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Abstract Background Respiratory medications are fre-
quently prescribed for use in children. Several studies have
reported information on the safety of asthma medications
in clinical studies in adults, but information about safety in
children is scarce. Objective To review published clinical
trials on the occurrence and characteristics of adverse drug
reactions (ADRs) in children, reported for asthma medi-
cations licensed for paediatric use. Methods We system-
atically reviewed the literature following the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses statement guidelines. PubMed, Embase, Cochrane
Library, PsycINFO, IPA, and CINAHLs databases were
searched from origin until July 2013 for studies reporting
ADRs for beta2-receptor agonists, inhaled corticosteroids,
leukotriene receptor antagonists and combination products
in children from birth to age 17. Information on ADR
reporting rates, age and gender, type and seriousness of
ADRs, design, setting, observation period, type of asses-
sors, and funding sources was extracted from the articles.
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Results Literature searches resulted in 162 potential rele-
vant articles. However only 12 of these studies were
included in this review as they reported information about
ADR rates from use of salmeterol, formoterol, fluticasone,
montelukast, zafirlukast and budesonide/formoterol in
children. The total population was approximately 3,000
children; the majority was 6- to 11-year-olds and two thirds
of these were boys. The observation period varied from 1 to
22 months. The most frequently reported ADRs were
exacerbation of asthma, respiratory tract infection, cough,
fever and headache. Only few ADRs were rated as being
serious, however a number of children dropped out of the
clinical trials due to serious ADRs, and, therefore, the real
number of serious ADRSs is probably higher. Conclusions
Few clinical trials reporting ADRs from use of asthma
medications in children were identified in the literature.
These studies reported only a few types of ADRs, the
majority being non-serious.

Keywords Adverse drug reactions - Asthma - Children -
Pharmacovigilance - Pediatric indication

Impacts on Practice

e A large number of clinical trials with respiratory
medicines conducted in children can be found in the
literature, but only few report information about
adverse drug reactions (ADRs).

e Studies of spontaneous ADR reports on respiratory
medications submitted to national pharmacovigilance
databases must be conducted in order to increase
knowledge about ADRs occurring in children.

e There is a need for more population-based studies to
collect information about possible ADRs in order to
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estimate the prevalence of rarely occurring and unex-
pected ADRs.

Introduction

Respiratory medications (ATC group R) are prescribed fre-
quently for use in children [1]. In a cohort of approximately
48,000 Danish children one in three children below 3 years of
age received prescriptions for anti-asthmatics, mainly oral
beta-2 agonists [1]. In the 7 to 15-year-old group 6 % of the
children were prescribed anti-asthmatics [1]. Studies from
other western countries have reported similar results showing
that the level of exposure to respiratory medications was
highestin early childhood [2]. In a cohort of 374,068 patients in
the US aged 6-11-year the majority (42 %) started their
treatment with a prescription of a short-acting beta2-agonists.
Other common starting medications was inhaled corticoste-
roids (ICS) (16 %) [3]. Despite the widespread use of these
medications, information about safety in children is scarce [2].
Analysis of spontaneous reports submitted to regulatory
authorities in Denmark from 1998 to 2007 showed that ADRs
reported for respiratory medications constituted 2 % of all
ADRs reported in children from birth to age 17 [4]. Analyses of
ADR reports submitted to the WHO database VigiBase from
1995 to 2005 showed that 11 % of all ADR reports in children
were for respiratory medications compared to 7 % in adults
[5]. The VigiBase study did not provide information about type
of reported ADRs and suspected medications [5], so the impact
of the ADRs is unknown. A study analyzing ADRs reported to
the Dutch national ADR database for ICS from 1984 to 2004 in
children below 18 years found that the majority of reported
ADRs associated with use of ICS were psychiatric symptoms,
growth retardation, rash, alopecia and headache [6]. In 2008
the FDA issued safety alerts requiring manufacturers of leu-
kotriene-receptor antagonists to include suicide and neuro-
psychiatric events as a precaution in the product information
for adults. It remains unclear whether these ADRs may occur
in children [6]. Clinical guidelines recommend ICS and beta2—
receptor agonists as first-line standard treatment in children
[2]. As no articles have previously reviewed the ADR patterns
following use of these medications in children, we wanted to
review ADRs reported in paediatric clinical trials for these
therapeutic groups compared to other paediatric medications
licensed for treatment of asthma.

