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Comparison of dose-response effects of inhaled
beclomethasone dipropionate and budesonide in
the management of asthma
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The dose-response effects of inhaled beclomethasone dipropionate (BDP) and budesonide
(BUD) administered b.i.d. with the aid of metered dose aerosols were studied in 128
patients (67 men and 61 women, mean age 53 years) suffering from asthma bronchiale.
The study was designed as a multi-centre, double-blind, four-period cross-over study,
followed by a single-blind double placebo period. BDP was administered in doses of 400
and 1000 (ig, and BUD in doses of 400 and 800 Hg. The results in terms of peak
expiratory flow (PEE) in the morning and evening, daily symptoms score and use of
inhaled Pj-agonists did not reveal any clinic2tlly significant differences between the drugs
or between high (800 ng BUD, 1000 Hg BDP) and low (400 ng BUD/BDP) doses.
However, statistically significant differences were recorded for the corresponding par-
ameters when comparing the placebo with preceding steroid periods. Adverse effects
consisting mainly of oropharyngeal candidiasis, hoarseness and cough occurred in 54 of
468 treatment months (12 %). The carry-over effects of inhaled steroids are longer lasting
than was previously assumed.
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CLINICAL ASPECTS
Inhaled steroids are effective in moderately severe asthma. No clinical differences
exist, however, between BUD and BDP in a dose range of 400 to 1000 ng. Doubling
a low dose (400 (Ig) of inhaled steroids does not produce any clinical benefit.
Inhaled steroids have longer lasting carry-over effects than previously assumed.

Inhaled steroids have the properties of low sys-
temic potency coupled with a high topical anti-
inflammatory potency. They are well estab-
lished in the management of asthma (3, 9).
Inhaled beclomethasone dipropionate (BDP) in
a mean dose of approx. 400 ng daily is shown
to be the equivalent of 5-8 mg of oral pred-
nisone (4, 7) and, in a retrospective study of
293 asthmatics, 27% of the patients were able

to stop taking oral steroids and 62 % exper-
ienced an overall improvement in asthma con-
trol with BDP in doses of 500-2000 ng daily
(15). Topically inhaled steroids have also
proved to be particularly effective in patients
with moderately severe asthma who are not
receiving systemic corticosteroids (8, 23). BDP
has been available for more than 10 years and
has proved to be an effective control in the
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Fig. ]. Severity of asthma as estimated by the physician.

majority of such patients in doses of between
200 and 400 îg daily (8). In placebo-controlled
studies inhaled steroids have been shown supe-
rior to placebo treatment in terms of pulmonary
function and the use of supplementary broncho-
dilators (17). Budesonide (BUD) is a new, in-
haled corticosteroid, which has proved effective
in the treatment of chronic asthma in children
(13) and adults (12). In pharmacological studies
of animals (6) and humans (14) it has been
claimed that BUD has an improved ratio be-
tween the topical anti-inflammatory and sys-
temic effects when compared with BDP.

Increasing the dose of BDP from 400 to 800 \ig
or more has been followed by spirometric and
clinical benefits (7) and it is claimed that inhaled
steroids have a dose-response relationship (21).
Very few prospective studies comparing inhaled
corticosteroids have been conducted (9, 20).

The aim of the present study was to compare
the dose-response effects of BDP and BUD ad-
ministered twice daily with the aid of metered
dose aerosols to patients who were currently in
need of inhaled steroids, but who were not con-
trolled satisfactorily by the low (400 |ag BDP or
BUD) dose.

PATIENTS AND METHODS

The subjects of this study were 128 patients (67
men and 61 women), with a mean age of 53 years
(range 18-77 years), who had asthma bronchiale
as defined by the American Thoracic Society (1).
None had signs of cardiovascular disease or dia-
betes mellitus. The mean duration of their ob-
structive disease was 13 years (range 1-60 years).

13 patients (10%) were smokers and 49 (38%)
ex-smokers. The severity of asthma from the
clinical history was assessed by the physician with
the aid of a 4-degree scale (mild, moderate, se-
vere, very severe. Fig. 1). An allergic basis for
asthma was found in 32 patients (25%).

The reversibility of the airway disease was
estimated along the following lines: during a
stable phase of the disease the patients showed a
reversibility of their airway obstruction by an
improvement of at least 15% in their FEVi,
FVC or PEE, 10 min after inhaling 200 l̂g of
salbutamol via an inhaler, or a 20 % variation
in their morning PEF during the run-in period.
117 (91.4%) were receiving regular treatment
with a |32-agonist (salbutamol, terbutaline, feno-
terol, rimiterol) in the form of a metered dose
aerosol, and 91 patients (71 %) were using oral
Pj-agonists (salbutamol, terbutaline). Oral theo-
phyllines were being used by 83 patients
(64.8%).

