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Epidemiology of asthma, eczema and allergic rhinitis

Asthma is a chronic disease and comes with frightening periods of shortness of breath, wheezing, 

and coughing. Asthma attacks during the night interfere with daily activities and thus can lead to 

diminished functioning. Exercise induced asthma is perturbing as during play and sport affected 

children cannot compete with peers. Children with asthma experience severe bouts of breathlessness 

after contracting a common cold or in allergic children after contact with allergens.

The pathogenesis of asthma includes an exaggerated reaction of the bronchial tree to several stimuli, 

including allergens and viruses, causing an exaggeration of the local inflammatory process. Environ-

mental influences as well as a genetic constellation lead to the disease.1 Many epidemiological studies 

have been performed to get insight into its prevalence. 

The International Study of Asthma and Allergies in Children (ISAAC) undertakes the most elaborate 

international epidemiological studies.2 The ISAAC studies prevalences using questionnaires and 

evaluates time trends of prevalences of asthma, eczema and allergic rhinitis. Their work shows that 

asthma and other allergic diseases are found all over the globe and that there is a wide variation in 

prevalence. The lowest prevalence of asthma was found in Indonesia (1.6%) and the highest in the 

United Kingdom (36.8%).3 The ISAAC study was not done in the Netherlands, but in the neighbouring 

countries of Belgium and Germany. ISAAC found childhood asthma prevalences between 10% and 

15%. A Dutch study, based on self-reporting, showed an almost similar prevalence of asthma in 

children aged 12 – 14 years of 12%.4

In the last two decades of the 20th century an increase in asthma prevalence was noted, but at the 

beginning of the 21st century a levelling off and even a diminishing trend has been reported in the 

Netherlands. Van Schayck found in a monitoring system of general practitioners a decrease in the 

prevalence of asthma symptoms in 8 and 9-year-old children from 18% to 13%.5 In the ISAAC report 

of 2006, 6 out of 10 countries reported a decrease in prevalence.2

Often asthma goes with other allergic diseases, such as eczema and allergic rhinitis. Eczema is an 

annoying skin disease with pruritic, red, scaly and crusted lesions, in childhood especially on the 

popliteal and anticubital flexural regions, and also on the wrist, ankles and neck. Questionnaire-based 

studies, like the ISCAAC-studies found prevalences varying between 5.9 and 16.0% in children aged 

7 and 8 years, living in the Western countries. For teenagers, 13 and 14 year old, prevalences varied 

between 4 and 14.4%. Comparable prevalences have been found in Scandinavia, Germany and the 

Netherlands. 4,6 
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In Italy, the prevalence of eczema, diagnosed by dermatologists was 5.8 (C.I 4.5 – 7.1).7 It is not 

surprising that the prevalence in the latter study was lower. It is estimated that 1 in 3 young children 

under the age of 1 year with eczema will develop asthma by the age of 6 years, pointing at a strong 

relationship between the two diseases.8

Allergic rhinitis refers to the allergic inflammation of the mucosa of the nose. The symptoms vary from 

sneezing, a running or blocked nose, often itching, with or without itchy eyes in the absence of a viral 

infection. Many individuals are allergic to grass pollen, hence the synonym hay fever.9 

Nocturnal nose blocking can lead to less sleep quality and therefore, left untreated, can interfere with 

daily activities and school performance. The prevalence has also been studied by ISAAC, and varies 

from 5.8% to 10.1% in the western countries in 6 and 7 year old children and from 9.7 – 20.2% in 13 

and 14 year olds. In some western countries the yearly prevalence increased with 0.2 - 0.4% per year, 

in other countries a decrease of 0.5 - 0.6% per year was found.2 In a Dutch questionnaire-based study 

in adolescents, an even higher prevalence of 28.3% was found.4

As for eczema, there is also a high association between allergic asthma and allergic rhinitis. It is esti-

mated that more than 70% of the patients with asthma will develop allergic rhinitis, hence the term 

‘united airway disease’ was introduced.10 

Pharmacoepidemiology

The most above mentioned epidemiological studies are questionnaire based. Inevitably, the use of 

questionnaires carries the possibilities of bias due to the wording of the questions asked, time frame, 

and confusion about symptoms. The epidemiology of diseases can also be established by studying 

the prescription of medications, the so-called pharmacoepidemiology.11 When a patient has been 

prescribed medication, it is obviously because the symptoms of the disease were severe enough to 

seek medical advice and care, moreover, the physician judges treatment with medications to be war-

ranted. The prescribed medication can be seen as a proxy for the disease. As a result, pharmacoepide-

miologic studies in general will give lower figures than questionnaire based study. On the other hand, 

these studies will give more insight into the numbers of patients with more severe disease. Moreover, 

pharmacoepidemiologic studies can give insight into combinations of medications and therefore 

information about co-morbidity.

To date, only a few studies on pharmacoepidemiology in allergic diseases in children have been 

performed. An Australian study found that 35% of the children with parent-reported asthma were 

prescribed ICS.12 Butz and co-workers studied the use of ICS in children, and found that only one in 5 
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children with asthma regularly had a refill for an ICS.13 Further studies into the pharmacoepidemio-

logy of asthma and other allergic diseases are scarce; there are no studies on the combinations of the 

diseases.

The first guidelines on paediatric asthma appeared in 1991. Guidelines are developed to help the 

physician in caring for the patient in the best manner, perhaps even evidence-based methods. Adhe-

rence to guidelines is therefore not only convenient for the physicians, but also offers state-of-the-art 

treatment for the patient. 

Therefore, insight into adherence to guidelines is important. Some studies on adherence have been 

published. However, these studies concern the adherence of paediatricians,14,15 focus on the use of 

inhaler devices,16 or study a relatively small number of children.17

Studying the adherence to guidelines using pharmacoepidemiology can give information on a large 

population of patients. The disadvantage of this method is that only prescription drugs can be stu-

died and not over-the-counter drugs, the diagnoses for which the drug was prescribed is missing, and 

that not all elements of the guidelines can be evaluated. Examples of elements that can be used in 

pharmacoepidemiologic studies can ascertain whether children with ICS also have had a prescription 

for a short acting betamimetic and one can look at starting doses of ICS.

Several methods to improve the adherence to guidelines have been developed. These include 

computer-assisted flow sheets, peer group training, and electronic medical records. Although every 

intervention has some beneficial effects, none has proven totally successful.18,19

Another method to improve guidelines adherence of physicians is the help of pharmacists. Phar-

macists play a role in the delivery of the medication and are already involved in controlling, e.g. to 

prevent undesired interactions. They know which medications the patients use. 

Some studies concerning the help of pharmacies in adult asthma care have been published. Mehuys 

et al found a beneficial effect on patients who had insufficiently treated asthma and a lower use of 

intervention therapy. They randomly assigned patients to pharmacies.20 A study in Australia also 

found an improvement of adult asthma care with the help of pharmacies.21 However, these interven-

tions were aimed at individual patients, and therefore intensive, expensive, and time consuming, for 

pharmacists as well as for patients. As far as we could find, no studies on the pharmacists’ assistance in 

paediatric asthma have been published.
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Pharmacovigilance

ICS are the cornerstone in the preventive treatment of asthma; their use is widely advised in 

guidelines.22,23,24 As for every therapy, ICS have side effects. Lipworth summarised the systemic side 

effects in adults.25 These effects include subclinical adrenal insufficiency, osteoporosis, subcapsular 

cataracts, ocular hypertension, glaucoma, and skin bruising. A review on the systematic side effects 

in children revealed no eye or skin problems.26 Although in high doses of fluticasone a negative ef-

fect on bone metabolism in asthmatic children was found,27 these disappear after dose reduction. In 

normal doses, no negative influence on bone density could be found.26

Although much concern ha been expressed on the negative effect on the height of children on long 

term ICS, long term follow up, even into adulthood has found no influence.28

Side effects are mostly seen after higher doses and in the more potent ICS, such as fluticasone. For 

example, in 40% of the children, using more than 400 microgram fluticasone daily, an insufficient 

reaction to synthetic adrenocorticotrophic hormone has been demonstrated.29

Therefore, although side effects are rare, children on ICS, and especially on higher doses, should be 

monitored for adverse effects. The risk for the occurrence of side effects should be addressed in dis-

cussions with the children and the parents. 

Although most side effects will be recognised, it remains important to look whether new, never befo-

re described adverse effects occur. Therefore continuous monitoring of reports of suspected adverse 

effects, otherwise known as pharmacovigilance, is warranted. With various techniques, e.g. statistical 

methods, the robustness of suspected adverse effects, can be evaluated. 

Spacer devices and dosisaerosols

In prescribing medication for asthma, physicians have not only to deal with the medications, but also 

with the inhalation devices. These are used to get an optimal delivery into the airways. In paediatric 

asthma care the most important are the pressurised metered dose inhalers in combination with 

spacer devices.

Spacer devices have two important properties. Firstly, by using a spacer coordination between actu-

ation of the pMDI and inhalation is not needed. Secondly, particles exceeding the respirable fraction 

will sediment out in the spacer device. By doing so, oropharyngeal deposition of large particles will 

be diminished. As the swallowing of these particles can cause systemic side effects, this is an obvious 

advantage. However, spacer devices have disadvantages.30 In plastic spacers, the output is diminished 

by static electric charge, which causes drug particles to stick to the spacer. Partially, this problem can 
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be prevented by the use of metal instead of plastics or by washing the plastic spacer with household 

detergent and than drying the spacer in the air.31

Another problem is caused by the obligatory need for valves. Their aim is to direct the flow of medica-

tion particles in the right direction, but for the opening of the valve a certain pressure has to be over-

come. The pressure needed can increase during use when medication, moisture or dust can cause 

sticking of the valve. For older children and adults, this is no problem, but for young children it can be. 

In 1998 attention was drawn to the bacterial contamination of nebulisers, used by patients with Cystic 

Fibrosis.32 In more than 30% of these nebulisers Pseudomonas species, microorganisms, which cause 

pulmonary infections in CF, were found. 

Since their introduction, regular cleansing of spacer devices has been advised, but studies to support 

the need for that are not available. Regular cleaning means extra work for the parents and takes time. 

Therefore, information on the need for cleansing is warranted.

For the treatment of asthma the inhalation of medication is preferred and its effectiveness is widely 

appreciated. 23,24 To ensure optimal inhalation therapy the combinations of pMDI’s and spacer devices 

have to be reliable. The output of particles which can reach the smaller airways has to be constant 

and the influence of physical factors should be as minimal as possible. To study these, the pMDI’s 

should be studied separately so that pMDI-dependent factors can be distinguished from spacer-de-

pendent factors. In the literature, most studies aim at the combinations. Furthermore, most studies 

use cascade impactors. Although impactors give a reliable insight into the relation between mass and 

particle size distribution, they have some disadvantages. One of these is the fact that the use of the 

metal throat and the several layers in the impactor will smash apart the larger particles and therefore 

could overestimate the amount of smaller particles. Also, most impactors use a standardised and 

fixed flow, which does not reflect the lower flows, generated by children. The use of impactors is 

prone to sampling errors.33 

Moreover, it’s use is time-consuming and therefore mostly several doses are combined before measu-

rements. Laser diffraction analysis (LDA) does not have these disadvantages. With LDA the particle 

size of every separate dose of a pMDI or of a pMDI-spacer combination can be assessed relatively 

easily and physical factors can be varied more easily. Therefore, a study into the reliability of several 

ICS-containing pMDI’s used in paediatric asthma should be initiated. 

Finally, the goal of paediatric asthma care is the well-being of the children. To reach this it is impor-

tant to give the children the best available and most appropriate treatment and care. One essential 

element in this is a good relationship to gain a partnership with the child.24 Therefore it is important 
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to know which worries, fears, concerns, and questions they have. Educational programs do not 

necessarily answer all these questions. Therefore it is warranted to study the questions children with 

asthma have. 

Aims of this thesis

In summary, the treatment of asthma is a multifaceted and many items have to be dealt with. In this 

thesis some of these items will be addressed. 

1  Because paediatric asthma has a high reported prevalence and often goes with other disea-

 ses, we studied the prevalence on the basis of pharmacoepidemiologic data (chapter 2).

2  Since several paediatric guidelines have been published, we studied the adherence to these

  guidelines, using prescription data (chapter 3 & 4) and sought whether pharmacists could

  help in improving adherence to these guidelines (chapter 5).

3  Because ICS are the cornerstone of the maintenance treatment of childhood asthma and are

  widely advised and used, we studied Dutch pharmacovigilance data and tried to find evi-

 dence for or against the robustness of new reported side effects (chapters 6, 7, 8).

4  For the inhalation of medication in young children spacer devices are used and it is advised

  to clean these weekly. We studied hygienic aspects of spacer devices in an outpatient popu-

 lation as well as in the laboratory (chapters 9 & 10).

5  Because pressurised metered dose inhalers are used as preferred medication, in combi-

 nation with spacer devices, for young children, we studied four different pressurised 

 metered dose inhalers (chapter 11).

6  Finally, in chapter 12 we report on the questions and worries children with asthma have.

In chapter 13 the results are summarised and discussed. In between the chapters, some patients are 

described.
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Karina

Karina was born after an uneventful pregnancy. Her father had always been in good health, her mo-

ther suffered from atopic dermatitis. The girl had a normal birth weight and received breast feeding 

during the first year. Soon after birth her skin became increasingly dry, red, and itchy. At the age of 

two months local skin treatment was started and she was referred to the dermatologist. At the age 

of 28 months she was admitted to the hospital because of an asthma attack and was treated with 

salbutamol, prednisolone and supplementary oxygen. After 3 days she was discharged from the hos-

pital and was advised to use salbutamol when needed. Sensibilisation for house dust mite, dog, tree 

pollen, chicken, cow’s milk and soya was demonstrated. Soya and cow’s milk were eliminated from 

the diet with some positive result on the skin symptoms.

Since she has experienced periods of wheezing and shortness of breath during viral infections 

and during rainy days. Periodically, she suffered from flare-ups of the atopic dermatitis and several 

ointments containing vaseline, pimecrolimus and corticosteroids such as triamcinolone, fluticasone, 

and mometasone were given. Also oral desloratadine and montelukast were added. At the age of 

three, she experienced two asthma exacerbations which were treated with prednisolone. At the age 

of 3 years and 4 months, she was admitted again to the hospital because of an asthma attack. Then 

beclomethasone fine particles 100 µg twice daily were prescribed. 

Thereafter, the number of asthma attacks decreased and she did not need bronchodilator therapy 

quite as often. The skin symptoms improved also. Desloratadine and montelukast were stopped and 

the dose of ICS was tapered. She however increasingly experienced sneezing and a runny nose when 

not having viral infections, so allergic rhinitis was suspected. Local treatment was not deemed neces-

sary.

In summary, at the age of 4 and a half years, the diagnoses this girl had been given were: atopic 

dermatitis, sensitisation for aeroallergens and some food stuffs, and asthma. Allergic rhinitis was 

suspected. Medications she had used were: inhaled salbutamol, ipratropium, beclomethasone; 

ointments containing vaseline, pimecrolimus, triamcinolone, fluticasone, and mometasone; and orally 

prednisolone, desloratadine, and montelukast. She had used a diet, free of cow’s milk, hen’s egg, and 

soya during the first 4 years. Despite all her medical problems her growth and psychomotor develop-

ment were normal. When she was 4 years of age, her brother was born. He is healthy and, so far, has 

not developed any signs of wheezing, sneezing or skin problems.
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Abstract

Introduction

Allergic diseases like eczema, allergic rhinitis, and asthma are ubiquitous and several epidemiological 

studies reveal high prevalences. We studied the prevalences based on pharmacy-dispensing drug 

data in a paediatric population, and looked at disease specific and concomitant prevalences.

Methods

We studied the prescription rates of medications used for eczema, allergic rhinitis, and asthma indi-

vidually and concomitant over a 10-years period in a large population in the Netherlands. Children 

who had at least two prescriptions for an ointment containing steroids were considered to have 

eczema, those who had received at least two prescriptions for a nasal corticosteroid were considered 

as having allergic rhinitis. A child was considered to be asthmatic when it had received more than one 

prescription for an inhaled corticosteroid.

Results

Although 20% of all children received one prescription for a medication used for any allergic disease 

in 2006, only 2.3% was found to have eczema according to the cited criteria, 0.9% had allergic rhinitis 

and the prevalence of asthma was 2.5%. There were no significant differences with these prevalences 

in the 10 years before. Five percent of all children had more than one prescription for any steroid, and 

0.5% used a combination of steroid formulations.

Conclusions

One in five children receives at least one prescription for any anti allergic medication, and one in ten 

receives more than one prescription. The prevalences of eczema, allergic rhinitis, and asthma in this 

pharmacoepidemiologic study are lower compared to questionnaire based studies. Only a relatively 

small proportion of children with ICS received a prescription for a nasal steroid. The combination of 

having asthma and allergic rhinitis is lower than expected. About 0.5% of the children uses different 

applications of topical steroids and is therefore at potentially greater risk of adverse effects due to 

steroids.
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Introduction

Asthma and other allergic diseases are ubiquitous. Several epidemiological studies have demonstra-

ted the presence of these diseases in western and in non-western countries. The work of the Interna-

tional Study of Asthma and Allergies in Children (ISAAC) showed that the incidence of asthma varies 

from 2% in Indonesia to 32% in the United Kingdom.1 There has been a rise in the incidence of asthma 

in western countries, but recently it has been shown that this rise has come to an end.2,3,4

Most studies report the prevalence of asthma and other allergic diseases separately. Allergic diseases, 

however, often go together, partially as a result of common pathogenesis. Therefore, not only insight 

in the prevalence of the individual allergic diseases is necessary but also in the prevalence of 

concomitant diseases. 

Prescription rates for medications, used for asthma and other allergic diseases, may give information 

on individual prevalences, but also on the prevalences of concomitant diseases. This is also of interest 

because the use of different corticosteroid applications by the same individual carries a potentially 

greater risk of side effects due to cumulative use.

We studied the prevalences of prescription rates for medications used in the treatment of eczema, 

allergic rhinitis, and asthma over a 10-years-period. The primary aim was to relate medication pres-

cription rates to the outcomes of questionnaire based studies. The secondary aim was to study the 

prevalence of combinations of anti-allergic therapies.

Methods

This study was performed with data from the InterAction database (IADB.nl), a prescription database 

containing pharmacy-dispensing data from 55 pharmacies in the Northern and Eastern part of the 

Netherlands.5 The IADB.nl includes all prescriptions, regardless of prescribing physician, insurance or 

reimbursement status, apart from over-the-counter (OTC) drugs and drugs dispended during hospi-

talization. In the Netherlands, people commonly register with only one pharmacy and obtain all their 

medication from that pharmacy. Therefore a complete medication history of an individual is available 

in the pharmacy dispensing records.

The medications we looked for are summarized in table 1 and include systemic drugs used for al-

lergy, and for asthma, allergic rhinitis, and eczema apart. Individuals aged 0 to 19 years who received 

between 1997 and 2006 at least one prescription for one of these medications were studied. The total 

population, covered by the pharmacies, was estimated on the national registry (Central Bureau of 

Statistics). The number of children who had any prescription of a drug of interest was counted and 
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the prevalences in each year were computed. We considered a child as having eczema when it had at 

least two prescriptions of an ointment containing steroids per year. Because some pharmacies make 

the ointments themselves, we also included steroids when given as base material as ‘ointment contai-

ning steroids’. A child having at least two prescriptions of nasal steroids was considered as having al-

lergic rhinitis, and when a child had had two or more prescriptions for an inhaled corticosteroid (ICS), 

it was considered as having asthma. We use the word eczema as recommended by the World Allergy 

Organisation,6 hay fever is considered as a synonym for allergic rhinitis. 

Statistical methods. 

This is an observational study. Outcomes are reported as mean and standard deviations or percenta-

ges. Student t-test is used for intergroup comparison of percentages, and p-value < 0.05 is considered 

statistically significant.

Results

During the study period, the database covered a population of approximately 500,000 people, 

120,000 of them in the age of 0 – 19 years. The size of this population increased during the study 

period but there were no changes in age and gender distribution (table 2). In 1997 20,216 of 95,158 

children aged 0 – 19 (21.2%) received at least one prescription for any medication for an allergic 

disease, summed up in table 1; this prevalence decreased to 18.6% in 2006 (22,987 out of 123,453 

individuals); this decrease is statistically significant.

In the youngest age group (0 – 4 yrs of age) more boys than girls received a prescription for one of 

these medications, at the age of 10 – 14 years the number of prescriptions in boys and girls were 

equal, and in the older group girls had more prescriptions. The ratio boys-girls declined from 1.24 for 

in the youngest age group to 0.72 in the oldest group. The prevalence of children who had at least 

two prescriptions for any drug for an allergic disease was 10.3% in 1997; and 9.2% in 2006.

Table 1 Drugs included

Drugs	 	 	 	 ATC codes
1			Short	acting	betamimetics	 	 R0�AC0�;	R0�AC0�;	R0�CC;	0�AK0�/0�
�			Other	bronchodilators	 	 R0�BB01;	R0�AK0�/0�
�			Long	acting	betamimetics	 	 R0�AC1�;	R0�AC1�;	R0�AK0�/0�
�			Inhaled	steriods	 	 	 R0�BA;	R0�AK0�/0�
�			other	inhaled	drugs	(cromones)	 	 R0�BC
�			other	systemic	drugs	(LTRA)	 	 R0�DC
�			Nasal	steriods	 	 	 R01AD
�			Oral	antihistaminics	for	oral	use	 	 R0�A
�			Dermatologicals	containing	steriods	 D0�
10	Calcineurin-inhibitors		 	 D11AX1�/1�
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Eczema

In 2006, 2.3% of all children had had more than one prescription for an ointment containing steroids 

(table 3). Although about 10.8% of the children from 0 – 4 years of age received one prescription for 

a dermatological ointment containing steroids in both 1997 and 2006, and 3.7% of the children had 

at least two prescriptions in 1997 and 3.2% in 2006 (figure 1). This pattern is seen in all age groups. In 

1997, the rate of children who had at least two prescriptions declined from 3.7% in the youngest age 

group to 1.7 at the age of 10 – 14 yrs and increased again to 2.7% in the older age group. This pattern 

is also seen in 2006. There were no differences in prevalence over time. In the youngest group boys 

had more eczema, in the older group girls had more. Only a few group of children received a prescrip-

tion for a calcineurin inhibitor. (data not shown).

Table 2 Baseline demographic data of the children included in 1997 and 2006.

   1997   2006  p-value

   n (%)   n (%)

Total number (0 – 19 yrs)  95,158 (100)   123,453 (100) 

Male   48,168 (50.6)   61,719   0(50.0) 0.004

Distribution in age groups

0-4 yrs   22,694        (24)  30,608 (25)  n.s.

5-9 yrs   23,441 (25)  29,275 (24)

10-14 yrs   23,633 (25)  29,227 (24)

15-19 yrs   25,390 (26)  34,343 (27)
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Figure 1: Prevalences of children (0 – 4 yrs of age) who had at least one prescription and at least two prescriptions for an 
ointment containing steroids during the study period.
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Allergic rhinitis

Intranasal steroids were prescribed for 0.8% of the children in 1997 and for 0.9% of the children in 

2006. The prescription rate increased with age, from 0.1% in the youngest age group to 1.4 in the ol-

dest children. The prescription rate did not change in the study period (table 3). Girls had more often 

at least two prescriptions for nasal steroids, the ratio boys-girls was 0.88 (data not shown).

Asthma

At least two prescriptions for ICS were prescribed for 2.5% of the children (0-19) in 2006; which is not 

significantly more than in 1997. In 1997 4.7% of the children in the age of 0 to 4 years of age received 

at least one prescription for an ICS, this prevalence rose to 6.7% in 2001 and then declined to 4.7% in 

2006. However, the percentage of children (0-4) who received more than two prescriptions for an ICS 

was 2.6% in 1997 and 2.5% in 2006; this difference is not statistically significant (figure 2). The same 

Table 3 Comparison between 1997 and 2006 for the numbers and proportions of children in 4 age 

groups with asthma, allergic rhinitis, and eczema. A child was defined as having asthma when having 

received at least two prescriptions for inhaled corticosteroids. When a child received at least two 

prescriptions for a nasal steroid, it was presumed to have allergic rhinitis. A child, who had at least two 

prescriptions for an ointment containing steroids, was presumed to have eczema.

   1997   2006  p-value

   n (%)   n (%)

all children   95,158   123,453

Eczema

0-4 yrs   838 (3.7)   1,004 (3.3)  0.01

5-9 yrs   432 (1.8)   585 (2.0)  n.s.

10-14 yrs   412 (1.7)   467 (1.6)  n.s.

15-19 yrs   678 (2.7)   796 (2.3)  0.01

All age groups  2,360 (2.5)   2,852 (2.3)  0.01

  

Allergic rhinitis  

0-4 yrs   19 (0.1)   27 (0.1)  n.s.

5-9 yrs   160 (0.7)   250 (0.9)  0.03

10-14 yrs   261 (1.1)   349 (1.2)  n.s.

15-19 yrs   318 (1.3)   498 (1.5)  0.04

All age groups  758 (0.8)   1,124 (0.9)  0.04

Asthma

0-4 yrs   596 (2.6)   751 (2.5)  n.s.

5-9 yrs   830 (3.5)   930 (3.2)  0.02

10-14 yrs   492 (2.1)   786 (2.7)  <0.01

15-19 yrs   293 (1.2)   572 (1.7)  <0.01

All age groups  2,211 (2.3)   3,039 (2.5)  0.04
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pattern is seen in other age groups. Overall, boys received more ICS prescriptions than girls, the ratio 

boys-girls was 1.4 The group of 5-9 year old children had the highest prescription rate (3.4%), the lo-

west rate was found in the oldest group (15-19) (1.4%). In all age groups, the mean usage prevalence 

of long acting betamimetics was 0.3%, and increased from 0.2% to 0.9% in 2006 (data not shown).

Concomitant diseases

Of all children studied, 0.1% received a combination of at least two prescriptions for both allergic 

rhinitis medications and ICS. In the children aged 5 – 9 and 10 – 14 the percentage was the highest 

(0.3%), and in the youngest children the percentage was zero. There was no significant time trend. The 

highest prescription rate for the combination was found in boys in the age group of 10 – 14 yrs (0.5%).

In the children with asthma, the percentage of those with at least two prescriptions for intranasal 

steroids rose from 0% in the youngest age group tot 14% in the oldest group. This means that in 14% 

of the oldest children with asthma, also medications for allergic rhinitis are prescribed. 

When looking at the group of children with at least two prescriptions for an intranasal steroid, none 

of the children in the youngest group received a prescription for ICS, but the number rose to 38% in 

children of 5- 9 yrs, than decreased again to 27% in the 10 – 14 year olds, and declined further to 14% 

in the individuals older than 15 yrs.

Figure 3 shows the prevalences of children who received at least two prescriptions for ICS, nasal ste-

roids, and steroid ointments alone and in combination in 2006. Taken together, 6379 children (5.2%) 

received two prescriptions for at least two steroid medications and 636 children (0.5%) received any 

combination of at least two steroid-containing medications in 2006 (figure 3).
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Figure 2: Prevalences of children (0 – 4 yrs of age) who had at least one prescription and at least two prescriptions for an inhaled 
corticosteroid during the study period.
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Discussion

About 20% of the children had received at least one prescription for a medication for any allergic 

disease per year; 10% had had at least two prescriptions. The prevalence of eczema was 2.3%, of hay 

fever 0.9 % and of asthma 2.5% in 2006; although the differences are statistically significant, in prac-

tice they are unchanged. A combination of at least two steroid containing medications was given to 

0.5% of the children; half of these were ICS and nasal steroids.

Eczema

The prevalence of eczema, defined in this study as having at least two prescriptions for an ointment 

containing steroids, was only 2.3% (C.I. 2.2 – 2.4%). This figure is much lower than in other studies. In 

an Italian study the prevalence of doctor-diagnosed eczema was 5.8% (C.I. 4.5 – 7.1%) in 9 year old 

children.7 The prevalence in 7-year-old children was 15.5% (C.I. 14.2-17%), based on questionnaires in 

a Scandinavian study.8 In a Dutch survey of 2003, in which eczema was defined as an itchy rash, the 

prevalence in 12 – 14 year olds was 13.5%.9 The prevalence of eczema in phase III of the ISAAC in the 

Western Countries ranged from 5.9 to 16% in 7 and 8 year old children. ISAAC showed an increase of 

0.05 to 0.6% per year.10 

In the present study, the prevalence of eczema was 2.3% and did not increase over time. This figure 

is lower than in several other reports. Partially, this could be due to our definition. Topical steroids, 

however, are presented as the treatment of choice.11 The number of prescriptions for calcineurin inhi-

bitors was almost zero; so there is no reason to expect that these replaced steroids. Although it may 
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be possible that parents do not use topical steroids despite doctor’s advice and despite the severity 

of the eczema, which lowers the numbers we have found, we think that the prevalence we found 

reflects more accurately the number of children with more serious eczema. 