Aim of the study
To review published clinical trials on the occurrence and

characteristics of ADRs in children, reported for asthma
medications licensed for paediatric use.
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Methods
Literature searches

Literature searches were performed in PubMed, Embase,
Cochrane Library, IPA, PsycIlnfo and CINAHL (whole
databases from origin without language restriction). Table 1
lists the asthma medications licensed for paediatric use and
their approved paediatric indication with respect to age and
anatomical classification [ATC] group R. The selected
medications were licensed for treatment of asthma accord-
ing to international treatment guidelines and they had a
paediatric indication listed in the official product informa-
tion issued by the Danish Health and Medicines Authority
and/or the European Medicines Agency. Therefore we
searched with the terms “adrenergic beta-2-receptor ago-
nists” [MESH], “ICS”, “leukotriene receptor antagonists”
[MESH],” cholinergic antagonists” [MESH],” and “anti-
immunoglobulin-E-antibodies” combined with any of the
following: “adverse drug reaction,” “side effect” and
“adverse event”. Further searches were conducted in Pub-
med using the key words “adverse drug reaction” plus each
of the following: “salbutamol”,” levosalbutamol”, “ter-
butaline”, “pirbuterol”, “fenoterol”, “salmeterol”, “for-
moterol”, “bambuterol”, “budenosid”, “fluticasone”,”
mometason”,” beclometason”,” montelukast” and “za-
firlukast”, and “ipratropium”. Additionally, the following
search terms: “cortisol suppression”, “exacerbation rate”,
“growth retardation rate” and “psychiatric” combined with
“asthma medications” were also included in the searches, as
such events have often been reported in clinical trials for
asthma medicines. Table 2 provides further details of the
search strategy, which was constructed based on advice from
an information specialist. Reference lists of identified arti-
cles were also screened for additional potentially relevant
articles. The clinical trials databases www.clinicaltrials.gov
and www.ctr.gsk.co.uk were searched for additional studies.
Literature searches were updated until June 2013.

Study selection

Both authors independently screened the retrieved abstracts
to identify studies relevant for the review. Potentially rel-
evant articles were retrieved in full text and further
screened for inclusion. To be considered relevant for this
review, articles had to be peer-reviewed and report ADRs
associated with the use of asthma medications licensed for
paediatric use displayed as ADR rates (%) in children from
birth to age 17. We also included studies not reporting
ADRs as rates if the provided data allows for ADR rate
calculation. Studies located in the US clinical trials data-
base were excluded, as they provided insufficient infor-
mation about reported ADRs.


http://www.clinicaltrials.gov
http://www.ctr.gsk.co.uk
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Table 1 Medicines with

Therapeutic group (s) ATC group Medicine (s) Paediatric
paediatric indication used to indication
treat.asthma flCCO.I‘dil’lg to (age)* (months)
paediatric guidelines
Short-acting beta2-agonists RO3AC02 Salbutamol (Ventoline®) >18
RO3ACO03 Terbutaline (Bricanyl®) >3
RO3AC04 Fenoterol (Berotec®) >0
Long-acting beta2-agonists RO3ACI12 Salmeterol (Serevent®) >4
(LABAs) RO3ACI3  Formoterol (Foradil®) >5
RO3CC12 Bambuterol (Bambec®) >2
Corticosteroids RO3BA02 Budesonid (Spirocort®) >0
RO3BAOS Fluticason (Flixotide®) >1

RO1ADO09 Mometason (Asmanex®) >12
RO3BAO1 Beclometason (Beclomet®) >5

Leukotriene receptor antagonists  R03DC03 Montelukast (Singulair®) >15
R0O3DCO1 Zafirlukast (Accolate®) >5

Combination products RO3AKO03 Ipratropium/Fenoterol (Berodual®) >6
? Product Information available RO3AKO06 Salmeterol/Fluticason (Seretide®) >4
at the website: www. RO3AKO7  Budesonid/Formoterol (Symbicort®)  >12

produktinformation.dk

Data extraction

Data from included articles were extracted using a standard
form, one for each article. The following information was
recorded: authors, publication year, country, study design,
dosage, comparator, observation period (weeks), size of
study populations, age and gender of included population,
ADR reporting rates in percentage and information about
funding. ADR reporting rates were listed as reported in the
original articles. In placebo-controlled studies, information
was extracted about ADR reporting rates for the placebo
populations as well as dropout figures. We also recorded
information about who had assessed the ADRs and if
reported ADRs were classified as being serious. The first
author extracted data, while the second author checked and
verified all cases. Reporting was conducted in the form
recommended in the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement
and checklist [7] (see appendix 1).

