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Abstract: Asthma is the most common chronic airway disease in children, with more than half
the reported cases of persistent asthma starting in children below the age of 3 years. Asthma
diagnosis in preschool children has proven to be challenging due to the heterogeneity of the
disease, the continuing development of the immune system in such a young population, and
lack of diagnostic options such as lung function measurement. Early diagnosis and treatment
of asthmatic symptoms will improve patients’ quality of life and help reduce disease morbidity.
However, validated treatment options are scarce due to paucity of data and lack of conclusive
studies in such a young patient population. Adjusting study design and endpoints to capture
more reliable data with minimal risk of harm to patients is necessary. This thematic series
review outlines the current position on preschool asthma, consolidates the current understanding
of risk factors and diagnostic hurdles, and emphasizes the importance of early detection and
management to help improve patients’ quality of life, both present and future. Particular focus
was given to anticholinergics and their emerging role in the treatment and control of asthma
in pediatric patients.
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Introduction

Asthma burden of disease

More than 300 million people worldwide are estimated to be affected by asthma.'?
The World Health Organization predicts that this number will increase by more than
100 million by 2025.% Asthma is one of the most frequent chronic diseases observed
in children and adolescents, and the most prevalent airway disease in this age group.*
Globally, approximately 14% of children experience asthma symptoms such as wheez-
ing, shortness of breath and chest tightness.** In the USA, an estimated 7 million
children and adolescents suffer from asthma,® and in the UK, approximately 10% of
children receive treatment for asthma symptoms.” The majority of recorded persis-
tent asthma cases begin before the age of 3 years, and up to 80% before the age of
6 years. Early symptoms are associated with increased disease severity and bronchial
hyperresponsiveness.® Although most patients begin to display symptoms before the
age of 5 or 6, the diagnosis of asthma in infants and preschoolers is more challenging
than in older children and adults.’

Defining asthma

The International Consensus Report on the Diagnosis and Treatment of Asthma
defines asthma as a chronic inflammatory disease displaying symptoms associated
with variable airflow obstruction that is often reversible, either spontaneously or with
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treatment.'” Wheezing has emerged as the most important
symptom for the identification of asthma.!' The Global Ini-
tiative for Asthma (GINA) report defines asthma as having
a variable clinical spectrum, with wheezing, shortness of
breath, chest tightness and cough.? The definitions of asthma
in children <6 years are often poorly described and confus-
ing, making the diagnosis of the disease in preschool children
difficult. The European Respiratory Society task force pro-
posed the use of terms “episodic (viral) wheeze” (for children
with intermittent wheeze and who are fine between episodes)
and “multiple-trigger wheeze” (for children who wheeze
both during and after discrete episodes).” Other definitions
have also been used to clarify the different phenotypes of
preschool wheezing disorders; for example, the presence of
transient early wheezing in children <3 years, non-atopic
wheezing in children aged 3—6 years, and IgE-mediated
wheeze in older children (Figure 1).® However, these defini-
tions of preschool asthma-like symptoms may be considered
too simplistic. More recent studies suggest these definitions
reflect disease severity and that they are likely to vary with
time.!? A specific cause for the development of asthma has
not been identified; however, interactions between the envi-
ronment and genetic factors of each individual play a role."
These factors include viral infections, atopy, prematurity,
exposure to tobacco smoke, exposure to elevated levels of
air pollution, eczema or family history of asthma, or blood
eosinophilia (Figure 2).8141°

By the time they reach school age, approximately half
of preschool children diagnosed with wheeze become
asymptomatic irrespective of treatment. However, in atopic
and more severe cases, asthma symptoms have a higher
probability of persisting for life.'® While remission from

Transientearly | Non-atopic | IgE-associated
wheezers . wheezers wheeze/asthma
g i | |
© s l 1
> :
(<] )
1S '
o i
o .
=
N /
[
]
£
=
0 3 6 11
Age (years)

Figure | Proposed yearly peak prevalence of wheezing phenotypes in children.
Notes: Reproduced with permission from Martinez FD, Development of wheezing
disorders and asthma in preschool children. Pediatrics, 109(2 Suppl): 362-367,
Copyright © 2002 by the AAP?
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Figure 2 Pediatric asthma is a heterogeneous condition with multiple phenotypes
arising from different underlying pathophysiologies.

childhood asthma is not uncommon, it becomes less likely
with increasing severity of early symptoms. Currently, there
is no primary prevention tactic; nevertheless, suggestions
include avoiding exposure to tobacco smoke,'” avoiding
cesarean sections'® and encouraging breastfeeding'®!’ to
decrease the risk of future development of asthma. There
is evidence indicating breastfeeding is protective against
childhood asthma and wheezing disorders.!” The impact of
breastfeeding on respiratory health may vary across countries
as culture and socioeconomic changes occur.'®!

This thematic series review discusses the challenges
associated with diagnosing asthma in preschool children
and identifies areas of research that are intended to improve
the diagnostic process. We also make suggestions for timely
and appropriate management of preschool asthma to improve
the patient’s quality of life, focusing on anticholinergics and
their role in controlling the disease.

