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Abstract

Background: Asthma is a difficult diagnosis to establish in preschool children. A few years ago, our group
presented a prediction rule for young children at risk for asthma in general practice. Before this prediction rule
can safely be used in practice, cross-validation is required. In addition, general practitioners face many therapeutic
management decisions in children at risk for asthma. The objectives of the study are: (I) identification of
predictors for asthma in preschool children at risk for asthma with the aim of cross-validating an earlier derived
prediction rule; (2) compare the effects of different treatment strategies in preschool children.

Design: In this prospective cohort study one to five year old children at risk of developing asthma were selected
from general practices. At risk was defined as 'visited the general practitioner with recurrent coughing (> 2 visits),
wheezing (> 1) or shortness of breath (> |) in the previous 12 months'. All children in this prospective cohort
study will be followed until the age of six. For our prediction rule, demographic data, data with respect to clinical
history and additional tests (specific immunoglobulin E (IgE), fractional exhaled nitric oxide (FENO), peak
expiratory flow (PEF)) are collected. History of airway specific medication use, symptom severity and health-
related quality of life (QoL) are collected to estimate the effect of different treatment intensities (as expressed in
GINA levels) using recently developed statistical techniques. In total, 1,938 children at risk of asthma were
selected from general practice and 771 children (40%) were enrolled. At the time of writing, follow-up for all 5-
year olds and the majority of the 4-year olds is complete. The total and specific IgE measurements at baseline
were carried out by 87% of the children. Response rates to the repeated questionnaires varied from 93% at
baseline to 73% after 18 months follow-up; 89% and 87% performed PEF and FENO measurements, respectively.

Discussion: In this study a prediction rule for asthma in young children, to be used in (general) practice, will be
cross-validated. Our study will also provide more insight in the effect of treatment of asthma in preschool
children.
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Background

Asthma is the most prevalent chronic illness in children.
It is an inflammatory disorder of the airways and is
strongly associated with airway hyperresponsiveness and
symptoms like wheezing, shortness of breath, and cough-
ing [1,2]. Potential predictors for asthma in childhood or
later in life have been studied widely. Predictors that have
already been identified include environmental factors; i.e.
exposure to allergens [3-6], tobacco smoke [7,8] , respira-
tory (viral) infections [9-11], and diet (particularly breast-
feeding) [12]. But also 'non environmental' factors such as
sex [13,14] and obesity [15,16] are predictors for asthma.
It is thought that early identification of children at high
risk for asthma may improve their management resulting
in fewer respiratory symptoms, exacerbations and emer-
gency medical visits while improving their quality of life
(QoL) and preventing loss of lung function and airway
remodelling over time [17-20].

A few studies have derived prediction rules to predict
asthma later in life [21-23]. Perhaps the most well known
prediction rule (clinical asthma-risk index) was developed
in the Tucson Children's Respiratory Study by Castro-Rod-
riguez et al. [22]. This prediction rule was constructed in
preschool children from the general population with
symptoms of frequent wheezing. Although this prediction
rule is helpful to identify children at high risk of (develop-
ing) asthma later in life in the general population, it can-
not automatically be used in general practice. Factors that
determine which children will visit the general practi-
tioner (GP) are not incorporated in the Tucson prediction
rule, influencing the strength of the components in the
rule. Also a diagnosis of asthma later in life was based on
surveys which is a less objective measure compared to a
clinical outcome based on spirometry and hyperrespon-
siveness.

Therefore, Eysink et al. [23] presented a prediction rule for
general practice with factors that determine which chil-
dren will visit the GP. This prediction rule also used an
objective outcome measure of asthma at age six; i.e. a
combination of current symptoms (complaints of wheez-
ing and/or shortness of breath and/or recurrent coughing)
and/or use of 3, agonists and/or inhaled corticosteroids
during the previous 12 months in combination with air-
way hyperresponsiveness to methacholine (PC,, FEV; <
8.0 mg/ml, or > 10% increase in FEV, after rapid acting f3,
agonists (salbutamol) inhalation if baseline airflow
obstruction precluded the methacholine challenge). The
Eysink prediction rule was based on age at presentation,
wheezing, family history of allergy for pollen, and specific
immunoglobulin E (IgE) to house dust mite, cat and dog
dander. Although the asthma probability varied from
1.3% to 94.5% with a bootstrapped area under the curve
(AUC) between 0.78 to 0.92, it is essential that the rule is
validated prospectively on a separate population before
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use in practice [24]. Clinical prediction rules typically
demonstrate reduced performance in a new patient popu-
lation because they are optimally modeled to the original
data set. In the present study Eysink's existing prediction
rule will be cross-validated.