Allergic rhinitis

According the ISAAC study the prevalence of allergic rhinitis varies from 5.8% to 10.1% in 6 and 7 

year old children and from 9.7 – 20.2% in 13 and 14 year old children. In some countries the yearly 

prevalence increased, in other countries a decrease was found.10 In the Dutch questionnaire-based 

study in adolescents, a prevalence of allergic rhinitis of 28.3% was found.9 The prevalence in Danish 

adolescents was 15.7%.12 

Nasal steroids are recommended as treatment in severe intermittent and in mild and severe persistent 

allergic rhinitis; they are effective, are relatively easy to use, and have mild side effects.13

In this study, the mean prevalence of children who had two or more prescriptions for a nasal steroid 

was 0.9% (C.I. 0.7 – 1.1%) with no increase during the ten year period we studied. In the 6 and 7 year 

old children the prevalence was 0.8% and in the group with 13 and 14 year old children the preva-

lence was 1.1%.

This number is far lower than in the ISAAC and other studies. Moreover, there were no significant 

changes over the years. The differences between the prevalences, reported in the literature and our 

results could be explained in several ways. First allergic rhinitis is difficult to diagnose and to dif-

ferentiate it from a common cold is even more difficult for patients. In children under the age of 6 

years, the nasal application of steroids is problematic;14 it could be that in these age groups systemic 

anti-allergic medication is prescribed. However, in the older age groups, the difference between 

the prevalences of ISAAC and ours is large. It could be that hay fever is not recognized properly by 

patients or doctors, and is therefore not treated sufficiently or by OTC medication. On the other hand, 

allergic rhinitis could be overreported in questionnaires.

Asthma

The ISAAC studied the prevalence of asthma using questionnaires. In the 6 and 7 years old children, 

the asthma prevalence varied from 7.4 to 20.9%. For children of 13 or 14 years old, the lowest preva-

lence in phase three was 8.3%, the highest was 31.2%. In Danish adolescents a prevalence of allergic 

asthma of 6.9% was reported,12 and the Dutch questionnaire study revealed a prevalence of 12.3% in 

12 to 14 year old children.9
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In this study the prevalence of asthma was 2.5% (C.I. 2.4 – 2.6%), and no differences over time were 

found. This is different from other epidemiological studies in which higher prevalences are described. 

An Australian study found a prevalence of asthma in children aged 5 year of 11 to 15%, of whom 35% 

used ICS (3.9 – 5.3% of all children).15 This figure is comparable with ours.

The difference between the prevalences found by questionnaires and those, found in this study, can 

be that we looked only at the more serious symptoms. Although from an epidemiological point of 

view it is interesting to know how many children are symptomatic, from a clinical point of view it 

is also necessary to know for which proportion of children the burden of disease is serious enough 

to take medication chronically. These children are at risk for more perturbation of their daily life by 

symptoms of their disease. Therefore, it would be interesting to compare the ISAAC data with pres-

cription data in the same region. However, there is no Dutch branch of the ISAAC study.

Concomitant diseases

Hay fever and asthma often go together, and the combination has led to the concept of the ‘united 

airways’. Epidemiological studies reveal a prevalence of allergic rhinitis of 70% in asthmatics.16 In this 

study, the number of children with the asthma-hay fever-combination is much lower. Although it can 

be explained because the combination of both diseases occurs after years, it could also be that one of 

the diagnoses is missed.

Topical steroids are the mainstay of treatment in asthma, allergic rhinitis, and eczema. The safety of 

these treatments individually has been studied intensively and in normal use the risk for side effects is 

considered low.17,18,19 However, exposure to high doses of ICS carries increased potential risks for side 

effects such as influence of growth and subclinical adrenal insufficiency.20 Children who use combina-

tions of steroids are at greater risk. As far as we know, systematic studies to the adverse effect of com-

binations of steroid therapy are lacking. In this study, 0.5% of the children use these combinations.

In this study we looked for children receiving more than one prescription as a result of an allergic 

disease including asthma. The prevalence of children is lower than expected from earlier epidemio-

logical studies. One explanation may be that the threshold for obtaining a prescription is relatively 

higher than that for giving an answer on a questionnaire. This was also seen in the Australian study of 

children at school-entry in which the prevalence numbers of ICS are comparable with ours.15
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Limitations: 

As in every study using prescription data, no diagnoses are included. However, the medications used 

for allergic diseases are highly specific, and by using the prescription of at least two medications, 

the children who had only one prescription, prescribed to evaluate if it would help, are excluded. Of 

course it may be possible that data are missing because of insufficient input. However, the co-opera-

ting pharmacists are very motivated and there is a regular quality control by the database manager. 

Another possible confounder is the use of OTC medication. However, for the more severe forms of the 

diseases studied, steroids are necessary and these are only available with a doctors’ prescription in the 

Netherlands.

Strong points.

This is a population based study and therefore gives more insight than hospital or primary care set-

ting study. Advantages of the use of questionnaires are that a large number of individuals can be 

included and that standardized questions make comparison possible. Disadvantages of questionnai-

res are recall bias, especially when time frames such as ‘the last 12 months’ are included, misinterpre-

tation of the questions, and incomplete response. A population and prescription based study gives in-

sight into a large group of patients in whom the disease had lead to a doctor’s visit and a prescription. 

Conclusion

One in five children receives at least one prescription for any anti allergic medication, and one in ten 

receives more than one prescription. Although the prevalence of allergic diseases has been reported 

to be high, this study indicates that the prevalences of chronic and therefore more debilitating forms 

of allergic diseases as eczema, allergic rhinitis and asthma are lower. 

Only a relatively small proportion of children with ICS received a prescription for a nasal steroid. The 

combination of asthma and allergic rhinitis is lower than expected, suggesting that parents and 

physicians do not easily recognize the combination. About 0.5% of the children uses different applica-

tions of topical steroids and are therefore at potentially greater risk of adverse effects of steroids.

We thank dr. J. Collins for reviewing the English and K. Koster for the art work.
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Mark

Mark is 10 years of age and had been diagnosed with asthma at the age of 2 years. Since two years he 

has been treated with budesonide, 200 microgram twice daily in a Turbuhaler®. Because of increasing 

frequency of periods with shortness of breath, salmeterol with the help of a Diskus® was added twice 

daily. Salbutamol in a Diskus® could be used as rescue medication, since the age of 8, in the preceding 

years he used a pressurised metered dose inhaler.

In recent months he experienced more periods of breathlessness, despite increasing use of medica-

tion. His complaints increased when exposed to house dust, cigarette smoke, and on exercise. He had 

no pets, in his house no-one smoked. There were no symptoms of hay fever. 

Inhalation of salbutamol did not relieve his complaints.

Spirometry showed bronchusobstruction and a skin prick test revealed allergy for house dust mite. He 

was asked to demonstrate his inhalation manoeuvres for both apparatuses. He did not exhale before 

inhalations and turned the knob of the Turbuhaler only after being asked to do so. Then he inhaled 

shallowly and too fast.

We advised him to choose one inhaler and the asthma nurse gave instruction on the correct inhalati-

on technique. After a couple of weeks he had only minor complaints and remained so, after prescri-

bing budesonide 200 mcg in combination with formoterol 6 mcg via the Turbuhaler® twice daily and 

when needed. 
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Abstract

Introduction 

We evaluated the adherence to national guidelines for the treatment of asthma in childhood. 

Methods

Prescriptions for anti-asthma medication for children (0-14 years of age) were retrieved from the 

InterAction DataBase (IABD) for the year 2002. These were compared with recommendations found in 

national guidelines.

Results

Anti-asthma medication was prescribed for 3612 children (5%) of the paediatric population. Inhaled 

medication was prescribed for 3554 (98%) children. In 1940 of 1993 (97%) of the children under the 

age of 6 years pressurised metered dose inhaler (pMDI’s) were given. Short acting ß2-agonists had not 

been prescribed in the previous two year period in 559 children (15%). 543 children older than 8 years 

(36%) did not receive a prescription for a dry powder inhalator. 239 children (7%) had more than one 

type of inhalator. Long acting ß2-agonists were prescribed in 396 children, but without concomitant 

inhaled corticosteroids (ICS) in 35 children (9%).

Conclusions

Inhalation therapy as the method of choice in asthma therapy and the use of pMDI in pre-school 

children are widely accepted in the Netherlands. Not all children have been prescribed bronchodila-

tors. Some children have more than one type of inhaler device and others use long acting ß2-agonists 

not in combination with ICS. Although national and international guidelines about the treatment of 

asthma in children offer evidence-based advice, important principles are not followed. Effective inter-

ventions aimed to implement existing guidelines into daily practice are urgently needed.
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Introduction

In recent years several guidelines concerning the use of drugs in children with asthma or asthma-like 

symptoms have been published.1,2,3,4 These guidelines were developed to help the physician to im-

prove the care for children with asthma. Whether physicians used these guidelines (‘adherence’) has 

been the subject of several studies. However, these studies concern adherence of paediatricians,5,6,7 

focus on the use of inhaler devices,8 or study a relatively small number of children.9

Studies regarding adherence to these recommendations in a general population are lacking. 

Insight there-in is important to identify the most common and serious deviations so that it is possible 

to develop strategies to improve adherence.

Therefore, we studied the prescription of anti-asthmatic drugs in a Dutch paediatric population, and 

compared this with the recommendations found in the Dutch guidelines. 

Methods

In the Netherlands people commonly register with one pharmacy, and obtain all their medication 

from that pharmacy, so a complete medication history of each patient is available in the pharmacy 

database. Previous studies have demonstrated that dispensing data from Dutch pharmacies of-

fers an accurate survey of the use of prescription drugs.10,11,12 Outpatient medication is supplied by 

community pharmacies regardless of prescriber and thus included in the dispensing data, but drugs 

used during hospital stay (in-patients) and over-the-counter medication (OTC) are not included. This 

study was performed with pharmacy dispensing data from the InterAction DataBase (IADB). The IADB 

comprises all prescriptions of approximately 450,000 people since 1997, regardless of insurance of 

patients or reimbursement status of the drug.13 Forty-five pharmacies supplied dispensing data and 

prescriptions of at least 200 physicians are included. It was recently estimated that more than 99% of 

the entered prescriptions were collected.14 Population sizes were estimated on basis of age-specific 

population statistics (Bureau of Statistics Netherlands) using a stratified standardisation described 

elsewhere.15

Table 1 depicts principles as found in the Dutch guidelines. National as well as international guide-

lines emphasise the preference for inhaled medications.1,3 Every child with asthma should have a 

short acting bronchodilator (SABA) for direct relief.3 Long acting bronchodilators (LABA) should be 

prescribed only in combination with inhaled corticosteroids (ICS).3,16 For convenience and ease, only 

one type of inhaler should be prescribed. 17 In children younger than the age of 7 years, pressurised 

metered dose inhalators (pMDI’S) with spacer devices are advised.1,3,4 Different from international 
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guidelines, in the Netherlands prescription of dry powder inhalers (DPI) to children older than the age 

of 7 years is recommended.4 Finally, whenever a pMDI is used, even in older children, it should always 

be used in combination with a spacer device. The only exception to this rule is the Autohaler®. In this 

pMDI the actuation is dependent on inspiratory flow. The guidelines were published in the national 

medical journal and in the journal of the Dutch College of General Practitioners.4,18 After publication 

numerous seminars and symposia in which the guidelines were explained and discussed were 

organised.

Medications were defined according to the ATC classification.19 Asthma medication was defined as 

short (SABA) and long acting bronchodilators (LABA), including long acting bronchodilators com-

bined with inhaled steroids (ATC-code R03A), inhaled corticosteroids (R03B), adrenergics for systemic 

use (R03C), leukotriene receptor antagonists (LTRA) (R03D), and two oral anti-histaminics (deptropine 

(R06AX16) and ketotifen (R06AX17). Ketotifen and deptropine are drugs that were traditionally used 

in the Netherlands for the treatment of young children with asthmatic symptoms. Table 2 depicts the 

asthma medication and inhaler devices available in the Netherlands in 2002. These were available for 

all patients, regardless of their reimbursement.

For this study, all children aged 0 – 14 years on December 31st 2001 were identified and selected 

from the database. For every child included in the study a medication history from January 1st to 

December 31st 2002 was constructed. We included only children of whom we knew for sure that we 

have information during the study period. When a child had been prescribed any asthma medication 

in 2002, the complete history of anti-asthma medications of the previous two years prior to the first 

prescription date in 2002 was retrieved. This was done because all inhaled medication expires 2 years 

after dispension. In children younger than the age of 2 years, the medication prescribed since birth 

Table 1: principles in medical asthma treatment according to the Dutch guidelines 

1 Every child with asthma should use at least one inhaled medication. 

2 Every child should have been prescribed a short acting ß2-agonist in the preceding 2 years.

3 Every child with a long acting ß2-agonist should have inhaled corticosteroids as well. 

4 Every child should have to use only one type of inhalation device. The only exception 

   to this is when a child uses a pMDI with a short acting ß2-agonist. 

5 Children < 6 years should have a pressurised metered dose inhaler pMDI and spacer.*

6 Children > 8 years should have a dry powder inhalator (DPI).*

7 Pressurised metered dose inhalers (pMDI’s) should always be used in combination with a spacer, or it should be an 

   Autohaler®.

* For the study of the use of inhalation devices children between the age of 6 and 8 years were excluded because in those ages child-

ren change from pMDI with spacer to a dry powder inhalator.
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was retrieved. For the evaluation of the number of inhalers prescribed we excluded children with a 

DPI who also had pMDI with a spacer device for inhalation of a reliever, such as salbutamol, because 

some children prefer the use of these during attacks. 

For the study of inhalation devices, children between the age of 6 and 8 years were excluded because 

in those ages children change from pMDI with spacer to a dry powder inhalator.

The 95% confidence intervals were calculated using the Wilson method as recommended else-

where.20

Results

In 2002 about 450.000 patients were covered by the database; of these 73416 were 14 years of age 

or younger. In this age group 3612 children (4.9%) had been prescribed anti-asthma medication. 

These prevalences were compared with data of the national Drug Information Project and found no 

statistically nor clinically significant differences (data not shown). Table 3 summarises the results of 

the comparison between actual daily practice and principles in medical asthma treatment.

The vast majority of these children (3554; 98%) received prescriptions for inhaled medications. In 559 

children (15%) no SABA was prescribed during the observation period of 2 years. In 498 of these 559 

children (89%) ICS had been prescribed in 2002. In the total group of 3612 children on asthma medi-

cation, 396 (11%) had been prescribed LABA, while 35 (9%) of them had not received a prescription 

for an inhaled corticosteroid as well. After exclusion of the children who had been prescribed a pMDI 

containing SABA, it appeared that 239 of 3217 children (7%) had been prescribed more than one type 

Table 2: Asthma medication and inhalation devices, used in the Dutch paediatric population during the study period.19

Medications        ATC code

Short- acting bronchodilators: salbutamol, terbutaline, fenoterol    R03A

Long -acting bronchodilators: salmeterol, formoterol     R03A

Inhaled steroids: beclomethasone, budesonide, fluticasone     R03B

Other inhaled drugs: ipratropiumbromide,       R03B

cromoglicid acid, nedocromil.       R03B

adrenergics for systemic use: salbutamol, terbutaline     R03C

leucotriene receptor antagonist: montelukast       R03D

antihistamines for systemic use: deptropine, ketotifen     R06AX16/17

Inhalation devices

Pressurised metered dose inhaler single: Autohaler®

Pressurised metered dose inhaler in combination with spacers.

Spacer devices: Babyhaler®, Volumatic®, Nebuhaler®, Aerochamber®, and Babychamber®

Dry powder inhalers: Diskus®, Diskhaler®, Turbuhaler®, Cyclocaps®
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of inhalation device. 

Of the 1993 children younger than 6 years 53 (3%) had been prescribed a dry powder inhaler, the 

youngest child was only two years old. Of the 1525 children older than 8 years 982 (64%) had been 

prescribed a dry powder inhalator (DPI), the remaining 36% had a pMDI.

Spacers had been provided to 1783 of the 2761 children (64.6%) who had been prescribed a pMDI. 

Thus, the remaining 978 children (35.4%) had a pMDI without a spacer or had a spacer older than two 

years. 

Overall, when the recommendations except the prescription of spacer devices are applied, it ap-

peared that of the 3612 children on asthma medication 2352 (65.1%) children were prescribed medi-

cation according to the recommendations. 

Discussion 

Although we did not expect a 100% adherence to all guidelines, we found that in one third of the 

children who received asthma medication basic recommendations were not followed. It is striking 

that 4.9% of the children in this population received a prescription for asthma medication and 15% 

of these children did not receive a prescription for bronchodilators. Nine percent of the children who 

had been prescribed a LABA did not have any ICS and 7% received prescriptions for more than one 

type of inhalation device. 

Table 3. Prescription of asthma medication compared with evidence-based principles.

Principle     no   non-adherence

     children number  percentage (C.I.)

1 Inhaled medication for all   3612  58  1.6 (1.2 – 2.1)

2 ß2-agonists for all    3612  559  15.5 (14.3 – 16.7)

3 LABA combined with ICS   396  35  8.8 (6.4 – 12.0)

4 Only one type of inhaler *   3217  239  7.4 (6.6 – 8.4)

5 pMDI for children <6 yr.   1993  53  2.7 (2.0 – 3.5)

 

6 DPI for children > 8 yr.    1525  543  35.6 (33.2 – 38.0)

7 pMDI prescribed in com-

bination use with a spacer **   2761  978  35.4 (33.7-37.2)

* except for ß2-agonists

** except for Autohaler®
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This study has some limitations. The diagnosis of asthma was not formally confirmed and therefore 

it could be that some children received asthma medication for other indications. However, in the 

Netherlands only doctors prescribe asthma medication. Because we looked at dispensing data, we 

have no insight into actual use of asthma medication. Finally, as a result of the method, we do have 

no information about the prescribing physician. 

Strong points of this study are that it provides detailed information in a relatively large group of 

patients in a country where general physicians and paediatricians have easy access to specific gui-

delines. Inevitably, some of the recommendations in the Dutch guidelines differ from those in other 

countries, e.g. the use of DPI in children older than the age of 8 years. However, for an evaluation of 

adherence to guidelines this is not problematic.

Five percent of the children in this total population had received a prescription for asthma medica-

tion. This percentage is comparable with results of a German study in which the prevalence of asthma 

drug usage was 4.8% in nine to eleven years old children,21 but is lower than in a recent British survey 

in which 20% of nine-year-old children used asthma medication.22 The prevalence of children with 

anti-asthmatic medication is lower than the reported prevalence of asthma and/or recurrent whee-

zing in western countries, which varies between 10 – 20%.23,24 The size of the paediatric population 

was estimated, and although this estimation may be slightly off, it by no means explains the low 

prevalence we have found. All available asthma medication in the Netherlands was included in this 

study. Possible explanations for the low figure include under diagnosis of asthma, under treatment 

of diagnosed asthma, and the choice of alternative or non-pharmacological asthma treatments or 

overestimation of asthma prevalence in epidemiological studies. Alternatively, it could be that the 

prevalence of asthma is declining, as was suggested recently by Van Schayck.25

The preferential use of inhaled medication appears to be adopted by Dutch physicians as 98% of the 

children received inhaled medications. Because children younger than the age of 5 cannot generate 

sufficient inspiratory flow to achieve optimal deposition while using a DPI,26 it is reassuring that 97% 

of the children under the age of 6 received prescriptions for a pMDI.

Several deviations from guidelines were found. Fifteen percent of the children had not been prescri-

bed a reliever in the preceding 2 years, whilst in 89% of these children ICS were prescribed. Although 

it has been suggested to give a course of ICS in periodical viral wheeze in young infants,27 this was 

not recommended formally in 2002, nor common practice in the Netherlands. Dispension of drugs 

by hospital pharmacies is not customary in the Netherlands, due to budgetary reasons, and therefore 

cannot be an explanation. The fact that 15% of the children do not have a reliever may implicate that 
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in these patients asthma is completely under control with the use of ICS and that relievers are not or 

rarely needed. Current guidelines advise the tapering of inhaled steroids to the minimum effective 

dose or even to discontinue them.3 Apparently, some children continue to use ICS despite minimal 

disease. 

LABA are advised only in combination with ICS because they can mask ongoing symptoms and do 

not treat the underlying inflammation in asthma.16 In this study it appeared that despite this, 9% of 

the children on LABA had no ICS. 

The relatively high number of 239 (7%) of children with more than one type of inhaler device is 

comparable with results of a British study in which 12% of the children used more than one type of 

inhaler.8 A proper inhalation technique is essential but difficult to retain. In a recent Dutch study it was 

found that in 29% of children with a DPI, the technique was insufficient.28 The use of more than one 

type of inhaler, and therefore two different inhalation techniques, is confusing and should therefore 

be dissuaded.17

Different from other guidelines, the Dutch guidelines advice DPI’s in children older than the age of 

7 years, because it is believed that DPI’s are more convenient to use and easier to take e.g. at school 

and sports.4,18 Therefore we included this element in the study. Thirty-six percent of the children older 

than 8 years did not have a DPI. An explanation could be that some children cannot inhale properly. 

Another explanation for not using a DPI in this age group is that the use of medication is not checked 

on a regular basis and therefore the children continue to use pMDI’s.

pMDI’s should be used with a spacer.1,2,3,4 It appeared that 65% of the children with a pMDI had re-

ceived such a spacer device in the preceding two years and 35% had not received a spacer device. An 

explanation could be that the spacers have been in use for a longer period, but it also possible that 

some children have no spacer at all. 

Possible reasons for not following recommendations are lack of knowledge or non-accessibility to 

guidelines. In both national and international literature guidelines have been published and these 

publications were readily available to all Dutch physicians, so this cannot be the reason. It has been 

suggested that sometimes guidelines do not rely on evidence.7 This cannot explain the non-adhe-

rence in this study because the principles studied do rely on evidence. It could be argued that not all 

guidelines are applicable to all patients. However, the high number of children not treated according 

to principles makes this unlikely.

Lack of adherence to guidelines is recognised in treatment of asthma in children, 5,6,7,8,9 as well as in 

adults.29,30 Several interventions, aimed at the prescribing physicians, such as computer-assisted flow 
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sheets, peer group training, and electronic medical records have been studied. Although every inter-

vention has some beneficial effects, none has proven conclusive. 29,30

Non-adherence could be explained by the fact that children with asthma are not seen on a regular 

basis and their medication is not checked properly. In the Netherlands it is customary that patients 

or their parents send the label of the medication used to the general practitioner, who will provide 

a repeat prescription without a consultation visit. In this way, patients can receive medications for a 

long period without being seen by a doctor.

It has been stressed that a health care provider should support patients with asthma to ensure op-

timal care.3 A regular check is essential to tailor the treatment to the needs of the patient. Therefore, 

sending in labels for a repeat prescription of asthma medication should be discouraged. Pharmacists 

can compare the prescriptions of asthma medication with current recommendations. When a devi-

ation occurs, the pharmacists should inform the prescribing physician. In the treatment of patients 

with hypertension the involvement of pharmacists improved clinical outcome.31

In conclusion, although almost all children with asthma medication received a prescription for 

inhaled medication, not all children have a reliever, and not all children who use a LABA have had a 

prescription for ICS. Some children have more than one type of inhalator. Apparently, there is still a 

wide gap between guidelines and daily practice, despite the availability and reliability of guidelines. 

Probably other methods have to be sought for ensuring asthma treatment according to guidelines. 

Attention to prescribed medication by pharmacists could be one of these methods.

We thank dr. J. Collins for reviewing the English.

 

 



��

References
1 Anonymous. Asthma in adults and schoolchildren. The General Practitioner in Asthma Group, the British Association of Accident 
and Emergency Medicine, The British Paediatric Respiratory Society and the Royal College of Paediatrics and Child Health. Thorax 
1997;52: suppl 1: s2-8
2 Anonymous. Asthma in children under five years of age. The General Practitioner in Asthma Group, the British Association of 
Accident and Emergency Medicine, The British Paediatric Respiratory Society and the Royal College of Paediatrics and Child Health. 
Thorax 1997;52: suppl 1: s9-20
3 Global Initiative for Asthma (GINA). Global strategy for asthma management and prevention. National Institutes of Health. Natio-
nal Heart, Lung, and Blood Institute. Bethesda, Maryland USA, 2002
4 Hoekstra MO. Medical treatment of asthma in children; revised guidelines by paediatric pulmonologists. Ned Tijdschr Geneeskd 
1997;141: 2223-8
5 Cabana MD, Rand CS, Becher OJ, Rubin HR. Reasons for pediatrician nonadherence to asthma guidelines. Arch Pediatr Adolesc 
Med 2001;155: 1057-62
6 Haby MM, Powell CV, Oberklaid F, Waters EB, Robert CF. Asthma in children: gaps between current management and best prac-
tice. J Paediatr Child Health 2002;38: 284-9
7 Shiffman, RN, Freudigman A, Brandt CA, Liaw Y, Navedo DD. A guideline implementation system using handheld computers for 
office management of asthma: effects on adherence and patient outcomes. Pediatrics 2000;105: 767-773
8 Child F, Davies S, Clayton S, Fryer AA, Lenney W. Inhaler devices for asthma: do we follow the guidelines? Arch Dis Child 2002;86: 
176-9
9 Dashash NA, Mukhtar SH. Prescribing for asthmatic children in primary care. Are we following guidelines? Saudi Med J 2003;24 : 
507-511
10 Jong – Van den Berg de LTW, Feenstra N, Sorensen HT, Cornel MC. Improvement of drug exposure data in a registration of 
congenital anomalies. Pilot-study: pharmacist and mother as sources for drug exposure data during pregnancy. EuroMAP Group. 
European Medicine and Pregnancy Group. Teratology 1999;60: 33-6
11 Klungel OH, de Boer A, Paes AHP, Herings RMC, Seidell JC, Bakker A. Agreement between self-reported antihypertensive drug 
use and pharmacy records in a population-based study in the Netherlands. Pharmacy World & Science 1999;21: 218-20
12 Monster TBM, Janssen WMT, de Jong PE, de Jong-van den Berg LTW. Pharmacoepidemiol Drug Saf 2002;11: 379-84
13 Tobi H, van den Berg PB, de Jong-van den Berg LTW. The InterAction database: synergy of science and practice in pharmacy. Lect 
Notes Comput Sc 2000;1933: 206-211
14 Tobi H, van den Heuvel NJN, de Jong-van den Berg LTW. Does uncollected medication reduce the validity of pharmacy dispen-
sing data? Pharmacoepidemiol Drug Saf 2004;13: 497-500
15 Schirm E, Monster TBM, De Vries R, Van den Berg PB, de Jong-van den Berg LTW, Tobi H. How to estimate the population that 
is covered by community pharmacies? An evaluation of two methods using drug utilisation information. Pharmacoepidem Drug 
Safety 2004;13: 173-179
16 Verberne A.A.P.H., Frost C, Roorda RJ, Van der Laag J, Kerrebijn KF, and The Dutch Paediatric Asthma Study Group. One Year Treat-
ment with Salmeterol Compared with Beclomethasone in Children with Asthma. Am J Respir Crit Care Med 1997;156: 688-695
17 Warner JO. Guidelines for treatment of asthma. In: Leung DYM, Sampson HA, Geha RS, Szefler SJ, eds. Pediatric allergy, practice 
and principles. Mosby Inc. St. Louis 2003, pp 350-56
18 Dirksen WJ, Geijer RMM, Haan de M, Koning G, Flikweert S, Kolnaar BGM. Guidelines for the treatment of asthma by general 
practitioners. Huisarts Wet 199;41: 103-43
19 Anonymous. ATC classification index with DDDs, WHO collaborating Centre for Drug Statistics Methodology, Oslo, January 2004
20 Altman DG, Machin D, Bryant TN, Gardner MJ. Statistics with confidence. BMJ Books, 2000 
21 Beimfohr C, Maziak, W, Von Mutius E, Hense HW, Leupold W, Hirsch T, Keil U, Weiland SK. The use of anti-asthmatic drugs in child-
ren: results of a community-based survey in Germany. Pharmacoepidemiology and Drug Safety 2001;10: 315-321
22 Ng Man Kwong G, Proctor A, Billings C, Duggan R, Das C, Whyte MKB, Powell CVE, Primhak R. Increasing prevalence of asthma 
diagnosis and symptoms in children is confined to mild symptoms. Thorax 2001;56: 312-314
23 Mutius von E. Epidemiology of allergic diseases. In: Leung DYM, Sampson HA, Geha RS, Szefler SJ, eds. Pediatric allergy, practice 
and principles. Mosby Inc. St. Louis. 2003, pp 1-9
24 Strachan DP. Epidemiology. In M. Silvermann, editor. Childhood asthma and other wheezing disorders. Chapman & Hall. London, 
1995, pp 7-31
25 Van Schayck CP, Smit HA. The prevalence of asthma in children: a reversing trend. Eur Resp J 2005;26: 647-650
26 Pedersen S. Inspiratory capacity through Turbuhaler in various patient groups. Journal Aer Med 1994;7: S55S-58
27 Baets de F, Daele van S, Franckx H, Vinaimont. Inhaled steroids compared with disodium cromoglycate in preschool children 
with episodic viral wheeze. Pediatr Pulmonol 1998;25: 361-6
28 Kamps AWA, van Ewijk B, Roorda RJ, Brand PL. Poor inhalation technique, even after inhalation instructions, in children with 
asthma. Pediatr Pulmonol 2000;29: 39-42
29 Smeele IJM, Grol RPTM, Van Schayck CP, Van den Bosch WJHM, Van den Hoogen HJM, Muris JWM. Can small group education 
and peer review improve care for patients with asthma/chronic obstructive pulmonary disease? 



