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'e global burden of chronic respiratory diseases such as
asthma and chronic obstructive pulmonary disease (COPD)
remains substantial despite available treatments and man-
agement guidelines. In this special issue, dedicated to in-
halation devices in respiratory disease, the advantages of the
inhalation route, the choice of device, and the importance of
educating patients in the correct inhalation technique are
examined.'e use of asthma medication by recreational and
elite athletes is also reviewed.

Inhaled medication is the mainstay of treatment for the
management of these diseases, conferring a number of
advantages, such as direct delivery of the therapeutic drug to
the lung in high concentrations, a rapid onset of action, and
minimal systemic side effects. However, as detailed in the
review by J. M. Borghardt et al., these benefits can only be
achieved if drug design considers the properties of inhaled
drugs, the device and formulation characteristics, and the
influence of patient characteristics. An understanding of the
lung and all its associated kinetic processes is necessary to
overcome the complex challenges of the inhalational route of
administration.

'e importance of matching the inhaler device to the
patient is expanded in the review by A. Kaplan and D. Price,
who discuss the role of the primary care physician in in-
volving the patient in the selection of an appropriate inhaler.
'is includes taking into account patient-related factors
such as age, dexterity, and cognitive ability, as well as
considering patient preferences and perceptions regarding
inhaler choice. Having chosen the appropriate device in
consultation with their patient, it is vital that the primary
care physician educates and trains the patient in its correct

use, as well as regularly reviews their technique, in order to
minimize common patient errors in inhalation and ensure
effective use of inhaler devices among their patients. Treating
infants and very young children with asthma can be chal-
lenging, as the patients are unable to coordinate an in-
spiratory maneuver with an actuation of an inhaler. A more
suitable method of aerosol delivery is via spacers through
a facemask. C. Kofman and A. Teper investigated the efficacy
of the steroid fluticasone propionate when delivered via
nonvalved spacers (NVS) with MDI as compared to valved
holding chambers (VHC) with MDI in a small study of
children with asthma aged 6 to 20 months. 'ey conclude
that long-term treatment with inhaled steroids is more ef-
fective when administered by MDI and VHC in infants with
asthma.

All touchpoints between patients and healthcare pro-
fessionals should be optimized to ensure support is provided
to the patient. Given that nurse practitioners, both specialist
and nonspecialist, are often a primary point of contact for
patients with asthma and COPD, they can be responsible for
the ongoing evaluation of asthma control, COPD disease
progression, and treatment success. 'us, they are in a key
position to recognize poor disease control, provide patient
education on topics such as inhaler technique, and en-
courage treatment adherence, all whilst considering patients’
views and preferences. J. Scullion presents the nurse prac-
titioner’s perspective and describes the nursing cornerstones
of inhaler education—“Know it,” “Show it,” “Teach it,” and
“Review it.” Linked to the reinforcement of inhaler tech-
nique that nurses can provide is the additional consideration
of the pharmacist’s role in this regard. M. Toumas-Shehata
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et al. studied inhaler device technique education mainte-
nance over time in pharmacy undergraduates. 'ey dem-
onstrate the importance of repeated training and the
consolidation of skills through the training of others and
experience with instructing patients in inhaler use.

'e needs of patients with respiratory failure also need
consideration. Stopping noninvasive ventilation (NIV) in
order to administer the corticosteroids and bronchodilators
required to treat their condition via inhalers or nebulizers
may result in a rapid deterioration of the patient’s condition.
P. Rzepka-Wrona et al. review the current literature de-
scribing small studies where recommendations for nebuli-
zation techniques and mask types are given for aerosol
therapy coupled with NIV in this special patient population.
However, they identify that there remains a need for more
precise data coming from large prospective and well-
planned real-life studies on nebulization techniques in pa-
tients receiving NIV.

Real-life studies are also important to identify different
groups of patients with asthma and different asthma phe-
notypes. Asthma is known to be prevalent in elite endurance
athletes, but little is known of its prevalence in competitive
recreational athletes. Analysis of the responses to an online
survey sent to Swedish endurance athletes indicates that self-
reported asthma appears to be higher in this population than
in the general Swedish population. 'is study by A. Näsman
et al. of 10,076 athletes concludes that there appears to be an
association between high physical activity and self-reported
asthma, with a large proportion of recreational athletes using
asthma medications regularly. H. Persson et al. report
a study in Swedish elite athletes with asthma, where more
than three-quarters of those that responded to a postal
questionnaire reported using asthma medication, and about
one-third reported using bronchodilators and/or inhaled
corticosteroids daily. 'is suggests that these athletes may
have uncontrolled asthma and, as with all asthma patients,
should be monitored regularly.

'is special issue, about inhalation in respiratory dis-
eases, brings into focus the importance of correct inhaler
choice, patient education, and the role played by primary
care practitioners, nurses, and pharmacists in reinforcing
patient education and inhaler technique. It also raises some
interesting questions of how to ensure all patients receive the
necessary training from healthcare contacts and how specific
subsets of respiratory disease treatment require more at-
tention, from treating the youngest patients, to those re-
quiring NIV, through to elite athletes.
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Research Article
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Background. In vitro and scintigraphic studies have suggested that effectiveness of metered-dose inhalers (MDI) with nonvalved
spacers (NVS) is similar to that of MDI with valved holding chambers (VHC). Nevertheless, there are no clinical studies that
compare these techniques in long-term treatment with inhaled steroids in young children with recurrent wheezing and risk factors
for asthma. Objective. To compare the efficacy of a long-term treatment with Fluticasone Propionate administered by an MDI
through both type of spacers, with and without valves, in young children with recurrent wheezing and risk factors for asthma.
Patients and Methods. Outpatient children (6 to 20 months old) with recurrent wheezing and risk factors for asthma were
randomized to receive a 6-month treatment with metered-dose inhaler (MDI) of Fluticasone Propionate 125mcg BID through an
NVS or through a VHC. Parents recorded daily their child’s respiratory symptoms and rescue medication use. Results. 46 patients
of 13.4± 5 months old were studied. During the study period, the NVS group (n � 25) experienced 3.9± 2.4 obstructive ex-
acerbations, and the VHC group (n � 21) had 2.6± 1.6 (p � 0.031). *e NVS group had 17.4± 14% of days with respiratory
symptoms, and the VHC group had 9.7± 7% (p � 0.019). *e NVS group spent 29.8± 22 days on albuterol while the VHC group
spent 17.9± 11 days (p � 0.022). Conclusion. Long-term treatment with inhaled steroids administered by MDI and NVS is less
effective than such treatment by MDI and VHC in infants with recurrent wheezing and risk factors for asthma.

1. Introduction

Asthma is one of the most common chronic diseases in
childhood. Inflammation and bronchial hyperreactivity
determine recurrent episodes of bronchial obstruction that
may be triggered by various stimuli. Antiinflammatory
treatment reduces bronchial reactivity and diminishes re-
spiratory events in patients with asthma [1]. In infants with
recurrent wheezing and risk factors for asthma, the clinical
and functional efficacy of 3-month and 6-month treatments
with inhaled steroids has been assessed [2–5].

Inhalation of medication has many advantages in
treating diseases of the respiratory tract. Lung deposition of
aerosolized particles allows medication to be delivered di-
rectly to its site of action, giving a faster onset and allowing
smaller doses of drug to be administered. *is route

determines that systemic absorption of the drug is less and
therefore, side effects are usually reduced. Infants and young
children cannot coordinate a proper inspiratory maneuver,
do not cooperate, andmay cry during aerosol administration
[6]. For these patients, only two aerosol therapy systems are
practical: nebulizers and metered-dose inhalers (MDI) with
spacers, both through a facemask [7]. Nebulizers are more
time-consuming and have poorer adherence for long-term
treatments. Use of an MDI with the spacer is easy and quick
and thus is more suitable for infants and young children.
Spacers may be designed as simple tubes or as valved holding
chambers (VHC). VHCs are capable of retaining the aerosol
inside for a brief time after actuation [8], allowing inhalation
of more medication, particularly when inspiration is not
synchronized with actuation [9], making them especially
useful for treating infants and children.
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To reduce treatment costs, it has been proposed that
homemade nonvalved spacers (NVSs) can be used, assuming
that their effectiveness is similar to that of VHC. In vitro [10]
and scintigraphic [11] studies have suggested that even
simple plastic bottles produce an aerosol deposition similar
or even superior to that obtained from a conventional small
volume valved spacer. Nevertheless, no published studies
have addressed the clinical efficacy of inhaled steroids ad-
ministered with NVS. *e working hypothesis of this study
was that NVSs are less efficient than VHC. *e main ob-
jective was to compare the clinical response of a long-term
treatment with Fluticasone Propionate (FP) administered by
MDI with NVS versus VHC in young children with re-
current wheezing and risk factors for asthma.

2. Materials and Methods

*is experimental, randomized, single-blind trial was per-
formed at the Hospital de Niños Ricardo Gutiérrez in
Buenos Aires, Argentina, between April 2012 and February
2014. Patients were assessed during treatment by clinical
evaluation. *e study was approved by the hospital’s edu-
cation and research committee. *e parents signed an in-
formed written consent for their child.

To include only children at risk of having asthma, the
inclusion criteria were as follows: outpatients attending the
respiratory center of the hospital with an age 6 to 20 months;
recurrent wheezing, defined as three or more previous ep-
isodes of wheezing with clinical improvement after bron-
chodilators (assessed by a physician), together with a familial
history of asthma or any other clinical finding indicating
atopy (e.g., allergic rhinitis or eczema) in one or both parents
and or a personal history of allergic dermatitis. Patients were
included when they met eligibility criteria, had not suffered
an acute exacerbation in the last 3 weeks, and had not re-
ceived any corticosteroid (inhaled or systemic) over the last
month.

Patients were excluded if they had a history of severe
respiratory infection, diagnosis or suspicion of another
chronic pulmonary illness (cystic fibrosis, bronchopulmo-
nary dysplasia, or bronchiolitis obliterans), gastroesophageal
reflux, cardiopathy, bronchopulmonary malformations, or
thoracic wall deformations.

Patients were not considered for the analysis if they did
not follow the treatment regimen or did not attend the
control visits on the established dates, or if their symptoms
deteriorated enough to require a change in the therapy
scheme.

2.1. Treatment. Patients were randomized to one of two
groups by means of a concealed, computer-generated ran-
domization system performed by a person not otherwise
involved in the study. Patients in one group received the
medication by means of a 145 cc plastic spacer with a facial
mask and two unidirectional valves (Aerochamber Plus
Flow-Vu™, Trudell Medical, Canada). Patients in the other
group received the medication through a commercial plastic

cylindrical NVS of 200 cc with an incorporated face mask
(Aeromed™, P. Cassará, Argentina).

Each patient was given an MDI of Fluticasone Pro-
pionate (FP) 125mcg per puff (Flixotide™) and an MDI of
albuterol (Ventolin™). Inhalers were provided by
GlaxoSmithKline (Argentina). Parents were instructed to
administer two doses of FP daily, one in the morning and
one in the evening, for 6 months. *ey also were advised to
administer albuterol as needed when the patient presented
respiratory symptoms (persistent cough and/or wheezing)
and to come to the clinic for unscheduled visits in case of
respiratory exacerbations. Parents were instructed on ap-
propriate use of inhalation therapy. With the child in the
upright position, the mask was to be hermetically held on the
child’s mouth and nostrils for 10 seconds after actuation.*e
spacer devices were to be washed with warm water and
detergent every week. Investigators were blinded to which
type of spacer each patient was using. Parents were trained at
the initial visit and checked at every visit on the proper use of
the MDI and spacer by personnel not involved in the study.

2.2. Clinical Assessment. Parents were also trained to record
their child’s day and night symptoms (cough, wheezing, and
awakenings due to a respiratory condition), use of rescue
medication (number of puffs of albuterol), and number of
nonscheduled emergency care visits by filling in a daily card.
Presence of symptoms and usage of rescue medication for 3
or more consecutive days were considered as a respiratory
exacerbation. *e investigator decided when to use systemic
steroids.

Clinical appointments were made every 30 days in order
to review the daily card, conduct check-ups, review the
medicine administration technique, and change used MDIs
for new ones. If substantial mistakes in filling out the daily
card were detected, patients were disenrolled from the study.
Also, compliance with the treatment regimen was assessed in
every visit by gravimetry of aerosol canisters using an
electronic scale (Mettler Toledo™ PB602-S, USA). Parents
were unaware of this procedure. To continue with the
protocol, more than 75% of the prescribed dose had to be
used during the previous month.

2.3. Statistical Analysis. Percentage of days with respiratory
symptoms and number of respiratory exacerbations were
considered the main variables of the study. *e between-
group comparisons for clinical variables were analyzed by
applying the following algorithm: first, each variable was
tested for normality or log normality distribution by using
the Shapiro–Wilk test and for homoscedasticity by using the
F test. If normality and homoscedasticity were found for
a variable, the Student’s t-test for the between-group
comparison was applied. If not, the Mann–Whitney U
test was used.

A p value less than 0.05 was considered significant. A
beta type II error of 0.20 indicated that there was no dif-
ference between parameters.
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3. Results

Fifty-one patients fulfilled the inclusion and exclusion cri-
teria. Data of 5 children were excluded from the analysis for
the following reasons: 2 patients, one in each group,
exhibited poor compliance with treatment; 2 children from
the NVS group required hospital admission for acute
bronchial obstruction episodes; and one child of the VHC
group was removed from the study by parental decision.
Demographic characteristics of the 46 children included in
the analysis are shown in Table 1.

Mean number of obstructive exacerbations was 3.9± 2.4
for the NVS group and 2.6± 1.6 for the VHC group
(p � 0.031) (Figure 1). Percentage of days with respiratory
symptoms was 17.4± 14 for the NVS group and 9.7± 7 for
the VHC group (p � 0.019) (Figure 2). Number of days on
albuterol was 29.8± 22 for the NVS group and 17.9± 11 for
the VHC group (p � 0.022) (Figure 3). Mean number of
courses of systemic corticosteroids was 1.0± 1.2 for the NVS
group and 0.8± 0.9 for VHC group (p � 0.25).

4. Discussion

*e present study was conducted to evaluate, through
clinical parameters, the usefulness of NVS for long-term
inhaled corticosteroid treatment in infants with recurrent
wheezing and risk factors to develop asthma. Results
demonstrate that clinical response of FP inhaled by an MDI
with an NVS is significantly worse than administration of the
same drug through a VHC in these patients.

When MDIs are used directly without any spacer, there
is a substantial oropharyngeal deposition of the aerosol and
significant systemic effects after gastrointestinal absorption
may occur [12]. In addition, it is not possible to use MDIs
properly in uncooperative patients, such as infants which
determine that they can only be treated with spacers. Even
using a spacer, young children breathe at tidal volume with
no ability to hold the breath at the end of each inspiration
which decreases sedimentation of inhaled particles in the
distal airways. Different models of spacers available in the
market differ in number of valves, design, size, material, and
price, and the difference in performance between them can
be very high [13–15]. Several studies have stated the efficacy
of VHCs not only in generating aerosols with a higher
proportion of particles in the respirable range (diameter less
than 4.7 microns) than using an MDI alone but also in
reducing oropharyngeal deposition, and in maintaining
a good delivery of particles even if actuation of the MDI is
not synchronized with inspiration [16–19]. With double-
valved VHCs, the inspiratory valve closes during exhalation,
preventing the entry of the exhaled air into the chamber and
diminishing aerosol loss through the back of the spacer.
Particles remain suspended for a short time, ready to be
inhaled with the next inhalation [20]. By contrast, NVS do
not preclude entry to the mouth of particles that are too large
and moving too fast to be impacted to the oropharynx. *e
lesser efficacy observed with the NVS used in this study
could be explained by (a) the expiratory flow into the spacer,
which drags outside the remaining particles through the

Table 1: Demographic characteristics of patients (no statistical
difference was found for any parameter between groups).

NVS group
(N � 25)

VHC group
(N � 21)

Age (months) 13.2± 6 12.9± 3.7
Gender (m/f) 14/11 17/4
Weight (kg) 10.1± 1.8 10.1± 1.3
Height (cm) 76.2± 7 75.4± 4.9
Age at 1st episode (months) 4± 2 3.8± 2
Number of previous episodes 5.6± 3 5± 2
Day care attendance (%) 32 29

p = 0.031
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Figure 1: Number of obstructive episodes of bronchial obstruction
for children receiving FP 125mcg BID withMDI plus VHC or NVS
for 6 months.
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Figure 3: Days on albuterol of children receiving FP 125mcg BID
with MDI plus VHC and NVS for 6 months.
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Figure 2: Percentage days with respiratory symptoms of children
receiving FP 125mcg BID with MDI plus VHC and NVS for 6
months.
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spaces between the canister and the actuator or between the
actuator and the back hole of the spacer; (b) an incomplete
sealing of the mask on the infant’s face; and (c) a high
variability of the lung dose determined by a lack of co-
ordination between actuation and inspiration. When an
NVS is used, reduction in the pulmonary dose is significant
(more than two-thirds) if the patient delays inhalation only 1
second with respect to the actuation [8]. Moreover, if ac-
tuation occurs during exhalation, pulmonary deposition is
up to 90% less than that could be achieved with a synchronic
maneuver [12]. By contrast, using a VHC, the influence of
timing of actuation is less significant, especially when plastic
devices are previously washed with detergents or when they
are made with electrostatic dissipative materials [17].

Although every spacer reduces oropharyngeal de-
position, this reduction in some cases results from the spacer
producing a smaller emitted dose. In vitro studies performed
with an impactor cascade give an idea of the dispersion of
aerosol particle size and allows establishing a theoretical
relationship between pulmonary/oropharyngeal deposition.
With these types of studies, the efficiency of the systems in
reducing oropharyngeal deposition and in maintaining or
even increasing the pulmonary dose can be estimated. For
example,Wilkes et al. [13] demonstrated by this method that
MDI+VHCs were up to 10 times more efficient than using
the MDI alone.

In patients with low income, it is difficult to purchase
commercial VHCs because of their relatively high cost. For
that reason, the use of homemade spacers built with plastic
bottles or the like is common. *e dispersion of particle size
generated by NVS has not been extensively evaluated in
vitro. Wilkes et al. also pointed out that any spacer, valved or
not, delivers particles smaller than those delivered by an
MDI alone [13]. Nevertheless, the respirable mass, the
pulmonary/oropharyngeal deposition relationship, and the
efficiency, even when no coordination between actuation
and inspiration is present, considerably vary between the
different spacers taken into account. For example, the
pulmonary/oropharyngeal deposition relationship of the
MDI alone, generally less than 4, increases to approximately
18 with a simple cardboard tube and can reach values up to
35 with a VHC. In another in vitro study, by contrast, plastic
bottles of different sizes showed a dispersion of particle size
similar to a commercial VHC [9].

Another way to evaluate an inhaler system performance
is through pulmonary scintigraphic studies with radioactive
particles. Using this method, Zar et al. showed that spacers
made with 500 cc plastic bottles allow a pulmonary de-
position similar to the considered commercial VHCs [11].
Another approach consists in measuring plasmatic con-
centration of certain drugs after inhalatory administration.
Albuterol bioavailability is in direct relationship with pen-
etration of the medication in distal airways and can be used
to compare efficiency between different systems. Fowler et al.
observed that maximal and mean concentrations of albu-
terol achieved with VHCs are slightly higher than those
attained with NVS [21].

However, most of the in vitro experiences, and those
performed in healthy subjects that do not mirror exactly the

clinical conditions of a patient, must be confirmed by clinical
or functional trials [22]. *e majority of these “in vivo”
studies comparing VHC and NVS were performed with
bronchodilators [23–26]. Many of them found that both
systems are similar, and the cheapest one could be chosen. In
our opinion, these results are not conclusive because of one
or more of the following methodological reasons: low
number of subjects included, nonsensitive endpoints con-
sidered, and the use of high doses of beta agonists. In fact, if
the comparison is done on the plateau of the dose-response
curve, two systems of different efficiency could look like
equally effective. By contrast, in a previous study, using a low
dose of albuterol (100mcg), we observed that VHCs produce
a significantly higher bronchodilator response than NVS in
asthmatic children 6 to 17 years old [27].

To our knowledge, no previously published studies
addressed the clinical efficacy of long-term treatments of
inhaled steroids with NVS. *e present investigation clearly
shows that the clinical evolution of patients treated with FP
250 mcg/day by an MDI through an NVS is less favorable
than when the same medication is administered by a VHC.
Patients using an NVS rather than a VHC exhibited a higher
incidence of obstructive episodes and more frequent use of
rescue bronchodilators. In addition, in these patients, more
systemic steroids were needed and more severe events of
bronchial obstruction that required hospital admission were
seen, although they did not reach statistical significance,
probably because of the sample size.

*e present study allows us to conclude that, in infants
with recurrent wheezing and risk factors to develop asthma,
administration of inhaled corticosteroids with MDI and
a NVS results in a worse symptom control compared with
administration using a VHC. It is possible to speculate that
patients requiring long-term use of steroids using cheaper
and less-efficient spacers would need higher doses of
medication to achieve similar therapeutic responses, para-
doxically increasing the final cost of treatment.

Data Availability

*e source data that were used for this study are available for
revision.
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Asthma and chronic obstructive pulmonary disease (COPD) can be debilitating conditions adversely affecting a person’s quality of
life. Effective treatments are available, but common errors in the use of inhalers compound the issue of disease control. )e beliefs
and concerns of a patient can also have an impact on treatment adherence, the consequences of which are diminished disease
control and the occurrence of exacerbations. Once a treatment has been prescribed, it is often nurses whomanage the patient long-
term, and they may even be the main care provider.)is puts nurses in a key position to monitor inhaler technique, communicate
with the patient to improve adherence, and even suggest alternative treatments if the patient and therapy are incompatible. )is
review examines the central role that nurses play in disease management and emphasizes how effective inhaler education canmake
a difference to disease control. Good communication between the nurse and patient is vital if this is to be achieved. Recent updates
to asthma and COPD guidelines are reviewed, and key resources available to help manage patients are highlighted. Finally, with
regard to inhaler education, we reconsider the nursing keystones of “Know it,” “Show it,” “Teach it,” and “Review it.”

1. Introduction

Asthma and chronic obstructive pulmonary disease (COPD)
remain chronic respiratory diseases, with substantial global
burden despite currently available treatments and man-
agement guidelines [1, 2]. Global prevalence has been es-
timated at 1–18% for asthma and 12% for COPD, with
evidence of increasing incidence over recent years [1, 3]. In
2015 alone, it was estimated that over 3 million people
worldwide died from COPD [4]. )e availability of effective
treatments means that much of this burden is avoidable, and
education is pivotal to the implementation of successful
intervention strategies [4]. Inhalers are the mainstay of
treatment for these diseases [5]. In both disease areas, they
improve symptoms and quality of life, and in asthma they
save lives. Despite these benefits, there are continued high
levels of nonadherence to using inhalers due to both drug
and nondrug factors [6].

Nurses are at the forefront of the management of chronic
diseases, and in many situations, are the main care provider
[7]. In asthma and COPD, both specialist and nonspecialist

nurses deliver much of the care that patients receive at
primary, secondary, and tertiary levels, playing a key role in
the majority of care programs, while in some settings,
prescribing nurses also make treatment decisions and
changes [8]. As frontline providers of patient care in asthma,
nurses are often responsible for the ongoing evaluation of
asthma control and for deciding the best treatment in
collaboration with the patient and physician [9]. Nurses also
play significant roles in most aspects of COPDmanagement,
including diagnosis, review and tracking of disease pro-
gression and treatment success, and instruction on treat-
ment modification where required [10]. )e National
Asthma Education Prevention Plan (NAEPP) guidelines
advocate that healthcare providers, including nurses, build
a strong relationship with their patients through effective
communication, answering questions, and supporting ef-
fective disease management [9, 11]. )ese partnerships place
nurses in a key position to recognize poor disease control
and to provide enhanced care or specialist referral for high-
risk patients [9, 11]. Another major aspect of an effective
nurse-patient partnership is the opportunity for nurses to
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deliver patient education, a crucial part of which is inhaler
technique [9, 11]. )is review will examine, from the nurse
practitioners’ perspective, the central role that nurses play in
the management of asthma and COPD and the essential
interventions they can provide to improve patient outcomes,
with a particular focus on inhaler education.

2. Inhaler Education

Inhalers are the cornerstone treatment for asthma and
COPD and are designed to deposit inhaled drug directly to
the lungs with minimal systemic side effects [5]. All the most
common treatments, such as short- and long-acting β2-
agonists and anticholinergic drugs and corticosteroids, can
be delivered in this way. However, the efficacy of treatment
and therapeutic outcomes are dependent on a patient’s
adherence to their dosing regimen and their ability to use
their device correctly [12]. )e large number of inhalers in
the market can be broadly divided into pressurized metered-
dose inhalers (pMDI), dry-powder inhalers (DPI), nebu-
lizers, and Soft Mist™ inhalers, each of which is associated
with distinct advantages and some common errors in ad-
ministration technique by the patient (Table 1) [12–15].
Some errors are shared across the majority of prescribed
inhalers and typically include preparation, preinhalation
expiration, speed and/or depth of inhalation, and post-
inhalation breath hold [16, 17].)emost common devices to
be prescribed for asthma and COPD are pMDIs, but these
can be difficult to use due to the high level of coordination
required to activate the device while taking a slow and deep
inhalation [13, 14, 18]. Indeed, one real-life study involving
nearly 3,000 patients recorded that over half of the patients
assessed made at least one error when using their inhaler
[16]. Use of spacers/valved holding chambers or nebulizers
can help overcome some of the coordination difficulties with
pMDIs and are routinely used for young children unable to
self-manage their inhaler use. However, the practicality and
convenience issues of these systems limit their appeal across
more patients. Some inhalers are also particularly associated
with frequent patient errors. Many patients lack the in-
spiratory ability to inhale deeply and forcibly, a fundamental
requirement of DPI technique that impacts on the particle
size that can be generated, which in turn affects drug de-
position and therefore efficacy [13]. Patient errors can result
in poor disease control and an increase in healthcare uti-
lization [16, 19]. Unfortunately, this high incidence of in-
correct inhaler technique has remained at a similar level over
the past 40 years despite advances in inhaler development
and education [17].

For effective management of asthma and COPD, care
must be taken in matching each individual patient to the
correct medication. )e three vital components in this
decision—patient, medication, and device—form a triangle,
and it is crucial that all three interconnect and complement
each other (Figure 1). Each patient should be given optimal
medication, be competent in using their device correctly to
maximize efficacy, and be happy to use their device [13].
Getting the right inhaler device for people, whether they are
children or adults, is not an easy task, and many factors need

to be considered, such as age, manual dexterity, cognitive
impairment, personal preference, ease of use, inspiratory
flow rate, licensing options, and the medication required
[20]. Dekhuijzen et al. proposed the 3W-H approach, a very
practical method for prescribing inhalers that solely con-
siders the following four simple questions: Who? What?
Where? How? (Figure 2) [21]. Patient characteristics to be
considered include inspiratory ability and any comorbidities
that may affect medication delivery, while achieving the
correct diagnosis and evaluating disease severity are also
important. Moreover, the medication type and where in the
lungs it needs to reach require assessment. )e answers to
these questions can then be used to match the best device
and delivery method to each patient. )ese questions should
be reviewed frequently, as, over time, the answers may
change and medication may need to be modified. Recently,
an expert panel involving a respiratory consultant, phar-
macist, nurse, and general practitioner developed a man-
agement algorithm for appropriate inhaler choice in the
treatment of adults with asthma or COPD (Figure 3). )is
dual-action algorithm involves assessment of a patient’s
inspiratory ability, which can give an indication of a suitable
device, and effective patient engagement, including a close
observation of inhaler technique [22]. If a patient’s medi-
cation is changed, it should be remembered that not all
inhalers are the same and devices are not interchangeable, so
further education will be necessary [23]. Furthermore, the
prescribing of multiple inhalers requiring different in-
halation techniques should be avoided. A recent study has
shown that patients with COPD using several devices with
different techniques were more likely to experience exac-
erbations and be in a higher-dose group than those who used
similar technique devices [24]. Similar results have been
observed in patients with asthma [25].

