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

responsiveness and chronic structural changes of the airways (remodelling). Asthma is 

the most common chronic disease among children. Currently, asthma management in 

preschool children is hampered by lack of knowledge about the aetiology and patho-

physiology. There is huge variation in the operational definitions of asthma, which leads 

to unwarranted variation in assessing prevalence estimates and prevalence 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. Risk factors for asthma in childhood have been studied widely. Nevertheless, 

heterogeneity of the disease and a lack of a standardized, worldwide accepted definition 

of (childhood) asthma, complicates accurate diagnosis of the disease. Also, currently there 

exists no reference test to evaluate lung function for preschool children. There is no explicit 

consensus about the relative magnitude of effect of the available therapeutic options. 

These factors effect that it is practically impossible for preschool children to diagnose 

asthma, while this group may benefit by a timely diagnosis.

To study asthma in young children in general practice we set up a longitudinal prospec-

tive cohort study in preschool children at high risk of developing asthma, the AiRway 

Complaints and Asthma DEvelopment (ARCADE). The aims of the current thesis were 

1) to evaluate the impact of two strategies to enhance completeness and efficiency in 

observational cohort studies, 2) to provide an overview of what definitions of asthma in 

young children are used in observational studies and what their impact is on prevalence 

estimates and diagnosis, 3) the development of an asthma prediction score for high risk 

children who present at the general practitioner with airway complaints, 4) the added 

value of immunoglobuline E (IgE) seroconversion in non-sensitized preschool children at 

high risk for developing asthma, and finally 5) to assess the most effective pharmacologi-

cal treatment in 5 to 18 year-old children/adolescents with moderate persistent asthma.

The second chapter describes a factorial designed randomized trial on the effect of 

non-monetary incentive strategies on response rates in observational longitudinal 

research. For these analyses we used data of 771 children between 2 and 5 years old 

and their parents participating in ARCADE. All participants were randomized to three 

intervention groups and a control group. Three types of lotteries were run: (I) daytrip 

tickets for the whole family to a popular amusement park if they returned all postal 

questionnaires, (II) €12.50-worth gift vouchers for sending back the questionnaire on 

time after each questionnaire round and (III) a combination of (I) and (II). Primary 

outcome was the proportion of participants who returned all questionnaires without 

any reminder. Secondary outcomes were “100% returned with or without reminder”, 
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“probability of 100% non-response”, “probability of withdrawal”, “proportion of re-

turned questionnaires” and “overall number of reminders sent”. Neither daytrip nor 

voucher intervention had an effect on the proportion of participants who returned all 

questionnaires (RD -0.01; 95% CI-0.07 - 0.06) and (RD 0.02; 95% CI-0.50 - 0.08), respective-

ly. No effects were found on the secondary outcomes. We concluded that our findings 

did not support the idea that lottery-style incentives lead to more complete response 

to postal questionnaires in observational cohort studies with repeated data collection 

and follow-up durations of around 2 years.

In chapter 3, we systematically reviewed the definition of asthma used in cohort studies. 

We searched Medline (PubMed) and extracted data of definitions used to diagnose child-

hood asthma (between 6 and 18 years) published between 1998 and 2008. We included 

122 articles, which yielded 60 different definitions. Next, to assess the impact of different 

asthma definitions on prevalence estimates and on the prediction model’s performances, 

we used data from 186 children of ARCADE.  We constructed and compared four predic-

tion models which all predict asthma at age six years, using a fixed set of predictors and 

four different definitions in turn. We defined an area of clinical indecision (posterior prob-

ability between 25% and 60%) and calculated the number of children who remained inside 

this area. Prevalence estimates varied between 15.1% and 51.1% depending on the asthma 

definition used. The percentage of children whose posterior asthma probability was in 

the area of clinical indecision varied from 14.9% to 65.3%. We concluded that variation in 

definitions and its effect on the performance of prediction models may be another source 

of otherwise inexplicable variation in daily clinical decision making. We call upon more 

uniformity of operational asthma definition.

In chapter 4 we describe and present the development of an easy-to-use clinical asthma 

prediction score (CAPS) for preschoolers with symptoms suggesting asthma who present 

in primary healthcare. A setting-specific asthma prediction score for preschool children 

with wheezing and/or dyspnoea presenting in general practice was needed, since exist-

ing indices are mainly based on general populations. To find an optimally informative, 

yet practical set of predictors for the prediction of asthma in preschool children at high 

risk who present in primary healthcare, we used data on asthma symptoms and envi-

ronmental conditions were obtained using validated questionnaires, specific IgE (sIgE) 

and bronchial hyperresponsiveness of 438 children (56.8%) of ARCADE.  Asthma was 

prevalent at six years in 42.7%. Using bootstrapped multivariable regression methods we 