��

Quality in Health Care 1999;8: 92-98
30 Veninga CCM, Lagerlov P, Wahlstroem R, Muskova, Denig P, Berkhof J, Kochen MM, Haaijer-Ruskamp FM. Evaluating an educatio-
nal intervention to improve the treatment of asthma in four European countries. Am J Respir Crit Care Med 1999;160:1254-62
31 Sookaneknu P, Richards RME, Sanguansermsri, J, Teerasut C. Pharmacist involvement in primary care improves hypertensive 
patient clinical outcomes. Ann Pharmacotherapy 2004;38: 2023-28



��

Jelle

This four-year-old boy was referred to the outpatient asthma clinic because he had recurrent periods 

of shortness of breath, after playing as well as spontaneously. This occurred more than 4 times a 

week. History revealed that he had suffered from eczema during the first 18 months of his life. Then 

periods of wheezing and shortness of breath started. His mother was allergic to house dust mite and 

had been diagnosed with mild asthma, his father had hay fever. When he had complaints inhalation 

of short acting betamimetics was helpful most of the time. Treatment with inhaled corticosteroids 

was begun at the age of 3 years and he was prescribed 50 microgram fluticasone twice daily by a 

pressurised metered dose inhaler in combination with the Babyhaler®. Despite this, he still had recur-

rent periods of shortness of breath. 

Physical examination was unremarkable, measurement of the airway resistance (RINT) revealed a re-

versible bronchial obstruction of more than 25% which we consider as compatible with asthma. Skin 

prick testing revealed sensitisation for house dust mite. He was prescribed fluticasone 125 microgram 

twice daily in a pMDI with a Volumatic® After three months he had had only a few periods of whee-

zing and had more energy.
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ABSTRACT
Introduction

To investigate the dosage and duration of inhaled steroids prescribed to children, and to compare the 

prescribed doses with recommended doses for the treatment of asthma in children.

Methods

For 2514 Dutch children aged 0-12 year who had used inhaled steroids in 2002, pharmacy dispensing 

data was obtained from the InterAction database, type of steroid (beclomethason, budesonide, fluti-

casone) and type of user (first time or existing) the average prescribed doses according to age, were 

determined and compared with the doses as recommended in the national Dutch NHG guideline. 

Furthermore, for all first time users the duration of therapy with inhaled steroids was determined 

using a Kaplan-Meier analysis

Results

The major findings are 1) that overall 43% of children starting inhaled steroids were prescribed doses 

that are half the recommended dose or less; 2) that overall 8% of the children starting inhaled steroids 

were prescribed doses that were twice the recommended dose or more, up to 50% in the 12-year-

olds fluticasone group; and 3) only 8% of the children who started with inhaled steroids used them 

continuously for a full year.

Conclusions

Doses of inhaled steroids for many children deviate from the recommended doses, with lower doses 

more frequently occurring than higher doses. Less than 10 percent of the children receive prescripti-

ons for a prolonged period of time.
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Introduction

Preventive treatment has become the cornerstone of asthma management. Inhaled corticosteroids 

(ICS) effectively control asthma and minimise pulmonary damage, and therefore play a central role in 

preventive treatment of asthma. Both national and international guidelines recommend treatment 

with ICS for all children with persistent asthma, and ICS are therefore widely used. 1-7 A study in the 

Netherlands, for example, showed that of children using anti-asthmatics, 60% used ICS.8

ICS are generally regarded as safe in children, although at higher doses systemic adverse events such 

as growth retardation and adrenal suppression have been reported. 9-11 Since these side effects have 

been shown to be dose dependent it is generally recommended to avoid long term high doses of ICS 

(i.e. higher than 500 ug fluticasone or equivalent) if possible.9-11 However, for an effective control of 

asthma it is important that the daily dose of ICS should be sufficient, and that the therapy be prescri-

bed for a sufficiently extended period as the preventive effect of steroids is based on continuous tre-

atment. 1-7 Although adequate control of symptoms may easily be confused with absence of disease, 

a premature discontinuation may lead to recurrence of symptoms and to unnecessary pulmonary 

damage.

Despite the known importance of an adequate dose and duration of treatment of ICS in children, 

there is no literature that documents doses and duration in daily practice. This paper investigates the 

dose and duration of ICS prescribed to children, and compares the prescribed doses with recommen-

ded doses for the treatment of asthma in children. 

Methods

Population and setting

This study was performed using pharmacy dispensing data from the InterAction database, which is 

part of the collaboration between community pharmacists in the northern part of the Netherlands 

and the University of Groningen.12 In the Netherlands people commonly register with one phar-

macy, and obtain all their medication from that pharmacy, so that a complete medication history is 

available in the pharmacy dispensing records. Outpatient medication is also supplied by community 

pharmacies and thus is included in the dispensing data. Drugs used during hospital stay (in-patients) 

and over-the-counter medication (OTC) are not included. Previous studies have demonstrated that 

dispensing data from Dutch pharmacies offer an accurate survey of the use of prescription drugs.13,14 

Registration is irrespective of health insurance (including people who are not insured), and thus is 

representative for the general population. 
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Dosing 

Detailed dosing information is available for a selected number of pharmacies (depending on their 

computer system), covering a population of approximately 450,000 patients, including 43000 children 

of 0 - 12 years of age (age at date of first prescription in 2002).15 From this group, all children who had 

used at least one inhaled corticosteroid in 2002 were identified (n=2644 children). Children with one 

or more prescriptions without quantative dosing instruction (e.g. “according to instructions doctor”) 

were excluded from further analyses (130 children, 4.9%), eventually resulting in a study group of 

2514 children. ICS available in the Netherlands are beclomethasone, budesonide, and fluticasone 

(as a single drug or as part of a drug combination). The identified children were divided into two 

subgroups: first time users were defined as children with a dispension for an inhaled steroid in 2002, 

but none in 2001; existing users had had one or more dispensions in both 2001 and 2002. Per child 

the first dispension in 2002 was taken from the dataset to investigate the prescribed dose. We used 

only one dispension per child to avoid problems with dependency in the analyses. The prescribed 

daily dose was manually determined based on dosing instructions for the patient as recorded in the 

pharmacy dispensing data. In case of a variable dosing scheme (e.g. 2 times per day 1-2 puffs) the 

average was taken. The average and standard deviation of the prescribed doses was determined 

by age and type of steroid for first time and existing users separately. In addition, the percentage 

of dispensions with a prescribed dose of 50% or lower, and the percentage of dispensions with a 

prescribed dose of 200% or higher than the dose recommended according the national Dutch NHG 

guideline was determined (table 1).1 This guideline is widely used in the Netherlands and is therefore 

an appropriate reference; the 50%-200% boundaries have been chosen arbitrarily. Furthermore, as 

can be seen in table 1, the doses recommended in the NHG guidelines closely resemble those in 

various international guidelines.
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Duration of use

To investigate the duration of ICS use, a Kaplan-Meier analysis was performed. For all first time users a 

follow-up window of 1 year (1 full year starting at the date of the first prescription of the child in 2002) 

was set up. For each dispension, the duration of use was calculated, based on the quantity dispensed 

and the prescribed daily dose. Treatment with ICS was considered to have been stopped when a child 

had not used ICS for at least 60 consecutive days. This maximum allowed gap of 60 days was chosen 

arbitrarily, but had to be sufficiently long to account for small differences between time of dispension 

and time of actual use. For example, if new ICS were dispensed while previously dispensed steroids 

had not yet completely been used up, the patient retains a small stock – this may fill up a gap later on. 

With these parameters, the cumulative proportion of children still using ICS was determined per day. 

All statistical analyses were performed using SPSS (version 12.0).

Results

In total 2514 children aged 0-12 years of age had used at least one type of ICS (beclomethasone, bu-

desonide or fluticasone) in 2002. Of these children, 1047 were first time users and 1467 were existing 

users. Tables 2 and 3 show the average dose and standard deviation as related to age and type of ICS, 

Table 1: Daily doses advised in childhood asthma according to several guidelines.

Author  NHG  SKL  GINA BAG  NHLBI

Ref. Nr  1  2,3  4 5,6  7

Age  Becl      Bud      Flu Bud      Flu  Bud     Beclo       Flu  Beclo

1  400       400      200 500      250   400          200

2  400       400      200 500      250   400          200

3  400       400      200 500      250   400          200 500

4  400       400      200 500      250  400 400          200    500

5  400       400      250 500      250  400 400          200 500

6  400       400      250 500      250  400 800          200 500

7  400       400      250 500      250  400 800          200 500

8  400       400      2001 500      250  400 800          200 500

9  400       400    200 500      250  400 800          200 500

10  400       400      200 500      250  400 800          200 500

11  400       400      200 500      250         400 800          200 500

12  400       400      200 500      250  400 800          200 500

Becl = beclomethasone; Bud = budesonide; Flu = fluticasone; NHG = the Dutch College of General Practitioners; SKL = Dutch Paedia-

tric Respiratory Society; GINA = Global Initiative for Asthma; BAG = British Asthma Group; NHLBI = National Heart, Lung, and Blood 

Institute.
1Change in preference from aerosol inhaler+spacer to powder inhaler results in a lower dose.
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dosage being based on the first prescription in 2002, for first time users and existing users separately. 

Unlike the recommended initial doses as shown in table 1 (same dose for all ages), the average daily 

prescribed daily dose gradually increases with age for first time users.

As can be seen by the standard deviations (SD), the variability in the prescribed daily doses is wide 

for all three types of ICS. Of all first prescriptions 43% had a prescribed dose of at most 50% of the 

recommended initial dose of the Dutch NHG guideline. For prescriptions for existing users this was 

35%. Fluticasone and to a lesser extent budesonide prescriptions had at least twice the recommen-

ded dose in a substantial proportion of the prescriptions. More than 1 in every three children aged 10 

years or older treated with fluticasone had received such a high dose.

Figure 1 shows the duration of inhaled steroid use for all first time users. The proportion of children 

with extended use of ICS rapidly decreased with time. The estimated median duration of therapy was 

78 days (CI95% 63-93). Eight percent of the children who started therapy with ICS in 2002 continu-

ously used them for a full year. A maximum gap of 60 days between two subsequent prescriptions 

was allowed in these analyses. In the case that a maximum gap of 15, 30, 90, or 180 days was allowed, 

the estimated median treatment duration was 60, 60, 96 and 100 days, respectively. There was no 

clinically relevant difference between different age groups (median times of 87, 66 and 66 days for the 

age groups of <4 yr, 4-7 yr, and >7 yr, respectively, using a maximum allowed gap of 60 days). In none 

of the analyses included in this study was there a clinically relevant difference between boys and girls.

Figure 1: Kaplan-Meier curve for first time users of inhaled steroids (n=1047)
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Table 2: Prescribed daily doses of inhaled steroids for first time users (n=1047 children)

        Percentage of children 

        with daily dose:

Type of steroid Age NHG dose (mcg) Number of children Average dose (mcg)SD ≤ 50% of  ≥ 200% of

       NHG          NHG 

Beclometasone 0 400  54 169 70 91 0

  1 400  39 182 102 87 0

  2 400  33 179 82 88 0

  3 400  35 194 95 80 0

  4 400  23 167 95 91 0

  5 400  26 223 114 81 0

  6 400  19 258 117 68 0

  7 400  24 279 195 58 4

  8 400  18 414 310 44 17

  9 400  17 271 149 71 0

  10 400  12 292 162 58 0

  11 400  20 305 143 45 0

  12 400  17 394 277 41 12

  All -  337 - - 75 2

Budesonide  0 400  43 300 207 51 5

  1 400  15 240 140 60 0

  2 400  14 236 134 64 0

  3 400  15 280 126 47 0

  4 400  11 318 125 36 0

  5 400  7 329 125 29 0

  6 400  9 344 113 22 0

  7 400  10 380 193 20 10

  8 400  8 363 213 38 13

  9 400  11 364 81 18 0

  10 400  9 378 120 22 0

  11 400  6 467 207 17 17

  12 400  10 515 186 0 20

  All -  168 - - 39 4

Fluticasone  0 200  123 179 81 39 2

  1 200  83 199 100 36 6

  2 200  42 214 102 33 5

  3 200  51 190 65 27 0

  4 200  35 266 117 11 9

  5 250  45 242 136 16 4

  6 250  25 262 100 8 12

  7 250  28 301 129 4 25

  8 200  22 264 194 18 14

  9 200  22 320 207 9 32

  10 200  35 374 224 6 46

  11 200  14 363 138 0 50

  12 200  17 324 155 12 47

  All -  542 - - 24 12

 

Total  All -  1047 - - 43 8

SD means standard deviation; NHG is Dutch guideline (see table 1)
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Table 3: Prescribed daily doses of inhaled steroids for existing users (n=1467 children)

        Percentage of children   

        with daily dose:

Type of steroid Age NHG dose  Number of Average dose  ≤ 50% of > 50% of

   (mcg) children (mcg) SD   NHG  NHG 

Beclometasone 0 400 6 233 137  67 0

  1 400 20 200 127  75 0

  2 400 31 181 75  94 0

  3 400 31 215 115  84 0

  4 400 40 203 106  78 0

  5 400 41 194 105  88 0

  6 400 52 228 112  73 0

  7 400 42 250 129  74 2

  8 400 44 256 122  59 0

  9 400 39 268 107  59 0

  10 400 41 349 224  44 7

  11 400 25 296 188  52 4

  12 400 24 363 141  29 4

  All - 436 - -  68 1

Budesonide  0 400 5 390 225  40 20

  1 400 16 334 233  56 6

  2 400 23 274 176  52 0

  3 400 23 300 132  39 0

  4 400 29 353 140  24 3

  5 400 21 421 223  24 19

  6 400 18 392 256  33 11

  7 400 19 347 158  32 5

  8 400 23 332 150  30 4

  9 400 18 347 161  28 6

  10 400 27 406 180  22 11

  11 400 20 380 154  25 5

  12 400 19 466 207  16 16

  All - 261 - -  31 7

Fluticasone  0 200 18 192 100  39 6

  1 200 60 185 87  40 3

  2 200 63 237 86  13 6

  3 200 65 227 104  22 9

  4 200 78 260 143  18 14

  5 250 71 235 125  28 13

  6 250 82 251 125  17 13

  7 250 67 274 152  16 21

  8 200 65 259 137  17 23

  9 200 65 282 159  11 26

  10 200 52 325 175  6 40

  11 200 43 379 263  5 40

  12 200 41 380 274  2 44

  All - 770 - -  18 19

Total  All - 1467 - -  35 12

 means standard deviation; NHG is Dutch guideline (see table 1)
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Discussion

The major findings of our study are, first, that overall 43% of children starting inhaled steroids were 

prescribed doses that are at most half of the recommended dose. Among beclomethason users 

younger than one year of age, this figure is 91%. Secondly, 8% of the children starting inhaled steroids 

were prescribed doses that were twice the recommended dose or more, reaching 50% in the 12-year-

olds fluticasone group. Finally, only one out of twelve children who started with inhaled steroids used 

them continuously for a full year.

The major strengths of this study are the population based coverage, the prospective recording of 

pharmacy dispensing data, and the completeness of pharmacy dispensing data in comparison with 

other sources, such as registration of general practitioners. An important limitation of our study 

design is that our exposure and dosing information is based solely on the dispension of the drug 

from the pharmacy, and we have no information about actual drug intake either in terms of duration 

or dose. In addition, pharmacy-dispensing data do not include diagnoses, and do not therefore offer 

reasons for following or deviating from guidelines.

Since the doses recommended by the NHG are initial doses, the best comparison is between NHG 

doses and doses prescribed to first time users. An explanation for the large proportion of children 

receiving low doses may be that fear of systemic effects, such as growth retardation and adrenal sup-

pression, prevents doctors from prescribing higher doses. 16 

Several studies have investigated the safety profiles of the different ICS.9-11 The evidence that fluti-

casone generates fewer side effects than other inhaled steroids is not conclusive. Some studies have 

indeed shown that fluticasone has a limited oral absorption and a large hepatic first pass effect, 

leading to less systemic availability.17 However, other studies showed that fluticasone is more easily 

absorbed from the lung, leading to more systemic adverse effects.16,18,19 Interestingly, fluticasone is re-

latively less frequently prescribed in a low dose. For all three inhaled steroids adverse effects normally 

do not occur at doses recommended in the guidelines.9-11

The NHG guideline recommends starting with a moderate dose, trying to lower the dose gradually 

when asthma has been effectively controlled for at least 3-6 months; if this leads to a deterioration 

of symptoms then the higher dose is given again.1 Two alternative methods exist: the step-down 

approach, and the step-up approach. In the step-down approach a high dose is tapered off: start with 

a high dose (e.g. fluticasone 1000 mcg) to aggressively reduce the airway inflammation, gradually re-

ducing the dose to the lowest effective dose (this approach is not included in the NHG guideline).20,21 

Resultantly with the step-down approach higher or lower doses than the fixed recommended initial 



��

dose may occur, and this may be also be an explanation for the considerable variability. Since the 

step-down approach has no proven benefit over the constant-dose-approach, but rather the high 

initial doses frequently result in side effects, it is not recommended. A step-up approach may also be 

an explanation for low doses, but this approach is not recommend by any of the guidelines listed in 

table 1. 

Since this study was undertaken, revised guidelines were published. 22 In these new guidelines the 

recommended initial dose for children with asthma is reduced to 200 mcg/daily. Even compared with 

these guidelines the prescribed doses in this study were still too low.

Although the general picture emerging from table 2 and 3 shows that doses were low, a substantial 

number of children received inhaled steroids with daily doses of at least 200% of the recommend 

initial dose, especially with fluticasone. Approximately 12% of the fluticason doses for first time users 

were 500 mcg or higher (200%). As mentioned above, doses of this magnitude may occur as part of a 

step-down approach, but for existing users it may also be for children with severe persistent asthma, 

for which doses had to be increased several times before achieving sufficient control of symptoms. 

Whereas side effects do not normally occur at the doses recommend in the guideline, side effects 

may be expected at doses of this level.10,16,19 

We do not know why these high doses were prescribed. At this moment fluticasone in available in dry 

powder inhalers with 100, 250 or 500 mcg/dose. This means that, when taken twice daily, increments 

in doses go from 200, 500 or 1000 mcg. The lack of formulations with doses in between could possibly 

play a role. Lack of awareness of the advice of addition of long acting betamimetics or leucotriene-

receptorantagonists could also be a factor. As far as we know the reasons for prescribing such high 

doses have never been studied. 

Considering that the preventive effect of ICS is based on continuous treatment, the duration of treat-

ment may seem rather short for many children. The proportion of children receiving ICS after 6 and 

9 months was approximately 17% and 11% respectively, and only 8% of children in our study used 

inhaled steroid throughout the entire year. For all children > 3 years the Dutch NHG guideline advises 

evaluation of the effects of the ICS every 3 months, and when effective, to try to gradually reduce the 

dose over a period of 3 to 6 months.1 This would mean that for children with newly diagnosed asthma 

who respond well to therapy with ICS, the minimum period of treatment is 6 to 9 months. Obviously, 

for children with persisting asthma longer treatment may be required. In the framework of the NHG 

guideline, therapy shorter than 6 to 9 months may therefore only occur in cases where children do 

not respond to treatment with ICS. This may be the case if steroids are used as a diagnostic instru-
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ment. In such cases, children with airway obstruction are prescribed ICS, and if these are effective, 

the diagnosis of asthma is more likely, and therapy with ICS may be continued. In view of our findings 

that many children receive low doses, it is important to note that therapy with ICS may show less 

effect if the dose is too low. An alternative explanation might be that during an exacerbation a short 

course of ICS is prescribed. Besides the fact that this is not recommended in the guidelines this ex-

planation would imply that many children have exacerbations, and therefore raises questions about 

possible under treatment.

ICS may also be used in the treatment of periodical viral wheeze. There is some evidence that this may 

be effective.23 Due to the limited duration of periodical viral wheeze, the use of ICS for this indication 

may have biased our analysis of the duration of treatment towards a shorter treatment. However, 

none of the guidelines mentioned in table 1 recommended the use of ICS for this indication. In 

addition, initial doses for this periodical viral wheeze should be high, and therefore may not be an 

explanation for the low doses found in our study.

All together it appeared that the guidelines concerning the prescription of ICS in children, although 

widely available at that time, were not adhered to. Not following guidelines has been recognised in 

the treatment of asthma in children. Reported reasons for not following guidelines include lack of 

knowledge, fear of side-effects, and non-accessibility to guidelines. 24

In conclusion, we found doses of ICS for many children starting ICS to deviate from the recommended 

doses, with lower doses more frequently occurring than higher doses. Few children were treated for a 

prolonged period of time. Current insights show that recommended doses of ICS are safe in child-

ren.9-11 It would therefore be regrettable if fear for side effects leads to too conservative prescribing, 

possibly leading to recurrence of symptoms and to unnecessary pulmonary damage.

We thank dr. J. Collins for reviewing the English.
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Abstract

Introduction 

The adherence to paediatric asthma guidelines by physicians is suboptimal and methods for im-

provement have to be developed. We studied the effect of a minimal intervention strategy with the 

involvement of pharmacists.

Methods

A group of pharmacists was encouraged to discuss essential elements of asthma care with the 

general practitioners they normally worked with. The adherence to guideline items was evaluated by 

studying prescriptions for children with asthma. We compared the treatments of children who were 

registered at pharmacies who participated in the study (intervention group) with a control group of 

children, registered at other, non-participating pharmacies (reference group).

Results

The number of children who had no short acting betamimetics was significantly lower in the 

intervention group compared with the reference group (12.1 vs. 15.4%); fewer children had no ICS 

although on long acting betamimetics (2.7 vs. 8.6%). The number of children who had more than one 

type of inhaler was equal in both groups (5.1%), but this was significantly lower than in our earlier 

study of 2002 (7.4%).

Conclusions

We conclude that the assistance of pharmacists in adherence to paediatric asthma guidelines is bene-

ficial. Pharmacists should be involved actively in the care of children with asthma. 
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Introduction

In recent years guidelines for the treatment of paediatric asthma have been developed.1,2,3 These 

guidelines have been constructed on the basis of available evidence and offer the physician an 

important tool to deliver optimal care. The success of guidelines depends on their implementation in 

daily practice. Recently, we studied the adherence to the Dutch paediatric guidelines.4 Overall, 60% 

of the children were treated according to the elements of the guidelines that were studied, but some 

important principles in asthma treatment were not followed. It appeared that 15.5% of the children 

had not been prescribed a short acting beta agonist. Nine percent of the children who had been 

prescribed long acting beta-agonists (laba) had no inhaled corticosteroids (ICS), although it has been 

demonstrated that lung function declines after a year of laba without ICS.5 Furthermore, 7.4% of the 

children had more than one type of inhaler device. The use of more than one inhaler device can lead 

to more mistakes in correct usage of the inhalers and therefore could ameliorate the efficacy of the 

medication.6 We speculated that a minimal intervention strategy with the help of pharmacists could 

improve the adherence to paediatric asthma guidelines. 

Therefore we developed a program in which pharmacists were active participants in the application 

of principles of treatment of paediatric asthma. In this article we report the results of this program.

Materials and methods

For this study we used data from the InterActionDataBase (IADB.nl), a database comprising prescrip-

tions of about 500,000 individuals of whom 120,000 are in the age group of 0- 19 years. A total of 

53 pharmacies supply dispensing data since 1996.4 We invited pharmacists connected to the IADB.

nl to participate in this study on a voluntary base. The minimal intervention was aimed at improving 

adherence to guidelines. 

During a 3 hours session we explained the aim of the study and discussed the most recent Dutch 

guidelines on paediatric asthma. We aimed at three key items: every child with asthma medication 

should have short acting betamimetics, long acting betamimetics should be prescribed only in com-

bination with ICS, and children should have only one type of inhaler device. Then we discussed their 

possibilities of organising a meeting on the subject with the general practitioners with whom the 

pharmacists cooperated most. In the Netherlands such meetings are widespread and a well acknow-

ledged method for improving prescribing habits. The pharmacists were encouraged to invite one of 

us (TdV) to participate in these meetings. Six and 12 months after these meetings the pharmacists 

were invited again to evaluate and discuss the meetings they had with the general practitioners. 
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Data acquisition

For this study, all children aged 0 – 14 years on December 31st, 2006 were identified and selected 

from the database. For every child included in the study a medication history from July 1st, 2006 to 

June 30th, 2007 was constructed. We included only children of whom we knew for sure that complete 

medication information was available during the study period. When a child had been prescribed any 

anti-asthma medication in this year, the complete history of these medications for the two years prior 

to the first prescription date in this year was retrieved. This was done because all inhaled medication 

expires 2 years after dispensation. In children younger than the age of 2 years, the medication pres-

cribed since birth was retrieved. For the evaluation of the number of inhalers prescribed we excluded 

children with a dry powder inhalator (DPI) who also had metered dose inhaler (pMDI) with a spacer 

device for inhalation of a reliever, such as salbutamol, because some children prefer the use of this 

during attacks. 

For the study of inhalation devices, children between the age of 6 and 8 years were excluded because 

in this age group children often change from pMDI with spacer to a DPI.

Intervention and reference groups

The children who registered with a participating pharmacy (n = 9) were grouped as the interven-

tion group, children who registered with a non-participating pharmacy (excluding neighbourhood 

pharmacies and drop-outs) (n = 36) served as the reference group. We compared the outcome of the 

results of our earlier study with those of the reference group. 

Statistical analysis was performed using Chi-square tests, a p < 0.05 was considered statistically signi-

ficant and the tests were performed two-sided.

Results

Twelve pharmacists attended the first meeting, 3 dropped out so 9 pharmacies participated in the 

complete study. All meetings of pharmacists and general practitioners were held in 2006. There were 

no differences between the children of the intervention and reference groups for gender or age distri-

bution (data not shown).

Table 1 depicts the results of the intervention by showing the number of children who were not 

treated according to the current guidelines for that specific item. The numbers of children who had 

a reliever and who used a ICS-LABA combination therapy was significantly lower in the intervention 

group (2.7% vs. 8.6% in the reference group). There was no difference between the groups for the 
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number of types of inhaler devices; in both groups this number was significantly lower than in 2002 

(table 2). The number of children with inhaled medication was equal (99.3%) in both groups (table 1), 

but more than in 2002 (98.4%) (table 2). The number of young children with a DPI was significantly 

lower in the intervention group, but the group of children with a pMDI was significantly higher.

Table 1. Comparison between the intervention and control groups. The numbers of children failing to adhere to the 

guidelines are given as part of the total number of children for whom the guideline was applicable as well as the per-

centages. The items discussed at the meetings with pharmacists are marked with an asterisk (*).

   reference  intervention 

   Failure/total (%) Failure/total (%)  p-value

Having no short acting   534/3527 (15.4) 176/1447 (12.1)  < 0.01

Betamimetics*

No ICS whilst on long  41/477 (8.6)  6/219 (2.7)    0.03

acting betamimetics*

More types of inhaler*  119/2311 (5.1) 43/849 (5.1)   1.0

Not having inhaled 

medication   24/3527 (0.7) 10/1447 (0.7)  1.0

DPI whilst < 6 yrs  51/2105 (2.4) 10/875 (1.1)   0.08

pMDI whilst > 8 yrs  554/1558 (35.6) 273/635 (43.0)  <0.001

ICS = inhaled corticosteroid; DPI = dry powder inhaler; pMDI = pressurised metered dose inhaler.

Table 2. Comparison between the adherence to guidelines for 6 items between 2002 and the reference group in 2007. 

