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ABSTRACT: The aim of this study was to investigate whether treatment with a
low daily dose of 400 µg inhaled budesonide (Pulmicort® Turbuhaler®) in newly
diagnosed asthmatics could influence the course of asthma.

Seventy five adult patients, mostly with mild asthma, diagnosed during the pre-
vious year and bronchial hyperresponsiveness, participated in a double-blind, ran-
domized, parallel-group multicentre study. They were treated with budesonide 200
µg b.i.d. or placebo, delivered via Turbuhaler® for 12 months and followed-up for
another 6 months without inhaled steroid treatment. Airway function, symptom
scores, reactivity to histamine and inflammatory indices in blood were assessed.

The mean increase in morning peak expiratory flow (PEF) was 28 L·min-1 after
budesonide treatment compared with no increase in the placebo group (p=0.011).
The provocative dose of histamine causing a 20% fall in forced expiratory volume
in one second (PD20) (geometric mean) increased in the budesonide group by
approximately two doubling dose steps, but not in the placebo group (p=0.0003).
The difference between groups with regard to improvement in asthma symptom
scores and inflammatory indices did not reach statistical significance. During the
6 month follow-up, the PEF values of the patients who had previously been treat-
ed with budesonide decreased by 18 L·min-1 while the PD20 decreased by approx-
imately one doubling dose step.

In conclusion, early treatment with a low dose of budesonide improves airway
function and decreases bronchial responsiveness, but the improvements are short-
lasting without continued treatment.
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Asthma is generally recognized as an inflammatory
disease [1]. Asthma management and treatment guide-
lines recommend early introduction of anti-inflamma-
tory therapy [2]. There is also some evidence that early
initiation of treatment with inhaled corticosteroids may
result in a long-lasting stable phase even after asthma
treatment has been discontinued after 1 [3] and 2–3 [4]
yrs of treatment.

In the study by HAAHTELA and co-workers [4, 5], a
significant increase in mean morning peak expiratory
flow (PEF) of 34.6 L·min-1 and a mean improvement in
the provocative concentration of histamine causing a
fall of 15% in forced expiratory volume in one second
(FEV1) (PC15) of 1.19 dose steps were seen after 6–12
weeks of treatment. The daily dose of budesonide via
a pressurized metered-dose inhaler (pMDI) with a spa-
cer (Nebuhaler®; Astra, Sweden) over 2 yrs was 1,200
µg, which could be considered a fairly high dose. The
aim of the present study was to perform a long-term
study with a lower daily dose of budesonide in a sim-
ilar patient population.

The specific objectives of this study were to com-

pare the effects of budesonide Turbuhaler® (200 µg
b.i.d.) with placebo on airway function, subjective asth-
ma symptoms, bronchial reactivity to inhaled histamine
and inflammatory indices in blood. Patients with newly
diagnosed, mild asthma were to be treated with budes-
onide for 1 yr and then followed for another 6 months
without inhaled corticosteroid treatment, in order to
determine the duration of the achieved effects.

Materials and methods

Patients

Patients who had asthma diagnosed not more than 1
yr before the start of the study were included. The pati-
ents had not been treated with anti-inflammatory drugs
within 3 months prior to the study. The provocative
dose of histamine causing a fall of 20% in FEV1 (PD20)
was <660 µg at two visits before the start of the study.

Seventy five asthma patients (42 females, 33 males),
all Caucasians, participated in the study. Their mean age
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was 34 yrs (range 18–68 yrs). Sixteen patients were
smokers. The initial mean FEV1 was 91% of predicted
normal (range 63–119%). The initial geometric mean
value for PD20 histamine was 101 µg (range 4–616
µg). During the run-in period, all patients used inhaled
β2-agonists, five patients used oral β2-agonists and 10
patients used theophylline. For comparison of hista-
mine reactivity (PD20) a group of 50 healthy subjects,
29 females and 21 males, mean age 40 yrs (range 18–
63 yrs) was also studied [6].

Study design

The study was performed at three centres as a place-
bo-controlled, randomized, double-blind study with par-
allel groups. After a 2 week run-in period when patients
used their ordinary inhaled or oral nonsteroidal med-
ication, their baseline values were measured. The patients
were then randomized to treatment for 12 months with
either inhaled budesonide 200 µg b.i.d., delivered via
an inspiratory flow-driven, multidose, dry-powder inhaler
(Pulmicort® Turbuhaler®, Astra, Sweden), or placebo
via inhalers of identical appearance containing lactose.
After treatment for 12 months the patients were fol-
lowed for another 6 months.

