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General discussion

Currently, asthma management in preschool children is hampered by lack of knowledge 

about the aetiology and pathophysiology. There is no widely accepted operational disease 

definition. In addition, there are no objective tests to diagnose asthma especially in 

pre-schoolers, no worldwide consensus on how to measure treatment effects and, as a 

consequence, no firm evidence based treatment recommendations in the guidelines. To 

help physicians with clinical decision making, clinical guidelines have been developed. 

However, ideally, guidelines culminate in evidence based recommendations and support 

evidence based medicine which has been defined as “the conscientious, explicit and 

judicious use of current best evidence in making decisions about the care of individual 

patients”.1,2

In this thesis we provide insight in the variation of operational definitions of asthma, and 

the impact of the choice of a definition on asthma prevalence estimates and the perfor-

mance of prediction models. Moreover, we evaluated in preschool children the various 

risk factors for the development of asthma later in life and we developed an easy-to-use 

prediction index for asthma in preschool children attending general practice. These 

issues were investigated in the existing literature and in the AiRway Complaints and Asthma 

DEvelopment (ARCADE) study, a prospective cohort study among one- to five-year-old 

Dutch children at risk of developing asthma, presenting to the general practitioner with 

airway complaints. Additionally, we tried to rank the different drug treatment options for 

asthma in school-aged children with moderate to severe asthma in terms of effectiveness 

using evidence synthesis of existing randomized trials.

In the current chapter, the main findings of this thesis, some reflections on methodological 

issues and implications for daily practice will be discussed.

Main findings

Although much has been written about the epidemiology of asthma in children, published 

data are heterogeneous because a uniform operational definition and uniform methods 

of data gathering are lacking. The definition of asthma in young children is complex and 

varies across authoritative sources.3-5 The operational definitions used in empirical studies 

differ. In chapter 3 we described a study for which we extracted data from PubMed on defi-

nitions used to diagnose asthma in paediatric cohort studies (children between 6 and 18 

years of age). We found 60 different definitions in 122 papers. We determined prevalence 

estimates using the particular operational illness definitions and found that prevalences 

varied between 15 and 51%. Predictive probabilities also varied immensely as a function of 

the choice of definition. 

At present, in a general practice setting, among preschool children with respiratory symp-

toms, there is no gold standard to predict which child will develop (or has) asthma, despite 
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a number of well known risk factors in the literature for the development of asthma. In our 

study, the respiratory symptoms the children had when they presented to the general prac-

titioner were recurrent coughing (≥ 2 visits), wheezing (≥ 1 visit) or shortness of breath (≥ 1 

visit) in the previous twelve months. In chapter 4 we presented the results of adding specif-

ic serum IgE (sIgE) to a multivariable approach of easily accessible and known risk factors 

for the prediction of paediatric asthma. In the above mentioned cohort, we collected data 

about (changes in) housing conditions, family history of allergy, asthma and eczema, pres-

ence of pets, breastfeeding, and asthma-related symptoms. We also performed sIgE meas-

urement and, via a multivariable, stepwise, data-analytic approach, developed an easy-to-use clini-

cal asthma prediction score (CAPS) for preschoolers at high risk of asthma in a general 

practice. Five, predictors, also known from the literature, were selected for the CAPS: age, 

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

in absence of common colds, and sIgE. We measured CAPS’s performance looking at its 

discrimination and calibration, initially excluding the most invasive test, sIgE, and compared 

it to the model that included sIgE. We found that about 11.23% of the patients were correctly 

reclassified by adding sIgE to the CAPS. 

In chapter 5 we described a study in which we investigated the magnitude of the serocon-

version rate for sIgE in children who tested negative to aeroallergens. It is unknown whether 

a serum sIgE negative child, in which sIgE is measured before the age of three years, will 

or will not seroconvert at an older age. Also, it is unknown at what age sIgE measurements 

should be repeated. This is clinically relevant because sensitization to an inhalant allergen 

is strongly associated with the development of asthma. Some clinicians discourage testing 

in preschool children because the prevalence of aeroallergen sensitizations in young chil-

dren is lower than in school children with asthma.6-9 We found a seroconversion rate of less 

than 10% in the initially sIgE negative children in our cohort. Also, we found that serocon-

version as a single test adds no further information on the probability of asthma at age six 

years, although larger studies are needed.

