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Background

Epidemiology & description of childhood asthma

The word asthma derives from the Greek verb aazein, meaning ´to exhale with an open 

mouth´ or ´to pant´. The earliest reference to asthma as a medical condition is found is in 

The Corpus Hippocraticum, by Hippocrates (460-360 BC).1 Till the start of the 20th century, 

asthma was predominantly viewed as a psychosomatic disorder.2 Starting with the state-

ment of Hippocrates to prevent an asthma attack ‘‘the asthmatic should guard himself 

against his own anger’’.3 Since the 1960s, asthma was recognized as an inflammatory 

disease and from this time onwards anti-inflammatory medications were used for treatment.

Asthma is the most common chronic disease among children, with a prevalence varying 

from less than 5% to over 20% in 6-7 year olds in Europe suffering from symptoms of asthma.4,5  

Moreover, asthma is recognized to be the most prevalent cause of childhood disability.6 

Childhood asthma accounts for many lost school days and may deprive the affected chil-

dren of both academic achievement and social interaction.7 In the USA, on average, in 2008 

children missed 4 days of school because of asthma.8 The economic cost of asthma is 

considerable both in terms of direct medical costs and indirect costs such as time lost from work, etc.9  

Asthma is a multifactorial chronic inflammatory disease characterized by airway hyper-

responsiveness and chronic structural changes of the airways (remodelling). Nevertheless, 

there is huge variation in the operational definitions of asthma. One consequence of this 

is variation is the effect on estimated costs of asthma, they vary widely.  For example, the 

estimated total annual costs for the management of childhood ´asthma´ estimated for 

25 countries of the European Union are €3 billion. While, using ´wheeze´ as an (still fairly 

imprecise) operational definition, as is often  done in research and clinical practice, the 

estimated total costs would be €5.2 billion.10

Symptoms of asthma can often be identified in early childhood11,12 and risk factors 

for asthma in childhood have been studied widely. Besides genetic predisposition, risk factors 

include environmental factors such as exposure to indoor allergens13,14 like house dust 

mites and pet dander, outdoor allergens such as pollens and moulds, or other triggers as 

tobacco smoke15, respiratory (viral) infections16,17 and diet (particularly breastfeeding).18 

Asthma is further characterized by recurrent attacks with symptoms of wheeze, shortness 

of breath, chest tightness and cough. For many children suffering from wheezing at pre-

school age these complaints do not persist and these children do not develop asthma later 

in life. The majority of children are  so called transient wheezers.19 

Currently asthma cannot be cured; however, early identification of children with a high risk 

of developing asthma and assigning appropriate treatment can help control the disease 

and increase the quality of life for affected children.11,20
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Diagnosis of asthma

One of the main reasons for patients referring to the general practitioner is seeking informa-

tion about the nature and prognosis of their medical condition.21 The challenge of diagnosis 

is to determine probabilities that are as specific as possible to a particular patient.22-24 

Diagnosis is the door to prognosis and a proper diagnosis helps physicians to take the 

next steps in clinical decision making. Also, for secondary prevention, emotional 

acceptance, family members and other significant others, and lifestyle decisions, 

a diagnosis is important. 

Currently there is no agreement on the exact pathophysiology of asthma. Therefore, it is 

unclear which definition truly identifies asthma. Heterogeneity and a lack of a standardized, 

worldwide accepted definition of (childhood) asthma is complicating an accurate diag-

nosis of the disease. Spirometric measurements (FEV1, FVC, FEV1/FVC ratio) are recom-

mended in the guidelines in patients over 5 years of age.25,26 For preschool children there 

exists no reference test to evaluate lung function, because valid spirometric measurements 

require full cooperation and sufficient airflow, both difficult in this age group.27 Also, in a 

general practice setting measures directly available at the time of evaluation and initiation 

of management are preferable, like clinical history or patients’ response to treatment. As a 

result, asthma in children is often under-diagnosed and under-treated, which is an impor-

tant factor for the considerable burden for patients and their families. 