Although prediction of asthma in preschool children is
important with a view to prevention, the GP also faces
therapeutic management decisions in these children at
risk of developing asthma. Currently, treatment intensity
is categorized according to the international Global Initi-
ative for Asthma guidelines (GINA) [25]. However,
according to GINA, available literature on treatment of
asthma in preschool children precludes detailed treat-
ment recommendations. Moreover, randomized trials
(RCTs) in these young children in primary care are not
forthcoming. Therefore, we will determine the effect of
different treatment intensities (GINA levels) on symp-
toms and QoL in preschool children at risk for asthma in
a prospective cohort setting. In our population-based pro-
spective cohort study, we will compare the effects of no
treatment and the different GINA treatment intensity lev-
els most commonly used by Dutch GPs. The prescription
histories will shed an indirect light on treatment adher-
ence (frequency of repeat prescriptions), but the main
strength of our approach is that we learn about real-life
effects of what physicians prescribe/advise, incorporating
real-life adherence levels.

The AiRway Complaints and Asthma DEvelopment
(ARCADE) prospective cohort study has two main objec-
tives. First, we will cross-validate the prediction rule of
Eysink et al. Second, the effect of different treatment strat-
egies on symptoms and QoL in preschool children will be
compared.

This article reviews the study design and baseline data of
the children in this general practice based study.

Methods and design

The ARCADE study is an ongoing multicenter, prospective
cohort study which started in 2004 and will end in 2011,
when all enrolled children have reached the age of six
years. Additional file 1 shows the time frame of the study,
including details of the type of contacts with the study
population in the various phases of the study. The study
was approved by the Central Committee on Research
Involving Human Subjects (CCMO/P04.0098C).

Enrollment of children and time frame

In three areas in The Netherlands, one to five year old chil-
dren at risk to develop asthma were selected from 14 gen-
eral practices. Children at risk for asthma were defined as
'visited the general practitioner with recurrent coughing (>
2 visits), wheezing (> 1) or shortness of breath (> 1) in the
previous 12 months'.

Page 2 of 9

(page number not for citation purposes)



BMC Pulmonary Medicine 2009, 9:13

Figure 1 shows the flow of patients through the study.
Briefly, Parents of eligible children received mailed infor-
mation (including a reply card) about the study from their
GP (stage 1). On the reply card the parent(s) could indi-
cate whether they considered participation in ARCADE. A
reminder letter was sent to parents who had not returned
the reply card, 7 days after the mailing. All parents that
indicated considering participation in the study received
detailed written information (with an informed consent
form) from the researchers (stage 2). After seven days a
reminder was sent to all parents who had not returned the
informed consent form. Subsequently, all parents who
had not responded to the reminder were approached by
telephone. Parents of children who returned a signed
informed consent form were included in ARCADE.

Validation and updating of asthma prediction rule

Sample size calculation

The final prediction rule will contain up to 5-10 variables,
taking into account practical efficiency. A widely accepted
rule is that for each variable about 10 cases are required to
prevent over-fitting of the model (Events Per Variable
rule) [26]. This implies that 100 cases of asthma are
needed to model these 10 variables. We expect the preva-
lence of asthma in the ARCADE cohort to be about 15%.
With the inclusion of 771 children in the study, we may
screen 11 variables. This prediction rule will be validated

T-1 - Search electronic

Children assessed for eligibility (n=3020) ‘
medical records GP

Excluded — children did not meet inclusion
criteria (n=1082)
Parents received invitation letter (n=1938) ‘

Returned reply card (n=587)
Yes, consider participation (n=427)

No, do not consider participation (n=160)