Definition and seriousness of reported ADR

It was not feasible to apply a common definition of ADRs
across studies, as only few of the included papers have
specified the applied ADR definitions and causality
assessment criteria. In Pearlman et al. 2000 [12] reported
adverse event data were tabulated using COSTART (cod-
ing symbols for thesaurus of ADRs) terminology. Tal et al.
[19] stated that reported adverse events were evaluated
with respect to intensity and causality. Hoekx et al. [10]
defined a serious ADR as one resulting in death, life-
threatening, requiring hospitalization or prolongation of

Table 2 Search strategy: complete databases were searched until
June 2013

Search term (mesh/free text)

Adrenergic beta-2-receptor agonists AND adverse drug reaction
Adrenergic beta-2-receptor agonists AND side effect
Adrenergic beta-2-receptor agonists AND adverse event
Inhaled corticosteroids AND adverse drug reaction
Inhaled corticosteroids AND side effect

Inhaled corticosteroids AND adverse event

Leukotriene receptor antagonists AND adverse drug reaction
Leukotriene receptor antagonists AND side effect
Leukotriene receptor antagonists AND adverse event
Adverse drug reaction AND salbutamol

Adverse drug reaction AND levosalbutamol

Adverse drug reaction AND terbutaline

Adverse drug reaction AND pirbuterol

Adverse drug reaction AND fenoterol

Adverse drug reaction AND salmeterol

Adverse drug reaction AND formoterol

Adverse drug reaction AND bambuterol

Adverse drug reaction AND budenosid

Adverse drug reaction AND fluticason

Adverse drug reaction AND mometason

Adverse drug reaction AND beclometason

Adverse drug reaction AND montelukast

Adverse drug reaction AND zafirlukast

Cortisol suppression AND asthma medication
Exacerbation rate AND asthma medication

Growth rate retardation AND asthma medication

Psychiatric AND asthma medication
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existing hospitalization, resulting in persistent or signifi-
cant disability/incapacity in the reporter’s opinion, a con-
genital anomaly/birth defect and other medically important
conditions. Other reactions were classified as non-serious.

Results

In total, 162 potentially relevant references reporting ADRs
from use of the asthma medications listed in Table 1 were
identified during the database searches and reference
screenings. Figure 1 provides an overview of the review
process and reasons for exclusion. Thirteen studies were
excluded after the abstracts, and 149 studies were retrieved
for full text review. Of these studies, sixteen were later
excluded as they reported mixed data on children and
adults did not allow for identification of children. Seven
meta-analyses and 2 reviews were excluded as they
reported information from original studies already inclu-
ded. Also excluded were two studies reporting data from

)

subgroup analyses of already included studies, and 43
studies in which ADRs were reported only as number of
children with an ADR. Eventually, 12 articles corre-
sponding to 13 intervention studies were included. Table 3
presents the study characteristics of the included studies.
The included studies were multicenter studies conducted in
several countries and the pharmaceutical companies pro-
ducing the respective medications sponsored all studies.
Two studies were found for long-acting beta2-agonists [8,
9], one study for corticosteroids [10], eight studies for
leukotriene receptor antagonists [11-18] and one study for
the combination product budesonide/formoterol [19]. No
studies were located that reported ADR occurrence in
children for short-acting beta2-agonists, bambuterol (long-
acting beta2-agonist) or the combination products ipratro-
pium/fenoterol and salmeterol/fluticasone. Although stud-
ies reporting ADRs for budesonide and beclomethasone
were identified, these products were not used as interven-
tion medication in the studies but as the comparator drug
[13, 15-19].

Additional records identified
through other sources
(n=0)

Fig. 1 Decision tree for the
review process. # .
Commentaries/letters to the £ Records identified through database
editor (n = 6), cost- é searching
effectiveness studies (n = 2) b (n=347)
and quality of life studies §
(n = 5). *A list of excluded
studies is presented in Appendix —
2: Meta-analyses (n = 7), .
efficacy studies (n = 59), non-
peer reviewed articles (n = 7),
studies with mixed child/adults g
populations (n = 16), reviews §
(n = 2), ADRs shown as E
number of children reporting an
ADR (n = 43), subgroup
analyses (n = 2), and an article —
in Chinese language (n = 1) M)
&
;’E
5
=
3
=
E
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Records after duplicates removed
(n=162)

l

Records screened
(n=162)

Records excluded#
(n=13)

Full-text articles

Full-text articles assessed
for eligibility _\—> excluded, with reasons*

(n: 149) (n= 137)

Studies included in
qualitative synthesis
(n=12)
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Table 4 Reported ADRs for

asthma medications leading to
patient dropouts from clinical
trials

Studies (chronological
order for each ATC groups)

