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Effective control of asthma inflammation and
symptoms is critical for the long-term manage-
ment of patients with persistent asthma. Current
guidelines recommend a stepwise approach to
asthma therapy based on disease severity [1].
When bronchodilators are needed more than oc-
casionally, low-dose inhaled corticosteroids (ICS)
are recommended for first-line maintenance ther-

apy. For patients with more frequent symptoms,
addition of long-acting b2–agonists (LABA) is rec-
ommended in preference to increasing the dose of
ICS. In many cases, episodes of asthma exacerba-
tion can be effectively controlled at onset by tem-
porarily increasing the ICS dose [2, 3]. Further-
more, studies have shown that exacerbation rates
are reduced when a LABA is added to an ICS [4–7].

Principles: Current asthma management em-
ploying inhaled corticosteroids (ICS) and long-
acting b2-agonists (LABA) aims to rapidly achieve
and then maintain overall asthma control includ-
ing symptoms with minimal medication. This
study compared self-guided adjustable mainte-
nance dosing with budesonide/formoterol in a sin-
gle inhaler with fixed dosing. 

Methods: In an open-label, parallel-group,
multicentre study, 127 asthmatic patients, well
controlled on ICS and LABA, were treated with
budesonide/formoterol (Symbicort® Turbuhaler®)
200/6 mg (equivalent to 160/4.5 mg delivered dose)
2 inhalations bid for 4 weeks, and were then ran-
domised to budesonide/formoterol adjustable dos-
ing (n = 69) (guided self-adjustment of dose: 1 in-
halation bid or 2 inhalations at night with interim
step ups to 2 inhalations bid and if not sufficient
up to 4 inhalations bid for 14 days) or fixed dosing
(2 inhalations bid) (n = 58) for 12 weeks. 

Results: Patients used adjustable dosing effec-
tively; >50% used a decreased maintenance dose
on >50% of the days. Seventy-two percent (50/69)
from the adjustable-dosing group reduced their
maintenance dose within the first 2 treatment
weeks. Thirteen adjustable-dose patients (18.8%)
never reduced their dose and 4 (5.8%) stepped up
their dose. Symptom severity (NHLBI severity

grade) decreased in both groups; however, the de-
crease was only statistically significant (p = 0.004)
in the adjustable-dosing group. Treatment failures
occurred in 17% and 24% of patients (adjustable
and fixed dosing, respectively p = 0.35). Nocturnal
awakenings (0.057 vs. 0.067/night, p = 0.006) and
rescue medication use (0.15 vs. 0.23 inhalations/
day, p <0.0001) were significantly less frequent
with adjustable dosing, and the average daily med-
ication dose was significantly reduced (3.0 vs. 3.9,
p <0.0001) compared with fixed dosing. Lung
function measurements (FEV1 and PEF) were not
significantly different between groups during the
study. There were no asthma-related hospital ad-
missions.

Conclusion: Asthma patients on adjustable
maintenance dosing with budesonide/formoterol
maintained control of symptoms using signifi-
cantly less medication overall than fixed dosing.
Thus, adjustable maintenance dosing achieved
guideline goals of effective asthma control at an
appropriately low maintenance dose. However,
larger studies on adjustable maintenance dosing
are needed. 
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The synergistic effect of using budesonide and
formoterol together has recently been explained
on a molecular basis; b2–agonists are capable of ac-
tivating the glucocorticoid receptor, and combined
low doses of formoterol and budesonide show anti-
proliferative effects on bronchial smooth muscle
cells by synchronizing cell-cycle control [7].

The aim of current asthma management is to
achieve early control of asthma and then maintain
control at the minimum effective medication dose
[8, 9]. Successful long-term control of asthma re-
quires patient involvement which includes status
monitoring and adherence to a treatment regimen
[1]. With a fixed-dosing regimen of a combination
ICS and LABA product, more ICS than necessary
for maintenance may be given during periods
when symptoms are well controlled. Low doses of
both ICS and LABA have been shown to be effec-

tive for maintaining asthma control [10–13]. Their
use together in a single inhaler product such as
Symbicort® Turbuhaler® provides the opportu-
nity, by simple adjustment of the number of in-
halations, for low-level maintenance therapy dur-
ing periods of good asthma control, and when
asthma worsens, as a strategy to prevent exacerba-
tions by temporarily increasing the dose. This lat-
ter approach is consistent with asthma treatment
guidelines [1] and is supported by studies showing
positive outcomes for a low-dose corticosteroid
maintenance strategy involving short periods of
higher doses to treat exacerbations [13, 14]. The
aim of the present study was to investigate whether
asthma control can be maintained when the patient
uses individually tailored adjustable maintenance
doses of budesonide/formoterol in a single inhaler
in comparison with a fixed-dosing regimen.

