we aimed to complete the study in 20 patients,
to achieve a power of 0.80. The proportion of subjects
showing better control with one or other treatment reg-
imen as assessed by graded outcome variables was not
used to assess treatment effect (although this has been
used previously [2]), as this had not been our original
plan and the number of subjects in our study was insuf-
ficient to provide useful results.

Results

Patients

Twenty four patients were recruited, of whom 20 com-
pleted the study (table 1). Four subjects withdrew in the
run-in period, two because of asthma exacerbations that
necessitated oral prednisolone treatment, and two because
of domestic and work commitments. Results from these
patients were excluded from analysis. Ten patients were
initially treated with the low-dose salbutamol inhaler, and
10 with the standard dose. All patients were nonsmok-
ers, although six had smoked (maximum 15 pack-years)
more than one year before study entry; none of these had
regular sputum production or irreversible airway obstruc-
tion suggestive of chronic airflow obstruction.

FEV1 and PEF

The mean FEV1, at the end of each treatment period
was identical (2.33 versus 2.32 L) and both of these values

were higher (but not statistically different) than the FEV1
at the end of the run-in period (2.19 L). Analysed in
individual patients, FEV1 was higher in three after the
low-dose inhaler, whilst in three others FEV1 was higher
after the standard-dose inhaler.

Mean PEF showed no difference between standard-
and low-dose treatment periods. Mean early morning
PEF in run-in, standard-dose and low-dose periods was
not significantly different. Morning PEF values were sig-
nificantly lower than evening PEF values during all peri-
ods throughout the study (p<0.01). Analysis of individual
PEF values showed that in six of the 20 patients (30%)
PEF was significantly different between treatment periods.
In five patients PEF improved on the low-dose inhaler,
two showing improvement both in morning and evening,
two in morning only, and one in evening only. One
patient only had a significant fall in evening PEF with
the low-dose inhaler, but no significant fall in morning
PEF.

Mean PEF variability similarly showed no differences
between treatment periods or run-in, at 21+3% (run-in),
19+2% (standard-dose) and 18+2% (low-dose) (table 2).
Eleven patients showed statistically significant differ-
ences in PEF variability between treatment periods; seven
patients had more PEF variation on the low-dose inhaler,
whilst four had less PEF variation.

Symptom scores

Mean symptom scores are shown in table 3. All patients
were moderately symptomatic despite optimal inhaled
glucocorticosteroid medication. No significant difference
was observed between standard- and low-dose salbutamol
in any mean symptom scores.

In 5 of the patients, symptom scores differed between
standard- and low-dose salbutamol periods. Two woke
more frequently at night with the low-dose, whereas one
woke less often. Two had fewer symptoms during the
day on the low dose, and one of these also had less early
morning tightness. One patient noticed a significant
improvement in daytime symptoms whilst on the stan-
dard dose compared with the low dose salbutamol.
Table 2. — Forced expiratory volume in one second
(FEV1), peak expiratory flow rate (PEF) and variability,
inhaler use and log provocative concentration of metha-
choline producing a 20% reduction in FEV1 (PC20) dur-
ing study period (n=20)

Baseline  Run-in Low  Standard
dose dose
FEV1 2.2 2.19 2.32 2.33
(0.25) (0.23) (0.24) (0.22)
PEFR a.m. - 363 365 361
27) 27 (29)
PEFR p.m. - 384 382 382

(30) (31) (32)
21 18 19

(2.8) 1.7 (2.2)
6.8

PEFR variability %

Inhaler usage n 8.3** 7.5
(0.8) 0.9) (0.8)
Log PC20t -0.22 -0.48 -0.27 -0.16

(0.22) (0.21) 0.14)  (0.19)

Values are presented as mean, and SeM in parenthesis. : GSEM
in brackets. *: p<0.05; **: p<0.001 ANOVA compared to
run in period.
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Table 3. — Symptom scores during study period (n=20)

Run-in Low Standard

dose dose
Early morning 0.96 0.98 1.0
tightness (0.09) 0.1) 0.42)
Asthma last 0.27 0.29 0.26
night (0.09) (0.09) (0.09)
Asthma during 1.11 1.1 1.09
the day (0.14) (0.15) (0.16)

For details of scoring system see text.

Methacholine PC20

PC20 to methacholine was measured only where FEV1
was >65% of predicted, at baseline and at each subsequent
study visit. Nine patients fulfilled this criteria consis-
tently throughout the study. No significant difference
was observed between baseline (0.6+1.6 mg-mL-1); at
the end of the run-in period (0.33£1.6 mg-mL-!); after
standard dose (0.69+1.4 mg-mL-!) or after low dose
(0.53+£1.5 mg-mL!) (table 2).

Inhaler usage

Subjects used their inhalers frequently, consistent with
the aims of the study. Inhaler usage rose from 6.8+0.8
actuations-day-! during the run-in period to 7.5+0.8 actua-
tions-day-! during the standard-dose period (p=ns; table
2). Low-dose inhaler administration resulted in a sta-
tistically significant increase in inhaler actuations to 8.3+
0.9 actuations-day! (p<0.04, compared with standard
treatment). Ten patients had a statistically significant
difference in inhaler usage between standard- and low-
dose treatment. In seven patients, inhaler usage went
up with the low dose, and in three usage decreased.
Mean dose of salbutamol consumed (calculated from
number of inhaler actuations) was 5.36£0.56 g-wk-! with
standard-dose treatment and 2.8910.34 g-wk-! with low-
dose treatment, representing a 46% reduction in dosage.
Correlation between actual inhaler usage, as calculated
by inhaler weights, and expected inhaler weight loss, as
calculated from inhaler actuations recorded, was 75%.
Subjects underestimated inhaler usage both during stan-
dard-dose and low-dose treatment, with no significant
difference in recording of actuations between these peri-
ods.