)e frequent nurse-patient/caregiver interaction at
different stages of disease management puts nurses in
a prime position to manage patients with asthma or COPD
more effectively [9–11]. Using the steps outlined above,
nurses have the opportunity to identify patients with poor
suitability to a prescribed medication or inhaler. Addi-
tionally, nurse-led inhaler education to the patient or their
caregiver can positively impact on the crucial “technique”
aspect of the decision triangle [9–11]. Nurse-led patient
assessment and inhaler education are associated with
improved technique, compliance, and patient confidence in
asthma, and these effects can be sustained long-term [26].
In a systematic review of randomized controlled trials in
asthma, nurse-led educational intervention was demon-
strated to significantly improve self-management and self-
efficacy [27]. In a study of patients with COPD, nurse-
driven patient education was shown to significantly in-
crease inhaler proficiency scores and decrease non-
compliant behaviors [28]. Such improvements should have
a positive effect on clinical outcomes and may reduce
disease morbidity and healthcare utilization.

With inhaler technique identified as the most critical
element in asthma and COPD control, it is crucial that those
individuals providing the training to the patient are
themselves competent in device handling. Healthcare
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professionals often do not review technique, and even when
they do, they are not aware of the correct technique for the
device they either prescribe or review [29]. A survey of 150
healthcare professionals reported that 75% provided inhaler
training to patients, yet only 7% could demonstrate the
correct usage of an inhaler and assessment of inspiratory
flow [30]. If healthcare professionals are unaware of, or
unable to demonstrate, correct technique, they cannot ad-
equately instruct patients or rectify patient errors.

A patient’s inhaler technique should be closely moni-
tored, as bad habits and poor technique can accumulate over
time, making it imperative that technique is reviewed and
adjusted at every visit if needed [1, 2, 22]. Indeed, the new
guidelines “Asthma: diagnosis, monitoring, and chronic
asthma management,” issued by the National Institute for

Table 1: Summary of advantages and common errors for inhaler devices [12–15].

Inhaler Mechanism Advantages Common errors

pMDI Drug suspended/dissolved
in propellant

(i) Portable
(ii) Multiple metered dose
(iii) No contamination of dose
(iv) Press and breath requires
coordination
(v) Quick and easy to use

(i) Inhaler not shaken before use
(ii) Inhaler not primed
(iii) Incorrect positioning (upright)
(iv) Full exhalation prior to dosing
(v) Coordination of actuation and inhalation
(vi) Poor inhalation technique
(vii) Breath hold not long enough

pMDI+ spacer Drug suspended/dissolved
in propellant

(i) Less coordination required
than for pMDI
(ii) Larger doses delivered
(iii) Good lung deposition

(i) Inhaler not shaken before use
(ii) Inhaler not primed
(iii) Incorrect positioning (upright)
(iv) Full exhalation prior to dosing
(v) Delay between actuation and inhalation
(vi) Poor inhalation technique
(vii) Breath hold not long enough
(viii) Poor maintenance of spacer

BA-MDI (i) Drug suspended in propellant
(ii) Breath-actuated delivery

(i) Portable
(ii) Multiple metered dose
(iii) No contamination of dose
(iv) No coordination required
(v) Quick and easy to use

(i) Inhaler not shaken before use
(ii) Inhaler not primed
(iii) Incorrect positioning (upright)
(iv) Full exhalation prior to dosing
(v) Poor inhalation technique
(vi) Breath hold not long enough

DPI Breath-actuated delivery
(i) Portable
(ii) No coordination required
(iii) Quick and easy to use

(i) Incorrect positioning (upright)
(ii) Dose not prepared correctly
(iii) Full exhalation prior to dosing
(iv) Inhalation not forceful enough to
actuate dose correctly
(v) Breath hold not long enough
(vi) Repeated procedures may be needed
to administer full dose
(vii) Inhaler not stored correctly

SMI
(i) Aqueous solution
(ii) Aerosol delivered by
compressed spring

(i) Portable
(ii) No coordination required
(iii) Slow-moving aerosol cloud
(iv) Higher lung deposition
than pMDI

(i) Full exhalation prior to dosing
(ii) Poor inhalation technique
(iii) Breath hold not long enough

Nebulizers
(i) Aqueous solution
(ii) Aerosol produced by air
jet or ultrasonic vibrations

(i) Can be used at any age
(ii) Slow-moving aerosol cloud
(iii) Tidal breathing

(i) Dose not prepared correctly
(ii) Poor maintenance increases risk
of bacterial contamination

BA-MDI: breath-actuated metered-dose inhaler; DPI: dry-powder inhaler; pMDI: pressurized metered-dose inhaler; SMI: Soft Mist™ inhaler.

Patient

MedicationDevice Delivery

SuitabilityTe
ch
niq

ue

Figure 1: Triangle of patient, medication, and device in chronic
obstructive pulmonary disease and asthma.
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Health Care and Excellence (NICE) in the UK, have rec-
ommended an assessment of inhaler technique at any
asthma review and whenever a new inhaler is prescribed
within their “Principles of pharmacological treatment” [31].
)e guidelines also recommend the observation of inhaler
technique if there is a decline in asthma control, especially
following an asthma attack and whenever a patient requests
a check [31]. Close monitoring of inhaler technique would
also be good practice in COPD care.

3. Barriers to Inhaler Adherence and
Effective Self-Management

It is important that nurses understand and adapt to the
reasons behind a patient’s nonadherence to treatment and
the key barriers that can impact on inhaler suitability or
technique. Nonadherence to therapy may be intentional or
unintentional. Unintentional nonadherence may be a result
of patient forgetfulness, poor inhaler technique, or in-
adequate understanding of instructions, all of which could
be countered by improved education of patients or their
caregivers by nurses and clinicians [32]. Disease- and
medication-related beliefs surrounding adverse effects and
perceived need for medication can often lead to intentional
nonadherence [33]. It is vital that nurses communicate with
patients to better understand their motivations, concerns,
and preferences [10]. Careful counselling and explanations
of the importance of adherence to minimize exacerbations
and maximize disease control will be needed to overcome
such barriers. Understanding of the patient can be used to
tailor treatment appropriately, given that different inhaler
characteristics are preferred by different patients [13]. It is
important to discuss the ideas, concerns, and expectations
(or “ICE”) of the patient or caregiver because if people are
not engaged with their healthcare provider, then they are less
likely to use their inhaler [34, 35]. Patients are more likely to
use their device effectively if they are comfortable with it and

can use it, and so they need to be involved in the choice of the
device [36].

Physical device characteristics, such as ease of use,
convenience, portability, and complexity of instructions,
also influence patient satisfaction and adherence [37, 38]. A
real-world survey of patients with COPD in Europe found
a significant relationship between patient-reported inhaler
satisfaction and treatment compliance, and in turn, better
compliance was associated with fewer exacerbations and
improved quality of life [39]. Similarly, a study in patients
with asthma found that inhaler satisfaction was linked with
adherence and clinical outcome [40]. Allowing patients to
negotiate their preferred therapy or device can impact on
treatment adherence. A study by the Better Outcomes of
Asthma Treatment (BOAT) group demonstrated that shared
decision-making in therapy choices significantly improved
adherence to treatment and clinical outcomes [41].

Writing and modification of inhaler prescriptions is
restricted to prescribing nurses and clinicians [10], so some
nurses will not have the opportunity to assess patient
preferences, compatibility, or understanding of a device
before it is prescribed. It has been suggested that some
patients, because of their natural breathing pattern, may
never be able to master the necessary inhalation technique
needed for their prescribed inhaler [42]. Attempting to teach
a patient on an incompatible device is likely to lead to failure
in the long term, emphasizing the need for an individualized
approach to match the optimal inhaler type to each patient.

Previous experience of the prescribing healthcare pro-
fessional can influence device choice and may lead to em-
pirical rather than evidence-based decision-making. )is is
particularly evident as new and improved inhalers come to
market, as healthcare professionals often favor prescribing
inhalers with which they are familiar [14]. With an in-
creasing number of devices and choices available, access to
up-to-date information will be important to ensure each
patient receives optimal care. Guidance on inhaler choice in

Who?

Patient
characteristics
Disease
characteristics

What?

Type of
medication
required

Where?

Part of lungs
to be targeted

How?

Selecting the
best device for
each individual
patient

• • • •

•

Figure 2: )e 3W-H approach for prescribing inhalers [21].
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treatment guidelines is often lacking compared with that for
the medication choice itself, and risks prescriptions being
based on limited information or presumed cost-effectiveness
[43]. For example, recommendations generally do not
consider the specific needs of patient subgroups, such as
elderly and pediatric populations, or those with low

inspiratory flow rates [43]. Nurses are in an excellent po-
sition to identify the requirements of these subgroups.

For elderly patients, nurse practitioners can make a big
difference. We know that many patients cannot use inhalers
correctly, with over 50% of patients struggling to use a pMDI
properly. If poor inhaler technique is associated with

Action 2. Patient engagement and inhaler technique

When selecting a specific inhaler device, and at every patient review,
reinforce the following seven steps for correct inhaler technique:

(i)

(ii)

(iii)
(iv)
(v)

(vi)
(vii)

Preparation:

Priming:

Mouth: place mouthpiece in mouth and close lips around it to form a tight seal
Inhalation:

Breath holding: remove inhaler from mouth and hold breath for up to 5 seconds, then breath out slowly
Closing and repeating:

(a) Check dose counter (where present)—to confirm sufficient doses are remaining and when replacement may
be needed

(b) Shake inhaler (if applicable—refer to manufacturer’s instructions)

(c)

(d)

Prime the device ready for use—refer to manufacturer’s instructions for details on how to prime specific devices
and how often they may need repriming
Open inhaler/remove cap

(e) DPI: quick and deep inhalation (within 2-3 seconds)
(f) pMDI/SMI: slow and steady inhalation (over 4-5 seconds)

(g) Close inhaler/replace cap
(h) Repeat as necessary

Consider
alternative

device

No Yes
A�er review of inhaler technique, patient and healthcare

professional agree that chosen device is appropriate?

Prescribe
chosen
device

Action 1. Assess patient’s inspiratory ability: observe the patient inhaling (using their own inhaler if available)

Select required drug formulation once inhaler device type has been chosen, in line with local formulary

Ask the patient to try both of the following inhalation maneuvers:
(i) Quick and deep: can the patient take a quick, deep breath in within 2-3 seconds?

(ii) Slow and steady: can the patient take a slow, steady breath in over 4-5 seconds?

If unsure after observing the patient, consider the
use of devices to assess inspiratory ability, such as

Consider a DPI Consider a DPI, pMDI, or SMI Consider a pMDI or SMI

Can perform quick and deep
maneuver only

Can perform both inhalation
maneuvers

Can perform slow and steady
maneuver only

(i)
(ii)

(iii)
(iv)

AIM machine
Device training
attachments

Flo-Tone Trainer
In-Check DIAL
inspiratory flow meter

Exhaling: exhale fully and away from mouthpiece

Figure 3: Guidelines algorithm for inhaler choice for the treatment of adults with asthma or COPD [22]. COPD: chronic obstructive
pulmonary disease; DPI: dry-powder inhaler; pMDI: pressurized metered-dose inhaler; SMI: Soft Mist™ inhaler. Reproduced with
permission fromUsmani, Capstick, Chowhan, and Scullion. Choosing an appropriate inhaler device for the treatment of adults with asthma
or COPD. First published in N. Hayeem,Guidelines, vol. 62, pp. 115–117, 2017, MGP Ltd., Chesham, UK, available at http://www.guidelines.
co.uk/respiratory/inhaler-choice-guideline/252870.article. )is management algorithm was developed by a multidisciplinary expert panel:
O. Usmani et al, with the support of a grant from Chiesi Ltd.
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reduced control and worse COPD outcomes, then an in-
ability to use the inhaler device correctly may account for
lack of perceived benefit, which in one study led to 30% of
patients with COPD intentionally discontinuing their
therapy [44].

Other studies show that between 40 and 60% of patients
with COPD do not adhere to their prescribed regimens [45].
In all patients, but especially so with the elderly, adherence
can be affected by health beliefs, cognitive ability, and
psychological factors. Elderly patients often also have
comorbidities that may affect their physical and mental
ability to use their device correctly, and societal factors such
as access to medications, social support, device training, and
follow-up may be pertinent to the elderly [45].

In some countries, prescriptions can be substituted by
pharmacists for cheaper, generic versions, which can lead to
patients receiving unfamiliar devices. Given the potential
differences in inhaler design and required technique be-
tween prescribed and substituted inhalers, detrimental ef-
fects on patient compliance and clinical outcomes are likely
[46]. Although many pharmacists agree with the concerns
surrounding this cost-containment practice, few would seek
approval on inhaler substitutions from the prescribing
healthcare professionals [46]. Nonconsensual switching, that
is, not discussed with the patient, can have an impact on
patient confidence both in terms of disease control and their
relationship with the healthcare profession, which in turn
may result in reduced adherence to treatment [47]. To this
end, collaborative care between nurse practitioners, physi-
cians, and pharmacists could facilitate improved therapy
decision-making and patient outcomes [48].

Failures in self-management support from healthcare
professionals can contribute significantly to treatment
nonadherence and poor inhaler technique. Lack of time to
deliver asthma consultations has been cited by healthcare
professionals as a key barrier to achieving effective self-
management [49]. )ere are numerous examples in the
literature of insufficient nurse training that could have
a direct negative impact on the proficiency of inhaler use by
patients. In an evaluation of US inpatient staff nurses’ inhaler
technique, self-perceived ability was higher than true
investigator-measured performance [50]. A questionnaire-
based survey of healthcare professionals in the UK found
that over 40% of nurses lacked the confidence to construct
written action plans for patients, in which inhaler use is
fundamental [49]. A similar study revealed that 20% and
52% of UK practice nurses with advanced asthma or COPD
roles, respectively, did not have accredited training [51].
Increased support for the healthcare professionals is just as
important as patient education.

4. Future Considerations

Considering the pivotal role nurses play in effective inhaler
education, priority must be given to training nurses in
correct device technique and effective demonstration to
patients. Successful nurse education is likely to improve
outcomes for patients with asthma or COPD and could be

delivered through hospital-wide training schemes, one-on-
one education, or web-based or unit-based education [50].
However, there is no single standardized educational
package for inhaler instruction, unlike the moves to accredit
spirometry training in the UK. Standardizing inhaler device
training could have an important impact on patient out-
comes and is advocated by the UK Inhaler Group (UKIG).

Access to ample placebo devices of different types is
important for the education of nurses and patients; however,
many nurses do not have access to adequate supplies [15].
Placebo devices can be used by nurses to become familiar
with inhalers and to teach the required technique to patients.
Patients can also use placebo devices to safely practice and
demonstrate their technique [15]. Continuous nurse edu-
cation is crucial as new medications and devices come to
market to ensure patients benefit from these innovative
advances in treatment and delivery methods [52].

)ere are many tools that can support people with the
use of their inhaler devices. )e In-Check DIAL (Clement
Clarke International, UK) can be used to assess the peak
inspiratory force a patient can achieve, although it is im-
portant to check whether the patient’s inspiratory force and
technique are consistent with their own device. )e
Trainhaler (Clement Clarke International, UK) helps to train
patients in the correct use of their pMDI by helping them to
coordinate actuation of the aerosol during inhalation. )ere
are also training devices such as the Turbohaler Trainer
Whistle (AstraZeneca, UK) and the Flo-Tone (Clement
Clarke International, UK) that emit a continuous tone if
inhalation is correct, which can help encourage patients to
use the correct inspiratory flow rate with a pMDI.

Patient or caregiver beliefs and concerns can impact
treatment adherence, and they should be factored into nurse
training. It can be difficult for a patient with asthma to
recognize their need for daily therapy to treat a sporadic
illness, especially if they have concerns regarding side effects
[32]. Also, healthcare professionals should be aware of re-
ligious or cultural beliefs that may impact inhaler use [12].
Nurses should be equipped to reassure patients, put their
concerns into context and decide on individual approaches
to treatment [10]. Communication skills training is an
important area to include in any healthcare education
program [11]. )ere are numerous valuable resources that
nurses can utilize to optimize their technique and maximize
their knowledge surrounding inhaler choice and compe-
tency assessment. An “Inhaler Standards and Competency
Document,” published by the UKIG in 2016, contains de-
tailed criteria for inhaler competency assessment, including
a general seven-step protocol for inhaler use [53]. Briefly,
this outlines the basic steps applicable to all inhalers, the first
of which is the proper preparation of both device and dose.
Next is the full and gentle exhalation (not into the inhaler)
prior to sealing the lips around the mouthpiece of the device.
Vitally, the next step is the correct inhalation procedure,
which will differ according to the type of device being used
(e.g., a slow and steady breath for pMDI or a quick and deep
breath for DPI). )e final breath hold for up to 10 seconds is
critical to ensure the drug reaches the lungs. )e last step is
the consideration that the process may need to be repeated.
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Once these factors have been assessed, the specifics for each
inhaler device can be addressed and the technique optimized
[53]. )ese seven steps have been reiterated in the recently
published management algorithm for the treatment of
asthma and COPD (Figure 3) [22].

Asthma UK have various freely available, web-based
educational resources intended for patients, including
videos demonstrating correct techniques for many types of
inhalers [54]. Patients should be encouraged to use these
easily accessible resources frequently to maintain good in-
haler technique between visits. )e rapid rise in digital
support available to patients to aid self-management has
some benefits [55], but caution is also needed. For example,
hundreds of smartphone apps directed at patients with
asthma or COPD exist in online stores, but few contain
comprehensive information [56–58]. One study found that
only one in four of the apps that provided information on
inhaler technique for patients with asthma were consistent
with current guidelines [57]. It is important for healthcare
professionals to know whether patients are using these apps
as they may not adhere to current practice. Moreover, there
are currently limited data evaluating the impact of these apps
on clinical outcomes. Discussions regarding new technology
and effective communication between nurse and patient at
every visit about all aspects of self-management can ensure
a balanced approach using many different resources.

5. Conclusions

Inhaler competency is an integral component of effective
self-management in asthma and COPD, and nurses play
a pivotal role in delivering education to the patient and
caregiver that is required to optimize disease control. Nurses
are a primary point of contact for patients with asthma or
COPD, and so are also in a key position to elicit patients’
views on treatments and to encourage treatment adherence.
With respect to inhaler technique, it is essential that nurses

(i) Know it—understand how each device works and
learn the techniques required to achieve optimal
delivery to the lungs

(ii) Show it—effectively demonstrate to patients how
the devices work

(iii) Teach it—teach the correct technique to patients
(iv) Review it—regularly assess technique using inhaler

competency criteria, correcting bad habits as
required.

To achieve these four principles of nurse-led inhaler
education, nurses should be “trained to train” as well as
make use of valuable resources such as the inhaler algorithm
[22] and competency assessment criteria [53] described in
this review.
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Aim. To determine the effect of inhaler device technique education on the maintenance of the inhaler device technique of
undergraduate pharmacy students over time and to determine the factors, if any, related to inhaler device technique maintenance
in the academic setting. Methods. ,is study took the form of a prospective, unpaired samples repeated measures design.
Participants had their inhaler technique assessed at baseline. Participants were then shown how to use an inhaler as a group.
Participants then worked in pairs and took turns teaching and assessing each other on the correct inhaler technique using the
9-step checklist. Immediately following the delivery of the intervention, participants had their inhaler technique reassessed. All
participants were then trained tomastery through individualised training. Twelvemonths following the collection of baseline data,
all participants had their inhaler technique assessed and completed two questionnaires. Results. Following the delivery of the
intervention, there was a significant increase in the proportion of participants with the correct inhaler technique when compared
to baseline (11% to 61%, resp.). ,ere was a significant reduction in the proportion of participants demonstrating the correct
technique 12 months following training (28%). ,e strongest determinant of inhaler technique maintenance is experience with
showing patients how to use their inhalers. Conclusion. Repeated training is essential to ensure that the technique is mastered and
maintained, and consolidation of skills through exposure to train others may be most effective.

1. Introduction

,e optimal use of medications is generally considered an
integral part of chronic disease management and is an
obvious focus for many pharmacy interventions [1]. In the
case of asthma management, optimal use of asthma medi-
cations is complicated by the fact that asthma medicines are
delivered via inhalation and therefore, patients are required
to not only understand when to use their medications but
also to develop the skills to physically use their asthma
inhaler devices correctly [2].

Much research has focused on the use of inhaler devices
and universally confirmed that a majority of patients are not

able to use their inhalers correctly [3–9]. ,is tends to be the
case regardless of which inhaler devices are used or how long
a patient has been using them for [3–9].

,e implications of incorrect inhaler device use are
significant. Research has shown that the incorrect inhaler
device technique can lead to less than half the expected dose
being delivered to the airways [10], while improvements in
the inhaler device technique have been shown to lead to
improved lung function, asthma control, and asthma quality
of life [7, 11, 12].

Inhaler device educational interventions delivered in the
community pharmacy setting have been shown to be effective
in improving the inhaler technique [6, 13–15]. However, data
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indicate that many patients do not receive education in an
effective manner, that is, through the use of a placebo inhaler
and involving a physical demonstration of correct use by the
health care professional [1, 6, 16].

When it comes to the inhaler technique and health care
professionals, it is clear that part of the problem with in-
correct use amongst patients could be associated with the
low level of awareness of the correct inhaler technique by
health care professionals [17]. Studies indicate that up to
85% of health care professionals are not able to use the
inhaler devices correctly [18–21].

Understanding and being able to demonstrate correct
device handling in asthma is a core activity of pharmacists,
and therefore, in pharmacy schools, where pharmacy stu-
dents’ preliminary knowledge is obtained, inhaler technique
education is initiated. Different methodologies have been
investigated to optimize inhaler technique demonstration
skills amongst pharmacy students; however, none have been
able to achieve perfect technique in all students [22–27]. ,e
reasons for this have not been explored; however, we can
hypothesize that it may be due to the nature of education
provided to students and the need to revisit inhaler tech-
nique education regularly. Both of these have been shown to
be important in the training of patients in device mastery
and maintenance [1, 2].

Given the importance of the inhaler device technique in
the management of asthma and need to provide effective and
efficient modes of training in medication management,
which in the case of respiratory management involving the
correct use of inhalers, the effectiveness of teaching students
this skill during their university training became a relevant
pedagogical question.

,e aim of this study was to determine the effect of
inhaler device technique education on the maintenance of
the inhaler device technique of undergraduate pharmacy
students over time and to determine the factors, if any,
related to inhaler device technique maintenance in the ac-
ademic setting. In order to achieve this aim, students were
followed across 2 academic years.,e Turbuhaler® (TH) was
chosen as the inhaler in this study despite there being several
respiratory devices currently available on the market as it is
one of the long-standing, commonly prescribed devices
which play an important role in preventer drug delivery [1].

2. Materials and Methods

,is study took the form of a prospective, unpaired samples
repeated measures design in which data were collected on 2
occasions, 12 months apart. ,e research reported in this
manuscript was approved by the University of Sydney
Human Ethics Committee.

2.1. Participant Recruitment. ,is study was conducted
within one of the core pharmacy practice courses/units of
study within the early stages of a pharmacy curriculum (Year
2). All students enrolled in the particular unit of study were
invited to participate in this study. Participation was de-
pendent on the student giving written informed consent.

,e study was conducted within the 3-week respiratory
block, which consisted of 7 lectures and one 2-hour
tutorial/workshop. All students were required to attend the
tutorial, which was conducted at the end of the 7 respiratory
lecture series. ,e focus of the tutorial was the management
of asthma, which included hands on training in inhalers.

At the start of the tutorial, each participant was given
a placebo inhaler TH and an information leaflet explaining
the use of the device (package insert product information).
Each participant was given 10 minutes to practice using the
inhaler, referring only to the written resources provided.
Participants were not instructed on how or what to do with the
placebo device, nor how to use the written information
provided. Participants utilized their own learning techniques.

2.2. Baseline Assessment/Pretraining (T� t1a). After 10
minutes of self-training, all participants had their inhaler
technique assessed by one of 3 assessors who had previously
undergone assessor training. Participants were asked to
demonstrate the correct use of an inhaler using the placebo
device and were assessed using the 9-step checklist [6]. ,e
correct inhaler technique corresponded to a score of 9/9.

Participants were also asked to respond to two ques-
tions which aimed at identifying participants’ exposure to/
experiences with demonstrating or using an inhaler TH,
namely, (i) Do you need to use a TH respiratory device in
your daily life (e.g., because of a medical condition such as
asthma)? (ii) Have you shown anyone how to use their
respiratory device (e.g., at your place of work?). Each of these
questions related to a different type of exposure/experience
to inhaler use and was not mutually exclusive. Dichotomous
responses of “Yes” or “No” were recorded for each question.

2.3. Peer Training (T� t1b). Participants were then shown
how to use an inhaler as a group, by watching a step-by-step
demonstration completed by the tutor using a placebo in-
haler (an inhaler technique expert). Participants then
worked in pairs and took turns teaching and assessing each
other on the correct inhaler technique using the 9-step
checklist. Immediately following the delivery of the in-
tervention, participants had their inhaler technique assessed
by an assessor. Participants were asked to demonstrate the
correct use of an inhaler using the placebo device and were
assessed using the 9-step checklist [6].

2.4. Individualised Training (T� t1c). Following this, all
participants were trained to mastery on an individual base,
by the tutor who performed a step-by-step demonstration
with a placebo inhaler that specifically addressed the errors
made by individual students. ,is was repeated on an
individualised basis until each student was able to use a TH
correctly.

2.5. Follow-Up (T� t2). Twelve months following the col-
lection of baseline data, all potential participants were
approached by a researcher who was blinded to all baseline
data collection and were asked to participate in a follow-up
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of the inhaler technique. Students who had completed the
devices training workshop twelve months prior were eligible
to participate. Potential participants were informed about
the aims of the follow-up phase of the study, and written
informed consent was again obtained from each participant.

2.5.1. Self-Efficacy for Asthma Device Use and Inhaler Use.
Following the signing of informed consent, participants
were asked to complete two questionnaires.

,e “Self-Efficacy for Asthma Device Use” questionnaire
was developed to evaluate the participant’s self-efficacy with
inhaler devices and was based on established construct of
self-efficacy for learning a skill [21]. It consisted of 6 items
which tapped into students’ perceptions of confidence in
their ability to learn and to understand how to use an asthma
inhaler device, to use a device, to have the skills required to
use a device, and to be untroubled by anxiety when using
a device and their capacity for device use regardless of the
difficulty involved (Figure 1). Each of these items was scored
on a 5-point Likert Scale, and a total score out of 30 was
calculated for each participant.

,e “Inhaler Use” questionnaire consisted of 4 questions
and aimed at identifying participants’ exposure to/experiences
with demonstrating or using an inhaler TH since they had

completed the devices training workshop twelvemonths prior
(Figure 2). Each of these questions related to a different type of
exposure/experience to inhaler use and was not mutually
exclusive. Dichotomous responses of “Yes” or “No” were
recorded for each question.

2.5.2. Inhaler Technique Assessment. All participants had
their inhaler technique assessed by one of 3 assessors who

SELF-EFFICACY FOR ASTHMA DEVICE USE
Below are some statements regarding your beliefs about your use of asthma inhaler devices.
There are no right or wrong answers. Please read the following statements and circle the
number on the scale below each question which shows the degree with which you agree
with the statement.