Intervention adverse drug
reaction (s)

Comparator adverse drug
reaction (s)

Beta2-agonists
Von Berg et al. [8]

Von Berg et al. [9]

Corticosteroids
Hoekx et al. et al. [10]

Asthma exacerbations, headache,
tremor, cough

Asthma deterioration,
lack of efficacy

Asthma exacerbations

Leukotrine receptor antagonists

Knorr et al. [11]

Pearlman et al. [12]
Storms et al. [13]
Storms et al. [13]
Knorr et al. [14]

Maspero et al. [15]
Bukstein et al. [16]
Garcia et al. [17]

Asthma exacerbations, pneumonia,
dehydration, upper respiratory
tract infection

Asthma exacerbations

Yes, reactions not specified

Yes, reactions not specified

Asthma exacerbations, drug overdose,
rash, paraesthesia, reflux, varicella

Abdominal pain

Asthma exacerbations

Yes, reactions not specified

None

Asthma exacerbations,
headache, tremor, cough

Asthma deterioration,
lack of efficacy

Asthma exacerbations,
allergic skin reaction

Asthma exacerbations, urticaria

Asthma exacerbations
Yes, reactions not specified
Yes, reactions not specified

None

None

Asthma exacerbations

Yes, reactions not specified
None

Von Adelsberg et al. [18]
Combination products
Tal et al. [19]

Asthma deterioration

Asthma deterioration

Population

A total of 3150 children were included in the studies, of
which 2018 children completed the intervention treatment.
The majority of completing children (78 % of total) were
treated with montelukast (n = 2,326) and zafirlukast
(n = 466). The other treatments were: salmeterol
(n = 212); formoterol (n = 157); fluticasone (n = 100);
budesonide/formoterol (n = 139). The age of the included
children varied from 0.5 to 17 years. The share of male
patients was higher than that of female and varied from 51
to 80 %. The reasons given for dropping out of a study
were many, with the appearance of ADRs being the most
frequently mentioned but generally without specification of
which ADRs. Table 4 displays the information available in
the articles about ADRs leading to patient dropout. Across
studies asthma exacerbation was the most common cause
for discontinuation [8-19].

Design
Information about ADRs was reported in clinical studies
using different designs, i.e. randomized, parallel group

studies (n = 10) [8-14, 17, 18], randomized open-label
design (n = 2) [13, 15], and a randomized crossover study

@ Springer

(n = 1) [16]. The tested dosages were within the labeled
dosages. Placebo was used as comparator in seven studies
[8, 9, 11-14, 18] while an active comparator was admin-
istered in six studies [10, 13, 15-17, 19].

Treatment period

Treatment duration varied from 1 to 22 months across
studies: between 3 and 12 months in the beta2-agonist
studies [8, 9]; 2 months in the fluticasone study [10],
between 1 and 22 months in leukotriene receptor antago-
nist studies [11-18] and 3 months in the budesonide/for-
moterol study [19].

ADRs by type and occurrence

Tables 5 and 6 show the ADR reporting rates (%) of pae-
diatric patients reported in clinical trials listed in the
included studies for each type of asthma medication and its
comparator. Information about ADR incidence in the
monitored populations was only reported if the incidence
was above 2 and/or 5 %; consequently, information about
rarely occurring ADRs was not reported in the articles.
Overall the same categories were reported for both inter-
vention and control groups. In the single studies no
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Table 5 Reporting rates (%) of non-serious paediatric ADRs repor-
ted in published clinical trials for asthma medications by type and
medication

Table 6 Reporting rates (%, range) of non-serious paediatric ADRs
reported in published clinical trials for asthma medications by type
and medication

Adverse drug reaction(s) Intervention Comparator
Salmeterol Placebo
Asthma exacerbations 47 40
Bronchitis 10 11
Cough 9 11
Fever 8 10
Headache 12 8
Sore throat 11 12
Upper respiratory tract 24 23
infection
Formoterol Placebo
Accident/injury 4 2
Asthma exacerbations 20 17
Bronchospasm
Headache 6
Pharyngitis
Respiratory tract infection 28 26
Rhinitis 10 10
Viral infection 5 4
Fluticasone Budesonide
Allergic skin reaction 1 5
Asthma exacerbations 24 25
Cough 4
Ear problems 7 4
Eye disorders 13 9
Headache 3 7
Influenza 3 5
Pyrexia 4 5
Respiratory tract infection 12 15
Rhinitis 11 12
Sore throat 4 5
Budesonide/ Budesonide
formoterol
Asthma exacerbations 5 3
Cough 5 5
Headache 6 4
Pharyngitis 8 12
Pyrexia 6 2
Respiratory tract infection 8 6
Rhinitis 7 4
Viral infection 7 3

significant differences in ADR reporting rates were detec-
ted between intervention medication and comparator
treatment. The following ADRs were the most frequently
reported for all tested asthma medications: asthma exac-
erbation, respiratory tract infection, cough, fever and