During the entire study, including the follow-up peri-
od, the patients continued to take their ordinary inhaled
or oral nonsteroidal symptomatic medication. Additio-
nal doses of inhaled β2-agonists were used as needed.
Acute exacerbations of asthma, as deemed by the inves-
tigator, were treated with courses of oral prednisolone
for 6 days, beginning with 30 mg and decreasing to 25,
20, 15, 10 and 5 mg·day-1 in single daily doses. Pati-
ents could, at any time, stop the randomized treatment.
At the discretion of the investigator, the patient could
continue with budesonide in an open manner at an in-
dividually adjusted dose. The treatment code was not
broken.

The clinic visits, tests performed and investigations
are summarized in figure 1. Morning and evening PEF,
asthma symptom scores and PD20 were the primary
clinical efficacy variables.

The study was performed in accordance with the Dec-
laration of Helsinki and according to Good Clinical
Practice. The study protocol was approved by the Ethics
Committee of the Karolinska Hospital, Stockholm and
by the Swedish National Board of Health and Welfare.
All patients received written information and gave their
verbal informed consent to participate.

Compliance

No objective method for defining compliance was
available. However, the inhalation technique was check-
ed and the use of study medication was confirmed by
questioning the patient at each visit.

Outcomes

Spirometry (forced vital capacity (FVC), FEV1) was
performed with a flow-volume spirometer (Vitalograph
Compact, Vitalograph Ltd, Buckingham, UK) and all va-
lues were corrected for body temperature, standard baro-
metric pressure and saturated with water vapour (BTPS).

Predicted values used were those of the European
Coal and Steel Community (ECSC) [7]. Inhaled β2-ago-
nists were withheld for 5 h before the clinic visits.

The histamine challenge tests were performed ac-
cording to NIEMINEN et al. [8] by using an automatic,
inhalation-synchronized, dosimetric jet-nebulizer, Spira
Elektro 2 (Respiratory Care Center, Hämeenlinna, Fin-
land), with adjustable aerosol delivery time. The nebu-
lization time was 0.5 s·breath-1 and the estimated output
of solution about 7 µL·breath-1 during tidal breathing.
Two concentrations (0.16 and 1.6%) of histamine di-
phosphate were used with one, three and six inhala-
tions of the lower concentration and one, three, six and
twelve inhalations of the higher concentration. Based
on solution output·breath-1, one inhalation of the lower
concentration was calculated to equal a dose of 11 µg
histamine while one inhalation of the higher concentra-
tion was calculated to equal a dose of 110 µg histamine.

Placebo × 2

Budesonide 200 mg × 2

Follow-up

without ICS
Run-in

-0.5 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18Month
1 2 3 4 5 6 7 8 9 10Visit number
× × × × × × × × × ×Spirometry FEV1, FVC
× × × × × × × × × ×PD20 histamine

Blood sample:
EOS%, ECP, MPO, ECA, NCA × × × × × × ×

Adverse experiences × × × × × × × × ×

Diary card: PEF, asthma
symptoms, inhaled β2-agonist Every day

Fig. 1.  –  Study design with summary of assessments. ICS: inhaled corticosteroids; FEV1: forced expiratory volume in one second; FVC: forced
vital capacity; PD20: provocative dose of histamine causing a 20% fall in FEV1; EOS%: blood eosinophils, differential count as a percentage of
total leucocytes; ECP: eosinophil cationic protein; MPO: myeloperoxidase; ECA: eosinophil chemotactic activity; NCA: neutrophil chemotactic
activity; PEF: peak expiratory flow.



Based on these single-breath doses, the doses of hista-
mine were calculated to 11, 33, 66, 110, 330, 660 and
1,320 µg. The highest FEV1 value of three was used
as baseline. The provocation continued until at least
a 20% fall in FEV1 was noted. If FEV1 fell more than
20% even with the lowest dose of histamine diphosph-
ate, the PD20 was considered to be one third of the
lowest dose. If FEV1 dropped less than 20% even when
the highest dose of histamine diphosphate was used,
the PD20 was considered to be twice the highest dose.
A similar method was used by HAAHTELA et al. [4, 5].
PD20 values were calculated by linear interpolation on
a log dose scale with base e. Since the doses of hista-
mine had not been doubled constantly, it was decided
to use the natural logarithm instead of the logarithm
with base 2.

