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ABSTRACT Poor adherence to maintenance pharmacotherapy is a reality in asthma. Studies confirm
that when symptoms worsen, most patients increase short-acting β2-agonist (SABA) use, instead of using
controller medication. This behaviour might be attributable to several paradoxes in the current treatment
approach. These paradoxes include the recommended use of a SABA bronchodilator alone at Global
Initiative for Asthma (GINA) step 1, despite the fact that asthma is a chronic inflammatory disease. At
step 1, the patient has autonomy and their perception of need and disease control is accepted, but at
higher asthma treatment steps a fixed-dose approach is recommended, irrespective of symptom severity.
The unintended consequence is the establishment of a pattern of early over-reliance on SABA. New
approaches that avoid these paradoxes are needed, such as patient-adjusted therapy, in which patients
adopt a symptom-driven approach using a combination reliever/controller. We propose that SABA reliever
monotherapy should be replaced by a combination of inhaled corticosteroid (ICS) and formoterol, or
similar rapid-onset bronchodilator, as reliever therapy for patients at GINA steps 1 or 2. This will ensure
early and more regular administration of a controller medication. However, a significant body of clinical
data will be needed before this approach can be approved by regulatory authorities.
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Introduction
paradox (ˈparədɒks) - a statement or proposition which, despite sound (or apparently sound) reasoning from
acceptable premises, leads to a conclusion that seems logically unacceptable or self-contradictory (Oxford
Dictionary)
Asthma is one of the most common chronic diseases in the world, with a prevalence that is still growing
in some developing countries. In recent decades, asthma mortality rates have fallen dramatically [1].
However, despite this progress, national and international surveys continue to reveal inadequate asthma
control in more than 50% of patients [2–4].
As with all chronic diseases, poor adherence to regular maintenance medication is a reality in asthma [5].
The most commonly observed pattern is the use of medication only when symptoms occur, and avoidance
of treatment when it is perceived to be unnecessary [6]. Thus, healthcare providers may monitor and
advise, but day-to-day management of asthma remains in the hands of the patient (or parent/carer of a
child) and outcomes are dependent on the patients’ perception of need and self-medication. To address
this, management guidelines for asthma stress the importance of providing a written action plan for
self-management. However, this alone is insufficient if it does not include a treatment strategy that is in
accordance with anticipated patient behaviour and in particular, patient preference for reliever therapies.
Several studies confirm that when symptoms worsen, most patients simply increase their use of a
short-acting β2-agonist (SABA) and are less likely to increase use of their controller medication. This
symptomatic treatment delays the initiation of effective controller treatment and exacerbations follow [6, 7].
We hypothesise that the roots of this behaviour, and the poor outcomes of asthma treatment in many
patients with even mild asthma, are attributable to a number of paradoxes in our treatment approach and
advice, which are confusing to patients (table 1). These paradoxes feed the patients’ poor understanding of
effective treatment and lead to poor adherence to treatment, particularly underuse of controllers and
overuse of, and over-reliance on SABA reliever medication [3, 6]. Here, we examine these paradoxes, their
potential impact, and consider solutions to overcome these and improve asthma management and control.

The asthma treatment paradoxes
The first treatment paradox occurs at treatment step 1 in most asthma treatment strategy documents or
guidelines [8–10]. It is well established that asthma is a disease of chronic inflammation, with episodes of
worsening inflammation associated with increased symptoms and/or exacerbations; however, current
guidelines paradoxically recommend that initial treatment is only symptomatic, rather than directed at the
underlying mechanism. A SABA bronchodilator, which has no inherent anti-inflammatory
pharmacological properties, is recommended, rather than an anti-inflammatory medication such as an
inhaled corticosteroid (ICS) [9, 10]. Hence, from the outset, patients are taught that treating symptoms
alone is acceptable. While at future medical visits, other medications might be added or doses adjusted
alongside the SABA [8–10], the consistent prescription of as-needed SABA reinforces in the minds of
patients, the key and central role of SABA in asthma management. This impression is further supported

TABLE 1 Paradoxes in current asthma management
Paradox

Description

1

In step 1 treatment, a SABA bronchodilator alone is recommended despite the fact that asthma
is a disease of chronic airway inflammation with increased inflammation at the times of
exacerbations.
In step 1 treatment, the patient has autonomy and their perception of treatment as needed to
control symptoms is accepted, whereas at higher asthma treatment steps it is assumed that
patients will adopt a fixed-dose approach.
There is a switch in recommendation from using a SABA alone as-needed at step 1 to advising
an ICS fixed-dose regimen at step 2 and minimising SABA use. The medication that treats the
underlying disease, which patients are encouraged to take (the ICS) is not the one that the
patient perceives is benefitting them (the SABA), which they are now discouraged from taking.
There is a different safety message in the advice given for the use of SABA and LABA within the
guidelines; SABA alone being safe and LABA alone being unsafe.
There is a dislocation between patients’ understanding of “asthma control” and the frequency,
impact and severity of their symptoms.