Challenges in diagnosis

The development of asthma-like symptoms and wheezing in
preschool children can have a major impact on the quality of
life of patients and their families, as well as public health if
not correctly managed.'® The first, and most important, step
is to clearly identify which children are at risk of persistent
asthma to allow the implementation of early management
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strategies, resulting in reduced morbidity and mortality.
Guidelines to date still do not clearly differentiate between
the definition of asthma in adult and pediatric patients due
to the complexity and diversity of the disease. Only after the
2014 revision of the GINA report was the concept that asthma
manifests in children under 5 years of age acknowledged.*

The maturing of the respiratory and immune systems, the
natural history of the disease, difficulty in diagnosis due to
lack of reliable and reproducible tests, difficulty in delivering
treatment and the unpredictable response to treatment are
the most frequently cited causes of difficulties faced when
diagnosing children.'

Asthma is the primary diagnosis for one-third of pedi-
atric emergency department (ED) visits,? and is a frequent
reason for preventable hospitalization?'?? and absenteeism
from school.?* Nevertheless, it is estimated that asthma is
still under-diagnosed in up to 75% of patients who present
asthma-like symptoms, and approximately 11% of patients
in primary care are erroneously prescribed inhaled corticos-
teroids (ICS).?° This emphasizes the need for a standardized
definition for the diagnosis of asthma in pediatric patients.
Using a common systematic approach for asthma manage-
ment can significantly improve outcomes. However, the
dissemination and implementation of these recommendations
are still a major challenge.”

Making a definite asthma diagnosis in children <5 years
is difficult and can have important clinical consequences.
Although FEV | is the preferred outcome variable of the U.S.
Food and Drugs Administration (FDA) for asthma control in
adults,? it is not the best measure for children with asthma.
These patients often present normal lung function, and
therefore normal FEV | values in the absence of symptoms;
however, during acute exacerbations they develop severe
airflow obstruction.”” A study examining the relationship
between FEV and other clinical parameters used to diagnose
asthma found that parent-reported symptoms, health care
utilization, and functional health status measures are more
helpful in characterizing asthma status than FEV .27

Treatment recommendations

The GINA report recommends a probability-based approach,
using frequency and severity of symptoms to guide treat-
ment decisions, with a therapeutic trial of a controller
medication.** A large percentage of preschool children who
present asthma-like symptoms are often treated with ICS to
control inflammation. It was also suggested that early treat-
ment with ICS could reduce the risk of developing irrevers-
ible airway obstruction. However, there are multiple studies

emerging, with contradictory results as to the effect of ICS in
such young patients. Two studies with ICS in wheezy infants
and preschool children did not see any improvement.>**! This
suboptimal response to medication is most likely due, in part,
to variability of the natural history of the disease.

A serious challenge for the diagnosis of asthma is the
underestimation of the severity of the disease by parents,
guardians and patients.* It can be difficult to assess symptoms
and the extent to which a child has adapted its lifestyle to avoid
symptoms. This adaptation could mask distress or discomfort
from parents/guardians, as many parents believe that if the
child is not suffering from obvious symptoms, such as audible
wheeze, there is no real problem.* Clear and open patient—
physician communication to address patient-specific concerns
can help the treating physician identify symptoms and make a
more informed diagnosis, allowing the correct and appropriate
treatment prescriptions and adaptations to be made.**

Sensitization and allergen-induced asthma
Sensitization to common atopic aeroallergens has been found
to play a significant role in the development of asthma and
should be assessed during diagnosis. An Australian study
found a correlation between early allergic sensitization and
the development of persistent asthma.*> Other data suggest
that approximately two-thirds of the German asthma patient

population is sensitized to at least one allergen.*

Among chil-
dren, approximately 40% have been found to be sensitized to
inhalant allergens by early school age, and more than a quarter
of these will eventually develop asthma.? It is believed that
increased exposure to other children, pets or farm animals in
early life may protect children from future development of
asthma. Other studies have demonstrated that children with
older siblings, or those who attended day care within the first
6 months of life, were less likely to develop asthma.® However,
sensitization to certain allergens, such as fungi or cockroaches,
can increase the risk of development of asthma in children.?’

Prediction models for the development of asthma in
children may be used as tools to prevent delays in asthma
diagnosis. Information provided by a predictive model can
have a significant impact on the patient’s present and future
quality of life. To date, approximately 23 predictive models
of asthma have been developed for children. However, none
of the models developed for preschool children have high
positive predictive value or high sensitivity. This lack of
accuracy makes them unsuitable for routine clinical use.?

The accurate diagnosis of asthma in preschool children
is a crucial step toward achieving control of the disease and
optimizing the patient’s quality of life.

Therapeutics and Clinical Risk Management 2019:15

submit your manuscript

453

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Vogelberg

Dove

Impact of early symptoms on future
health

Asthma is a chronic inflammatory disease of the airways char-
acterized by complete or partial airway obstruction reversibili-
ty.* This chronic inflammation can result in airway remodeling
that can have a negative effect on exacerbations, lung function
and response to treatment.*® Childhood-onset asthma has been
associated with reduced lung function and narrower airways
later in life, increasing the severity of symptoms and the risk of
exacerbations at later ages.* In adults, ED visits and hospital-
izations caused by exacerbations have also been associated with
an increased risk of repeated exacerbations, asthma severity and
asthma control, which is also applicable to children.?®
Asthma not only affects patients physically, but can have
serious psychological repercussions if left uncontrolled or
unrecognized. Data for mental health issues in children and
adolescents with asthmatic symptoms are controversial.
However, there are studies that suggest patients with asthma
are more likely to suffer from a wide range of mental health
problems compared with healthy counterparts, such as
increased symptoms of mood and anxiety disorders. Nega-
tive situations and emotional distress can be associated with
difficulty in breathing in many patients.* If young children
are exposed to chronic levels of stress, they may develop
coping mechanisms, such as behavioral and social adaptation.
Patients who are able to adapt to the disease at an early age
have been shown to experience less psychological morbidity
and achieve better long-term management of the disease.*