Methods

Patients

One hundred and forty-two patients, aged ≥ 12 years,
with a documented history of asthma for at least 6 months
[1], were recruited at 32 investigational sites in Switzer-
land  (7 outpatient clinics and 25 respiratory practitioners).
The criteria for the diagnosis of asthma was a record of re-
versibility to short-acting bronchodilator of ≥ 12% and/or
a history of short-term variation in airway function, and
asthma symptoms responding promptly to conventional
asthma therapy, as documented in patient files. No records
of smoking habits were taken. Patients were included if, in
the opinion of their investigator, their asthma was cur-
rently well controlled on ICS and LABA or they were
symptomatic whilst receiving ICS and short-acting b2-
agonists (SABA). Asthma control was defined as having
symptoms on no more than 2 days per week, using no more
than 4 rescue inhalations of SABA per week, having had
no more than 2 nights with nocturnal awakening due to
asthma in the previous month, and exhibiting a peak expi-
ratory flow (PEF) ≥ 80% predicted normal. Patients were
required to be receiving at least 600 mg of budesonide daily
(or the equivalent nominal dose of another ICS). Patients
were excluded if, during the previous 4 weeks, they had
suffered an asthma exacerbation requiring an oral corti-
costeroid treatment or an upper respiratory tract infec-
tion, or if they had a severe cardiovascular or other signif-
icant concomitant disease. Women were excluded if preg-
nant or planning pregnancy, or not taking adequate con-
traceptive measures. 

All patients provided written informed consent prior
to study commencement. For patients under the age of 18
years, both the patient and the parents/legal guardian had
to sign the informed consent form. The study was con-
ducted in accordance with the Declaration of Helsinki.
The Ethics Committees in Switzerland responsible for the
regions involved approved the study, and the Swiss Regu-
latory Authorities were notified of the study.

Study design

This study was an open-label, randomised, multicen-
tre study. There was a 4-week run-in period followed by
a 12-week randomised parallel-treatment period. Patients
visited the clinic on 3 occasions: at enrolment (start of run-

in, visit 1), after the 4-week run-in (randomisation, visit 2)
and at the end of the 12-week randomised-treatment
period (visit 3, end of study). During the run-in period,
patients received budesonide/formoterol (200/6 mg, cor-
responding to 160/4.5 mg delivered dose, Symbicort Tur-
buhaler) 2 inhalations twice daily. Terbutaline (Bricanyl®

Turbuhaler) was supplied as rescue medication through-
out. At visit 2, patients were randomised to receive treat-
ment with budesonide/formoterol (200/6 mg) adjustable
dosing or fixed dosing (2 inhalations twice daily). Patients
on adjustable dosing could step down immediately to 1 in-
halation twice daily or 2 inhalations at night at the discre-
tion of the investigator. Thereafter, patients adjusted their
medication dose according to the following criteria: step
down to 1 inhalation morning and evening or 2 inhala-
tions at night if they were unaware of any recent deterio-
ration, required reliever medication on ≤ 2 days and had
no nocturnal awakenings due to asthma during the previ-
ous week; and step up back to 2 or maximally 4 inhalations
twice daily for a minimum of 7 days, if on 2 consecutive
days they required reliever medication on ≥ 3 occasions or
had nocturnal awakenings, or if their PEF was <80% of
baseline (mean morning PEF on the last 7 days of the run-
in). Patients who stepped up could step down after 7 days
to their previous maintenance dose if symptoms were re-
solved. However, if not resolved within 14 days they could
either step up once more from 2 to 4 inhalations twice
daily or, if already on 4 inhalations twice daily, they con-
tacted the investigator for review of their treatment. 