TO - Invitation letter,
information + reply card,
sent by GP

T1 - Reminder sent by GP Reminder letter to non-responders (n=1351)

Returned reply card after reminder (n=644)
Yes, consider participation (n=495)

No, do not consider participation (n=149)

Parents that consider participation (n=922)

—b{ Excluded — known temporary stay (n=1) ‘

T2 - Information letter,
detailed information + IC,
sent by researchers

Parents received information letter (n=921)

Returned IC (n=307)
Yes, want to participate (n=258)

No, do not want to participate (n=49)

T3 — Reminder sent by
researchers

Reminder letter to non-responders (n=614)

Returned IC within 8 days after reminder (n=255)
Yes, want to participate (n=223)
No, do not want to participate (n=32

Phone call to non-responders (n=359) ‘

T4 - Phoned by researchers ‘

[ Final participation rate (n=771/1938, 40%) |

Figure |
Flowchart of children in the study. IC: Informed consent
GP: General practitioner.
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with the existing one of Eysink et al., as is recommended
in the pertinent literature [24].

Measurements (Additional file [)

Questionnaire background & symptoms

The parents of the children, annually, receive a question-
naire on (changes in) housing conditions, family history
of allergy, asthma and eczema, presence of pets, breast-
feeding, and asthma-related symptoms until the children
reach the age of 6. Information about wheezing, rhinitis,
eczema, cough, and phlegm is obtained by the Core Ques-
tionnaire of the International Study of Asthma and Allergy
in Children (ISAAC) [27].

Allergy

Total immunoglobulin E (total IgE) and specific immu-
noglobulin E (specific IgE) directed against house dust
mite, cat and dog dander is determined by radioaller-
gosorbent test (RAST) at baseline [22,28]. Children under
4 who tested negative at baseline will be retested at the age
of 4, to assess the predictive value of sero-conversion. A
convenient method (finger prick) for sampling blood for
analyses of total and specific IgE is used [28].

IgE positivity to house dust mite, cat and/or dog dander is
defined as > 0.35 kU/1.

Inflammatory markers

Fractional Exhaled Nitric Oxide (FENO) is measured in
the hospital or general practice at age 5 using an offline
technique. Exhaled air is collected in a NO-impermeable
Mylar balloon (ABC balloons, Zeist, The Netherlands). All
balloons are analyzed in a NO-analyzer (Aerocrine AB;
Sweden) within a time period of 6-8 hours after taking
the samples [29].

Spirometry at age 5

Peak expiratory flow (PEF) is measured twice daily over a
period of 14 days at age 5. PEF is performed on a One
Flow FVC Memo (Clement Clark International, Essex,
United Kingdom) by the children in their home environ-
ment, after a personal demonstration by a research assist-
ant. The One Flow FVC Memo measures and stores the
PEF automatically. Thus, errors due to incorrect reading
and registration are prevented [30].

Outcome (asthma at age 6)

Asthma is defined as a combination of current symptoms
(complaints of wheezing and/or shortness of breath and/
or recurrent coughing) and/or use of asthma medication
(B, agonists and/or inhaled corticosteroids) during the
previous 12 months in combination with airway hyperre-
sponsiveness to methacholine. Airway hyperresponsive-
ness is defined as PC,, FEV, < 8.0 mg/ml, or > 10%
increase in FEV, after rapid acting beta-2-agonists (salb-
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utamol) inhalation if baseline airflow obstruction pre-
cluded a methacholine challenge [31].

Spirometry is obtained using a Pulmoassist 2 spirometer
(Jaeger, Wiirzburg, Germany). Bronchial responsiveness
to increasing doses of methacholine (PC,,) is measured
with a gauged DeVilbiss 646 nebulizer (DeVilbiss, Somer-
set, MA, USA) with an output of 0.13 ml/min according to
the modified method of Cockroft et al. [32]. Children on
asthma-medication will withheld all bronchodilators 48
hours before the test. In case of shortness of breath chil-
dren receive ongoing rapid acting beta-2-agonists up to 8
hours before the test.