Identifiable risk factors to aid early

detection

The importance of identifying asthma and wheezing, and
employing management strategies in preschool children
start to become evident when children reach school age.
Identifying risk factors for asthma could be a key factor in
disease management. For example, rapid early weight gain in
young children has been associated with symptomatic growth
dysregulation, which precedes impaired airway development
and clinical wheezing.*' An association between high body
mass index (BMI) and wheezing and asthma in children
has been observed. Studies have shown that children with
higher BMI are more likely to suffer from a more severe
form of the disease compared with children with lower BMI
values.® If the disease is not controlled early on, this can
negatively affect many aspects of a child’s development,
including the learning process. Children with asthma have
been found to have a higher school absence rate than their
healthy peers.*#* This can have a significant impact on their

future education and has been suggested to be a predictor of
school dropout.*+

What are the available reliable treatment

options for preschool children?

Treatment of preschool children with cough and wheeze
depends on the severity of the symptoms. For children with
infrequent wheezing, guidelines recommend the use of short-
acting beta -agonists as needed (Figure 3).* For children with
more persistent symptoms, ICS are the mainstay prescribed
therapy.* ICS are the most effective anti-inflammatory therapy
available for patients with asthma and their regular use has
been found to improve asthma control and quality of life,
and decrease risk of exacerbations.***” There is evidence to
support the use of ICS in preschool children with asthma,*4
and GINA recommends a daily low dose of ICS for preschool
children if the symptom pattern becomes consistent with that
of asthma (Figure 3).* If symptoms worsen and are not well
controlled, leukotriene receptor antagonists are suggested to
be prescribed in conjunction with ICS, or the dose and fre-
quency of ICS are to be increased (Figure 3). It is important
to be aware that the continuous use of ICS has been linked to
growth retardation and may not have an effect in all children
whose symptoms are not well controlled.” More recent studies
have highlighted that individual ICS therapies have differing
safety profiles that are noticeably better than those of oral
steroids. The risk of side effects is considerably reduced when
the lowest effective dose is prescribed. Furthermore, systemic
availability is reduced through appropriate inhaler device
selection and monitoring concomitant medication use.’'

These contraindications may deter patients/parents from
the correct use of medication.

Available treatment options for preschool children with
asthma are limited, with more options available for children
over the age of 6 years.

There is evidence to support the use of long-acting musca-
rinic antagonists in older children, and tiotropium Respimat®
has been approved as an add-on to ICS/long-acting 3,-agonists
in patients with asthma in several countries. In the USA, it is
approved for long-term, once-daily maintenance treatment of
asthma in patients aged 6 years and older.>? In the European
Union, the indication for tiotropium Respimat has recently
been updated for use as an add-on maintenance bronchodila-
tor in patients aged 6 years and older with severe asthma who
experienced one or more severe asthma exacerbation in the
past year.> Recent clinical trials, spanning different age groups
(6-11 years and 12—17 years), found improvements in lung
function with tiotropium, and a safety and tolerability profile
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» Self-management: education, inhaler skills, written asthma action plan, adherence
* Regular review: assess response, adverse events, establish minimal effective treatment
¢ (Where relevant): environmental control for smoke, allergens, indoor/outdoor air pollution

Figure 3 GINA-recommended treatment steps for preschool children with asthma.
Notes: Adapted with permission from the GINA 2018 Report.*
Abbreviations: GINA, The Global Initiative for Asthma; ICS, inhaled corticosteroid.

comparable with placebo.’* ¢! There are very few trials inves-
tigating the efficacy of potential treatments in children under 6
years of age due to the previously discussed discrepancies in
diagnosis criteria. However, a recent small study in preschool
children with persistent asthmatic symptoms was the first to

assess the safety and efficacy of tiotropium in children aged
1-5 years.®” Tiotropium demonstrated a comparable safety and
tolerability profile with placebo, in line with safety outcomes
previously reported in patients over 6 years old.***! However,
the efficacy endpoints for this study were exploratory, even
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though the endpoints were defined and were used for descrip-
tive analyses only. While changes in daytime asthma symptom
scores were not significant, the exploratory analysis recorded
a smaller number of children reporting adverse events (AEs)
related to asthma exacerbations and symptoms in children tak-
ing tiotropium compared with those taking placebo.®* Further
studies are needed to establish the efficacy of tiotropium in
this very young patient population.

The importance of the correct device for
therapy delivery

Ensuring that the patient is receiving the correct therapy is
an important step in disease management. The selection of
an appropriate device should be considered just as important
as the therapy choice, as the correct handling of inhalers
is essential to ensure patients receive the prescribed dose.
Each device used for administration of aerosol therapy has
different mechanisms of operation, performance charac-
teristics and requirements for correct use. This means that
patients and caregivers must be correctly instructed on the
use of each different inhaler device they are prescribed;
otherwise it will result in the incorrect use of the device and
improper delivery of therapy to the lungs. Aerosol devices
that are used by adults may not be appropriate for children
because of the complex steps necessary for their correct
use. Young children may also lack sufficient inspiratory
strength to use a dry powder inhaler.®® Breath-actuated
inhalers are impractical for use in children as their erratic
breathing patterns will make their use difficult for children
under the age of 5 years. Inspiratory flows and lung vol-
umes are largely size-dependent and increase with age and
body mass; therefore, many children will not be capable
of generating sufficient flow for correct inhaler device use
until the ages of 5 or 6 years. Preschool children also lack
the coordination between actuation and inhalation for the
use of a metered-dose inhaler (MDI), whereas school-age
children may have the hand-breath coordination but may
lack the ability to determine when to use the device.® Other
difficulties encountered with the use of inhalers in infants
are that they breathe predominantly through their noses up
to the age of 6 months, and toddlers are generally not able to
use a mouth piece.® Consequently, aerosol administration in
this very young patient population requires different mouth
pieces such as an aerosol mask for patients up to the age of
3 or 4 years, or valved holding chambers and spacers for
slightly older patients able to use a mouth piece (Table 1).%
A commonly used delivery system in children under the age
of 5 years is nebulizers. The advantage of nebulizers is that
they do not require patient cooperation. Nevertheless, less