The patients in both treatment groups were provided
with an action plan for dealing with serious exacerbations
or ongoing deterioration in asthma control. Patients were
trained at visit 1 on the use of the Turbuhaler, and a de-
tailed written description of its use was provided. During
the study no objective measurement of compliance were
made; the number of inhalations taken was based on the
patient’s diary records. Patients in either group who expe-
rienced 2 exacerbations requiring oral corticosteroids had
their treatment reassessed and were withdrawn from the
study. Patients were free to withdraw, or could be with-
drawn at the discretion of the investigator, at any time dur-
ing the study.
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Assessments

Patients recorded their medication usage, nocturnal
awakenings and PEF measurements in a diary on a daily
basis. After appropriate training at visit 1, patients mea-
sured their PEF twice daily before inhaling their medica-
tion using a PEF meter (Mini-Wright, Clement Clarke
International Ltd. Essex, UK) while standing, and the best
of 3 values was recorded. Patients were contacted by
phone after 4 and 8 weeks of treatment to obtain infor-
mation from their diary records and to identify any ad-
verse events (AEs) occurring since the last visit at the
clinic. Patients were assessed for medical history, AEs, and
lung function (forced expiratory volume in 1 second
[FEV1] in the clinic at visits 1, 2 and 3). Health-related
quality of life was also assessed using the Mini Asthma
Quality of Life Questionnaire (MiniAQLQ) [15].

Primary efficacy variables

The primary efficacy variables were the number of
treatment successes and treatment failures. Treatment
success was assessed by determining the number of pa-
tients who maintained or improved their category of
asthma symptom severity according to NHLBI defini-
tions (mild intermittent, mild persistent, moderate per-
sistent, severe persistent) [1]. Patients were allocated to the
most severe category for which they met at least one cri-
terion.

Treatment failure was defined as one or more of the
following: a serious asthma-related AE such as deteriora-
tion in asthma; emergency treatment (such as nebulised
b2-agonist therapy or glucocorticosteroid injection); a
course of oral corticosteroids lasting at least 5 days; any

withdrawal leading to a change in asthma medication due
to lack of efficacy. 

Secondary efficacy variables

Secondary efficacy variables included FEV1, morning
and night-time PEF measurements, night-time awaken-
ings, use of reliever medication, MiniAQLQ, and number
of study-drug inhalations. The percentage of best daily
morning and evening PEF value was calculated for each
patient relative to their respective maximum values
recorded during the 4-week run-in period [16, 17].

Safety variables

The number, type and severity of AEs occurring from
the first administration of study medication were recorded
throughout the study. 

Statistical analysis 

All randomised patients, with the exception of those
with missing diary data, were included in the analysis. All
data were analysed by descriptive and non-parametric sta-
tistics. Proportions were compared using the Fisher Exact
test, while the Cochran-Mantel-Haenszel test was used 
for odds ratios. Mean values between the two treatment
groups were compared using the two-sample (unpaired) 
t-test. Contingency tables containing the asthma severity
before and after treatment were analysed using Bowker’s
test for symmetry [18]. A 5% two-sided level of signifi-
cance was used throughout. Data were analysed using the
statistical package SAS V8.2 (SAS Institute Inc., Cary, NC,
USA). 

Results

Of the 142 patients enrolled in the study, 69
patients on adjustable dosing and 58 patients on
fixed dosing were eligible for analysis. Only 1 pa-
tient (fixed-dosing group) was withdrawn prema-
turely from the study due to a lack of efficacy and
1 because of an AE not related to treatment (ad-
justable-dosing group). The remaining 13 patients
(7 on adjustable and 6 on fixed dosing) failed to
record any or most of their diary records ( ≤ 34 days)
during the randomised-treatment period. One pa-
tient in the adjustable-dosing group discontinued
after 69 days because of exacerbation of his asthma
condition, however, data from this patient were in-
cluded in the efficacy analysis. No patients were
withdrawn from the study as a result of suffering 
2 exacerbations of their asthma requiring oral cor-
ticosteroids. The patient demographic and base-
line characteristics were generally well balanced
between the treatment groups (table 1). There 
was no difference in asthma symptom severity
(NHLBI severity level) between the two groups; in
each group approximately 40% were categorized
as having mild-persistent and 40% as having mod-
erate-persistent asthma symptoms. Frequency of
awakenings at night was also similar between
groups. Patients in the adjustable-dosing group
were slightly younger on average than patients in
the fixed-dosing group, although the difference
between groups was not significant. However,

there was a significantly smaller proportion of
males in the adjustable-dosing group and signifi-
cantly less use of rescue medication during the run-
in by patients randomised to receive adjustable
dosing (0.16 vs. 0.21 inhalations/day, p = 0.038).