Statistical analysis prediction rule

At the time of writing, a failsafe model selection strategy
on which all statisticians and other experts in diagnostic
and predictive modeling agree does not appear to exist.
However, in his book 'Regression modeling strategies
(2001)' [33] , Harrell made some general proposals for
researchers to tailor to the specific circumstances. We
intend to use penalized logistic regression, and Tib-
shirani's lasso (least absolute shrinkage and selection
operator) [34] in particular to combine the requirements
of counteracting overoptimism (shrinkage of regression
coefficients) while leaving the opportunity that some
coefficients are set to zero, which serves the requirement
of a parsimonious model.

Bootstrapping will be used to estimate the penalization
coefficient [34]. As a form of sensitivity analysis, we shall
also explore Sauerbrei and Schumacher's bootstrapped
stepwise regression [35] (p-entry = 0.15; p-remove = 0.20;
predictor retained if selected in >70% of bootstrap sam-
ples; method = forward) to see how well these approaches
concur. We will avoid univariable preselection of predic-
tors. The linearity assumption will be checked for all con-
tinuous predictors. The final model will be bootstrapped.

Discrimination of the model will be visualized in high res-
olution histograms and summarized as 5th, 10th, 25th
50th, 75th, 90th, and 95th centiles of these, Brier score
and the area under the receiver operating characteristics
curve (ROC) with 95% confidence intervals (overall dis-
crimination) [36].

Using the regression coefficients of the independent diag-
nostic indicators, an easy to use, multivariable diagnostic
rule (asthma prediction rule) will be derived, consisting of
relevant tests and their diagnostic values.

Effect of different treatment intensities

Continuous registration of treatment by GP

As children reach the age of 6 and follow-up ends, the
medication prescription histories within the ARCADE
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period will be read from the GPs' electronic medical
records and classified into one of the Global Initiative for
Asthma Guidelines [25] levels for treatment. As medica-
tion histories may change over time, they will be treated
as time-varying exposures.

Continuous registration of respiratory symptoms by GP

The GPs will score nine common airway symptoms (such
as symptoms of coughing, wheezing and shortness of
breath) in a standardized way 'A9-form'. These items are
scored each time a child participating in ARCADE visits
the GP with airway complaints. Registration will be car-
ried out in an electronic way (a pop-up menu).

QoL measurements

Every 6 months until the children reach the age of 6, the
parents of the children receive a (health related) QoL
questionnaire (PAQLQ/CHQ) [37,38].

Measurements of outcome

The main outcome measures are mean severity level
(number of symptoms scored as positive) and health-
related QoL. These measures will be calculated at specific
time-points (e.g. the effect at 12 months after initiation)
and longitudinally over time.

Statistical analyses medication strategies

The causal effect of interest is that of treatment strategies
(GINA classified) on complaint severity and (health-
related) QoL. However, complaint intensity and QoL act
as time-dependent confounder and intermediary factor at
the same time. Complaint intensity acts as time-depend-
ent confounder because children with more severe com-
plaints are more likely to receive more aggressive
treatment, and present complaint level may predict future
complaint intensity. It acts as intermediate variable
because the treatment they receive may change com-
plaints and thus complaints are in the intermediate path-
way to QoL. The same holds true for QoL and complaint
intensity and QoL may also influence each other. Analysis
of the treatment effect using standard methods (such as
Cox regression), adjusting for the confounding by indica-
tion by including both variables in the model will then
cause bias [39]. In particular, the indirect effect of treat-
ment through complaints will be lost by conditioning on
complaint level.

We will use more recently developed methods for causal
inference from observational data, such as marginal struc-
tural models (MSM) [40-49]. Marginal structural models
use the detailed information on each child to predict treat-
ment allocation (more severe complaints on average trig-
ger more intense treatment levels) and adjust for it
appropriately. This yields estimates of the causal effect of
treatment comparable to that obtained from a RCT,
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assuming that all important confounders are measured
and correctly adjusted for.

We plan to study the effects of fixed treatment levels as
well as the effects of dynamic treatment regimes. The latter
analysis emulates a RCT in which one treatment arm may,
for example, receive the following (dynamic) regime:
immediately step up one GINA level if complaints are not
fully controlled (as measured by our nine clinical items).
This may be compared to a regime stipulating that the
number of levels to be stepped up must depend on the
degree of non-control (partly uncontrolled - uncon-
trolled - exacerbation) [50-53].