Before the study and at 3 month intervals, blood sam-
ples were drawn for determination of serum eosinophil
cationic protein (ECP), myeloperoxidase (MPO) and
eosinophil and neutrophil chemotactic activities (ECA
and NCA, respectively). The determinations of ECP
and MPO in serum were performed by radioimmuno-
assay [9] (Pharmacia Diagnostics, Uppsala, Sweden),
and ECA and NCA were determined by means of the
leading-front method [10, 11], at the Dept of Clinical
Chemistry, University Hospital, Uppsala, Sweden.

During the whole study, patients made daily record-
ings of morning and evening PEF values (best of three
measurements), asthma symptoms (on a scale from 0–
3, where 0 = none, 1 = mild, 2 = moderate and 3 = sev-
ere), and use of inhaled bronchodilators. The number of
β2-agonist puffs used has been recalculated from do-
ses considered equipotent to terbutaline aerosol 0.25
mg·dose-1, e.g. salbutamol aerosol 0.2 mg·dose-1 equals
to two puffs.

Statistical analysis

For all variables analysed, a fixed-effects analysis of
variance (ANOVA) model with the factors treatment,
centre and treatment-by-centre interaction was used for
comparison of the two treatments. The main compari-
son was applied to the change from baseline (Visit 2)
to the last visit during the treatment period (Visit 8).

The main analysis was based on the All Patients Trea-
ted (APT) approach. Missing values were replaced
using the Last Value Extended (LVE) principle. Values
were extended within each of the following periods:
run-in (Visit 1 to Visit 2), treatment (Visit 3 to Visit 8)
and follow-up (Visit 9 to Visit 10). No values were ex-
tended between these three periods.

For diary variables, averages were calculated for pe-
riods of 4 weeks immediately before each clinic visit
(Visits 3 to 10) and 2 weeks immediately before Visit
2. The period mean immediately before a visit was con-
nected to that particular visit. Daily recordings not used
for the above-mentioned averages were used for calcu-
lation of averages on a periodical basis for possible use
with the LVE principle.

Once patients had started open budesonide treatment,
they were no longer included in the efficacy analysis.

All tests were two-sided and a p-value of less than or
equal to 0.05 was considered statistically significant.

Results

1 yr treatment

Patient allocations and withdrawals. Seventy six pati-
ents were randomized to receive treatment in the study.
One patient was never treated. Patient characteristics are
given in table 1.

Thirty eight of the 75 treated patients were randomi-
zed to budesonide treatment, and 35 completed the 12
month treatment period. Two patients discontinued, one
because of a paranoid psychosis and one was lost to
follow-up after 71 days in the study. One patient with
treatment failure was given budesonide in an open
manner after 112 days in the study. Thirty seven of the
75 treated patients were randomized to receive placebo
treatment, and 27 completed the 12 month study. Four
patients were given budesonide in an open manner be-
cause of treatment failures and six discontinued the
treatment: one because of an adverse event (tremor),
two because of pregnancy and three patients moved or
were lost to follow-up.

Peak expiratory flow. The results of the morning PEF
measurements are shown in figure 2. In the budesonide
group, the baseline morning PEF was 473±84 L·min-1;
after the 1 yr treatment there was an increase of 28±45
L·min-1 (mean±SD). The corresponding change in the
placebo group was -0.5±44 from a baseline of 456±93
L·min-1. The difference between the changes in PEF was
statistically significant (p=0.011). The baseline values
for evening PEF were 496±93 for budesonide and 476±
88 L·min-1 for placebo. The evening PEF showed an
increase over baseline of 14±35 in the budesonide group
and 3±40 L·min-1 in the placebo group (p=0.21).