Patients in the adjustable group effectively
modified the number of inhalations of budeso-
nide/formoterol in response to symptoms. Fifty-
six patients (81%) reduced their maintenance dose
at least once during the treatment period. Thirty-
six patients (52%) used a decreased maintenance
dose on more than 50% of the days, and 23 (33%)
on more than 90% of days. Fifty patients (72.5%)
reduced their dose during the first 2 weeks. Thir-
teen patients (18.8%) never reduced their dose and
4 patients (6%) stepped up their medication on one
occasion during the study to 4 inhalations twice
daily. Most patients on fixed dosing completed the
study using 2 inhalations twice daily and reduc-
tions in dose or missing doses were rare; the aver-
age recorded medication dose in this group during
the randomised-treatment period was 3.9 inhala-
tions/day and close to that which was expected.
The average number of daily inhalations of study
medication was also significantly lower in the ad-
justable-dosing group than in the fixed-dosing
group (3.0 vs. 3.9, p <0.0001). 

After 12 weeks of treatment, the severity of
asthma symptoms decreased in both groups (table
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2, figure 1). At the end of treatment, patients in the
adjustable-dosing and fixed-dosing groups (96%
and 95%, respectively) maintained or improved
their asthma symptom severity status compared
with their status at the start of treatment. Although
there was a trend for an improvement in both
groups, a statistically significant shift to a lower
symptom severity status was only obtained in the
adjustable-dosing group (p = 0.004 vs. p = 0.11 in
the fixed-dosing group). 

Twelve patients (17.4%) in the adjustable-dos-
ing group and 14 (24.1%) in the fixed-dosing
group had one or more episodes of treatment fail-
ure; the difference between groups was not statis-
tically significant (p = 0.35). More patients on fixed
dosing had multiple treatment failures compared
with adjustable dosing (figure 2). The individual
treatment failures were classified as follows:
asthma-related serious AE, 2 (both fixed group);

emergency treatment, 26 (14 fixed, 12 adjustable);
use of oral/systemic corticosteroids, 7 (6 fixed, 1
adjustable). 

Frequency of nocturnal awakenings was low in
both groups, but significantly lower in the ad-
justable-dosing group than in the fixed-dosing
group (0.057 vs. 0.067/night, p = 0.006). Com-
pared with run-in values the use of rescue medica-
tion was reduced by 0.15 inhalations/day in the ad-
justable-dosing group and was increased by 0.20
inhalations/day in the fixed-dosing group; though
use of rescue medications was infrequent in both
groups there was a significant difference in favour
of adjustable dosing (0.15 vs. 0.23 inhalations/day,
p <0.0001). Mean FEV1 (percentage predicted
normal) increased from 78% to 81% in the ad-
justable-dosing group and from 80% to 83% in the
fixed-dosing group during the study (visit 1 to visit
3, figure 3). There were no significant differences
between treatment groups at any clinic visit. Daily
peak flow values, given as percentages, were es-
sentially unchanged during the treatment period
in both groups; there were no significant differ-
ences between groups at any time during the study. 

