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Abstract

Background: The management of asthma has changed since the introduction of budesonide/formoterol (Symbicort®) as both maintenance
and reliever therapy (SMART). SMART and its effects on bronchial hyperresponsiveness (BHR) have not been studied in primary care. 

Aims: To compare the effects of SMART and guideline-driven usual care (UC) on BHR and clinical asthma severity in primary care practice.  

Methods: Patients with mild-to-moderate stable asthma were randomised to receive SMART treatment (n=54) (budesonide/formoterol
80/4.5μg Turbuhaler®, two puffs once daily and extra inhalations as needed) or UC treatment (n=48) for 12 months. Diary data, Asthma
Control Questionnaire scores, forced expiratory volume in 1 second (FEV1), and peak expiratory flow (PEF) measurements were collected
during run-in and after 1, 3, 6, and 12 months of treatment. BHR, measured as the dose of histamine provoking a fall in FEV1 of 20%
(PD20-histamine), was determined at randomisation and after 12 months.    

Results: One hundred and two patients with asthma participated in the study. The change in PD20-histamine during the study was not
significantly different between the SMART and UC groups (p=0.26). The mean inhaled corticosteroid (ICS) dose was 326μg
beclomethasone dipropionate (BDP) equivalents/day (95% CI 254 to 399) with SMART, which was significantly lower (p<0.0001) than the
mean ICS dose with UC treatment (798μg BDP equivalents/day (95% CI 721 to 875). Morning and evening PEF values increased
significantly with SMART treatment compared with UC; FEV1, symptoms and asthma control did not differ.  

Conclusions: Despite a 59% lower dose of ICS, BHR and other clinical outcomes remained stable during SMART treatment while PEF
values improved. 
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Introduction 
Asthma is a chronic inflammatory disorder of the airways
associated with airway hyperresponsiveness that leads to
recurrent respiratory symptoms.1 Long-term anti-inflammatory
treatment with inhaled corticosteroids (ICS) is the cornerstone of
therapy in persistent asthma. It reduces asthma symptoms and

numbers of exacerbations, improves lung function, and is
accompanied by a reduction in airway inflammation.1-3 Several
studies have shown that adding a long-acting β2-agonist (LABA)
to ICS may be beneficial in asthma management. This has led to
the development of fixed combination inhalers of ICS and
LABA.4-7

A recent development in the management of asthma is the
use of the combination inhaler budesonide/formoterol
(Symbicort®) both as Maintenance And as Reliever Therapy
(SMART) (Symbicort® SMART®, AstraZeneca, Sweden). This
approach is possible because formoterol provides rapid symptom
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relief, making use of a separate short acting β2-agonist
redundant.8-11 When taking an extra puff for symptom relief, an
additional dose of ICS and formoterol is administered
simultaneously, thereby preventing a deterioration or even an
exacerbation.12 Studies testing the SMART concept have shown
beneficial effects on the time to first asthma exacerbation,
exacerbation rate, and number of days with asthma control
compared with other treatment regimens. Importantly, this
approach reduces the ICS dose needed to remain in a stable
state of disease.13-18

The effects of the SMART concept on bronchial
hyperresponsiveness (BHR) – a hallmark of asthma – have not yet
been investigated, nor has it been studied in primary care. This
is of importance since primary care physicians manage the
largest proportion of patients with asthma (up to 75%). These
patients generally have much milder disease than patients
treated in secondary care.19

This study compares the effects of budesonide/formoterol
SMART on BHR with usual care (UC) treatment based on Global
Initiative for Asthma (GINA) guidelines in patients with mild-to-
moderate asthma in primary care.1 We anticipated that BHR with
SMART would be better than with UC, or equal to UC but with
a lower dose of ICS with SMART. Secondary outcomes were
asthma control, exacerbations, symptoms and lung function,
Asthma Control Questionnaire (ACQ-5), Satisfaction with
Asthma Treatment Questionnaire (SATQ), and mean dose of ICS
used.20-22