Table | Choosing an aerosol device and interface for patients
of different ages

Device Age
0-4 years | 4-5 years
Nebulizer v v
Aerosol | pMDI with VHC x v
device pMDI with VHC and face mask | v/ x
DPl/breath-actuated pMDI x v
Mask v v
Interface | Hood or high-flow nasal cannula | v/ x
Mouth piece x v

Notes: Adapted with permission from Ari A, Fink |B. Guidelines for aerosol devices
in infants, children and adults: which to choose, why and how to achieve effective
aerosol therapy. Expert Rev Respir Med. 2011;5(4):561-572, by permission of the
publisher (Taylor & Francis Ltd, http://www.tandfonline.com).®® *pMDI only at
5 years of age.

Abbreviations: DPI, dry powder inhaler; pMDI, pressurized metered-dose inhaler;
VHC, valved holding chamber-.

than 10% of aerosolized therapy reaches the lungs when
using nebulizers, and a large proportion of the treatment is
deposited on the face, a large proportion on the apparatus
and the remainder lost to the surroundings.® Pressurized
MDIs (pMDIs) allow a higher proportion of the therapy to
reach the lung, but require coordination between inhaling
and activating the inhaler. The use of a spacer eliminates the
need for coordination between actuation and inhalation of a
pMDI. The valved holding chamber/spacer has a one-way
valve that allows aerosol to move out of the chamber at inha-
lation and keeps particles in the chamber upon exhalation.
Neonates and infants should not use these spacers without
a face mask to aid therapy delivery® as they are unable to
generate the inspiratory force required to open the one-way
valve. The limitation encountered with face masks is that the
delivery of therapy to the lungs is noticeably decreased.®*¢
Recently, a study used the Respimat and the AeroChamber
Plus® Flow-Vu® anti-static valved holding chamber for the
delivery of aerosol to preschool patients.®

The challenges faced in the development
and testing of new treatment options for
this patient population

Most treatment options for asthma and respiratory diseases are
not designed for use in preschool children. There is an unmet
need for therapy options in this patient demography. A reason
for this shortfall is that determining the effect of child growth
and development on therapies, and vice versa, is a chal-
lenge in pediatric research.” It has long been recognized
that different asthma symptom patterns in childhood may be
associated with variations in the natural history of the disease.
The changeability in disease phenotype and improbability
of a homogeneous patient population make it problematic to
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classify young patients or recruit them for trials. The various
developmental stages of children at different ages will often
require separate sub-analyses for infants, school-age children
and adolescents to assess safety and efficacy of a treatment.
This subdivision will inevitably increase the number of
participants required per study.” As there is a scarcity of
study participants, it will therefore increase the time needed
to recruit enough participants for a study and require more
effort to retain them. Once identified, it is likely that not all
children with a disorder or condition will meet the eligibility
criteria for a study.®’

There are strict regulations that restrict the range of
research that can be undertaken with children. Placebo-
controlled trials for efficacy are more regulated when children
participate, especially if the children receiving the placebo
are exposed to more than the minimal amount of risk. Other
ethical considerations include parents’ reluctance to enroll
their children in clinical trials due to concerns of safety and
well-being for their child.®’

Challenges faced with clinical outcome

measures

Defining and measuring appropriate outcome variables for
preschool populations is problematic as they are less able
to perform lung function analyses.®® Pediatric investigators
and agencies, such as the FDA, often do not agree on what
is considered an acceptable measure. Clinical endpoints
must be appropriate for the target population. FEV| results
are valuable for the diagnosis of asthma in adults; however,
it is not always possible to ensure a preschool-age patient’s
cooperation, and therefore, reliable and reproducible results.®
Young children are often not able to perform specific venti-
lation, reducing the role of lung function testing and other
physiologic tests in the diagnosis of children under the age of
5 years.”” The American Thoracic Society/ERS joint expert
panel has acknowledged that the current repeatability criteria
for adult spirometry are not appropriate for preschool children
and there is a severe lack of objective measures for children.”
With preschool children still developing, most will not have
the chest wall strength to carry out spirometry at the required
intensity to produce FEV/ results. Forced expiratory volume
in 0.5 seconds would be more physiologically appropriate for
young children (<6 years) as their forced expiration is shorter
than that of adults.” Changes in chest and lung anatomy, as
well as the physiologic changes that occur during growth and
development, affect lung function test results in very young
patients.”! Cooperation-free tests are the preferred method
for screening of pediatric patients; however, these are gener-
ally available only in specialized centers due to the use of

complex equipment.® Impulse oscillometry is a method that
requires less patient cooperation compared with spirometry
and may be useful in identifying children with lower airway
obstruction in patients without obvious wheeze.”