The mean MiniAQLQ total scores increased
during run-in (indicating an improved health-
related quality of life) from 4.82 to 5.44 in the 

all adjustable dosing fixed dosing p-value (adjustable 
(n = 127) (n = 69) (n = 58) vs. fixed dosing)

Age: years, mean 46.0 [45.7] (12–78) 44.7 [41.6] (13–74) 47.6 [47.7] (12–78) 0.15*
[median] (range)

Gender: Males, n (%) 62 (48.8) 28 (40.6) 34 (58.6) 0.028**

Weight: kg, mean (SD)

All 73.4 (17.2) 72.7 (18.0) 74.3 (16.4) 0.31*

Males 81.2 (15.1) 79.6 (17.7) 82.4 (12.8) 0.26*

Females 66.1 (15.9) 67.9 (16.8) 62.8 (13.9) 0.27*

Height: cm, mean (SD)a

All 168.5 (9.1) 167.2 (8.5) 170 (9.7) 0.038*

Males 174.3 (7.3) 172.8 (8.5) 175.5 (6.1) 0.17*

Females 162.9 (7.0) 163.3 (6.1) 162.3 (8.4) 0.57*

FEV1: % predicted normal (SD) 79.2 (18.1) 78.4 (17.1) 80.3 (19.4) 0.41*

Relative PEF: % (SD)b

Morning 91.3 (35.3) 88.8 (29.2) 94.2 (41.7) 0.52***

Evening 92.1 (39.6) 90.9 (35.7) 93.3 (43.9) 0.74***

Awakenings per nightc: % (SD) 5.08 (2.0) 5.02 (1.9) 5.15 (2.6) 0.82***

Asthma symptom severity: n (%)d 0.48*

Mild intermittent 19 (15.0) 9 (13.0) 10 (17.2)

Mild persistent 49 (38.6) 27 (39.1) 22 (37.9)

Moderate persistent 53 (41.7) 29 (42.0) 24 (41.4)

Severe persistent 6 (4.7) 4 (5.8) 2 (3.4)

FEV1 = forced expiratory volume in 1 second; PEF = peak expiratory flow
* Wilcoxon test (Mann-Whitney U test)
** Fisher’s exact test 
*** Two-sample t-test (unpaired)
a Differences are largely due to gender-related physiognomic characteristics
b Calculated as value on first day of treatment divided by maximum value recorded during run-in
c Calculated as the percentage of nights with nocturnal awakenings during run-in 
d According to NHLBI severity level [1]

Table 1

Demographic 
and baseline 
characteristics.

Adjustable dosing Fixed dosing

n % n %

Condition improved 23 33.3 15 25.9

Condition unchanged 43 62.3 40 69.0

Condition deteriorated 3 4.3 3 5.2

Table 2

Change of asthma
condition (NHLBI
severity level [1])
under treatment.
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adjustable group (p = 0.046) and from 5.01 to 5.55
(p = 0.055) in the fixed-dosing group. At the end
of treatment, MiniAQLQ scores were at similar
levels to the end of run-in (5.40 adjustable dos-
ing, 5.52 fixed dosing). There were no significant
differences between the two treatment groups. 

Both treatments were well tolerated. There
were 77 AEs in total (35 adjustable dosing, 42 fixed
dosing, no significant difference). Of these 13 (5
adjustable dosing, 8 fixed dosing) were considered
as possibly related to treatment: hoarseness (4 ad-
justable dosing, 5 fixed dosing); thrush (1 fixed dos-
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Figure 1

Asthma symptom
severity (NHLBI
severity level) at start
of run-in and end of
treatment for the ad-
justable- and fixed-
dosing groups. After
12 weeks of treat-
ment asthma severity
decreased in both
groups. However, the
change was only sig-
nificant in the ad-
justable-dosing
group (p = 0.0039 vs.
p = 0.11).
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ing), and headache (1 adjustable dosing, 2 fixed
dosing). Only 4 AEs (all in patients on fixed dos-
ing) were considered serious and lead to study
withdrawal; 2 of these occurred in the same patient

(hypertension and acute hearing loss); the others
were an asthma exacerbation and a nephrotic syn-
drome. There were no asthma-related hospital ad-
missions.
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Figure 4

Morning peak flows
in percentage of
respective best of
run-in between the 
2 patient groups with
fixed and adjustable
dosing.

Discussion

This study showed that asthma symptom
severity, judged according to NHLBI severity lev-
els [1], was significantly improved in patients who
received an adjustable maintenance dosing regi-
men with inhaled budesonide/formoterol. Com-
pared with fixed dosing, improvements with ad-
justable dosing were attained with less mainte-
nance medication overall, fewer nocturnal awak-
enings and less frequent use of rescue medication.