Adverse drug Intervention Comparator Placebo

reaction(s) treatment treatment

Montelukast

Abdominal pain 5-11 2-11 9-10

Asthma 16-30 1-39 22-38
exacerbations

Bronchitis 5 NA 7

Cough 6-19 13-17 7-11

Diarrhoea 10-11 NA 8-12

Dizziness 3 11 NA

Headache 13-33 1-24 19-22

Infectious 2-10 5 4
gastroenteritis

Infectious, viral 6 5 NA

Influenza 9-11 7 4

Nasal congestion 4-11 3 5

Nausea 4 NA 4

Pharyngitis 12-26 4-26 13-15

Pyrexia 8-27 5-7 4-27

Rash 11 8 NA

Respiratory tract 15-57 12-50 21-30
infection

Rhinitis 12 12 NA

Rhinorrhoea 1 13 NA

Sinusitis 5-20 16 2

Tonsillitis 8 10 NA

Vomiting 1-16 3 4-20

Wheezing 7 10 NA

Zafirlukast

Abdominal pain 2 NA 2

Accidental injury 2 NA 3

Asthma 4 NA 6
exacerbations

Diarrhoea 2 NA 2

Flu syndrome 2 NA 3

Headache 4 NA 3

Respiratory tract 18 NA 28
infection

Sinusitis 3 NA

Vomiting 3 NA

headache. In the majority of studies the study investigator
collected information about ADRs. Two studies did not
provide information about assessors [13, 14]. Only sparse
information was provided about the scales and classifica-
tion systems used to detect and assess adverse ADRs
reported during the clinical trial.

@ Springer
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ADRs by seriousness

No information about seriousness assessment was pre-
sented in the included articles. The majority of reported
ADRs were classified as non-serious. Serious ADRs were
reported in only few studies. Hoekx et al. [10] reported a
serious allergic skin reaction from use of budesonide
occurring in one person. For the treatment combination
budesonide/formoterol 5 serious cases of “exacerbation of
asthma” were reported [19]. In the same study two serious
cases of larynx edema and pneumonia were reported [19].

Discussion

As far as we know, this is the first study to review the
empirical literature on the occurrence of ADRs reported for
asthma medications licensed for use in the paediatric
population. Among the 162 potentially relevant studies
only 12 studies (7 %) reporting information about ADRs in
children were located, the majority for montelukast and
zafirlukast. We found information about ADRs in large
multicenter clinical studies of short duration, primarily
conducted in 6- to 11-year-old boys. Leukotriene receptor
antagonists were primarily studied. The most frequently
reported ADRs were asthma, upper respiratory tract
infection, cough, fever and headache.

Validity of reported ADRs, types and prevalence

Although the review process identified a large number of
clinical trials exploring the efficacy of asthma medications
in the paediatric population only a few of these reported
information about ADR rates occurring in the paediatric
population, therefore a large number of published clinical
studies were excluded from this review. Many studies were
excluded as they reported ADRs as number of children
reporting the specific ADRs and not ADR rates (see
appendix 2). Others were excluded because too few data
about possible ADRs from use of asthma medications were
reported. Due to insufficient published information, it was
not possible to calculate ADR rates for many of the
excluded studies. The exclusion of these studies did not
result in reduced information about types of ADRs as no
additional ADR categories appeared in the excluded arti-
cles. Large variations in ADR reporting rates were
observed across studies and therapeutic subgroups. Similar
types of ADRs were reported for the different asthma
medications, such as fever, rhinitis and diarrhea, and only
minor differences between ADR rates for the studied
intervention and comparator were observed. These com-
monly reported ADRs could also be seen as normal
symptoms occurring in childhood, and therefore value of
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ADRs reported in the included clinical trials must be dis-
cussed further. In the studies different comparators were
used, and the use of rescue medication such as short-acting
beta2-agonists was also allowed in the included studies.
We do not know the extent to which this practice may have
affected the ADR reporting rates for intervention and
comparator medication. The drugs most studied, almost
80 %, were leukotriene receptor antagonists (montelukast
and zafirlukast) while in daily practice short acting beta2-
agonists and ICS are recommend as first choice treatment
[2]. There was preponderance in boys of the age of
6-11 years and this is in line with the predominance in
asthma symptoms in younger children [20-22]. Whether
the outcomes for children in these age groups apply for
younger children is not clarified. There were no reports of
deaths in the included studies. The SMART study found
asthma-related deaths among patients >12 years treated
with long acting beta 2-agonists (LABAs) and this
prompted black box warnings for all LABAs in the US and
restrictions in guidelines [23]. None of the ADRs com-
monly reported in signal detection studies such as psychi-
atric events and dental discoloration reported for ICS were
reported in the clinical trials analyzed in the present study
[6]. The reason for this discrepancy could be that the Dutch
study included spontaneous ADR reports collected over a
longer period of time, thus increasing the probability of
detecting rarely occurring ADRs [6]. It may also be that
there is no tradition for systematically observing this kind
of ADRs in clinical studies of respiratory medications.