Using questionnaires, such as the Childhood Asthma
Control Test, which allows scoring by both children and
parents, has shown that children tend to assess their asthma
control significantly lower than parents do.” This can be
because children are not able to fully complete question-
naires on their own, or often parents or guardians rely on
observation, which can result in incomplete reporting. An
alternative endpoint to use would be symptom-free days. This
is a useful endpoint for pediatric asthma studies and easier
to record than symptom scores.”

Identifying surrogate endpoints

With no tested reliable method for early detection of asthma
currently available in the preschool-age demography, there
is an urgent need to investigate this further. However, long
placebo-controlled trials are considered unethical in such a
young population and alternative endpoints need to be identi-
fied. Pharmacologic markers such as biomarkers, including
measurement of fractional exhaled nitric oxide,” may serve as
a surrogate endpoint.’® The occurrence of AEs related to exac-
erbations and symptoms has, more recently, been proposed as a
useful alternative endpoint in pediatric trials.” The FDA recog-
nizes the use of surrogate endpoints as extremely promising for
improving the efficiency in clinical research.”” Incorporating
surrogate endpoints could significantly accelerate the develop-
ment of new therapies for infants, children and adolescents.”
Surrogate endpoints may be used for early detection of safety
issues that could point to toxicity problems of a new therapy.”’
Clinical trials designed to evaluate efficacy of a new drug are
often too short and too small to detect rare AEs or events that
occur after prolonged therapy.” Surrogate endpoints also do
not directly measure clinical impact, but reflect therapeutic
treatment effect, therefore their use can be controversial.”*””
However, due to the unique requirements of pediatric research,
careful and appropriate use of surrogate endpoints could allow
more information to be gathered about therapeutic interven-
tions during short clinical testing phases.”

Conclusion

With asthmatic symptoms present in young patients, and
approximately 50% of patients with symptoms at 3 years
of age likely to be later diagnosed with asthma, early detec-
tion and management of this chronic disease are essential to
improve the patients’ quality of life, not only in the present,
but also in the future. There is a significant deficit in reliable
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asthma identification measures and effective treatment
strategies in preschool children. Further studies are needed
to define pathogenesis, progression and outcomes of asthma
in preschool children, as well as to identify efficacious inter-
ventions in this population.

Data sources and selection criteria

We based this review on the Global Initiative for Asthma
guidelines published in 2018. We also included key publi-
cations by the World Health Organization. We searched for
cited references in PubMed using the search terms “asthma,”

EENT3

“cough,” “wheezing,” “breathlessness,” “diagnosis,” “man-

< 2 <

agement,” “barriers,” “primary care,” “preschool” and
“childhood.” Our personal research article library was used

to investigate and review relevant publications.

Acknowledgments

The author takes full responsibility for the scope, direction,
content of, and editorial decisions relating to the manuscript,
was involved at all stages of development, and has approved
the submitted manuscript. Medical writing assistance, in the
form of the preparation and revision of the draft manuscript,
was supported financially by Boehringer Ingelheim and
provided by Martina Stagno d’ Alcontres, PhD, of MediTech
Media, under the author’s conceptual direction and based on
feedback from the author. Boehringer Ingelheim was given the
opportunity to review the manuscript for factual accuracy only.
The author would like to thank Kjeld Hansen, a member of the
Patient Ambassador Group for the European Lung Foundation,
for his input to the video summary of this manuscript.

Disclosure

The author has participated as a lecturer and speaker in sci-
entific meetings and courses under the sponsorship of ALK
Abello, Allergopharma, Boehringer Ingelheim, Engelhard
Arzneimittel, HAL Allergy, Infectopharm, Merck Sharp &
Dohme, and Novartis and as a member of the advisory board
for ALK Abello, Boehringer Ingelheim, Engelhard Arzneim-
ittel, Merck Sharp & Dohme, Stallergenes and Novartis. He
was an investigator on the pediatric tiotropium studies. The
author reports no other conflicts of interest in this work.

References

1. Masoli M, Fabian D, Holt S, Beasley R; Global Initiative for Asthma
(GINA) Program. The global burden of asthma: executive summary of the
GINA Dissemination Committee report. Allergy. 2004;59(5):469—478.

2. Bousquet J, Khaltaev N. Global Surveillance, Prevention and Control
of Chronic Respiratory Diseases: A Comprehensive Approach. Geneva:
World Health Organization; 2007.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Nunes C, Pereira AM, Morais-Almeida M. Asthma costs and social

impact. Asthma Res Pract. 2017;3:1.

. Global Initiative for Asthma. GINA report: global strategy for asthma

management and prevention. Available from: http://ginasthma.
org/2018-gina-report-global-strategy-for-asthma-management-and-
prevention/. Accessed March 8, 2018.

. Aalbers R, Park HS. Positioning of long-acting muscarinic antagonists

in the management of asthma. Allergy Asthma Immunol Res.2017;9(5):
386-393.

. Centers for Disease Control and Prevention. National Health Interview

Survey (NHIS) data. Available from: https://www.cdc.gov/asthma/nhis/
default.htm. Accessed December 12, 2017.

. Asthma UK. Asthma facts and statistics. Available from: https:/www.

asthma.org.uk/about/media/facts-and-statistics/. Accessed December 2,
2018.

. Martinez FD. Development of wheezing disorders and asthma in pre-

school children. Pediatrics. 2002;109(2 Suppl):362-367.