In school children with asthma many studies describe the (often positive) therapeutic 

effects of the different anti-asthma drugs, such as inhaled corticosteroids (ICS), short 

and long acting beta-adrenergic (SABAs and LABAs) drugs, combination of ICS ant 

LABA, leukotriene receptor antagonists,  theophyllines and oral prednisone. Therapy 

recommendations in guidelines are preferably based on level A evidence.10 This requires 

the presence of a substantial number of well designed randomized controlled trials 

(RCTs), with a substantial number of participants, in the relevant population, with 

consistent patterns of findings. In chapter 6 we performed an extensive literature 

search for RCTs performed in 5 to 18 year-old children/adolescents with moderate 

persistent asthma. Our aim was to estimate relative effectiveness and create a ranking in 

effectiveness of asthma medication for children. We reported how the large variation 

in choices of outcome measurements and the ways these were reported prevented us 



155

General Discussion

from doing the necessary calculations. This also made formal network meta-analyses 

impossible. Consequently, we were not able to confirm that the recommendations 

in treatment guidelines for asthma in children are based on level A evidence. There 

is an urgent need for consensus about outcome measurements of asthma and reporting 

methods. Subsequently, these standards should be implemented promptly in all 

future research about prevalence, diagnostic strategies and management. If we take 

lung function measurement, FEV1, as an example, of the 23 studies we included in 

our systematic review, 21 studies reported FEV1, but in only 8 of these studies the 

reported method of the measurements was similar. 

Methodological considerations

Generalizibility 

The inclusion criteria, presenting to the general practitioner with persistent cough-

ing, wheezing or shortness of breath, of our cohort study were chosen to correspond 

well with the population that presents to the general practitioner and may be sus-

pected of having or developing asthma. This is in contrast to other existing indices 

that were developed in general populations.11-20 Our study was performed in 14 gen-

eral practices in an urban agglomeration in the western part of the Netherlands. The 

inclusion criterion persistent coughing is debatable because some find it a less con-

vincing symptom than wheezing or shortness of breath.21 Nevertheless, we think that in 

general practice, persistently coughing in children is within the domain of children 

at high risk of having or developing asthma. This assumption is reinforced by the 

results of an earlier study from our group that demonstrated that the asthma preva-

lence was 26.4% in a general practice population of children presenting with persistent cough-

ing.14 Additional, the aim of our inclusion criteria was to enrol the high risk children 

presenting with airway complaints to the general practitioner. In a disease which 

is characterized by recurrent attacks with symptoms of wheeze, shortness of breath, 

chest tightness and cough; the general practitioner can not rely solely on his own 

physical examination, but also on parental reporting of symptoms. The recognition 

of wheezing by parents remains problematic. Noisy breathing is certainly not uncom-

mon among infants. It must be borne in mind that it is difficult for parents to recog-

nize wheezing and the accurate identification of wheezing by medical history alone 

is virtually impossible: definitions of terminology used by parents and physicians to 

describe a variety of symptoms, including wheeze, are often quite dissimilar.22 Never-

theless, these children presents with airway complaints and therefore they are within 

the domain of our target population of being at high risk of having or developing 

asthma, and consequently they are entitled to a fair assessment of their probability 

on developing asthma. 
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Diagnosis of asthma

Asthma 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))
23 

or reversibility (>10% increase in FEV1 after short acting b2-agonists)’. All children 

with airway complaints and/or asthma medication use in the previous year up to their 

sixth birthday were invited for the reference test: spirometry and a hyperresponsiveness 

test. Still, our asthma definition remains debatable. We chose a strict definition to avoid 

over treatment in young children. But some physicians believe that asthma should be 

defined solely through clinical manifestations, with characterising intervals of symptom- or 

symptom-free-periods, and that there is thus no need for further tests. However, there is no 

consensus about symptom-free intervals, some might believe they could be even longer 

than a year,24 although we think that is very unlikely. Therefore, we consider the rather strict 

asthma definition used in our cohort study as a valid definition and applicable in today’s practice. 

In the cohort study, children without complaints and without asthma medication use in the 

previous year up to their sixth birthday were considered as not being asthmatic. We were 

forced to abandon initial plans to perform spirometry and a hyperresponsiveness test in all 

children entering the cohort because the Central Committee on Research involving Human 

Subjects would not allow it. 