Methods 
Ethical approval     
The study was approved by the Medical Ethics Committee of the
University Medical Center Groningen, The Netherlands (METc
2003/111). All patients provided written informed consent. The
study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines  
Patients     
Patients with mild-to-moderate persistent asthma of either sex
aged >18 years were selected from 32 general practices. The
complete list of exclusion, enrolment and randomisation criteria
are presented in Appendix 1 (available online at
www.thepcrj.org). After the run-in period (Figure 1), patients
were stratified according to the daily dose of ICS (<800μg vs.
>800μg budesonide/beclomethasone dipropionate (BDP) or
<500μg vs. >500μg fluticasone propionate) and dose of
histamine provoking a fall in forced expiratory volume in 1
second (FEV1) of 20% (PD20-histamine; >1mg vs. ≤1 mg) to
create balanced groups.   
Study design and flowchart      
The study was designed as an open, parallel-group, multicentre
study conducted in two centres. After a 4-week run-in period,
eligible patients were randomly assigned to treatment according
to SMART or treatment based on GINA guidelines (UC group).1

Patients randomised to SMART treatment were instructed to

take two inhalations of the lowest available
budesonide/formoterol dose of 80/4.5μg once daily in the
evening and additional inhalations for symptom relief as
replacement for a short-acting β2-agonist. For safety reasons,
patients were instructed to contact the investigator if >12
inhalations were needed on two consecutive days. No other
asthma medication was allowed. 

Patients in the UC group continued medication as before
randomisation. They were treated as usual by their general
practitioner (GP). Patients in both groups were instructed to
contact their GP in case of a (threatening) exacerbation. Their GP
treated the exacerbation but was not allowed to change the
maintenance treatment in the SMART group. 

Figure 1 shows the flowchart of the study. No scheduled
contacts took place during the last 6 months of the study. We
therefore kept contacts between investigators and patients as
limited as possible as a reflection of the ‘real-life’ character of the
study. 
Data collection and procedures
BHR measured by PD20-histamine was the primary outcome.
Histamine provocation, lung function, and reversibility tests were
performed according to European Respiratory Society (ERS)
guidelines by the same lung function assistant.23

PD20-histamine was assessed using the dosimeter method at
randomisation and after 12 months of treatment. The second
test was performed at the same time of the day (within 1 hour)
as the baseline test and was postponed if the pre-challenge FEV1

was <60% of predicted normal, <1.5L, or differed by >15%
from baseline. The PD20-histamine was calculated from a log-
histamine dose versus the percentage fall in FEV1 by linear
interpolation. PD20-histamine is the calculated dose in mg at
which an exact fall of 20% would have been observed. In case
a fall of 20% was reached at inhalation of saline, PD20 was
arbitrarily set at 0.005mg. In case a fall of 20% was reached at
the lowest dose (0.02mg), PD20 was arbitrarily set at 0.01mg.
Since PD20 data are not normally distributed, they were
transformed logarithmically with 2 as base. The differences or
changes were expressed as ‘doubling dose steps’ where a
difference of 1 means a doubling or halving of the PD20 value.
FEV1 and forced vital capacity (FVC) measures were performed at
randomisation and after 1 and 12 months of treatment.
Reversibility was tested at the start of the run-in period using
two inhalations of 0.5mg terbutaline (Bricanyl®, Turbuhaler®,
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Figure 1.  Study flow chart, V = visit, T = telephone contact

SMART: maintenance budesonide/formoterol 80/4.5µg,
Turbuhaler® 2 inhalations once daily (p.m.) as well as reliever

Usual care: guidelines directed asthma treatment
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AstraZeneca, Sweden).
Secondary outcomes were calculated from daily diary card

data during run-in and 4 weeks prior to each clinic visit or
telephone contact and from two questionnaires: the Asthma
Control Questionnaire (ACQ-5,20,21 all clinic visits) and the
Satisfaction with Asthma Treatment Questionnaire (SATQ, after
1 and 12 months of treatment).22

