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Cost-effectiveness of inhaled ~-agonists v. oral salbutamol
in asthma: A randomized double-blind cross-over study

K. THOMAS, 1. V. PETER, A. M. CHERIAN, G. GUYATT

ABSTRACT
Background. Oral ~-stimulants are widely used in the

management of chronic asthma in India, in spite of evidence
suggesting the superiority of inhaled medication in achieving
maximum bronchodilatation. An economic evaluation was
performed in a randomized double-blind cross-over trial to
evaluate the role of adjuvant oral ~-stimulants in the treatment
of asthma.

Methods. Patients who had seasonal or perennial asthma
and were using metered dose inhalers for control of symptoms
were randomly selected for the study. They received either
4 mg of oral salbutamol or placebo as adjuvant treatment. Dur-
ing the study they controlled their symptoms by adjusting the
dose of the inhaler medication. A cost minimization technique
was used to assess the economic impact of this intervention in
the treatment and control periods. A sensitivity analysis was
performed to assess the robustness of the conclusions.

Results. The mean cost was significantly greater in the
treatment period and a patient lost approximately Rs 20 per
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month (CI: 13 to 27; p=O.OOl) as a result of the adjuvant
treatment. There was no significant difference in the quality of
life or peak expiratory flow rate during the two periods. The
patients also noted mild but significantly increased tremors
(p=O.Ol) and palpitations (p=O.OOl) during the treatment
period. There was no treatment-to-period interaction.

Conclusion. Adjuvant oral ~-agonists do not improve the
quality of life or bronchodilatation in asthmatics using an
inhaled ~-agonist for control of symptoms.
Natl Med J India 1996;9:159-62

INTRODUCTION
Bronchial asthma is a chronic reversible obstructive airways
disease characterized by increased responsi veness of the tracheo-
bronchial tree to multiple stimuli. I Therapy is largely aimed at
controlling symptoms and reversing the bronchoconstriction and
inflammation associated with the disease.

Inhaled bronchodilators and steroids are the' mainstay in the
management of asthma in view of their targeted action and low
side-effect profile. Inhaled steroids have been shown to have a
steroid-sparing effect-' and are currently recommended by the
British Thoracic Society" in all patients who require inhaled
bronchodilators more than once a day. It is not unusual. however.
to find many physicians in India prescribing combinations of oral
bronchodilators and inhaled medication expecting to obtain
better control of disease at a lower cost. Though it has been sug-
gested that long-acting tablets may improve nocturnal symptoms,'
there is no data on the effect of a combination of oral and inhaled
~-agonists on the cost of treatment or quality of life. These are
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important issues for any patient on long term treatment. These
drugs are widely prescribed because there is insufficient evidence
regarding these important considerations. We evaluated the role
of an adjuvant oral bronchodilator (salbutamol) on the cost and
quality of life in the management of asthma in India.

PATIENTS AND METHODS
We randomly selected patients for the study from those attending
thc medical outpatient clinic of our tertiary teaching hospital/We
first made a list of patients with asthma who were attending the
medical outpatient department regularly over the past one year
and excluded those who lived more than 15 km away. A note was
made on the charts of the selected patients to contact us on the next
follow up visit when they were subjected to a run-in period of 7
to 10 days to confirm that they met the inclusion criteria. If they
did not, other patients were randomly recruited from the list. New
patients who were willing to participate in the study and who
fulfilled the inclusion criteria were also recruited. All patients
were using either salbutamol or terbutaline metered dose inhalers
for symptom control. Patients who had seasonal or perennial
symptoms at least 50% of the days for at least 3 months each year
for more than 2 years were included. Those who had received
parenteral medication within 6 weeks prior to recruitment or who
were taking systemic steroids were excluded. During the run-in
period, treatment was standardized to check if symptoms could be
adequately controlled with inhaled medication only. If not, one
additional drug, either oral long-acting theophylline twice daily
or inhaled beclomethasone 600 ug/day was prescribed. This
medication was then continued at the same dose throughout
the study. Patients were excluded if the symptoms were not
adequately controlled at the end of the run-in period. There were
two equal-sized strata of 15 each in the study-those using the
salbutamol inhaler and those using the terbutaline inhaler. The
study was designed as a cross-over trial and a simple random
method was used to determine the order of allocation to receive
either oral long-acting salbutamol4 mg twice daily or a placebo.
The treating physicians and patients were unaware of the alloca-
tion. Patients were followed up for three weeks and the outcomes
were monitored at weekly intervals. After three weeks, there was
a one-week wash-out period after which they crossed over to the
placebo or control drug, depending on th~ initial allocation.