Several research groups have derived prediction indices to predict asthma later in life.28-39 

A prediction index is a tool, using variables of history, physical examination, or a simple 

test to provide the probability of an outcome, prognosis, or likely response to treatment in 

an individual patient and therefore might contribute to more guided treatment or preven-

tion strategies.40,41 The Apgar score, to predict survival during the neonatal period in new-

born infants, is probably the most well-known example.42 From these previously published 

indices we know that information about clinical history (e.g. symptoms of wheezing, eczema, 

rhinitis infections, feeding, etc), about family history (e.g. parental atopy) and additional 

tests (e.g. eosinophila, IgE antibodies, etc) might be useful in predicting asthma.28-34,36,38 

Besides creating clearness in the challenging diagnosis, there are of course difficult issues 

involved in. For example, previous research taught us that allergy is strongly associated 

with asthma and several indices recommend allergy testing in young children suspected 

of developing asthma.12,14,26,43 Others discourage testing in preschool children because the 

prevalence of aeroallergen sensitizations in young children is very low and after an initially 

negative test children may still seroconvert.2,44,45 Meaning that a negative test can convert 

to a positive test later in life. It is not fully understood when this conversion usually occurs 

and what the impact might be on the prediction of asthma. Another difficulty with these 

indices is, that they are not directly suitable for children at high risk of developing asthma 

presenting in general practice. Children in most cohorts underlying these indices were 

selected from a general population and/or symptoms were only collected with question-
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naires and/or convenient but probably invalid outcome measurements were used. For 

example ‘persistent wheeze’ instead of ‘asthma’ as an outcome is frequently used.29,31-33,36,38 

With the current knowledge we can not foretell whether the complaints in preschool chil-

dren, presenting to a general practitioner with airway complaints, will be transient or persistent, 

only afterwards. The challenge is to predict probability of developing persistent complaints 

or asthma at the time the child presents with respiratory complaints in general practice. 

Also, the absence of an operational disease definition has consequences for many different 

aspects of the disease. In research for example, the absence of a single worldwide accepted 

definition leads to unwarranted variation in assessing prevalence estimates and preva-

lence difference between countries. Also, it might result in limited ability to generalize 

scientific findings and therefore it is impossible to create overall accepted standards toward 

assessment of diagnostic strategies and management recommendations in national and 

international guidelines. 

Treatment

Currently, treatment options are listed in national and international guidelines. Neverthe-

less, there is no explicit consensus about the relative magnitude of effect of the available 

therapeutic options. A stepped care approach for the treatment of young children is 

recommended, [refs Gina and NIHLB, British GL, NHG] aiming at elimination of the symp-

toms in the acute phase and preventing or reducing the frequency and severity of future 

symptoms. However, the available scientific literature on treatment of asthma in preschool 

children precludes giving evidence based treatment recommendations. Moreover, rand-

omized trials (RCTs) in these young children in general practice are only few.

Design of ARCADE

We set out the AiRway Complaints and Asthma DEvelopment (ARCADE) study, a multicenter, 

prospective cohort study in 2004. High risk preschool children were selected from one of 

the pertinent 14 general practices in three areas in the western part of the Netherlands. 

The study ended in 2011, when all participants turned six years of age. 

ARCADE is a longitudinal study. It is known that participant retention is of key importance 

to ensure valid results. But it may be challenging to maintain contact with participants in 

longitudinal research and requires dedication and endurance from study personnel. Indi-

viduals who participate in observational research often do not directly benefit whilst their 

investment of time and effort may be considerable. 

Subjects 

Eligible for participation were one- to five-year-old children, at risk of developing asthma. 

‘At risk’ was defined as ‘visited the general practitioner (GP) with recurrent coughing (≥ 



12

CHAPTER 1 

2 visits), wheezing (≥ 1 visit) or shortness of breath (≥ 1 visit) in the previous twelve months’. 