Patients recorded daily the best of three morning and
evening peak expiratory flow (PEF) values, asthma symptoms
during night and day (3-point scale where 0=no symptoms and
3=incapacitating symptoms), nights with awakenings due to
asthma symptoms, total number of budesonide/formoterol
inhalations (SMART group), and intake of maintenance and as-
needed medication (UC group). Diary card data were also used
to calculate the number of mild asthma exacerbation days (a day
with either a morning PEF <80% of the run-in average value or
a night with awakenings due to asthma symptoms), the number
of asthma control days (a night and day with no asthma
symptoms and a night with no awakenings due to asthma
symptoms), the number of severe asthma exacerbations
(deterioration in asthma resulting in hospitalisation or
emergency room treatment or need for oral glucocorticosteroid
treatment for at least 3 days), and the time to first severe asthma
exacerbation. 

Safety was investigated by assessing the nature, incidence,
and severity of adverse events. 
Statistical analysis 
Efficacy analysis was carried out on all randomised patients. All
tests performed were two-sided and a p value ≤0.05 was
considered statistically significant. If necessary, ‘last observation
carried forward’ was used to impute missing values for ACQ and
SATQ scores at 12 months of treatment if a value existed after 6
months of treatment. The change in PD20-histamine before and
after 12 months of treatment was analysed by ANOVA using a
multiplicative model (i.e. analysing log-transformed PD20-
histamine with treatment as fixed factor and log-transformed
PD20-histamine at baseline as covariate). The least-squared means
resulting from this model were used to estimate the treatment
difference in log PD20-histamine and to calculate two-sided 95%
confidence intervals (CI), which are presented as the anti-log. 

Changes in FEV1 percentage predicted, overall ACQ scores,
and in both the domain and total score of the SATQ after 12
months of treatment were analysed by ANOVA. The number of
asthma control days was expressed as the percentage of the
total number of days recorded in the diaries. Baseline values
were calculated from diary recordings of the last 10 days of the
run-in period.

The daily dose of ICS used was expressed in μg/day
equivalents of beclomethasone dipropionate (BDP), taking an
approximate equivalence of 1000μg/day BDP=800μg/day
budesonide=500μg/day fluticasone propionate.24 The mean ICS
dose in the SMART group was expressed as the mean dose over
all days recorded in the diaries including both maintenance and

as-needed inhalations. For the UC group, the ICS dose was the
prescribed dose. All different types of inhaler devices were
allowed in the UC group. Data were analysed by ANOVA using
an additive model with treatment as fixed factor. 

The number of mild asthma exacerbation days was
expressed as a percentage of the number of diary dates and
compared within and between the treatment groups using a
Poisson regression model. Confidence limits and p values were
adjusted for over dispersion. Adverse event data were analysed
by descriptive statistics. 

The power calculation was based on PD20-histamine and an
ANOVA of the change in log (PD20-histamine). Based on other
studies, the standard deviation for 2log(PD20-histamine) was
expected to be 1.7.25 Under this assumption, an ANOVA with a
two-sided alternative hypothesis and a significance level of 5%
can detect a difference of one with 80% power, given that the
study includes 50 patients per group. A difference of 1 in
log(PD20-histamine) is equal to a difference of one doubling
histamine dose.

Results
The enrolment of study subjects is summarised in Figure 2. Forty
adverse events occurred in the SMART group and 42 occurred in the
UC group. There were three serious adverse events, one in the
SMART group (pulmonary embolism) and two in the UC group
(gastritis and intervertebral disc protrusion). Four patients in the

Figure 2.  Enrolment of patients and completion of the
study

* Budesonide/formoterol maintenance and reliever therapy

720 patients selected from
32 general practitioners databases

164 enrolled

102 randomised

54 SMART* 48 usual care

430 not interested or no return of    
reply form

290 contacted by the investigator 
126 did not fulfil enrolment criteria

62 withdrawn during run-in period
22 PD20-histamine >4.5mg
10 study temporarily stopped due   

to protocol amendment
6 FEV1 <60% predicted
6 unstable asthma
4 number of pack-years >10
14 other reasons

8 withdrawn
4 adverse events
2 non-eligibility
2 other

4 withdrawn
2 non-eligibility
2 other

46 completed 44 completed
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SMART group discontinued the study because of an adverse event:
the abovementioned patient with a pulmonary embolism, one
patient with palpitations and tremor, and two patients due to asthma
deterioration. After 1 month of treatment, four patients were
withdrawn because they did not fulfil eligibility criteria retrospectively.
Table 1 shows the baseline characteristics of the study participants.   