Symptom scores. At baseline, the mean asthma symptom
score (scale 0–3) during daytime was 0.60 in the budes-
onide group and 0.69 in the placebo group. The asthma
symptom scores decreased by 0.23 with budesonide
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Table 1.  –  Patient characteristics: demography and pri-
mary variables of the treatment groups at baseline

Budesonide Placebo
400 µg

Male/Female                 16/22            17/20
Mean age  yrs 33 (18–55) 35 (18–68)
Height  cm 170.7 (8.2) 173.0 (9.3)
Time since diagnosis of 5.0 (3.2) 4.5 (3.5)
asthma  months
Allergy† n 25 17
Smokers  n 8 8
PD20 µg‡ 92 (182) 112 (151)
FEV1/FVC  % 80.2 (9.1) 78.0 (10.2)
Morning PEF  L·min-1 473 (84) 456 (93)
Evening PEF  L·min-1 496 (93) 476 (88)
PEF variation  %§ 7.2 (3.7) 7.4 (5.1)
Daytime symptom scores* 0.6 (0.5) 0.7 (0.6)
Night-time symptom scores* 0.4 (0.4) 0.4 (0.5)

Values are arithmetic mean (SD), unless otherwise indicated.
†: clinically significant allergy based on clinical history and
prestudy skin-prick testing. ‡: values are geometric mean
(coefficient of variation %). §: PEF variation was calculated
each day as (PEFHIGH - PEFLOW)/(PEFHIGH) ×100. *: symp-
toms score given as a scale of 0–3. For definitions, see leg-
end to figure 1.
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and 0.09 with placebo during the 12 month treatment
period. For night-time symptoms, the baseline scores
were 0.36 in the budesonide group and 0.39 in the place-
bo group and the decreases during treatment were 0.19
with budesonide and 0.05 with placebo. The differences
in changes in symptom scores between the groups were
not statistically significant (p-values 0.26 and 0.21 day
and night, respectively).

PD20. The PD20 values are shown in figure 3. The geo-
metric mean values at Visit 2 and coefficients of var-
iation (CV) were 92 µg (CV=182%) in the budesonide
group and 112 µg (CV=151%) in the placebo group.
After the 1 yr treatment period, the PD20 value had in-
creased by a factor of 3.78 (CV=177%) to 347 µg
(CV=224%) in the budesonide group and by a factor of
1.19 (CV=228%) to 135 µg (CV=364%) in the place-
bo group. The difference between treatment effects was
statistically significant (p=0.0003). In the budesonide
group, the improvement in PD20 was almost one dou-
bling dose after 1 month of treatment and approximately
two doubling doses after 3 months.

The PD20 values in patients before and after treat-
ment and in healthy subjects are shown in figure 4. Al-
though a statistically significant improvement was noted
in the budesonide group, many patients still remained
hyperresponsive and there was a marked difference be-
tween the budesonide-treated group and the healthy sub-
jects.

Secondary variables. The secondary variables (FEV1,
FEV1% pred, FVC, FVC% pred, use of β2-agonists day
and night, percentage eosinophils, ECP, MPO, ECA
and NCA) before and after the 12 month treatment pe-
riod are shown in table 2. There were no statistically
significant differences between treatments with respect
to change in any of these variables, but there was a trend
towards a positive effect with budesonide.

Adverse events. Seven serious adverse events were re-
ported, of which two occurred in the budesonide group.
One was a patient who developed paranoid psychosis
and one patient was hospitalized because of cholecys-
titis. A causal relationship to the study medication was
deemed unlikely in both cases. In the placebo group,
two patients had severe asthma exacerbations and three
developed other diseases without possible connection
to the study drug (appendicitis, salpingitis and plantar
pustulosis).

Two patients discontinued the study because of ad-
verse events: the patient with paranoid psychosis men-
tioned above, and one patient treated with placebo who
experienced tremor after using terbutaline inhalations
in association with a histamine challenge test and was
not willing to continue in the study.

Follow-up

Of the 35 patients in the budesonide group who com-
pleted the 12 month study, 25 completed the 6 month
follow-up. Ten patients discontinued the study because
of asthma deterioration. In one patient, asthma deteriora-
ted after 5 days, but in the others it took considerably
longer (1–5 months). Six patients were given budesonide
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Fig. 2.  –  Mean morning peak expiratory flow (PEF) during the treat-
ment and the follow-up period. The apparent increase in the placebo
group at start of the follow-up is a result of the fact that the most
severe patients dropped out during the treatment period (see Results).
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Fig. 3.  –  Provocative dose of histamine causing a 20% fall in forced
expiratory volume in one second (PD20) (geometric mean, % of base-
line) during the treatment and the follow-up period, in patients treat-
ed with budesonide 400 µg (     ) or placebo (     ). *: p<0.05; ***:
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in an open fashion. The mean morning PEF decreased
from 501 to 483 L·min-1 (n=35), and the geometric mean
PD20 in the budesonide group decreased from 351 to
183 µg (n=31) when the LVE principle was used for
the 10 budesonide patients who had withdrawn from the
follow-up.