Variable selection

Diagnosis is at the heart of general practice.25 A diagnosis, and consequently prognosis, 

helps physicians to take the next steps in clinical decision making. In general, physicians 

use results of multiple tests in the diagnostic process. The Bayesian interpretation, of 

Thomas Bayes (1701-1761) an English mathematician and Presbyterian minister, whose 

theorem is fundamental to Bayesian statistics, expresses how a subjective degree of be-

lief should rationally change to account for evidence. Translated to general practice, the 

general practitioner adjusts the probability of a diagnosis in the light of new information. 

All single steps from patient characteristics, single or multiple questions in history taking, 

findings of the physical examination, additional laboratory test results, can be consid-

ered as single diagnostic tests. We are inclined to believe that single tests have a sensi-

tivity and specificity of their own. However, it cannot be generally expected that a test’s 

sensitivity is constant over different degrees of prior testing. In daily practice single tests 

will be affected by the patients profile of test results up to the current test.26 Combining single 

tests is more than adding single test characteristics; it should be analyzed in a stepwise 

fashion, like the steps a physician would take in clinical practice, an ideal combina-

tion of single tests can expand to a sequential set of tests, with an overall sensitivity and 

specificity of the complete sequence. Ideally, there exists a reference test, eligible for the 

target population and at a reasonable price. Unfortunately, there is no such test for pre-
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school asthma. Therefore, predicting the outcome of a future test is at this moment the 

best choice, while keeping in mind that the lack of a worldwide accepted gold standard 

to diagnose asthma at school age is an important shortcoming in predicting, and there-

fore the clinical value of a prediction index 

To be practical for a physician and also for reducing unnecessary burden to the patient 

and costs, a diagnostic model needs to be simple while still being accurate. In our study, 

as described in chapter 4, variables were selected by Bootstrapped Backward Selection 

(BBS), a strategy that ideally includes 5 to 30 candidate variables.27 Also, the number of 

candidate variables should not exceed the number of patients with asthma divided by 

ten. We found a prevalence of 42.7% (187 cases). This means that the maximum number 

of candidate variable was about 18.28-30 In accordance with the (statistical) literature, 

pre-selection of variables was done by a combination of subject matter knowledge from 

literature (paper consensus) and expert opinion (the Delphi method).27,30 Twelve candidate 

variables were selected. Before logistic regression analysis to derive the prediction model, 

we checked for linearity in the one continuous variable, age, and checked if transformation 

to polynomial was needed. This seemed not to be necessary. To counteract over-optimism 

of our model and  enhance its validity outside our data set, the coefficients of the five 

selected variables (age, family history of asthma and/or allergy, wheezing-induced sleep 

disturbances, wheezing in absence of common colds, and sIgE) were moderated, that is 

they were multiplied by a fixed heuristic shrinkage factor of size 0.949.31 Nonetheless, a 

prediction index should be validated in another, comparable, population.

The selected variables being predictive in CAPS are plausible and compare well to the 

predictors included in other indices. Age was only found in one model14, though parental 

atopy is present in 60% of the indices11,14,18,20,32 , wheeze in 50%11,12,14,15 and allergic sensitiza-

tion in 70%.11,14,18-20,32 While no other frequently reported predictors were missed, the next 

most selected predictor is eczema in 40% of the indices. 

Two decision thresholds were selected, a lower limit below which we assumed that many 

physicians may well choose a “wait and see” policy. We set an upper limit, assuming that 

physicians may pursue a more active management. The choice of these thresholds is 

arbitrary and different thresholds may lead to different results. As far as we are aware, 

there exists no advice in the literature and the relevant thresholds may be different in 

different situations. For example, in a diagnostic tool for identifying children at risk, the 

upper limit seems more relevant than if ruling out would be the goal. Also, if a more active 

management strategy is required, for example starting with anti-inflammatory drug, the 

upper limit is more relevant. We chose a lower limit to rule out asthma (25-30%), and an 

upper limit of 60% to rule it in, which implies an area of indecision between the prob-

abilities of 25-30% and 60%. 
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Added value of sIgE 

In chapter 4, we calculated the model performances of a prediction score for the model 

including age, family history, wheezing-induced sleep disturbances, and wheezing in the 

absence of cold, including IgE. Subsequently, we calculated the model performances of 

a model including age, family history, wheezing-induced sleep disturbances, and wheez-

ing in the absence of cold, but excluding IgE. By reclassification calculations we showed 

that 11.23% of the children were correctly reclassified by a model, which included sIgE 

compared to a model without sIgE. Since the added number of points in case of a posi-

tive sIgE test is 2 to the total CAPS, it implies that executing an additional invasive test is 

most useful in children with a prior score of 5 or 6 points because in that case they can 

be reclassified from an intermediate probability to a high probability of developing asthma, by 

moving from a probability of less than 60% to more than 60%. In all other cases, the 

physician could deliberate with the parents about any additional value of the invasive 

test at that moment.  