There was a small but clinically irrelevant improvement in
PD20-histamine in both treatment groups. The ratio of PD20-
histamine values at 12 months to randomisation in the SMART
group was 1.05 (95% CI 0.70 to 1.56) compared with 1.46
(95% CI 0.95 to 2.22) in the UC group. The difference between
the two treatment groups was not significant (SMART/UC ratio
was 0.72 (95% CI 0.40 to 1.29, p=0.26)).

Table 2 summarises the outcomes of primary and secondary
efficacy parameters, showing a significantly larger improvement
in morning and evening PEF values and a higher rating of ease
of use in the SMART group than in the UC group.

The number of days with a mild asthma exacerbation was
not significantly different between SMART and UC treatment,
averaging 16.4 and 16.8 mild exacerbation days/year,
respectively (p=0.80). A total of 11 severe asthma exacerbations
occurred in both treatment groups. Two patients in the SMART

group experienced a total of four exacerbations, three occurring
in one patient. Six patients in the UC group experienced a total
of seven exacerbations. No asthma-related hospitalisations or
emergency room treatments occurred in either group. 

Figure 3 shows the baseline clinical characteristics of the
study participants in comparison to previously published SMART
studies.13-18

The mean ICS dose decreased to 326μg/day BDP equivalents
with SMART and remained almost constant at 798μg/day BDP
equivalents with UC during the 12-month treatment period
(Figure 4). The difference between the treatment groups was
highly significant (p<0.0001). 

Discussion 
Main findings 
This study in patients with mild-to-moderate asthma in primary
care shows that BHR remains stable with SMART management
despite a 59% reduction in the ICS dose compared with UC
treatment. Furthermore, morning and evening PEF values
improved and patients were more satisfied with the ease of use
of the SMART concept. The two management approaches were
comparable for all other efficacy parameters. 

Variable SMART* (n=54) Usual Care (n=48) Total (n=102)

Age (years)                                Mean (SD) 44.7 (13.2) 40.6 (12.0) 42.8 (12.7)

Male, n (%) 22 (41) 17 (35) 39 (38)

FEV1, % predicted Mean (SD) 96.0 (16.0) 101.5 (17.5) 98.6 (16.9)

FEV1 reversibility,† % Mean (SD) 7.0 (5.3) 6.4 (4.5) 6.7 (4.9)

PD20-histamine (mg) Geometric mean 0.31 0.49 0.39
Range 0.01–3.68 0.01–4.22 0.01–4.22

ICS dose (μg/day) Mean (SD) 566 (304) 506 (226) 538 (269)

ICS dose (μg BDP equivalents/day)‡ Mean (SD) 851 (484) 757 (399) 770 (332)

Smoking history, n (%)§ Never smoker 35 (65) 20 (42) 55 (54)
Ex-smoker 14 (26) 19 (40) 33 (32)
Current smoker 5 (9) 9 (18) 14 (14)

Mean daily asthma control measures¶

Reliever use (inhalations/day) Mean (SD) 0.6 (1.3) 0.4 (0.7) 0.5 (1.1)

Symptom score, night (scale 0-3) Mean (SD) 0.2 (0.3) 0.3 (0.4) 0.2 (0.4)

Symptom score, day (scale 0-3) Mean (SD) 0.3 (0.4) 0.5 (0.5) 0.4 (0.5)

Nights with awakenings, % Mean (SD) 3.6 (12.7) 4.4 (12.3) 4.0 (12.5
Range 0.0–85.7 0.0–53.9 0.0–85.7

Asthma control days, % Mean (SD) 68.0 (34.5) 54.4 (38.7) 61.6 (37.0)
Range 0.0–100.0 0.0–100.0 0.0–100.0

ACQ score, n (%) Well-controlled 23 (43) 14 (29) 27 (36)
Not well-controlled 19 (35) 20 (42) 39 (38)
Uncontrolled 12 (22) 14 (29) 26 (26)

*Budesonide/formoterol maintenance and reliever therapy. 