Of the 37 patients randomized to the placebo group
at the start of the study, 27 completed the treatment year
and 23 completed the follow-up period. One patient dis-
continued the follow-up because of asthma deteriora-
tion and two patients started on budesonide in an open
fashion (treatment failures). One patient withdrew due
to pregnancy. The 10 patients that withdrew during the
treatment period had on average lower PEF values than
the ones that continued in the follow-up. The compar-
ison between the groups at the end of the follow-up is
conditional on the fact that patients have completed the
treatment year. As the most severe patients dropped out
during the first year of the study, this will introduce a
selection bias into the follow-up period. The mean mor-
ning PEF in the placebo group decreased from 484 to
483 L·min-1 (n=26) and the geometric mean PD20 decre-
ased from 219 to 204 µg (n=25) during the follow-up.

Discussion

The patients included in the study were newly diag-
nosed asthmatics, defined here as having been diagno-
sed 1 yr or less before inclusion. Baseline lung function
was within normal range but the PD20 values showed a
group of highly reactive patients, as compared with the
healthy controls. Clinically, most had a mild-to-mode-
rate asthma that had not been treated with steroids for
at least 3 months before entering the study.

Treatment with a low daily dose of 400 µg bude-
sonide resulted in a greater improvement in objective
and subjective variables than did treatment with place-
bo. Significant differences between the two treatment
groups were observed in morning PEF values and in
PD20, but the decrease in symptoms and use of β2-ago-
nist did not reach statistical significance. In the budes-
onide-treated group, the average increase in the morning
PEF values was 28 L·min-1 during the study year; most

of the improvement took place in the first month. When
mild-to-moderate asthmatics had been treated during
6–12 weeks with budesonide in daily doses ranging
400–1,600 µg, improvements in PEF values from 33–84
L·min-1 were observed [5, 12–14]. In these studies, the
improvement was related to the given dose; a higher
dose resulted in a greater increase in morning PEF va-
lues. However, a clear picture of the dose-response
effect of budesonide on lung function is difficult to ob-
tain from studies with different baseline values. The
closer to normal the baseline values are, the less marked
the change will be.

Most of the improvement in PD20 occurred in the first
2 months, which is in accordance with the study by
HAAHTELA et al. [5], where the improvement with a
higher dose of budesonide was apparent after the first
6 weeks of treatment. The patients in the present study
were hyperreactive in the first place and showed a
marked decrease in reactivity of two doubling dose
steps in the histamine challenge test. However, after 12
months of treatment, they were still, with a few excep-
tions, much more reactive than the healthy subjects in
the control group. The low daily dose of budesonide
obviously has a significant effect on airway reactivity
and higher doses have even more effect [15, 16], but
permanent change is difficult to achieve especially if
the disease has developed over a period of years [4,
14]. This was clearly shown by the high withdrawal
rate during the 6 month follow-up period, when the
patients did not receive inhaled steroid treatment. Com-
pared with the patients in this study, those in the study
of HAAHTELA et al. [5] had a similar lung function mea-
sured as a percentage of predicted at baseline, while
their hyperresponsiveness was less severe.

The daily use of β2-agonists differed markedly between
the patients in the two studies; the patients in this study
used about four times more of their rescue medication,
indicating a more severe disease [17]. The patients in
the study of HAAHTELA et al. [5] were treated with a
higher daily dose of budesonide for a longer treatment
period with better overall results.