1. I am certain I can learn how to use an asthma inhaler device

Not true at all Very true

2. I am certain I can figure out how to use even the most complicated asthma inhaler
device

Not true at all Very true

3. I am confident in my ability to use asthma inhaler devices

Not true at all Very true

4. I am confident in my understanding of how to effectively use an asthma inhaler device

Not true at all Very true

5. Using an asthma inhaler device causes me worry and concern

Not true at all Very true

6. I am confident I have all the necessary skills required to effectively use an asthma
inhaler device

Not true at all Very true
THANK YOU!!

I I I I I
1 2 3 4 5

I I I I I
1 2 3 4 5

I I I I I
1 2 3 4 5

I I I I I
1 2 3 4 5

I I I I I
1 2 3 4 5

I I I I I
1 2 3 4 5

Figure 1: Self-Efficacy for Asthma Device Use questionnaire.

1. Did you take part in the respiratory device training
workshop during Pharmacy Practice 2 last year?

2. Have you been practising your respiratory device
technique in the last year? 

3. Have you been showing patients how to use their respiratory
device (e.g. at your place of work) in the last year? 

4. Do you need to use respiratory devices in your daily life
(e.g. because of a medical condition such as asthma)?

Yes No

Yes No

Yes No

Yes No

Figure 2: “Inhaler Use” questionnaire.
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had previously undergone assessor training. Participants
were asked to demonstrate the correct use of an inhaler using
the placebo device and were assessed using the 9-step
checklist [6]. ,e correct inhaler technique corresponded to
a score of 9/9.

2.6. Data Analysis. Data relating to the inhaler technique
score were collected at pretraining (T� t1a), peer training
(T� t1b), individualised training (T� t1c), and follow-up
(T� t2).

In order to determine the effect of inhaler device
technique education on the maintenance of the inhaler
device technique of pharmacy students, over time, in-
dependent samples repeated measures analysis was un-
dertaken to compare the mean inhaler technique score at t1a,
t1b, t1c, and t2. Due to the deidentification of original data
collected, it was not possible to match data for individuals,
hence the need to perform independent samples analysis.

In order to determine the factors related to correct in-
haler device technique maintenance, a multiple regression
analysis with backward elimination was used to determine
the relationship between inhaler technique maintenance (a
dependent variable) and the independent variables of self-
efficacy with the inhaler devices score and inhaler use (a
practice of the inhaler technique over the last 12 months,
showing patients how to use and need to use in daily life).

3. Results and Discussion

3.1. Results. All 236 second-year pharmacy students invited
to participate in the study agreed to do so. At T � t1a, 11% of
participants demonstrated correct technique. Following the
delivery of peer training at T� t1b, there was a significant
increase in the proportion of participants with the correct
inhaler technique when compared to baseline (from 11% to
61%, resp.; n � 236, p � 0.04). When the inhaler technique
was expressed as a mean score out of 9 (as per the 9-item
checklist), there was a significant improvement in the mean
TH score following peer training (T� t1b) (6.6± 1.4 at T� t1a
compared with 8.3± 1.1 at T� t1b; n � 236, p< 0.001). All
students were trained to mastery by the end of the tutorial
(T� t1c).

With regard to the previous inhaler use, 41 out of 236
(17%) participants had previously used a TH. ,ere was no
significant difference in the proportion of participants with
the correct technique at baseline (p � 0.40) or after peer
training (p � 0.30) for participants who had previously used
a TH compared with those who had never used it.

3.2. Results at Follow-Up (T� t2). Of the 280 students en-
rolled in Year 3 of undergraduate Bachelor of Pharmacy
degree in 2008, 236 were eligible (based on enrolment at
baseline) and 200 agreed to participate (a response rate of
85% (200/236).

,e mean (±SD) score for Self-Efficacy for Asthma
Device Use was 23.82± 3.97, ranging from 12 to 30, while
results relating to inhaler use since completing the inhaler
device workshop twelve months prior indicate that 13%

(26/200) of participants had practiced using an inhaler (TH),
23% (45/200) had shown patients how to use an inhaler
(TH), and 8% (15/200) needed to use an inhaler device in
their daily life because of a medical condition.

A one-way repeated measures ANOVA was conducted
to compare inhaler technique scores of the 200 participants
for whom data across all time points was available, that is,
pretraining (T � t1a), peer training (T � t1b), individualised
training (T � t1c), and follow-up (T� t2) (Figure 3). ,e
means and standard deviations are presented in Table 1.
,ere was a significant decrease in the mean inhaler
technique score at follow-up (T� t2) compared to post-
training (T� t1c) (Wilk’s lambda � 0.386, F (2, 28) � 174.29,
p< 0.001). Twenty-eight percent of participants were able
to demonstrate the correct inhaler technique, that is,
achieved a score of 9/9, at follow-up (T � t2) compared with
61% postpeer training (T� t1b), and 100% post-
individualised training (T� t1c), indicating a significant
reduction in the proportion of participants demonstrating
the correct technique 12 months following training.

Participants who had shown patients how to use their
inhaler device or had practiced using an inhaler had sig-
nificantly higher Self-Efficacy for Asthma Devices Score
and Inhaler technique score at follow-up compared to
those who had not (Levene’s test for equality of variances
p< 0.05, n � 200). However, participants who had been
using an inhaler device in their daily life had significantly
higher Self-Efficacy for Asthma Devices Score but not
Inhaler technique score compared to those who had not
used an inhaler in their daily life (Levene’s test for equality
of variances p< 0.05, n � 200).

With regard to the factors determining inhaler device
technique maintenance, multiple regression analysis with
backward elimination indicated the strongest correlations
were between (I) Self-Efficacy for Asthma Devices Score and
experience with showing patients and (II) Inhaler technique
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Figure 3: Proportion of participants demonstrating the correct
technique during different phases of training and over time.
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score and experience with showing patients (Table 2). ,e
final model indicates that the strongest determinant of in-
haler technique maintenance is experience with showing
patients how to use their inhalers (Table 3).

3.3.Discussion. Pharmacists obtain inhaler technique training
from various sources, such as package inserts and training
from pharmaceutical representatives [6, 22]. However, for
many pharmacists, their first inhaler educational experience is
in the pharmacy school [23], suggesting that this is the place
where their preliminary knowledge is obtained. Students
should therefore be able to demonstrate a correct inhaler

technique in order to train others. ,is research shows that
even when students are trained how to use inhaler devices, this
skill is not maintained. It is only those students who practice
using inhalers or are actively showing others how to use in-
halers aremore likely tomaintain this skill.,is has significant
implications for the training of the inhaler technique to
students worldwide as these findings serve as a cornerstone for
the development of better future education and training
strategies in this domain.

,is study served as a proof of concept study; therefore,
in designing the study, it was important to ensure that one
inhaler was chosen for experimentation. ,e TH was chosen
as the inhaler in this study despite there being several re-
spiratory devices currently available on the market as it is
one of the long-standing, commonly prescribed devices
which play an important role in preventer drug delivery [1].
While there are other new devices currently available, not all
of them are available globally. Further, while the optimal use
of different inhalers necessitates different steps, much re-
search over many years has shown that the inhaler technique
is a generic problem which continues to be problematic,
despite the availability of newer devices [28]. ,erefore, it is

Table 1: Proportion of participants with the correct inhaler technique (i.e., achieving a score of 9/9) at baseline, peer training, individualised
training, and at follow-up.

Baseline assessment
(T� t1a)

Peer training
(T� t1b)

Individualised training
(T� t1c)

Follow-up
(T� t2)

P

Proportion of participants with correct
technique (%) 11 % (260/236) 61 % (144/236) 100% (236/236) 28% (56/200) 0.004a

Mean inhaler technique score (+/−SD) 6.6 (+/−1.4) 8.3 (+/−1.1) 9 6.9 (+/−1.9) ≤ 0.001b
aChi-square test for independence, χ2 (1, n � 200)� 8.56, p � 0.004, phi� 0.19; bone-way repeated measures ANOVA (Wilk’s lambda� 0.386, F (2, 28)�

174.29, p≤ 0.001, n � 200).

Table 2: Correlations between total Self-Efficacy for Asthma Devices Score, inhaler device score at follow-up, and inhaler use (personal
practice, showing patients, and daily use).

Total SE
score

Total IDT
score

Experience with
practicing

Experience with showing
patients

Experience by
daily use

Total SE score

Pearson
correlation 1 0.217a 0.289a 0.318a 0.229a

Significance
(2-tailed) 0.001 0.000 0.000 0.001

Total IDT score

Pearson
correlation 1 0.184a 0.204a 0.090

Significance
(2-tailed) 0.006 0.002 0.182

Experience with practicing

Pearson
correlation 1 0.379a 0.364a

Significance
(2-tailed) 0.000 0.000

Experience with showing
patients

Pearson
correlation 1 0.234a

Significance
(2-tailed) 0.000

Experience by daily use

Pearson
correlation 1

Significance
(2-tailed)

aCorrelation is significant at the 0.01 level (2-tailed).

Table 3: Outcomes of multiple regression analysis with adjusted R
square� 0.063, F� 4.295, p< 0.0005, n � 200.

Predictor variable Beta p

Self-efficacy score 0.115 0.125
Inhaler use
Shown patients 0.157 0.045
Practiced 0.128 0.136
Daily use −0.043 0.592
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considered that the results from this research add to our
fundamental understanding of the mastering and mainte-
nance of the inhaler technique more broadly. Future re-
search should now explore these findings with regard to
other devices as well as with practising pharmacists and
other health care providers, especially as this study suggests
that if the inhaler technique is not being shown to patients,
health care provider mastery is not maintained. ,is can
potentially become a vicious cycle of failure to train and
failure to continue to have the ability to train. Severity of
errors was also not distinguished in this study as future
health care professionals should have the skills to train every
step when it comes to educating patients.

Prior to baseline assessment, students were given written
information and a placebo inhaler device.,is part of the study
was aimed at mimicking the real-life scenario in which phar-
macists would have access to information about the device
technique through the product information leaflet and would
be required to study this independently. Only a small pro-
portion of students (11%)were able to use the TH correctly after
reading the written information provided. ,is is consistent
with the literature that indicates that when it comes to device
technique training, verbal instruction and written information
are not effective in improving the technique [7]. Physical
demonstration is the most effective method of educating both
students and patients on the correct inhaler technique [6, 7].

Of the 200 participants at follow-up (T� t2), 28% were
able to demonstrate the correct inhaler technique, a signifi-
cant drop from the 100% following individualised training
(T� t1c). ,is proof of concept study demonstrated that de-
spite training to mastery, the ability of pharmacy students
drops significantly and reeducation is required. What this
study fails to answer is at what point does mastery drop-off
and hence, at what stage should additional training be pro-
vided. Future research should aim at articulating this detail of
training, keeping in mind that when it comes to training
health care provider students, university curricula often de-
termine the content of education; therefore, the scheduling of
further inhaler technique training would need to be sym-
pathetic to the overall training curriculum.

,is finding is consistent with other studies looking at
maintenance of the technique following the training of fully
qualified health care professionals (including physicians and
pharmacists) [24, 25]. In 1996, Rebuck and Dzyngel [24] ed-
ucated postgraduate physicians on the correct inhaler technique
in one brief structured educational intervention with hands-on
education. Results revealed a significant improvement in the
inhaler technique scores following this training. However, 8
months postintervention, 59% of the physicians were found to
demonstrate poor technique. ,is was also further highlighted
by Resnick and Gold [25] who delivered education on the
correct inhaler technique to paediatric house-staff physicians
through a single-inhaler training session. Technique was found
to deteriorate 2 months following the education.,is highlights
the importance of periodic retraining on the correct inhaler
technique in order to maintain effective patient educators [24]
and suggests that inhaler technique competency needs to be
assessed and corrected at regular intervals after education to
help maintain the optimal technique.

,e “Self-Efficacy for Asthma Device Use” questionnaire
was developed to evaluate the participant’s self-efficacy with
inhaler devices and was based on established construct of
self-efficacy for learning a skill [21] with the purpose of
gaining further insights into inhaler technique maintenance.
Self-efficacy is defined as a person’s belief in their ability to
succeed in specific situations or accomplish a task. ,e
person’s sense of self-efficacy plays a major role in how they
approach tasks and challenges. ,e strongest determinant of
inhaler technique maintenance was found to be experienced
with showing patients how to use their inhalers. Analysis
indicated that those participants who had shown patients
how to use their inhaler devices had significantly higher Self-
Efficacy for Asthma Devices Score and Inhaler technique
score compared to those who had not. Showing patients how
to use their inhalers has been of great benefit in helping
students to maintain their technique. In a study by Basheti
et al. [26], pharmacy students were asked to identify different
barriers to learning the correct inhaler technique. Students
identified one of the biggest barriers was the lack of en-
gagement with patients who use these devices [26]. Perhaps,
students’ lack of engagement with real patients who use
these inhalers may contribute to the decline in inhaler device
technique maintenance, and perhaps, engaging pharmacy
students with periodic, regular, real patient counselling, or
some sort of simulation-based leaning [27] may help with
the maintenance of the correct technique.

Participants who had been using an inhaler device in
their daily life had significantly higher Self-Efficacy for
Asthma Devices Score but not Inhaler technique score at
follow-up compared to those who had not. Although this
appears somewhat inconsistent as one presumes that they
would follow the correct technique more than the general
population because they know better, studies have shown
that this is not always the case and in fact health care
professionals do not always practice what they “preach” [29].
One study has shown that it was clear that the standard
management procedures and instructions concerning basic
health-preserving behaviour were far from being universally
accepted and followed by health workers themselves. ,is
was the case even for common diseases and health issues for
which specific training had been given [29]. Possible reasons
for this include habit, lack of motivation, and they are be-
having as a patient rather than a health care professional in
the management of their own illness.

In reviewing these results, it is important to consider the
limitations of this research. ,e lack of data matching with
students meant it was not possible to match baseline and
follow-up cases. ,is may have had an impact on the strength
of the relationships determined, that is, the results of this study
may be overly conservative to the real-life scenario. Other
limitations include the use of only one pharmacy student
cohort from one university. However, no major differences
can be found in the related educational methodologies used in
other schools of pharmacy that would suggest a need to limit
the generalization of the findings of this study. In training the
students in the inhaler technique, evidence educational in-
terventions were used, which are hopefully also applied in
other academic settings.
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4. Conclusion

Training pharmacy students in the correct use of inhaler
devices is a transient skill, and this study confirms that training
health care provider students (in this case pharmacy students)
in a one-off session is not sufficient to ensure maintenance of
the correct technique over time.,ismay be due to inadequate
practice with real patients or lack of retraining students
regularly.

,e practical implications of this research are clear: re-
peated training is essential to ensuring technique is mastered
and maintained, and consolidation of skills through exposure
to train others may be most effective.
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Background. Asthma prevalence is high among elite endurance athletes, but little is known about its prevalence among competitive
recreational athletes. -e aim of this study was to determine the prevalence of self-reported asthma and asthma medication use
among competitive recreational endurance athletes and their association with training. Methods. A web survey on asthma and
medication was conducted among 38,603 adult participants of three Swedish endurance competitions (cross-country running, cross-
country skiing, and swimming). Results. -e overall response rate was 29%. -e prevalence of self-reported asthma (physician-
diagnosed asthma and use of asthma medication in the last 12 months) was 12%. Among those reporting asthma, 23% used inhaled
corticosteroids and long-acting beta-agonists daily. We found no association between training volume and daily use of asthma
medication, except a trend in relation to short-acting beta-agonists. Independent predictors of self-reported asthma were female sex,
allergic rhinitis, previous eczema, family history of asthma, cycling, and training for>5 h 50min/week.Conclusions.-e prevalence of
self-reported asthma among Swedish competitive recreational endurance athletes appears to be higher than that in the general
Swedish population. A large proportion of recreational athletes were reported with asthma use medications, indicating an association
between high physical activity and self-reported asthma among competitive recreational athletes.

1. Introduction

Asthma is a chronic inflammatory airway disease charac-
terized by repeated episodes of bronchial constriction with
wheezing, tightness of the chest, coughing, and breathlessness.
-e prevalence of asthma among adults in Sweden is esti-
mated at 9–11% [1, 2]. A previous study has shown vigorous
physical activity to be independently associated with an in-
creased risk of asthma in a general population sample [3].
Moreover, the prevalence of asthma, or airway hyper-
responsiveness, was found to be higher among elite athletes
than among the general population [4]. -e main hypothesis
to explain these findings is that asthma among endurance
athletes is associated with high-volume ventilation of dry air
[4]. In keeping with this idea, asthma prevalence is high
among athletes in endurance sports that require intense

breathing, such as long-distance running and skiing [5, 6].
-e season of competition does not seem to influence asthma
prevalence among elite athletes [7]. -e prevalence of asthma
among elite competitive swimmers is also high [8], and high-
volume ventilation and inhalation of chlorine derivatives
are believed to be underlying factors [9]. Other predictors of
asthma among athletes are female sex, atopy, and a family
history of asthma [6, 10]. In fact, a recent study has found
evidence for two distinct phenotypes of asthma in elite
athletes: atopic asthma, defined by allergy and rhinitis, and
sports asthma, defined by respiratory symptoms and airway
hyperresponsiveness without allergic features [11].

Studies of asthma prevalence in athletes have predomi-
nantly been conducted among elite athletes [4], whereas those
conducted with competitive recreational athletes have been
few and mostly rather small. In a study including 484 US
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runners, 17% reported asthma [12], while among 95 recre-
ational French endurance athletes, 4% reported physician-
diagnosed asthma [13]. In a Norwegian study from 2001, the
prevalence of asthma among nonelite runners (n � 512) and
skiers (n � 315) was 7% and 11%, respectively [14].

-e aim of this cross-sectional study was to determine
the prevalence of self-reported physician-diagnosed asthma
and asthma medication use among competitive recreational
endurance athletes and their association with training.-ese
athletes were participating in three large Swedish endurance
competitions open to the public, which included three
different endurance sports: cross-country running (CCR)
Lidingöloppet, cross-country skiing (CCS) Vasaloppet, and
open-water swimming (OWS) Vansbrosimningen.

2. Materials and Methods

2.1. Study Design. -e study was conducted as an internet-
based web survey.

2.2. Participants and Setting. Swedish citizens of 18 years or
older registered for participation in any of the three public
endurance competitions (CCR Lidingöloppet in 2014; CCS
Vasaloppet and OWS Vansbrosimningen in 2015) and with
an e-mail address were eligible for inclusion (Table 1). CCR
Lidingöloppet is a 30 km cross-country running competition
in Stockholm and was held on September 28 in 2014. A total
of 20,425 entrants in this competition were invited to par-
ticipate in the study. -e 90 km CCS Vasaloppet is described
as the world’s oldest, largest, and longest cross-country skiing
competition, held on the second Sunday in March in the
county of Dalarna; in 2015, it was held on March 8. A total of
11,101 entrants in this competition were invited to complete
the survey. At 3 km, OWS Vansbrosimningen is the largest
open-water swimming competition in Sweden and was held
on July 4 in 2015. A total of 7077 participants in this com-
petition were invited to complete the survey. All three
competitions are open to recreational and elite professional
athletes from all countries. A flow chart of the recruitment of
the study population is given in Figure 1. All participants
signed written informed consent forms, and the study was
approved by the Regional Ethical Review Board in Umeå.

2.3.Methods. -e study population received an invitation to
the online survey (Textalk AB, Sweden; https://websurvey.
textalk.se/se) by e-mail one month before the competition,

and a reminder was sent to the nonresponders after 2 weeks.
-e questionnaire was based on ECRHS II [15], a validated
international questionnaire including questions about air-
way symptoms, allergic rhinitis, and asthma, and questions
regarding training, sport, and asthma medication addi-
tionally were included.

Study variables of special interest were queried, as
follows:

“Physician-diagnosed asthma”: “Have you ever had
asthma?” and “Was the diagnosis made by a physician?”
“Self-reported asthma”: physician-diagnosed asthma
and “Have you used any asthma medication, including
inhalers, sprays, or pills in the last 12 months?”
“Training” was defined by the question, “In the last
12 months, how much time did you spend during an
ordinary week on exercise that made you out of breath;
for example, running, aerobics, or ball sport?” Training
volume is presented as hours and minutes per week.
“Sport” was defined by the question, “During the last
12 months, on which type of exercise did you spend the
most hours of training?” with the alternatives “run-
ning,” “cycling,” “skiing,” “swimming,” and “others.”
“Family history of asthma”: “Have any of your parents
or siblings had asthma?”
“Allergic rhinitis”: “Do you have hay fever or other
allergies with symptoms from the eye and/or nose?”
“Current smoker” was defined as answering “yes” to the
questions, “Have you ever smoked one or more ciga-
rettes per day during at least one year?” and “Have you
smoked during the last month?”
“History of eczema”: “Have you ever had eczema or any
kind of skin allergy?”

Asthma medication use in the last 12 months was cate-
gorized into short-acting or long-acting beta-agonists
(SABA/LABA), inhaled corticosteroids (ICS), and ICS
+LABA fixed combination (ICS+LABA). To aid participants
in categorizing their medicine, several trade names were used
as examples. Medication usage for the last 12 months was
ordinally categorized into “never,” “sometimes,” “less than 2
months,” “more than 2 months,” and “daily.”

Self-reported asthma was furthermore categorized into
the following:

Intermittent: use of SABA/LABA sometimes or
less/more than 2months and no use of ICS or ICS/LABA

Table 1: Description of the participants in the three Swedish large endurance competitions: CCR Lidingöloppet in 2014 and CCSVasaloppet
and OWS Vansbrosimningen in 2015.

Event CCR Lidingöloppet CCS Vasaloppet OWS Vansbrosimningen
Registered participants (n) 21,5072 15,8003 8,6054

Women (%) 27 14 35
Completed race (n) 16,363 12,625 7,845
Age (median, IQR) 40 (32–47) 41 (32–49) NA
Race time (median, range)1 3:00 (1:42–6:12) 8:36 (4:07–12:49) NA
1Units: hours:minutes. 2,3,4Of these registered participants, a total of 20,4252, 11,1013, and 7,0774 were Swedish citizens, of age 18 or above, and had registered
an e-mail address. IQR: interquartile range; NA: not applicable.

2 Canadian Respiratory Journal

https://websurvey.textalk.se/se
https://websurvey.textalk.se/se


Uncontrolled intermittent: daily use of SABA/LABA
and no use of ICS or ICS/LABA
Persistent: daily use of ICS or ICS/LABA
Uncontrolled persistent: daily use of SABA/LABA and
daily use of ICS or ICS/LABA.

2.4. Statistics. Results were analyzed for each competition
separately and for all participants pooled together. Athletes
in the latter two surveys (from CCS Vasaloppet and OWS
Vansbrosimningen) stating that they had participated in the
survey previously were excluded from the pooled pop-
ulation, so analyses ultimately included 10,076 unique
athletes. Student’s t-test and the Pearson chi-square test were
used for group comparisons of continuous and categorical
variables, respectively. -e variable representing training

(hours/week) was skewed. -e study population was there-
fore transformed into quartiles (<3h, 3 to <4h, 4–5h 50min,
>5 h 50min) to represent low, low-intermediate, intermediate-
high, and high training volumes. -e Pearson chi-square test
was used to compare the amount of training (as a categorical
variable) between athletes with self-reported asthma with and
without daily asthma medication in the last 12 months. In
order to identify professional athletes at the international or
high national level, we chose to define elite/semielite athletes
by an arbitrary cutoff of ≥10 training hours/week.

Adjusted odds ratios for the presence of self-reported
asthma and their 95% confidence intervals for the pooled
study population were estimated using a binary logistic re-
gression model. Age dichotomized at the median (42 years),
sex, amount of training/week in quartiles, sport, allergic
rhinitis, eczema, and family history of asthma were included

Pooled population
N = 10,076

Participated in the
Lidingöloppet

survey
N = 331

Participated in the
Lidingöloppet or

Vasaloppet survey
N = 330

Included
N = 1,663

Responders
N = 1,769

Responders
N = 3,178

Responders
N = 6,158

Excluded1

N = 106
Excluded1

N = 25
Excluded1

N = 237

Nonresponders
N = 5,308

Nonresponders
N = 7,923

Nonresponders
N = 14,267

Invited
N = 7,077

OWS
Vansbrosimningen

CCS
Vasaloppet

CCR
Lidingöloppet

Invited
N = 11,101

Invited
N = 20,425

Included
N = 3,153

Included
N = 5,921

Figure 1: Flow chart of study participants from the three large Swedish public endurance competitions: cross-country running (CCR
Lidingöloppet), cross-country skiing (CCS Vasaloppet), and open-water swimming (OWS Vansbrosimningen). 1Age< 18 years/unknown age.
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as risk factors. Skewed data were presented using medians.
A p value< 0.05 was considered statistically significant.

3. Results

-e response rates were 30% (5,921/20,425) for CCR
Lidingöloppet, 29% (3,153/11,101) for CCS Vasaloppet, and
25% (1,663/7,077) for OWS Vansbrosimningen, giving an
overall response rate of 29%.

3.1. Asthma Prevalence in the 2ree Competitions and Dif-
ferences between Sexes. A summary of the characteristics of
the participants in each of the competitions is presented in
Table 2. -e prevalence of physician-diagnosed asthma
ranged from 17 to 20%, and between 11% and 14% had self-
reported asthma. Women were in the minority in all three
competitions, representing 29% of the pooled study pop-
ulation. A higher proportion of women than men had
physician-diagnosed asthma, self-reported asthma, and
a family history of asthma (p< 0.001) in CCR Lidingöloppet
and CCS Vasaloppet, but not in OWS Vansbrosimningen.
-e proportion of athletes training ≥10 h per week was 3%
(n � 201) in CCR Lidingöloppet, 7% (n � 219) in CCS
Vasaloppet, and 9% (n � 104) in OWS Vansbrosimningen.

3.2. Pooled Study Population. In the pooled population, 3%
reported swimming, 19% cycling, 57% running, 14% skiing,
and 7% other sports as their main physical activity. In total,
12% had self-reported asthma, which had a prevalence of
14% among cyclists, 12% among skiers, 11% each among
runners and swimmers, and 13% among athletes with main
training in other sports. -e overall proportion of athletes
training ≥10 h per week was 5% (n � 470). Female athletes
(29%) were younger than the males (39 versus 42 years) and
reported more physician-diagnosed asthma (21% versus
16%), more self-reported asthma (15% versus 10%), family
history of asthma (25% versus 20%), and shortness of breath
following strenuous exercise (13% versus 5%) compared to
the males (all p< 0.001).

3.3. Use of Asthma Medication among Swedish Competitive
Recreational Athletes. In the pooled population, the pro-
portion of athletes reporting daily usage of SABA/LABA,
ICS, or ICS + LABA was 3% for each medication category.
Among athletes with self-reported asthma, 23% underwent
daily maintenance therapy with ICS + LABA. Only 7% re-
ported daily use of a leukotriene receptor antagonist, and
further data of this are not presented. A total of 21% of the
runners in CCR Lidingöloppet, 28% of the skiers in CCS
Vasaloppet, and 24% of the swimmers in OWS Vans-
brosimningen used ICS + LABA daily (Table 3). In the group
that trained the least (<3 h/week), 18% reported daily usage
of SABA/LABA compared to 27% among those who trained
the most (>5 h 50min; p � 0.05). -ere was no significant
difference in daily use of ICS and ICS + LABA between the
groups that trained the least and the most.

Among athletes with self-reported asthma, 212 (18%)
had intermittent asthma and 36 (3%) fulfilled the study
criteria of uncontrolled intermittent asthma. A total of 514
athletes (46%) had persistent asthma and 171 (15%) fulfilled
the study criteria for uncontrolled persistent asthma. -e
proportion of athletes in each category did neither differ
between the groups that trained the least and the most nor
between main sports.