2

3

4
5

SABA: short-acting β2-agonist; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist.
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GINA recommendations for reliever use
Step 5
Step 4
Step 1

Step 2

Step 3

Maintenance treatments
FIGURE 1 Current Global Initiative
for
Asthma
(GINA)
recommendations for reliever use.
SABA: short-acting β2-agonist; ICS:
inhaled corticosteroid.

As needed SABA
Low-dose ICS/formoterol

by the physician’s instructions to carry the SABA around at all times to treat symptoms, in addition to the
personal experience of patient in the rapid relief it provides (figure 1). Surveys confirm that the great
majority of patients are confident and willing to self-treat, but want immediate relief from symptoms. This
was the response of 90% of the subjects in the INSPIRE study [6].
The second paradox also occurs at treatment step 1. Patients are asked to recognise when their condition is
becoming troublesome and respond appropriately with SABA use. However, these self-management
instructions are countermanded at steps 2 and higher, when physicians attempt to emphasise the key role
of a controller that needs to be taken regularly, and patients are advised and expected to take fixed doses
of their controller treatment regardless of the level of symptoms. Thus, at step 1 the patient has autonomy
and their perception of need and disease control is accepted, but at higher asthma treatment steps, a
fixed-dose approach is recommended. Indeed, one of the goals of regular maintenance ICS is to eliminate
the as-needed use of SABA. This means that the management approach used at step 1 has to be unlearnt.
In addition, this switch in approach from as-needed to regular treatment is confusing, as is the need to
recall which inhaler to use when symptoms occur. Patients quickly learn that symptom relief is best
achieved with the SABA, again reinforcing their view that use of the SABA is the main treatment for
asthma. This results in patients frequently taking less than 50%, and usually about 30%, of the prescribed
dose of controller medication, with many continuing to rely on as-needed SABA [5, 11].
The third paradox is the switch when patients are instructed to reduce the treatment that they perceive is
most beneficial, the SABA, and rather take one with no immediate perceived benefit. For many patients,
the message that regular use of a SABA might be unsafe and even associated with asthma deaths [12, 13]
is hard to grasp. The relevance of this paradox is evident from the continued high ratio of reliever:
preventer medication prescriptions in many countries, often well above a ratio of 2:1. As this ratio
decreases, asthma morbidity declines, thereby reducing the utilisation of emergency services,
hospitalisations and deaths [14]. At the population level, ratios of 1 or 0.5 are associated with greatly
reduced emergency use of health facilities and overall cost savings for funders of health facilities.
A fourth paradox occurs at treatment step 3, when patients are given what appears to be conflicting advice
for the self-administration of SABA and long-acting β2-agonist (LABA). The LABA, they are advised,
should never, under any circumstance, be used as monotherapy in asthma, but only in combination
( preferably in a single-inhaler combination) with an ICS [8–10]. However, monotherapy with SABA is
standard. Yet, there is evidence indicating that both SABA and LABA have serious risks as monotherapy
[13, 15], and no evidence to suggest that there is any difference in the risks associated with regular
“maintenance” use of either.
The fifth paradox is caused by conflicting perceptions of need between patients and physicians, which
might reinforce a patient’s false belief that the asthma has been effectively controlled. This results from
poor communication and failure of physicians to adequately interrogate their patients at follow-up visits
with testing questions about their asthma status, or failure to use asthma control scoring methods like the
Asthma Control Test or Global Initiative for Asthma (GINA) assessment of symptom control. This
communication gap results in under-recognition of need and poor control. In the REALISE study [3],
conducted in patients with asthma in European countries, more than 80% of the respondents considered
their asthma to be controlled, and over 70% did not regard their condition as serious. Even among those
whose asthma was uncontrolled, more than 80% of respondents who had experienced acute exacerbations
requiring oral steroid use, an emergency department visit or hospitalisation in the previous year, also
regarded their asthma as “controlled” [3]. One possible explanation for this might be the differences in
terminology and understanding of the term “control” between patients and physicians. This explanation is
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supported by findings from the Asian REALISE survey, in which two-thirds of the physicians stated that
they believed that their patients’ definition of “well-controlled asthma” was aligned with their own: the
physicians’ view was that “well-controlled” asthma meant either “asthma symptoms are non-existent or
minimal” (60%) or “asthma having minimal impact on patient’s daily life” (47.7%) [16]. In contrast,
patients perceived “well-controlled” as being able to manage their exacerbations with medical help or the
use of medication, whereas approximately 10% only, agreed with the physicians’ view that “asthma
symptoms are non-existent or minimal” [16]. Such divergence in communication could be a factor in the
over-reliance on SABA and underuse of ICS.