Measurements included the dose of inhaled ~-stimulants, cost
of the drug, quality of life, peak expiratory flow rate (PEFR), side-
effects and compliance. The dose of the inhaler used was calcu-
lated from the difference in weight of the canister at the beginning
and end of the measurement periods using a sensitive electronic
balance. The quality of life was assessed using a disease-specific
'asthma quality of life instrument' (AQL).6 The PEFR was deter-
mined using a portable meter and an average of three readings was
taken to reduce error. The presence of any side-effects was
monitored using a questionnaire at weekly follow up. In addition,
the magnitude of tremors and palpitations was monitored using a
lO-point Likert scale at each visit. Serum potassium was esti-
mated at each follow up visit. Global assessment of the disease
state was also measured by an investigator-administered ques-
tionnaire on a scale of 10 points at each visit.

The weight of the drug, cost, PEFR, quality of life and serum
potassium were analysed using a mixed design repeated measures
ANOVA. The grouping factor was the type of inhaler used (strata)
and the within factors (split plot) were treatment and time. Time-
to-treatment interaction was noted to exclude an order effect. The
side-effects, compliance and the global ratings had a non-para-
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metric distribution and hence patients were divided into treatment
and control groups and Wilcoxon's test for paired samples was
used in the analysis.

The sample size calculation showed that nearly 30 patients
were required to detect a 20% reduction in the dose of the inhaler
with 80% power and 95% confidence.

The economic analysis used was the 'cost minimization tech-
nique' to compare the cost difference between the two treatment
periods. The cost of treatment and placebo periods for one month
was determined as follows:

[(Weight of inhaled drug during the treat-
ment period x cost of I g of the inhaler)
4/3]+cost of adjuvant drug for one month

Cost of control (Weight of inhaled drug during control
period of I month period x cost of I g of inhalcr)4/3

The results were subjected to sensitivity and threshold ana-
lyses using a decision tree (Fig. I) to test the robustness of the
conclusions to variations in the cost of both the inhalers (Rs 40 to
Rs 100) and the probability of prior use of either one of the
inhalers from 0% to 100%.

The mean weight per puff of the inhalers was calculated from
the total weight and the number of puffs of medication present in
10 salbutamol and 10 terbutaline inhalers. The inhalers were
repeatedly activated till they were empty and their weights
recorded before and after activation. The number of activations
and weight ofthe canisters before and after activation were noted.

Cost of treatment
for I month

RESULTS
A total of 27 patients were selected from the random list. Four
patients refused to participate and two were excluded because
they were not compliant during the run-in period. One other
patient did not achieve good control of symptoms with the study
medication and was hence excluded before randomization. Ten
rrew patients were then recruited from the outpatient clinic. Thus
30 patients were randomized and completed the trial. There were
15 patients using terbutaline and salbutamol inhalers in each
group; 17 of these 30 patients received placebo while 13 received
salbutamol in the first period by simple random allocation. The
baseline characteristics of the patients are given in Table I.

The results of the outcome measurements, the magnitude of
effect, confidence intervals and probability values obtained in the
statistical tests are given in Table II. The tremor and palpitation

Terbutaline

1-P
Treatment

Salbutamol

P
Choose

Salbutamol

1-P
Control

Terbutaline

P

(5.46xC2x4/6.97/3)+30

(6.94xC1 x4/18.405/3)+30

(13.12xC1 x4/3/18.405)

(5.65xC2x4/3/6.97 )

FIGI. Decision tree for adjuvant treatment of asthma. CI cost of
salbutamol C2 cost of terbutaIine P probability of
using salbutamol inhaler
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scores were significantly greater in the treatment period (p=O.OI
and p=O.ool) but the magnitude of change of these side-effects
was small with a median difference of 1 on a 1O-point scale. The
maximum score for tremors or palpitations given by the patient
was only S on this scale. Serum potassium was monitored weekly
for possible systemic effects of ~-stimulants on serum levels.
However. no significant difference was noted (p=0.2); the mean
values being 4.17 mEq/L and 4.05 mEq/L in the treatment and
control periods. There was no significant difference in the quality
of life, FEV I (forced expiratory volume) values or global assess-
ment of disease by patients during the two periods. Global
assessment by the doctor showed a median value of 3. However,
the doctor rated the patients slightly better in the control period
with a mean of 3.3 as against 2.8 in the treatment period (p=0.02).