†The change in the FEV1 after inhalation of 1mg terbutaline Turbuhaler®. 

‡BDP equivalents: 1000μg/day beclomethasone dipropionate = 800μg/day budesonide = 500μg/day fluticasone propionate. 

§Ex-smoker: stopped smoking at least 6 months prior to enrolment and a smoking history <10 pack-years; current smoker: smoking history <10 pack-years.

¶Average over the last 10 days of the run-in period.  Well-controlled is a mean ACQ score <0.75; Not well-controlled is a mean ACQ score >0.75 and ≤1.5; 
Uncontrolled is a mean ACQ score >1.5.

ACQ = Asthma Control Questionnaire (in this study the 5-symptom version was used, data are from the enrolment visit). FEV1 = forced expiratory volume in 
1 second; ICS = inhaled corticosteroid (mean dose calculated by the average of all days in the diaries). 

Table 1. Baseline clinical characteristics.
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SMART* Usual Care Comparison
SMART to Usual Care

Variable Baseline 12 months Baseline 12 months Difference (mean)
Treatment Treatment (95 % CI) p value

PD20-histamine, mg (geometric mean) 0.33 0.35 0.49 0.60 0.72 (0.4 to 1.3) 0.26

FEV1 , % predicted  96.9 95.0 101.6 100.1 0.70 (-1.8  to 3.2) 0.58

Morning PEF, L/min 441 458 449 447 23.1 (11.0 to 35.2) 0.0003

Evening PEF,  L/min 450 460 456 453 16.5 (5.0 to 28.0) 0.005

Asthma control days, % 68 62 54 59 -1.04 (10.5 to 8.4) 0.83

Mean ACQ score 0.80 0.82 0.93 0.97 -0.06 (-0.3 to 0.2) 0.67

Mean SATQ score                         overall 5.61 5.83 5.44 5.55 0.14 (-0.1 to 0.4) 0.27

Subscale: effectiveness 5.71 5.92 5.17 5.61 0.01 (-0.4 to 0.4) 0.95

Subscale: ease of use 5.74 6.17 5.91 5.89 0.32 (0.0 to 0.6) 0.03

Subscale: burden of asthma medication 5.69 5.73 5.68 5.63 0.02 (-0.3 to 0.4) 0.92

Subscale: side effects and worries 5.19 5.35 4.93 4.91 0.24 (-0.2 to 0.63) 0.23

ACQ = Asthma Control Questionnaire, SATQ = Satisfaction with Asthma Treatment Questionnaire 

Table 2. Efficacy outcomes at the start and after 12 months of treatment in the SMART (* Budesonide/formoterol
maintenance and reliever therapy) and Usual Care groups and efficacy outcomes of SMART compared with Usual
Care after 12 months of treatment
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Figure 3.  Comparison of clinical characteristics of the current study with other SMART studies at baseline

Baseline characteristics differ substantially between the
patients in this primary care study and previous SMART studies13-

18 which selected outpatients from secondary care patient record
files (see Figure 3). Our patients had much better FEV1 values
and ACQ scores, needed fewer inhalations of rescue medication,
had more days with asthma control, and generally used a lower
ICS dose at entry. Although our primary care population had
milder disease in virtually every aspect of clinical characterisation,
SMART treatment was beneficial in this group as well. Moreover,
unlike earlier studies, there was no requirement at recruitment
for symptoms/poor control so there was less potential for

regression to the mean and the use of UC as a control was easier
to justify. In addition to the clinical efficacy of SMART, ratings on
the domain ‘ease of use’ of the questionnaire on treatment
satisfaction (SATQ) were significantly higher in the SMART
group. This indicates that the use of one inhaler for both
maintenance treatment and symptom relief was well accepted
by the patients.