Treatment period

Although in real life children are treated for long periods of
time, even years, the duration of most of the analysed studies
was shorter than 6 months. This is understandable because of
the high financial burden of long lasting studies. However,
long-term safety is an important item for patients, parents
and health care workers. As clinical trials in the paediatric
population are scarce, clinicians and health authorities must
rely on spontaneous reports as the main source of informa-
tion about previously unknown ADRs [24]. For that aim,
information from spontaneous reports to national and inter-
national databases such as the World Health Organization’
VigiBase and the European Medicines Agency EudraVigi-
lance is essential as these databases constitute a critical
source of important data, especially information about new,
unlabeled, serious, and rarely occurring ADRs.

Validity of seriousness of reported ADRs
Only a small number of serious ADRs were reported.

However, in several of the included studies a large number
of children withdrew due to experienced ADRs and,
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therefore, the actual number of serious ADRs occurring from
the use of the respective asthma medications should be
expected to be higher/or could be higher. Another issue is
that information about definitions and scales to define and
evaluate events occurring during the clinical trials was not
reported in the articles and, hence, remains unknown. Low
quality of reporting ADRs and lack of assessment in ran-
domized clinical trials has been recognized before [25].
Previous studies have shown large discrepancies between the
datareported in clinical trial protocols and the data published
in scientific journals [25, 26]. Surveys have reported that the
fears of children and parents about serious ADRs could lead
to poor compliance with prophylactic treatment regimes,
resulting in poor control of asthma symptoms, inappropriate
use of rescue medication, increased hospitalization, and
more frequent visits to general practitioners [27, 28]. This is
another reason to report ADRs as accurately as possible.
When performing clinical studies researchers should seek
ADRs actively and they should not be dependent on spon-
taneous reports by parents or caregivers. As can be seen in
Tables 5 and 6 not much difference between study drug and
comparators were found. A statistical comparison between
study drugs and comparators was, due to low number, not
possible. Although it is tempting to conclude that the number
of ADRs is really low, we cannot be sure that this is true, due
to the abovementioned reasons.

Publication bias

Previous studies have demonstrated that not all results of
clinical trial are published in the literature—especially results
of clinical trials conducted in the past for older medications
showing negative results with respect to efficacy and safety of
the tested medications in vulnerable populations, i.e. children
and elderly [28]. Due to the widespread use of beta2-agonists
and corticosteroids and the small number of available studies
reporting sufficient information about ADRs from use of
these medications in children, the publication bias in this
specific setting is probably strong, especially since all inclu-
ded clinical trials in the current review were funded by
pharmaceutical companies.

Strengths and limitations of this review

The included clinical studies were conducted over a period
of approximately 10 years in different countries and
observation periods, and with a great deal of inconsistency
in observation and classification of type and seriousness of
reported ADRs. The variations in the observation periods
could have had an impact on the number and type of
reported ADRs. However, the clinical studies did not report
whether ADR rates were corrected for variations in
observation period. Information about the seriousness of

the reported ADRs was extracted from the included studies.
As we did not have access to the original data material, it
was not possible for us to evaluate these assessments, nor
to estimate ADRs in terms of effect sizes. A major limi-
tation of this study is lack of information in the clinical
trials about causality assessment procedures of the reported
ADRs, which has implications for the clinical interpreta-
tion of the findings. Another limitation is that we do not
know whether “intention-to-treat” or “per-protocol” ana-
lysis were used in the clinical trials. Estimates of ADRs
may vary substantially within the two types of analysis and
may lead to important underreporting bias. The reporting
system of ADRs in clinical trials does not represent the
gold standard, and the clinical trials have limited duration
of time in a selected population in order to collect infor-
mation about ADRs. This study confirmed, that the inclu-
ded clinical trials did not offer information about new,
unexpected, or rare occurring ADRs as expected due to the
low number of included children in the trials. Therefore we
suggest that further epidemiological studies in this area
should be conducted.