Practical solutions to these paradoxes and the continuum of care approach
The most obvious solution to paradox one is to introduce effective anti-inflammatory treatment earlier in
the treatment algorithm. Indeed, the most recent update to the GINA strategy document suggests that
low-dose ICS may be introduced at step 1 [8]. The introduction of ICS therapy at the time of diagnosis, or
shortly thereafter, is known to lead to improved lung function, reduced risk of severe asthma exacerbations
[17], and improved asthma control, and thus, is more effective than waiting until symptoms have been
present for several years [18, 19]. At the population level, in the Finnish Asthma Programme for example,
the introduction of anti-inflammatory treatment ( principally ICS) was associated with improved control
and reduction of the burden and cost of asthma [20]. In patients with mild or intermittent asthma,
low-dose ICS has been shown to be effective in improving lung function and quality of life and reducing
asthma symptoms, risk of exacerbation and asthma-related hospitalisations [17].
The early introduction of ICS at the time of diagnosis is attractive, but there are several factors that could
limit the efficacy of this approach. First, it would mean the elimination of treatment step 1, as-needed
SABA as monotherapy. In addition, this approach does not overcome paradox two, namely, that patients
will always favour the SABA over the ICS or other controller, because of the rapid relief of symptoms.
Thus, the temptation to stop the ICS, from which no benefit is perceived, and revert to SABA use alone is
overwhelming for most, and there is little hope of re-institution of regular ICS therapy unless there is
significant deterioration.
An alternative approach is to combine steps 1 and 2 and replace SABA and ICS with combination
treatment comprising SABA or fast-acting LABA and ICS in a single inhaler, for use as-needed in patients
with intermittent or infrequent symptoms, and increase this to regular maintenance plus as-needed use in
patients whose symptoms are persistent [21]. This would also help to resolve both paradoxes three and
four. The use of ICS/SABA or ICS/fast-acting LABA combinations, as an alternative to a SABA as rescue
medication, would accommodate typical patient behaviours and would be acceptable with the self-titration
strategies of patients [1, 3]. It would also allay safety concerns about the overuse of SABA monotherapy,
which also exist for LABA monotherapy.
One of the LABAs currently available, formoterol, has an onset of action that is as fast as that of SABA
salbutamol [22]. The benefit of ICS/formoterol combinations for both maintenance and reliever therapy
(MART) is now well established in patients with moderate to severe asthma with a history of severe
exacerbations. This approach ensures that patients receive a dose of ICS whenever they feel the need for
symptomatic relief. This can help to overcome the problems associated with poor adherence to
maintenance ICS and overuse of SABA, which in turn, could improve asthma control [21] and reduce the
“need” for SABA reliever use. A number of studies have shown that MART reduces severe asthma
exacerbation risk by 40–50%, while demonstrating that asthma control is at least as good as conventional
regimens, and often with a lower long-term steroid load (figure 2) [23–25]. Hence, if the stepwise
approach to asthma management is changed and a SABA at step 1 was replaced with an ICS/fast-acting
LABA or ICS/SABA, then the SABA might lose its “key medication” status in the minds of asthma
patients. Indeed, completely replacing a SABA with these combinations for asthma patients could prevent
this perceived key medication status from developing in the first place.
The as-needed use of an ICS/SABA or ICS/fast-acting LABA combination has been proposed as a
potential treatment strategy for intermittent and mild asthma [21]. Using this as-needed asthma treatment
approach for symptom relief would also fit the patient-adjusted therapy model, and would titrate both the
ICS and β2-agonist dose according to need. In all probability, this would increase ICS use in patients who
are likely to be poorly adherent to ICS and who tend to over-rely on the SABA reliever [21]. In mild
asthma, these as-needed strategies, employing co-administered ICS/SABA or ICS/LABA (“partnered ICS
approach”), better match treatment to patient behaviour than the current once- or twice-daily
maintenance regimens. It will be vital to conduct studies to show this as a superior approach to SABA as
needed, and not inferior to regular ICS for mild asthma [26, 27], as well as ensure effective
communication, especially to those with mild asthma, regarding the safety of intermittent use of ICS.
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Study