Limited added value of seroconversion

In case sIgE against aeroallergens was determined and proved to be negative, it is an 

option to repeat the measurement a few years later. Evidence from our cohort study, 

described in chapter 5, showed that in almost 90% the repeated sIgE test will still be 

negative, independent of whether the child had very high probability of developing 

asthma. Once negative sensitization in a preschool child suggests that potential sero-

conversion will not provide helpful information for diagnosing asthma. Therefore, we 

do not recommend repeating sIgE measurements in young children. 

Prevalence

Despite a rather strict definition of asthma in our cohort study, we found a prevalence of 

42.7% of childhood asthma at age six, which appears to be higher than in most other study 

populations for developing a prediction index. This relatively high prevalence is the conse-

quence of selecting participants in the correct clinical domain. In the general population 

of Western Europe, the prevalence estimates vary between 7.5% in Germany up to 22.9% 

in the UK..33 In the development of a prediction index that is applicable in general practice 

for high risk children, one may expect a high prevalence as a result of preselection. Cohort 

prevalences below 20% are expected in the development of prediction indices applicable 

for the general population, for example an internet tool for concerned parents or an index 

for the well-baby clinic, in case the child does not have such severe complaints to consult 

their general practitioner and turn out to have a history as the ones we required for 

participation in the cohort. For example, Caudri et al developed a prediction index in a 

Dutch general population study to predict asthma at age 7 or 8 years and found a 

prevalence of 11%.12 
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Missing data

Missing data jeopardize the validity or credibility of many studies. Therefore, striving 

for completeness of data collection is a key issue for any project. Overall, ARCADE 

had a high dropout rate, despite reminders and intensive telephone calls to the parents 

by research assistants. Also, to increase response rates we implemented a lottery 

incentive for returning the questionnaires. We found similar response rates in the in-

terventions groups, who were contending for the prizes and in the control group, and 

no effect of the incentive was seen. Unfortunately, as we described in chapter 2, a lot-

tery style incentive like we used appeared not to be the key to increase response rates.

We decided to include for analysis of the prediction model, described in chapter 4, all chil-

dren with complete data at baseline and endpoint (diagnosis). Missing data along the way 

were multiple imputed.34. If children missed the final diagnosis, the outcome, we excluded 

them from analysis. Imputation of the outcome is not preferred.35 To investigate potential 

selective dropout, we used multivariable logistic regression. We analyzed the dropout first, 

on inclusion criteria (n=730), coughing, wheezing or shortness of breath.36 Second, we 

analyzed selective dropout using the other candidate variables (n=597). Dropout seemed 

higher in children of parents who smoked (OR=1.88) and children with persistent (>1 month) 

coughing at baseline (OR=1.62). Parental smoking is a recognized risk factor in the litera-

ture.37,38 It is plausible that smoking increases the risk of asthma. Therefore, we may have 

underestimated the true prevalence of asthma, which may lead to asthma predictions 

that are too low in new populations (calibration). However, to the extent that the effect of 

parental smoking goes through wheezing, the model corrects for it because wheezing was 

retained as a predictor in the final model.

The relationship between persistent cough and asthma appears to be weak at best. There-

fore, we think that the selective dropout associated with it is unlikely to affect model perfor-

mance much. Finally, the follow-up for ARCADE was extended from 2 years of follow-up 

for all participants to a follow-up duration until all participants turned 6 years. Therefore, 

we required explicit renewal of informed consent of the participants still included after 

two years. Unwillingness to participate in the extended follow-up may partly account for 

the high dropout rate. Unwillingness could be caused by, for example, disappearance of 

the complaints soon after inclusion in the study and a loss of interest in the development 

of asthma. The opposite may also be the case; if the child experiences lots of complaints 

and is already visiting many physicians; the parents might want to protect the child of more 

medicalization. All in all, the exact impact of drop-out on the performance of CAPS is 

difficult to quantify. External validation will be the proof of the pudding.