3.4. Risk Factors Associated with Self-Reported Asthma.
Of athletes with self-reported asthma, 71% had allergic rhi-
nitis. No significant differences in the prevalence were found
between sports. -e following variables were individually
associated with self-reported asthma: female sex, age <42
years, allergic rhinitis, history of eczema, family history of
asthma, training more than 5 h 50min per week, and having
cycling as the main sport. In the multivariate model, all these
variables remained as independent risk factors for self-
reported asthma, except age <42 years (Table 4).

4. Discussion

In this large internet-based survey including 10,737 (10,076
unique) athletes participating in the three major Swedish
endurance competitions, the overall prevalence of self-

Table 2: Basic characteristics of the study population in each of the three competitions: CCR Lidingöloppet, CCS Vasaloppet, and OWS
Vansbrosimningen, and the pooled study population.

CCR Lidingöloppet
(n � 5, 921)

CCS Vasaloppet
(n � 3, 153)

OWS
Vansbrosimningen

(n � 1, 663)

Pooled
(n � 10, 0762)

N N (%) N N (%) N N (%) N N (%)
Age1 5,921 41 (34–48)1 3,153 42 (33–50)1 1,663 42 (33–50)1 10,076 42 (34–49)1

Female 5,790 1,764 (30) 3,083 577 (19) 1,598 706 (44) 9,827 2,849 (29)
Current smoker 5,893 108 (2) 3,149 31 (1) 1,661 39 (2) 10,043 167 (2)
Physician-diagnosed asthma 5,824 979 (17) 3,138 522 (17) 1,651 310 (20) 9,954 1,692 (17)
Self-reported asthma3 5,823 658 (12) 3,136 341 (11) 1,650 214 (14) 9,950 1,135 (12)
Allergic rhinitis 5,921 2,161 (37) 3,153 1,024 (33) 1,661 559 (35) 10,074 2,503 (36)
Family history of asthma 5,531 1,185 (22) 2,979 608 (21) 1,562 351 (23) 9,456 1,987 (22)
Training1 (hours:minutes/week) 5,848 4:00 (2:40–5:00)1 3,012 5:00 (3:00–6:00)1 1,125 4:00 (3:00–6:00)1 9,419 4:00 (3:00–5:30)1
1Age and training presented as medians with interquartile ranges. 2Only unique subjects included in the pooled study population. 3Physician-diagnosed
asthma and use of asthma medication during the last 12 months. N denotes the number of answers.
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reported asthma was 12%. Among the athletes with asthma,
22% used SABA/LABA, 25% used ICS, and 23% used ICS
+LABA daily. Female sex, allergic rhinitis, previous eczema,
family history of asthma, cycling as the main sport, and
training more than 5 h and 50min per week were in-
dependent predictors of self-reported asthma. -ere was no
statistically significant association between training volume
and daily use of asthma medication, except a trend in relation
to short-acting beta-agonists. To the best of our knowledge,
this is the largest survey on asthma among athletes ever
conducted.

Comparisons between the current results and previous
studies are complicated by the difficulty in defining the
competitive recreational athlete. We were unable to find in the
literature a standardized level of training volume to dis-
criminate between elite and recreational endurance athletes.
However, based on our experience, Swedish cross-country
skiers at the international or highest national level train at least
10 h or more per week on a yearly basis. In the current study
population, only 5% reported a training volume of at least 10 h
per week during the last 12 months and could thus be con-
sidered elite rather than recreational endurance athletes.

In the present study, the prevalence of self-reported
asthma was slightly higher than that in previous studies
among amateur athletes, which have a reported prevalence
between 4% and 10% [13, 14]. On the contrary, in 2006, the
prevalence of asthma among 484 US recreational road
runners was estimated at 17% [12].

-e criteria for therapeutic use exemptions regarding
asthma medication have shifted to a somewhat more tol-
erant attitude about the use of beta-2-agonists. Among 150
US recreational road runners reporting asthma symptoms,
only 9 (6%) had been prescribed asthma medication [12].
Among male endurance athletes in the south of France, 1%
had used asthma medication [13].

On the one hand, the proportion of athletes with self-
reported asthma in this study was slightly lower than that
previously reported among Nordic elite athletes. A total of
14% of Finnish Olympic and elite track and field athletes
[5, 16] and 25–28% of Swedish elite cross-country skiers
reported use of asthma medication [6]. On the other hand, it
has been suggested that there is undertreatment of asthma
among Danish national team athletes because only 7% re-
port current use of asthma medication [17]. However, the

Table 3: Self-reported frequency of asthma medication use among Swedish competitive recreational athletes with self-reported asthma, that
is, physician diagnosis of asthma and use of asthma medication during the last 12 months, in each of the competitions and pooled data.

Never Sometimes <2 months >2 months Daily

CCR Lidingöloppet
SABA/LABA 98 (15) 295 (44) 40 (6) 83 (12) 154 (23)

ICS 319 (48) 96 (15) 41 (6) 40 (6) 166 (25)
ICS+ LABA 439 (67) 34 (5) 16 (2) 26 (4) 139 (21)

CCS Vasaloppet
SABA/LABA 53 (16) 178 (52) 15 (4) 31 (9) 64 (19)

ICS 182 (55) 53 (16) 18 (5) 19 (6) 62 (18)
ICS+ LABA 203 (60) 22 (7) 9 (3) 9 (3) 93 (28)

OWS Vansbrosimningen
SABA/LABA 22 (10) 99 (45) 15 (7) 21 (10) 63 (29)

ICS 97 (46) 19 (9) 8 (4) 8 (4) 79 (37)
ICS+ LABA 148 (69) 7 (3) 3 (1) 3 (1) 52 (24)

Pooled study population
SABA/LABA 167 (15) 531 (46) 67 (6) 126 (11) 259 (22)

ICS 563 (50) 153 (14) 64 (6) 63 (5) 283 (25)
ICS+ LABA 736 (66) 61 (6) 27 (3) 36 (3) 262 (23)

SABA� short-acting beta-2-agonists; LABA� long-acting beta-2-agonists; ICS� inhaled corticosteroids. Data are presented as n (%).

Table 4: Factors associated with self-reported asthma in the pooled study population of 10,076 Swedish competitive recreational athletes.

Unadjusted Adjusted
OR 95% CI p value OR 95% CI p value

Female sex1 1.56 1.37–1.77 <0.001 1.64 1.40–1.92 <0.001
Age >42 years2 0.87 0.77–0.98 0.022 1.02 0.88–1.19 0.766
Allergic rhinitis 5.53 4.84–6.33 <0.001 5.25 4.48–6.16 <0.001
History of eczema 1.85 1.64–2.12 <0.001 1.24 1.07–1.46 0.004
Family history of asthma 3.39 2.97–3.87 <0.001 2.76 2.36–3.22 <0.001
Training3

3–4 h 1.09 0.91–1.32 0.443 1.08 0.87–1.35 0.718
4 h–5 h 50min 1.14 0.95–1.37 0.277 1.13 0.91–1.40 0.503
>5 h 50min 1.47 1.23–1.76 <0.001 1.48 1.20–1.86 <0.001
Sport4

Swimming 1.04 0.70–1.50 0.921 0.75 0.43–1.25 0.296
Cycling 1.34 1.14–1.56 <0.001 1.25 1.03–1.51 0.024
Skiing 1.13 0.93–1.35 0.158 1.16 0.92–1.45 0.204
Others 1.22 0.96–1.54 0.095 0.91 0.67–1.23 0.562
1Reference: “male.” 2Reference: “age< 42 years.” 3Training/week categorized into quartiles; reference quartile 1: <3 h/wk. 4Reference: “running.” Significant
values are in bold.
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use of asthma medication among Swedish competitive en-
durance athletes appears to be slightly higher than that in the
Swedish general population (9–11%) [1, 18, 19].

Asthma maintenance medication is based on daily use of
ICS. In the present study, 3% of the athletes reported daily
use of fixed-combination ICS + LABA. Among those with
self-reported asthma, daily use of ICS + LABA was at 23%,
slightly higher than the general population’s rate of 19% [19].
Whether this increased use of ICS + LABA arises from more
severe disease, overuse, or higher physical demands among
athletes remains unknown. -e recreational athletes in the
present study had a slightly lower use of asthma medication
compared to elite athletes, such as Canadian athletes with
asthma, of whom 34% used ICS + LABA [20]. In 2009, 4% of
Finnish Olympic athletes used a fixed combination of ICS +
LABA [16]. Among Danish elite athletes using asthma
medication, 67% inhaled beta-2-agonists + ICS [17]. Taken
together, these findings suggest that vigorous physical
training at the elite and competitive recreational levels does
not exclude athletes with moderate-to-severe asthma needing
daily ICS+LABA. On the contrary, asthmatic subjects with
regular high physical activity may need a higher level of
asthma medication, that is, ICS+LABA, to pursue their main
sport of interest.

We observed a trend towards increased use of
SABA/LABA among athletes training >5 h 50min per week
(p � 0.05). One would expect an increased use of SABA, as
prevention against exercise-induced asthma, among athletes
training regularly. On the contrary, an increased use of
SABA/LABA is an indication, for the treating physician, to
introduce or increase the use of controller medication, such as
ICS, and thus reduced the need for SABA. Elite cross-country
skiers with asthma do not appear to use more SABA/LABA
than a reference group of patients with asthma [21].

Female sex, allergic rhinitis, eczema, and family history are
known predictors of asthma in the general population [1, 3, 18]
and among elite athletes [6, 10, 17]. Allergic rhinitis is very
common among athletes [22]. Besides these common risk
factors, including allergic rhinitis, we found also cycling and
training >5h 50min per week as independent predictors of
self-reported asthma (Table 4). Training> 20 h per week is an
independent predictor of asthma among elite athletes [10], and
in a general population sample, training≥ 2 times and ≥7h per
week has been associated with an increased risk of asthma [3].

A distinct phenotype of asthma has been identified in elite
athletes: sports asthma, defined by exercise-induced re-
spiratory symptoms and airway hyperresponsiveness without
allergic features. Water and winter sport athletes have an
increased risk of “sports asthma” [11]. Our clinical experience
is that many cases with asthma among Swedish elite cross-
country skiers do not “behave” like cases with ordinary al-
lergic asthma. Unfortunately, as we in the present study lack
data on eNO, airway hyperresponsiveness/reversibility, and
atopy, we cannot use the present results to neither confirm
nor dispute the results by Couto et al. [11]. In the present
results, allergic rhinitis was equally prevalent, ca. 70%, in
swimmers and skiers.

Among the athletes at the international or high national
competitive level with a high training volume are probably

many professional or semiprofessional athletes. In contrast
to training volume, age was not independently associated
with risk of asthma. High training volume thus appears to be
a stronger predictor of self-reported asthma than age,
suggesting that training might affect remission of asthma
among adult athletes. Cycling as the main sport was an
independent predictor of self-reported asthma, and a high
asthma prevalence has previously been reported among
Olympic cyclists [4]. Cycling requires long training sessions
with high-volume breathing in an outdoor environment,
often along roads with exposure to vehicle exhaust, tire
particles, and pollen. -ese environmental factors may
contribute to the observed association between asthma and
cycling as a main sport.

-e strengths of our study are the very large study
sample, the inclusion of three different endurance sports,
and the use of a validated questionnaire. However, the rather
low response rate of 29% carries the risk of selection bias.We
are not aware of any other web surveys on airway symptoms
or asthma among athletes. A postal questionnaire instead of
a web survey or a postal reminder as a follow-up might have
increased the response rate, but we had access only to e-mail
and not postal addresses. In the previously cited US road
runner study, only 11% of athletes who were surveyed on the
race day participated [12], while the response rate was 68% in
the Norwegian study in which the postal questionnaire was
sent to participants 2 months after the races [14]. In the
current investigation, athletes answered the questionnaire
prior to competition to avoid the influence of airway
symptoms occurring during the races. On the contrary,
surveying athletes before racing could have resulted in in-
cluding athletes who did not complete the race.-e selection
bias is difficult to assess, but in a Swedish questionnaire
study with a 62% response rate, there was no difference in
respiratory symptoms and asthma when comparing re-
sponders and nonresponders [23]. An Italian study, how-
ever, found that subjects with self-reported asthma and
asthma-like symptoms may be more prone to responding
to the ECRHS questionnaire [24].

Some of the athletes with self-reported asthma may have
been misdiagnosed and suffered from other respiratory
diseases, such as exercise-induced laryngeal obstruction [25]
or dysfunctional breathing. Some might even have had
chronic obstructive pulmonary disease (COPD), but we
consider the probability to be low that people with COPD
would participate in these types of competitions. -e study
was cross-sectional, giving us the opportunity to assess
associations but not cause and effects.

5. Conclusions

-e prevalence of self-reported asthma among Swedish
competitive recreational endurance athletes appears to be
higher than that in the general Swedish population. A large
proportion of recreational athletes with asthma use ICS
+LABA. -e results support an association between high
physical activity and self-reported asthma among com-
petitive recreational athletes. Training volume should
therefore be thoroughly surveyed in recreational athletes
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with exercise-induced breathlessness. Further research on how
to prevent asthma among endurance athletes is justified.
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-e inhalation route is frequently used to administer drugs for the management of respiratory diseases such as asthma or chronic
obstructive pulmonary disease. Compared with other routes of administration, inhalation offers a number of advantages in the
treatment of these diseases. For example, via inhalation, a drug is directly delivered to the target organ, conferring high pulmonary
drug concentrations and low systemic drug concentrations.-erefore, drug inhalation is typically associated with high pulmonary
efficacy and minimal systemic side effects. -e lung, as a target, represents an organ with a complex structure and multiple
pulmonary-specific pharmacokinetic processes, including (1) drug particle/droplet deposition; (2) pulmonary drug dissolution;
(3) mucociliary and macrophage clearance; (4) absorption to lung tissue; (5) pulmonary tissue retention and tissue metabolism;
and (6) absorptive drug clearance to the systemic perfusion. In this review, we describe these pharmacokinetic processes and
explain how theymay be influenced by drug-, formulation- and device-, and patient-related factors. Furthermore, we highlight the
complex interplay between these processes and describe, using the examples of inhaled albuterol, fluticasone propionate,
budesonide, and olodaterol, how various sequential or parallel pulmonary processes should be considered in order to comprehend
the pulmonary fate of inhaled drugs.

1. Introduction

Inhalation therapy has gained importance in recent decades
[1]. Today, inhalation represents the administration route of
choice for the delivery of drugs to treat respiratory disorders
such as asthma and chronic obstructive pulmonary disease
(COPD) [2–4]. -e inhalation route is also being investigated
in some instances for the systemic delivery of drugs [5, 6].
However, this review will focus on the inhalation route for
local treatment of pulmonary diseases.

-e primary goal of inhalation therapy for local treat-
ment is to reduce pulmonary symptoms, for example,
through the alleviation and/or prevention of airway in-
flammation and constriction [7]. Typical examples of in-
haled drugs are corticosteroids, beta-sympathomimetics,
muscarinic antagonists, and antibiotics. -e inhalation of

these drugs offers substantial benefits over their systemically
administered formulations. Crucially, high pulmonary drug
concentrations can be achieved by directly delivering the
drug to the target organ, the lung. As a result, considerably
lower inhaled doses can be therapeutically equivalent or
even superior to higher doses of systemically administered
therapy [8, 9]. High pulmonary yet low systemic drug
concentrations conferred by inhalation lead to high pul-
monary efficacy, while simultaneously reducing the risk of
side effects. -is means that higher systemic side effects are
typically associated with orally or intravenously adminis-
tered doses that would provide similar pulmonary efficacy
compared with inhalation [7, 8, 10]. In addition to this
favorable pulmonary efficacy to systemic safety ratio
(“pharmacodynamic (PD) airway selectivity”), inhalation
can provide a more rapid onset of effect in the lung than
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other routes of administration (within minutes for albuterol
and up to half an hour for salmeterol) [11–13].

It is typically assumed that the concentration of a drug at
its site of action determines efficacy. In the case of inhaled
drugs for local treatment, this should mean that pulmonary
concentrations drive efficacy. However, it is important to
highlight that the lung should not be considered as a single,
uniform organ; rather, it is an intricate organ with fine,
branched architecture, and various specialized morphologic
structures, including conducting airways, bronchioles, and
alveoli [14, 15]. Due to the complexity of the lung, multiple
pharmacokinetic (PK) processes exist that are specific to the
pulmonary environment and the inhalation route, making
pulmonary PK generally distinct and much more complex
than those of drugs administered via other routes [16]. Drug
concentrations in the lung are dependent on the interplay
between various pulmonary kinetic processes, examples of
which are outlined later in this review. All pulmonary pro-
cesses are determined, or at least influenced, by one or more
aspects of the inhaled medication, including physicochemical
characteristics of the drug, drug formulation, and the in-
halation device. Patient characteristics such as competency in
inhalation technique may also impact on pulmonary efficacy
[17]. -erefore, the design of inhaled drugs and development
of inhalation products should be based on a sound un-
derstanding of the totality of all pulmonary PK processes.
Along with pulmonary concentrations, systemic drug con-
centrations must be considered in order to evaluate and
understand the systemic safety profile of an inhaled drug.
However, systemic concentrations depend on a number of
factors, including gastrointestinal absorption of the swallowed
fraction of the drug, the rate and extent of absorption via
pulmonary PK processes, and systemic disposition properties,
such as distribution and elimination.

-is review provides a detailed overview of the factors
affecting drug inhalation and discusses both the specific pul-
monary and systemic PKproperties of inhaled drugs that ensure
optimal performance. In addition, wewill summarize important
clinical examples (albuterol, fluticasone propionate/budesonide,
and olodaterol) that clearly demonstrate the complex interplay
between pulmonary PK processes and factors related to the
drug, formulation and device, and patients.

2. Pulmonary Pharmacokinetic
Processes following Inhalation in Contrast to
Oral/Intravenous Administration

Traditional methods of administration, such as the oral and
intravenous (IV) routes, have distinct PK considerations.
Oral drugs must pass through the gastrointestinal tract, the
portal vein, and the liver prior to absorption into the sys-
temic circulation. -erefore, the rate and extent of ab-
sorption is initially influenced by the dissolution kinetics and
the solubility in gastrointestinal fluid. After dissolution, the
intestinal metabolism, passive permeability, and transporter
affinity (efflux/active uptake) of the drug determine the
uptake across the intestinal membrane. Last but not least, the
transport in the portal vein, as well as metabolic and

transporter capacity in hepatocytes, determines the systemic
bioavailability of orally administered drugs (hepatic first
pass) [18]. In contrast, IV administration involves injection
or infusion of drug molecules directly into the blood vessels,
thereby bypassing the gastrointestinal absorption step and
the intestinal and hepatic first pass effects [19]. After either
oral or IV administration, the target is often not located in
the blood or plasma, and so the drug must distribute to the
target organ, such as the lung in respiratory diseases.-erefore,
after systemic administration, the plasma concentration-time
profile is often considered as a surrogate concentration-time
profile for the target organ and target site in the organ [20].
No drug transporters or relevant barriers between blood
and the lung tissue are known, implying that free pul-
monary concentrations are not higher than that in plasma;
hence, pulmonary PK selectivity cannot be achieved by
systemic administration.

-e pulmonary PK processes after drug inhalation con-
trast to those following systemic administration and comprise
(1) drug particle or droplet deposition; (2) drug dissolution in
the lung fluids; (3) mucociliary clearance in the conducting
airways and macrophage clearance in the alveolar space; (4)
absorption (of dissolved drug) to the lung tissue; (5) pul-
monary tissue retention and potential pulmonary metabolism;
and (6) absorptive drug clearance (drug transport) from the
lung tissue to the systemic perfusion. -e interplay between
these processes is outlined in Figure 1 and will be further
discussed later in the review. In addition to the complexity
associated with the pulmonary PK processes, inhaled drugs
present a challenge in that the quantification of pulmonary
tissue concentrations by lungmicrodialysis, for example, is not
feasible in a standard clinical setting. Given the multiple ab-
sorption processes following drug inhalation, plasma con-
centrations do not guarantee an easily interpretable surrogate
concentration for pulmonary concentrations and PK pro-
cesses. Rather, the plasma concentration of an inhaled drug is
the result of drug absorption from different areas of the lung
and gastrointestinal tract, as well as systemic drug disposition
kinetics. Depending on a drug’s physicochemical properties
and first passmetabolism, absorption from the gastrointestinal
tract can be particularly important when a significant fraction
of inhaled drug gets swallowed. Overall, characterizing the PK
of inhaled drugs is highly complex because both the pul-
monary and systemic PK have to be simultaneously evaluated.

2.1. Step 1:DrugParticle/DropletDeposition. As summarized
in Figure 1, the first process following inhalation is the
deposition of drug particles or droplets. A fraction of the
dose gets deposited in the device, whereas the remaining
fraction of particles or droplets gets delivered to the re-
spiratory system. As particles travel through the airway
geometry, deposition occurs in the mouth-throat region, the
conducting airways, and/or the alveolar space. -e total
fraction deposited in the lung is typically referred to as the
“lung dose”, whereas the pulmonary deposition patterns are
often described as being central (larger airways) or pe-
ripheral (smaller airways + alveolar space). Both the lung
dose and the pulmonary deposition patterns are dependent
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on aerodynamic particle size, inhalation flow, device char-
acteristics, and disease-related factors [10, 21–23] but are
generally independent of the physicochemical characteristics
of the drug itself [21] (Figure 2). Particles or droplets that fail
to reach the lung and deposit in the mouth-throat region are
subsequently swallowed [24, 25], whereas particles that
reach the lung but fail to deposit are exhaled [10].

One fundamental property that determines whether
drug is deposited in the mouth-throat region or the airways
is the aerodynamic particle diameter [21, 26]. Specifically,
drug particles with an aerodynamic diameter of approxi-
mately 0.5–5 µm have the greatest potential to be deposited
in the lung (Figure 3). Smaller particles generally deposit
more peripherally in the lung, such as in the alveolar space,
whereas larger particles deposit more centrally, for ex-
ample, in the large conducting airways. Particles larger than
5 µm tend to deposit in the mouth-throat area [27], thereby
reducing the lung dose. Deposition of larger particles in the
central proximal airways and mouth-throat region is
a result of inertial impaction, whereby maximum airflow
velocity causes high mass particles to impact [28, 29].
Smaller particles are subject to sedimentation by gravity;
this is the most effective mechanism of deposition in the
small peripheral airways and can be enhanced by breath-
hold following inhalation [21, 29]. Diffusional deposition,

or Brownian motion, is most relevant to very small, sub-
micron particles that deposit in the small airways and
alveoli [21, 28].

Innovative inhalation devices have been designed to emit
small particles (1–5 µm aerodynamic diameter), thus max-
imizing the lung dose and the proportion of particles that are
successfully delivered to their target site [30]. Inhalation flow
and the velocity at which aerosol particles are emitted from
a device and travel through the airways also have a strong
impact on pulmonary deposition patterns. Generally, faster
inhalation results in increased central and mouth-throat
region deposition, whereas slower inhalation results in
more peripheral deposition patterns. However, when using
a low-resistance dry-powder inhaler, slow inhalation flow
may be insufficient to disaggregate the powdered drug and
can therefore limit lung deposition [31]. Overall, a design
strategy for the inhalation device that couples slow-moving
aerosol with smaller drug particles/droplets has so far been
demonstrated as the most effective method in terms of total
lung deposition and distal airway penetration [28, 32, 33].

2.2. Step 2: Pulmonary Drug Dissolution. Drug particles that
have successfully deposited in the lungmust dissolve into the
fluids of the epithelial lining. As outlined in Figure 2, this
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process is dependent on drug formulation, physicochemical
drug properties, and physiologic factors [25]. -e con-
ducting airways are lined with a biphasic gel-aqueous mucus
layer, whereas alveoli are lined with alveolar lining fluid and
pulmonary surfactant [34]. Both the thickness of the pul-
monary lining fluid, which decreases from large to small
airways [35], and its constitution can influence drug

dissolution. While a mucus layer can act as a barrier to drug
particles [36], surfactants produced by alveolar cells reduce
surface tension and facilitate dissolution [37].

Pulmonary dissolution into the epithelial lining fluid,
which is required for absorption, is also dependent on the
properties of the inhaled drug [25]. While free, solubilized
drugs may diffuse rapidly into the pulmonary lining fluid,

Device and formulation characteristics

Formulation
development

Deposition patterns
(central/peripheral)
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Figure 2: Schematic overview of the interplay of device and formulation, drug, and patient characteristics. -e overlapping areas represent
processes or parameters that are influenced or determined by the drug, the formulation/device, or the patient characteristics.

Particle size-dependent
deposition stratified by respiratory tract region

Aerodynamic particle diameter (µm)

100

75

50

25

0

D
ep

os
ite

d 
fra

ct
io

n
(%

 o
f t

ot
al

 in
ha

le
d 

pa
rt

ic
le

s)

1.5 µm 3 µm 6 µm

Total lung dose
Conducting airways Alveolar region

Head/mouth-throat

0 1 5 10 15 20

Figure 3: Particle size determines location of drug deposition. Aerodynamic particle size determines deposition patterns across the human
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dissolution characteristics are crucial for the absorption of
drug deposited as particulate matter. Slow dissolution as
a rate-limiting step can be desirable in that it prolongs lung
retention and effect duration, albeit with a concomitant
increase in the probability that drug particles get cleared by
mucociliary clearance. For example, fluticasone, an inhaled
corticosteroid, is a very hydrophobic drug characterized by
slow dissolution kinetics that offers extended lung retention
and long-lasting pulmonary efficacy [38–40]. In contrast,
albuterol, a short-acting β2-agonist (SABA), is an example of
a drug with high aqueous solubility and a faster pulmonary
dissolution rate [41]. -e desired dissolution profile there-
fore can influence the design of the drug formulation and the
respective inhalation device.

2.3. Step 3:MucociliaryClearance andMacrophageClearance.
-e pulmonary bioavailability of deposited drug particles
depends on several aspects, including the deposited lung
dose and lung-specific clearance processes. In the con-
ducting airways, the removal of drug particles is primarily
achieved through mucociliary clearance, an evolutionary
pulmonary protection mechanism against bacteria and dust
particles. Here, the upward movement of mucus is driven by
the beating of underlying cilia towards the pharynx. Drug
particles transported to the pharynx via mucociliary clear-
ance are subsequently swallowed and pass into the gastro-
intestinal tract [42]. Given that the velocity of mucociliary
clearance increases with a wider airway diameter and thicker
mucus layer, this process is fastest in the large airways [43].
-erefore, drug particles initially deposited in the central
airways are cleared most quickly. Drug initially deposited in
the peripheral conducting airways may be transported up-
wards and become available for absorption in the central
airways. -is process may confer long-term efficacy in the
upper airways despite the rapid removal of drug particles
from this region. In patients, the mucociliary clearance
might be decreased due to increased thickness of the mucus
layer or a higher mucus viscosity [44, 45]. In summary, the

relevance of the mucociliary clearance is highly complex,
being influenced by all the formulation, the drug charac-
teristics, and the patient characteristics (Figure 2).

Particle clearance may also occur from the alveoli, where
deposited particles can be phagocytosed by alveolar macro-
phages and cleared by transport to the lung-draining lymph
nodes [46, 47]. Compared with mucociliary clearance, mac-
rophage clearance of drug particles is far slower [48–50].
-erefore, macrophage clearance is typically assumed to be
negligible for inhaled drugs, which dissolve before being
cleared by this mechanism unless the drug is degraded by
alveolar macrophages [25].