Treatment with a daily dose of 400 µg budesonide
over a year did not have a statistically significant effect
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Table 2.  –  Secondary variables before and after the 1 yr treatment period
Budesonide 400 µg                                          Placebo

Baseline Change after Baseline Change after
treatment treatment

n Mean SD n Mean SD n Mean SD n Mean SD

FEV1 L 38 3.31 0.66 38 0.11 0.35 37 3.23 0.77 36 -0.03 0.37
FEV1 % pred 38 93.1 10.8 38 3.7 9.5 37 88.7 12.2 36 -0.6 10.4
FVC  L 38 4.17 0.88 38 0.05 0.35 37 4.19 1.13 36 -0.04 0.48
FVC  % pred 38 99.8 12.8 38 1.8 8.2 37 97.2 14.4 36 -0.5 11.7
Use of β2-agonist puffs·day-1* 38 2.6 2.7 38 -1.1 2.8 36 3.0 3.2 36 -0.4 2.4
Use of β2-agonist puffs·night-1* 38 0.8 1.4 38 -0.2 2.1 33 0.8 1.4 33 0.1 1.4
Blood eosinophils  %‡ 38 5.4 3.1 36 -0.8 3.5 36 5.1 3.7 33 -0.5 3.7
ECP  µg·L-1§ 38 17.1 12.5 36 -4.4 13.0 37 15.9 9.3 33 -2.6 10.3
MPO  µg·L-1¶ 38 343 192 36 -9 190 37 338 172 33 -13 185
ECA  % of control 26** 111.8 16.0 24** -3.0 16.9 24** 103.3 11.9 22** 2.3 11.3
NCA  % of control 26** 112.5 16.6 24** -4.3 17.0 24** 104.8 12.4 22** 3.6 15.4

There were no significant differences between treatments with respect to change in any of these variables. *: recalculated to
equipotent doses (see Materials and methods); §: normal ranges (95%) in a healthy nonallergic population (n=101) 2.3–15.9 µg·L-1.
¶: normal ranges (95%) in a healthy nonallergic population (n=102) 107–478 µg·L-1. **: samples from two centres (samples from
one centre were defrosted during transport). ‡: reference range 1–6% centres 1 and 2, 1–5% centre 3. % pred: percentage of pre-
dicted values. For further definitions, see legend to figure 1.



on blood eosinophils or serum ECP. In other studies,
treatment with daily doses of 400 µg budesonide has
been shown to reduce the concentration of ECP in in-
duced sputum in children [18], and in bronchoalveolar
lavage fluid, but not serum, in adults [19]. Higher daily
doses of 1,600 µg budesonide have been shown to re-
duce serum ECP levels [20]. It seems that treatment
with a daily dose of 400 µg budesonide mainly had a to-
pical effect on the bronchial mucosa, which was enough
to improve morning PEF values and airway reactivity,
but the decrease in asthma symptoms and use of β2-ago-
nist did not reach statistical significance. A higher dose
might be needed to achieve a more complete response.
With low daily doses, the potential systemic effects are
less, with a lower risk of long-term side-effects. How-
ever, a more pronounced and sustained effect may be
especially important in the early phases of the disease.
This might require some systemic activity of the inhal-
ed corticosteroid, over and above the local effects, to
influence the immunocompetent cells of the circulation
and the bone marrow and modify the production of
cytokines. Another possible explanation for the incom-
plete response in symptom scores and ECP is that the
symptom scores were generally low and some patients
did not have any symptoms at all during the run-in. The
ECP values were relatively low and close to the normal
values at the start of the study and there was also quite
high variation in the assayed ECP values. These factors
may also explain the lack of significant effect on ECP
and symptom scores as they make it difficult to detect
statistically significant treatment effects.

During the 6 month follow-up period without treat-
ment with inhaled corticosteroids, a slight deterioration
of the disease occurred in most of the patients and 10
out of 35 patients discontinued due to exacerbations.
The result indicates that the improvements achieved
during the 1 yr treatment with a low daily dose of budes-
onide were mainly temporary. However, part of the
achieved improvement in bronchial responsiveness was
maintained, suggesting that low daily doses of budes-
onide may have a disease-modifying effect in at least
some patients. During the 6 month follow-up period, a
selection bias was introduced into this part of the study
as probably only the patients with the mildest disease
remained in the study. The great number of drop-outs
in the placebo group during the treatment period makes
this group difficult to evaluate during the follow-up, due
to the bias thereby introduced.

We have demonstrated the efficacy of a low daily
dose of budesonide treatment in patients with newly diag-
nosed mild-to-moderate asthma. The degree of improve-
ment was less than that seen in some other studies using
higher daily doses of budesonide.
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