Conclusions

Despite the large number of clinical studies on asthma
medication in children, only a few studies reporting ADRs
from use of asthma medications in children were identified
in the literature. This study highlights some very important
issues about information on ADRs of asthma medication in
clinical studies. Firstly, the patients included are mostly
boys in the age of 6-11 years. Information on ADRs in
younger children, who are more vulnerable, is scarce.
Although in practice salbutamol and ICS are used most
frequently, most information on ADRs was on leukotriene
receptor antagonists. Only a few serious ADRs were
reported, but patients’ withdrawal from clinical studies due
to ADRs should be investigated more clearly. We believe
that giving correct and reliable information on ADRs in
asthma medication in clinical trials is a responsibility of
researchers, authors, editors of journals, pharmaceutical
companies, and regulatory agencies.

Acknowledgments We thank Dr. T.W. de Vries, Paediatric
Department, Medisch Centrum Leeuwarden, Netherlands, for com-
menting on previous drafts of this manuscript. We also thank MSc
(pharm) Malene Hammer Krag for assistance with quality assurance
of data extractions. Furthermore we also thank the information spe-
cialists at the National Library of Denmark and Copenhagen Uni-
versity Library for assistance with the literature searches.

Funding No sources of funding were used to assist in the prepa-
ration of this study.

Conflicts of interest None.

@ Springer



Int J Clin Pharm

References

10.

11.

12.

13.

14.

15.

. Thrane N, Sgrensen HT. A one-year population-based study of

drug prescriptions for Danish children. Acta Paediatr. 1999;88:
1131-6.

. Grover C, Armour C, Asperen PP, Moles R, Saini B. Medication

use in children with asthma: not a child size problem. J Asthma.
2011;48:1085-103.

. Arellano FM, Arana A, Wentworth CE, Vidaurre CF, Chipps BE.

Prescription patterns for asthma medications in children and
adolescents with health care insurance in the United States. Pe-
diatr Allergy Immunol. 2011;22:469-76.

. Aagaard L, Weber CB, Hansen EH. Adverse drug reactions in the

paediatric population in Denmark: a retrospective analysis of
reports made to the Danish Medicines Agency from 1998 to
2007. Drug Saf. 2010;33(4):327-39.

. Star K, Noren N, Nordin K, Edwards RI. Suspected adverse drug

reactions reported for children worldwide. An explanatory study
using VigiBase. Drug Saf. 2011;34:415-28.

. De Vries TW, de Langen-Wouterse JJ, van Puijenbroek E, Du-

iverman EJ, den Berg LTW. Reported adverse drug reactions
during the use of inhaled steroids in children with asthma in the
Netherlands. Eur J Clin Pharmacol. 2006;62:343-6.

. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA

Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA Statement. PLoS Med. 2009;6(6):
€1000097. doi:10.1371/journal.pmed1000097.

. Von Berg A, De Blic J, La Rosa M, Kaad PH, Moorat A. A

comparison of regular salmeterol vs “as required” salbutamol
therapy in asthmatic children. Respir Med. 1998;92:292-9.

. Von Berg A, Papageorgiou F, Wille S, Carrillo T, Kattamis C,

Helms PJ. Efficacy and tolerability of formoterol turbohaler in
children. Int J Clin Pract. 2003;57:852-6.

Hoekx JCM, Hedlin G, Pedersen W, Sorva R, Hollingworth K,
Efthimiou J. Fluticasone propionate compared with budesonide:
double-blind trial in asthmatic children using powder devices at a
dosage of 400 mg/day. Eur Respir J. 1996;9:2263-72.

Knorr B, Matz J, Bernstein JA, Nguyen H, Seidenberg BC, Reiss
TF, et al. Montelukast for chronic asthma in 6-14-year-old chil-
dren. JAMA. 1998;279:1181-6.

Pearlman DS, Lampl KL, Dowling PJ, Miller CJ, Bonuccelli CM.
Effectiveness and tolerability of zafirlukast for the treatment of
asthma in children. Clin Ther. 2000;22:732-47.

Storms W, Michele TM, Knorr B, Noonan G, Shapiro G, Zhang J,
et al. Clinical safety and tolerability of montelukast, a leukotriene
receptor antagonist, in controlled clinical trials in patients
aged >6 years. Clin Exp Allergy. 2000;31:77-87.