developed the prediction score, the CAPS. Five parameters optimally predicted asthma: 

age, family history of asthma or allergy, wheezing-induced sleep disturbances, wheezing 

in absence of common colds, and sIgE. CAPS ranges from 0 to 11 points. CAPS <3 sig-

nify a negative predictive value of 78.4%; scores of ≥7 signify a positive predictive value 
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of 74.3%. CAPS may guide shared decision-making to tailor the need for medical or 

nonmedical interventions , for example, the parents and physicians can adapt a proac-

tive attitude in case the score is positive and case of a negative score a watchful attitude 

justifies. It may also prove useful in the design and analysis of randomized trials.

In addition to chapter 4, we present in chapter 5 the seroconversion rate from a confirmed 

negative to a positive IgE sensitization status to cat, dog or house dust mite dander and 

its association with allergic asthma. Evidence on what proportion of preschool children 

seroconvert from an earlier negative to a positive sensitization status to specific common 

aeroallergens is scarce. The predictive performance of such seroconversion for the occur-

rence of allergic asthma at the age of six years was not known. We assessed the asthma 

status at the age of six years of 72 wheezing or coughing preschool children who were 

sIgE-negative between the age of two and four years and who underwent repeated spe-

cific immunoglobulin E measurement. We determined the seroconversion rate and its sen-

sitivity, specificity for prediction of asthma. The seroconversion rate was 7/72 (9.7%; 95%CI 

from 4.8 to 18.7). For 13 children asthma status at age six years was unknown. 1/7 (14.3%) 

of seroconverters and 11/52 (21.2%) of non-seroconverters had asthma at age six years. 

Sensitivity of seroconversion was 8.3% (95%CI from 1.4 to 35.4), specificity 87.2% (95%CI 

from 74.8 to 94.0). We concluded that seroconversion and thus repeated measurement of 

sIgE after an initial negative test has limited additional value in predicting the development 

of allergic asthma. Because only one in ten preschoolers seroconvert to sIgE positivity after 

an earlier negative test for aeroallergens between preschool and six years of age. 

For the systematic review to rank the different drug treatments of GINA guideline steps 3&4 

in terms of effectiveness in chapter 6 we performed a comprehensive search in Central, 

Medline, Embase, CINAHL and the WHO search portal. 8,175 references were screened 

by two reviewers. 23 randomized trials (RCT) met the inclusion criteria and were selected, 

comparing 17 head-to-head and 10 trails against placebo, performed in 4,129 children 

from 5-18 year old, with moderate persistent asthma comparing any GINA step 3&4 medi-

cation options. Further quality was assessed according the Cochrane Collaboration’s 

tool and data-extracted included papers and a network of the trials was built. Except for 

theophylline as add-on therapy in step 4, a closed network allowed all comparisons to be 

made, either directly or indirectly. Unfortunately, due to huge variation in, and incomplete 

reporting of, outcome measurements across RCTs assessment of relative efficacies was 

precluded. Several attempts to perform ranking of treatments with formal statistical meth-

ods employing direct and indirect (e.g. through placebo) connections between all treat-

ments were done. Due to considerable and irresolvable discrepancies, we decided that 

formal meta-analysis seemed irresponsible. We concluded that evidence-based ranking 

of effectiveness of drug treatments in GINA steps 3&4 is not possible yet. Existing initiatives 

for harmonization of outcome measurements in asthma trials need urgent implementation.
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In the final chapter, we provide a summary of the main findings and the general discussion 

with reflections on methodological issues and implications for daily practice. Most impor-

tant conclusions drawn from the studies are although much has been written about the 

epidemiology of asthma in children; published data are heterogeneous due to lacking of 

a uniform operational definition and uniform methods of data gathering. We found 60 dif-

ferent operational definitions used in 122 papers from observational studies, the choice of 

definition has impact on prevalence estimates and predictive probabilities. 

Five, predictors, known from the literature, optimally predicted asthma and were selected 

for the CAPS: age, family history of asthma or allergy, wheezing-induced sleep distur-

bances, wheezing in absence of common colds, and sIgE. CAPS is an easy-to-use clinical 

asthma prediction score (CAPS) for preschoolers with symptoms suggesting asthma who 

present at the general practitioner. We found a seroconversion rate of less than 10% in the 

initially sIgE negative children in our cohort. Also, we found that seroconversion as a single 

test adds no further information on the probability of asthma at age six years, although 

larger studies are needed. Evidence-based ranking of effectiveness of drug treatments in 

GINA steps 3&4 by systematic review with network meta-analysis is not possible yet. There 

is an urgent need for harmonization of outcome measurements in asthma trials. 