2.4. Step 4: Absorption to Lung Tissue. Drug particles that
successfully evade pulmonary clearance mechanisms and
dissolve in the epithelial lining fluid may then be absorbed
into the lung tissue, a process that is proposed to occur by
several mechanisms. -e absorption through pulmonary
barriers depends on both patient-specific airway characteristics
and drug characteristics (Figure 2). Lipophilic drugs are
thought to be rapidly absorbed after dissolution by passive
transcellular diffusion through epithelial cells [51]. For small
hydrophilic compounds, paracellular diffusion across the ep-
itheliummay occur through aqueous pores in intercellular gap
junctions [51, 52]. Particles may also be absorbed through
pores in the epithelium that arise transiently due to apoptosis
[51]. Physiologic characteristics of the pulmonary environment
may further influence pulmonary absorption (Figure 4). For
instance, drug absorption takes place over an enormous surface
area in the alveolar space but across a smaller surface in the
conducting airways [10]. -e very high perfusion of the al-
veolar space in comparison to the conducting airways also
promotes a higher absorption rate in the alveolar space [10, 51].
Last but not least, an increased absorption rate in the alveolar
space is conferred by the 0.2µm-thick epithelial cell mono-
layer, which is much thinner in comparison with the con-
ducting airways [10, 53]. Overall, absorption of dissolved drug
is considered fast in the alveoli and slow in the conducting

Fast
absorption

Intermediate
absorption

Slow
absorption

Figure 4: Summary of pulmonary absorption kinetics based on local physiologic characteristics of respiratory tract regions.
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airways due to differences in surface area, perfusion, and
epithelial thickness [10, 53–56].

2.5. Step 5: Pulmonary Tissue Retention and Tissue
Metabolism. Pulmonary tissue retention and distribution
of absorbed/dissolved drug in the airways may be influenced
by the physicochemical drug characteristics [57, 58] of in-
haled drugs or patient-specific characteristics of airways
(Figure 2). -e tissue affinity, or pulmonary tissue partition
coefficient, of an inhaled drug is likely the most important of
these characteristics [25]. For example, basic drug molecules
are reported to be retained in the lung by lysosomal trapping
[58–60]. -e low permeability of inhaled drugs such as long-
acting muscarinic receptor antagonists (LAMAs) or long-
acting β2-agonists (LABAs) is also considered to result in
long lung retention [58, 60–62]. Further potential mecha-
nisms that may increase pulmonary retention time include
slow receptor off-kinetics [26, 63, 64], esterification in the
lung tissue [65], and interaction with membrane lipid bi-
layers, the latter of which is proposed to account for the long
duration of bronchodilation provided by the LABAs sal-
meterol and formoterol [66]. A long pulmonary retention
time is desirable for most inhaled drugs to extend the du-
ration of efficacy [26]. In addition to absorption from the
pulmonary tissue into systemic circulation, drug absorbed in
the lung can be redistributed to other regions of the airways
from the systemic perfusion.

-e lung also contains drug-metabolizing enzymes, al-
though metabolic capacity for most enzymes in the lung is
lower compared with the gastrointestinal and hepatic enzyme
capacity [67, 68]. However, there are also enzymes that have
a relevant capacity in the lung, such as CYP 1A1 in smokers
[69, 70] or CYP 2E1 [71].

2.6. Step 6: Absorptive Drug Clearance to the Systemic
Perfusion. -e final pulmonary PK process is pulmonary
clearance of drug from the lung tissues to the blood cir-
culation (also known as absorptive clearance), a process that
is heavily dependent on perfusion. -e lung is the highest
perfused organ in the body, as the complete cardiac output
flows through the alveolar vascular bed [72]. Levels of local
perfusion, however, vary between the different structures in
the lung and are highest in the alveolar region. Here, the
large absorption area, thin epithelium, and pulmonary cir-
culation supply mean that absorptive clearance occurs more
quickly compared with other regions of the lung [10, 73]. By
contrast, perfusion is much slower in the conducting airways,
which have a smaller surface area available for absorption and
are supplied by the systemic circulation instead of the pul-
monary circulation [72, 73]. In the alveoli, a high perfusion
rate confers rapid equilibration with the systemic circulation
and a very short half-life of drug distribution in this region.
-is was discussed for fluticasone propionate and salmeterol,
resulting in reduced airway selectivity in the alveolar space
compared with the conducting airways [73, 74]. Faster drug
absorption as a general observation in the alveolar space was
suggested by Brown and Schanker [75]. For this reason, and
even though tissue retention in the alveolar space might not be

completely absent, the tissue retention in the alveolar space
was not included in Figure 1. In the tracheobronchial region,
a lower perfusion rate combined with higher tissue retention
offers a longer equilibration time and increased local airway
selectivity [73, 74].

3. Systemic and Pulmonary Pharmacokinetic
Properties of Inhaled Drugs

To minimize systemic exposure after drug inhalation, in-
haled drugs should have low oral bioavailability and high
systemic clearance [76, 77]. High oral bioavailability of an
inhaled drug would result in efficient absorption of swal-
lowed fractions and lead to higher systemic exposure.
-erefore, to maximize airway selectivity, oral bioavailability
should remain low, as this can affect the bioavailable fraction
of swallowed drug and impact negatively on airway selec-
tivity, thereby increasing the risk of systemic side effects. In
addition, the systemic clearance of inhaled drugs should be
high, as drugs with high systemic clearance have lower
systemic exposure and are associated with high airway se-
lectivity [26, 77]. -ese aspects further highlight the difference
between inhaled drugs and orally administered drugs, as these
are often characterized by a high oral bioavailability and a low
systemic clearance.

It has also been discussed that high plasma protein
binding might reduce initial high free plasma concentrations
after pulmonary drug absorption, which are potentially
associated with systemic adverse effects [78]. However, high
plasma protein binding would likely correlate to lower free
pulmonary concentrations, and so this hypothesis requires
further evaluation.

Overall, inhaled drugs are most effective when they are
designed for, and delivered to, their target location in the
airways. An optimal inhaled drug combined with a well-
designed inhalation device would confer the largest differ-
ence between pulmonary drug concentrations and systemic
drug concentrations.-is difference is known as (PK) airway
selectivity, a concept that underpins the aim of respiratory
treatment to specifically target the airways [77]. Ultimately,
airway selectivity should also result in a high pulmonary PD
selectivity. Airway selectivity can be further enhanced by
optimizing particle size, which, as discussed, is a key de-
terminant of the pulmonary regions in which inhaled drugs
are deposited [21, 26–29, 79].

4. Well-Characterized Clinical PK and/or
PD Examples

Drug concentrations in the lung typically cannot be directly
measured. -erefore, to indirectly infer on the pulmonary
concentration-time profiles, a combination of PK data after
inhalation, oral and IV administration is required. Fur-
thermore, a mathematical approach to simultaneously in-
tegrate all these data and to infer on the relevant pulmonary
and systemic kinetic processes is required. Often, it can also
be of importance to base these mathematic modelling ap-
proaches not only on in vivo PK data but additionally
consider high-quality in vitro data, for example, about
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pulmonary drug deposition or pulmonary drug dissolution
[80]. Even though this integration of data has provided
valuable insights into the overall pulmonary PK profile for
inhaled drugs, our understanding of the intricacies of the
inhalation route remains more limited in comparison to
traditional oral and IV routes [25].

-ree PK and/or PD examples, namely, (1) albuterol, (2)
fluticasone propionate/budesonide, and (3) olodaterol, will
be discussed in detail below [81–85]. Further PK evaluations
have also been published for inhaled drugs such as glyco-
pyrronium [61], a LAMA, and AZD5423, a nonsteroidal
glucocorticoid receptor modulator [86]. However, these are
beyond the scope of this review.

4.1. Example 1: Pulmonary Efficacy of Inhaled Albuterol.
As outlined before, particle size is a key determinant of
overall drug deposition in the airways and therefore has
a major impact on efficacy [21, 26]. Fine particles, that is, in
the range of 1–5 µm, are typically characterized by a low
mouth-throat deposition and consequently by a high lung
dose. Larger particles are deposited to a higher extent in the
mouth-throat area, and subsequently a higher fraction of the
inhaled drug is swallowed. In a study of monodisperse
albuterol aerosols (1.5, 3.0, and 6.0 µm) in patients with
asthma, improved bronchodilation was achieved with larger
particles that resulted in lower lung doses compared with an
equivalent dose of smaller particles [87]. -is was proposed

to be a result of increased central deposition in the con-
ducting airways, where smooth muscle, the target of β2-
agonists, is prominent. Predicted deposition patterns of the
three investigated particle sizes are highlighted in Figure 3.
-e overall smaller dose deposited in the lung for the 6 µm
sized particles also resulted in a lower systemic exposure.
-is example shows that, while a higher lung dose is typically
considered to improve lung selectivity, a lower lung dose
with an optimal deposition pattern resulted in higher effi-
cacy and lower systemic exposure. In contrast, for idiopathic
pulmonary fibrosis patients, a more peripheral deposition
pattern was considered valuable, as potential targets are
located more peripherally in the lung [88]. However, as
outlined before, it remains to be demonstrated that the
pulmonary selectivity in peripheral areas of the lung can be
sufficient for future drug targets. In summary, the local
pulmonary deposition patterns should be optimized with
regard to the target location and the diseased area rather
than just the lung dose or the fine particle fraction.

4.2. Example 2: Pulmonary PK and Efficacy of Inhaled
Corticosteroids. Disease-related factors have been shown to
have strong effects on drug PK and PD behavior. In patients
with obstructive pulmonary diseases (e.g. asthma or COPD),
deposition is typically more central compared with less
obstructed airways in healthy volunteers (Figure 5) [23, 89].
In multiple studies comparing the PK of fluticasone

Systemic circulation Systemic circulation

Drug solutes

Alveolus

Aerosol particles

Small airways

Lung epithelium

Diseased lesions

Mucus

Large airways
Diseased lungsHealthy lungs

Blood Blood

Figure 5: Inhaled drug particle deposition in healthy versus diseased lungs. Reproduced with permission from Wang et al. [23].
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propionate and budesonide following inhalation by asthma
or COPD patients with healthy volunteers, plasma con-
centrations of fluticasone propionate were lower in asthma
and COPD patients compared with healthy volunteers,
whereas those for budesonide were similar between patients
and healthy volunteers [82–84]. A potential explanation is
the combination of the slow dissolution of fluticasone
propionate combined with a high central deposition in
patients.-is could lead to a higher fraction of the drug to be
cleared by the mucociliary clearance in patients compared
with healthy volunteers, and consequently, a lower fraction
of deposited drug being absorbed in the lung. For bron-
chodilating drugs or quickly dissolving corticosteroids, as in
this case budesonide, the difference in pulmonary PK and
resulting systemic concentrations is less pronounced [82, 85].
-ese drugs dissolve faster in the lung fluids compared with
fluticasone propionate and might, therefore, already be
absorbed to the pulmonary tissue before a substantial amount
of particles can be cleared by the mucociliary clearance. -is
would also result in a higher fraction of the initially deposited
lung dose being available in a dissolved state at the target site.
-ese findings suggest superior availability of budesonide
compared with fluticasone propionate in acute asthma, in
which the airways are markedly narrowed. -is hypothesis is
supported by the finding that inhaled fluticasone propionate
confers a poor response in children with acute severe asthma
[90]. On first sight, this might be surprising given that flu-
ticasone propionate is considered to be an optimized drug for
inhalation. Furthermore, the higher cleared fraction of fluti-
casone propionate in patients compared with healthy vol-
unteers might be unexpected given that mucociliary clearance
is typically slower in patients with airway diseases [91].

4.3. Example 3: Pulmonary PK of Inhaled Olodaterol.
Olodaterol is another inhaled drug reported to have interesting
PK characteristics in patients. -e impact of asthma and
COPD on the pulmonary PK characteristics of olodaterol was
evaluated in a population PK analysis. Here, despite the de-
creased lung function in asthma and COPD patients, pul-
monary bioavailable fractions of inhaled olodaterol were
comparable with healthy volunteers [85]. Although this result
is consistent with the established lung dose for the soft mist
inhaler used [92], overall pulmonary absorption was slower in
patients [85].-is is unexpected given that airway epithelia are
typically damaged in asthma patients [93], and the integrity of
tight junctions is compromised in COPD patients [94]. -e
overall slower absorption was discussed to be a result of the
more central deposition in patients, which confers an extended
pulmonary residence time. -is suggests preferable lung
targeting of inhaled olodaterol in asthma and COPD patients
compared with healthy volunteers [85].

5. Conclusion

Inhaled drugs are the mainstay of treatment in the care of
pulmonary diseases such as asthma and COPD [2–4].
Compared with other routes of administration, respiratory
drugs that are specifically designed for inhalation can offer

significant benefits, including direct delivery to the disease
target site, rapid onset of action, high and long-term pul-
monary efficacy, and reduced risk of systemic side effects [7].
-ese benefits can be achieved in drug design by considering
the physiochemical properties of inhaled drugs (e.g., solubility),
the device and formulation characteristics (e.g., particle size),
and also the influence of patient characteristics. Overall,
a sound understanding of the lung and its associated kinetic
processes is necessary to overcome the complex challenges of
the inhalational route of administration. Furthermore, the
interplay between all pulmonary kinetic processes is highly
complex. All pulmonary kinetic processes must be simulta-
neously considered as consideration of only a single process or
parameter, such as lung dose, can lead to incorrect assumptions
or inferences regarding pulmonary efficacy of inhaled drugs.

Conflicts of Interest

Jens Markus Borghardt is an employee of Boehringer
Ingelheim GmbH & Co. KG. Ashish Sharma is an employee
of Boehringer Ingelheim Pharmaceuticals Inc. Charlotte
Kloft has received research grants from an industry con-
sortium (AbbVie Deutschland GmbH&Co. KG, Boehringer
Ingelheim Pharma GmbH & Co. KG, Grünenthal GmbH, F.
Hoffmann-La Roche Ltd, Merck KGaA, and Sanofi) as well
as research grants from the Innovative Medicines Initiative-
Joint Undertaking (DDMoRe) and Diurnal Ltd.

Acknowledgments

Editorial support was provided byMediTechMedia, London,
UK, and was funded by Boehringer Ingelheim.

References

[1] G. Crompton, “A brief history of inhaled asthma therapy over
the last fifty years,” Primary Care Respiratory Journal, vol. 15,
no. 6, pp. 326–331, 2006.

[2] F. Lavorini, C. Mannini, and E. Chellini, “Challenges of in-
haler use in the treatment of asthma and chronic obstructive
pulmonary disease,” EMJ Respiratory, vol. 3, pp. 98–105, 2015.

[3] Global Initiative for Asthma,GINA Report: Global Strategy for
Asthma Management and Prevention, 2017, http://ginasthma.
org/2017-gina-report-global-strategy-for-asthma-
management-and-prevention/.

[4] Global Initiative for Chronic Obstructive Lung Disease,
Global Strategy for the Diagnosis, Management, and Pre-
vention of Chronic Obstructive Pulmonary Disease, 2017,
http://goldcopd.org/gold-2017-global-strategy-diagnosis-
management-prevention-copd/.

[5] R. R. Henry, S. R. Mudaliar, W. C. Howland et al., “Inhaled
insulin using the AERx insulin diabetes management system
in healthy and asthmatic subjects,” Diabetes Care, vol. 26,
no. 3, pp. 764–769, 2003.

[6] M. Sakagami, “Insulin disposition in the lung following oral
inhalation in humans: a meta-analysis of its pharmacokinetics,”
Clinical Pharmacokinectics, vol. 43, no. 8, pp. 539–552, 2004.

[7] J. Wright, D. Brocklebank, and F. Ram, “Inhaler devices for
the treatment of asthma and chronic obstructive airways
disease (COPD),” Quality and Safety in Health Care, vol. 11,
no. 4, pp. 376–382, 2002.

8 Canadian Respiratory Journal

http://ginasthma.org/2017-gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/2017-gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/2017-gina-report-global-strategy-for-asthma-management-and-prevention/
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/


[8] B. Mash, A. Bheekie, and P.W. Jones, “Inhaled vs oral steroids
for adults with chronic asthma,” Cochrane Database of Sys-
tematic Reviews, vol. 1, no. 1, p. CD002160, 2001.

[9] S. R. Walker, M. E. Evans, A. J. Richards, and J. W. Paterson,
“-e clinical pharmacology of oral and inhaled salbutamol,”
Clinical Pharmacology and =erapeutics, vol. 13, no. 6,
pp. 861–867, 1972.

[10] N. R. Labiris and M. B. Dolovich, “Pulmonary drug delivery.
part I: physiological factors affecting therapeutic effectiveness
of aerosolized medications,” British Journal of Clinical
Pharmacology, vol. 56, no. 6, pp. 588–599, 2003.

[11] J. Webb, J. Rees, and T. J. Clark, “A comparison of the effects
of different methods of administration of beta-2-
sympathomimetics in patients with asthma,” British Journal
of Diseases of the Chest, vol. 76, no. 4, pp. 351–357, 1982.

[12] J. A. van Noord, J. J. Smeets, and F. P. Maesen, “A comparison
of the onset of action of salbutamol and formoterol in re-
versing methacholine-induced bronchoconstriction,” Re-
spiratory Medicine, vol. 92, no. 12, pp. 1346–1351, 1998.

[13] M. Palmqvist, G. Persson, L. Lazer et al., “Inhaled dry-powder
formoterol and salmeterol in asthmatic patients: onset of
action, duration of effect and potency,” European Respiratory
Journal, vol. 10, no. 11, pp. 2484–2489, 1997.

[14] H. Itoh, M. Nishino, andH. Hatabu, “Architecture of the lung:
morphology and function,” Journal of =oracic Imaging,
vol. 19, no. 4, pp. 221–227, 2004.

[15] M. Herriges and E. E. Morrisey, “Lung development: or-
chestrating the generation and regeneration of a complex
organ,” Development, vol. 141, no. 3, pp. 502–513, 2014.

[16] B. Weber and G. Hochhaus, “A pharmacokinetic simulation
tool for inhaled corticosteroids,” AAPS Journal, vol. 15, no. 1,
pp. 159–171, 2013.

[17] M. Ibrahim, R. Verma, and L. Garcia-Contreras, “Inhalation
drug delivery devices: technology update,” Medical Devices,
vol. 8, pp. 131–139, 2015.

[18] Y. H. Zhao, M. H. Abraham, J. Le et al., “Rate-limited steps of
human oral absorption and QSAR studies,” Pharmaceutical
Research, vol. 19, no. 10, pp. 1446–1457, 2002.

[19] J. F. Jin, L. L. Zhu, M. Chen et al., “-e optimal choice of
medication administration route regarding intravenous, in-
tramuscular, and subcutaneous injection,” Patient Preference
and Adherence, vol. 9, pp. 923–942, 2015.

[20] H. M. Jones and K. Rowland-Yeo, “Basic concepts in phys-
iologically based pharmacokinetic modeling in drug discovery
and development,” CPT: Pharmacometrics and Systems
Pharmacology, vol. 2, no. 8, p. e63, 2013.

[21] A. Tsuda, F. S. Henry, and J. P. Butler, “Particle transport and
deposition: basic physics of particle kinetics,” Comprehensive
Physiology, vol. 3, no. 4, pp. 1437–1471, 2013.

[22] L. -orsson and D. Geller, “Factors guiding the choice of de-
livery device for inhaled corticosteroids in the long-term
management of stable asthma and COPD: focus on budeso-
nide,” Respiratory Medicine, vol. 99, no. 7, pp. 836–849, 2005.

[23] Y. B. Wang, A. B. Watts, J. I. Peters, and R. O. Williams, “-e
impact of pulmonary diseases on the fate of inhaled
medicines–a review,” International Journal of Pharmaceutics,
vol. 461, no. 1-2, pp. 112–128, 2014.

[24] H. Chrystyn, “Methods to identify drug deposition in the
lungs following inhalation,” British Journal of Clinical
Pharmacology, vol. 51, no. 4, pp. 289–299, 2001.

[25] J. M. Borghardt, B. Weber, A. Staab, and C. Kloft, “Phar-
macometric models for characterizing the pharmacokinetics
of orally inhaled drugs,” AAPS Journal, vol. 17, no. 4,
pp. 853–870, 2015.

[26] S. Edsbacker and C. J. Johansson, “Airway selectivity: an
update of pharmacokinetic factors affecting local and systemic
disposition of inhaled steroids,” Basic and Clinical Pharma-
cology and Toxicology, vol. 98, no. 6, pp. 523–536, 2006.

[27] P. Sheth, S. W. Stein, and P. B. Myrdal, “Factors influencing
aerodynamic particle size distribution of suspension pres-
surized metered dose inhalers,” AAPS PharmSciTech, vol. 16,
no. 1, pp. 192–201, 2015.

[28] M. Bonini and O. S. Usmani, “-e importance of inhaler
devices in the treatment of COPD,” COPD Research and
Practice, vol. 1, p. 9, 2015.

[29] P. J. -ompson, “Drug delivery to the small airways,”
American Journal of Respiratory and Critical Care Medicine,
vol. 157, no. 5, pp. S199–S202, 1998.

[30] N. R. Labiris and M. B. Dolovich, “Pulmonary drug delivery.
part II: the role of inhalant delivery devices and drug for-
mulations in therapeutic effectiveness of aerosolized medi-
cations,” British Journal of Clinical Pharmacology, vol. 56,
no. 6, pp. 600–612, 2003.

[31] R.W. Dal Negro, “Dry powder inhalers and the right things to
remember: a concept review,” Multidisciplinary Respiratory
Medicine, vol. 10, no. 1, p. 13, 2015.

[32] B. Zierenberg, “Optimizing the in vitro performance of
Respimat,” Journal of Aerosol Medicine, vol. 12, no. 1,
pp. S19–S24, 1999.

[33] P. Brand, B. Hederer, G. Austen et al., “Higher lung deposition
with Respimat Soft Mist inhaler than HFA-MDI in COPD
patients with poor technique,” International Journal of
Chronic Obstructive Pulmonary Disease, vol. 3, no. 4,
pp. 763–770, 2008.

[34] A. W. Ng, A. Bidani, and T. A. Heming, “Innate host defense
of the lung: effects of lung-lining fluid pH,” Lung, vol. 182,
no. 5, pp. 297–317, 2004.

[35] E. Frohlich, A. Mercuri, S. Wu, and S. Salar-Behzadi,
“Measurements of deposition, lung surface area and lung fluid
for simulation of inhaled compounds,” Frontiers in Phar-
macology, vol. 7, p. 181, 2016.

[36] S. K. Lai, Y. Y. Wang, and J. Hanes, “Mucus-penetrating
nanoparticles for drug and gene delivery to mucosal tissues,”
Advanced Drug Delivery Reviews, vol. 61, no. 2, pp. 158–171,
2009.

[37] A. Akella and S. B. Deshpande, “Pulmonary surfactants and
their role in pathophysiology of lung disorders,” Indian
Journal of Experimental Biology, vol. 51, no. 1, pp. 5–22, 2013.

[38] P. T. Daley-Yates, “Inhaled corticosteroids: potency, dose
equivalence and therapeutic index,” British Journal of Clinical
Pharmacology, vol. 80, no. 3, pp. 372–380, 2015.

[39] M. Johnson, “Pharmacodynamics and pharmacokinetics of
inhaled glucocorticoids,” Journal of Allergy and Clinical
Immunology, vol. 97, no. 1, pp. 169–176, 1996.

[40] P. Hogger, L. Rawert, and P. Rohdewald, “Dissolution tissue
binding and kinetics of receptor binding of inhaled gluco-
corticoidsn [abstract P1864],” European Respiratory Journal,
vol. 6, p. 584S, 1993.

[41] S. H. Yalkowski, Y. He, and P. Jain, Handbook of Aqueous
Solubility Data, Taylor & Francis Inc., Oxford, UK, 2010.

[42] A. Wanner, M. Salathe, and T. G. O’Riordan, “Mucociliary
clearance in the airways,”American Journal of Respiratory and
Critical Care Medicine, vol. 154, no. 6, pp. 1868–1902, 1996.

[43] W. M. Foster, E. Langenback, and E. H. Bergofsky, “Mea-
surement of tracheal and bronchial mucus velocities in man:
relation to lung clearance,” Journal of Applied Physiology:
Respiratory, Environmental and Exercise Physiology, vol. 48,
no. 6, pp. 965–971, 1980.

Canadian Respiratory Journal 9



[44] F. G. Rogers, “Airway mucus hypersecretion in asthma and
COPD: not the same?,” in Asthma and COPD: Basic Mech-
anisms and Clinical Management, P. J. Barnes, J. M. Drazen,
S. I. Rennard et al., Eds., pp. 211-224, Elsevier, San Diego, CA,
USA, 2nd edition, 2009.

[45] W. D. Kim, “Lung mucus: a clinician’s view,” European Re-
spiratory Journal, vol. 10, no. 8, pp. 1914–1917, 1997.

[46] B. Forbes, R. O’Lone, P. P. Allen et al., “Challenges for inhaled
drug discovery and development: induced alveolar macro-
phage responses,” Advanced Drug Delivery Reviews, vol. 71,
pp. 15–33, 2014.

[47] A. C. Kirby, M. C. Coles, and P. M. Kaye, “Alveolar mac-
rophages transport pathogens to lung draining lymph nodes,”
Journal of Immunology, vol. 183, no. 3, pp. 1983–1989, 2009.

[48] E. Camberlein, J. M. Cohen, R. Jose et al., “Importance of
bacterial replication and alveolar macrophage-independent
clearance mechanisms during early lung infection with
streptococcus pneumoniae,” Infection and Immunity, vol. 83,
no. 3, pp. 1181–1189, 2015.

[49] International Commission on Radiological Protection, “ICRP
publication 66 human respiratory tract model for radiological
protection,”Annals of the ICRP, vol. 24, no. 1–3, pp.1–482, 1994.

[50] R. G. Cuddihy, G. L. Fisher, G. M. Kanapilly et al., “NCRP
report no. 125-deposition, retention and dosimetry of inhaled
radioactive substances,” Environment International, vol. 23,
no. 5, p. 748, 1997.

[51] J. S. Patton, “Mechanisms of macromolecule absorption by
the lungs,” Advanced Drug Delivery Reviews, vol. 19, no. 1,
pp. 3–36, 1996.

[52] J. S. Patton, C. S. Fishburn, and J. G. Weers, “-e lungs as
a portal of entry for systemic drug delivery,” Proceedings of the
American =oracic Society, vol. 1, no. 4, pp. 338–344, 2004.

[53] B. Olsson, E. Bondesson, L. Borgstrom et al., “Pulmonary drug
metabolism, clearance, and absorption,” in Controlled Pul-
monary Drug Delivery, H. Smyth and A. Hickey, Eds.,
pp. 21–50, Springer, New York, NY, USA, 2011.

[54] J. S. Patton and P. R. Byron, “Inhaling medicines: delivering
drugs to the body through the lungs,” Nature Reviews Drug
Discovery, vol. 6, no. 1, pp. 67–74, 2007.

[55] C. A. Ruge, J. Kirch, and C. M. Lehr, “Pulmonary drug de-
livery: from generating aerosols to overcoming biological
barriers-therapeutic possibilities and technological chal-
lenges,” Lancet Respiratory Medicine, vol. 1, no. 5, pp. 402–
413, 2013.

[56] L. S. Schanker, E. W. Mitchell, and R. A. Brown, “Species
comparison of drug absorption from the lung after aerosol
inhalation or intratracheal injection,” Drug Metabolism and
Disposition: =e Biological Fate of Chemicals, vol. 14, no. 1,
pp. 79–88, 1986.

