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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.

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 ADRs 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

• 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).

• 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.

• 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

highest in 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.

Methods

Literature searches

Literature searches were performed in PubMed, Embase,

Cochrane Library, IPA, PsycInfo 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.
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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 1 Medicines with

paediatric indication used to

treat asthma according to

paediatric guidelines

a Product Information available

at the website: www.

produktinformation.dk

Therapeutic group (s) ATC group Medicine (s) Paediatric

indication

(age)a (months)

Short-acting beta2-agonists R03AC02 Salbutamol (Ventoline�) C18

R03AC03 Terbutaline (Bricanyl�) C3

R03AC04 Fenoterol (Berotec�) C0

Long-acting beta2-agonists

(LABAs)

R03AC12 Salmeterol (Serevent�) C4

R03AC13 Formoterol (Foradil�) C5

R03CC12 Bambuterol (Bambec�) C2

Corticosteroids R03BA02 Budesonid (Spirocort�) C0

R03BA05 Fluticason (Flixotide�) C1

R01AD09 Mometason (Asmanex�) C12

R03BA01 Beclometason (Beclomet�) C5

Leukotriene receptor antagonists R03DC03 Montelukast (Singulair�) C15

R03DC01 Zafirlukast (Accolate�) C5

Combination products R03AK03 Ipratropium/Fenoterol (Berodual�) C6

R03AK06 Salmeterol/Fluticason (Seretide�) C4

R03AK07 Budesonid/Formoterol (Symbicort�) C12

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].
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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

(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

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] Asthma exacerbations, headache,

tremor, cough

Asthma exacerbations,

headache, tremor, cough

Von Berg et al. [9] Asthma deterioration,

lack of efficacy

Asthma deterioration,

lack of efficacy

Corticosteroids

Hoekx et al. et al. [10] Asthma exacerbations Asthma exacerbations,

allergic skin reaction

Leukotrine receptor antagonists

Knorr et al. [11] Asthma exacerbations, pneumonia,

dehydration, upper respiratory

tract infection

Asthma exacerbations, urticaria

Pearlman et al. [12] Asthma exacerbations Asthma exacerbations

Storms et al. [13] Yes, reactions not specified Yes, reactions not specified

Storms et al. [13] Yes, reactions not specified Yes, reactions not specified

Knorr et al. [14] Asthma exacerbations, drug overdose,

rash, paraesthesia, reflux, varicella

None

Maspero et al. [15] Abdominal pain None

Bukstein et al. [16] Asthma exacerbations Asthma exacerbations

Garcia et al. [17] Yes, reactions not specified Yes, reactions not specified

Von Adelsberg et al. [18] None None

Combination products

Tal et al. [19] Asthma deterioration Asthma deterioration
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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

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.

Table 5 Reporting rates (%) of non-serious paediatric ADRs repor-

ted 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

infection

24 23

Formoterol Placebo

Accident/injury 4 2

Asthma exacerbations 20 17

Bronchospasm 4 7

Headache 6 8

Pharyngitis 4 5

Respiratory tract infection 28 26

Rhinitis 10 10

Viral infection 5 4

Fluticasone Budesonide

Allergic skin reaction 1 5

Asthma exacerbations 24 25

Cough 6 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/

formoterol

Budesonide

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

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

treatment

Comparator

treatment

Placebo

Montelukast

Abdominal pain 5–11 2–11 9–10

Asthma

exacerbations

16–30 1–39 22–38

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

gastroenteritis

2–10 5 4

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

infection

15–57 12–50 21–30

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

exacerbations

4 NA 6

Diarrhoea 2 NA 2

Flu syndrome 2 NA 3

Headache 4 NA 3

Respiratory tract

infection

18 NA 28

Sinusitis 3 NA 6

Vomiting 3 NA 2
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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

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

data reported 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.
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Appendix 1: PRISMA checklist*

Section/topic # Checklist item Reported
on page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

2

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. 3

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

3

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

NA

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

3-5

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

4

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

4

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

4

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

5

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

5

Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis.

5



2

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 5

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency
(e.g., I2) for each meta-analysis.

5

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

7-8

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

NA

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram.

5

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

5-7

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 8-9

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

17-19

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. NA

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 9

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). NA

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).

7

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

9

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 10

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
systematic review.

10

NA: Not relevant, * Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097
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Appendix 2: Excluded studies listed by reason for exclusion, alphabetically by first author

Meta-analysis

1. McMahonen AW, Levenson MS, McEvoy BW, Mosholder AD, Murphy D. Age and Risk of FDA-
approved long-acting β2 –adrenergic receptor agonists. Pediatr 2011;128:e1147-e1154.

2. Salpeter SR, Wall AJ, Buckley NS. Long-acting beta-agonists with and without inhaled corticosteroids
and catastrophic asthma events. Am J Med 2010;123:322-28.

3. Bateman E, Nelson H, Bousquet J, Kral K, Sutton L, Ortega H, Yancey S. Meta-analysis: Effects of
adding salmeterol to inhaled corticosteroids on serious asthma-related events. Ann Intern Med
2008;149:33-42.

4. Weatherall M, Wijesinghe M, Perrin K, Harwood M, Beasley R. Meta-analysis of the risk of mortality
with salmeterol and the effect of concomitant inhaled corticosteroid therapy. Thorax 2012:65:39-43.

5. Wijesinghe M, Weatherall M, Perrin K, Harwood M, Beasley R. Risk of mortality associated with
formoterol: a systematic review and meta-analysis. Eur Respir J 2009;34:803-11.

6. Salpeter SR, Buckley NS, Ormiston TM, Salpeter EE. Meta-analysis: Effect of Long-acting β-agonists on
severe asthma exacerbations and asthma-related deaths. Ann Intern Med 2006;144:904-12.

7. Nelson H, Bonuccelli C, Radner F, Ottosson A, Carroll KJ, Andersson TLG, LaForce C. Safety of
formoterol in patients with asthma: Combined analysis of data from double-blind, randomized controlled
trials. J Allergy Clin Immunol 2010;125:390-6.

Efficacy studies without information about ADR rates

1. Estelle F, Simons R. A comparison of beclomethasone, salmeterol, and placebo in children with asthma.
NEJM 1997;337:1659-65.

2. Estelle F, Simons R, Soni NR, Watson WTA, Becker AB. Bronchodilator and bronchoprotective effects
of salmeterol in young patients with asthma. J Allergy Clin Immunol 1992;90:840-46.

3. Carlsen KH, Røksund O, Osholt K, Njå F, Leergaard J, Bratten G. Overnight protection by inhaled
salmeterol on exercise-induced asthma in children. Eur Respir J 1995;8:1852-55.

4. Fuglsang G, Vikre-Jørgensen J, Agertoft L, Pedersen S. Effect of Salmeterol treatment on nitric oxide
level in exhaled air and dose-response to terbutaline in children with mild asthma. Pediatr Pulm
1998;25:314-21.

5. Jarrti TT, Kaila TJ, Tahvanainen KUO, Kuusela TA, Vanto TT, Välimäki AT. Altered cardiovascular
autonomic regulation after salmeterol treatment in asthmatic children. Clinical Physiology 18;4:345-53.
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