Discussion

Our study demonstrates that low dose salbutamol can
provide adequate symptom relief in moderately severe
asthma. Despite a 46% reduction in weekly salbutamol
dosage, mean asthma symptom scores and PEF values
remained unchanged overall in our patients, who were
dependent on frequent salbutamol inhalations daily. Mean
inhaler usage increased but did not double on low-dose
salbutamol, consistent with a small increase in daytime
symptoms, adequately treated by the low-dose inhaler.

Overall, the most striking feature was the lack of dif-
ference between low-dose and standard-dose treatment

periods. Although PEF rose in three patients, and the
changes were on average 30 L-min-!, similar to changes
in other studies assessing anti-asthma agents [19], these
changes were not always reflected by a change in symp-
tom scores. Similarly, those patients in whom the PEF
deteriorated did not show a worsening of asthma using
other parameters of asthma control, probably reflecting
a lack of sensitivity in the scoring system used.

FEV1 rose during the blinded standard salbutamol treat-
ment period, probably due to a small placebo effect, and
remained unchanged after the low-dose salbutamol treat-
ment period. Low-dose inhaler usage, thus, had no detri-
mental effect on FEV1. We could not measure bronchial
responsiveness in all our patients, (as 55% of our sub-
jects had <65% predicted FEV1 on recruitment), but
bronchial responsiveness was unchanged throughout the
study, where measured. Bronchial reactivity did not
increase during the low-dose treatment period, which
might have suggested an increase in airway inflamma-
tion, or a rebound effect of 3,-agonist withdrawal.

We did not observe any overall improvement in asth-
ma control. It is possible, however, that a longer treat-
ment period is needed before any clinical improvement
might result. In the study by SEArs et al. [2], although
a more potent [3,-agonist was used and a larger number
of patients studied, regular 3,-agonist treatment produced
an effect on asthma exacerbation within 2 weeks. A
reduction in bronchoprotection may also occur within
this time [20]. Other studies, however, have shown no
clinical deterioration using a short treatment period [21,
22].

This is the first time that a low-dose salbutamol MDI
has been used for the control of asthma symptoms and
to achieve P,-agonist dose reduction. Despite several
studies demonstrating the efficacy of low-dose inhalers
in bronchodilation [10, 13], in protection against inhala-
tional challenge [23] and in exercise-induced asthma [14],
they have not been evaluated in clinical practice. Salbuta-
mol can produce adequate bronchodilatation at less
than 25 pg [12, 13], whilst low-dose fenoterol (10 pg) pro-
duces similar bronchodilatation to 50 pg and provides a
2.4 doubling dilution protection against histamine-induced
bronchoconstriction [23, 24]. Maximal bronchodilator
response can also be demonstrated to isoproteronol at doses
as low as 20 g [13, 25]. Fenoterol is marketed at a dose
approximately twice the potency of albuterol, and this
relatively high dose may account for the increased relative
risk of asthma morbidity and mortality, which has been
reported with this drug [26]. It is recognized the 3,-ago-
nists in higher dosage produce greater bronchodilatation
[27]. The optimal degree of bronchodilation in asthma has,
however, yet to be established.

Side-effects of B,-agonists, in particular hypokalaemia
and diastolic hypotension, increase dose-dependently with
[,-agonist treatment [28]. Substitution of a low-dose
inhaler may reduce drug concentrations in the airway
lumen, so that concentrations are insufficient for chronic
receptor downregulation to develop, or to prevent a poten-
tially negative 3,-agonist/glucocorticosteroid interaction
[29]. It may, therefore, be important to use these drugs
at the lowest possible dose which is of proven benefit.
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Our patients were deliberately selected for their high
salbutamol usage despite high-dose inhaled glucocorticos-
teroid treatment. Our intention was to examine a popu-
lation of asthmatic subjects who were symptomatic des-
pite optimal antiinflammatory therapy, although stable,
and who appeared to be dependent on [3,-agonist use.
The conventional treatment options in this group include
the addition of oral steroids, theophylline or a long-act-
ing B,-adrenoceptor agonist. An alternative may be to
reduce the dose of P3,-agonist, a practice which is often
difficult in patients who have used inhaled B,-agonists
over many years. SEARs [30] suggested education in
symptom appreciation, together with clear peak flow
guidelines. A slow decrease in dosage may also prove
effective [31]. Our study suggests a low-dose salbuta-
mol MDI may provide an acceptable alternative.

[,-agonists have for years provided a relatively safe
and effective remedy in asthma relief. Use of a low-
dose inhaler may have a better safety profile and yet be
as effective in day-to-day asthma symptom control. Our
study has shown that such a strategy is possible in patients
with moderately severe asthma in clinical practice. Further
studies are needed to extend our findings and to estab-
lish the usefulness of low-dose 3,-agonists in asthma con-
trol over longer periods.
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