Treatment / Network Meta-Analysis

The major problem with the approach of the systematic review on treatment, as described 

in chapter 6, was the variation of outcomes and the way these were reported in the litera-
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ture reviewed. However, this is for several outcome measurements not entirety surprising 

given the very long time interval covered by the literature (in excess of 20 years). There has 

been substantial evolution as to what asthma outcomes are most relevant over the past 2+ 

decades, for example, clinical measurement of FeNO and routine and standardized meas-

urement of quality of life were unheard of 20 years ago. Used outcome measures may not 

have been inappropriate at the time – the fact that they do not fit our criteria in 2010 for a 

meta-analysis should not be blamed on the original authors’ choices only. Nonetheless, 

there is an urgent need for treatment trials in asthmatic children with harmonized outcome 

measurements.

Implications for daily practice

A major difference between most existing indices and the CAPS is the target population 

in which the index can be used. An index can be used as a screening tool in the general 

population or as a predictive tool in a high risk, clinical population. Although most indi-

ces claim to be a diagnostic tool in a clinical setting, although developed in a general 

population with low prevalence, such claims must be questioned. If the aim of a prediction 

index is diagnostic, a high positive predictive value (PPV; e.g., probability that a child 

with a positive prediction rule result will have asthma at school age), a high specificity 

(e.g., probability that a child free of asthma at school age had a negative prediction rule 

result at preschool age) and a positive likelihood ratio (LR+) of more than 5 are neces-

sary to be the index considered as informative to identify the preschool children who will 

have asthma at age 6 years. This is not the case in existing indices. PPVs range from 23 

to 75 (mean 43.7), specificities range from 33% to 99% (mean 84.7%) and LR+ from 1.1 

to 12 (mean 4.8).39 Taken together, it implies that the tools have insufficient clinical value 

and might be better used as a screening tool for a general population followed by a 

confirmation of the diagnosis in a clinical setting. Also, most indices have a dichotomous 

outcome, while CAPS has a continuous output scale and provides specific probabilities 

(and their confidence intervals) for the different patient profiles. 

A CAPS greater than 6 too does not have the all predictive ability needed in a diagnostic 

tool, with a PPV of 74.3, a LR+ of 2.9 and a specificity of 64%. This implies that by using 

CAPS a considerable number of children at high risk will not be identified as such and 

remain in the intermediate risk group. Nonetheless, the CAPS has a additional value for 

daily practice. 

In the general practice setting a ”watchful waiting” policy is accepted and the general 

practitioner can follow up high risk cases especially those children who are in the 

area of clinical indecision, and start pharmaceutical therapy in the children with even 

higher probabilities of developing asthma. In conclusion, this study showed that the 

CAPS may be a useful predictive tool to evaluate the probability of having (developing) 

asthma in preschool children presenting with airway problems to a general practi-
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tioner. Once there is consensus about the operational definition of asthma and the best 

reference test, even better predictions can be made. 

The current Dutch guideline for asthma in children (NHG standard M24) uses the same 

inclusion criteria as were used in our cohort and describes nicely the symptoms and 

additional available test to decrease or increase the probability of asthma.40 A defini-

tion of asthma and a risk assessment of the symptoms and tests are missing in the current 

guideline. Our easy-to-use point system, with the corresponding probabilities may be 

of additional clinical value for patient, parent and physician.

Suggestions for future research

This study and its reflections focus on asthma in childhood, it has become clear that 

asthma is difficult to predict and diagnose. For implementation of our prediction model, 

external validation is needed. Further, analysis of the effect of the prediction index on 

the clinician’s behaviour and clinical outcome should be done to provide more insight 

of the possible effect of using the CAPS on health benefit. For implementation in the 

current guidelines, the Dutch guideline for cardiovascular risk management41 could be 

taken as an example. The different probabilities for the disease can be divided in risk-

profiles, represented in different colours. Consequently, accompanying management 

and therapeutic instructions should be given. In addition to validation and imple-

mentation research, cost-effectiveness analysis of using the CAPS in clinical practice 

should be performed.42 

Early diagnosis and risk factors of asthma has been studies widely, and with respect to 

future investigations, there are several methods that need further investigation. These 

include analyses of biomarkers, for example in exhaled breath with the electronic nose43, 

allergen exposure/sensitization in early life44 and investigating of genetic profiles45 and 

translation of these data into preventive or therapeutic interventions. 
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