The mean difference in the weight of the drug used was 1.38
g/week less during the treatment period (p=0.08). However, to
maintain a stable clinical condition, the treatment was signifi-
cantly costlier by Rs 20 per month (p=O.OOI). The mean number
of puffs used by the patients were 18.4 and 22.S puffs per day
during the treatment and control periods respectively.

TABLEI. Characteristics of patients

Total number of patients
Mean age of patients
Male:female ratio
Duration of asthma
Baseline PEFR
Baseline quality of life
Patients using asthalin:terbutaline
Serum potassium
Number using theophylline
Number using beclomethasone

30
38.4 years (17-68)

16:14
8 years (2-30)

230 ml/rninute (l02-43S)
ISO(IOS-201)

IS:IS
4.1 mEq/L (SO 0.36)

7
3

Figures in parentheses indicate the range PEFR peak expiratory flow rate
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The mean weight of the inhaler in the salbutamol and terbutaline
subgroups during the treatment and control periods was used in
the decision tree for calculation of sensitivity and threshold. The
mean weights used wereS.S g, 6.9 g, S.7 g and 13.1 gin terbutaline
and salbutamol treatment, and terbutaline and salbutamol con-
trols, respectively. The result of the sensitivity analysis showed
that even if the number of patients using the salbutamol inhaler is
varied from 0% to 100% or the cost of the salbutamol or terbutaline
inhaler varied from Rs 50 to Rs 100 the final conclusions remain
robust and dominant. The threshold for the cost of the salbutamol
inhaler varying the cost of terbutaline inhaler and the probability
of its use at 20% increments simultaneously is shown in Fig. I.
Table III details the actual values of the threshold analysis.

DISCUSSION
In India, ~-adrenergic drugs are prescribed widely to control
symptoms' in bronchial asthma in spite of emerging evidence
around the world that suggests that overindulgence of this form of
treatment contributes to the increasing asthma mortality." There
is general agreement that inhaled ~-agonists are the most effective
agents for maximum bronchodilatation in asthma even though
steroid inhalers are recommended earlier in the disease as defini-
tive treatment. It is not unusual for physicians to prescribe comb-
inations of many drugs including inhaled and oral ~-agonists in
the belief that these improve the overall quality of life in patients
with asthma and reduce the cost of treatment. In the absence of
published evidence to the contrary, it is difficult to refute these
assumptions. The present study addressed these questions and
also identified the magnitude of possible side-effects such as
tremors, palpitations, and hypokalaemia due to the use of a comb-
ination of systemic and inhaled ~-stimulants. Since salbutamol
and terbutaline are the most frequently prescribed inhalers, two
equal-sized stratified groups using these were evaluated.

Our study showed that during the treatment period the patients

TABLEII. Results of the outcome measurements, the magnitude of effect, confidence intervals and their probability values

Outcome Treatment Control Difference CI of difference Probability

Mean weight of inhaler (g/week) 7.69 9.07 1.38 -0.7 to 3.5 0.08
Mean cost of inhaler (Rs per month) 78.18 S8.18 20 13 to 27 0.001
Median (range) tremor score 2 (I-S) I (1-3) I 0.01
Median (range) palpitation score 2 (I-S) I (I-S) 1 0.001
Mean serum potassiurrrtrnliq/L) 4.17 4.0S 0.12 -0.09 to 0.33 0.2
Mean pulse rate (per minute) 89.31 88.73 058 -2.62 to 3.8 0.6
Mean PEFR value (mllminute) 23S 232 3 -10 to 16 O.S
Patient global rating
Median 3 3 0 0.1
Mean 3.1 3.5 0.4
Range 1-9 1-8
Doctor global rating
Median 3 3 a 0.02
Mean 2.8 3.3 O.S
Range 1-7 1-8
Quality of life score
Mean 162 160 2 -7 to II 0.4

Compliance
Median 100% 100% 0.8
Mean 98.7% 98.6%
Range 50-100 60-100
Mean cost of terbutaline (Rs per month) 80.80 S2.60 2S.19 12 to 38 0.002
Mean cost of salbutamol (Rs per month) 76.49 63.70 12.76 -2.6 to 28 0.1

CI confidence interval Rs rupees PEFR peak expiratory flow rate



162

TABLEIll. Threshold analysis varying the cost (in rupees) of
inhaler and probability of use