The numbers of children failing to adhere to the guidelines are given as part of the total number of children for whom 

the guideline was applicable as well as the percentages. The items discussed at the meetings with pharmacists are 

marked with an asterisk (*).

Year   2002   2007, reference group   

   Failure/total (%)  Failure/total (%)  p-value 

Item 

Having no short acting   559/3612 (15.5)  534/3527 (15.4)  0.72

betamimetics*

No ICS whilst on long  35/396 (8.8)   41/477 (8.6)   0.31 

acting betamimetics*

More types of inhaler*  239/3217 (7.4)  119/2311 (5.1)  <0.01

Not having inhaled 

medication   58/3612 (1.6)  24/3527 (0.7)  < 0.01

DPI whilst < 6 yrs  53/1993 (2.7)  51/2105 (2.4)  0.69

pMDI whilst > 8 yrs  543/1525 (35.6)  554/1558 (35.6)  1.0

ICS = inhaled corticosteroid; DPI = dry powder inhaler; pMDI = pressurised metered dose inhaler.
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Discussion

In this study about the effect of pharmacists’ involvement in improving adherence to paediatric 

asthma guidelines we found a statistically significant and clinically relevant effect in the first year on 

the availability of a short acting betamimetic and the use of ICS whilst on long acting betamimetics. 

The use of only one type of inhaler improved in both the intervention and reference groups. 

For children with asthma, shortness of breath and wheezing are key symptoms, which can be relieved 

by the use of short acting betamimetics. Receiving these medications is therefore essential for child-

ren with asthma. Because in the earlier study the number of children with short acting betamimetics 

was low (84.5%), we targeted at this item and found a significant improvement in the intervention 

group to 87.9% which was not reached in the reference group. 

It has been shown that the combination of ICS with a long acting betamimetic is superior as compa-

red to the use of only a long acting betamimetic.5 In the intervention group the number of children 

who were treated with the combination reached almost hundred percent. 

The use of one inhaler is advocated widely, and in both the intervention and reference groups the 

use of more then one inhaler diminished significantly. Our effort in the intervention group did not 

result in a lower number of correctly treated children. The number of young children with a DPI was 

reduced in the intervention group and not in the reference group. To our surprise the number of 

children with a pMDI was increased in the intervention group. We do not have an explanation for this, 

although in the meetings with the pharmacists it was supposed that the combination of pMDI and a 

valved holding chamber is for many children easier than a DPI. 

In recent years, several methods of improving adherence to paediatric asthma guidelines were evalu-

ated. These include the use of handheld computers, computer-assisted flow sheets, and peer group 

training. Most of these were aimed at prescribing paediatricians. 7,8,9,10,11 None of these interventions 

appeared exclusively effective. All of these interventions needed a rather large input of time, money, 

and effort by the participants. In our study the burden for the pharmacists and general practitioners 

was relatively small, as for the meetings they had were part of their ongoing schemes. 

Stergachis reported on an intensive training of pharmacists in Washington in the care of childhood 

asthma. They gave a structured training to enable pharmacists to deliver individualised asthma care. 

After one year there were no differences between intervention and control groups for lung function 

or functional status.12

There have been several studies to evaluate the efforts of pharmacists in the care of adults with 

asthma.13,14 These have been proven of benefit with regard to improvement of peak flow, lessening 
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asthma severity, symptom scores, but all required more or less intensive individualised care of phar-

macists. Compared with these studies, our intervention could be considered minimal. 

Pharmacist care for patients with chronic conditions, such as diabetes, heart failure, hypertension and 

osteoporosis, has been proven of benefit.15,16,17

We demonstrated that our intervention was beneficial, but by no way pretend that our method is the 

best to the exclusion of all others. The most likely effective intervention is probably a combination of 

group-aimed and individualised care. Certainly active involvement of pharmacists in asthma care is 

helpful. 

The limitations of this study are that we did not look at individual success of the intervention. Howe-

ver, we are convinced that the interventions are important for children with asthma because more 

children in the intervention group were treated according to evidence based guidelines. We recogni-

se that we only aimed at a few elements of asthma care and the treatment of asthma is much broader. 

We choose to do so in the setting of this study. Finally, we evaluated the effect in the first year after 

intervention and do not know how the effect is after a longer period. Therefore we plan to study this 

in the near future to evaluate whether this effect is sustained.

Strong points of this study are that we show that with only a limited input of time and effort a sta-

tistically significant and clinically relevant improvement in paediatric asthma care can be reached. 

Relatively large groups of children could benefit from this input. 

We conclude that the assistance of pharmacists in adherence to paediatric asthma guidelines is bene-

ficial and pharmacists should be involved actively in the care of children with asthma. 

We thank the participating pharmacists for their enthusiasm and efforts. The Scientific Committee of the 

Staff of the Medical Centre Leeuwarden supported this work financially. Dr. J. Collins reviewed the English.
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Abstract.

Introduction

Inhaled corticosteroids (ICS) are widely used in the treatment of asthma. We studied the suspected 

adverse drug reactions (sADRs) reported during the use of ICS in the Netherlands.

Methods 

In the Netherlands, health professionals and patients can report suspected ADRs to the Pharmacovi-

gilance Centre Lareb. All reported sADRs on ICS were categorised and assessed as to whether these 

were likely to be associated with use of the steroid. Age and gender adjusted Reported Odds Ratios 

(RORs) and Naranjo Scores (NS) were computed for sADRs, reported more than 3 times.

Results

Since 1984 sADRs of ICS were reported in 89 children (mean age 6 years), 48 (54%) were boys. Suspec-

ted drugs were fluticasone in 46 children (52%), budesonide in 21 (24%), and beclomethasone in 22 

cases (24%).

Psychiatric symptoms were reported in 19 children (21%; ROR 3.8, NS 3.6), growth retardation in 6 

children (7%; ROR 47.8, NS 3.0) and rashes in 6 cases (7%; ROR 0.7, NS 2.4). There were 7 reports (8%; 

ROR 2.1, NS 3.4) concerning abnormalities of the teeth, 4 reports of alopecia (4%; ROR 3.3, NS 3.5), and 

3 reports of hirsutism and hypertrichosis (NS 4.0). Non-fatal adrenal insufficiency was reported once.

Conclusions

Alteration of behaviour was the most frequently reported sADR. There are more indications that alte-

rations of behaviour could be a real sADR of ICS. Non-fatal adrenal insufficiency was the only reported 

possible life threatening sADR. The association of hypertrichosis and teeth abnormalities after ICS in 

children has not been reported in the literature before.
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Introduction

Inhaled corticosteroids (ICS) are the mainstays in the treatment of asthma in both children and 

adults. Several guidelines advise the early introduction of ICS in maintenance treatment of persistent 

asthma.1,2,3 However, as in every category of drugs, adverse drug reactions may occur. Well-known 

adverse drug reactions after ICS in children include growth retardation, adrenal suppression, hoar-

seness, oral candidiasis, and laryngeal irritation.4 These are included in the Summary of Product Cha-

racteristics. Other less prevalent adverse effects have been recognised and are included in reference 

textbooks and sources such as Meyler’s Side Effects of Drugs and Micromedex.5,6

To broaden the knowledge of ADRs after ICS in children we studied the reports of suspected adverse 

drug reactions (sADRs) in the Netherlands. We wanted to know which sADRs were reported the most 

frequently. Furthermore, we were interested to find reports of new sADRs and whether life-threate-

ning sADRs were reported. 

Methods

For this study we used the database of the Dutch Pharmacovigilance Centre Lareb. Health profes-

sionals and since 2004 patients or caregivers can report sADRs to Lareb, which collects and analyses 

sADRs, voluntarily reported, on behalf of the Dutch Medicines Evaluation Board.

Reports include at least the ADR observed, drug involved, age, and sex of the patient. Reports that 

are received are subject to review by qualified assessors. Data concerning the suspected adverse drug 

reaction and the drugs involved are coded using the Medical Dictionary for Regulatory Activities 

www.meddramsso.com/NewWeb2003/index.htm, MedDRA) adverse drug reaction terminology 

and the anatomical therapeutical chemical (ATC) classification drug coding system respectively, and 

subsequently filed in a database. This database was searched for reported sADRs by ICS in children 

younger than 17 years of age. 

Computations

The relationship between ICS and reported sADRs were evaluated mathematically by computing 

the Reporting Odds Ratio’s (RORs) and de Naranjo Scores (NSs). The ROR compares the frequency of 

the reported sADR for a certain drug with the frequency of reports of that adverse effect for all other 

drugs in the Pharmacovigilance database. A statistically significant ROR might be an indication for 

a possible causal relationship between the drug and the reported complaints. The RORs and 95%-

confidence intervals (95%CI) were calculated in a case/non-case design.7 RORs adjusted for age and 
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gender were calculated by means of logistic regression analysis. 

Another way to get an impression of the probability of a causal relationship is the Naranjo Score (NS). 

The NS evaluates the causality of drugs on an individual basis.8 The NS varies from 0 indicating no as-

sociation, to 10 indicating a proven causal association. Originally, the NS was developed for evaluati-

on of sADRs in hospitalised patients. Because in outpatients the evaluation of sADRs is limited the NS 

of sADRs in outpatients is generally lower than in hospitalised patients. A NS from 1 to 4 is considered 

to reflect a possible association in outpatients. Both the ROR and NS were computed when a sADR 

was reported at least 4 times. For computations and statistical analysis we used SPSS (version 11.0).

Results. 

In the period of June 1984 – October 2004, Lareb received 46.314 reports of sADRs. Of these, 2499 

reports (5.4%) concerned individuals younger than 17 years of age. In 89 of these 2499 children (3.6%) 

one or more sADRs after ICS were reported. The median age of the children was 6 years and 48 (54%) 

of them were boys. Suspected drugs were fluticasone in 46 children (52%), budesonide in 21 (24%), 

beclomethasone in 19 cases (21%), and beclomethasone fine particles in 3 (3%).

Psychiatric symptoms, belonging to the system and organ class ‘psychiatric symptoms’ within the 

MedDRA classification system, were reported in 19 cases (21%). The symptoms included agitation and 

hyperactivity in 10 cases, aggression in 7 children and anxiety in 2. The ROR was 3.8 (95%C.I. 2.2-6.4), 

which is statistically significant. The mean NS was 3.6. We compared the group of children on whom 

a psychiatric sADR was reported with the group of children with other sADRs reported during the use 

of ICS. There were no gender differences but the children on whom a psychiatric sADR was reported 

were statistically significantly younger (4.7 vs. 6.6 years, p = 0.01). Although the mean daily doses 

prescribed in the group of children with psychiatric symptoms was higher (318 ug vs. 252 ug); this 

was not statistically significant. Only one patient received a dose higher than advised in the guide-

lines. This 6-year-old girl received a dose of 800 microgram budesonide daily via a pMDI and spacer. 

The drugs related to psychiatric symptoms did not differ from the distribution of the drugs associated 

with other sADRs. 

Non-fatal adrenal suppression was reported in a 10-year old girl, who received inhaled fluticasone 

(500 microgram daily) and nasal beclomethasone (100 microgram daily).

There were a few sADRs never described before. Teeth discoloration and caries were reported in 7 

children, the ROR was 2.1 (95%C.I. 1.0-4.8) and the NS was 3.4. Alopecia had been reported four times, 

the ROR was 4.2. Hirsutism and hypertrichosis were reported in 3 patients and the mean NS was 4.
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Growth retardation was reported in 6 patients. The ROR was 47.8 (95% C.I.11.7-176.1) the NS was 3.0. 

Rashes were reported in 6 children, the ROR was 0.7, headache was reported four times, the ROR was 

1.9, and both are not statistically significant. Table 1 summarises the sADRs, reported at least four 

times after ICS in children.

Other sADRs included: urticaria, cough, insomnia, epistaxis, facial oedema, excessive weight gain, ab-

dominal pain, fatigue, diarrhoea, dyspnoea, eczema, hoarseness, bronchorrhea, bruising of the skin, 

amenorrhea, anorexia, cataract, gingivitis, mydriasis, and pruritus.

Discussion

The efficacy of ICS in the treatment of persistent asthma is beyond any doubt.1,2,3 However like every 

drug they may cause ADRs. We were struck by the high frequency of reports of psychiatric alterations 

after ICS. The high NS and the adjusted ROR argue for a real association between psychiatric alterati-

ons after ICS in normal doses. As far as we know, the association between ICS and psychiatric sADRs 

has not studied extensively before. 

It is well established that oral steroids can cause psychic alterations in adults and children.5 Kayani 

compared oral courses of 1 mg/kg and 2 mg/kg prednisolone in asthmatic children and found signi-

ficantly more anxiety, hyperactivity and aggressive behaviour in patients receiving the higher dose.9 

In 1988 a 9-year-old boy who exerted hyperactive behaviour after budesonide 200 micrograms daily 

Table 1: Numbers, crude and age and gender adjusted reporting odds ratios, and Naranjo scores of the suspected ad-

verse drug reactions during the use of inhaled corticosteroids in children under 17 years of age, reported to the Dutch 

pharmacovigilance centre Lareb.

ADRs  ADRs,  ADRs  crude ROR         adjusted ROR NS

  associated   not associated (95%C.I.)         (95%C.I.)

  with ICS  with ICS

total  89  2410

psychiatric  

symptoms  19  160  3.8 (2.2 – 6.5 )        3.8 (2.2-6.4)* 3.6

teeth 

abnormalities 7  95  2.1 (0.9-4.6)           2.1 (1.0-4.8) 3.4

growth retardation 6  83  34.7 (10.4-116.2)  47.8 (11.7-176.1)* 3.0

rash  6  83  0.7 (0.3-1.5)           0.7 (0.3-1.6) 2.4

alopecia  4  34  3.3 (1.1-9.5)           4.2 (1.4-12.5)* 3.5

headache  4  64  1.7 (0.6-4.9)           1.9 (0.7-5.3) 4.0

ADR = adverse drug reaction; ICS = inhaled corticosteroids, ROR = reporting odds ratio, NS = Naranjo score, 

95%C.I. = 95% confidence interval; abn. = abnormalities.* = statistically significant
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was described.10 More recently, Hederos described a group of 60 children of whom 9 (15%) expe-

rienced psychiatric side effects after high doses of budesonide.11 Bender compared beclomethasone 

with theophylline, but found no differences.12 However they did not give absolute figures. Moreover, 

these children were 6 to 17 years old and most of the reports on psychiatric alterations in our study 

concerned children under the age of 5. 

Elias exposed rats to inhaled budesonide and found a significant effect on learning and motivation 

functioning.13 This is compatible with the concept that ICS “cross the borders between inhaled air and 

brain”. 

An alternative explanation of altered behaviour after ICS is that untreated asthmatic children could be 

hampered in their activity and therefore exert “hyperactivity” when their asthma is treated sufficiently. 

As far as we know, this has never been studied.

It is also possible that psychiatric alterations occur as a result of other concomitant medications. It is 

widely believed that beta-agonists lead to hyperactivity. Hajikoumi et al studied this in19 pre-school 

children in a blinded crossover study but did not find a difference between 5 mg salbutamol, 

administered via an oxygen driven nebuliser and placebo.14 However, they studied the effect of only 

one dose in children with or without asthma. 

Finally, an alternative explanation could be that asthma by itself leads to behavioural problems. 

Indeed, in a recent study it was demonstrated that children who developed asthma had more beha-

vioural problems than children who never wheezed.15 Also, in a review McQuaid et al demonstrated 

that behavioural problems were more frequent in children with asthma than in controls.16 However, 

the high ROR and NS of the psychiatric symptoms argue for a real effect of ICS.

Taken together, we believe that one should be aware of a possible negative influence of ICS on psy-

chiatric functioning of a child and that therefore a thorough study is warranted.

We did find any reports of deaths after ICS treatment. A recent British study described two cases with 

fatal outcome in which ICS were involved.17 Neither details of the mechanism of how the drugs con-

tributed to the death of the children nor details were given. Therefore the role of ICS in these cases is 

difficult to assess. 

Adrenal suppression is a potential life-threatening event and was reported only once during the 

study period in the Netherlands. It could be that adrenal suppression is not recognised and therefore 

is not reported. In a national survey in the United Kingdom to the occurrence of adrenal crises during 

ICS 33 periods of adrenal crises in children from 3 – 10 years (mean 6 yr.) were identified. In 30 cases 

fluticasone had been used and in 27 at least one course of oral steroids had been used in the previous 
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years. The doses of ICS were higher than generally recommended for children (mean daily dose 980 

microgram).18 Children receiving fluticasone in doses exceeding 400 micrograms daily and who have 

been treated recently with a course of oral steroids seem to be vulnerable. 

There were some unexpected reported sADRs. Adverse effects on teeth (discoloration and caries) 

after ICS were not reported before. Because discoloration of teeth has been described after the use 

of antibiotics, such as amoxicillin and we do not have data on prior medication use, it could be that 

antibiotics might have played a role.19 Although the NS is high, the relatively low ROR argues against 

an association. The relationship between sADR of ICS on teeth therefore remains unclear.

Hirsutism and hypertrichosis have never been reported to be associated with ICS in children before, 

although they are described after oral corticosteroids in adults.4 The relatively high NS suggests a pos-

sible association.

Six reports to Lareb concerned a negative effect on growth. The high ROR and NS demonstrate the 

usefulness of these parameters. The effect of ICS on growth has been studied extensively. Although 

in children, treated for years with ICS, the final adult height did not differ from the expected height,20 

we believe it is necessary to check the growth of children on ICS regularly.

Hoarseness was reported once to Lareb whilst it was found in 14% of a French group of asthmatic 

children on ICS.21 Although a frequency between 4 to 13% of oral candidiasis in patients on ICS is 

reported,22 Lareb did not receive any report concerning candidiasis.

Rashes were reported 6 times, the ROR was not statistically significantly increased. As far as we know, 

the frequency of dermatological side effects in children has never been studied. In adults negative 

effects on the skin have been well recognised. Mak studied 202 asthmatic adults on ICS and found 

that 47% of them had easy bruising versus 22% in a control group. Not surprisingly, risk factors were 

longer duration of treatment, older ages, and the use of higher doses of ICS. 23 In children these risk 

factors do not occur.

The frequency of other sADRs is too low for conclusions. The distribution of sADR and drugs involved 

does not differ from the distribution of prescription of individual ICS. In 2002 of 2592 prescriptions 

for ICS in a representative Dutch population, 29% were for beclomethasone, 17% for budesonide and 

54% for fluticasone (E. Schirm, personal communication).

A study like this has some limitations. First, in the Netherlands reporting sADRs is voluntary, therefore 

not all sADRs, especially the better known ones, will be reported. This can lead to underreporting but 

this is inevitable in this kind of study. On the other hand, because of the voluntary nature of repor-

ting, the persons who will report obviously have no other drive than being concerned about possible 
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associations. Secondly, we used the NS to evaluate the association between the use of ICS and sADRs 

in outpatients. However, the NS is the only available measure for causality in outpatients. It should be 

kept in mind that neither the NS nor the ROR prove causality, but merely should be regarded as a sign 

of a possible association.

Based on the outcome of this study we conclude that apparently there is an association between the 

use of ICS and behavioural changes in young children. Alteration of behaviour (agitation, hyperacti-

vity) was the most frequently reported sADR of ICR in children. Adrenal insufficiency was the only re-

ported potentially life-threatening sADR. The association with alopecia, hypertrichosis and hirsutism 

has not been described before and neither have dental abnormalities been reported.

We thank dr. J. Collins for reviewing the English.
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Charlotte 

This girl was referred to the outpatient clinic at the age of 10 years because of unstable asthma. She 

was hampered during sports and playing, woke up every night because of shortness of breath and 

used salbutamol daily. Fluticasone (100 µg twice daily), prescribed by her general practitioner did not 

have sufficient effect. Her growth was normal, and auscultation revealed wheezing. The skin prick test 

demonstrated sensitisation for dog, cat and horse. Spirometry revealed airway obstruction with good 

reversibility.

She was prescribed fluticasone/salmeterol 250/50 twice daily and the asthma nurse took care of her. 

This gave some, but not enough relief. Montelukast 5 mg daily was added. Since then, her asthma is 

stable and the fluticasone/salmeterol was tapered to 100/50 twice daily.

At the age of eleven increased growth of hair on arm, face and legs was noted. She reported that she 

was bullied because of this. Her growth had been normal and there were no signs of masculinisa-

tion. Laboratory studies revealed no hormonal abnormalities. After cosmetic treatment the dark hair 

became less visible. She was not bullied anymore, her asthma is stable.
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Abstract  

Introduction

Three spontaneous reports of patients in whom a relationship between hypertrichosis and inhaled 

corticosteroids (ICS) was suspected, were reported to Lareb, the Netherlands Pharmacovigilance 

Center. We sought evidence for and against a causal relationship between hypertrichosis and ICS in 

children. 

Methods

The relationship between hypertrichosis and ICS was studied mathematically by assessing the Repor-

ting Odds Ratio (ROR) and by determining the Naranjo Score (NS). We also studied the reports sent to 

the Pharmacovigilance Database of the Uppsala Monitoring Centre (UMC) of the WHO and reviewed 

the literature.

Results

In the Dutch children, the ROR between hypertrichosis and ICS was 14.6 (95%C.I. 3.6-59.5), the NS was 

4. In the database of the UMC 20 more reports on hypertrichosis and ICS were found, contributing to 

the results of the Dutch database. Taken together, eleven boys and twelve girls were involved with a 

mean age of 7 years (range 1 – 17). The time between the start of ICS and the occurrence of hypertri-

chosis varied between 1 month and 3 years. Besides the hypertrichosis, growth retardation was found 

in 5 children and adrenal suppression in 12. In 12 children the outcome after cessation was reported: 

in 6 children the hypertrichosis improved, whilst in 6 it did not. 

Conclusions

We found sufficient evidence to support the suspicion that hypertrichosis might be a true adverse 

effect of ICS. We found no simple dose-effect relationship but obviously there is an individual suscep-

tibility. After cessation of ICS the exaggerated hair growth will not disappear in all children. Hypertri-

chosis may be a useful clinical pointer to exogenous steroid excess. 
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Introduction         

Inhaled corticosteroids (ICS) are the cornerstones in the maintenance treatment of asthma.1,2,3 

Well-known adverse drug reactions of ICS include growth retardation, hoarseness, oral candidiasis, 

laryngeal irritation and adrenal suppression.4

Recently we screened the reports of suspected adverse drug reactions (sADRs) in children associated 

with the use of ICS and found three reports on hypertrichosis.5 In the present article we describe 

these patients in more detail. Also we describe the reports of the Pharmacovigilance Database of the 

Uppsala Monitoring Centre (UMC) of the World Health Organization (WHO) and discuss the plausi-

bility of the relationship between ICS and hypertrichosis. In this article, hypertrichosis is defined as 

excessive hair growth, without a specific localization, whereas hirsutism is excessive hair growth in 

the masculine pattern.

Reports of cases in the Dutch database

The first report concerns a 6-year-old girl who used 400 μg budesonide daily via a pressurized mete-

red dose inhaler (pMDI) with a spacer. She had terbutaline as a reliever for acute dyspnoea. After the 

use of budesonide growth of hair on her back, arms and legs was noted. 

The second report concerns a girl of 10 years who daily inhaled 500 μg fluticasone and budesonide 

400 μg concurrently as well as 50 μg beclomethasone nasal spray. After three years hair growth on 

the back, arms and legs was noted. She also experienced non-fatal adrenal suppression and growth 

retardation, these were preceded by the hypertrichosis. From the reporting physician we learned that, 

after dose reduction of the ICS, the pattern of the hair growth normalized.

The third patient is a 3-year-old boy who inhaled fluticasone 250 μg daily for three months. He also 

had triamcinolone ointment for his skin. Growth of hair on his legs, arms and face was noted. We tried 

to contact the reporting physicians and pharmacists, only in the second case additional information 

was retrieved.

Pharmacovigilance data

Lareb, the Netherlands Pharmacovigilance Center, received 89 sADRs on ICS in children in the years 

1984 – 2005, 3 of these concerned hypertrichosis (3.3%). The relationship between ICS and reported 

sADRs can be evaluated mathematically by computing the Reporting Odds Ratio (ROR). The ROR 

compares the frequency of the reported sADR for a certain drug with the frequency of reports of 

that adverse effect for all other drugs in the database. A lower limit of the 95%-confidence interval of 
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above 1.0 suggests a possible 

relationship between the reported sADR and the suspect drug. (5) The ROR for hypertrichosis and ICS 

in the Dutch database is 14.6 (95%C.I. 3.6-59.5).

The Naranjo Score (NS) evaluates the causality of drugs on an individual basis. The NS includes relati-

ons between drugs and side effects in time, improvement after cessation of the drug, reappearance 

after reintroduction, exclusion of other causes of the adverse effect, and dose response relations.6

The mean NS of the three reports in the Dutch database for hypertrichosis and ICS is 4. Both the ele-

vated ROR and NS are indicative of a possible causal relation between ICS and hypertrichosis.

We studied the database of the Uppsala Monitoring Centre (UMC) of the World health Organization 

(WHO) for reports that might confirm the findings from the Dutch database. The database of the WHO 

comprised 3230 reports on ICS and 105 of these subjects (3.2%) concerned hypertrichosis, which is 

nearly the same proportion as in the Dutch database. Twenty of these concerned individuals younger 

than the age of 19 years. Table 1 summarizes the reports of hypertrichosis in the 23 children of the 

UMC and the Dutch database.

Eleven boys and twelve girls were involved; their mean age was 7 years (range 1 – 17); 19 of them 

were younger than the age of 10. The drugs suspected include beclomethasone (3 cases), betame-

tasone (3), budesonide (10), fluticasone (6), and flunisolide (1). In two of the 6 children on fluticasone 

was the daily dose given. One of them, a girl, received 500 μg, this is more than 400 μg fluticasone 

which is considered the threshold for safety.4 The other, a boy, received 250 μg fluticasone daily. The 

mean daily dose of the other steroids was 277 μg. The indication for use was asthma in 8 children and 

allergic rhinitis in 5, in the remaining cases the indications were not mentioned. One child also used 

itraconazol, a potent antifungal drug. It decreases steroid metabolism leading to higher systemic 

blood levels.7 Other co medications used were betamimetics. Twelve children used corticosteroids 

with more than one route of administration, e.g. also for dermal use. Other drugs used include short 

and long acting beta-mimetics and oral antihistaminics.

The latency time between the start of using ICS and hypertrichosis in the UMC varied between 1 

and 36 months. The follow up after cessation of ICS was reported in 12 children, 6 improved and 6 

did not. The duration of the follow up had not been reported. Other side effects reported in these 

children were growth retardation in 6 patients and adrenal suppression and/or Cushing syndrome in 

12 patients. 
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Discussion

In the Netherlands, hypertrichosis was reported as a possible side effect of inhaled steroids. Be-

cause the Dutch Pharmacovigilance Center only receives reports of sADRs we do not have extensive 

information of the patients. We contacted the reporting physicians and pharmacists to get additional 

information, and received some more information about the second case. The first patient had a dose 

of ICS, not exceeding the advised dose. The total dose of steroids in the second patient exceeded the 

maximum dose regarded to be safe.4 

The third patient is a young boy on a normal dose of ICS but also using dermal steroids and itracona-

zole. The dermal use of triamcinolone could have increased the risk. However, in daily practice more 

children receive other forms of steroids during the use of ICS for allergic asthma often is accompanied 

by other conditions also treated with steroids, such as allergic rhinitis and atopic dermatitis. 

The doses of ICS in two of these children were lower than the dose regarded to be safe, and in the 

reports the UMC in only one child did the dose exceed that level. This points more to an individual 

susceptibility than a dose-response relationship.

Table 1. Summary of the 23 reports of hypertrichosis after ICS from the Vigibase and the Dutch database.

Sex (male/female)    11/12     

Age     mean 7 years (range 1 – 17 years)

Primary suspected drug

 Beclomethason   3

 Budesonide    10

 Fluticasone      6

 Betamethasone   3

 Flunisolide      1

Daily dose 

 Fluticasone    mean: 375 μg (range 250 - 500 μg)

 Other steroids    mean: 277 μg (range 50 - 500 μg)

Indication*

 Asthma    8

 Allergic rhinitis   5

Latency time*    mean 9 months (range 1 – 36 months)

Outcome*

 Improved    6

 Not improved   6

Other reported side effects *

 Growth retardation   5

 Adrenal suppression   12

* not mentioned in all cases
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The latency between the start of the medication and the reported side effect in the reports varies 

from 1 month to 3 years. Here, however, must be kept in mind that it takes time for hair to grow and 

become visible, especially in Caucasian children. A possible relationship between the drug and the 

side-effect is therefore difficult to recognize. 