. Brand PL, Baraldi E, Bisgaard H, et al. Definition, assessment and treat-

ment of wheezing disorders in preschool children: an evidence-based
approach. Eur Respir J. 2008;32(4):1096-1110.

International consensus report on diagnosis and treatment of asthma.
National Heart, Lung, and Blood Institute, National Institutes of
Health. Bethesda, Maryland 20892. Publication no. 92-3091, March
1992. Eur Respir J. 1992;5(5):601-641.

Asher I, Pearce N. Global burden of asthma among children. /nt J
Tuberc Lung Dis. 2014;18(11):1269-1278.

Schultz A, Devadason SG, Savenije OE, Sly PD, Le Souéf PN,
Brand PL. The transient value of classifying preschool wheeze into
episodic viral wheeze and multiple trigger wheeze. Acta Paediatr.2010;
99(1):56-60.

van Aalderen WM. Childhood asthma: diagnosis and treatment.
Scientifica. 2012;2012:1-18.

Beasley R, Semprini A, Mitchell EA. Risk factors for asthma: is preven-
tion possible? Lancet. 2015;386(9998):1075-1085.

Kravitz-Wirtz N, Teixeira S, Hajat A, Woo B, Crowder K, Takeuchi D.
Early-life air pollution exposure, neighborhood poverty, and childhood
asthma in the United States, 1990-2014. Int J Environ Res Public
Health. 2018;15(6):E1114.

Papadopoulos NG, Arakawa H, Carlsen KH, et al. International
consensus on (ICON) pediatric asthma. Allergy. 2012;67(8):
976-997.

Lannero6 E, Wickman M, Pershagen G, Nordvall L. Maternal smoking
during pregnancy increases the risk of recurrent wheezing during the
first years of life (BAMSE). Respir Res. 2006;7:3.

Chu S, Chen Q, Chen Y, Bao Y, Wu M, Zhang J. Cesarean section
without medical indication and risk of childhood asthma, and attenua-
tion by breastfeeding. PLoS One. 2017;12(9):e0184920.

Dogaru CM, Nyffenegger D, Pescatore AM, Spycher BD, Kuehni CE.
Breastfeeding and childhood asthma: systematic review and meta-
analysis. Am J Epidemiol. 2014;179(10):1153-1167.

Luo G, Nkoy FL, Stone BL, Schmick D, Johnson MD. A systematic
review of predictive models for asthma development in children.
BMC Med Inform Decis Mak. 2015;15:99.

Flores G, Abreu M, Tomany-Korman S, Meurer J. Keeping children
with asthma out of hospitals: parents” and physicians’ perspectives on
how pediatric asthma hospitalizations can be prevented. Pediatrics.
2005;116(4):957-965.

Nath JB, Hsia RY. Children’s emergency department use for asthma,
2001-2010. Acad Pediatr. 2015;15(2):225-230.

Wang LY, Zhong Y, Wheeler L. Direct and indirect costs of asthma in
school-age children. Prev Chronic Dis. 2005;2(1):Al1.

Hsu J, Qin X, Beavers SF, Mirabelli MC. Asthma-related school
absenteeism, morbidity, and modifiable factors. 4m J Prev Med. 2016;
51(1):23-32.

Kupczyk M, Haahtela T, Cruz AA, Kuna P. Reduction of asthma bur-
den is possible through National Asthma Plans. Allergy. 2010;65(4):
415-419.

submit your manuscript

458

Dove

Therapeutics and Clinical Risk Management 2019:15


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
https://www.cdc.gov/asthma/nhis/default.htm
https://www.cdc.gov/asthma/nhis/default.htm
https://www.asthma.org.uk/about/media/facts-and-statistics/
https://www.asthma.org.uk/about/media/facts-and-statistics/

Dove

Vogelberg

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

U.S. Department of Health and Human Services Food and Drug Admin-
istration Center for Drug Evaluation and Research (CDER). Guidance
for industry — Orally inhaled and intranasal corticosteroids: evaluation
of the effects on growth in children. 2007. Available from: https:/
www.fda.gov/downloads/drugs/guidances/ucm071968.pdf. Accessed
December 14, 2017.

Spahn JD, Cherniack R, Paull K, Gelfand EW. Is forced expiratory
volume in one second the best measure of severity in childhood asthma?
Am J Respir Crit Care Med. 2004;169(7):784-786.

Sharek PJ, Mayer ML, Loewy L, et al. Agreement among measures of
asthma status: a prospective study of low-income children with moder-
ate to severe asthma. Pediatrics. 2002;110(4):797-804.

Reddel HK, Bateman ED, Becker A, etal. A summary of the new GINA strat-
egy: a roadmap to asthma control. Eur Respir J. 2015;46(3):622—639.
Schokker S, Kooi EM, de Vries TW, et al. Inhaled corticosteroids for
recurrent respiratory symptoms in preschool children in general practice:
randomized controlled trial. Pulm Pharmacol Ther. 2008;21(1):88-97.
Hofhuis W, van der Wiel EC, Nieuwhof EM, et al. Efficacy of fluti-
casone propionate on lung function and symptoms in wheezy infants.
Am J Respir Crit Care Med. 2005;171(4):328-333.

Silva CM, Barros L. Asthma knowledge, subjective assessment of
severity and symptom perception in parents of children with asthma.
J Asthma. 2013;50(9):1002—1009.

Barton C, Clarke D, Sulaiman N, Abramson M. Coping as a mediator
of psychosocial impediments to optimal management and control of
asthma. Respir Med. 2003;97(7):747-761.