The most important exclusion criterium was a confirmed diagnosis of asthma at inclu-

sion. In total 1,938 children were eligible. They had visited the GP with the respiratory com-

plaints in the previous twelve months or following six months after the start of ARCADE, or 

had visited the GP at least two times with the symptom of coughing. Finally, 771 (40%) of the 

children were enrolled in the ARCADE study. All children in this prospective cohort study 

were followed until the age of six years.

For all measurements see table 1.1.

Table 1.1. Time frame of the study, including details of the type of contacts with the study 

population in the various phases of the study

3
5

Table 1.1. Time frame of the study, including details of the type of contacts with the study population in the various phases of the study

Age at T0 T6 T12 T18 T24 T30 T36 T42 T48 T54 Tend
baseline Base- 0.5 yr 1 yr 1.5yrs 2 yrs 2.5 yrs 3 yrs 3.5 yrs 4 yrs 4.5 yrs 5 yrs
(yrs) line

question- QoLb question- QoLb question- total IgE2 question- QoLb question- QoLb question-
naire naire naire & sIgE2

c naire naire naire
1 total IgE & QoLb QoLb QoLb QoLb QoLb spirometry

sIgEa & MCTd

QoLb QoLb End

question- QoLb question- total question- QoLb question- QoLb question-
naire naire IgE2 naire naire naire

2 total IgE & QoLb & sIgE2
c QoLb QoLb spirometry

sIgEa QoLb & MCTd

QoLb QoLb End

question- total question- QoLb question- QoLb question-
naire IgE2 naire naire naire

3 total IgE & & sIgE2
c QoLb QoLb spirometry

sIgEa QoLb & MCTd

QoLb QoLb End

question- QoLb question- QoLb question-
naire naire naire

4 total IgE & QoLb spirometry
sIgEa & MCTd

QoLb QoLb End

question- QoLb question-
naire naire

5 total IgE & spirometry
sIgEa & MCTd

QoLb QoLb End

a. total IgE & sIgE: Immunoglobulin E measurement, total and specific against dog dander, cat dander or house-dust-mite

b. QoL: Quality of Life measurement

c. total IgE2 & sIgE2: Second measurement before the age of 4 years if first total IgEa & sIgEa are negative

d. MCT: Methacholine Challenge Test

Tabellen Lonneke v7_B
asis B

oekje  14-06-13  12:30  P
age 35
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Questionnaires Background & Symptoms & Quality of Life 

The parents of the children, annually, received a questionnaire on (changes in) housing 

conditions, family history of allergy, asthma and eczema, presence of pets, breastfeeding, 

and asthma-related symptoms until the children reach the age of six years. Information 

about wheezing, rhinitis, eczema, cough, and phlegm was obtained by the Core Ques-

tionnaire of the International Study of Asthma and Allergy in Children (ISAAC).46 Every six 

months the parents received a (health related) Quality of Life (QoL) questionnaire (PAQLQ/CHQ).47,48 

Allergy

At entry, blood samples were obtained from the children by a convenient method (finger 

prick)49, in their own general practice, for in vitro measurement of serum total immunoglob-

ulin E (total IgE) and antigen specific immunoglobulin E (sIgE) directed against house dust 

mite (Dermatophagoides pteronyssinus; DerP), cat and dog dander. Perennial sensitization 

was defined as a IgE-level of more than 0.35 kU/l to house dust mite, cat and/or dog dander. 

If the children under 4 years had a sIgE-negative status at entry, they were contacted and 

requested to repeat the measurement before the age of 4 years, to assess early seroconversion. 

Spirometry and bronchial hyperresponsiveness 

At six-years of age spirometry and bronchial hyperresponsiveness (BHR) assessments 

(using: Pulmoassist 2 spirometer (Jaeger, Würzburg, Germany)) is obtained in children 

with symptoms (wheezing, shortness of breath or recurrent coughing) or use of asthma 

medication (Beta-2-agonists, ICS) during the prior twelve months. BHR to increasing doses 

of methacholine is measured according to the modified method of Cockroft et al (using: 

DeVilbiss 646 nebulizer (DeVilbiss, Somerset, MA, USA), with an output of 0.13 ml/min).50 

The parents of children using asthma medication were asked to withhold all bronchodila-

tors for 48 hours prior to the test.