Apparently, hypertrichosis can occur in girls and even in young children. The youngest child in which 

hypertrichosis was reported was one year of age. 

In the literature, we found three descriptions of hypertrichosis in children connected to ICS. Hollman 

described an 8-year-old girl in whom inhaled triamcinolone caused not only growth retardation and 

obesity but also hypertrichosis. The hypothalamic-pituitary axis was tested and appeared normal. 

After cessation of the triamcinolone the symptoms, including the hypertrichosis, disappeared.8 Patel 

reported 8 children with adrenal insufficiency after ICS; in one of them, a 5-year-old boy, hypertricho-

sis was present. He had used budesonide 400 μg daily for 12 months. The follow-up of the hair growth 

was not described.9

Perry and co-workers described 9 children on intranasal steroids with signs of exogenous steroid 

excess and in 5 of these children also hypertrichosis was noted.10

Thus, hypertrichosis was reported in combination with growth retardation and adrenal insufficiency 

in the literature as well as in the reports presented here. Therefore we believe that hypertrichosis is a 

sign of an exogenous steroid excess and sometimes precedes adrenal insufficiency.

After cessation of the ICS the hypertrichosis will improve in some children, as seen in the children 

of the UMC database, however, in other children it will not disappear. This could have an important 

impact on the social well-being of the children and especially the girls.

In the literature we found no reports of hypertrichosis in adults after ICS. Of course, hypertrichosis 

does not occur in male adults. The prevalence of hirsutism in the general adult female population is 

about 5%.11 In a recent review, ICS were not mentioned as a possible explanation of hypertrichosis in 

adults.12 

Hypertrichosis in childhood occurs rarely and has a wide differential diagnosis, including pubertas 

praecox, 21-hydroxylase deficiency, and excess of androgens in androgen producing tumors. Drugs 

associated with hypertrichosis are cyclosporine A, tacrolimus, phenytoin and oral steroids. In oral 

corticosteroids such as dexamethasone and hydrocortisone, hypertrichosis is recognized as an infre-

quent side effect and is included in the Summary of Product Characteristics. Hypertrichosis occurs 

often in patients with endogenous excess of corticosteroids, such as Cushing’s disease.13 Although the 

systemic availability of inhaled steroids is far lower than that of oral steroids there is a wide variety in 
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steroid sensitivity between individuals and in tissues.4 It could be that some children are more suscep-

tible than others are.

In conclusion, we believe that hypertrichosis is a rare but true adverse effect of ICS in children and 

that it is biologically plausible. The risk is possibly due to individual susceptibility and is increased af-

ter higher doses with concomitant steroid therapy for other diseases. Hypertrichosis may be a useful 

clinical pointer to exogenous steroid excess. 

The authors are indebted to the national pharmacovigilance centers that contributed data for this study. 

The opinions and conclusions, however, are not necessarily those of the various centers, nor of the WHO.

We thank dr. J. Collins for reviewing the English.
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Abstract

Introduction

Recently, we found that the most reports on suspected adverse effects of inhaled corticosteroids 

(ICS) dealt with behavioral problems. Therefore, we studied whether children with asthma and on ICS 

have more behavioral problems, such as aggressiveness and hyperactivity, as compared with healthy 

controls and children, under medical care because of other disorders. 

Methods 

Questionnaires were given to three groups of children: a group of asthmatic children with ICS a group 

of children attending the ENT outpatient clinic and healthy controls. Included were questions about 

health, medication use, demographical data and about behavior, including the Child Behavior Check 

List (CBCL) and questions about Attention Deficit Hyperactivity Disorders (ADHD).

Results

Forty asthmatic children on ICS, 50 children visiting the ENT outpatient clinic and 183 healthy controls 

were studied. The total CBCL and mean ADHD scores of the children on ICS were 28.1 and 9.1, which 

were both significantly higher than the scores of the healthy controls (20.4 and 7.1), but not when 

compared with the ENT outpatient group (26.2 and 8.6). Further analysis revealed statistically signifi-

cant differences between the ICS group and healthy controls in CBCL-axes. There were, however, no 

differences between the ENT-group and the ICS on one side and the healthy controls on the other.

Conclusions

There is a difference in behavior between healthy children and asthmatic children on ICS, but not 

when compared with children, visiting the ENT department. Although hyperactivity, aggressiveness 

and anxiety might occur in children on ICS, this is probably caused by individual susceptibility. Being 

under specialist care can possibly explain behavioral differences between children on ICS and healthy 

controls.
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Introduction

Inhaled corticosteroids (ICS) are effective drugs used preventively in childhood asthma and therefore 

their use is widely advised.1,2,3 Well known side-effects in children are growth retardation, hoarseness, 

oral candidiasis, and adrenal suppression.4 Recently, we described the reports of suspected adverse 

drug reactions of ICS, reported to the Netherlands Pharmacovigilance Centre Lareb.5 A remarkable 

finding was that about 20% of the reports concerned effects on behaviour, such as hyperactivity 

and aggression. Behavioural problems in children who use ICS had been reported before.6 It is not 

known whether this effect is a group effect or is a result of individual susceptibility. This prompted us 

to investigate whether a group of asthmatic children on ICS had more behavioural problems, such as 

hyperactivity and aggression, compared with healthy controls or children under the care of an otola-

ryngologist. We chose this group as a control group, because we hypothesised that sleep disorders, 

which can lead to behavioural problems, can occur in both asthma and otolaryngeal diseases. Paedi-

atric controls were not included because about 11% of the children attending our outpatient hospital 

have psychological problems, such as Attention Deficit Hyperactivity Disorder (ADHD).7

Methods

Three groups of children were studied. The study group (ICS) were children aged 1 – 7 years, at-

tending the outpatient clinic of our hospital, a large teaching hospital in the northern part of the 

Netherlands, in these children the diagnosis of asthma was made by paediatricians. The first control 

group (ENT) consisted of children of the same age, who attended the outpatient clinic of the Ear, Nose 

and Throat department of the same hospital. Children, who were under the care of other specialists or 

those with multiple medical problems, including psychological problems and ADHD, were excluded. 

In both groups, consecutive children visiting the outpatient clinic were invited. The parents were 

given the questionnaires by the secretarial staff before visiting the physician.

The second control group consisted of children of the same age, attending kindergarten and the 

first grades of primary schools in the city of Leeuwarden, and are referred to as CC (city controls). 

School and kindergarten personnel distributed the questionnaires. In an accompanying letter it was 

explained that we were looking for the influence of health, disease and treatment on the well-being 

of children.

The questionnaire contained questions about age and sex, social class, health, and whether the child 

was under the care of a physician. Also use of medication was asked for, as was the indication and the 

dose prescribed. When the latter was not given in the questionnaire of the ICS group, this was 



��

searched for in the hospital computer system. The socio-economic status (SES) was estimated on 

the base of the highest professional level in the family. For this analysis the SES was divided in four 

categories: 1 not working; 2 routine/manual; 3 intermediate; 4 managerial/professional, as described 

elsewhere.8

The questionnaire contained two groups of statements about behaviour. The first set of statements 

was based on the DSM IV criteria for attention deficit hyperactivity disorder in three axes: attention 

deficit, hyperactivity, and impulsiveness.9 Examples of the statements are: ‘my child has difficulty 

keeping his attention focussed’ and ‘my child can not play quietly’.

The second set of statements was the Child Behaviour Check List (CBCL) for children of 18 – 60 

months. The CBCL is designed and validated to identify behavioural problems in children.10 The ques-

tionnaire we used is designed for children in the age group of 1 ½ - 5 years and we used it despite the 

fact that some children in this study were older, because the lists were used for comparison and not 

for individually diagnostic reasons. Examples of statements are: ‘my child is disobedient’, ‘my child is 

cruel to animals’, and my child eats too much. 

The questions of the CBCL are grouped into five DSM-oriented problem-axes: affective, anxiety, per-

vasive development, attention deficit/hyperactivity, and oppositional defiant and eight empirically 

based axes: emotionally reactive, anxious/depressed, somatic complaints, withdrawn, sleep problems, 

attention problems, aggressive behaviour, and other problems. 

Possible answers were 0, meaning absent; 1, meaning sometimes applicable; and 2, meaning that the 

specific trait applied very well to the child. 

These numbers were summed and by doing so for every child a result on every axis was computed. 

Means and standard deviations for all axes were computed for the three groups. For every axis a 

normal range is defined and we computed for every child whether the outcome for that child was 

within the normal range or not. Then the proportions of children within and outside the normal range 

between the groups were compared. 

We used the Wilcoxon test for ordinal data and the chi square test for binominal results, and perfor-

med linear and logistic regression analysis. A p-value < 0.05 was considered statistically significant. 

Data were analysed using SPSS for Windows (version 11.0). The regional ethical committee approved 

this study. 
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Results

In January 2006 320 questionnaires were distributed in the kindergartens and schools, 269 were 

received back. Of these 23 were excluded because of insufficient answers and another 63 were ex-

cluded because it was reported that these children were under the care of a physician and therefore 

were considered not healthy. The remaining questionnaires of 183 healthy children were included. 

The lists for the ICS and ENT were distributed in the period of March to June 2006. In the ICS group 

data of 40 children were included and in the ENT group data of 50 children.

Table 1 compares the groups for age, sex, and social class. The median age for the children in the ICS 

group is 53 months (range 22 – 82) and of the controls is 58 months (24 – 84). The children of the ENT 

group are significantly younger (42 months; range 18 – 84) than the ICS and CC children. The propor-

tion of boys in the ICS group is significantly higher than in both control groups. The distribution of the 

social classes in both groups is comparable. Of the children under the otolaryngology’s care 10 had 

adenotonsillar hypertrophy (20%), 13 had recurrent otitis (26%); the complaints of the remaining 27 

children (54%) were not specified.

It appeared that all children on ICS used fluticasone. The mean median daily dose was 250 μg (range 

50 – 500 µg). Of these 40 children 16 used the combination of fluticasone and salmeterol.

The mean score of the ADHD symptoms in the ICS group is 9.1 and in the healthy control group 7.1, 

this difference is statistically significant (table 2 and 3). Analysis of the subsets of questions revealed 

that hyperactivity symptoms are reported significantly more often in the ICS group. However, there 

Table 1: baseline characteristics of the groups.

    ICS  CC   ENT

    40  183   50

Gender

Male (%)    73*  49   42

Age (months)

 Median (range)    53 (22 – 82)  60 (24 – 84)   42 (18 – 84)**

 Social class (%)

 1 not working   0  1   2

 2 routine/manual    51  41   54

 3 intermediate    41  44   25

 4 managerial/professional    8  14   19

* there are statistically significantly more boys in the ICS group; between ICS and CC p = 0.01 and between ICS and ENT p = 0.00. 

** the children of the ENT group were statistically significantly younger than the children in the ICS and City control group. Between 

ICS and ENT p = 0.03, between CC and ENT p = 0.00.
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were no significant differences between the ENT and ICS groups, and there were no significant dif-

ferences between the ENT and CC groups. In children on a higher dose of ICS behavioural problems 

were not more reported. The mean score of the CBCL questionnaire in the ICS group is 28.1 and of the 

healthy controls it is 20.4. This difference is statistically significant. In the subsets of questions there 

are statistically significant differences for the sets of affective disorders, anxiety, depression, somatic 

complaints, and ‘other problems’. There were no significant differences between the ENT and ICS 

groups and also not between the ENT and CC groups. There were significantly more children with af-

fective problems and somatic complaints in the ICS group, compared with the City controls. However, 

comparison between the ICS and ENT groups on one hand, an ENT and City control groups on the 

other, revealed no statistically significant differences. Linear and logistic regression analysis revealed 

that sex, age, and SES did not influence the outcomes.

Table 2. Comparison for results of the scores of ADHD and CBCL questionnaires between children on ICS (ICS), healthy 

controls (CC) and children attending the ENT-outpatient clinic (ENT). Median values are given.

Item     ICS  CC  ENT 

Number of children    40  183  50

ADHD

Attention deficit    4.5  3.0  4.0

Hyperactivity    3.0*  2.0  2.0

Impulsiveness    1.0  1.0  1.0

Total ADHD    9.5*  6.0  8.5

CBCL

DSM-oriented problem-axes

Affective     2.0*  1.0  1.0 

Anxiety     2.0*  1.0  2.0

Pervasive development    2.0  2.0  2.0

Attention deficit/hyperactivity   3.0  2.0  2.5

Oppositional/defiant    3.0  3.0  3.0

empirically based axes

Emotionally reactive    1.5  1.0  1.0

Anxious/depressed    2.0*  1.0  1.0

Somatic complaints    1.0*  1.0  1.0

Withdrawn     1.0  1.0  1.0

Sleep problems    1.0   1.0  1.0

Attention problems    1.0  1.0  1.0

Aggressive behaviour    7.0  6.0  7.0

Other problems    7.0*  4.0  5.0  

Total CBLC     23.0*  20.0  22.5

* denotes that these score are statistically significant higher for children on ICS (ICS) compared with healthy controls (CC). The 

p-values were 0.02 for hyperactivity and 0.03 for the total score of ADHD-symptoms, 0.01for affective; 0.02 for anxiety; 0.02 for 

anxious/depressed; 0.01 for somatic complaints; 0.02 for other problems and 0.04 for the total score of the CBCL. There were no 

statistically significant differences when healthy children and ENT-children are compared, nor when ENT-children and children on ICS 

were compared. 
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Discussion

We found that parents reported that there are more behavioural problems in young children with 

asthma symptoms and using ICS, compared with healthy children. Hyperactivity was reported more 

often in this group but aggressiveness was not. However, in comparison with children attending the 

ENT outpatient clinic there are no significant differences for any of the axes studied. This could mean 

that the behavioural problems in children with asthma and on ICS are simply due to the fact that they 

are under specialist care.

Systemic steroids can influence the behaviour of patients. In a recent review Stuart et al discuss the 

Table 3: Comparison for results of the scores of ADHD and CBCL questionnaires between children on ICS (ICS), healthy 

controls (CC) and children attending the ENT-outpatient clinic (ENT). Means and standard deviations (s.d) are given. 

Value above the cut off level are considered abnormal. For the scores of other problems’ and ‘total CBCL’ no cut off 

levels exist.

Item   ICS  CC  ENT  cut off level

Number of children  40  183  50

ADHD

Attention deficit  4.7 (3.3)  3.7 (3.2)  4.6 (3.5)  10

Hyperactivity  3.4 (2.5)*  2.4 (2.5)  3.1 (3.0)  6

Impulsiveness  1.0 (1.0)  0.9 (0.9)  0.9 (0.9)  2

Total ADHD  9.1 (5.7)*  7.1 (5.6)  8.6 (6.4)  22

CBCL

DSM-oriented problem-axes

Affective   2.3 (2.4)*  1.3 (1.5)  1.9 (2.3)  6 

Anxiety   3.0 (3.1)*  1.7 (2.0)  2.4 (3.2)  8

Pervasive development  2.7 (3.0)  2.3 (2.6)  2.6 (3.1)  8

Attention deficit/hyperactivity 3.1 (2.5)  2.7 (2.2)  3.4 (2.8)  10

Oppositional/defiant  3.3 (2.7)  2.9 (2.4)  3.3 (2.6)  8

empirically based axes

Emotionally reactive  2.2 (2.5)  1.8 (2.1)  2.2 (2.5)  8

Anxious/depressed  2.3(2.4)*  1.5 (1.8)  1.9 (2.7)  8

Somatic complaints  2.2 (3.1)*  1.1 (1.6)  1.3 (1.8)  6

Withdrawn   1.1 (1.5)  1.0 (1.3)  1.3 (2.0)  5

Sleep problems  2.0 (2.6)  1.4 (1.8)  1.7 (2.6)  8

Attention problems  1.8 (1.8)  1.4 (1.5)  1.9 (1.8)  6

Aggressive behaviour  8.1 (6.5)  6.5 (5.4)  8.0 (6.2)  24

Other problems  7.5 (6.7)*  5.0 (4.5)  6.8 (6.0)  

Total CBLC   28.1(22.1)*  20.4 (16.1)  26.2 (21.6)

* denotes that these score are statistically significant higher for children on ICS (ICS) compared with healthy controls (CC). The 

p-values were 0.02 for hyperactivity and 0.03 for the total score of ADHD-symptoms, 0.01for affective; 0.02 for anxiety; 0.02 for anxi-

ous/depressed; 0.01 for somatic complaints; 0.02 for other problems and 0.04 for the total score of the CBCL.

There were no statistically significant differences when healthy children and ENT-children are compared, nor when ENT-children and 

children on ICS were compared. 
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influence of systemic steroids on behaviour.11 Steroid psychosis occurs in 5% of adults on systemic 

steroids, and there are also several case reports of steroid psychosis in children. Adverse psychological 

effects of steroids in children include anxiety, aggressiveness, depressive symptoms, euphoria, and 

hyperactivity.11 

Clinical trials on systemic corticosteroids and behaviour are rare. To our knowledge, Kayani et al were 

the only ones who studied the influence of oral steroids in acute asthma exacerbations. They found 

statistically significantly more anxiety and aggressive behaviour in children using 2 mg/kg, compared 

to 1 mg/kg.12 

Psychic adverse effects of ICS have been described before. Hederos described a group of 60 children 

of whom 9 (15%) experienced more hyperactivity and aggressiveness after relatively high doses of 

budesonide (770 µg daily).6 In the review of Stuart 8 children with adverse psychic effects such as hy-

peractivity and insomnia were described.11 In our study on the suspected adverse drugs reports in the 

Netherlands, 19% of all reports were on negative effects on behaviour, including hyperactivity and 

anxiety.5 On the other hand, Bender compared the effect on behaviour in children on inhaled beclo-

methasone versus children who used theophylline and found no effects, nor differences between the 

two groups.13 There may be several possible explanations; first the tests were not sensitive enough to 

detect subtle behavioural problems, second a lack of statistical power, and third behavioural abnor-

malities may exist after use of ICS as well as after theophylline therapy.

There are a few publications on the relationship between behavioural problems and asthma or recur-

rent wheeze. In a large meta-analysis regarding studies on behaviour and asthma including results 

of nearly 5000 children, it was concluded that children with asthma had more behavioural problems 

than healthy controls.14 The most frequently mentioned problems were anxiety and depression. 

Hyperactivity and aggression were less linked to asthma. However, the use of medication was not 

mentioned and there were no comparisons with children with other forms of medical care.14

More recently, Haltermann et al studied behaviour in inner-city children. They found that there were 

more behavioural problems, such as anxiety, in children with asthma compared to healthy controls. 

However, the use of medication was not mentioned, and in this study no control group of children 

with other chronic diseases was included.15

In an interesting study, Calam et al found that behavioural problems precede the development of 

wheeze in childhood. They gave questionnaires on the child’s behaviour at the age of three and stu-

died the children at the age of 5 years. In the group of late onset wheezers the incidence of behaviou-

ral problems was significantly higher than in children who never wheezed.8 However, no specification 
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of the behavioural problems or explanation for this phenomenon was given here. They also did not 

compare this group with children with other medical problems. 

In other groups of children with chronic diseases, such as diabetes,16 and constipation,17 an increase 

of behavioural problems, compared with healthy controls, has been described. Therefore, it could be 

possible that the behavioural differences between healthy children and children with asthma is not 

a result of the asthma or of the medication used, but merely an indication that having a condition for 

which medical care is sought influences the child’s behaviour or the assessment of it by the parents.

We choose to compare children with asthma and ICS with children who visited the ENT department 

because we hypothesised that in both groups sleep disturbances can occur and sleep problems may 

influence daytime behaviour. The latter has been confirmed by Goldstein et al, who studied children 

before and after tonsillectomy and found a correlation between sleep apnoea and behaviour.18 In this 

study there were no differences in sleep problems between the groups.

An important limitation of this study is that we did not study the children formally by an independent 

professional and relied on the parents’ interpretation of the child behaviour and did not do this study 

in a double blind fashion. However, by comparing the groups interpretations might be the same in all 

groups. 

The most reliable method of studying the behaviour in children would be to expose children with 

asthma in a randomised controlled trial to ICS and placebo. However, it would be difficult and unethi-

cal, to do such a study.

Another limitation could be that the groups are too small. However, we found a statistically significant 

difference between two groups but this difference evaporated when a second control group was also 

studied. We recognize that there were more boys in the group on ICS and that the age of the children 

visiting the ENT department was younger, but we could not demonstrate a significant influence on 

the results. 

We conclude that behavioural problems as reported in the children investigated here are not fre-

quent. Hyperactivity or aggressiveness occurs only in a few, probably more susceptible children. The 

behavioural problems seen in children with ICS could be due to the fact that they have a chronic con-

dition, which affects normal life. Conclusions about behavioural influences of asthma and medication 

have to be drawn very carefully. In studies on behavioural effects of diseases or treatments not only 

healthy controls should be included, but also children with other diseases.



��

We thank the parents of the children who returned the questionnaires for their cooperation and the 

personnel of the outpatient clinics who asked parents to participate. Also we thank the personnel and ma-

nagements of the schools and kindergartens for their help. Aseba is acknowledged for the kind permission 

to use the modified questionnaire. Dr. J. Collins reviewed the English.



��

References
1 Global Initiative for Asthma (GINA). Pocket guide for asthma management and prevention in children. December 2006.
2 Anonymous. British guidelines on the management of asthma: Pharmacological management. Thorax 2003;58(suppl 1): s17-s31.
3 Duiverman EJ, Brackel HJL, Merkus PJFM, Rottier BL, Brand PLP. Richtlijn ‘astmabehandeling bij kinderen’ van kinderlongartsen.(2e 
herziening). II Medicamenteuze behandeling. Ned Tijdschr Geneeskd 2003;147: 1909-1912.
4 Lipworth BJ. Systemic adverse effects of inhaled corticosteroid therapy: A systematic review and meta-analysis. Arch Intern Med 
1999;159: 941-955.
5 Vries de TW, Langen –Wouterse de JJ, Puijenbroek van EP, Duiverman EJ, Jong – Van den Berg de LTW. Reported adverse drug 
reactions during the use of inhaled steroids in children with asthma in the Netherlands. Eur J Clin Pharm 2006;62:343-346.
6 Hederos C. Neuropsychologic changes and inhaled steroids. J Allergy Clin Immunol 2004;114: 451-452.
7 De Vries TW, Wierdsma N, Van Ede J, Heijmans HSA. Dieting in children referred to the pediatric outpatient clinic. Eur J Ped 
2001;160:595-8
8 Calam R Gregg L, Simpson A, Simpson B, Woodcock A, Custovic A. Behavior problems antecede the development of wheeze in 
childhood. Am J Respir Crit Care Med 2005;171:323-327.
9 American Psychiatric Association. Diagnostic and statistical manual of mental disorders. IV-TR 4th edition. Washington 2005.
10 Achenbach TM. Integrative guide for the 1991 CBCL/4-18, YSR and TRF profiles. Burlington VT: University of Vermont Depart-
ment of Psychiatry, 1991.
11 Stuart FA, Segal TY, Keady S. Adverse psychological effects of corticosteroids in children and adolescents. Arch Dis Child 
2005;90:500-506.
12 Kayani S, Shannon DC. Adverse behavioural effects of treatment for acute exacerbation of asthma in children. Chest 
2002;122:624-628.
13 Bender BC, Ikle DN, DuHamel T, Tinkelman D (1998) Neuropsychological and behavioral changes in asthmatic children treated 
with beclomethasone dipropionate versus theophylline. Pediatrics 101: 355-360.
14 McQuaid EL, Kopel SJ, Nassau JH. Behavioral adjustment in children with asthma: a meta-analysis. J Dev Behav Pediatr 
2001;22:430-39.
15 Halterman JS, Conn KM, Forbes-Jones E, Fagnano M, Hightower AD, Szilagyi PG. Behavior problems among inner-city children 
with asthma: findings from a community-based sample. Pediatrics 2005; 117:e192-e199.
16 Holmes CS, Respess D, Greer T, Frentz J. Behavior problems in children with diabetes: disentangling possible scoring confound 
on the child behaviour checklist. J Ped Sociol 1998;23:179-185.
17 Benninga MA, Voskuijl WP, Akkerhuis GW, Taminiau JA, Bueller HA. Colonic transit times and behaviour profiles in children with 
defecation disorders. Arch Dis Child 2004;89:13-16.
18 Goldstein NA, Fatima M, Campbell TF, Rosenfeld RM. Child behaviour and quality of life before and after tonsillectomy and 
adenoidectomy. Arch Otolaryngol Head Neck Surg 2002;128:770-775.



100



101

Chapter 9:    Bacterial contamination of 
     inhalation chambers, 
     results of a pilot study.

     Tjalling W. de Vries, Siemon R. Rienstra, 

     Eric R. van der Vorm

     J Aer Med 2004;17:354-356.



10�

Abstract

Introduction

Spacers are used in the treatment of children with asthma. It is advised to clean the spacers regularly. 

However, cleaning can influence drug delivery. One obvious reason to clean a spacer is prevention of 

bacterial contamination. Whether spacers are contaminated or not is unknown. 

Methods

We cultured spacers, brought in by children with asthma or recurrent wheeze who visited our outpa-

tient clinic during a 4-month period.

Results

The spacers of 64 children were studied and 24 (38%) were contaminated, most often (13 cases) 

Bacillus species were found. Only one spacer grew a potential pathogenic bacterium (Pseudomonas 

aeruginosa). No correlation with type of inhaler, duration of usage, drug or visual aspect was found. 

Spacers, cleaned according to national guidelines, were not less contaminated.

Conclusions

Bacterial contamination of spacers is frequent, but the bacteria cultured are not pathogenic. Intensive 

cleaning of spacers does not influence the level of contamination with environmental bacteria.
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Introduction

There has been concern about the colonization of nebulisers with pathogenic microorganisms. 

Indeed, contamination with Pseudomonas aeruginosa of up to 35% of the nebulisers has been repor-

ted.1 Instructions to prevent colonization have been made available by asthma nurses, in leaflets for 

patients, as well as on the Internet. It is advised to clean holding chambers, used in the treatment of 

children with asthma or recurrent wheeze, at least once a week by washing them in warm water with 

household detergents and dry them in the air.2,3 One of the obvious reasons for cleaning a spacer is to 

prevent possible bacterial contamination. 

As far as we know, formal studies concerning the effect of frequency and method of cleaning on 

bacterial colonization of inhalation chambers have not been published. Information thereabout is 

warranted because the method of cleaning can influence aerosol delivery.4 Therefore we studied the 

bacterial contamination of spacers and possible factors of influence.

Materials and methods

During a 4-month period in 2001 we asked the parents of children, treated in our outpatient clinic for 

at least 6 months because of asthma or recurrent wheeze, to bring in their spacers. Because most of 

the patients were on inhaled steroids, only spacers used at least twice daily were studied. The asthma 

nurse had given cleansing instructions to all parents. These instructions were according to national 

guidelines.2,3 The local ethical committee gave permission; all parents gave written consent. 

Parents filled in a questionnaire about frequency of use, medication, spacer used, age, sex, duration 

of treatment, and were asked to describe their method of cleansing. Cultures were taken by making 

a spiral movement on the total inner side of the spacers, with a swab that was soaked in sterile NaCl 

0.9 %. The swabs were transferred to the laboratory and cultured on blood- and chocolate agar plates. 

These were incubated for 48 hours at 370 C and then investigated and counted. By doing so we made 

our study semi-quantitative. When > 50 colony-forming units were found, the spacer was considered 

contaminated, this number was chosen arbitrarily. Statistics (chi-square tests) were performed using 

SPSS (version 10.0), p < 0.05 was considered statistically significant.

Results

The spacers of 64 children (age: 9 – 113 months, 44 boys) were studied, 24 (38%) were contaminated. 

Bacillus species were found in13 cases (48%), coagulase negative Staphylococci and Gram nega-

tive rods both in 4 cases, Corynebacterium in 2, Pseudomonas aerigunosa in 1, Pseudomonas- like 
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bacteria in 2 and a yeast, Candida glabrata, in 1 (table 1). All parents had received instructions for 

cleansing and 49 spacers (77%) were cleaned according to these instructions. This had no effect on 

the level of spacer contamination. Twenty-three (36%) spacers were cleaned longer than one week 

before the samples were taken, of these 23 spacers, 6 (26%) were contaminated. Of the 41 spacers 

which were cleaned in the week before sample taking, 22 (54%) were contaminated (p = 0.033). No 

influence of the drugs prescribed could be demonstrated. The visual appearance of the spacer did 

not predict bacterial contamination. Thirty-one spacers were used shorter than 6 months, 12 spacers 

7 – 12 months and 22 spacers were longer than one year in use. No relationship between duration of 

use and contamination was found. No differences between the various spacers (Volumatic, Babyha-

ler, (GlaxoWellcome, Zeist, The Netherlands); Aerochamber (Boehringer, Alkmaar, The Netherlands); 

Nebuhaler (AstraZeneca, Zoetermeer, The Netherlands)) could be demonstrated.