[57] E. Backstrom, A. Lundqvist, E. Boger et al., “Development of
a novel lung slice methodology for profiling of inhaled
compounds,” Journal of Pharmaceutical Sciences, vol. 105,
no. 2, pp. 838–845, 2016.
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+e administration of aerosolized medication is a basic therapy for patients with numerous respiratory tract diseases, including
obstructive airway diseases (OADs), cystic fibrosis (CF), and infectious airway diseases. +e management and care for patients
requiring mechanical ventilation remains one of the greatest challenges for medical practitioners, both in intensive care units (ICUs)
and pulmonology wards. Aerosol therapy is often necessary for patients receiving noninvasive ventilation (NIV), which may be
stopped for the time of drug delivery and administered through ametered-dose inhaler or nebulizer in the traditional way. However, in
most severe cases, this may result in rapid deterioration of the patient’s clinical condition. Unfortunately, only limited number of
original well-planned studies addressed this problem. Due to inconsistent information coming from small studies, there is a need for
more precise data coming from large prospective real life studies on inhalation techniques in patients receiving NIV.

1. Introduction

Inhalation therapy remains a basic treatment option for
chronic airway diseases, including chronic obstructive lung
disease (COPD), asthma, and in selected cases of CF. It may
be used daily, as a method of symptom control or, in case of
an acute exacerbation (AE), as a life-saving therapy. +ere is
a broad spectrum of inhaler devices used in maintenance
treatment for patients with mild to moderate lung diseases,
including breath-actuated inhalers (pressurized metered-
dose inhalers pMDIs, dry powder inhalers DPIs) [1] and
nebulizers (vibrating mesh nebulizers or jet nebulizers) [2].

As noninvasive mechanical ventilation (NIV) has re-
cently become a treatment standard in COPD [3] and also
a popular treatment option for patients with respiratory
insufficiency in the course of CF [4] or asthma [5], attempts
are made to couple it with aerosol therapy for patients’
benefit [6, 7]. Use of corticosteroids and bronchodilators
during NIV has demonstrated a clinical benefit in both

asthma and COPD [8]. Administration of other inhaled
drugs during NIV may also be beneficial because of their
physicochemical properties; for example, medications which
are cleared rapidly (e.g., prostanoids) have to be adminis-
tered in high locally distributed doses (antibiotics and
surfactants) or for a prolonged period of time (like muco-
lytics) [9]. NIV is now more frequently implemented in
patients admitted to the Emergency Room (ER), diagnosed
with acute or acute on chronic respiratory failure in the
course of OADs, who are at high risk of death. Due to the
patient’s clinical condition, NIV may not be discontinued to
administer aerosolized drugs in the traditional manner
without significant risk of rapid deterioration. Data on
aerosol therapy coupled with NIV in this special patient
population is scarce, and there is a need for prospective
randomized trials; therefore the aim of this review of the
available literature on this topic is to help medical practi-
tioners make optimal decisions while caring for this patient
population.
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2. Inhalation Techniques in Stable COPD
Treated with Chronic NIV

Inhalation therapy for stable COPD patients treated with
NIV is oriented on bronchodilation and nebulized antibiotic
therapy (e.g., colistin, tobramycin, or gentamycin) [10–12] in
case of clinically important purulent expectoration, like in
overlapping bronchiectases. Inhalation technique in patients
with severe COPD may be significantly impaired, especially
in end stage disease. A significant number of those patients
are incapable of inhaling drugs through standard DPIs
(>30 l/min) due to severely decreased inspiratory capacity
(IC) resulting from poor inspiratory muscle strength, di-
aphragm reposition, and secondarily impaired inspiratory
flows [13]. However, nebulizers are rarely used in chronic
treatment due to prolonged time needed for this form of
therapy [14]. Short-acting beta-agonists (SABAs) and/or
ipratropium bromide are medications which are fre-
quently used in the treatment of acute exacerbations of
chronic obstructive pulmonary disease (COPD-AEs).

Abdelrahim et al. performed an in vitro experiment on
terbutaline nebulization during NIV in the context of different
nebulizer types (Aeroneb Pro, vibrating mesh nebulizer, and
Sidestream, jet nebulizer) and the devices’ position in the
circuit (either proximal, e.g., the nebulizer placed between
expiration port and breathing simulator—patient model or
distal to the breathing simulator) during NIV with the fol-
lowing settings: inspiratory (I) and expiratory (E) pressures of
20 and 5 cm H2O, I :E ratio 1 : 3, 15 breaths/min (BPM), and
tidal volume (TV) of 500ml. During the experiment, 5mg
terbutaline was administered, and the loss of inhaled dose was
measured through the amount of drug deposited in the ex-
piration port filter. When the proximal position is considered
in case of both nebulizers, it was revealed that there was
a greater fine-particle dose emitted from the vibrating mesh
device due to a smaller residual volume in comparison with
Sidestream nebulizer [15].

Due to frequent difficulties in synchronizing inhalation
and pMDI actuation, especially in elderly patients who have
low mental-state scores, hand strength, and ideomotor
dyspraxia [16], there is an increasing need to implement
aerosol therapies which reduce the necessity of such actu-
ation coordination in everyday practice.

3. Inhalation Techniques in Patients with
COPD-AEs and Acute Asthma Exacerbations
(AAEs) Treated with NIV

NIV is rarely used in AAEs due to lack of consistent data
reinforcing its effectiveness [17]. Due to lack of official
guidelines and indications for NIV in AAEs, this form of
therapy is sometimes implemented as a short-term attempt,
oriented on avoiding intubation and transfer to ICU. In
those rare cases, continuous NIV therapy applied during
NIV treatment should be maintained until clinical im-
provement or deterioration is observed. In case of clinical
benefit, NIV should not be interrupted for aerosol therapy;
therefore, the preferred option is to connect a nebulizer to
a single-limb circuit in a position as close to the patient as

possible. It is indicated to adjust NIV settings in a way which
may facilitate an increase in bronchial drug deposition,
namely, to decrease inspiratory pressures and prolong in-
spiratory time for the duration of drug administration.
Continuous positive airway pressure (CPAP) administered
in acute respiratory failure did not shorten hospitalization or
reduce mortality, however, it resulted in a reduced in-
tubation rate but did not significantly impact arterial blood
gas (ABG) or forced expiratory volume in one second
(FEV1) values [18]. In a group of patients with stable asthma,
CPAP application (10 cm H2O) did not impact the degree of
the response to nebulized albuterol or dose responsiveness
[19]. In another study, it was revealed that in a group of
patients with acute respiratory failure, blood oxygenation
and pulmonary functions improved extensively after CPAP
implementation in comparison to standard therapy [20].
AAEs are similar to COPD exacerbations in many ways,
such as an increase in both inspiratory and expiratory in-
dexes of airway obstruction, dynamic hyperinflation, and
generation of negative pleural pressure that is necessary to
overcome the intrinsic positive end-expiratory pressure
(iPEEP) and increased airway resistance [21]. Patients
treated for AAE with albuterol administered with bilevel
positive airway pressure (BiPAP) exhibited greater im-
provement in peak expiratory flow (PEF) values than pa-
tients treated only with albuterol administered through
standard nebulization [22]. Notwithstanding this, the im-
provement may have mostly resulted from inspiratory
positive airway pressure (IPAP) unloading the respiratory
muscles and reducing hyperinflation, as PEF values are more
dependent on respiratory muscles’ strength than bronchial
patency. Alas, this has not been yet addressed in clinical
research, and prospective studies are necessary to assess the
determinant factors. A patient group treated for severe
asthma attack with bronchodilators was randomized to NIV
administered through a nasal mask with settings as follows:
spontaneous over time mode (ST), IPAP 8–15 cm H2O
(increased gradually; if <25 BPM were achieved with lower
IPAP values, then lower IPAP was maintained), expiratory
positive airway pressure (EPAP) 3 to 5 cm H2O 3 h/day, or
sham NIV therapy. +e patients were also encouraged to
breathe only through the nasal mask. 80% of NIV group
achieved a ca. 50% increase in FEV1 compared to baseline
values versus 20% in sham NIV group. Intervention group
also achieved amore significant increase in FEV1. It has to be
underlined that NIV was discontinued for nebulization [23].
A study was conducted on the effect of connecting tem-
perature, nebulizer tubing, and breathing patterns, on mass-
weighted aerodynamic particle size drug distribution. +e
data obtained from this study suggested that when inhaled,
modifications of particle distribution occur that are related
to conditions in the device tubing and may reduce the di-
ameters of particles entering the airways [24]. In terms of
nebulized corticosteroids, where micronized drug suspen-
sions are the only delivery system, in order to enhance the
drug’s bioavailability, superficial fluid processing reveals
a significant increase in in vitro deposition of aerosol par-
ticles [25]. Moreover, positive pressures administered during
NIV cause aerosol particle diameter reduction [26],
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respiratory rate (RR) reduction, and TV increase, which
result in drug delivery enhancement [27]. Furthermore,
increased expiratory time (resulting from slower RR) may
promote particle sedimentation and influence aerosol de-
position patterns during exhalation [27]. Pressure support
(PS) and CPAP are highly effective in terms of reducing
work of breathing in patients with bronchoconstriction
[28–30], which could impact the response to aerosol therapy.
A randomized study on patients with acute asthma exac-
erbation treated with NIV (median IPAP of 12 cm H2O,
median EPAP of 5 cm H2O) revealed more rapid symptoms’
resolution in patients receiving NIV, along with decrease in
demand for bronchodilator use [31]. A prospective ran-
domized controlled study by Brandao et al. was designed to
compare the effects of jet nebulization during spontaneous
breathing and aerosol therapy (2.5mg of fenoterol bromide
rate, 0.25mg of ipratropium bromide, and 4mL of saline
solution) administered during NIV in patients with AAE
and FEV1 <60% of the predicted value, who were treated for
acute asthmatic episode in the ER. +e patients were ran-
domized into 3 subgroups: control group who were ad-
ministered bronchodilators and sham NIV therapy, study
group 1 (jet nebulization andNIVwith IPAP 15 cmH2O and
EPAP 5 cm H2O), and study group 2 (jet nebulization and
NIV with IPAP 15 cm H2O and EPAP 10 cm H2O). In both
study groups, the ventilator and the nebulizer were con-
nected through a T-tube. RR, heart rate (HR), oxygen sat-
uration (SpO2), PEF, FEV1, forced vital capacity (FVC), and
forced expiratory flow at 25–75% (FEF25–75) were recorded
before and after 30 minutes of each nebulization.+e second
study group, with greater EPAP values, revealed an increase
in PEF, FVC, FEV1, and FEF25–75 after 30 minutes of
intervention compared to baseline values. In the first study
group, there was also a significant increase in PEF.+is study
showed that jet nebulization administered during NIV may
reduce bronchial obstruction and relieve asthma symptoms
better compared to aerosol therapy during spontaneous
breathing. Also the potential of greater EPAP values to
reduce bronchial obstruction (reflected in greater values
observed for FVC, FEV1, and FEF25−75% in the second
study group) should be underlined in this patient population
[32]. +is may be attributed to the improved alveolar re-
cruitment and the improvement in patency of peripheral
airways, which may in turn result in enhanced collateral
ventilation in obstructed pulmonary areas [33]. Addition-
ally, lower PS probably resulted in laminar airflow and
enhanced pulmonary deposition due to drug sedimentation
in collateral airways. Ventilation of peripheral lung tissue
may increase pulmonary volumes and act as mucociliary
clearance mechanism [34, 35], which promotes secretion
clearance [36]. As revealed in a study by Soroksky et al.,
airway patency maintenance may be attributed to positive
pressures used in NIV [23], facilitating effective nebulization
performance. Nonetheless, in intubated and mechanically
ventilated patients, acute with COPD-AE exacerbation,
there was no difference in bronchodilator response during
pressure support ventilation (PSV) or controlled mechanical
ventilation (CMV) [37]. In recapitulation, several studies
imply that NIV and bronchodilator therapy provide additive

benefits in patients with acute asthma or COPD exacerba-
tions. Additional studies in larger populations are necessary
to confirm these findings. In spite of lack of evidence-based
prospective studies on nebulized drug administration and
their effectiveness in patients with severe COPD-AEs and
AAEs, there is a strong impression that nebulization coupled
with NIV will be more effective in patients with most
pronounced bronchial obstruction. It also has to be ac-
knowledged in asthma and COPD guidelines. NIV is much
less likely to succeed in the treatment of acute asthmatic state
than NIV in course of COPD-AE. +is may also influence
overall treatment outcomes with much poorer results in real
life asthma therapy.

4. Inhalation Therapy with Saline Solutions in
CF and COPD Treated with NIV

Nebulization with concentrated saline solutions is often used
in the treatment of COPD [38] and CF [39] with large
amount of dense sputum. Generally, 0.9% NaCl is used,
especially in patients with a tendency for bronchocon-
striction. It is rather recommended to start with 3.5% hy-
pertonic saline and then proceed with more concentrated
solutions, up to 7% [40].+is method oriented on increasing
sputum clearance is often ineffective in patients with CF.
Protocols based on recombinant human deoxyribonuclease
followed by hypertonic saline or nebulized antibiotics such
as tobramycin are implemented with these patients. Anti-
biotics which are typically administered intravenously may
be also administered through nebulization, often as main-
tenance therapy [41]. Nebulization therapy is in that case
followed by chest physiotherapy [42].

5. CF Treatment with Inhalation and NIV

CF is characterized by bronchial wall damage and thick phlegm
retention leading to bronchiectasis development. +ese path-
ophysiological changes may also be spotted in severe COPD.
Routine use of bronchodilators is not recommended for CF
patients [43]. Application of NIV in CF patient may be also
required in end stage disease with respiratory failure, especially
in patients on lung transplantation list.

In a study by Fauroux et al., an evaluation of the efficacy
of PSV in enhancing pulmonary deposition was conducted.
Pulmonary deposition of radiolabeled drug (185MBq of
99m Tc phytates in 4ml of 0.9% NaCl) was evaluated in case
of aerosol produced by nebulization coupled with NIV and
nebulization alone [44]. It was revealed that total pulmonary
deposition was significantly improved by nebulization
coupled with NIV, which was reflected in the difference in
the total radioactivity count in the lungs after nebulization
alone and nebulization coupled with NIV. +e radioactivity
count increased by ca. 30% after NIV plus nebulization
intervention. +e aforementioned difference cannot be in
this case attributed to difference in aerosol particle size [45],
as both nebulizers in the control and study group produced
aerosol particles of similar diameters. As a consequence, the
difference in radioactivity count can be attributed to PSV.
NIV administration resulted in change in breathing pattern.
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In a previous study by Fauroux et al. [46], an increase in TV
and decrease in RR was revealed in children with CF treated
with IPAP of 12 cm H2O. It was found that the larger the PS,
the more significant the increase in TV and the greater the
decrease in RR. Also an increase in peripheral pulmonary
aerosol deposition was reported in another group of patients
with stable CF when a jet nebulizer was used along with
positive expiratory pressure (PEP) [47]. +ere are no con-
sistent data on NIV in CF with respiratory failure [48, 49],
and response to bronchodilators was not evaluated in these
studies.

It was revealed that PSV implemented with CF patients
during chest physiotherapy prevented oxygen desaturation.
Also a decrease in RR and increase in TV and minute ven-
tilation was observed in these patients [46]. Administration of
antibiotics through nebulization is a well-established treat-
ment method in CF, but it is also effectively used in the
treatment of post-lung transplant patients and in selected
patients with severe COPD and bronchial Gram-negative
colonization. Due to increasing interest in potential benefits
to treat respiratory tract infections in mechanically ventilated
patients, a consensus statement of the European Society of
Clinical Microbiology and Infectious Diseases was released
and following recommendations were issued. Vibrating mesh
nebulizers have advantage over ultrasonic or jet nebulizers. In
order to limit tracheobronchial or circuit deposition and
decrease turbulence, it is recommended to use either re-
spiratory circuits with smooth inner surface and without sharp
angles or to use volume controlled mode of ventilation during
nebulization with constant inspiratory flow, TV 8mL/kg per
ideal body weight, respiratory frequency 12 to 15BPM, I :E
ratio 1 : 2, inspiratory pause 20%, and positive end-expiratory
pressure (PEEP) range from 5 to 10 cm H2O. Also, to avoid
patient’s flow triggering and episodes of peak decelerating
inspiratory flow in case of lack of patient-ventilator co-
ordination, administration of a short-acting sedative agent is
recommended. A filter should be placed on the expiratory limb
to protect the device from pathogen contamination. A heat
and moisture exchanger or humidifier should be stopped
during aerosol administration to avoid a massive loss of
aerosol through trapping or condensation [50].

6. Factors Influencing Efficiency of Aerosol
Therapy during NIV

Numerous factors influence the efficiency of aerosol therapy
in NIV-ventilated individuals: firstly, the type of ventilator,
ventilation mode, interface type, and circuit conditions;
secondly, medication related factors, like particle diameter;
and last, but not least, also patient-related factors impact the
efficiency of drug delivery. +ese include breathing pa-
rameters, tolerability of particular mask/interface type,
underlying diagnosis as indication for NIV, synchronization
of inspiration with drug flow, severity of airway obstruction,
iPEEP presence, patient-NIV synchrony, [51] and excessive
leakage probably as the most important factors. Ventilation
modes have impact on drug delivery due to diverse pressure
settings or airflow rates. PS minimizes inspiratory effort,
reduces RR, and increases TV and minute ventilation, thus

improving ABG values. It also minimizes areas of atelectasis
thank to PEEP and prevents small airways from closing,
which may result in more uniform drug deposition [52].
Circuit humidity may increase the size of aerosol particles
which results in increased impaction losses and reduction of
aerosol delivery compared to a dry circuit [53].

During NIV, in contrast to invasive ventilation, air is
additionally humidified during passage through nasal cavity.
Many factors impact air humidification: the use of external
humidifier [54], air leak [55], air temperature, breathing
pattern (through the mouth or nose), and gas flow rate [54].
If big airflows resulting from high pressures are used, they
may result in increased nasal resistance and bronchial
hyperresponsiveness induction [55]. +e increase in airway
resistance reverses the beneficial effects of bronchodilator
use. Heliox, an 80/20 mixture of helium and oxygen, due to
lower gas density makes airflow more laminar, which re-
duces work of breathing in AEs of COPD therefore im-
proving therapy tolerance [56] In healthy individuals, this
gas mixture increases aerosol deposition in peripheral lung
tissue, reducing its deposition in the upper airways. Use of
heliox reduces drug deposition in endotracheal tube or
ventilator circuit [57]. In a randomized double-blinded
study, Alcoforado et al. have evaluated the effect of oxy-
gen and heliox administered either with or without PEEP on
pulmonary function and deposition of radiolabeled aerosols
(fenoterol and ipratropium bromide in saline solution) in 32
stable asthmatics diagnosed with moderate to severe asthma.
It was revealed that pulmonary deposition was enhanced in
subgroups where PEEP was administered, regardless of gas
used in nebulization process. However, medication response
reflected in the increase in FEV1, and IC was most significant
in heliox plus PEEP subgroup, in comparison to oxygen and
heliox alone or oxygen plus PEEP groups [58]. +e physical
characteristics of heliox, which facilitate laminar airflow,
generating longer expiration time, may explain the increase
in IC. Prolonged expiration time allows hyperinflation re-
duction, thereby increasing IC. Furthermore, PEEP appli-
cation during exercise helps to reduce pulmonary
hyperinflation and prolong exercise [59]. Further studies are
needed to explain the increase in pulmonary function in
heliox plus PEEP group, compared to oxygen plus PEEP
group. Heliox itself does not act as a bronchodilator, in spite
of its physical characteristics. However, as mentioned above,
it is possible that its high viscosity and low density (com-
pared to oxygen) facilitate less turbulent airflow. Use of nasal
masks compared to mouthpiece-based inhalation may sig-
nificantly reduce pulmonary aerosol deposition due to drug
deposition in the nasal passage and may lead to an increase
in air leak through open mouth. Moreover, during con-
tinuous nebulization, pulmonary drug deposition may be
significantly decreased if a patient removes a mouthpiece
from their mouth. Nasal masks are also ineffective in case of
nares obstruction [51]. +erefore oronasal masks should be
chosen for first line treatment. Face mask and nasal mask
should be carefully selected and tightly adjusted to avoid
drug deposition in the eyes’ area or aerosol leak. Nose-to-
lung aerosol delivery is still a novelty in the field of aerosol
therapy. Its use is limited due to significant extrathoracic
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particle deposition. Excipient-enhanced growth formulated
drugs are generated by a DPI; a device adapted so that
a patient receiving respiratory therapy through high flow
nasal cannula may be simultaneously administered aero-
solized medications. Condensational growth in the airways
leads to an increase in particle diameter to ca. 2 μm, which
resulted in intrathoracic aerosol deposition >90% [60]. In
a clinical trial involving healthy volunteers, who were
noninvasive ventilated, urinary excretion of amikacin 24
hours postinhalation was compared after its delivery with
a vibrating mesh nebulizer linked with a single-limb circuit
bilevel ventilator, using conventional continuous (Conti-
Neb) and experimental inspiratory synchronized (Inspi-
Neb) nebulization modes. +e volunteers were assigned
randomly to vibrating mesh nebulization modes: Inspi-Neb
delivering the amikacin solution during inspiration and
Conti-Neb, delivering the antibiotic continuously. NIV
using a single-limb bilevel ventilator was performed (in-
spiratory positive airway pressure IPAP 12 cm H2O, EPAP
5 cm H2O). +e urinary concentrations of amikacin were
significantly higher after administering the medication with
Inspi-Nebmode, similarly to the elimination rate constant of
amikacin, which is an indirect indicator of amikacin pen-
etration into lung tissue. +is suggests that Inspi-Neb mode
nebulization during NIV may improve pulmonary amikacin
delivery compared to conventional continuous vibrating
mesh nebulization [61]. On the other hand, it has to be
acknowledged that described pressures of 12/5 cm H2O are
rather rarely used in real life NIV therapy for COPD. Further
studies are needed to describe antibiotic delivery when
higher pressures leading to excessive air leaks are used, as
this may result in a decrease in drug deposition. Also studies
with patients with severe COPD are necessary, as turbulent
airflow and uneven drug distribution may be expected in
case of severe airway obstruction. Medication delivery effi-
ciencies for aerosol therapy during NIV through the venti-
lation circuit range from <1 to 10% in adult and pediatric
populations in vitro and even less (1–6%) in vivo, the dif-
ferences being attributed to lack of exhaled fractions and lack
of humidification in experimental conditions. Comparatively,
a study on healthy individuals was conducted to measure
central and peripheral pulmonary deposition of radiolabeled
diethylenetriaminepentaacetic acid (DTPA). +e lung de-
position was measured to be >80%, whereas extrathoracic
depositionwas below 20% of the body deposition [62]. Aerosol
therapy duringNIV has become a common practice, especially
in patients with acute onset of respiratory symptoms, due to
clinical benefits and such treatment’s effectiveness [63].

7. Device Selection

Aerosol therapy may be administered to a patient receiving
NIV through pMDIs or nebulizers [64–67]. Previous find-
ings suggested better pulmonary deposition if mesh nebu-
lizer was used during NIV in comparison with jet nebulizer
[15, 68]. +e most efficient devices, in case of positioning
between the leak port and the face mask, were the Aeroneb
Solo and NIVO [69]. It was also revealed that nebulization
during NIV is more efficient than nebulization alone [44].

8. Interface Selection

+e choice of interface depends on the patient’s underlying
condition and the patient’s comfort. Full face mask (covering
the whole face except the ears) is an interface of choice in
patients with acute hypercapnic respiratory failure who are
breathing through open mouth and suffer from claustro-
phobia or facial skin injuries. With such abundance of facial
interfaces, it must be underlined that full facemasks or helmets
are not suitable for aerosol therapy because of ventilator flow
and the patient’s exposure to aerolized medications [66].
Medication leak into the patient’s eyes should also be taken
into account in case of patients receiving NIV [70]. Nasal
masks may be used in the patient with patent nostrils who do
not tolerate oronasal or full face masks. In those cases, NIV
may be conducted together with nebulization throughout
standard mouthpiece. In our department, mostly oronasal
especially in COPD patients receiving ipratropium bromide
through nebulization or eventually nasal masks are used in
case of patients with large sputum volume expectoration.
Oronasal masks facilitate rapid improvement of ABG in
a patient with COPD-AE and are effective if breathing through
open mouth cannot be eliminated. +ey are also easily ad-
justed with head straps. Full face masks are not used for
ipratropium administration, as thismedicationmust not come
in contact with the patient’s eyes due to its irritancy [71].
Moreover, there were reports of acute angle closure resulting
from ipratropium administration, which is of special im-
portance in patients with glaucoma [72, 73].

9. Delivery Technique

Aerosolized medication delivery depends on facial interface
selection, device type, leak port positioning, and nebulizer
location in the circuit [74, 75]. Turbine ventilators are paired
either with a single-limb circuit with exhalation port or with
vented mask. +e positioning of leak port is significant due
to medication loss to the environment. Nebulizer location
between the leak port and the patient increases medication
delivery during NIV independently of the device type
[15, 68, 75–77] and therefore results in best clinical effects.

pMDI’s efficiency in terms of medication deliverymay be
comparable to nebulizer’s efficiency in case of the leak port’s
position in the circuit [75]. +ere were previous reports that
use of mask with leak ports reduces pulmonary deposition in
comparison to masks without such a port. Due to lesser
medication loss during expiration with pMDIs, delivery
efficacy is greater than that of nebulizers [75]. Nebulizer
positioning prior to humidifier decreased medication pul-
monary deposition during NIV in pediatric lung model [76].
However, humidification during acute NIV is not routinely
indicated. In a study by Hassan et al., three types of devices
were examined as aerosol generators in vitro, ex vivo, and in
vivo: MDI with AeroChamber-MV spacer, Aerogen Pro
vibrating mesh nebulizer, and Sidestream jet nebulizer. A
BiPAP type ventilator (dry single-limb circuit, fixed expi-
ratory port) was initially set in ST mode, IPAP 20 cm H2O
and EPAP 5 cmH2O and later titrated to achieve TV of 500mL
in COPD patients [6]. Comparable doses of salbutamol were
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administered through both nebulizers, and the nominal dose
of bronchodilator in the MDI device was smaller. Salbuta-
mol deposition was later evaluated on the basis of drug
concentration in patients’ urine. It was revealed, that pul-
monary deposition achieved with a vibrating mesh nebulizer
exceeded this achieved through a jet nebulizer. However,
deposition of smaller nominal dose of salbutamol (2mg)
delivered from MDI was comparable to deposition of bigger
doses from both nebulizers, which may suggest better
medication delivery stress on proper delivery by health care
providers [6]. Tests with radiolabeled aerosols in vivo have
revealed that nebulizer type may contribute to a 4-fold dif-
ference in pulmonary deposition of the aerosolizedmedication
[78]; therefore, physicians responsible for treatment planning
and drug dosage choice should be aware of the characteristics
of available equipment. Previous reports demonstrated that
NIV settings also impact pulmonary deposition of aerosols.
Increase in IPAP improves pulmonary deposition, and in-
crease in EPAP results in decrease in medication delivery [74].
In a bench model study by Chatmongkolchart et al., the effect
of NIV settings (increasing IPAP and EPAP levels) and
nebulizer position (either at ventilator outlet or between lung
model connection and leak port) on albuterol delivery during
NIV was evaluated. Medication deposition in the lung model
was affected by nebulizer position, RR, and ventilation settings.
Distal positioning of the nebulizer and RR of 20/min were
associated with greatest aerosol deposition. Aerosol delivery
was enhanced with increasing IPAP levels and decreased with
increasing EPAP levels [74]. +erefore, nebulizer location
between the facial interface and the leak port during NIV may
result in delivery of approximately 25% of the nominal dose in
case of high IPAP and low EPAP settings [74]; that’s why it
should be considered at the stage of drug dose prescription.

As stated above, clinical studies also demonstrated NIV’s
bronchodilator mechanism and a similar dose relationship
between IPAP levels and response to bronchodilator in
patients with acute asthma exacerbation [22, 32, 78].