Knorr B, Franchi LM, Bisgaard H, Vermeulen JH, LeSouef P,
Santanello N, et al. Montelukast, a leukotriene receptor antago-
nist for the treatment of persistent asthma in children aged 2 to
5 years. Pediatr. 2001;108:e48.

Maspero JF, Duenas-Meza E, Volovitz B, Daza CP, Kosa L,
Vrijens F, et al. Oral montelukast versus inhaled beclomethasone

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

in 6-11-year-old children with asthma: results of an open-label
extension study evaluating long-term safety, satisfaction and
adherence with therapy. Curr Med Res Opin. 2001;17:96-104.
Bukstein DA, Bratton DL, Firriolo KM, Estojak J, Bird SR,
Hustad CM, et al. Evaluation of parenteral preference for the
treatment of asthmatic children aged 6 to 11 years with oral
montelukast or inhaled cromolyn: a randomized, open-label,
crossover study. J Asthma. 2003;40:475-85.

Garcia Garcia ML, Wahn U, Gilles L, Swern A, Tozzi CA, Polos
P. Montelukast compared with fluticasone for control of asthma
among 6-to 14-Year-old patients with mild asthma: the MOSAIC
study. Pediatr. 2005;116:360-9.

Van Adelsberg J, Moy J, Wei LX, Tozzi CA, Knorr B, Reiss TF.
Safety, tolerability and exploratory efficacy of montelukast in
6-to-24-month-old patients with asthma. Curr Med Res Opin.
2005;21:971-9.

Tal A, Simon G, Vermeulen JH, Petru V, Cobos N, Everard ML,
et al. Budesonide/formoterol in a single inhaler versus inhaled
corticosteroids alone in the treatment of asthma. Pediatr Pulm.
2002;34:342-50.

Duggan EM, Sturley J, Fitzgerald AP, Perry 1J, Hourihane JO.
The 2002-2007 trends of prevalence of asthma, allergic rhinitis
and eczema in Irish schoolchildren. Pediatr Allergy Immunol.
2012;23:464-71.

Beasley R, Holt S, Fabian D, Masoli M. Global burden of asthma.
Global initiative for asthma (GINA). www.ginasthma.org/. Last
accessed 4 July 2013.

National Heart Lung and Blood Institute. Guidelines for the
Diagnosis and Management of Asthma (EPR-3). http://www.
nhlbi.nih.gov/guidelines/asthma/asthgdln.htm. Last accessed 4
July 2013.

Nelson HS, Weiss ST, Bleecker ER, Yancey SW, Dorinsky PM,
SMART Study Group. The salmeterol multicenter asthma
research trial: a comparison of usual pharmacotherapy for asthma
or usual pharmacotherapy plus salmeterol. Chest. 2006;129:
15-26.

Aagaard L, Hansen EH. Information about ADRs explored by
pharmacovigilance approaches: a qualitative review of studies on
antibiotics, SSRIs, and NSAIDs. BMC Clin Pharmacol. 2009;9:4.
Ggtzsche P, Hrobjartsson A, Johansen HK, Haahr MT, Altman
DG, Chan AW. Constraints on publication rights in industry-
initiated clinical trials. JAMA. 2006;295:1645-6.

De Vries T, Van Roon EN. Low quality of reporting adverse drug
reactions in paediatric randomised controlled clinical trials. Arch
Dis Child. 2010;95:1023-6.

Rogers L, Reibman J. Stepping down asthma treatment: how and
when. Curr Opin Pulm Med. 2012;18:70-5.

Chan AW, Hrobjartsson A, Haahr MT, Ggtzsche PC, Altman DG.
Empirical evidence for selective reporting of outcomes in ran-
domized trials: comparison of protocols to published articles.
JAMA. 2004;26:2457-65.


http://dx.doi.org/10.1371/journal.pmed1000097
http://www.ginasthma.org/
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm

	Adverse drug reactions associated with asthma medications in children: systematic review of clinical trials
	Abstract
	Impacts on Practice
	Introduction
	Aim of the study
	Methods
	Literature searches
	Study selection
	Data extraction
	Definition and seriousness of reported ADR

	Results
	Population
	Design
	Treatment period
	ADRs by type and occurrence
	ADRs by seriousness

	Discussion
	Validity of reported ADRs, types and prevalence
	Treatment period
	Validity of seriousness of reported ADRs
	Publication bias
	Strengths and limitations of this review

	Conclusions
	Acknowledgments
	References