Discussion

As far as we know, this is the first study in with bacterial contamination of spacers is described. Be-

cause of this, this study has limitations. We chose to culture the spacers with wet swabs because the 

spacers had to be used again. Only the inside of the spacers were cultured. We did not formally test 

the reliability of the answers of the parents.

The methods of culture and determination were aimed to find aerobic Gram-positive and Gram-nega-

tive bacteria that are able to grow at body temperature (370C). 

By doing so, bacterial contamination was found in one third of all spacers. The species cultured were 

Table 1: the number of spacers and the proportion of contaminated spacers are given. For every spacer the bacterium 

cultured is given. Some chambers were contaminated with more than one species.

spacer  n contaminated  Bacillus CNS GNR  Other 

   (%)

Babyhaler(1) 14 4  4      

Nebuhaler(2) 17 7  3 2 3 2 

Volumatic(1) 19 8  4 2 1 1 

Aerochamber(3) 14 5  2   3  

1 GlaxoWellcome, Zeist, The Netherlands; 2 AstraZeneca, Zoetermeer, The Netherlands; 

3 Boehringer Ingelheim, Alkmaar, The Netherlands. 

CNS = Coagulase negative stafylococci 

GNR=Gram negative rods 

Other: see text.



10�

in the majority of cases bacteria, which are common in the environment. The most frequently isolated 

bacteria were Bacillus species. This is not surprising, as Bacillus species are able to make spores by 

which they can survive a long time in a dry environment. Only in one sample was P. aeruginosa 

detected. Spacers seemed not to be contaminated with bacteria that are normally found in the 

nasopharynx of children.5 A relationship between method of cleaning, manufacturer of the spacer, 

duration of usage and used drugs could not be demonstrated. The only difference detected was the 

period elapsed between culturing and last cleaning: the more time elapsed, the lower the possibility 

of contamination. This may be a reflection of the frequency of spacer use. Frequent use may enhance 

the possible contamination by environmental flora. In this study it appeared that whether the parents 

used their own method or the instructed method for cleaning, there was no detectable effect on 

contamination with environmental bacteria. 

In conclusion: intensive cleaning of spacers does not influence the level of contamination with envi-

ronmental bacteria, and therefore is not necessary. 

The Scientific Committee of the Medical Staff of the Medical Center Leeuwarden supported this study finan-

cially. Dr. J. Collins reviewed the English.
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Abstract

Introduction

Guidelines advise weekly cleansing of spacers one of the reasons being to prevent the spacers from 

becoming colonised with respiratory pathogens. Earlier work in clinical settings showed conflicting 

results. 

Methods

Common respiratory pathogens and C. albicans were applied on petri dishes with and without inha-

led corticosteroids and in three brands of spacer devices, with and without inhaled corticosteroids. 

Growth was measured.

Results

After 24 hours, S. aureus grew in 7 of 18 spacers (39%); P. aeruginosa in 12 out of 18 spacers (67%), 

and C. albicans survived in 5 of 18 spacers (28%). Microorganisms survived on petri dishes with fluti-

casone and beclomethasone, but not when budesonide was applied. One out of 30 metal Nebuhalers 

(3%) was colonised after 24 hours, whilst of 30 Volumatics 8 (27%) and Aerochambers 17 (57%) still 

had viable microorganisms. Application of inhaled steroids did not affect growth in the spacers.

Conclusions

The colonization of metal spacers is lower than of spacers made of polycarbonate or polyethylene. C. 

Albicans can survive in spacers. The survival of microorganisms in spacers is not influenced by inhaled 

corticosteroids.



111

Introduction

Pressurised metered dose inhalers (pMDI’S) in combination with spacers have gained wide popularity 

in the treatment of asthma in children. Most guidelines emphasize the use of the spacers to ensure 

optimal drug delivery.1,2

Spacers need maintenance and it is advised to clean them weekly.1 Incorrect cleansing of spacers 

or drying them with a towel, have the disadvantage of increasing static electric charge.3 Obviously, 

one of the reasons for regular cleansing is preventing microorganisms’ presence or even growth on 

the inside of the spacer. Knowledge on this issue has become even more important since recently an 

increase in hospitalisation for pneumonia was described in adults on inhaled corticosteroids (ICS).4 

An explanation for this phenomenon has not been found, but theoretically, contaminated inhaler 

devices could play a role.

As far as we know, only two studies concerning the bacterial contamination of spacers have been 

published. In our previous study of spacers, used by outpatients, we found that 24 out of 64 (38%) 

were contaminated with non-pathogenic microorganisms, mostly Bacillus species; only one was con-

taminated with a Pseudomonas species.5 Cohen et al found bacterial contamination in 22 of 62 (36%) 

devices studied. However, they found P. aeruginosa, K. pneumoniae, and S. aureus in the spacers.6

The difference between the outcomes of the Cohen studies and ours prompted us to undertake 

a series of in vitro studies on the influence of ICS and spacer devices on the growth of respiratory 

pathogens. Since oral colonization with C. albicans is frequent in patients on ICS,7 we also included 

these. The aim was to study the survival of common respiratory pathogens on petri dishes and in 

three, widely available spacers, with and without commonly prescribed ICS sprayed on the inside.

Methods

Petri dishes

In the first set of experiments we grew microorganisms on petri dishes, with and without inhaled 

corticosteroids (ICS). Therefore we made suspensions with microorganisms, by diluting them to a 

concentration of 2 McFarland. This means that one millilitre of the suspension contains about 6,0 * 

108 Colony Forming Units (CFU). The microorganisms were commercially available (ATCC, LGC Promo-

chem, Teddington UK). We studied P. aeruginosa (ATCC 27853); S. aureus (ATCC 25923); H. influenzae 

(ATCC 49766); S. pneumoniae (ATCC 49619); M. cattharalis (ATCC 25238); B. cepaciae (ATCC 25416) and 

C. albicans (ATCC 90028).

ICS were applied on polystyrene petri dishes (Sarstedt, Newton New Carolina). Fourteen doses of ICS 
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were sprayed on at a distance of 5 – 10 cm after shaking gently, according to instructions provided 

in the patient information. Three petri dishes were used for every combination of ICS and microorga-

nism. Also, two petri dishes without ICS for each microorganism were used as controls. The ICS used 

were fluticasone 125 μg/dose; budesonide 200 μg/dose, and beclomethasone extra-fine solution 

aerosol 100 μg/dose. On every plate 40 μl (20 drops of 2 μl; containing about 24*106 micro-organisms) 

suspension was added and the plates were covered to prevent dehydration by evaporation. The 

plates were kept at room temperature.

Three periods of culturing were studied. After 4, 12 or 24 h the cultures were swabbed with a cotton 

tipped brush and were inoculated onto plates, containing a medium, adjusted for each micro-orga-

nism studied. These were incubated for 24 hrs in a temperature of 370 C. Then the number of CFU’s 

was counted. According to our earlier study, we defined colonization when 50 or more CFU’s were 

found. 

Spacers

In the second set of experiments we studied bacterial growth in spacers with and without ICS. 

The spacers studied were the Volumatic (GlaxoWellcomeKline, Zeist, Netherlands) in combination 

with fluticasone 125 μg/dose; the metal Nebuhaler (AstraZeneca, Zoetermeer, the Netherlands) in 

combination with budesonide 200 μg/dose and the Aerochamber plus (Trudell, London, Canada) in 

combination with beclomethasone fine particles 100 μg/dose. 

The survival of the micro-organisms was studied after 4 hours and after 24 hours, and we studied all 

types of spacer as well as in combination with and without ICS. We chose to study survival in spacers 

after 4 and 24 hours and not after 12 hours. In the set of experiments with petri dishes we established 

that the growth of micro-organisms declined in a linear fashion. Because in the first set of experi-

ments H. influenzae and S. pneumoniae did not grow, these were not included in this part of the 

study. Twelve hours prior to the experiments, the spacers were cleaned and dried according to the 

guidelines. Then 14 doses of steroids were sprayed into the spacer devices after shaking. After waiting 

for 30 minutes to allow the steroids to sediment, the spacers were inoculated with 40 μl of 2 McFar-

land. We choose 14 doses to mimic the amount of ICS after one week, because it is advised to clean 

the spacers once every week. We acknowledged that in daily life the ICS are partly removed from the 

spacers by inhalation, and therefore in this study the remaining amount in the spacer was exaggera-

ted. This was done intentionally because we wanted to study the influence of ICS.

We sealed the spacers to prevent evaporation and kept them at room temperature (19o C) for 4 or 24 

hours. Then the inner surfaces of the spacers were swabbed with cotton tipped brushes, inoculated 
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onto petri dishes, and cultured for 24 hours at a temperature of 370 C. Finally, the number of CFU’s was 

counted. Contamination was defined when > 50 CFU’s were found. To make comparison with the data 

of Cohen possible, computations were also made using their definition of contamination (> 100). 

Statistical analysis was performed using SPSS (version 13 for Windows), p < 0.05 was considered sta-

tistically significant. Chi-square tests were used.

Results

Petri dishes.

After 4 hours 49 of 77 dishes showed growth of micro organisms (64%); after 12 hours 27 petri dishes 

(35%) were colonised and after 24 hours on 17 of the dishes viable micro organisms were found 

(22%). Nine of these 17 were contaminated with S. aureus, with more than 500 CFU’s. H. influenzae en 

S. pneumoniae could only been harvested from the petri dishes after 4 hours (figure 1). Budesonide 

had, in contrast to beclomethasone and fluticasone, a significant negative effect on the viability of the 

micro-organisms even after 24 hours (figure 2). 
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Figure 1: results of growth of microorganisms on petri dishes, with and without inhaled corticosteroids. Every microorganism 
was applied on petri dishes with inhaled corticosteroids, 3 dishes for each of the three steroids, and on 2 dishes without inhaled 
corticosteroids (in total 11 petri dishes per microorganism: 9 with a steroid, 2 without steroids). Presented are the numbers of 
petri dishes with colonization after 4, 12, and 24 hours.
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Spacers.

After 4 hours 60 out of 90 spacers (67%) were colonised and still yielded viable micro organisms. 

The number of CFU’s varied from 0 to more than 1000. There were no differences between the three 

spacers. M. cattharalis had disappeared in all spacers but one. There were no differences between the 

spacers with and without ICS (64% vs. 69%).

After 24 hours 26 spacers (29%) still yielded viable micro organisms. In 8 spacers there were more 

than 1000 CFU’s. Eight of the Volumatics (27%), 17 of the Aerochambers (57%) and one Nebuhaler 

(3%) were contaminated after 24 hours. The difference between the Nebuhaler on one hand and the 

Volumatic and Aerochamber on the other is statistically significant. Fifteen of the spacers with ICS 

(33%) were still contaminated after 24 hours, and 11 of the spacers without ICS (26%). P. aeruginosa 

was present after 24 hours in 12 of the 18 spacers (67%); S. aureus in 7; C. albicans in 5, M. cattharalis 

in 2 and B. cepaciae in none of the spacers (figures 3 and 4). 

When the definition of Cohen for contamination was applied (>100 CFU’s) 57 of the 90 spacer (63%) 

were found to be contaminated after 4 hours. There were no differences between the three spacers or 

between the spacers with and without ICS.

After 24 hours 19 spacers (21%) were contaminated: 5 of the Volumatics (17%), 13 of the Aerocham-

bers (43%) and one Nebuhaler (3%). The number of contaminated Nebuhalers is statistically signifi-

cantly lower than the numbers of contaminated Volumatics and Aerochambers. Twelve of the spacers 

with ICS (27%) were still contaminated after 24 hours, and 7 of the spacers without ICS (16%); this is 
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Figure 2: effect of application of 3 different inhaled corticosteroids on petri dishes on the survival of all microorganisms, com-
pared with petri dishes without inhaled corticosteroids. The numbers of petri dishes with colonization after 4, 12, and 24 hours 
are presented.
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not significant. P. aeruginosa colonised 11 of the 18 spacers (61%); S. aureus in 5; C. albicans in 3, M. 

cattharalis and B. cepaciae in none of the spacers.
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Figure 3: Survival of microorganisms in spacers with and without inhaled corticosteroids. Microorganisms were applied in three 
spacers of each type with inhaled corticosteroids and in three spacers of each type without inhaled corticosteroids, in total 18 
spacers per microorganism. Presented are the numbers of contaminated spacers after 4 and 24 hours.
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Figure 4: Survival of microorganisms in three brands of spacers, with and without inhaled corticosteroids applied, in total 30 
spacers per type. The numbers of contaminated spacers after 4 and 24 hours are showed.
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Discussion

In this in vitro study we demonstrated that S. aureus and P. aeruginosa can survive in spacers and on 

petri dishes. Application of budesonide on petri dishes diminishes survival and the micro-organisms 

did not survive in the metal Nebuhaler, whether budesonide was applied or not made no difference. 

Using the cut-off levels as used by Cohen did not alter the interpretation of the results.

H. influenzae and S. pneumoniae did not survive on the petri dishes after 4 hours. This is not unexpec-

ted since it is known that H. influenzae only grows in special media and in a carbon dioxide enriched 

environment,8 and S. pneumoniae grows only in liquid media and requires a source of catalase, such 

as blood.9 That they did not survive on petri dishes without appropriate media suggests that these 

pulmonary pathogens will not grow in spacers. S. aureus and P. aeruginosa did survive, as well on the 

petri dishes as in the spacers. For patients with asthma these pathogens are probably not important. 

As far as we know pulmonary infections with these micro-organisms do not cause exacerbations of 

asthma. However, for patients with recurrent pulmonary infections this could be relevant, although 

we recognize that infections can recur by persistent intra-bronchially persistent bacteria. Oral coloni-

zation with C. albicans is frequent in patients on ICS, 4% to 13% of them develop clinical thrush.7 

We found that Candida could survive in spacers. Although host factors seem to be of influence,10 in 

the case of thrush spacer hygiene and cleaning could also be a factor.

Budesonide had a significant and relevant effect on the survival of micro-organisms in comparison 

with fluticasone and beclomethasone. We do not have an explanation for this. We were not aware 

of an inhibitory effect of ICS on bacterial growth. In a pilot study, we applied budesonide onto petri 

dishes with H. influenzae and found no influence. Also, we added increasing concentrations of pred-

nisolone on cultures of H. influenzae, which did not affect survival, whilst amoxicillin, used as control, 

did. It could be that the excipient vehicle is more bactericidal than the propellants in other aerosols. 

This effect needs further investigation.

In this study, we only looked at bacteria and Candida species and not at viruses, as the route of trans-

mission of viral infection is mostly via hand and mouth.11

As we demonstrated the number of micro-organisms decreases with time. Therefore it seems 

reasonable to advice cleansing or handling the spacer just after use instead of cleansing and handling 

them just before use. 

The difference between the survivals of micro-organisms in the Nebuhaler in comparison with the 

other devices is significant and probably clinically relevant. This has not been described before and 
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can not be explained by the effect of budesonide. The Volumatic is made of polycarbonate and the 

Aerochamber of polyethylene. We found no studies on the adherence and growth of micro-organisms 

on these materials without growth media. In studies with growth media, survival and adherence to 

metal as well as non-metal surfaces of micro-organisms has been described.12,13

The experiments were done with the spacers sealed because we speculated that some patients leave 

the dosisaerosol on the inlets of the spacers and seal them by doing so. We acknowledge that in other 

cases the spacer will be left open. This will lead to evaporation and will further decrease the survival 

of microorganisms. Therefore, our study probably overestimates the survival. Cohen also found higher 

survival in a more humid environment and described that the spacers, blow-dried, were less 

contaminated.6

Clinical implications. 

After using spacers for inhalation or after cleaning, they should not be touched on the inside. After 

cleaning the spacer should be allowed enough time to dry. In cases of clinical thrush, spacer hygiene 

could be a factor of influence. Intensive cleansing of spacers could be important for patients with 

recurrent pulmonary infections. From a microbiological point of view, the metal spacer is superior to 

spacers made of polycarbonate and polyethylene. Inhaled corticosteroids appear not to affect bacte-

rial growth in spacer devices.

The manufacturers kindly provided the spacers; we bought the inhaled corticosteroids in the hospital 

pharmacy. 

The Scientific Committee of the Medical Staff of the Medical Centre Leeuwarden supported this study finan-

cially. We thank dr. J. Collins for reviewing the English.
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Abstract

Introduction

Recent developments concerning pressurised metered dose inhalers (pMDI’s) with inhaled corticos-

teroids (ICS) are the introduction of ciclesonide and the replacement of propellants. As the results of 

in vivo studies depend on pMDI –performance, it is necessary to evaluate pMDI’s in vitro for delivered 

dose and particle size distributions under different conditions.

Methods

Fluticasone 125 µg, budesonide 200 µg, beclomethasone 100 µg, and ciclesonide 160 µg pMDI’s were 

compared for delivered dose and particle size using laser diffraction analysis with inspiratory flow 

rates of 10, 20 and 30 L/s over a broad range of ambient humidity values.

Results

The volume median diameter of budesonide was 3.5 µm, of fluticasone 2.8 µm, beclomethasone and 

ciclesonide both 1.9 µm. The mouthpiece retention was up to 30% of the nominal dose for beclo-

methasone and ciclesonide, 11-19% for the other pMDI’s. Lifespan, flow rate, and humidity had no 

significant influence on particle size distribution. The delivered dose of beclomethasone, budesonide, 

and ciclesonide remained constant over the lifespan. The delivered dose of fluticasone 125 decreased 

from 106% to 63% of label claim; fluticasone 250 also decreased whereas fluticasone 50 remained 

constant 

Conclusions 

There is a significant difference in median particle size distribution between the different ICS pMDI’s. 

Humidity and inspiratory flow rate have no influence on particle size distribution. Ciclesonide 160 and 

beclomethasone 100 deliver the largest fine particle fractions of 1.1.1-3.1 µm. The changes in delive-

red dose during the life span for the fluticasone 125 and 250 may have implications for patient care. 
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Introduction

For the treatment of asthma the inhalation of medication is preferred and its effectiveness is widely 

appreciated. 1,2 The preferred size of the inhaled particles for deposition in both central and peripheral 

airways is claimed to be 1-5 µm for adults, 3 and 1.1-3 µm for children. 4,5 The delivered dose as per-

centage of the label claim as well as the particle size distribution (PSD) within the delivered dose have 

major influence on the site and amount of drug deposited in the airways.

Recent developments include the switch from chlorofluorocarbon (CFC) to hydrofluoroalkane (HFA) 

containing formulations for environmental reasons. This switch resulted in dramatic changes in plume 

properties 6 and particle size distributions in the aerosol. 7 For instance, for beclomethasone dipropi-

onate (BDP) the same serum levels from a CFC-MDI as from only half the dose with a HFA-MDI after 

inhalation has been reported. 8 As the results of in vivo studies are largely dependent on pMDI perfor-

mance, a change in pMDI should be thoroughly investigated to interpret in vivo studies with caution.

Furthermore ciclesonide (CIC), a new inhaled corticosteroid, was introduced. Ciclesonide is a prodrug 

which is converted into the active metabolite in the airways. Its high protein binding allows it’s use 

only once daily. It has been formulated as an aerosol solution for a pMDI with a hydrofluoralkane as 

propellant, and most of the particles produced are claimed to be between 1 and 5 µm. 9 

To the best of our knowledge, no studies have been published in which the consistency of delivered 

dose and physical properties of the aerosol of ciclesonide are compared with other aerosols. Informa-

tion about delivered dose and PSD is essential for both in vitro studies and clinical trials. 

This prompted us to compare the ciclesonide 160 µg/dose pMDI with three other widely used pMDI’s 

containing ICS: fluticasone 125 µg/dose, budesonide 200 µg/dose, and beclomethasone 100 µg/dose 

on their fine particle doses (1 - 5 µm) and the influence of life span of the pMDI, flow rate, and relative 

air humidity on the aerosol properties. 

Materials and methods

Pressurized metered dose inhalators were obtained from the local hospital pharmacy. The pMDI’s 

tested were: fluticasone dipropionate 125 µg/dose (FP, Flixotide®, GlaxoSmithKline); budesonide 200 

μg/dose (BUD, Pulmicort®, AstraZeneca); ciclesonide 160 µg/dose (CIC, Alvesco®, Nycomed); and be-

clomethasone dipropionate 100 μg/dose (BDP, Qvar®, Ivax). The CIC and BDP pMDI’s are CFC-free and 

contain clear drug solutions; FP contains a CFC-free suspension whereas BUD contains a suspension 

in a mixture of CFC propellants. Table 1 compares some properties of the pMDI’s studied. 



1��

Measurement of delivered dose

pMDI’s were connected to a filter system with Gelman glass filters A/E, P/N 61663; diameter 50 mm 

(Gelman Sciences, Ann Arbor, Michigan, USA). The filter system was supplied with a flow control unit 

and a solenoid valve with timer to set the flow rate to 20 l/min and suction time to 3 s. The suspension 

pMDI’s were shaken for at least 10 s before doses were fired with the mouthpiece in a coupling flange 

with seal to prevent suction of false air and loss of aerosol. Time between firing of subsequent doses 

was at least 60 s to prevent excessive cooling of the pMDI’s.

For three different devices (of the same batch) per type of inhaler, 15 individual doses were collected 

in the filter and analysed subsequently: five doses were taken from the beginning, five from the mid-

dle and five towards the end of the lifespan of the pMDI. The remaining doses in between were collec-

ted in groups of 5 to 40 and analysed together. The first ten doses of each new pMDI were wasted. 

Filter and mouthpiece retentions were dissolved in ethanol (analytical grade) and the drug solutions 

were analysed with a spectrophotometer (Unicam UV 500, ThermoSpectronic, UK) at 236 nm for fluti-

casone, 244 nm for budesonide, 243 nm for ciclesonide, and 239 nm for beclomethasone after it was 

checked with standard drug solutions added to filter depositions, so that the propellants in the drug 

formulations did not disturb the spectrophotometrical analysis. Checks have also been done on filter 

adsorption and the release of ethanol soluble components from the plastic mouthpiece parts.

Particle sizing in the aerosols 

For measurement of the particle size distributions (PSD’s) in the aerosols from the pMDI’s we used a 

laser diffraction apparatus (Sympatec Helos BF Magic) with inhaler adapter (Inhaler 2000, Sympatec, 

Clausthal-Zellerfeld, Germany). The inhaler adapter has a flow controller and solenoid valve with 

timer to adjust to the desired inspiratory flow rate and suction time. The flow rate was measured 

Table 1. Some physical properties of the metered dose inhalers and actuators studied, measurements in millimetres.

Name  shape of     dimensions  distance of   propellants/solvents suspension  

  mouthpiece     mouthpiece nozzle to     solution

     mouthpiece end

       (mm)  (mm)    

Fluticasone  oval,     15 x 10  21  tetrafluorethane suspension

            flattened sides

Budesonide  oval     18 x 13  27  trichlorofluormethane, suspension

       dichlorodifluoromethane

Beclomethasone  circular     16   33  norflurane/ethanol solution

Ciclesonide  circular     16   33  norflurane/ethanol solution
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with a venturi-meter. Unless indicated otherwise, suction of the aerosol through the laser beam was 

at a constant flow rate of 10 l/min during 3 s. This was decided after it was checked with time sliced 

measurements that this time is sufficiently long enough to draw the entire aerosol from the pMDI 

through the laser beam. All measurements were started on an optical signal on detector channel 30 

(for fine particles) of 0.2%. The relative humidity in the laboratory (at a room temperature of 20-22 °C) 

was varied between low (approx. 30%), median (approx. 55%) and high (approx. 75%) to investigate 

the effect of ambient conditions on the particle size distribution.

A 100 mm (R3) lens was used with a measuring range of 0.5 to 175 μm and calculations were made 

with the Fraunhofer theory after it was checked that no overestimation of fine particles occur-

red. Ghost peaks from propellant(s) were removed with forced stability. No sheath or counter flow 

through the adapter was added to the aerosol cloud and the distance from the exit of the mouthpie-

ce to the laser beam was fixed to 50 mm after it was checked that this yields realistic size distributions. 

The pMDI was fired manually and the particle size distributions in the aerosol were measured for five 

doses taken from the beginning, five from the middle and five towards the end of the lifespan of the 

pMDI. Additionally, the effect of flow rate (10, 20, and 30 l/s) on the PSD was determined. Data per 

flow rate are the mean of 3 series of 5 to 10 doses in which each series is for a different pMDI from 

the same lot. PSD’s are presented as X10-, X50- and X90-values derived from the cumulative volume 

distribution curves as a function of the particle diameter. 

Results

Fig 1 shows the mean metered dose (with maximum and minimum values obtained) as percent of the 

label claim from the three different devices of the same batch for all four pMDI’s. In figure 1 the mean, 

maximum and minimum per device are for all doses, except for the first ten which were intentionally 

wasted. As expected there is a spread in metered dose for every individual pMDI. The variation is 

particularly extreme for at least two of the FP pMDI’s, varying from 62% to 158%, respectively from 

72% to 162% of the label claim for the devices 1 and 2. The mean metered dose is approximately 10% 

higher for CIC than for the other pMDI’s, but the mouthpiece retention in this inhaler is higher too: 

30% versus 11-19% for the other pMDI’s. As a result, the delivered dose from CIC is more or less the 

same as that from the FP and BUD pMDI: on average 85% of the label claim. Only the BDP pMDI has a 

slightly lower delivered dose of 70% of the label claim. 

Figure 2 a-d shows the consistency of the delivered doses for all devices within their life span. It can 

be seen that there is a small, not clinically significant spread between the delivered doses of BDP and 
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CIC and that two BUD pMDI’s exhibited a low output at the start after having already wasted the first 

10 doses. The delivered dose of FP pMDI decreased significantly with the number of doses taken to 

less than 70% of the output in the first actuations. Because we were surprised by this outcome we 

studied twelve additional FP 125 µg pMDI’s taken from different lots, and also measured (in duplo) 

the delivered dose of FP 50 µg and 250 µg for comparison. Figure 3 summarises the mean values with 

spread bars showing maximum and minimum doses obtained. It was found that the output of FP 50 

remains constant. However, the delivered dose of FP 250 also decreased significantly with the number 

of doses taken from the device. 

Characteristic values (X10, X50 and X90) from the cumulative volume distributions in the aerosol are 

presented in figure 4. There is a clear difference in overall median diameter (X50-value) between BUD 

and FP on the one hand (3.5 and 2.8 µm respectively) and BDP and CIC on the other (1.9 µm for both 

devices). Also the spread in droplet size is much smaller for BDP and CIC. FP 125 µg showed a great 

inter-device spread in size distribution; mean values for the median droplet diameter varied between 

2.1 and 3.8 µm for individual devices from different batches. For BDP and CIC the inter-device varia-

tion with respect to PSD was negligible, whereas the X50-value for BUD ranged from 2.7 to 3.0 µm. 
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Figure 1: mean metered dose (for all doses) as percent of label claim for three different devices of the same type taken from the 
same lot with spread bars indicating the maximum and minimum values obtained. FP = fluticasone 125 µg/dose; BUD = budeso-
nide 200 µg/dose; BDP = beclomethasone 100 µg/dose; CIC = ciclesonide 160 µg/dose.
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The data in figure 4 are for one particular device producing a representative aerosol and each data 

point in figure 4 is the mean of five doses taken from the start (S), middle (M) or end (E) of the inhaler’s 

lifespan. 
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Figure 3: changes in the delivered dose from fluticasone (FP) 50, 125 and 250 µg with the cumulative number of doses taken from 
the same device. Data points for FP 125 µg are the mean of 15 devices (from five different batches); those for FP 50 and 250 µg are 
the mean of two devices (from different batches). Spread bars indicate the maximum and minimum values obtained.

Figure 2 a-d: delivered dose in µg at the start (S1-S5), the middle (M1-M5) and the end (E1-E5) of the lifespan of the same device. FP 
= fluticasone 125 µg/dose; BUD = budesonide 200 µg/dose; BDP = beclomethasone 100 µg/dose; CIC = ciclesonide 160 µg/dose.
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We also checked the size distributions in the aerosols from the FP 50 and 250 µg pMDI’s and found 

that the FP 50 µg has a much smaller median diameter (X50 is 2.7 µm) than the FP 125 µg. In contrast, 

the FP 250 appeared to deliver significantly larger particles with a median diameter of 4.2 µm (data 

not shown). 

Figure 4 also shows that the PSD’s of all four pMDI’s remained rather constant within their lifespan. 

The relative air humidity within the range from 30 to 75% had no significant influence on particle size 

distribution. For FP and BUD the inter-device variations are much larger.