Ha JF, Longnecker N. Doctor-patient communication: a review.
Ochsner J.2010;10(1):38—43.

Peat JK, Salome CM, Woolcock AJ. Longitudinal changes in atopy
during a 4-year period: relation to bronchial hyperresponsiveness and
respiratory symptoms in a population sample of Australian schoolchil-
dren. J Allergy Clin Immunol. 1990;85(1 Pt 1):65-74.

Ili S, von Mutius E, Lau S, et al. The pattern of atopic sensitization
is associated with the development of asthma in childhood. J Allergy
Clin Immunol. 2001;108(5):709-714.

Pedersen SE, Hurd SS, Lemanske RF, et al. Global strategy for the
diagnosis and management of asthma in children 5 years and younger.
Pediatr Pulmonol. 2011;46(1):1-17.

Dougherty RH, Fahy JV. Acute exacerbations of asthma: epidemiol-
ogy, biology and the exacerbation-prone phenotype. Clin Exp Allergy.
2009;39(2):193-202.

Grad R, Morgan W1J. Long-term outcomes of early-onset wheeze and
asthma. J Allergy Clin Immunol. 2012;130(2):299-307.

Baiardini I, Sicuro F, Balbi F, Canonica GW, Braido F. Psychological
aspects in asthma: do psychological factors affect asthma management?
Asthma Res Pract. 2015;1:7.

Lang JE. Obesity and asthma in children: current and future therapeutic
options. Paediatr Drugs. 2014;16(3):179-188.

Mai XM, Nilsson L, Axelson O, et al. High body mass index, asthma
and allergy in Swedish schoolchildren participating in the International
Study of Asthma and Allergies in Childhood: Phase II. Acta Paediatr.
2003;92(10):1144-1148.

Moonie SA, Sterling DA, Figgs L, Castro M. Asthma status and severity
affects missed school days. J Sch Health. 2006;76(1):18-24.
Stridsman C, Dahlberg E, Zandrén K, Hedman L. Asthma in adolescence
affects daily life and school attendance — Two cross-sectional population-
based studies 10 years apart. Nurs Open. 2017;4(3):143-148.

Meng YY, Babey SH, Wolstein J. Asthma-related school absentee-
ism and school concentration of low-income students in California.
Prev Chronic Dis. 2012;9:E98.

O’Byrne PM. Pharmacologic interventions to reduce the risk of asthma
exacerbations. Proc Am Thorac Soc. 2004;1(2):105-108.

Kupczyk M, Dahlén B, Dahlén SE. Which anti-inflammatory drug should
we use in asthma? Pol Arch Med Wewn. 2011;121(12):455-459.
Castro-Rodriguez JA, Pedersen S. The role of inhaled corticosteroids
in management of asthma in infants and preschoolers. Curr Opin Pulm
Med. 2013;19(1):54-59.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Bisgaard H, Allen DB, Milanowski J, Kalev I, Willits L, Davies P.
Twelve-month safety and efficacy of inhaled fluticasone propionate in
children aged 1 to 3 years with recurrent wheezing. Pediatrics. 2004;
113(2):e87—€94.

Guilbert TW, Morgan W1J, Zeiger RS, et al. Long-term inhaled corti-
costeroids in preschool children at high risk for asthma. N Engl J Med.
2006;354(19):1985-1997.

Wolfgram PM, Allen DB. Effects of inhaled corticosteroids on
growth, bone metabolism, and adrenal function. Adv Pediatr. 2017,
64(1):331-345.

SPIRIVA® RESPIMAT® (tiotropium bromide) inhalation spray [prescrib-
ing information]. Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield,
CT. Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2017/021936s0071bl.pdf. Accessed December 14, 2017.
Boehringer Ingelheim. Asthma: expanded indication for SPIRIVA®
Respimat® for people 6 years and older. Available from: https://www.
boehringer-ingelheim.com/press-release/expanded-asthma-indication-
spiriva-respimat-eu. Accessed March 20, 2018.

Vogelberg C, Moroni-Zentgraf P, Leonaviciute-Klimantaviciene M,
et al. A randomised dose-ranging study of tiotropium Respimat® in
children with symptomatic asthma despite inhaled corticosteroids.
Respir Res. 2015;16:20.

Vogelberg C, Engel M, Moroni-Zentgraf P, et al. Tiotropium in asth-
matic adolescents symptomatic despite inhaled corticosteroids: a ran-
domised dose-ranging study. Respir Med. 2014;108(9):1268-1276.
Hamelmann E, Bateman ED, Vogelberg C, et al. Tiotropium add-on
therapy in adolescents with moderate asthma: a 1-year randomized
controlled trial. J Allergy Clin Immunol. 2016;138(2):441-450.
Kerstjens HA, Engel M, Dahl R, et al. Tiotropium in asthma poorly
controlled with standard combination therapy. N Engl J Med. 2012;
367(13):1198-1207.

Kerstjens HA, Casale TB, Bleecker ER, et al. Tiotropium or salmeterol
as add-on therapy to inhaled corticosteroids for patients with moderate
symptomatic asthma: two replicate, double-blind, placebo-controlled,
parallel-group, active-comparator, randomised trials. Lancet Respir
Med. 2015;3(5):367-376.

Paggiaro P, Halpin DM, Buhl R, et al. The effect of tiotropium in symptom-
atic asthma despite low- to medium-dose inhaled corticosteroids: a random-
ized controlled trial. J Allergy Clin Immunol Pract. 2016;4(1):104-113.
Hamelmann E, Bernstein JA, Vandewalker M, et al. A randomised
controlled trial of tiotropium in adolescents with severe symptomatic
asthma. Eur Respir J. 2017;49(1):1601100.