Probability of using Cost of Threshold cost for
terbutaline salbutamol inhaler

salbutamol terbutaline inhaler
inhaler inhaler

Below 65% Above 35% 80 Not found
65% 35% 90 99.61
65% 35% 100 99.22
70% 30% SO 94.18
70% 30% 60 93.88
70% 30% 70 93.57
80% 20% 50 82.86
80% 20% 60 82.68
80% 20% 70 82.50
90% 10% 50 74.05
90% 10% 60 73.97
90% 10% 70 73.89

100% 0% 50 67.01
100% 0% 60 67.01
100% 0% 70 67.01

used about 1.38 g of medication (drug and vehicle) less per week
(CI: -0.7 to 3.5; p=0.08). This amounts to 4 puffs less per day.

There are some reports of hypokalaemia in patients using
systemic ~-agonists. In our study with oral medications, no signi-
ficant change was noted in the serum potassium values. As
expected, tremor and palpitation were significantly more during
the treatment period.

Cost minimization analysis is justified only if the two groups
are similar in all respects except regarding the question being
evaluated. This assumption is theoretically fulfilled here as the
same patients went through the treatment and control periods and
were advised to maintain a stable clinical state by adjusting the
dose of inhaled medication. The measurements assessing control
of disease (PEFR, quality of life and global assessments) in the
two treatment groups substantiate this.

The maximum retail prices of the drugs was used in the
analysis of the study. The assumptions of the economic analysis
are given in Table IV. The cost of the adjuvant tablet at Rs 0.50
cancelled out any marginal reduction in the dose of the inhaler
used and caused a net loss of approximately Rs 20 per month in
the treatment period (CI: 13 to 27). These conclusions remain
robust even on increasing the cost of the inhalers to Rs 1()()each.
The threshold analysis shows that the conclusions can be altered
only if the cost of the salbutamol inhaler and the probability of its
use are simultaneously increased to more than Rs 99 and 65%
respectively or to at least Rs 67 when all the patients are using
salbutamol inhaler (probability 100%). Both these situations are
unlikely.

The ANOVA model showed no significant interaction be-
tween treatment and time in any of the analyses. Thus, in this
cross-over trial the possibility of order effect was excluded.

When the two strata were analysed separately, it was noted that
the terbutaline group fared worse with adjuvant treatment than the
salbutamol group. There was amean loss ofRs 25.2 in the terbuta-
line group as compared to only Rs 12.8 in the salbutamol group.
Since in both strata there was loss in the treatment group, no
interaction was noted between treatment and inhaler in theANOVA
model (p=0.24). As there was no interaction, this could be
interpreted as being due to chance. However, other factors such as
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TABLEIV. Assumptions in economic analysis

Salbutamol Terbutaline

Maximal retail price of inhaler
Maximal retail price of 4 mg of

long-acting salbutamol tablet
Mean (SD) weight of inhaler (g)
Mean number of puffs
Cost per g inhaler
Weight per puff (g)

Rs 67
Rs 0.50

Rs 55
Rs 0.50

18.405 (0.43)
206/vial
Rs 3.64
0.089345

6.974 (0.682)
203/vial
Rs 7.89
0.034355

the aerochamber in the terbutaline inhaler or the difference in
particle size could also have contributed to this effect.

Since the patients titrated inhaler intake to control symptoms
during the study, it is reasonable to presume that they remained in
the same clinical state. Four measurements (PEFR, quality of life
and global ratings by the patient and the doctor) were made
to determine whether the control of asthma was truly equal in the
two treatment periods as assumed in the study. The PEFR was
235 ml/minute and 232 ml/rninute in the treatment and control
periods (p=0.5), the quality of life score was 162 and 160 (p=O.4)
and there was no difference in the global rating by the patient
during the two periods (median 3 each; p=O.I). The doctor's
grading of illness, however, showed a marginal improvement
during the control period. This was statistically significant
(p=O.02). This difference could not bias the inference of the study
since patients would require to use more of the inhaler during the
treatment period to maintain similar disease control which would"
be likely to further increase the cost difference between the two
periods. Thus the direction of bias further supports the inference
of the study.

Treatment with adjuvant oral ~-agonists has little additive
benefit in reducing bronchoconstriction or improving the quality
oflife in chronic asthmatics who are using inhaled ~-agonists. The
cost and potential side-effects associated with these drugs should
be considered and their routine use as adjuvants avoided.
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