Regarding the use of steroids, the inclusion
criteria were as follows: only patients were
included who were currently in need of inhaled
steroids in doses ranging from 400-800 ng and
who were not controlled satisfactorily by the
low (400 \ig) dose (expressed as at least one
exacerbation of their asthma in the last 12
months requiring additional therapy, or recur-

Table 1

Number (No.) of patients diagnosed with diseases
other than asthma

No.

Hypertension
Hypertension, arthrosis of left hip
Hypertension, status post-myocardial infarction
Hypertension, perniciosa, hyperuremica
Polyposis nasi
Sinusitis
Rhinitis
Eczema
Duodenal ulcers
Gastritis
Tendency to cardiac arrhythmias
Pain in joints
Grural ulcera
Obesitas

11
1
1
1
2
2
3
1
1
1
1
1
1
1

Total 28
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rent wheezing or episodes of dyspnea on the
400 Hg dose). Patients who were currently tak-
ing regular oral corticosteroids were excluded.
Patients who had taken intermittent short
courses, but not more than 3 per year, were
allowed to participate in the study. They did,
however, have a 2-week period free from oral
steroids before starting the run-in period.

Twenty-eight patients were suffering from
other diseases (Table 1) and 27 of them were
receiving treatment for their concurrent disease.
The study was designed as a multi-centre,
double-blind, four-period cross-over study, fol-
lowed by a single-blind double placebo period.
This fmal period was used to assess any carry-
over effects caused by the study drugs. There
was a pre-trial run-in period of 2 weeks during
which the patients learned the procedure of
recording peak expiratory flow measurements
twice daily and filling in a daily record card.
Each treatment period lasted for at least 4
weeks. The entire study therefore took a total of
at least 22 weeks. Recruitment took place dur-
ing weeks 36 to 42 of the calender year.

A total of 128 patients were studied at eight
centres. The randomisation took place accord-
ing to a 4 x 4 Williams square. Each centre
studied 16 patients.

The patients were allocated each of the fol-
lowing four treatment regimens:
a) BDP 200 Hg b.i.d.
b) BUD 200 \ig b.i.d.

Table 2

Assessing overall symptoms twice daily in the morning
(symptoms from evening to morning) and in the evening
(symptoms from morning to evening) with the aid of a
4-degree symptom score

0 = No problems, not noticed any asthma, slept peaceful-

1 = Slight problems, been aware of asthma, but this has
not affected daily activities or sleep.

2 = Moderate problems, troubled by asthma and this has
affected daily activities and disturbed my sleep.

3 = Severe problems, troubled a great deal by asthma.
Unable to carry out my daily activities and had a very
disturbed night.

c) BDP 500 Hg b.i.d.
d) BUD 400 Hg b.i.d.

The four possible orders of treatment were
abed, bcda, cdab and dabc. The fifth period
was a single-blind regimen.

Each patient had access to a bronchodilator
aerosol which they were instructed to use as
required for immediate relief from any exacer-
bation of their symptoms. All other anti-asthma
medication remained constant throughout the
study period. Any necessary changes were
clearly recorded on the physician's record form.
Whenever necessary, exacerbations were treat-
ed with a 7-day standard short reducing course
of oral steroids using the following dosages: 3.5
mg, 3.0 mg, 2.5 mg, 2.0 mg, 1.5 mg, 1.0 mg,
0.5 mg of betamethasone. If patients required a
short course of steroids in the 4th week of any
treatment period, they continued with the drug
that caused the deterioration until the end of
the short course and then started the new treat-
ment period.

There were two types of form on which in-
formation was recorded: a daily record card on
which patients recorded their daily medication,
symptoms (Table 2) and PEF using a mini-
Wright peak flowmeter, and a physician's
record card on which patient details, clinical
history and lung function results obtained at the
clinic were recorded.

Any adverse events were recorded on the
patient's record card and discussed with the
physician during the regular visits to the clinic
between the treatment periods. The study was
conducted according to the Declaration of Hel-
sinki adopted by the 18th World Medical As-
sembly in 1964 and revised by the 29th World
Medical Assembly in Tokyo in 1975. Approval
of the study was obtained from the Regional
Ethics Committees.

Some of the variables were recorded in diaries
by the patient every day. Only the last 14-day
period of each active treatment was analysed.
The mean value of these variables for the period -
contributing a maximum of 14 days for active
drug periods and 28 days for the placebo period -
was calculated for each patient. When comparing
active drug with placebo only those periods of
active drug treatment that immediately preceded
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the placebo period were used. When a patient
deteriorated and had to begin oral corticosteroid
treatment, only the data obtained prior to this
deterioration was used in the evaluation.

All comparisons between BDP and BUD (ac-
tive drugs) versus placebo were performed us-
ing Fisher's test for paired comparisons (5),
which is a non-parametric test. The two-sided
test was used.