Szefler SJ, Murphy K, Harper 3rd T, et al. A phase III randomized con-
trolled trial of tiotropium add-on therapy in children with severe symp-
tomatic asthma. J Allergy Clin Immunol. 2017;140(5):1277-1287.
Vrijlandt EJLE, El Azzi G, Vandewalker M, et al. Safety and efficacy
of tiotropium in children aged 1-5 years with persistent asthmatic
symptoms: a randomised, double-blind, placebo-controlled trial. Lancet
Respir Med. 2018;6(2):127-137.

Ari A, Fink JB. Guidelines for aerosol devices in infants, children and
adults: which to choose, why and how to achieve effective aerosol
therapy. Expert Rev Respir Med. 2011;5(4):561-572.

Smith C, Goldman RD. Nebulizers versus pressurized metered-dose
inhalers in preschool children with wheezing. Can Fam Physician.
2012;58(5):528-530.

Ditcham W, Murdzoska J, Zhang G, et al. Lung deposition of 9mTc-
radiolabeled albuterol delivered through a pressurized metered dose
inhaler and spacer with facemask or mouthpiece in children with asthma.
J Aerosol Med Pulm Drug Deliv. 2014;27 Suppl 1:S63-S75.

Ari A, de Andrade AD, Sheard M, Alhamad B, Fink JB. Performance
comparisons of jet and mesh nebulizers using different interfaces in
simulated spontaneously breathing adults and children. J Aerosol Med
Pulm Drug Deliv. 2015;28(4):281-289.

Field MJ, Berman RE, editors; Institute of Medicine (US) Committee on
Clinical Research Involving Children. The Ethical Conduct of Clinical
Research Involving Children. Washington, DC: National Academy of
Sciences; 2004.

Therapeutics and Clinical Risk Management 2019:15

submit your manuscript

459

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/021936s007lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/021936s007lbl.pdf
https://www.boehringer-ingelheim.com/press-release/expanded-asthma-indication-spiriva-respimat-eu
https://www.boehringer-ingelheim.com/press-release/expanded-asthma-indication-spiriva-respimat-eu
https://www.boehringer-ingelheim.com/press-release/expanded-asthma-indication-spiriva-respimat-eu

Vogelberg

Dove

68.

69.

70.

71.

72.

73.

British Thoracic Society, Scottish Intercollegiate Guidelines Network.
British guideline on the management of asthma — A national clinical
guideline. SIGN. 2016;153. Available from: https://www.sign.ac.uk/
sign-153-british-guideline-on-the-management-of-asthma.html.
Accessed September 10, 2018.

Schlegelmilch RM, Kramme R. Pulmonary function testing. In: Hand-
book of Medical Technology. Berlin: Springer; 2011:95-119.

Beydon N, Davis SD, Lombardi E, et al. An official American Thoracic
Society/European Respiratory Society statement: pulmonary func-
tion testing in preschool children. Am J Respir Crit Care Med. 2007,
175(12):1304-1345.

Cole TJ, Stanojevic S, Stocks J, Coates AL, Hankinson JL, Wade AM.
Age- and size-related reference ranges: a case study of spirometry
through childhood and adulthood. Stat Med. 2009;28(5):880—898.
Kotwal N, Berkovits D, Vicencio AG. Use of impulse oscillometry in
evaluation of preschool children with chronic cough. Am J Respir Crit
Care Med. 2015;191:A3392.

Dinakar C, Chipps BE; SECTION ON ALLERGY AND IMMUNOL-
OGY; SECTION ON PEDIATRIC PULMONOLOGY AND SLEEP
MEDICINE. Clinical tools to assess asthma control in children. Pedi-
atrics. 2017;139(1):¢20163438.

Therapeutics and Clinical Risk Management

Publish your work in this journal

Therapeutics and Clinical Risk Management is an international, peer-
reviewed journal of clinical therapeutics and risk management, focusing
on concise rapid reporting of clinical studies in all therapeutic areas,
outcomes, safety, and programs for the effective, safe, and sustained
use of medicines. This journal is indexed on PubMed Central, CAS,

74.

75.

76.

77.

78.

de Benedictis FM, Guidi R, Carraro S, Baraldi E; TEDDY European
Network of Excellence. Endpoints in respiratory diseases. Eur J Clin
Pharmacol. 2011;67 Suppl 1:49-59.

Sanchez-Garcia S, Habernau Mena A, Quirce S. Biomarkers in inflam-
mometry pediatric asthma: utility in daily clinical practice. Eur Clin
Respir J.2017;4(1):1356160.

Berns B, Démolis P, Scheulen ME. How can biomarkers become sur-
rogate endpoints? Eur J Cancer suppl. 2007;5(9):37—-40.
Molenberghs G, Orman C. Surrogate endpoints: application in pedi-
atric clinical trials. In: Mulberg A, Silber S, van der Acker JN, editors.
Pediatric Drug Development, Concepts and Applications. Hoboken,
NJ: Wiley Blackwell; 2009:501-511.

Jones TC. Call for a new approach to the process of clinical trials and
drug registration. BMJ. 2001;322(7291):920-923.

Dove

EMBase, Scopus and the Elsevier Bibliographic databases. The
manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal

460

submit your manuscript

Dove

Therapeutics and Clinical Risk Management 2019:15


http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