10. Conclusion

Due to inconsistent data from small studies, there is a need
for more precise data coming from large prospective and
well-planned real life studies on nebulization techniques in
patients receiving NIV.+e indication for NIV coupled with
aerosol therapy with most background in world literature is
treatment of patients with acute and acute on chronic type-
two respiratory failures in the course of COPD-AEs and
AAEs. In acute setting, preferable mask type indicated in
patients requiring NIV and nebulization is the oronasal
mask. In patients with massive sputum expectoration, nasal
mask may be used as the first line option. Nebulization
combined with NIV is also indicated in CF and probably in
COPDwith advanced bronchiectasis, generally for antibiotic
delivery and chest physiotherapy.
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Poor inhaler technique and nonadherence impair the efficacy of medications for asthma and chronic obstructive pulmonary
disease (COPD). A range of factors, including age, dexterity, inspiratory capacity, cognitive ability, health literacy, and ethnicity,
can impact a patient’s ability and intention to use their device. Treatment success can also be influenced by patient preferences and
perceptions. +erefore, it is important that healthcare professionals effectively match inhaler devices to individual patients’ needs
and abilities and empower patients by including them in treatment decisions. Physicians must, therefore, fully understand the
characteristics of each device, as well as their patients’ demographic characteristics and comorbidities. Following device selection,
patient training and education, including a physical demonstration of the device, are key to eliminate any critical errors that may
impact on health outcomes. Inhaler technique should be frequently rechecked. +is review will examine the important role of
primary care providers in the selection of appropriate inhaler devices and provision of training for patients with COPD and
asthma to optimize correct inhaler use and adherence. An overview of the key features of available devices and of the factors to
consider when selecting devices will be provided in the context of current asthma and COPD guidelines.

1. Introduction

Asthma and chronic obstructive pulmonary disease (COPD)
are chronic inflammatory pulmonary diseases that affected
339 and 252 million people, respectively, worldwide in 2016
[1]. Both disorders cause airflow limitation, and inhaled
medications—including inhaled corticosteroids, short- and
long-acting β2 agonists, and antimuscarinic drugs—are
central to their management [2, 3]. Inhaled therapy ensures
rapid and direct delivery to the site of pathology and can be
provided to patients via a range of devices, including neb-
ulizers, pressurized metered-dose inhalers (pMDIs), dry
powder inhalers (DPIs), and soft mist inhalers (SMIs).
Despite the wide availability of these devices, poor inhaler
technique and nonadherence to inhaled therapy has
a marked effect on the therapeutic benefit of medication for
asthma and COPD [4]. Studies consistently report that many

patients with asthma and COPD do not use their inhaler
devices correctly [5, 6]. A recent systematic literature review
and meta-analysis found that incorrect technique is com-
mon across devices, with up to 100% of patients demon-
strating at least one error [5]. Moreover, up to 92% of
patients experience critical errors, that is, one that may
impact the effectiveness of the delivered drug [5]. Indeed,
medications for asthma and COPD cannot be effective if
they do not reach the airways they are intended to target
[7, 8]. Poor inhaler technique stems in part from the fact that
the purpose and how to use inhalation devices are often
poorly understood by patients, which can also lead to a re-
luctance to use the prescribed devices [9]. +e variety of
device types prescribed to patients can cause additional
confusion and further impede effective use [10]. Due to these
various reasons, poor adherence is common, with 50% or
more of patients with asthma and COPD not taking their
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inhaled therapy as prescribed or instructed [11, 12]. Non-
adherence can further perpetuate poor technique and can
lead to costly exacerbations and worsening disease [11, 12].

It has been demonstrated that a shared-care approach
(where patient goals and preferences are accommodated)
and comprehensive patient education, including device
training, can improve outcomes [13, 14]. However, even
with training, not all patients are able to use their inhalers
correctly [15]. For instance, some devices are unsuitable for
use in certain patients (e.g., the patient may have an inability
to hold the device correctly, or their instinctive technique
may not match that of the prescribed device). +erefore,
ensuring a match between patient and device at the outset of
treatment is critical.

In this regard, as a common first point of contact and
a prescriber of inhaled medications, the primary care
physician has a vital role in optimizing outcomes for patients
with asthma or COPD by selecting inhaler devices that are
appropriate for individual patients. Furthermore, they are
best placed to encourage the patient to participate in de-
cisions about their treatment, as well as to help in providing
patient education and training.

+is review will examine the important role of primary
care providers in the selection of appropriate inhaler devices
for patients with COPD and asthma, specifically how
matching the patient’s inhaled therapy closely to his or her
needs can improve inhaler technique and therefore their
adherence to therapy and patient outcomes.

2. The Right Device for the Right Patient

In order to select the device that is most appropriate for
a particular patient, it is important to recognize that a pa-
tient’s ability to use a device may be influenced by a range of
factors, including age, ethnicity, dexterity, and inspiratory
capacity. Old or young age can be associated with a variety of
elements to consider. +is is pertinent as asthma is the most
common chronic disease among children [16], and the
prevalence of asthma and COPD increases with age [17, 18].
Older age, for example, increases the likelihood of comorbid
conditions that may impact device selection [18, 19].
Physical issues including weakness, impaired dexterity,
declining vision, poor hearing, and low inspiratory rates may
impact on a patient’s ability to use a device [20]. Declining
cognitive function in the elderly can also impair the ability to
master and recall techniques, as can cognitive and mood
disorders, which are common comorbidities for asthma and
COPD [18, 21]. Similarly, inhaler technique in children with
asthma is generally very poor [22]. Despite being taught the
correct technique, inhaler use is difficult for children and
correct inhalation technique can deteriorate over time [23].
Furthermore, a child’s ongoing adherence to inhaled
treatment can also be influenced by a parent’s participation
in their disease management [24]. Looking more broadly,
health literacy or language barriers may also influence device
use by impacting a patient’s ability to understand inhaler
instructions [25]. If a patient fails to achieve symptomatic
control due to poor inhaler technique, they may stop using
their inhaler completely [20]. In addition to such

unintentional nonadherence, patients may intentionally re-
fuse to use a device. For example, commitment to inhaled
medication can be affected by perceived social stigma sur-
rounding device use, which has been shown to be an issue for
adolescents [24]. Finally, the factors that contribute to ad-
herence and impact upon successful treatment appear to vary
by ethnic group, requiring further adaptation of approaches
based on a patient’s background [26, 27].

To increase the likelihood of treatment success and
adherence to therapy, it is crucial to match the device to the
patient [25]. Current guidance recommends that “treatment
decisions should [take] into account any patient charac-
teristics or phenotype that predict the patient’s likely re-
sponse to treatment, together with the patient’s preferences
and practical issues” [2] (Figure 1). To do this, practitioners
first need to understand the devices that are available to
patients, their key characteristics, and how these might
impact patients’ preference and practice (Table 1).

2.1. Pressurized Metered-Dose Inhalers (pMDIs). Recent in-
novations have enhanced the functionality of pMDIs, which
were the first handheld inhalation device to be developed.
However, common to all pMDIs are a pressurized canister of
drug in solution or suspension, a chamber for producing an

Preferred treatment

For symptom control and risk reduction(i)

Patient characteristics or phenotype

Does the patient have any features that predict differences in their
future risk or treatment response compared with other patients?

(i)

Patient preference

What are the patient's goals, beliefs, and concerns about asthma
and medications?

(i)

Practical issues

Inhaler technique: Can the patient use the inhaler correctly a�er
training?
Adherence: How o�en is the patient likely to take the medication?
Cost to patient: Can the patient afford the medication?

(i)

(ii)
(iii)

Figure 1: Overview of factors to consider when choosing controller
options for individual patients [2].
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aerosol, and a mouthpiece for inhalation [28]. For use of
first-generation, push-activated pMDIs, coordination of
breathing and actuation is required. Poor coordination leads
to reduced drug delivery, suboptimal disease control, and
increased inhaler use. +e recent CRITical Inhaler mistaKes
and Asthma controL (CRITIKAL) study, which analyzed
inhaler errors in 3660 patients who were using DPIs and
pMDIs found that poor coordination (actuation before
inhalation) was common in users of pMDIs (made by ap-
proximately a quarter of patients) and was associated with
uncontrolled asthma [6]. Issues with poor coordination can
be overcome by employing a spacer or a valved holding
chamber (which allows inhalation over several intakes) [28].
However, these can be bulky, impacting portability [29].
Moreover, as an electrostatic charge can build up and de-
crease output in certain spacers, it has been recommended
that priming doses of drug are used to deposit on the spacer
walls or detergents can be used to coat the walls and reduce
the charge [30, 31]. +ese issues can be mitigated with the
use of nonelectrostatic spacers, such as the AeroChamber®
Plus (Trudell Medical International) or Vortex® (PARI
Respiratory Equipment) [32]. Newer models of MDIs are
breath-actuated, reducing the dependency on coordinated
inhalation and actuation [28], and are associated with better
clinical asthma outcomes [33]. However, it is worth noting

that the most frequent error consistently reported among
pMDI users is failure to inhale slowly and deeply, although
this may not significantly impact patient outcomes [6, 34].

2.2. Dry Powder Inhalers (DPIs). DPIs deliver medication to
the lungs in the form of a dry powder via the airstream
created when the patient inhales through the device [28].
+ese devices are breath-actuated mitigating the problems
with coordination that can arise with some pMDIs, and thus
many patients find them easier to use [20]. However, many
DPIs require a certain rate of inspiratory flow, making them
unsuitable for patients with severe conditions and in certain
emergency situations [20, 28]. +e CRITIKAL study con-
firmed the importance of inspiratory effort, as insufficiently
fast and forceful inhalation was associated with uncontrolled
asthma occurring in roughly one-third of patients using
DPIs [6]. To remove the reliance on inspiratory effort, device
innovation has led to the development of “active,” power-
assisted DPIs that use an energy source to disperse the drug;
however, such devices are more costly [35]. +ere are
a number of different types of DPI, with each requiring
different techniques for use, and this can lead to confusion
among users if devices are interchanged [20, 28]. +e three
main systems are as follows: capsule-based, where patients

Table 1: Advantages and disadvantages of the main types of inhalers.

Inhaler Advantages Disadvantages

pMDI

(i) Portable and compact (i) Require coordination
(ii) Multidose device (ii) High deposition in mouth and oropharynx
(iii) Metered dose (iii) “Cold Freon” effect

(iv) Established/familiar (iv) Contain propellants
(v) Available for most inhaled medications

pMDI+ spacer

(i) Lower dependency on inspiratory effort (i) Less portable than pMDI
(ii) Easier to coordinate (ii) Certain spacers may acquire electrostatic charge

(iii) Higher lung deposition than pMDI (iii) Additional cost to pMDI
(iv) Reduced mouth and oropharynx deposition (iv) Requires regular maintenance

BA-MDI
(i) Portable and compact (i) Contain propellants
(ii) Multidose device (ii) “Cold Freon” effect
(iii) Breath-actuated (iii) Requires a moderate inspiratory effort

DPI

(i) Portable and compact (i) Requires a minimum inspiratory effort
(ii) Breath-actuated (ii) May not be appropriate for emergency situations

(iii) Does not contain propellants (iii) Multiple designs (may be confusing for the patient)
(iv) Multidose devices available (iv) May be complicated to load

SMI

(i) Portable and compact (i) Not breath-actuated
(ii) Multidose device (ii) Only one device currently available

(iii) Lower dependency on inspiratory effort
(iv) High fine-particle fraction

(v) High lung deposition; low mouth and oropharynx
deposition

(vi) Does not contain propellants

Nebulizers

(i) Can be used at any age (i) Most lack portability
(ii) Can be used by acutely ill (ii) Some require an outside energy source

(iii) No specific inhalation technique required (iii) Noisy
(iv) Can be used to dispense drugs not available as

pMDI or DPI
(iv) Can result in longer treatment times

(v) Can be expensive
Adapted from [28]. BA-MDI, breath-actuated metered-dose inhaler; DPI, dry powder inhaler; pMDI, pressurized metered-dose inhaler; SMI, soft mist
inhaler.
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load a capsule containing the powered formulation into the
device before each use; disposable devices containing
a premetered single dose; or multiple-dose inhalers that
either have a built-in mechanism to meter a single dose from
a reservoir with each actuation or that deliver individual
doses from premetered replaceable blisters [36]. For capsule
devices, the patient must continue or repeat inhalation until
the capsule is emptied, which can result in dose variability [36].

2.3. Soft Mist Inhalers (SMIs). +e SMI is the newest type of
device, launched in 2007 when the Respimat® Soft Mist™
Inhaler (Boehringer Ingelheim) successfully gained approval
for use in the European Union.+e device uses spring power
to provide treatment via a slow-moving fine liquid aerosol
[20, 28]. It was designed to produce a higher fraction of fine
and extra-fine particles (defined as 2.1–5 μM and <2.1 μM,
resp. [37]), compared with most pMDIs and DPIs as well as
to provide increased flexibility for synchronization between
actuation and inhalation through the slow movement of the
mist generated [38, 39]. Regional lung deposition varies
according to the aerosol particle size, with particles of
2–6 μM preferentially depositing in the central airways and
those <2 μM in the small airways and alveoli [37]. +erefore,
the SMI results in higher lung (including smaller airways)
and reduced oropharynx drug deposition compared with
other device types [38, 39]. As the energy required to
generate the aerosol is mechanical, and the softer longer
lasting plume moves at a lower velocity compared with
pMDIs, the inhalation effort to operate the SMI is lower.

2.4.Nebulizers. Nebulizers can be used in patients for whom
handheld devices are unsuitable, including the very young,
the elderly, and the acutely ill [20, 40]. +ey require com-
fortable tidal breathing and little coordination from the
patient. However, they can be noisy, and some require an

outside energy source [40]. Generally, they lack portability,
require regular maintenance, are expensive, and result in
longer treatment times [20]. However, new nebulizers have
recently been developed to overcome some of these disad-
vantages, for example, the handheld Aeroneb® Go (Philips
Healthcare), which is portable, compact, and silent [41].

2.5. Considerations for Device Selection. +e different in-
halation techniques required for the different available de-
vices and inspiratory abilities, as well as patient dexterity and
cognition, form the key considerations when selecting
a device (Figure 2). To aid selection, the use of training
devices/inspiratory flow meters (such as AIM™ (Aerosol
Inhalation Monitor), In-Check DIAL, and 2-Tone trainer)
can be used to assess the patient’s inhalation technique and
inspiratory ability, either when first prescribing a new device
to a patient or during regular training and monitoring of
inhaler use [34, 42]. However, an inspiratory flow assess-
ment may not always be reflective of a patient’s inspiratory
ability in a real-world setting, and observation of instinctive
inhaler technique can also indicate the type of inhaler that
will be best suited to the patient. Moreover, some prescribed
inhalation devices can indicate whether a patient is using
them appropriately and has the required inspiratory capacity
(e.g., Duaklir Genuair® (AstraZeneca UK Ltd.), where
a control window changes to red from green when the
patient has inhaled correctly), aiding both device choice and
patient technique.

Current guidelines recommend that device selection
should be made in consultation with the patient, who must
be trained in inhaler device technique [2, 3]. Asthma and
COPD treatment guidelines also state that inhaler technique
must be regularly assessed during follow-up consultations
[2, 3]. Moreover, the prescription of mixed inhalation device
types should be avoided to prevent confusion [2]. A large

Patient

Conscious inhalation
possible

Conscious inhalation
not possible

Sufficient
inspiratory flow

Insufficient
inspiratory flow

Hand-breath
coordination+

Hand-breath
coordination–

Hand-breath
coordination+

Hand-breath
coordination–

pMDI + holding
chamber

DPI
BA-pMDI

SMI

pMDI
DPI

BA-pMDI
SMI

pMDI ± holding
chamber

BA-pMDI
SMI

pMDI + holding
chamber

BA-pMDI
SMI

Nebulizer

pMDI + holding
chamber
Nebulizer

Figure 2: Device selection algorithm. Reproduced with permission from [28]. DPI, dry powder inhaler; pMDI, pressurized metered-dose
inhaler; BA, breath-actuated; SMI, soft mist inhaler.
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retrospective observational study of patients with asthma in
primary care demonstrated that over one year after a first
inhaled corticosteroid prescription, patients prescribed the
same device type for both controller and reliever therapy
were significantly more likely to achieve asthma control and
recorded significantly lower exacerbation rates than those
prescribed mixed devices [43]. Indeed, several studies have
shown that simultaneous use of different inhaler types is
predictive of increased inhalation errors [10]. In addition,
asking patients to switch devices can impact adherence to
therapy. In a retrospective observational study of patients
with COPD, multiple-inhaler users demonstrated lower
adherence rates than single-inhaler users and were signifi-
cantly more likely to discontinue therapy [44].

3. Patient Perceptions and Shared Decisions

Patients have their own perceptions or preferences regarding
inhaler choice, and these can influence treatment success
[28]. Device features such as simplicity, convenience, and
overall experience are important to patients [28]. Patients
have reported spontaneously ceasing inhaled therapy due to
perceived complexity and are likely to value device features
associated with convenience such as ease of cleaning,
comfort, and portability [28]. Beliefs surrounding treatment—
for example, whether it will be ineffective, cause side effects, or
should only be taken when “really needed”—may also affect
a patient’s willingness to adhere to therapy, asmight issues with
device use, such as taste and effect on the throat [28]. By
including the patient in treatment decisions, it is possible to
tailor device selection around such perceptions and prefer-
ences, as well as gaining an understanding of the patient’s
approach to treatment. Even if a different device seems to be
a better match for the patient, it may be that they are reluctant
to try a new device because they have become used to their
existing inhaler. +ey may also be apprehensive when
switching devices due to the requirement to acquire new skills
[28]. Others will be encouraged by changing device if they are
having a poor experience with current treatment. Indeed, lack
of perceived benefit has been reported as leading patients to
intentionally discontinue their therapy [45]. In either case,
shared decision-making can empower the patient, and it has
been shown to improve both adherence and health outcomes
[13]. In a randomized controlled trial where clinicians and
patients negotiated a treatment plan that accommodated
patient goals and preferences, shared decision-making was
associated with a higher cumulative dose of medication over
a one-year period, a higher likelihood of well-controlled
asthma, and better lung function [13]. It is therefore im-
portant that patients are encouraged to participate in
treatment decisions and to express their expectations and
concerns [2, 3].

4. Common Errors and Patient Education

Patient errors with inhaler technique are common and have
been linked with poor outcomes in asthma and COPD

[6, 9, 12]. +e CRITIKAL study highlighted that errors
relating to inspiratory effort were frequent in patients using
DPIs and MDIs [6]. Inhalation was insufficiently fast and
forceful in up to 38% of individuals using DPIs and was not
slow or deep enough in 47% of patients using MDIs [6].
Errors common with both device types included not having
the head tilted with chin up during inhalation and not
breathing out to empty lungs before inhalation [6]. Many
inhaler errors were associated with asthma symptom con-
trol; for example, insufficient inspiratory effort occurred
frequently and was significantly associated with an increased
likelihood of uncontrolled asthma in patients using DPIs [6].
For patients usingMDIs, errors relating to device knowledge
and second dose preparation were associated with un-
controlled asthma, as was actuation before inhalation [6]. A
systematic review of inhaler use, covering 59,584 observed
tests of technique, found that the overall prevalence of
correct technique was 31% and that inhaler technique has
not improved in 40 years [46].

Such studies emphasize the need for new approaches to
patient education and training. A recent systematic review of
educational inhalation technique interventions found that
over 90% of studies included reported a significant im-
provement in inhaler technique after an educational in-
tervention (although average follow-up time was short) [47].
Interventions in outpatient clinics performed best, indicating
the importance of primary care providers [47]. +e “teach-
back” technique—where patients demonstrate their inhaler
use after instruction—has been shown to be particularly
beneficial [48]. As well as providing an effective initial edu-
cational intervention, continued support is vital [49, 50].
Indeed, the Global Initiative for Asthma (GINA) strategy
advises that clinicians recheck inhaler technique frequently, as
errors often recur within 4–6 weeks after initial training [2].

+e primary care physician is best placed to address
patients’ perceptions and attitudes towards therapy, to in-
dividualize treatment choice, and to provide tailored edu-
cation and device training to maximize adherence to
treatment. It is also important that pharmacists are familiar
with the device technique, as they are usually the last (and
sometimes the most frequent) healthcare professional to be
seen by patients before a device is used. Studies have
demonstrated that they can provide effective skills training
positively impacting disease control [50, 51]. As such, they
play an important role in reinforcing inhaler technique and
primary care physicians can recommend that their patients
also ask their pharmacists any questions about device
handling, especially when supplied with their own inhaler
and a check-correct-confirm cycle can be conducted [50, 52].
While patient education is often effective, it is critical to
remember that some patient groups will be unable to use
certain devices despite receiving adequate training [21, 53],
thereby reinforcing the importance of first matching the
patient with the optimum device. Finally, it is essential that
the selected device reaches the patient. While it is not
commonplace in many countries, it should be stated that
pharmacists should not amend device prescriptions and the
switching of inhaler devices without an accompanying
practitioner consultation should be avoided.
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5. Case Study

(i) A 68-year-old woman who had been prescribed
a tiotropium bromide, HandiHaler®, presents to her
doctor with dyspnea. She was adherent to her
medication, and cardiac etiologies were ruled out.
Her spirometry showed GOLD stage 3 disease with
a forced expiratory volume in 1 second (FEV1) of
48%.

(ii) It was decided to step up her medication to a long-
acting bronchodilator combination of β2-agonist
(LABA)/muscarinic antagonist (LAMA), in the
form of formoterol/aclidinium (Duaklir Genuair)
administered twice a day. She was adherent, but her
condition deteriorated. She felt depressed as her
health worsened despite her medication change.

(iii) We reviewed her inhaler technique. She was using
the device upside down, which was corrected. She
was also reminded of the twice-daily dosing, which
she occasionally forgot.

(iv) A repeat visit showed that the color window did not
turn from green to red after actuation, indicating
that she had insufficient inspiratory flow to activate
it. She was converted to tiotropium/olodaterol,
a Respimat device administered once daily. She
had some difficulty loading the canister due to hand
osteoarthritis, and the pharmacist agreed to load her
medication for her on dispensing.

(v) She took two inhalations once daily each morning
and was amazed at how much better she felt.
Her exercise tolerance increased, and her mood
improved.

6. Future Considerations

Primary care physicians have a key role to play in maxi-
mizing inhaled therapy adherence in asthma and COPD by

ensuring that the patient is using a suitable inhaler device,
and can learn and maintain inhaler technique. +is requires
an holistic approach to treatment optimization. Physicians
are required to have a full understanding of the charac-
teristics of each device, in addition to knowledge of their
patient’s physical and cognitive abilities. Moreover, physi-
cians should understand cultural beliefs and perceptions
around treatment, which may impact on adherence. +e
GINA guidelines outline strategies to ensure effective use of
inhaler devices, which should serve as a basis for all primary
care physicians prescribing these (Table 2). Essentially, they
advocate four Cs, summarized below:

(i) Choose: choose the most appropriate inhaler device
for the patient before prescribing

(ii) Check: check inhaler device technique at every
opportunity, including asking the patient to dem-
onstrate their inhaler

(iii) Correct: show the patient how to use the device
correctly via a physical demonstration and recheck
technique frequently

(iv) Confirm: clinicians should be able to demonstrate
correct inhaler technique. Skills training can be
reinforced by pharmacists and nurses.

While algorithms are available to aid device choice [54],
these tend to focus on inspiratory ability and basic physical
traits. Practitioners should be aware that their use will need
to be supplemented with an in-depth understanding of
adherence and technique behaviors in key patient sub-
groups. Furthermore, it is evident that many healthcare
professionals are themselves unable to demonstrate correct
inhaler technique [55]. Given that the most effective patient
training technique in correct inhaler use relies upon physical
demonstration [49], priority must be given to providing
effective training for healthcare professionals to enable them
to effectively educate their patients. Integral to training for
healthcare professionals should be an awareness of common

Table 2: Strategies to ensure effective use of inhaler devices [2].
Choose
(i) Choose the most appropriate inhaler device for the patient before prescribing. Consider the medication options, the available devices,
patient skills, and cost
(ii) If different options are available, encourage the patient to participate in the choice
(iii) For pMDIs, use of a spacer improves delivery and (with ICS) reduces the potential for side effects
(iv) Ensure that there are no physical barriers, for example, arthritis, that limit the use of the inhaler
(v) Avoid use of multiple different inhaler types where possible, to avoid confusion

Check
(vi) Check inhaler technique at every opportunity
(vii) Ask the patient to show you how they use their inhaler (do not just ask if they know how to use it)
(viii) Identify any errors using a device-specific checklist

Correct
(ix) Show the patient how to use the device correctly with a physical demonstration, for example, using a placebo inhaler
(x) Check technique again, paying attention to problematic steps. You may need to repeat this process 2-3 times
(xi) Only consider an alternative device if the patient cannot use the inhaler correctly after several repeats of training
(xii) Recheck inhaler technique frequently. After initial training, errors often recur within 4–6 weeks

Confirm
(xiii) Clinicians should be able to demonstrate correct technique for each of the inhalers they prescribe
(xiv) Pharmacists and nurses can provide highly effective inhaler skills training

Reproduced with permission from [2]. pMDI, pressurized metered-dose inhaler; ICS, inhaled corticosteroids.
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mistakes and reasons for nonadherence, which can serve as
a checklist in the provision of patient education [14]. It is
also important to note that inhaler design is an advancing
field. Devices are undoubtedly going to become “smarter,”
providing feedback to the patient on adherence and tech-
nique. However, as outlined in a recent editorial com-
menting on a study by Sulaiman et al. [56], the authors
highlighted that while biofeedback devices may improve
adherence and, therefore, disease control, there is a relatively
small impact [57]. Education and structured health plans
remain hugely important, as will keeping up-to-date with
training as these new devices become available [35].

7. Conclusions

Inhaled therapies are the cornerstone of asthma and COPD
management. It is therefore vital that inhaler devices are
prescribed that patients can and will use. Treatment de-
cisions should be made in partnership with patients, and
should take into consideration demographic characteristics
and comorbidities to allow device choice to be in-
dividualized. As asthma and COPD control is suboptimal,
due to patient errors with inhaler technique, common errors
may serve as a checklist for physicians to aid inhaler
technique training. Ultimately, healthcare providers who
work with patients who use inhaled medications have an
essential role in minimizing common patient errors and are
therefore required to “choose, check, correct, and confirm”
to ensure effective use of inhaler devices among their
patients.
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Correspondence should be addressed to Nikolai Stenfors; nikolai.stenfors@umu.se

Received 6 December 2017; Accepted 19 February 2018; Published 18 March 2018

Academic Editor: David Halpin

Copyright © 2018 Hampus Persson et al. ,is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Asthma is common in elite athletes. In this study, we examined the use of asthma medication and asthma control in
endurance athletes in Sweden and compared the findings with those in a reference group of patients with asthma. Methods. ,e
Asthma Control Test (ACT) and a questionnaire on asthma, respiratory symptoms, and medication use were posted to endurance
athletes (n � 711) and the reference group of patients with asthma (n � 1026). Four hundred and sixty-nine athletes (66%)
responded, of whom 141 (20%) reported physician-diagnosed asthma. In the reference group, 397 (39%) responded. Results.
Seventy-seven percent of the athletes with asthma reported using asthma medication during the previous year; 39% used
short/long-acting β2-agonists, 31% used inhaled corticosteroids, and 31% used both daily. According to the ACTscores, 19%, 24%,
and 58% of athletes with asthma had uncontrolled, partially controlled, or well-controlled asthma, respectively. After adjustment,
there was no difference in ACTscores or daily use of asthma medication between the study groups. Conclusions. Many endurance
athletes had uncontrolled or partially controlled asthma, and one-third used inhaled corticosteroids and long-acting β2-agonists
daily. ,eir adjusted ACT scores and use of asthma medication were similar to the values in the reference population.