The influence of the flow rate on the particle size distribution in the aerosol is shown in figure 5. This 

figure demonstrates that the flow rate has hardly any effect on the PSD for all 4 tested devices within 

the range between 10 and 30 l/min. Differences are within the spread between individual doses.

Due to differences in metered dose, mouthpiece retention and size distribution in the aerosol, dif-

ferent fine particle mass fractions (FPF < 5 µm as percent of label claim) may be expected. 

This is shown in figure 6. All three pMDI’s of the same type showed a very high consistency in mean 

delivered fine particle mass fraction, the fraction < 5.0 µm being highest for the CIC pMDI. The ae-

rosols from the FP and BUD pMDI contained only very few particles < 1 µm but for the BDP and CIC 

pMDI nearly 15% of the delivered aerosol was in the particle range of < 1 µm. There were also consi-

derable differences for the fraction 3.1 to 5 µm, between FP and BUD on the one hand (respectively 

29% and 24% of the label claim) and BDP and CIC on the other (approx. 10% for both). 
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Figure 4: Particle size distribution of within lifespan of the pMDI for fluticasone (FP) 125 µg, budesonide (BUD) 200 µg, HFA bec-
lomethason (BDP) 100 µg, and ciclesonide (CIC) 160 µg at a suction of 10 l/min through the laser beam. S, M and E refer to doses 
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For the fraction 1.1-3.1 µm the CIC pMDI scored best (55%), followed by BDP (44%), BUD (42%) and FP 

(39%).
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Figure 5: the particle size distribution in the aerosol as function of the flow rate. FP = fluticasone 125 µg/dose; BUD = budesonide 
200 µg/dose; BDP = beclomethasone 100 µg/dose; CIC = ciclesonide 160 µg/dose.

Figure 6: the size distribution within the fine particle fraction as percent of label claim based upon the mean delivered dose from 
the pMDI at 20 l/min. FP = fluticasone 125 µg/dose; BUD = budesonide 200 µg/dose; BDP = beclomethasone 100 µg/dose; CIC = 
ciclesonide 160 µg/dose.
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Discussion

To our knowledge, this is the first study to compare the in vitro performance of four different ICS 

pMDI’s including FP, BUD, BDP, and CIC at three different flow rates and taking lifespan and ambient 

humidity conditions into account. Most previous studies dealt with single pMDI’s. 10,11,12,13,14,15 Terzano 

studied the particle characteristics of FP, BDP, and flunisolide in vitro at two different flow rates (30 

and 60 l/min). 16 Feddah compared the in vitro performance of three ICS DPI’s with pMDI’s containing 

the same drugs (FP, BUD and BDP) in an impactor at three different flow rates (30, 60 and 90 l/min) but 

their study did not include BDP and CIC. 17 Dalby, Barry and Stein also compared the performance of 

three different pMDI’s, but their comparisons included other types of drugs, like salmeterol, salbuta-

mol, and cromolyn sodium. 18,19,20 

Figure 1 shows that none of the pMDI’s tested delivered a mean dose corresponding with the label 

claim. The spread found in delivered dose was relatively high for FP and also significant for BUD. For 

the BUD pMDI this was the result of a random variation, showing a few extremes towards lower values 

varying between 52% and 79% of the label claim (fig. 2b). However, for FP a gradual and significant 

decrease in delivered dose was obtained over the lifespan of the pMDI. This decrease appeared to be 

consistent for 15 devices taken from five different batches as shown in figure 3. On average (for all 

fifteen devices) the mean of the doses 11-20 from this pMDI was 106% of the label claim versus only 

63% for the mean of the doses 92-100. This reduction of 43% indicates that it is important to know 

which doses from this type of pMDI are used for in vitro studies as well as for clinical trials. 

For all four types of pMDI’s the delivered dose is lower than the metered dose due to some retention 

in the mouthpiece. As summarised in table 1 mouthpieces have different shapes and dimensions; 

only those of CIC and BDP are the same. We found a 15% reduction for the mouthpiece retention of 

BDP and CIC by shortening the distance of the nozzle to the mouthpiece end to 21.5 mm. Shortening 

also appeared to influence the PSD in the aerosol. For BDP the X50-value decreased from 1.95 to 1.79 

µm; for CIC the decrease was from 2.02 to 1.80 µm. Mouthpiece shortening may also have consequen-

ces for the deposition in the mouth and valved holding chambers however. The net result of all these 

effects has to be studied.

Regarding the particle size distributions in the aerosols (figs. 4-6) previous findings obtained with 

cascade impactor analysis are confirmed. BDP and CIC pMDI’s deliver much finer particles than FP and 

BUD pMDI’s. The data in figure 6 suggest that BDP and CIC are most appropriate for paediatric use of 

ICS. Both pMDI’s produce the highest mass fractions within the size range of < 3.1 µm and only a few 

particles between 3.1 and 5 µm, which seem more appropriate for bronchodilators. 21 The relatively 
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high fraction of particles < 1.1 µm in the aerosols from the BDP and CIC are likely to be exhaled to a 

large extent again, unless a relatively long breathhold period is established. 22, 23 

The findings that the PSD’s for all four pMDI’s do not significantly change within their lifespan, nor 

when the flow rate or relative humidity are varied between 10 and 30 l/min, respectively 30 and 75%, 

are reassuring. 

In contrast with most previous studies we used a laser diffraction technique for the characterisation of 

the particle size distribution in the aerosol. With the laser diffraction technique the size distribution of 

individual doses can be measured more reproducibly than with impactors, which suffer from variable 

losses in the valve, actuator, and USP throat. 20 Therefore, the laser diffraction technique enables a 

better assessment of the spread in the fine particle dose in the emitted aerosol. There is a discrepancy 

between previously published data from cascade impactor analysis and the laser diffraction data in 

this study for the same pMDI’s. For instance, we found a volume median diameter of 1.9 µm for BDP 

(fig. 4). Leach and Stein referred for BDP to an average particle size of approximately 1 micron and 

from their cascade impactor data mass median aerodynamic diameters (MMADs) of 0.9-1.0 µm can be 

calculated. 7,20 The reason for the different results may be losses in the induction port. For BDP these 

losses are within the range from 20 to 30% of the label claim (at approx. 30 l/min). Partly as a result 

of that, cumulative fine particle fractions collected in the impactor were only between 40 and 50% 

of the label claim. 20 With the laser diffraction technique there are no losses in an induction port and 

the mean delivered dose for BDP in our study was more than 70%. Possibly classification occurs in the 

throat of an impactor, as a result of which the size distribution within the remaining aerosol fraction is 

changed. Moreover, the evaporation during longer travelling distance in cascade impactors is likely to 

result in an overestimation of the fine particles. There are more basic differences between cascade im-

pactor and laser diffraction technique, but it is very unlikely that the differences in median diameters 

obtained with both techniques are the result of that. 

Conclusions

In this study we show that the in vitro evaluation of ICS pMDI’s under well controlled conditions is 

mandatory for adequate evaluation of drug delivery studies in patients. We have demonstrated that 

the performance may vary over the life span of the pMDI and the fine particle fraction differs rele-

vantly between different ICS. Design, such as the length of the mouthpiece, significantly influences 

dose delivery. Before testing a combination of valved holding chambers and pMDI’s, the performance 

of the pMDI itself should be known in relation to the environmental conditions and the inspiratory 
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flow rate. Furthermore it is important to realise that there may be a significant inter-dose spread as 

well as inter-device variations regarding delivered dose and PSD. Particularly an inter-device spread 

makes it necessary that the same pMDI is used for comparison of data obtained with and without hol-

ding chamber. Because FP 125 and 250 µg drop-off in delivered dose with the number of doses taken, 

it is even necessary to limit the dose numbers taken from the same device for comparative evaluation 

studies. Knowledge of in vitro performance is essential to value important in vivo studies.

Nycomed kindly provided ciclesonide for analytical purposes. Dr. J. Collins reviewed the English.
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Abstract

Background

Much is known about the care and treatment for children with asthma. However, this is all adult-dri-

ven. We wanted to know which problems, concerns and thoughts children with asthma themselves 

have.

Methods

The children were asked which questions they wanted to ask the pediatrician. These questions, 

worries and concerns were collected during asthma nurse led educational sessions for children with 

asthma. 

Results 

The questions of this group of children, representative of the patients we care for, dealt with epidemi-

ological matters, daily life and the efficacy of the treatment, fears and questions about the future, as 

well as personal questions for the pediatrician. 

Conclusions

Children with asthma have significant questions, fears, worries and concerns. Discussing these issues 

with them is important.
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Introduction

Asthma is a common, chronic disorder, influencing the daily life of children with asthma. International 

guidelines have been developed to achieve and maintain adequate control of the disease.1,2,3 The 

impact of the disease can be measured by standardized questionnaires which enable us to measure 

quality of life and functional health status of these patients.4,5

One of the important components of childhood asthma care is to develop a partnership with the 

child and their care givers. In order to achieve this, educational sessions can play a major role. The 

education of children with asthma and their care givers comprises issues such as the mechanism of 

disease, inhaled medication, the correct use of inhalers, avoidance of allergens and non-specific trig-

gers, and self-management. 

However, these instruments are all adult-driven. We feel that it may be equally important to know 

what concerns are actually experienced by these children themselves. Addressing these issues may 

increase adherence to treatment and their quality of life.

We offer these children a comprehensive educational course. During 7 sessions a pediatric asthma 

nurse discusses the items mentioned above. Furthermore, they also learn to cope with reactions and 

behavior of peers and adults. During the course, the children are encouraged to formulate questions 

they would like to ask the pediatrician. We collected these questions and evaluated if their questions 

would have been answered if we address the educational issues mentioned in international 

guidelines. 

Methods

At our outpatient asthma clinic in a large teaching hospital in the northern part of the Netherlands, 

children 8 through 12 years of age, diagnosed with asthma according to international guidelines,2 

are encouraged to participate in a comprehensive 7 session course. The course is entitled: ‘Asthma, at 

home, and at school’, and has been developed by the Dutch Asthma Foundation.6 During the course 

the children are encouraged to formulate questions they would like to ask a pediatrician. At one ses-

sion, pediatricians (TV and AK) are invited to answer these. Subsequently, we evaluated whether their 

questions would have been answered if we address the educational issues mentioned in international 

guidelines. Patient characteristics were collected from their medical records. 

The aim of this paper is to describe the questions children with asthma have. Therefore, statistical 

procedures were not performed, and approval of the medical ethical committee was not sought. 
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Results

Seventeen children participated in the 2 most recent courses. Patient characteristics are presented 

in table 1. The mean age was 10 years (range 8 – 13 yrs), 9 of them were boys. The mean duration of 

asthma was 5 years (range 1 – 10 yrs), and 16 (94%) of them used inhaled corticosteroids (ICS), with 

a mean daily dose of 346 µg (median 200 µg/day, range 200 – 1000 µg/day). Nine (53%) children 

also used long acting β2-agonists. We are not informed about the number of asthma attacks in the 

preceding years, but we know that none of these children were admitted to the hospital because of 

an asthma attack in the preceding 4 years.

The questions were collected and categorized in four groups (table 2); only questions asked more 

than once are discussed in this report. 

The first questions are about the cause and epidemiology: ‘why do I have asthma, whilst my brother 

and sister do not?’ and ‘how many children have asthma?’.

The second group of questions was about daily life and treatment: ‘why do I have shortness of breath 

when I am angry or sad?’, ‘does the medication still work if I use it for a long time?’, ‘can I stop taking 

medications when I am doing well?’, and ‘do children with asthma have to take an influenza 

vaccination?’.

Questions concerning the future and their fears were: ‘will I recover from asthma?’, ‘can one die of 

asthma?’, and ‘will my children have asthma too?’.

Finally, the children had a personal question for the doctor: ‘do you yourself have asthma?’. 

None of their questions would have been answered by addressing the standard educational items.

Table 1: characteristics of the 17 participants of the courses.

Age (range) (years)       10 (8 – 13)

Sex (male/female)       9/8

Mean duration of asthma (range) (years)     5 (1 – 10)

Allergic asthma       14/17

Maintenance inhaled corticosteroids      16/17

Mean daily dose of inhaled corticosteroids* (range) (microgram)   346 (200 – 1000)

Long acting β2-agonists (number)      9/17

* 14 of the 16 children were on fluticasonediproprionate.
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Discussion

In this article we report fears, worries and fantasies of a group of children with asthma who we see in 

our outpatient clinic and evaluated whether questions of these children would have been answered 

by addressing the educational issues mentioned in international guidelines. 

To the best of our knowledge, a study like this has never been performed before, although a study 

about the fears and concerns of parents have been published.7 

We will reflect on the questions formulated by the children who attended the course. Many of these 

children wanted to know how many children have asthma. More specifically, they wanted to know 

how many children also have this chronic condition affecting daily life whilst playing outside and 

playing sports, affecting family life because they have to take medication, visit a doctor regularly, and 

the family may not be able to go places due to avoidance of triggers, and affecting their position in 

the family because of allergies, the family pet can no longer stay in the house. The knowledge that 

about 10% of children have asthma,8 can make them aware of the fact that there is a high probability 

that children in their neighborhood and/or school class have asthma too. Knowing this may make 

them feel less “special”, as every child wants to be as normal as other children. We feel that health care 

professionals caring for children with asthma should ask the child how their life is affected by asthma. 

This way, an individual child will have the opportunity to have his or her questions answered. 

All of the children used preventive asthma medication such as inhaled corticosteroids (ICS). As profes-

sionals, we constantly emphasize the need to inhale the medication correctly and every day to avoid 

symptoms. By doing so, we put pressure on the child. It is therefore not surprising that they want to 

Table 2. Questions formulated most frequently by children with asthma.

Epidemioloy

Why do I have asthma, whilst my brother and sister not?

How many children have asthma?

Daily life & treatment

Why do I have shortness of breath when I am angry or sad?

Does the medication still work if I use it for a long time?

Can I stop taking medications when I am doing well?

Does every child with asthma have to take an influenza vaccination?

Fears & future

Will I recover from asthma?

Can I die of asthma?

Will my children have asthma too?

Personal 

Do you yourself have asthma? 
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know if there is a possibility of stopping medication. Their fear that the medication does not work 

after a long time is very recognizable and has been the subject of formal studies.9,10 That asthma 

affects daily life is demonstrated by the question about having shortness of breath in periods of anger 

and sadness. This demonstrates that symptoms can arise unpredictably and this unpredictability is of 

concern to the child. 

Vaccination causes pain and distress and it is not surprising that children want to be sure about 

its necessity. A recent Dutch study in which the influence of influenza vaccination was studied in a 

double blind controlled trial demonstrated that vaccination is of limited value and therefore should 

be reconsidered.11 Based on the findings in this study, we no longer advise influenza vaccination in all 

children with asthma. 

The question about the possibility of dying of asthma impressed us immensely. Especially since none 

of these children had been admitted to the hospital because of asthma, they may have had frighte-

ning periods of shortness of breath, and know what it feels like to fight for air. Although the number 

of children dying of asthma has fallen dramatically, 8 apparently some of the children attending the 

asthma courses were afraid that they may die of asthma. Therefore it seems to be sound to discuss 

this item and to reassure them.

It was striking that even at this young age children were concerned about the possibility that their 

offspring will have asthma too. This might not only be a theoretical question for them; they know 

what it is to have asthma and how asthma may affect their life. Moreover, some of them might have 

parents or siblings suffering from asthma. Although at this point we know that genes are one of 

the factors involved in the development of asthma,12 more insight into this is not only of scientific 

interest. With a better understanding of the causes of asthma, we may be able to give a more explicit 

answer to the children.

We were somewhat puzzled by the question if we have asthma ourselves. The children said that they 

would like to know this, because they wanted to know if we recognize the feeling of shortness of 

breath and fears, they have during an asthma attack. Even if we do not have asthma ourselves, we 

may need to address that we can imagine that it can be frightening to experience an asthma attack. 

Additionally, we have to give them the opportunity to express their fears and fantasies about the 

asthma attacks they have.

The scope of the questions is so wide that it is not surprising that these questions are not part of 

formal educational material.
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In conclusion, with this study we realized that it is important to ask children with asthma in an open 

manner about their thoughts, fears and worries and how the disease affects their lives. Educational 

programs do not necessarily answer all questions these children have. Questions of children with 

asthma may be left unanswered if we do not explicitly give them the opportunity to ask these ques-

tions. Therefore, health care professionals caring for children with asthma, should give them the op-

portunity to talk about their fears and worries. This way, unnecessary fears and worries can be taken 

away. It is not unlikely that this will result in a better adherence to treatment and a better quality of 

life. 

We thank our colleague dr. J.Collins for reviewing the English. We thank the children, participating in the 

course, for their open minds and open hearts.
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Chapter 13:    Summary, conclusions and 
     suggestions for further 
     research. 
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The care of children with asthma is multifaceted; this thesis deals with some of the many aspects of this 

care. In chapter 1 we formulated the aims of this thesis. The issues we wanted to study were:

1  What is the prevalence of allergic diseases such as paediatric asthma, allergic rhinitis, and 

 eczema, based on pharmacoepidemiologic data?

2  How is the adherence to paediatric asthma guidelines and can pharmacists help to improve 

 this adherence?

3  What side effects are reported during the use of inhaled corticosteroids and are these side 

 effects real?

4  Do bacteria grow in spacers, used for the administration for inhaled medication?

5  Are the pressurised metered dose inhalers consistent in their deliverance of small sized 

 particles?

6  which fears, questions, and worries do children with asthma have?

In chapter 2 we presented the results of an epidemiological study on the prevalence of allergic 

diseases such as asthma, allergic rhinitis, and eczema. This was done by studying the number of 

prescriptions for medications used for these diseases. It appeared that in 2006 one in five individuals 

aged 0 – 19 years received at least one prescription for an anti-allergic or anti-asthma medication and 

one in ten received at least two of such prescriptions in 2006. Compared with the numbers in 1997 

there is a small but statistically significant decrease. The number of prescriptions for the individual 

steroid medications did not change over the years; the decrease is mainly caused by a lower number 

of prescriptions for systemic anti-allergic drugs.

The prevalences of eczema, allergic rhinitis, and asthma were studied by looking at the number of 

prescriptions. Because we were interested in the more severe forms, we included children who had 

more than two prescriptions of a topical steroid medication in a year. The mean prevalence of eczema 

we found in this way was 3.0%; of allergic rhinitis 0.7%, and of asthma 2.0%. These prevalences are lo-

wer than found in epidemiological studies. Partially, the difference can be explained by means of the 

different study method used. Questionnaire based studies give insight into epidemiological trends 

and relationships, but do not reflect the number of children who have to use preventive medication 

such as steroids chronically. The advantage of studying the prevalences and using the cut off level of 

having received at least two prescriptions, is that this gives a more realistic insight into the number 

of children who suffer from more serious forms of the diseases. The lives of these children are more 

affected by the diseases and certainly they will more often ask for medical care. Moreover, because 
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of more chronic use of the medications, they are at a potentially greater risk of adverse effects to the 

medications. This is certainly true when they use more formulations of various topical steroids. 

Another aspect we found was that the number of children who are concomitantly treated for asthma 

and allergic rhinitis is far lower than expected. This could mean that the combination of symptoms is 

not recognised, and therefore some children are not treated optimally and will continue to have signs 

and symptoms of one or both disorders.

Chapters 3 and 4 deal with the physicians’ adherence to guidelines. National and international guide-

lines have been published and are widely available. They are easily accessible for general physicians 

and paediatricians; numerous publications, symposia and congresses dealt with these guidelines. 

Based on these guidelines several statements can be extracted, such as: how many children with 

asthma use inhaled medication? Does every child with preventive asthma medication, e.g. inhaled 

corticosteroids (ICS), also have a short acting bronchodilator? Do young children use a pressurised 

metered dose inhaler with valved holding chamber? Do children older than the age of 8 years use a 

dry powder inhaler? Do children who use long acting betamimetics also use ICS? Do children with 

asthma use one type of inhaler? Furthermore, the prescribed starting doses of ICS can be compared 

with the guidelines, and the duration of therapy, i.e. the use of ICS can be established.

We found that in 2002 more than 98% of the children used inhaled medication. Of all children who 

had a prescription for any asthma medication, mostly ICS, 15.5% had had no prescription for a relie-

ver. Of the children with long acting betamimetics, 8.8% did not have ICS, whilst it has been demon-

strated that the combination with a long acting betamimetic is far more superior. Also, 12% of the 

children used more than one inhaler device while the use of several types of inhalers is confusing and 

leads to an increased risk of incorrect inhalation. 

Studying the first prescriptions for ICS revealed that 43% of the children who started with an ICS re-

ceive half of the advised starting dose or even less. This was most evident in the younger age groups. 

Eight percent of the children started with a dose more than double the maximum advised dose, this 

occurred mostly at older ages. Although asthma is a chronic disorder, only 8% of the children who 

started with ICS received enough refills to cover the whole year. 

Apparently, there is a wide gap between the evidence-based medicine and daily practice in the ma-

nagement of paediatric asthma guidelines.

Several strategies have been developed to bridge this gap and improve guideline adherence. In chap-
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ter 5 we report on an experiment we did. We studied whether a minimal intervention strategy would 

help to improve this guideline adherence. Therefore, a sample of pharmacies, connected to IADB was 

invited to co-operate. The pharmacists were trained in appliance of the guidelines and in recognition 

of deviations. They were asked to discuss the guidelines and possibilities to improve adherence with 

the general practitioners they worked with. They were therefore encouraged to organise peer-revie-

wed meetings between physicians and pharmacists. A paediatrician attended some of these mee-

tings.

After these meetings were held, we compared the adherence to the guidelines in the group of child-

ren, registered to the intervention pharmacies with the children who were registered to pharmacies 

that did not join. We found that the number of children treated correctly rose significantly in com-

parison with the earlier study and also in comparison with the control group of children. Although 

it is not certain whether this minimal intervention results in a sustained improvement, it certainly is 

a useful tool in optimising asthma treatment. By doing this we also demonstrated that prescription 

data can give insight into guideline adherence in paediatric asthma and the results of interventions 

can by monitored and evaluated adequately.

Inhaled corticosteroids are potent and effective drugs they are the mainstay in the treatment of pae-

diatric asthma. As is the case with every medication, they may have adverse effects. These are mostly 

seen at higher doses and include hoarseness, oral thrush, growth retardation and subclinical adrenal 

insufficiency. We studied the reports of suspected adverse drug reactions (sADRs) in the Dutch phar-

macovigilance database of Lareb. In chapter 6 these are presented. To make sure that the reaction is 

really drug related, several mathematical methods exist. The Naranjo Score is a method for estimating 

the risk on an individual basis and the Reported Odds Ratio compares the frequency of reports with 

reports on other drugs. By doing so, the occurrence of behavioural problems, hirsutism, and alopecia 

were established as possible real adverse effects. 

In addition, we studied the reports on hirsutism in more depth and included the results of the WHO-

pharmacovigilance database. Based on this, we concluded that in susceptible children, hirsutism is a 

real side effect of ICS.

Twenty percent of the sADRs concerned behavioural changes in the children and this prompted 

us to study the behaviour of young children on ICS. This was done by comparing the behaviour of 

children on ICS with children without ICS who were not under medical care, and with children under 

the care of an otolaryngologist. This control group was taken because we hypothesised that children 
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with otolaryngeal problems, such as obstructive sleep apnoea caused by enlarged tonsils, could have 

more sleeping problems and it is known that sleeping problems can influence behaviour. Children 

with asthma on ICS had higher total ADHD and CBCL scores, and scored higher on the items hyperac-

tivity of the ADHD list and on affective disorders, anxiety, depression, somatic complaints, and ‘other 

problems’ in the CBLC list than children not on ICS and not under medical treatment. However, there 

were no differences between the children on ICS and the children under the care of the otolaryn-

gologist. We concluded that at group level, ICS do not cause behavioural disturbances, possibly the 

fact of having a disorder leads to disturbances in behaviour. However, we cannot exclude that some 

individual children are susceptible for behavioural disturbances after ICS.

Chapters 9 and 10 deal with hygienic aspects of spacer devices. Many nebulisers, used by children 

with Cystic Fibrosis, are contaminated with Pseudomonas species for example. Recurrent inhalation 

of pathogens could cause pulmonary infections. Therefore it is important to know whether valved 

holding chambers are contaminated with pulmonary pathogens and whether these micro organisms 

can survive in these spacers. Firstly, we studied the colonisation of spacer devices, used by children 

with asthma who were referred to our outpatient clinic. Most spacers were not colonised, and the 

spacers that were colonised had mostly harmless Bacillus species. Whether the spacers were coloni-

sed or not did not depend on the frequency of cleansing, or the method used. Elsewhere, however, 

a large percentage of spacers used proved to be contaminated with potential pulmonary pathogens 

such as Pseudomonas auruginosa, Klebsiella pneumoniae, and Staphylococcus aureus. This prompted 

us to study the survival of potential pulmonary pathogens and Candida in vitro. 

The laboratory study revealed that in Staphylococcus, Pseudomonas, and Candida species can survive 

in spacers and that ICS do not influence survival. No microorganism survived on a metal spacer. Be-

cause Staphylococcus and Pseudomonas survive best in a moist environment, it seems sound to wash 

and drip-dry a spacer after use and let it dry thoroughly. That bacillus species that contaminate the 

spacer are of no clinical relevance, because these bacillus species do not cause pulmonary infections. 

Although pharyngeal overgrowth of Candida and clinical thrush can be a result of individual and local 

susceptibility, it seems wise to clean the spacer more regularly or to use a metal spacer.

In young children ICS are inhaled by the use of a pressurised metered dose inhaler in combination 

with a valved holding chamber. When using this combination it is important to be sure that the out-

put of small particles is constant and not influenced by circumstances. Although it is useful to study 
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the combination, we first studied the pMDI’s alone, because when the output of these is influenced 

by one factor this inevitably will influence the output of the combination. We compared the output of 

small particles of 4 pMDI’s by laser diffraction analysis. This is described in chapter 10. 

To our surprise we found that the output of the pMDI with fluticasone 125 µg/dose decreased signi-

ficantly during it’s lifespan. There was a significant mouthpiece retention found in the pMDI’s of HFA 

beclomethasone 100 µg/dose and ciclesonide 160 µg/dose. Cutting the mouth piece and increa-

sing the suction flow could decrease this mouthpiece retention. The output of small particles (1 – 3 

µm) was not influenced by lifespan, suction flow, or humidity. The output in small particles was the 

highest in the pMDI in HFA beclomethasone and ciclesonide. 

Finally, we asked children about their fears and worries with respect to asthma. It is important to have 

an open and intensive relationship with children with asthma to improve their understanding of the 

disease and the compliance with therapy. Therefore we offer children with asthma an asthma course 

led by an asthma nurse, as developed by the Dutch Asthma Foundation. During one of the seven ses-

sions, the children can ask the paediatrician anything they want to ask. In chapter 11 we summarise 

the questions asked by these children. We were surprised by the kind of questions they asked. These 

included questions about epidemiology, the long term effectiveness of medications, the chance to 

outgrow the signs and symptoms and to our surprise they also wanted to know whether their own 

children would have more risk of developing asthma. It is important to ask children which fears and 

worries they have and to discuss these matters in an open fashion.

Altogether, the care of children with asthma has many aspects. This thesis deals with prevalences, 

concomitant diseases, guidelines adherence and possible methods of improvement of this adheren-

ce, side effects of inhaled corticosteroids, hygienic and technical aspects of inhalation of medication, 

and with the questions children with asthma have. Some answers could be given in this study, but 

many questions still remain. Further studies and research should aim at several items:

1.  It is important to know how many children suffer from allergic diseases, whether there are 

 differences between countries, whether there are trends in time, and which factors are of 

 influence. Epidemiological studies can give insight into these factors. Because asthma, 

 allergic rhinitis, and eczema have a wide spectrum of severity, it is essential to know how 

 many children have more severe signs and symptoms. Therefore epidemiological studies 

 should try to estimate the severity of these diseases. One method is to combine several 

 methods of epidemiological studies, e.g. by combining questionnaire based studies and 
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 pharmacoepidemiologic data in the same population. 

2.  Not only individual diseases should be studied, but also the occurrence of combinations, as 

 well as the frequency and timing of combinations. Especially, children who use several 

 formulations of different topical steroids should be studied for side effects, such as the 

 influence on the hypophyseal-adrenal axis and growth.

3.  Children with asthma should be treated as correctly and adequately as possible according 

 to recent evidence-based guidelines. Effective strategies to assure that these guidelines and 

 knowledge will spread to general practitioners and paediatricians should be developed. 

 Pharmacists should be involved in this process and the effect of their involvement should 

 be explored further.