BD/FM-MRT
n/N

Comparator
n/N

RR (fixed)
95% CI

Weight
%

RR (fixed)
95% CI

BD/FM-MRT versus HD SM/FP-FD
Bousquet 2007
Kuna 2007

108/1151
94/1103

130/1153
138/1119

Total (95%CI)
2254
2272
Total events: 202 (BD/FM-MRT), 268 (Comparator)
Test for heterogeneity: χ2=1.10, df=1 (p=0.29), I2=9.4%
Test for overall effect: Z=3.11 (p=0.002)

48.67
51.33

0.83 (0.65–1.06)
0.69 (0.54–0.89)

100.00

0.76 (0.64–0.90)

100.00

0.74 (0.58–0.96)

100.00

0.74 (0.58–0.96)

50.87
49.13

0.59 (0.49–0.70)
0.60 (0.50–0.72)

100.00

0.59 (0.52–0.68)

45.53
44.83
9.64

0.65 (0.55–0.78)
0.58 (0.48–0.69)
0.48 (0.31–0.75)

100.00

0.60 (0.54–0.68)

BD/FM-MRT versus HD BD/FM-FD
Kuna 2007

94/1103

126/1099

Total (95%CI)
1103
1099
Total events: 94 (BD/FM-MRT), 126 (Comparator)
Test for heterogeneity: not applicable
Tests for overall effect: Z=2.29 (p=0.02)
BD/FM-MRT versus BD/FM-FD
O’Byrne 2005
Rabe 2006

148/922
143/1107

248/906
245/1138

2029
2044
Total (95%CI)
Total effects: 291 (BD/FM-MRT), 493 (Comparator)
Test for heterogeneity: χ2=0.03, df=1 (p=0.86), I2=0%
Test for overall effect: Z=7.81 (p<0.00001)
BD/FM-MRT versus HD BD-FD
Scicchitano 2004
O’Byrne 2005
Rabe 2006

170/947
148/922
27/354

259/943
456/925
54/342

2223
2210
Total (95%CI)
Total events: 345 (BD/FM-MRT), 569 (Comparator)
Test for heterogeneity: χ2=2.01, df=2 (p=0.37), I2=0.6%
Test for overall effect: Z=8.26 (p<0.00001)
0.1

0.2

0.5

Favours BD/FM-MRT

1

2

5

10

Favours comparator

FIGURE 2 Meta-analysis of the primary outcome variable, severe asthma exacerbations, from six randomised
controlled trials in the BD/FM MRT development programme. Reproduced with permission from the publisher
[25]. BD: budesonide; FD: fixed-dose; FM: formoterol; FP: fluticasone propionate; HD: high dose; MRT:
maintenance and reliever therapy; RR: relative risk; SM: salmeterol.

The continuum of care approach
For all patients with asthma, patient-adjusted therapy would comprise both a controller and reliever
(usually ICS/fast-acting LABA) in a single inhaler; this would form part of a continuum of care approach
in partnership with doctors who provide periodic and predictive monitoring of the disease, which will
help to resolve paradox five (figure 3). At the more severe end of the asthma spectrum, patient-adjusted
therapy is supplemented by increased involvement of healthcare providers in monitoring and guiding
adjustments to therapy with the help of phenotyping, while the approach of the patient-adjusted therapy
remains the same. Assessing blood eosinophilia [28] or other biomarkers may be added as part of the
step-up approach at the severe end of the asthma spectrum, as information about endotypes becomes
available. It would now be possible to also include electronic inhaler monitoring as a potential “biomarker
of behaviour” at the severe end of the spectrum.

Theoretical application of the continuum of care approach
When considering any new treatment approach, it is important to ensure that it is applicable across the
full disease severity range and all patient types. While the application of the continuum of care approach is

https://doi.org/10.1183/13993003.01103-2017

5

ASTHMA | P.M. O’BYRNE ET AL.