Outcome: asthma status at age six

The diagnosis of asthma at six years of age was defined as: ‘having persistent symptoms 

of asthma, and/or using asthma medication in the last year in combination with BHR 

(defined as the methacholine dose (<8.0 mg/ml) causing 20% reduction in forced 

expiratory volume in 1 second (PC20-FEV1))
51 or reversibility (>10% increase in FEV1 after 

short acting beta-2-agonists)’. Persistent symptoms were defined as ‘self reported complaints 

during the previous twelve months of wheezing and/or shortness of breath and/or recurrent 

coughing’. Children who had not experienced asthma related symptoms in the previous 

year or who had not used asthma medication were not invited for lung function measurement. 

They were considered as not having asthma.
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Objectives of the study

The objectives of this thesis were firstly to address the problem of participant retention in 

longitudinal research. We studied if a lottery-style incentive strategy in an observational 

cohort study is a good option to make long-term data collection in longitudinal studies 

more efficient. Secondly, knowing that many definitions are used in observational studies 

we studied what definitions of asthma in young children are used. And, consequently, what 

the impact is of the choice of definition on prevalence and performance of prediction models. 

Thirdly, to evaluate the occurrence and relation of several risk factors and respiratory 

symptoms for a diagnosis of asthma at the age of six years; what is the probability of having 

asthma, given the various risk factors in preschool children? The different risk factors or 

determinants of asthma can be seen as single or as multivariate tests. First objective will 

be achieved by developing an easy-to-use, multivariable prediction index that can effi-

ciently, accurately and correctly predict the probability of having asthma at age 6 years for 

preschool children in general practice. 

In addition we studied the added value of immunoglobuline E (IgE) seroconversion in 

non-sensitized preschool children at high risk for developing asthma.  We assessed the 

prevalence of IgE seroconversion in preschool children with airway complaints and it’s 

usefulness in predicting asthma at age six years. The lack of evidence for treatment 

recommendations in asthmatic children leaded to the final objective to assess the 

most effective pharmacological treatment in 5 to 18 year-old children/adolescents with 

moderate persistent asthma. We reviewed all existing randomized trial-based evidence 

specifically to rank the different drug treatments in terms of effectiveness. 

Outline of the current thesis

Chapter 2 addresses the general issues regarding participant retention in longitudinal 

research, with long-term follow-up and repeated measurements. We present the results 

of a factorially designed, randomized controlled trial, nested in the ARCADE cohort study, 

about the role of incentives to keep participants on board. Children were, at the entry of 

ARCADE, assigned in one of three lottery-style strategies or control aimed at increasing 

response, logistical efficiency and retention.

In chapter 3 provides an overview of the variation in operational definitions found in the 

international literature and its effect on asthma prevalence estimates and the performance 

of prediction models.

In chapter 4 we present the development and performance of a novel Clinical Asthma 

Prediction Score (CAPS). CAPS is an easy to use tool for physicians to predict the pres-

ence of asthma at the age of six years in preschool children presenting with airway complaints 

using information collected in general practice. 

Chapter 5 describes the prevalence of seroconversion to specific aeroallergens and the 
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relation with the asthma diagnosis at age of six years in non-sensitized preschool children. 

Chapter 6 provides the results of an extensive systematic review of the literature, on the 

efficiency of treatment options in 5 to 18 year-olds with moderate persistent asthma. Also a 

tentative network meta-analysis of the included randomized controlled trials and the rea-

sons why this method failed are described.

Finally, in the last chapter, the general discussion, overall findings and reflection to the 

research methods of chapter 2 to 6 and implications for the study are provided.
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