RESULTS

Before the start of the trial the mean FEV, with-
out inhaled |32-agonists for at least 8 h was 1.9
1/min, which corresponds to 61 % of the predicted
normal FEV, value (3.08 1/min). The subsequent
reversibility test revealed a mean FEVj revers-
ibility of 26.3 % after 200 ng of salbutamol via an
inhaler. Lung function tests (FEV,) performed
during visits to the clinic showed a significantly
higher FEV, ( P < 0.01) on treatment with 1000
(Xg BDP than at the end of the subsequent place-
bo period. There were no other significant differ-
ences in the FEV, values obtained on visits to the
clinic for the different treatments. A comparison
of equivalent doses of beclomethasone and bude-
sonide reveals that a statistically significant
( P < 0.05) reduction in the symptom score in the
morning was recorded for 400 [ig BDP compared
with 400 ng BUD, and that an increased PEF
was recorded following 400 ng BDP compared
with 400 ng BUD both in the morning and
evening {P<0.05).

Surprisingly, 400 ng BDP produced a signif-
icantly higher PEF (/ '< 0.05) than 1000 ng BDP
in the evening (significance by chance?). No
other statistically significant differences in symp-
tom score, Po-inhaler usage or PEF were recorded
when comparing equivalent doses of the two
drugs or the two different dose levels of the two
agents.

When the preceding active treatment period
was compared with the corresponding placebo
period, significantly lower symptom scores were
recorded in the morning and evening for 400
ng (P<0.01) and for 1000 ng BDP {P<O.Ol
and P < 0 . 0 5 , respectively) and for 400 ng
BUD {P<0.05) in the morning. For inhaled
P significantly fewer puffs were

recorded in the evening for 400 ng BDP
(P< 0.05) and 800 ng BUD ( P < 0.05) and for
1000 ng BDP ( i '<0.05 and P < 0 . 0 1 , respec-
tively) in the morning and evening when com-
pared with the corresponding placebo period. A
significantly higher PEF was found in the
morning and evening for 400 ng ( ^ < 0.01) and
1000 ng (P<0.05) BDP compared with the
corresponding placebo period.

Two active treatment periods were excluded
from the calculations in one patient due to
throat discomfort during one period and a
death in the family during another. A further
eight patients failed to complete one treatment
period satisfactorily; four because of poor com-
pliance, one because of anxiety about steroid
medication due to a public debate on the toxi-
city of inhaled steroids, two because of dryness
in the mouth and palpitatio cordis, respectively,
and one patient who was hospitalised because of
pneumonia. The above-mentioned periods were
excluded from the statistical evaluation.
Twenty-eight patients failed to complete the
trial. Eleven patients were unable to complete
all the active treatment periods and dropped out
of the study. Of these patients, seven were
excluded because a deterioration in their asth-
ma made them unwilling to complete the study.
One patient refused to complete the study be-
cause of anxiety about inhaled steroids, one was
excluded during the first period because of
pregnancy, one because of poor compliance,
and one patient dropped out due to the occur-
rence of a retinal ablatio during period 4.

Seventeen patients were unable to complete
the placebo period and had to begin cortico-
steroid therapy again. A mean of 11.2 days
(range 0-23 days) was recorded for the 17 pa-
tients before relapse. The data on these patients
from the placebo period has only been included
in the statistical evaluation up to the date of
their relapse when they returned to steroid
treatment. The remaining patients (100, 78%)
were able to complete the placebo period.

Fig. 2 shows the proportion of patients with a
morning PEF of more than 80 % of the mean
value in the preceding active treatment period.
There was a continuous deterioration in airway
obstruction, expressed as a fall in PEF, during
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the entire placebo period. However, there were
no statistically significant differences between pa-
tient groups in the placebo period with regard to
type or dosage in the preceding active period.
The number of patients in whom a clinical exam-
ination produced evidence of Candida infection in
the mouth and throat is shown in Fig. 3. A
statistically significant increase in the incidence
of Candida infections was observed following
treatment with 800 |i.g BUD compared with 1000
îg BDP (P<0.05) and with 400 ^g BUD

(P< 0.01). However only one ofthe 13 patients
displaying candidiasis following 800 Hg BUD
required treatment. No patient displayed signs of
candidiasis during the placebo period.

The most common adverse effects were cough-
ing due to inhaled steroids, throat irritation and
hoarseness. One patient reported hoarseness and
throat irritation in all the trial periods, including
the placebo period, and one patient reported
nasal bleeding three times whilst being treated
with 800 |lg BUD. The numbers of patients
reporting side effects, apart from candidiasis, are
shown in Table 3. During 468 months of treat-
ment side effects from the upper airways were
reported in 54 months (12 %).