Numerous studies have proven the efficacy
and importance of ICS in asthma management.

In asthma, the underlying inflammation must
be treated continuously in order to control the
condition. Guidelines for asthma treatment em-
phasize that once control is achieved, the mainte-
nance dose of medication should be reduced to the
minimum necessary to maintain a therapeutic ben-
efit, thus reducing the risk of adverse effects [1]. 
In the present study, the overall amount of bude-
sonide and formoterol inhaled was significantly
reduced compared with fixed dosing by using ad-
justable dosing. Although high doses of ICS pro-
vide sufficient asthma control in patients with un-
stable asthma [8], in those patients with clinically
stable asthma, ICS can be reduced, especially if pa-
tients are not hyperresponsive [9]. Once asthmatic
patients are stabilized, low doses of budesonide
plus formoterol are as effective as a high dose of
budesonide alone [12]. In patients with persistent

asthma that is sub-optimally controlled with an
ICS alone, but whose asthma improves after
adding a LABA, the ICS may be reduced by more
than 50% without eliciting a significant loss of
asthma control; however, total elimination of ICS
may result in a significant deterioration in asthma
control [19]. The adjustable-dosing regimen used
in the present study enabled patients to utilize an
appropriately low maintenance dose when their
symptoms were controlled, while allowing them to
rapidly increase their dose at signs of worsening to
maintain control. Being able to step up the dose
promptly at early signs of worsening is an impor-
tant aspect of an adjustable-dosing regimen and
may help prevent exacerbations. 

The results of this study suggest that for most
patients on adjustable dosing the overall mainte-
nance dose of budesonide/formoterol can be re-
duced without compromising efficacy. While
roughly one half of all patients in the adjustable-
dosing group could reduce their dose for half of
the time, symptom severity was significantly im-
proved, and there were slight improvements in al-
most all efficacy and safety parameters measured
compared with fixed dosing (non-significant:
fewer AEs, fewer treatment failures; significant:
less need for rescue medication, less frequent noc-
turnal awakenings). As our study population was
clinically stable prior to starting the randomised-
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treatment period, we would not have expected sig-
nificant changes in these parameters during the
study; indeed FEV1, peak flow values and health-
related quality of life were maintained at similar
levels in both groups throughout. The reasons 
for the small but significant differences in use of
rescue medication and nocturnal awakenings in
favour of adjustable dosing is uncertain, but does
not appear to be related to an imbalance of asthma
severity level between the groups; this was similar
in both groups at the start of treatment. Noctur-
nal awakenings also occurred at a similar level in
both groups during run-in. Although patients in
the adjustable-dosing group used fewer inhalations
of rescue medication during run-in (0.16 vs. 0.21
inhalations/day) the difference between groups
actually widened during the treatment phase (0.15
vs. 0.23 inhalations/day). There is evidence that
better asthma control can be achieved by using
self-management plans [20]. Therefore, we can
hypothesize that the patients on adjustable dosing
might be more compliant and able to react faster
to a worsening of asthma than patients on fixed
dosing. 

Current guidelines for asthma [21, 22] em-
phasize the need for education and written action
plans to complement the use of pharmacological
treatments in the treatment of asthma. Patients
must be provided with proper instructions for ad-
justing their medication dose; however, it is im-
portant that they do not take the freedom to adjust
the dose as a “green light” for non-adherence.
With appropriate precautions, self-management
of asthma using adjustable maintenance dosing of
budesonide/formoterol may become a preferable
treatment to fixed dosing for asthma management.
Unlike fixed dosing, adjustable maintenance dos-
ing is consistent with current guideline goals for
asthma management, allowing treatment to be tai-
lored to individual patient needs with an appro-
priately low dose to maintain control. Taken as a
whole the results of the present study do not by

themselves substantiate a greater improvement in
asthma control for adjustable dosing over fixed
dosing, however, they do demonstrate a highly sig-
nificant reduction in medication use, which may
have important cost implications. Health eco-
nomic studies and other larger studies investigat-
ing the effects of budesonide/formoterol ad-
justable dosing on underlying airway inflammation
and airway hyperresponsiveness are warranted.
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