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Summary

Asthma is often difficult to control and it is likely that not all patients are optimally treated.
This study aimed to explore asthma control in adults receiving fixed dose combination (FDC)

therapy. Control of asthma was assessed using the mannitol challenge test as a monitoring tool
to see if this would give additional information compared to the asthma control test (ACT). The
study was an open-label, prospective study on 98 adults prescribed with FDC therapies for at
least three months.

74 patients considered that their asthma was well controlled. However, 60 patients had a
positive mannitol challenge test (PD15 < 635 mg), and when those with a positive response
to the short-acting b2-agonist (�15%) after the mannitol challenge test were included, this
increased to 64 patients (65%). Exploratory analysis determined that the spirometry parame-
ters; FEV1/FVC and FEV1% of predicted, were statistically significant predictors of a positive
mannitol challenge test. Co-morbid conditions such as concomitant upper airway involvement
or eczema did not predict mannitol reactivity.

Although most patients rated their asthma as well controlled, many provided a positive
mannitol challenge test, suggesting the presence of underlying inflammation, despite treat-
ment with fixed dose combination therapy.
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This study indicates that many asthma patients on fixed dose combination therapy may not be
optimally treated.
ª 2013 The Authors. Published by Elsevier Ltd. All rights reserved.

Introduction

Asthma is one of the most common chronic diseases in
Sweden with a prevalence of about 8% in the adult popu-
lation [1]. The strategy for treating asthma depends on
what level of disease the patients have. A common medi-
cation for treating asthma is a fixed dose combination (FDC)
of an inhaled corticosteroid with a long acting b2-agonist.
The FDC’s available at the time of the study were bude-
sonide/formoterol (Symbicort�, AstraZeneca), fluticasone/
salmeterol (Seretide�, GlaxoSmithKline) and beclometa-
sone/formoterol (Innovair�, Chiesi).

Achieving and managing good control over asthma is
difficult. Adherence to therapy is a recognized problem.
Moreover, it is clear that spirometry and lung function tests
are not sufficient objective methodologies for the detec-
tion of uncontrolled disease with ongoing inflammation in
the entire part of the lower airways. Here we tested the
hypothesis that not all asthma patients are optimally
treated.

In the present study, we explored the prevalence of
optimally treated asthma patients in primary care consec-
utively attending at a single site in Sweden. Several
different strategies were employed to evaluate the degree
of clinical control over the asthma of real-life patients.
These included spirometry, symptom questionnaires and a
bronchial provocation test (mannitol challenge test). The
mannitol challenge test is an indirect assessment that re-
flects ongoing disease in asthma with the added advantage
that it provides information on disease activity and can be
used to guide treatment decisions [2].

Methods

Study design and patient population

This was an open-label study conducted at one primary care
site in Sweden. The main objective of the study was to
evaluate the real-life effectiveness of FDC asthma therapy.
To participate in the study, patients had to have a previ-
ously verified asthma diagnosis, aged 18e65 years, and
been prescribed any FDC therapy available on a regular
basis for at least three months and were not allowed to
have taken oral corticosteroids within the 28 days leading
up to the study. Enrolled patients were required to have a
forced expiratory volume in the first second (FEV1) of at
least 70% of the predicted value according to the recom-
mendations in the Summary of Product Characteristics
(SmPC) for mannitol. Patients with other respiratory or
obstructive disease, including recent infection or exacer-
bation, were excluded from the study.

Consecutive patients, attending their appointments at
the primary care site, were enrolled at a first visit for

evaluating eligibility according the inclusion criteria.
Eligible patients were asked to continue with their usual
asthma medication until the second visit, which was up to 4
weeks later. However, the patient’s normal FDC asthma
therapy was to be withheld in the morning of visit 2. This
was due to the observational study design, which was
designed not to interfere with the patient’s ordinary
medication except during the day of the test. At the second
visit the inclusion criteria had to be confirmed again before
the asthma control test (ACT) and mannitol challenge test
were performed. After the mannitol challenge test a
reversibility test was performed. Following asthma evalu-
ation, the patient’s usual asthma therapy was continued as
normal.

All patients provided written informed consent before
participation. The study was approved by a local Ethics
Committee and was conducted in accordance with the In-
ternational Conference on Harmonization legislation of
Good Clinical Practice (ICH GCP), the declaration of Hel-
sinki, and all applicable regulatory requirements.

Asthma assessments

The ACT is an advocated tool to estimate clinical control
[3]. The asthma severity of each participant was assessed
two-fold: (1) Patients rated their own disease-control in the
ACT; (2) The Investigator rated the frequency of symptoms
experienced each week. The ACT was rated on a scale of
0e25, where scores of 20e25 signified good asthma control
(well-treated) and scores below 20 indicated that the pa-
tient felt symptomatic.

Asthma severity was assessed by evaluating the medi-
cation each patient was prescribed by their usual physician.
The Investigator also classified the frequency of symptoms
experienced by the patient as A: No symptoms; B: Symp-
toms 1e2 times per week; C: Symptoms 3e6 times per week
and D: Daily symptoms.

Mannitol challenge and reversibility tests

Oral mannitol inhalation powder (Aridol�/Osmohale�) is a
well-characterized indirect bronchial challenge test suit-
able for use in a primary-care setting [4]. It is also stan-
dardized, reproducible and correlate to the degree of
inflammation in the airways. The mannitol challenge test
was performed by step-wise administering the mannitol dry
powder by inhalation in increasing doses (0, 5, 10, 20, 40,
80, 160, 160 and 160 mg mannitol with cumulative doses of
0, 5, 15, 35, 75, 155, 315, 475 and 635 mg mannitol in total
at each administration). A direct positive test was defined
as the cumulative dose �635 mg inducing a drop in FEV by
�15% (PD15 FEV). Between each dose, the bronchial
hyperresponsiveness of each patient was measured by
spirometry. The challenge test was positive if the FEV1 fell
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