Despite a lower dose of ICS, the frequency of severe asthma
exacerbations in the SMART group was low. The occurrence of
severe exacerbations was too infrequent in both treatment
groups to analyse statistically. This is an important finding
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because severe exacerbations have been related to excess lung
function decline in asthma, hence worse disease prognosis.26

One patient in the SMART group was responsible for three of
the total number of four exacerbations. This patient did not take
extra inhalations for relief, although symptom scores and PEF
values in his diary clearly indicated that an exacerbation was
imminent. 
Limitations of this study 
There are some limitations to our study. It was based on BHR
resulting in relatively low numbers of patients. The effects on
BHR were observed during 1-year follow-up and might have
been larger after a longer duration of follow-up. Indeed, earlier
studies investigating the effects of ICS on BHR for more than 1
year showed larger differences in PC20 values. However, the
differences were already significant with 1 year of follow-up.27,28

Nevertheless, we cannot fully exclude the possibility that longer
treatment with SMART would have led to further differences.
Patients starting with SMART had somewhat more severe
asthma based on reliever use and hyperresponsiveness, although
the difference was not significant. If they indeed did have
somewhat more severe asthma, this might have affected the
study outcome, particularly in this group. However, our results
showed similar clinical outcomes with a lower cumulative ICS
dose in the SMART group after 12 months of treatment. Finally,
this was an open study which might affect the results, but this
was necessary in order to compare the two arms of the study in
a real-life situation of care in general practice. 
Interpretation of findings in relation to previously
published work
BHR is a risk factor for the development of asthma and impaired
lung function later in life.29-31 More severe BHR predicts asthma
progression, a feature generally but not invariably associated
with airway wall inflammation and remodelling.32 ICS have a
beneficial effect on BHR given their anti-inflammatory
characteristics, with most studies showing an improvement of up
to twofold.33,34 It is therefore surprising that the PD20-histamine
remained stable with SMART treatment while the dose of ICS
was reduced by 59%. Doctors may have concerns about ICS

reduction during SMART treatment and question whether this
would lead to lower suppression of airway inflammation. Our
data show that BHR is not worse with SMART treatment.
Additionally, a Canadian study in patients with mild-to-severe
asthma showed that SMART treatment had similar effects on the
control of eosinophilic airway inflammation with a 26% lower
overall ICS dose compared with best clinical practice treatment.35

These findings may result from enhancement of the anti-
inflammatory effects of ICS by simultaneously administering
LABA via the same inhaler.12,36 Alternatively, since small flare-ups
of inflammation may be immediately suppressed with SMART
treatment but not with UC, SMART may have prevented
deterioration of BHR. 

Both cumulative exposure to ICS and total daily ICS dose
correlate significantly with the risk of experiencing local and
systemic side effects of ICS.37 Doctors should therefore strive to
treat asthma patients with the lowest ICS dose possible without
losing effectiveness. Our study shows that SMART treatment in
a primary care setting is indeed able to do this. Papi et al.38

showed in their study in patients with mild asthma that a strictly
symptom-driven use of the combination inhaler
beclomethasone/salbutamol was as effective as maintenance
therapy with beclomethasone alone with respect to
improvements in lung function and exacerbation rates, despite
a lower cumulative dose of ICS in the former group. 
Conclusions   
In summary, we conclude that budesonide/formoterol
maintenance and reliever therapy appears to be a well-tolerated
and beneficial concept for the management of patients with
mild-to-moderate asthma in primary care. It reduces the dose of
inhaled corticosteroids needed and can be considered as a good
alternative for guideline-based treatment. Our data thus
provides supportive evidence to apply SMART strategies in
primary care as suggested in the recently revised GINA
guidelines.39
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