DISCUSSION

The results of our study reveal very few signif-
icant differences when comparing the two drugs,
and we were unable to demonstrate that the
higher doses (800, 1000 ng) had a better effect
than the low doses (400 ^ig). Our study therefore
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Fig. 2. Proportion of patients with a morning PEF of more
than 80 % of the mean value in the preceding active treat-
ment period. Patients with a value below 80% of the mean,
or requiring steroids, are counted as below.
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Fig. 3. Number (No.) of patients displaying mouth and
throat Candida infections on different treatments.

indicates that there are no clinically important
differences between BDP and BUD administered
twice daily in the dose range 400-1000 ng. These
results correspond well with earlier comparative
studies of BDP and BUD in doses of 200 jxg daily
in children (16) or 400 |Ig daily in adults (23),
whereas in a recent survey of 200 ng BDP and
BUD administered twice daily an increase in the
PEF in the morning and evening was found in
children receiving BUD (2). In 28 patients re-
quiring a mean dose of 887.5 |Xg of BDP a
double-blind, single cross-over study comparing
1500 ng of BDP and 1600 ng of BUD adminis-
tered daily in two doses revealed no significant
differences in the control of asthma during the
two 6-week treatment periods (11). In light ofthe
previous and present data, it would appear justi-
fied to assume clinical equipotency between BDP
and BUD in the treatment of chronic asthma. In
earlier studies it has been claimed that inhaled
steroids have a dose-response relationship (7, 10,
21, 22). We were unable to demonstrate any such
relationship. It could be argued that this was due
to the assumption that the patients involved in
our study were mild asthmatics who were not in
need of inhaled steroids. We do not consider this
to be true. We believe that our patients were in
need of steroid treatment; statistically significant
differences were recorded for symptom score, the
number of additional puffs of pj'^gonists and
their PFF when comparing the placebo period
with the preceding steroid periods. Our study
shows that doubling the dose of 400 ng of BDP or
BUD is not sufficient to obtain additional effects.

23
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Table 3

Number of patients reporting side effects during the different treatment periods

Budesonide Beclomethasone

400 800 400 1000
Placebo

Gough
Gough and

throat irritation
Gough and

hoarseness
Hoarseness
Hoarseness and

throat irritation
Throat irritation
Dry mouth
Unpleasant taste
Nasal bleeding

Total

4

2
1

1

1
6

1
3

1
1

3

2
6

1

5

4
5

13 15 17

It might be that beneficial effects could be ob-
tained by increasing the dose even further, as has
been shown in a previous study of 24 asthmatics
where an increase in the dose from 400 to 1600 |ig
of BUD significantly improved the clinical status
of patients with severe steroid-dependent asthma
(22).

Our study finished with a single-blind place-
bo period. Although we registered a significant
deterioration in asthma control, we were never-
theless surprised that so many patients were
able to complete this period. We think this may
have been due to longer lasting carry-over ef-
fects of inhaled steroids than previously suggest-
ed (9). This is of great importance when con-
ducting further studies to compare inhaled
steroids. Such studies should be of a parallel
group design in order to avoid carry-over ef-
fects. With this in mind we evaluated the first
period of our study separately in terms of the
differences between the high and low doses of
inhaled steroids in order to avoid carry-over
effects from the high doses. This approach en-
abled the first month of active steroid treatment
in our study to be regarded as a parallel group
study. However, even with this approach no
significant differences could be registered be-
tween low and high doses of inhaled steroids.

Candidiasis, hoarseness, coughing and dys-
phonia are common adverse effects of inhaled

steroid treatment. They are mostly regarded as
a nuisance rather than a threat (20). The ad-
verse effects can be alleviated by measures
which reduce the amount of drug deposited or
retained in the oropharynx by such means as
tube extensions and spacers (18) and mouth-
rinsing after use. In the present study the pa-
tients were instructed in increased oral hygiene,
but no spacers or extension tubes were used.
Despite this, side effects occurred in only 12%
of the treatment months. This may be partly
due to the twice daily administration regimen,
since the degree of oropharyngeal complications
has been shown to correlate with the dose re-
gimen (fewer adverse reactions with b.i.d. com-
pared with q.i.d.) and the size of the daily dose
(19).

The presence of oropharyngeal candidiasis
was estimated clinically by the physician in
attendance. The number of patients with oral
candidiasis increased with the high BUD dose
compared with all other treatments. This
should be interpreted with considerable caution
since the majority of cases with oral candidiasis
were not confirmed by culture and only one
patient received antimicrobial therapy.

In conclusion, our study revealed no clinical-
ly significant differences between BDP and
BUD in the dose range of 400-1000 Hg. In
patients receiving low-dose therapy (400 Hg),
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doubling the dose did not produce any clinical
benefits. The carry-over effects of inhaled ste-
roids are longer lasting than has been previous-
ly assumed.
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