1. Introduction

,e prevalence of asthma in Sweden is estimated to be 10%
in the population aged 16–35 years [1]. However, the
prevalence of asthma is higher in athletes, especially those
participating in sports associated with high ventilation rates
[2–5]. Recently, the prevalence of physician-diagnosed
asthma among Swedish elite cross-country skiers was esti-
mated at 35% [6].

,e reason for the increased prevalence of asthma in
winter endurance athletes is believed to be a consequence of
repeated and prolonged inhalation of dry air, leading to heat
loss, dehydration, and airway damage. In addition, the
cooling process seems to induce bronchoconstriction via the
parasympathetic nervous system, and subsequent rewarm-
ing leads to mucosal edema and further narrowing of the
airways [7, 8].

According to the guidelines, the first step in the treat-
ment of asthma is a short-acting β2-agonist (SABA), as
required. Step 2 is the addition of regular daily inhalation of

corticosteroids (ICS). In Step 3, the dose of ICS can be
increased and/or a daily long-acting β2-agonist (LABA) can
be added [9]. A recent population-based study in Sweden
showed that 19% of patients with asthma regularly used the
third step of asthma treatment, that is, a fixed combination
of ICS + LABA [10]. In the western parts of Sweden, the use
of pharmacotherapy for asthma increased by 54% between
1992 and 2010, and the proportion of subjects with asthma
using ICS increased by fivefold during that time [10].

A significant increase in use of asthma medication was
documented among Finnish Olympic athletes between 2002
and 2009, even though there was no significant increase in
the prevalence of either asthma or asthma symptoms, and
4% used ICS + LABA [11]. It was reported that 7% of Danish
elite athletes used asthma medication in 2005 and that 79%
used ICS alone or in combination with SABA or LABA [12].
Another study from Australia found no difference in the
prevalence of asthma or use of β2-agonists between athletes
and an age-matched control group [13]. In contrast, Finnish
athletes competing in endurance and team sports were
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reported to use significantly more asthma medication than
an age-matched control group [14]. However, none of these
studies reported on the use of asthma medication in relation
to asthma control in athletes.

Selection of appropriate asthma medication is a key to
disease control, and there is a lack of data on asthma control
in elite endurance athletes. ,e primary aims of this study
were to examine the level of asthma control and to de-
termine the use of asthma medication in detail, specifically
SABA/LABA, ICS, and ICS + LABA, among elite endurance
athletes with current asthma. A secondary aim was to
compare these findings with those in a reference population
of patients with asthma recruited from health care registers.

2. Materials and Methods

2.1. StudyDesign. ,is cross-sectional survey was part of a 5-
year prospective postal questionnaire study on the preva-
lence, incidence, and remission of airway symptoms and
asthma in Swedish elite endurance athletes. ,e study has
been described in detail previously [6] and was approved by
the Regional Ethical Review Board at Umeå University, 2011-
186-31M (2011-06-07) and 2016/146-32 (2016-05-03).

2.2. Settings and Participants. Two study populations were
included. One study group included Swedish elite athletes
participating in cross-country skiing, biathlons, ski-orienteering,
or orienteering at international or highest national levels.
,ese athletes consisted of students at seven National Elite
Sports Schools, Swedish junior and senior national team
members, students at the three Swedish Ski Universities
where elite athletes combine an elite career with higher ed-
ucation, and the top 80 Swedish orienteers aged 20–30 years
according to the national ranking in 2011. A total of 711 el-
igible athletes were invited to participate in a postal ques-
tionnaire survey in September 2014 and 2015.,e other study
(reference) group included patients who were identified
through primary and specialist health care records to have
been born between 1985 and 1999 in the region of Jämtland-
Härjedalen and to have a diagnosis of asthma (ICD code J45)
in 2011–2015. Patients with asthma who were already included
in the group of athletes were excluded. In total, 1026 eligible
reference subjects were invited to participate in the postal
questionnaire survey in September 2016. To match the
smoking habits of the athletes, ex-smokers and current
smokers were excluded from the analyses.

2.3. Study Variables. ,e postal questionnaire was a short-
ened version of the European Community Respiratory
Health Survey II, which includes questions on asthma, drug
utilization, airway symptoms, smoking history, family his-
tory of asthma, and health care contacts [15], and included
an additional question regarding physical training. Subjects
with physician-diagnosed asthma were also asked to com-
plete the Asthma Control Test (ACT). ,e ACT is a well-
validated questionnaire consisting of 5 questions on activity
limitations, shortness of breath, awakenings with asthma,

use of rescue medication, and general asthma control [16].
One reminder was sent out to all nonresponders.

,e key variables investigated in the study are outlined
below, along with an explanation of how each variable was
assessed:

(1) “Physician-diagnosed asthma” was identified by the
responses to the questions “Have you ever had
asthma?” and “Was it diagnosed by a doctor?”

(2) “Medication” was identified by the responses to the
question, “Have you used any asthma medication,
including inhalers, sprays, or pills, during the last 12
months?” Asthma medication was categorized as
SABA/LABA, ICS, or ICS + LABA.Montelukast was
used by a small proportion in both study groups and
is not presented in the results. ,e frequency of use
of asthma medication was categorized as “never,”
“sometimes,” “for more/less than 2 months per
year,” or “daily.”

(3) “Current asthma” was defined as physician-
diagnosed asthma and use of asthma medication
during the previous 12 months.

(4) “Age of asthma onset” was determined by the re-
sponse to the question, “How old were you when
you had your first asthma attack?”

(5) “Smoking status” was determined by the responses
to the questions, “Have you been smoking one or
more cigarettes per day for at least one year?” and
“Have you been smoking during the last month?”

(6) “Training” was assessed by the response to the
question, “On average, during the last 12 months,
for how many hours/week did you exercise so much
that you got out of breath or became sweaty?”

(7) “Family history of asthma” was determined by the
response to the question, “Do any of your parents or
siblings have asthma?”

(8) “Allergy” was identified from the response to the
question, “Do you have any nasal allergies, in-
cluding hay fever?”

(9) “Health care contact” was assessed by the response
to the question, “Have you had any health care
contacts due to airway problems in the last 12
months?”

(10) “Asthma control” was assessed using the ACTandwas
reported both as a continuous variable ranging from
5 to 25 points and was categorized as “uncontrolled”
(≤19 points), “partially controlled” (20–21 points), or
“well controlled” (≥22 points) [16].

2.4. Statistical Analysis. ,e assumption was made a priori
that 25% of the athletes and 15% of the reference subjects
would be using ICS + LABA daily. We calculated that in-
clusion of 146 athletes would require 294 reference subjects
to reach a power of 80% with an α level of 5%. A reference
group of 1000 patients with a response rate of 30% was thus
expected to be sufficient to detect a difference in daily use of
ICS + LABA between the study groups.
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Reference subjects who answered “No” (n � 11) or had no
medication recorded or missing data regarding “physician-
diagnosed asthma” (n � 21) were excluded. ,e two groups
were matched with regard to smoking habits in order to
exclude smoking as a source of bias in the reference group; ex-
smokers and current smokers (n � 90) were excluded from
the reference group. Use of asthma medication and the ACT
score data are presented only for subjects with current asthma.

Continuous variables were compared between the study
groups using Student’s t-test and categorical variables using
Pearson’s chi-squared test. To compare the use of asthma
medication between the study groups, the subjects were
dichotomized, respectively, into those who did and did not
use SABA/LABA, ICS, or ICS + LABA on a daily basis.
Similarly, the proportions of subjects with “uncontrolled,”
“partially controlled,” or “well-controlled” asthma were
compared between the study groups on the basis of the
dichotomized responses on the ACT. A p value< 0.05 was
considered to be statistically significant.

After the bivariate analysis, multivariate Poisson re-
gression analyses were performed in each group, and the
data for the two study groups were then pooled to test for an
independent association between the ACT score and being
an elite athlete. Subject’s age, age at asthma onset, allergy,
shortness of breath after exercise, and respiratory-related
health care contacts during the previous 12 months were
included as covariates in the model.

3. Results

3.1. Subject Characteristics. Four hundred and sixty-nine
(66%) of the 711 athletes invited to participate in the

survey responded, and all were nonsmokers. Of these, 141
(20%) reported having physician-diagnosed asthma. ,ree
hundred and ninety-seven (39%) of the 1026 eligible reference
subjects responded. Of these, 122 were excluded either be-
cause they did not have physician-diagnosed asthma (n � 32)
or were ex-smokers or current smokers (n � 90), leaving 275
reference subjects for inclusion in the analysis (Figure 1).
Among the athletes with asthma, 82 (58%) were cross-country
skiers, 26 (18%) were biathletes, and 19 (13%) were orienteers.
Eighty-six (54%) were or had been national team members,
and 55 (39%) were secondary school students.

A detailed description of the two study populations is
presented in Table 1. ,e athletes had a lower mean age and
a higher mean number of training hours per week when
compared with the reference group. ,e reported age of
asthma onset was older in the athletes than in the reference
subjects. ,e prevalence of current physician-diagnosed
asthma, determined by the use of asthma medication dur-
ing the previous 12 months, was lower in the athlete group
than in the reference group (77% versus 88%, p � 0.002).

3.2. AsthmaControl. When classified by ACTscores, 58% of
the athletes with current asthma reported that their asthma
was well controlled, whereas 23% reported partially con-
trolled asthma and 19% reported uncontrolled asthma (Table
2). ,ese three subgroups of athletes, based on the level of
asthma control, differed in their number of health care
contacts during the previous 12 months, daily use of asthma
medication, and use of SABA/LABA and ICS + LABA; the
highest numbers in all categories were for athletes reporting
uncontrolled asthma (Table 3).

References Athletes

Athletes, n = 15

Nonresponders,
 n = 629

Responders, n = 397
(39%)

Responders, n = 469
(66%)

Nonresponders,
n = 242

Responders with
asthma, n = 365

Responders with
asthma, never smokers

n = 275

Athletes with asthma,
n = 141

Athletes without asthma,
n = 328

Responders without
asthma, n = 32

Ex-smokers/smokers,
n = 90

Invited, n = 1026 Invited, n = 711

Figure 1: Flowchart of study participants.
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In the reference group, 102 patients (42%) reported well-
controlled asthma (Table 3). ,ose with uncontrolled
asthma had more shortness of breath, used more daily
asthma medication, and had had more health care contacts
during the previous 12 months.

Athletes whose ACT scores indicated well-controlled
asthma reported no or little limitation in daily activities
(Figure 2(a)), seldom experiencing shortness of breath (Figure
2(b)), and few awakenings with asthma (Figure 2(c)), and

considered their asthma to be well or completely controlled
(Figure 2(e)). Many athletes with well-controlled asthma re-
ported use of rescuemedication once or twice daily or 2-3 times
per week (Figure 2(d)), whereas the athletes with uncontrolled
asthma used SABA at least 2-3 times per week (Figure 2(b)).

,e athletes had a significantly higher mean ACT score
than the reference subjects (Table 4) but included a smaller
proportion of subjects with uncontrolled asthma and a larger
proportion of subjects with well-controlled asthma (Table 4).

Table 1: Demographic and clinical characteristics of a group of Swedish elite endurance athletes and a health care-based reference
population of patients with asthma.

Athletes (n � 141) References (n � 275) p value
Age (years), mean (SD) 21.5 (4.5) 25.6 (6.4) <0.001
Women 79 (56) 181 (66) 0.051
Training (hours/week), mean (SD) 11.7 (4.4) 4.9 (4.5) <0.001
Current asthma 108 (77) 243 (88) 0.002
Age of asthma onset (years), mean (SD) 13.3 (4.5) 9.8 (6.7) <0.001
Allergy 54 (50) 203 (74) <0.001
Family history of asthma 78 (59) 149 (58) 0.866
Health care contacts1 25 (18) 75 (27) 0.031
Shortness of breath2 27 (19) 95 (35) 0.001
,e data are presented as n (%) unless otherwise stated; significant p values are shown in bold; 1respiratory-related health care contacts in the previous 12
months; 2shortness of breath following strenuous activity in the previous 12 months; SD, standard deviation.

Table 2: Level and distribution of asthma control in Swedish endurance athletes with current asthma.

Uncontrolled (n � 19) Partially controlled (n � 24) Well controlled (n � 59) p value∗

Female sex 11 (58) 17 (71) 32 (54) 0.378
Age (years), mean (SD) 19.8 (3.7) 21.3 (4.2) 22.2 (4.8) 0.174
Age of asthma onset (years), mean (SD) 13.4 (4.3) 16.5 (4.0) 12.1 (4.8) 0.009
Allergy 9 (47) 14 (58) 23 (44) 0.517
Training (hours/week), mean (SD) 12.9 (2.7) 13.1 (3.8) 11.1 (4.8) 0.855
Shortness of breath1 8 (42) 7 (29) 10 (17) 0.079
Health care contacts2 9 (47) 8 (33) 7 (12) 0.003
Family history of asthma 12 (63) 13 (62) 37 (69) 0.828
Daily SABA/LABA 14 (74) 12 (50) 15 (25) <0.001
Daily ICS 9 (47) 7 (29) 18 (31) 0.353
Daily ICS + LABA 10 (53) 8 (33) 13 (22) 0.039
,e data are presented as n (%) unless otherwise stated; significant p values are shown in bold; 1shortness of breath following strenuous exercise in the
previous 12 months; 2respiratory-related health care contacts in the previous 12 months; ICS, inhaled corticosteroids; SABA/LABA, short-acting β2-
agonists/long-acting β2-agonists; SD, standard deviation; ∗Pearson’s chi-squared test.

Table 3: Level and distribution of asthma control in a health care-based reference group of patients with current asthma who have never
smoked.

Uncontrolled (n � 82) Partially controlled (n � 57) Well controlled (n � 102) p value∗

Females 55 (67) 35 (61) 67 (66) 0.779
Age (years), mean (SD) 24.1 (4.2) 25.6 (4.7) 26.7 (7.8) 0.006
Age of asthma onset (years), mean (SD) 7.9 (6.2) 9.7 (7.6) 11.3 (6.3) 0.003
Allergy 69 (84) 42 (74) 74 (73) 0.148
Training (hours/week), mean (SD) 5.0 (5.5) 5.3 (4.4) 4.7 (3.7) 0.827
Shortness of breath1 48 (59) 21 (38) 24 (24) <0.001
Health care contacts2 39 (48) 15 (26) 20 (20) <0.001
Family history of asthma 46 (61) 32 (62) 54 (56) 0.739
Daily SABA/LABA 50 (61) 14 (25) 8 (8) <0.001
Daily ICS 26 (32) 13 (23) 17 (17) 0.056
Daily ICS + LABA 36 (44) 13 (23) 38 (37) 0.037
,e data are presented as n (%) unless otherwise stated; significant p values are shown in bold; 1shortness of breath following strenuous exercise in the
previous 12 months; 2respiratory-related health care contacts in the previous 12 months; ICS, inhaled corticosteroids; SABA/LABA, short-acting
β2-agonists/long-acting β2-agonists; SD, standard deviation; ∗Pearson’s chi-squared test.
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,ere were no significant sex-related differences in ACT
scores within any of the groups. In the multivariate Poisson
regression model, there were no associations between ACT
score and age, age at asthma onset, allergy, shortness of
breath after exercise, or respiratory-related health care
contacts during the previous 12 months. However, in the
reference group, there was an independent positive asso-
ciation between the ACT score and the age at asthma onset
(p � 0.020) and an independent negative association be-
tween the ACT score and exercise-induced shortness of
breath (p � 0.002) and the number of health care contacts
(p � 0.001). When the data for the athletes and reference
subjects were pooled, there was no independent association
between the study group and ACT score (p � 0.165).

3.3. Asthma Medication. Of the athletes with current
asthma, 39% used SABA/LABA daily, 31% used ICS daily,
and 31% used ICS + LABA daily. Overall, 43% of the athletes

used ICS or ICS + LABA daily. Athletes with an ACT score
indicating uncontrolled asthma reported more daily use of
β2-agonists and ICS + LABA (Table 2). ,ere were no sta-
tistically significant differences in the proportions of subjects
who used SABA/LABA, ICS, or ICS + LABA daily between
the study groups (Table 5). ,ere were also no significant
sex-related differences in the use of asthma medication
between the groups.

4. Discussion

,is postal questionnaire survey evaluated disease control
and use of asthma medication in 141 elite endurance athletes
with asthma and a reference population of 275 nonathletic
patients with asthma. Among the elite athletes, 108 (77%)
had current asthma, that is, had used asthma medication
during the previous 12 months; 39% used SABA/LABA, 31%
used ICS, and 31% used ICS + LABA on a regular daily basis.
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Figure 2: Results for each ACTquestion.,e results are stratified by study population and ACTcategory. (a) “In the past 4 weeks, howmuch
of the time did your asthma keep you from getting as much done at work, school or at home?” (all of the time, most of the time, some of the
time, a little of the time, or none of the time). (b) “During the past 4 weeks, how often have you had shortness of breath?” (more than once
a day, once a day, 3 to 6 times a week, once or twice a week, or not at all). (c) “During the past 4 weeks, how often did your asthma symptoms
(wheezing, coughing, shortness of breath, chest tightness, or pain) wake you up at night, or earlier than usual in the morning?” (4 or more
nights a week, 2 to 3 nights a week, once a week, once or twice, or not at all). (d) “During the past 4 weeks, how often have you used your
rescue inhaler or nebulizer medication?” (3 or more times per day, 1 or 2 times per day, 2 or 3 times per week, once a week or less, or not at
all). (e) “How would you rate your asthma control during the past weeks?” (not controlled at all, poorly controlled, somewhat controlled,
well controlled, or completely controlled).
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According to the ACT scores, 19% of athletes had current
asthma that was uncontrolled, 25% had partly controlled
asthma, and 58% had well-controlled asthma. Athletes with
uncontrolled asthma reported frequent use of SABA/LABA;
after adjustment for confounding factors, their ACT scores
and daily use of asthma medication did not differ signifi-
cantly from the values observed in the reference population
of patients with asthma who had never smoked.

To the best of our knowledge, this is the first study to
compare asthma control and use of asthma medication
between elite athletes with asthma and nonathletic patients
with asthma. In order to perform at their best, athletes
should not be limited by respiratory problems. ,is is es-
pecially true for those with high ventilation rates, such as
endurance athletes. Hence, it was not unexpected that the
majority (almost 60%) of the endurance athletes in the
present study had well-controlled asthma. However, we were
surprised to find that up to one-quarter of the elite en-
durance athletes were classified as having partly controlled
asthma and nearly one-fifth as having uncontrolled asthma,
which suggests that it is possible to pursue endurance sports
at an elite level without well-controlled asthma. Another
explanation could be that ACT is an inadequate tool for
assessment of asthma control in elite athletes. Depending on

how the athletes interpret the questionnaire, both over- and
underestimation of asthma control may occur. Although
well validated, ACTmay have poor accuracy for assessment
of uncontrolled asthma [16], and some of the ACTquestions
might be poorly adapted for elite athletes. ,e question
“During the past 4 weeks, how often have you had shortness
of breath?” might lead to a falsely low score among elite
athletes training once or twice a day, whereas “shortness of
breath” for a subject with a limited amount of physical
activity might be a better indicator of inadequate treatment.
In the present study, surprisingly few athletes with current
asthma reported shortness of breath after exercise. It is
difficult to find publications reporting prevalence of exercise-
induced asthma (EIA) among athletes with asthma. Our
findings may have several explanations. Firstly, elite athletes
with asthma may thoroughly and consistently prevent EIA
by pharmacotherapy and consequently not experience
shortness of breath after exercise. Secondly, elite endurance
athletes training 10–20 hours/week may have a different
interpretation of and a high threshold for “shortness of
breath post exercise.” Further, the question “How often do
you use a β2-agonist?” might be misleading because many
athletes use these medications before training and/or
competitions simply to avoid EIA. SABA may be used in

Table 4: Bivariate analyses comparing ACTscores and levels of the control based on ACT scores between Swedish elite endurance athletes
and a reference group of patients with current asthma who have never smoked.

Athletes (n � 108) References (n � 242) p value
ACT score, mean (SD) 22.2 (2.9) 21.0 (4.0) 0.004
Uncontrolled1 19 (19) 81 (34) 0.005
Partially controlled2 24 (24) 57 (23) 0.965
Well controlled3 59 (58) 102 (42) 0.009
,e data are presented as n (%); significant p values are shown in bold; 1ACTscore≤ 19; 2ACTscore 20–21; 3ACTscore≥ 22; ACT, Asthma Control Test; SD,
standard deviation.

Table 5: Use of asthma medication by Swedish elite endurance athletes and a reference group of patients with current asthma and
a statistical comparison between the two groups.

Athletes (n � 108) References (n � 242) p value∗

SABA/LABA
Never 32 (30) 40 (17)
Sometimes 30 (28) 101 (42)
Less than 2 months 0 (0) 12 (5)
More than 2 months 4 (4) 16 (7)
Daily 42 (39) 73 (30) 0.101

ICS
Never 56 (52) 135 (56)
Sometimes 14 (13) 34 (14)
Less than 2 months 1 (1) 8 (3)
More than 2 months 3 (3) 9 (4)
Daily 34 (31) 56 (23) 0.099

ICS + LABA
Never 64 (59) 126 (52)
Sometimes 5 (5) 17 (7)
Less than 2 months 3 (3) 5 (2)
More than 2 months 3 (3) 7 (3)
Daily 33 (31) 87 (36) 0.326

To compare the two groups with regard to use of asthmamedication, the subjects were dichotomized into those who did and did not use SABA/LABA, ICS, or
ICS + LABA daily; ∗comparison of proportions of daily users of SABA/LABA, ICS, and ICS+ LABA between the study groups; ICS, inhaled corticosteroids;
SABA/LABA, short-acting β2-agonists/long-acting β2-agonists.
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a controlled manner prior to exercise in order to prevent
EIA or as unplanned rescue during/after exercise when EIA
occurs. From a clinical perspective, the subject/athlete in
the latter example could be considered having a poorer
level of asthma control. ,erefore, athletes might have had
misleadingly low ACT scores and subsequently high
proportions with uncontrolled and partially controlled
asthma.

Several studies have assessed asthma control using ACT
in “nonelite athletic” subjects. In those studies, the preva-
lence of uncontrolled asthma (defined as an ACT score≤ 19
points) varied in the range of 50%–58% [17–19]. In com-
parison with those results, both the athletes and the refer-
ence subjects in our study appeared to have fairly good
asthma control. After adjustments, being an elite athlete was
not associated with a higher ACT score. Female sex, early
asthma onset, increasing age, and a smoking history are well-
known risk factors for uncontrolled asthma [17–19]. ,e
group of athletes in our present study contained a signifi-
cantly smaller proportion of women, had later asthma onset,
and were younger than the reference group, which may
explain why being an athlete per se was not associated with
better asthma control.

Fifty-two (48%) of the 108 athletes with current asthma in
our study used a fixed combination of ICS+LABA sometimes
to daily, which is similar to observations in Finnish Olympic
athletes reported in 2004 [14]. Direct comparison of the
studies is difficult because of differences in the study pop-
ulations: the Finnish athletes were older, a majority weremen,
and they trained more. Another study reported on the use of
asthma medication by 694 Danish elite athletes who had
applied for a therapeutic use exemption for their asthma
medication in 2005 [20]. Of 445 athletes who were using
asthma medication, 140 (32%) used a fixed combination of
ICS+LABA.,is finding suggests a trend of increasing use of
ICS and/or ICS+LABA among Scandinavian athletes, which
may be related to the introduction of the fixed-dose com-
bination inhalers, that is, ICS+LABA [10, 21].

,e relatively high use of ICS or ICS + LABA in the
present study may also explain why the athletes used less
SABA/LABA when compared with Australian summer
sports athletes [13]. Of 52 Australian athletes with “ever-
doctor diagnosed asthma” who used medication for asthma
or asthma-like symptoms, 54% used SABA, 25% used LABA,
and 44% used ICS. ,e lower use of SABA/LABA in the
present study could indicate better controlled asthma in
Swedish (mostly winter) endurance athletes than in summer
sports athletes from Australia or perhaps simply different
traditions of asthma pharmacotherapy between the two
countries.

Athletes who used SABA/LABA frequently tended to
have uncontrolled asthma when classified by their ACT
scores. However, frequent use of SABA/LABA contributes to
a lower ACT score, which may cause asthma to be classified
as partially controlled or uncontrolled. We suggest that this
particular group of athletes should receive extra medical
attention in order to evaluate and optimize their disease
control. However, this study was cross-sectional, so we
cannot conclude that frequent use of SABA/LABA is a cause

or an effect of uncontrolled asthma. It is in line with our
clinical experience that a large proportion of elite endurance
athletes are/feel controlled on Step 1 treatment with SABA
only and seldom need/use controllers (ICS or ICS/LABA).

In our reference group of patients with asthma who had
never smoked, 31% used ICS + LABA daily, which is higher
than the rate of 19% reported in a population-based cohort
of patients with asthma [10]. Again, direct comparison
between the two studies is difficult because our reference
group was younger than that in the population-based study,
which included patients up to 78 years of age and also
smokers.

,e present study has some limitations in that the di-
agnosis of asthma, level of asthma control, and use of asthma
medication were based on self-reported data and were not
confirmed by medical records or prescriptions of medica-
tion. ,e low response rate of 39% in the reference group
may represent a degree of selection bias. A nonresponse
analysis would be of value, however, was not included in the
original study design and ethical approval. Two Scandina-
vian questionnaire-based studies found that nonresponders
were significantly more likely to be men, younger, and
current smokers but found no significant differences with
regard to the prevalence of asthma-like symptoms or use of
asthmamedication [22, 23]. However, an earlier questionnaire-
based survey conducted in northern Sweden found that re-
spiratory symptoms and use of asthma medication were more
common among nonresponders [24], highlighting the risk of
underestimating the prevalence of respiratory symptoms
using postal surveys. Our reference group was included based
on health care records, so we can assume that they had had
a recent consultation for their asthma, that is, during 2011–
2015. However, the distribution of asthma control in the
reference group is almost identical to the findings from
primary care in Sweden 2001 and 2005, a survey with 60%
response rate [25]. Altogether, it is possible that the reference
group was skewed towards patients with symptomatic asthma
and frequent use of asthma medication and thus under-
estimated ACT scores and overestimated use of asthma
medication in this group.

,e 66% response rate for the athletes in this study can
be considered representative of Swedish endurance athletes,
who are competing mostly in a cold climate. Given that the
Swedish guideline for asthma treatment follows the in-
ternational guidelines, the results of our study may be
generalizable to endurance athletes outside of Sweden.

It has been shown that German elite athletes with high
ventilation rates use significantly more asthma medication
than those with medium or low ventilation rates, but no
significant difference in use was observed between summer
and winter athletes [5]. ,ese observations support our
present findings regarding asthma medication and suggest
that they may also be applicable to summer endurance
athletes, such as long-distance runners and racing cyclists.

5. Conclusions

According to our postal questionnaire survey, 39% of Swedish
endurance athletes with current asthma used SABA/LABA
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and 31% used ICS+LABA daily. Most of the athletes had
well-controlled asthma (58%), and those with uncontrolled
asthma (19%) reported frequent use of SABA/LABA. ,eir
ACT scores and daily use of asthma medication did not
significantly differ from the results in the reference population
of patients with asthma who had never smoked. Being an elite
endurance athlete per se was not associated with either the
ACTscore or daily use of asthmamedication. All patients with
asthma should be monitored regularly. Elite endurance
athletes using β2-agonists several times per week may have
uncontrolled asthma and need extra attention in order to
minimize the risk of respiratory limitations.
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