4.  In the process of considering treatment with ICS, the benefits and the disadvantages of 

 these medications have to be weighed against each other. Therefore more precise 

 information about the frequency of side effects is needed. In the future it would be helpful 

 if in randomised controlled trials the kind and numbers of side effects are reported in a 

 standardised manner. 

5. The effects on the child’s behaviour should be explored more in depth. Before, during and 

 after exposure to ICS in randomised controlled trials the behaviour should be studied, e.g. 

 by the Child Behaviour Check List. Methods to identify children who are more susceptible 

 for side effects should be developed.

6. The reliability of inhalation devices for asthma medication should be explored further. There 

 are many factors which influence the success of asthma treatment. These, do not only 

 include compliance and inhalation technique, but also the efficacy of pMDI’s and physical 

 factors of the spacers used. These should be studied thoroughly and inhalers should be 

 manufactured to be as reliable as possible. In long term clinical trials, researchers should 

 guarantee that the devices they use for medication are used according to the study designs, 

 and that the devices are reliable. 

7.  Finally, it is essential to develop a good relationship with children with asthma. 

 It is therefore necessary to know the fears, questions, and worries they have. An intensive 

 cooperation with children with asthma and adults who have had asthma themselves should 

 be established to disclose their fears and needs in depth, so that these can be taken into 

 account when dealing with patients, and by so doing the future care for the children with 

 asthma can improve.
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Hoofdstuk 14:    Nederlandstalige 
     samenvatting
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De zorg voor kinderen met astma kent vele aspecten, dit proefschrift behandelt enkele hiervan.

In hoofdstuk 1 werden de doelen van dit proefschrift opgesomd, de elementen die we wilden onder-

zoeken waren:

1  hoe vaak komen allergische ziekten, zoals astma, allergische rhinitis en eczeem voor als dat 

 onderzocht wordt met hulp van voorschrijfgegevens?

2  worden de richtlijnen voor de behandeling van kinderen met astma gevolgd en zo niet, is 

 het inschakelen van apothekers zinvol om het volgen van richtlijnen te verbeteren?

3  welke bijwerkingen van inhalatiecorticosteroïden worden gemeld en zijn deze meldingen 

 reëel?

4  kunnen bacteriën overleven in voorzetkamers?

5  is de opbrengst van dosisaerosolen met inhalatiecorticosteroïden constant?

6  welke vragen houden kinderen met astma bezig?

De eerste hoofdstukken beschrijven onderzoeken, gedaan met hulp van een grote databank met 

voorschrijfgegevens (IADB.nl). Hiermee kan nagegaan worden hoe vaak medicijnen worden voor-

geschreven. Zeker als geneesmiddelen gebruikt worden voor een bepaalde aandoening, kan vrij 

nauwkeurig het aantal patiënten met die aandoening worden geschat. In de databank zijn gegevens 

voorhanden van circa een half miljoen personen, ongeveer 120.000 hiervan zijn jonger dan 19 jaar.

In hoofdstuk 2 worden de resultaten besproken van het epidemiologische onderzoek naar het 

voorkomen van allergische ziekten zoals astma, allergische rhinitis en eczeem. Dit deden we door de 

aantallen recepten voor de medicijnen, die voor allergische aandoeningen worden voorgeschreven, 

te bestuderen.

Hieruit bleek dat in 2006 één op de vijf individuen, jonger dan 20 jaar, ten minste een recept in 

verband met een allergische aandoening kreeg en één op de tien kreeg ten minste twee van zulke 

recepten. Dit aantal is afgenomen in vergelijking met 1997. Het aantal recepten voor de geneesmid-

delen, zoals zalven, inhalatiemedicatie en neussprays met bijnierschorshormonen bleef gelijk over 

de jaren; de daling van het totaal aantal recepten wordt voornamelijk bepaald door afname van de 

recepten voor systemische antiallergische medicatie.

Het voorkomen van eczeem, allergische rhinitis en astma werd onderzocht door het aantal recepten 

nader te bestuderen. Omdat we geïnteresseerd waren in het aantal kinderen met ernstiger vormen 

van deze ziekten, namen we alleen gegevens mee van kinderen die minstens twee recepten kregen 
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voor een inhalatiecorticosteroïd, neussteroïd of een zalf met steroïden. Hieruit bleek dat 3.0% van 

de kinderen eczeem had, allergische rhinitis speelt bij 0.7% van de kinderen en 2.0% van de kinde-

ren heeft astma. Deze getallen zijn veel lager dan die worden gevonden bij ander epidemiologisch 

onderzoek. Deels wordt dit verklaard door de andere onderzoeksmethode, andere onderzoeken 

gebruiken vragenlijsten. Dit soort onderzoek geeft goed inzicht in trends en patronen en mogelijke 

verbanden, maar tonen niet het aantal kinderen dat zoveel last heeft dat ze chronisch medicijnen 

nodig heeft. Het voordeel van het gebruik van onze methode is dat het wel inzicht geeft in het aantal 

kinderen dat ernstiger vormen van deze ziekten heeft. Deze kinderen hebben meer last en hun leven 

wordt meer beïnvloed. Zij zullen vaker een beroep doen op medische zorg. Daarnaast lopen ze een 

groter risico op het ontwikkelen van bijwerkingen omdat ze deze middelen chronisch gebruiken. Dit 

geldt zeker als ze twee verschillende soorten naast elkaar gebruiken omdat ze twee of meer van deze 

allergische ziekten hebben.

We vonden overigens dat het aantal kinderen dat tegelijkertijd behandeld wordt voor astma en 

allergische rhinitis lager ligt dan verwacht. Dit kan betekenen dat de combinatie van symptomen 

niet wordt herkend en omdat ze niet de optimale behandeling krijgen, last houden van een of beide 

ziekten. 

Hoofdstukken 3 en 4 gaan over de naleving van richtlijnen in de behandeling van astma bij kinderen 

door artsen. In de afgelopen jaren zijn er richtlijnen, gebaseerd op gedegen wetenschappelijk on-

derzoek, hieromtrent verschenen, zowel in Nederland als elders. Deze richtlijnen zijn voor alle artsen 

gemakkelijk toegankelijk en in de afgelopen jaren is er een groot aantal publicaties, congressen en 

cursussen aan gewijd. Op basis van de richtlijnen kunnen vragen worden geformuleerd, zoals: hoe 

vaak krijgen kinderen die medicijnen tegen astma krijgen, dit in een inhalatievorm voorgeschreven? 

Heeft elk kind dat preventieve medicatie zoals inhalatiecorticosteroïden (ICS) krijgt, ook de beschik-

king over een kortwerkend betamimeticum? Gebruiken jonge kinderen een dosisaërosol met een 

voorzetkamer en krijgen kinderen ouder dan 8 jaar een droogpoederinhalator? Krijgen de kinderen 

die een langwerkend betamimeticum voorgeschreven krijgen ook ICS? Gebruiken kinderen met 

astma een of meerdere typen inhalator? Wordt gestart met de juiste dosering ICS en wordt deze 

behandeling lang genoeg voortgezet? 

Deze vragen kunnen beantwoord worden met hulp van de databank. 

Op deze wijze vonden we dat in 2002 98% van de kinderen die een geneesmiddel kregen tegen 

astma dit inhaleerde. Van deze groep had 15.5% geen kortwerkend betamimeticum, maar vaak 
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wel een preventief middel, veelal een ICS. Dat is vreemd, want kortwerkende betamimetica helpen 

tegen de acute benauwdheid, het meest belangrijke symptoom van astma. Van de kinderen die een 

langwerkend betamimeticum kregen, kreeg 8.8% geen ICS, terwijl bekend is dat de combinatie beter 

is. Twaalf procent van de kinderen gebruikte meer dan één inhalator. Het gebruik van meerdere inha-

latoren is verwarrend en vergroot de kans op een verkeerde inhalatietechniek. 

Toen we de voorschriften voor ICS onderzochten, bleek dat 43% van de kinderen die voor het eerst 

ICS kregen voorgeschreven minder dan de helft van de geadviseerde startdosis kreeg. Dit speelde 

vooral bij jongere kinderen. Acht procent van de kinderen startte met een dosering, hoger dan de 

dubbele maximaal geadviseerde dosis; dit gebeurde vooral bij oudere kinderen. Ook bleek dat van de 

kinderen die met een ICS startten, slechts 8% voldoende recepten kreeg om een heel jaar medicatie 

te gebruiken, terwijl astma toch een chronische ziekte is. 

Wij concludeerden dat er blijkbaar een grote kloof bestaat tussen de kennis over de behandeling, 

gebaseerd op degelijk wetenschappelijk onderzoek aan de ene kant en de praktijk van alledag aan de 

andere kant.

Teneinde deze kloof te overbruggen en het volgen van richtlijnen te verbeteren, zijn diverse me-

thoden geprobeerd. In hoofdstuk 5 bespreken we ons onderzoek naar een minimale interventie 

methode waarbij apothekers, aangesloten bij de IADB.nl, gevraagd werd mee te doen. Deze apothe-

kers kregen uitleg over de richtlijnen, het toepassen ervan en het herkennen van afwijkingen van de 

richtlijnen. Vervolgens werd hen gevraagd deze richtlijnen en de mogelijkheden tot verbetering te 

bespreken met de artsen met wie ze veel samenwerkten in het zogenaamde Farmacotherapeutisch 

Therapie Overleg. 

In het jaar nadat deze bijeenkomsten waren belegd vergeleken we het naleven van richtlijnen in de 

groep kinderen, waarvan de apothekers in het project meededen (de interventiegroep) en kinderen 

waarvan de apothekers niet hadden meegedaan (referentiegroep). Het aantal kinderen dat meer in 

lijn met de richtlijnen behandeld werd was in de interventiegroep hoger dan in de referentiegroep. 

Natuurlijk weten we niet of deze methode ook op langere termijn effectief is, maar we zijn er wel van 

overtuigd dat de methode bruikbaar is. Naar ons oordeel is het mogelijk om met gegevens uit een 

databank, zoals de IADB.nl, onderzoek te doen naar de naleving van richtlijnen en naar de effecten 

van interventies. 
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ICS zijn effectieve geneesmiddelen en vormen de hoeksteen van de behandeling van kinderen met 

ernstiger vormen van astma. Zoals alle medicijnen hebben ICS bijwerkingen. Deze treden vooral 

op bij hogere doseringen. De meest bekende bijwerkingen zijn heesheid, schimmelgroei in de keel, 

groeiremming en soms subklinische bijnierschorsinsufficiëntie. We onderzochten met het Nederlands 

Bijwerkingen Centrum Lareb de meldingen van vermoede bijwerkingen van ICS. De resultaten hier-

van worden gepresenteerd in hoofdstuk 6.

Om na te gaan of de vermoede bijwerking werkelijk veroorzaakt wordt door een geneesmiddel, wor-

den twee wiskundige methoden gebruikt. De zogenaamde Naranjo Score, hierbij wordt een risico-

schatting gedaan van een individuele melding; de ‘Reported Odds Ratio’ vergelijkt de frequentie van 

een gemelde bijwerking met die van deze bijwerking bij andere geneesmiddelen. Met hulp van deze 

twee methoden stelden we vast dat het optreden van gedragsveranderingen, overmatige haargroei 

en haarverlies waarschijnlijk echte bijwerkingen zijn. 

Dit vormde reden om verder te zoeken. Eerst onderzochten we gegevens in de databank van de 

Wereldgezondheidsorganisatie (WHO) naar internationale meldingen over overmatige haargroei, en 

hiermee werd het vermoeden verder bevestigd. Er zijn dus kinderen met een blijkbaar verhoogde 

gevoeligheid, die last kunnen krijgen van overmatige haargroei als bijwerking van ICS. Dit wordt 

beschreven in hoofdstuk 7.

In hoofdstuk 8 beschrijven we het onderzoek naar beïnvloeding van het gedrag van kinderen door 

ICS, immers, 20% van de meldingen bij Lareb gingen hierover. We onderzochten dit door het gedrag 

van kinderen die ICS gebruikten te vergelijken met een groep gezonde kinderen en met een groep 

kinderen die onder behandeling stonden van een KNO-arts. Deze groep kozen we, omdat slaap-

stoornissen het gedrag van kinderen negatief kunnen beïnvloeden en zowel astma als ook vergrote 

amandelen de slaap negatief kan beïnvloeden.

De kinderen met astma ICS hadden een hogere totaalscore op zowel de vragenlijst voor ‘Attention 

Deficit Hyperactivity Disorder’ (ADHD) alsook die van de ‘Child Behaviour Check List’ (CBCL). Ze 

scoorden hoger op de onderdelen ‘hyperactiviteit’ van de ADHD-lijst en op ‘affectieve stoornissen, ‘ 

angst’, ‘depressie’, ‘lichamelijke klachten’ en ‘overige klachten’ van de CBCL, vergeleken met gezonde 

kinderen. Er was echter geen verschil tussen de ICS-groep en de kinderen onder behandeling bij de 

KNO-arts. Wij concludeerden dat op groepsniveau ICS geen invloed hebben op het gedrag, maar dat 

het hebben van een aandoening leidt tot ander gedrag. We kunnen overigens niet uitsluiten dat er 

kinderen zijn die gevoelig zijn voor ICS en met ander gedrag reageren.
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De hoofdstukken 9 en 10 gaan over de hygiënische aspecten van voorzetkamers. Een aantal jaren ge-

leden werd vastgesteld dat ongeveer 30% van de vernevelaars, gebruikt door kinderen met taaislijm-

ziekte, gekoloniseerd waren met Pseudomonas aeruginosa, een verwekker van longontstekingen 

bij die kinderen. Het telkens inademen van ziekmakende bacteriën zou mogelijk longontstekingen 

kunnen veroorzaken bij kinderen die meerdere keren per dag een voorzetkamer gebruiken. Daarom 

leek het ons zinvol na te gaan of voorzetkamers gekoloniseerd waren met ziekmakende bacteriën en 

of deze bacteriën zouden overleven in voorzetkamers. 

Eerst onderzochten we of er ziekmakende bacteriën aangetroffen werden in voorzetkamers, die 

gebruikt werden door kinderen op onze polikliniek (hoofdstuk 9). De meeste voorzetkamers bleken 

geen bacteriën te bevatten, en als er al een bacterie aangetroffen werd, dan was dit meestal een 

Bacillus; een onschuldige bacterie. Of er bacteriën in de voorzetkamer waren of niet, hing niet af van 

de manier of frequentie van schoonmaken.

Anderen vonden echter in een vergelijkbaar onderzoek wel ziekmakende bacteriën, niet alleen Pseu-

domonas, maar ook Klebsiella en Staphylococcus soorten. Daarom deden we nog een laboratorium-

onderzoek, beschreven in hoofdstuk 10.

Hieruit bleek dat Stafylokokken, Pseudomonas en Candida kunnen overleven in voorzetkamers, 

het voorzien van de voorzetkamers met ICS had hier geen invloed op. In de metalen voorzetkamer 

groeide vrijwel nooit een bacterie. 

Omdat Stafylokokken en Pseudomonasbacteriën overleven in een vochtige omgeving, lijkt het zinvol 

om de voorzetkamers na het wassen goed te laten drogen. Omdat Candidasoorten ook overleven in 

voorzetkamers, lijkt het zinvol, in die gevallen waarbij een kind last heeft van Candida in de keel, de 

voorzetkamer vaker schoon te maken, of een metalen voorzetkamer te gebruiken. Overigens zijn er 

ook kindgebonden factoren die de gevoeligheid voor keelschimmel verhogen.

Bij jonge kinderen worden ICS gegeven met hulp van een dosisaërosol in combinatie met een voor-

zetkamer. Het is van belang om zeker te weten dat de opbrengst van kleine medicijndeeltjes, die de 

kleine luchtwegen kunnen bereiken, constant is en niet afhangt van allerlei factoren. Het is hierbij 

niet alleen van belang te weten hoe de combinatie werkt, maar ook de werking van de dosisaeroso-

len te kennen. Immers, als blijkt dat een factor de opbrengst van kleine deeltjes uit een dosisaërosol 

beïnvloedt, heeft dit gevolgen voor de combinatie. We vergeleken 4 verschillende soorten ICS-hou-

dende dosisaerosolen met hulp van ‘laser diffraction analysis’. Dit is een onderzoeksmethode waarbij 

de grootte van de diverse deeltjes gemeten wordt met hulp van analysemethode waarbij laserlicht 

gebruikt wordt. De resultaten van dit onderzoek staan in hoofdstuk 11.
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We ontdekten dat de opbrengst van de dosisaërosol fluticasone 125 µg/dosis significant afnam gedu-

rende de gebruiksduur. Bij de dosisaerosolen van beclomethasone 100 µg/dosis and ciclesonide 160 

µg/dosis bleek dat ongeveer 20 – 30% van de medicatie in het mondstuk neerslaat. Dit kon worden 

verminderd door het mondstuk in te korten of de zuigkracht te verhogen. De gemiddelde deel-

tjesgrootte van alle geteste dosisaerosolen bleef gelijk en werd niet beïnvloed door gebruiksduur, 

vochtigheidsgraad of zuigkracht. De dosisaerosolen van HFA beclomethasone en ciclesonide gaven 

de hoogste opbrengst aan kleine deeltjes (1 – 3 µm).

Het gaat natuurlijk bij de behandeling van kinderen met astma om de kinderen zelf en daarom vroe-

gen we hen welke vragen en zorgen zij hebben over het hebben van astma. Het is belangrijk voor be-

handelaars met de kinderen een goede relatie te hebben, en te zorgen dat ze zoveel mogelijk weten 

van astma. Op onze polikliniek bieden we daarom een door het Nederlands Astma fonds ontwikkelde 

cursus aan. Deze wordt gegeven door de kinderastmaverpleegkundige. Tijdens een van de sessies 

bieden we de gelegenheid vragen te stellen aan de kinderarts. In hoofdstuk 12 worden deze vragen 

besproken. De vragen die deze kinderen hebben gaan over het voorkomen van astma, de werkzaam-

heid van medicatie op lange termijn, de kans over de ziekte heen te groeien en of hun eigen kinderen 

een grotere kans lopen op het ontwikkelen van astma. We denken dat het belangrijk is met kinderen 

met astma openlijk te spreken over de zorgen en angsten die ze hebben.

Samengevat, de zorg voor kinderen met astma heeft vele kanten. Dit proefschrift gaat over het voor-

komen, begeleidende ziekten, navolging van richtlijnen en mogelijkheden dit te verbeteren, bijwer-

kingen van inhalatiecorticosteroïden, hygiënische en technische aspecten van inhalatie van medica-

tie en over de zorgen van kinderen met astma. Enkele vragen werden in dit proefschrift beantwoord, 

vele vragen resten nog. Nader onderzoek zou zich moeten richten op verschillende aspecten:

1  Het is van belang te weten hoeveel kinderen leiden aan allergische ziekten, of er regionale 

 verschillen zijn in voorkomen, of er bepaalde trends zijn en welke factoren het ontstaan 

 beïnvloeden. Daarom blijft epidemiologisch onderzoek van belang. Omdat astma, 

 allergische rhinitis en eczeem verschillen in ernst, is het van belang te weten hoeveel 

 kinderen de meer ernstige vormen hebben. Daarom zouden de epidemiologische 

 onderzoeken zich niet alleen op het voorkomen, maar ook op de ernst van de 

 aandoeningen moeten richten. Dit zou bijvoorbeeld kunnen door verschillende 

 epidemiologische onderzoeksmethoden in dezelfde regio toe te passen, bijvoorbeeld een 

 onderzoek met vragenlijsten in combinatie met voorschrijfgegevens.

2  Epidemiologisch onderzoek zou zich ook moeten richten op het voorkomen van 
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 combinaties van allergische aandoeningen, en het optreden van die ziekten in de tijd. 

 Kinderen die verschillende formuleringen van bijnierschorshormonen gebruiken, zouden 

 moeten worden onderzocht op bijwerkingen.

3  Kinderen met astma hebben recht op de beste behandeling, gebaseerd op moderne 

 inzichten en op richtlijnen die berusten op degelijk wetenschappelijk onderzoek. Er moeten 

 strategieën ontwikkeld worden, gericht op het effectief verspreiden van deze inzichten 

 onder huisartsen en kinderartsen. Bij deze strategieën zouden apothekers een belangrijke 

 rol kunnen spelen. Dit verdient verder onderzoek.

4  Wanneer overwogen wordt ICS te geven is het belangrijk de voor- en nadelen af te wegen. 

 Meer exacte informatie over het voorkomen van bijwerkingen is daarvoor nodig. Een 

 manier hier achter te komen zou zijn om bij toekomstig klinisch onderzoek niet alleen 

 gestandaardiseerd te kijken naar de positieve effecten, maar ook op gestandaardiseerde 

 wijze de bijwerkingen te inventariseren.

5  De mogelijke beïnvloeding van gedrag van kinderen verdient eveneens nader onderzoek. 

 Bij klinisch vergelijkend onderzoek naar ICS zouden voor, tijdens en na blootstelling 

 gedragsonderzoek moeten plaatsvinden, bijvoorbeeld met de ‘Child Behaviour Check List’. 

 Het is zinvol methoden te ontwikkelen om kinderen die een verhoogde kans lopen op het 

 ontwikkelen van gedragsproblemen na ICS op te sporen. 

6  De betrouwbaarheid en degelijkheid van toedieningsvormen voor astmamedicatie verdient 

 aandacht. Er zijn vele factoren die van invloed zijn op het succes van de behandeling. Niet 

 alleen therapietrouw en inhalatietechniek horen hierbij, ook de effectiviteit en 

 gebruiksgemak van de apparaten moet zo optimaal mogelijk. Er is ruimte voor verbetering 

 van de combinaties van dosisaerosolen en voorzetkamers. Wanneer gerapporteerd wordt 

 over onderzoek met inhalatiemedicatie, zouden de onderzoekers aan moeten tonen dat de 

 gebruikte apparaten betrouwbaar en degelijk zijn, en dat de onderzochte kinderen ze juist 

 gebruikten. 

7  Voor behandelaren is het van groot belang een goede relatie op te bouwen met kinderen 

 met astma, en andere chronische ziekten. Inzicht in angsten, zorgen en vragen van de 

 kinderen is daarom essentieel. Om deze te kennen is het zinvol kinderen te vragen welke 

 zorgen zij hebben. Ook is het belangrijk volwassenen, die als kind astma hadden, te vragen 

 welke vragen zij hadden toen ze kind waren. Behandelaren kunnen dan inspelen op de 

 zorgen van de kinderen, en dit komt uiteindelijk hen ten goede.
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Dankwoord

Bij het schrijven van een proefschrift ben je nooit alleen, er zijn dan ook veel mensen die ik wil bedan-

ken. 

Allereerst dank ik Thea, Fedde, Marga en Anne. Onderweg naar een promotie - maar zeker niet alleen 

daarbij - is het belangrijk een goed thuis te hebben, en door jullie heb ik dat. Ik dank jullie voor de tijd 

en ruimte (in de ruimste zin van het woord).

Mijn promotoren ben ik grote dank verschuldigd voor de wijze waarop ze me hebben begeleid. 

Prof.dr.L.T.W. de Jong – van den Berg, beste Lolkje, waar een treinreis al niet toe kan leiden. ‘Jij moet 

gewoon promoveren’, zei je en daarmee gaf je de aanzet tot het schrijven van dit proefschrift. Je har-

telijkheid, spontaniteit, inzichten en ideeën vormen een onuitputtelijke bron. 

Prof.dr.E.J. Duiverman, beste Eric, je hebt een fenomenale kennis op het gebied van kinderlongziek-

ten en gaf me talloze waardevolle aanwijzingen en adviezen. Lolkje en Eric, voor mij zijn jullie de 

gedroomde promotoren, ik hoop van harte dat dit proefschrift geen punt is in onze samenwerking, 

maar een komma.

De leden van de leescommissie dank ik voor de bereidwilligheid en snelheid in het beoordelen. Ik 

voel me vereerd dat jullie deze taak wilden uitvoeren. Prof.dr.P.J.J. Sauer, beste Pieter, in Groningen gaf 

je niet alleen een krachtige impuls aan het doen van onderzoek ten bate van het zieke kind, maar ook 

aan de opleiding tot kinderarts.   

Prof dr.K Brouwers, beste Koos, al jaren combineer jij je werk in het MCL met het hoogleraarschap aan 

de universiteit. Je kennis en ervaring zijn op beide plekken van grote waarde.  

Prof.dr.P.L.P. Brand, beste Paul, ik vind het om meerdere redenen bijzonder dat je deel uitmaakt van de 

leescommissie. Regelmatig kruisen onze wegen zich en ik hoop dat dat nog vaak zal gebeuren. 

Dit proefschrift is ontstaan met hulp van een groot aantal mensen. Paul van den Berg, jij vormde de 

brug tussen de IADB en mijn vragen. Ik heb grote bewondering voor je hulp en bereidwilligheid. 

Eric Schirm legde de basis voor kinder-farmacoepidemiologisch onderzoek met IADB-gegevens 

en daarmee ook voor dit werk. Eric van Roon, het is een voorrecht met je te mogen samenwerken 

in onderzoek, onderwijs en patiëntenzorg. Ik hoop (en verwacht) deze samenwerking verder uit te 

bouwen. Hilde Tobi, jij stond aan de wieg van dit proefschrift, bedankt! De apothekers die betrokken 

waren bij de interventie, het zogenaamde PAPA-onderzoek, dank ik voor de inzet, tijdsinvestering en 

enthousiasme.

Joyce de Langen-Wouterse en Eugene van Puijenbroek van het Nederlands Bureau Bijwerkingen 
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Lareb, jullie waren bereid tijd in energie te stoppen in het onderzoek naar bijwerkingen.

Eric van der Vorm en Simon Rienstra dank ik voor de hulp bij het eerste onderzoek naar de hygiëne 

van voorzetkamers. Bob Wilffert, jij gaf de aanzet voor het vervolg hiervan, Hylke Visserman en Jan 

Weel zorgden ervoor dat het idee praktisch uitgevoerd kon worden, bedankt! Bart Rottier, gaande-

weg partner in het onderzoek, je enthousiasme en betrokkenheid, op allerlei terreinen, zijn aansteke-

lijk. Het is een genoegen met je te mogen werken.

Anne de Boer en Paul Hagedoorn, jullie stellen talent, kennis en gedrevenheid in dienst van zieke 

mensen, bedankt voor jullie geduld. Doetie en Maarten, jullie hebben heel wat werk verzet. Prof.

dr.Erik Frijlink dank ik voor de gastvrijheid en gelegenheid met dosisaerosolen en voorzetkamers on-

derzoek te doen. Cobi Brouwer, kinderastmaverpleegkundige, ruim 15 jaar ben je steun en toeverlaat 

voor kinderen met astma, hun ouders en voor mij. Arvid, het is een voorrecht je als partner te hebben 

in de patiëntenzorg en het onderzoek op het terrein van astma en allergie.

Alle stukken tekst, veelal niet meer dan een verzameling Engelstalige woorden zijn door James Collins 

woorden in de Engelse taal geworden. Seamus, thanks! 

Mijn collega-kinderartsen dank ik voor de steun, collegialiteit en pret. Beste Evelyn, Carla, Nathalie, 

Tina, Jan, Ronald en Arvid, wat hebben we een mooi team, samen zorgen we – denk ik - goed voor de 

aan onze zorg toevertrouwde kinderen.

De polikliniekassistentes, met name Maaike de Boer, zijn onmisbaar in het dagelijks werk als dokter, ik 

dank jullie voor de hulp. Dat geldt ook voor alle andere medewerkers van het kindercentrum.

De directie van het MCL ben ik erkentelijk voor de dagen vrijaf om aan dit proefschrift te werken. De 

wetenschappelijke commissie van de medische staf van het MCL gaf financiële steun voor een aantal 

projecten.

Mijn paranimfen, Helmer Le Cointre en Ronald Boontje, vergezeld door Eveline en Jacqueline, jullie 

zijn door je royale taakopvatting mij tot grote steun. Bovendien is het erg gezellig.

Tot slot, dit proefschrift heeft als doel een bijdrage te leveren aan de verdere verbetering van de zorg 

voor zieke kinderen. Hen dank ik voor het vertrouwen en de inspiratie en wens hen alle goeds. 
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Tjalling de Vries werd op 14 juli 1959 geboren in Wezep (gem.Oldebroek). Na de middelbare school (Chris-

telijk Lyceum Almelo) studeerde hij geneeskunde aan de Rijksuniversiteit van Groningen. Na het behalen 

van het artsexamen specialiseerde hij zich tot kinderarts in de kinderkliniek van het Academisch Ziekenhuis 

te Groningen (opleiders: prof.dr.J.Fernandes en prof.dr.H.S.A.Heijmans) en vestigde zich in 1991 als kinder-
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getrouwd met Thea en vader van Fedde (1991), Marga (1995) en Anne (1998).