Continuum of care model:
patient-adjusted pharmacotherapy of asthma

eatment
r reduce tr

Escalate o

Doctor-directed
maintenance treatment

Patient-adjusted
symptom-driven
reliever/controller
(single inhaler)

Intermittent
low-dose
ICS/LABA
for relief

Additional maintenance treatment options

Low-dose
ICS/LABA
maintenance
+ for relief

Medium/high-dose
ICS/LABA
maintenance
+ for relief

Higher-dose
ICS/LABA
maintenance
+ for relief

FIGURE 3 Continuum of care: patient-adjusted plus physician-directed step-wedge approach to
pharmacotherapy in asthma. LABA: long-acting β2-agonist; ICS: inhaled corticosteroid.

relatively straightforward across the different disease severities, evaluation of this approach in specific
patient populations is worthy of consideration. For example, persons who under-perceive the severity of
their asthma will not be at any greater risk than with the current guidelines. The earlier suggestion of
patient-adjusted therapy with an ICS/SABA or ICS/LABA for symptom-driven reliever/controller use is
likely to increase the amount of ICS delivered, and thus, improve asthma control. At the other end of the
spectrum, possible concerns regarding the overuse of an ICS/SABA or ICS/LABA appear to be ill-founded,
as recent observations with an ICS/fast-acting β-agonist MART regimen suggest that this is not the case,
and “overuse of reliever days” are in fact reduced, rather than increased, with the MART approach [29,
30]. Ongoing trials with electronic monitoring of inhaler use will provide definitive answers in the
not-too-distant future.
Asthma is a heterogeneous disease, so this approach may be considered an oversimplification. For
example, how are non-eosinophilic asthma and other phenotypes and endotypes treated in this continuum
of care? This approach, like current treatment approaches, acknowledges that recognition of clinical
phenotypes and identification of issues that may influence the response to therapy (e.g. adolescence, old
age, obesity and comorbidity), along with insights gained from the inclusion of more biomarkers at
appropriate points (as part of the physician monitoring component), will prompt changes in therapy. The
approach is deliberately simple, providing the minimum that is required by the vast majority of patients
with asthma; i.e. relief and control of symptoms, patient involvement and self-management based on an
understanding of their role in controlling the disease, and increasing physician oversight at the more
severe end of the spectrum. This simple continuum of care approach also ensures that it can be applied
universally, even in the poorest countries. Doctors without access to the tools to phenotype/endotype
asthma can provide adequate and acceptable treatment for patients using this approach.
From a cost perspective, it is possible that the use of an ICS/SABA or ICS/LABA rather than SABA
monotherapy will result in an increase in purchase cost to patients and payers, but this is likely to be
significantly offset by exacerbation reduction in all but the very mildest end of the severity spectrum.
Other commentators have suggested the extension of the use of biologics, currently reserved for patients
with severe refractory eosinophilic asthma, to include much milder patients [31]. The advantages
associated with this suggestion might include improved adherence to treatment, as the biologics are
administered in an observed setting. However, the cost implications of this approach make it currently
impractical.

Conclusions
Despite many advances in medication, new treatment guidelines and greater knowledge about the disease,
there has been a plateau in improvements to asthma control, which points towards the need for new
approaches to asthma management. We describe here five paradoxes in asthma management that are
counterproductive to achieving optimal asthma control, but for which there are readily implementable
solutions. Patient-adjusted therapy, in which patients adjust their symptom-driven reliever/controller use,
would form part of a continuum of care approach in partnership with physician monitoring of symptoms

https://doi.org/10.1183/13993003.01103-2017

6

ASTHMA | P.M. O’BYRNE ET AL.

and exacerbations and periodic monitoring of lung function. Reduced reliance on SABA reliever
monotherapy could be achieved by use of ICS/formoterol or ICS/SABA combination products as reliever
therapy instead of SABA monotherapy for patients at GINA steps 1 or 2. This would require a significant
body of data to justify the necessary regulatory changes and changes in prescriber behaviour. Replacement
of as-needed SABA by ICS/fast-acting LABA or SABA from the start of treatment would eliminate the
problem of learned reliance and over-reliance on SABA. If clinical studies support this as an effective and
safe strategy, it could ultimately eliminate the use of SABA-only products in asthma.
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