Discussion

Results

Patient selection and participation

For the ARCADE cohort, 3020 children were selected from
14 general practices in three cities in The Netherlands
between October 2004 and July 2006 (figure 1). On aver-
age, 138 children (range 44 to 426) per practice were iden-
tified from the electronic medical records of the GPs by
using search terms related to coughing, wheezing and
shortness of breath. One researcher (KvW) verified the
computer search by checking case notes and a total of
1,938 children were defined as 'at risk' for developing
asthma and deemed suitable for ARCADE by their GP.

Table I: Characteristics of children enrolled in the study
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Reasons for non-approval included (important) comor-
bidity, known temporary stay in the region or parents
unable to read or understand Dutch or English. Of all chil-
dren, 921 parents considered participation - returned the
reply card, wanted to receive detailed information and an
informed consent (IC) form. In total 771 parents were
enrolled in the cohort study. The overall participation rate
was 40% (771/1938). The children of parents that were
enrolled in the study did not differ on age, sex and symp-
toms at onset to the children that were not enrolled (Table

1).

Compliance with the study protocol (after |8 months of follow-up)
As the assessment schedule shows (Table 2), ARCADE col-
lects data on covariates at baseline and annually using
questionnaires (e.g. ISAAC and QoL). The response rates
to these repeated questionnaires varied from 93% at base-
line to 74% after 18 months of follow-up. After 18
months of follow-up, 49 parents indicated that they did
not want to participate any longer. The reasons why par-
ents indicated to stop included lack of time, lost interest
in the study or child did not have airway complaints any-
more.

Total serum IgE and specific serum IgE, performed at base-
line, resulted in a response rate of 87%. After a follow-up
of 18 months, 131 5-year old children have been invited

Enrolled in the study (%)

(n=771)

Not enrolled in the study (%)
(n=1167)

Sex
Male
Female
Age at onset
|
2
3
4
5
Symptoms at onset
One respiratory symptom
Cough (2%)
Wheeze
Shortness of breath

Two respiratory symptoms
Wheeze and cough

Shortness of breath and cough
Shortness of breath and wheeze

Three respiratory symptoms
Shortness of breath, wheeze and cough

432 (56.0) 630 (54.0)
339 (44.0) 538 (46.1)
267 (34.6) 349 (29.9)
220 (28.5) 343 (29.4)
127 (16.5) 227 (19.5)
121 (15.7) 203 (17.4)
36 (4.7) 45 (3.9)
518 (67.2) 897 (76.9)
420 (54.5) 763 (65.4)
57 (7.4) 83 (7.1)
41 (5.3) 51 (44)
195 (25.3) 221 (18.9)
121 (15.7) 150 (12.9)
55 (7.1) 55 (4.7)
19 (2.5) 16 (1.4)
58 (7.5) 49 (4.2)
58 (7.5) 49 (4.2)

Numbers are n (percentages in parentheses)
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Table 2: Details of follow-up of the first 18 months of the cohort study

Number of children invited to perform

Number of children that performed

measurement measurement

Questionnaire

Baseline — symptoms and Qol? 771 718 (93.1)

Follow-up at 6 months — Qol2 755 643 (85.2)

Follow-up at |2 months — symptoms and 707 551 (77.9)

Qol2

Follow-up at 18 months — QolL? 610 450 (73.8)
Total and specific IgE measurement b 771 670 (86.9)
NO-measurements © 131 114 (87.0)
PEF-measurements d 131 117 (89.3)

Numbers are n (percentages in parentheses)
2 QolL: Quality of Life measurement

b IgE: Immunoglobulin E

¢<NO: Nitric oxide measurement

d PEF: Peak Flow measurement

to perform a peak flow measurement and a FENO-meas-
urement. Data were complete for 89% and 87%, respec-
tively.

Outcome (asthma at age 6)

After 18 months of follow-up, 32 children in the ARCADE
cohort reached the age of 6, of whom seven did not have
respiratory symptoms nor used asthma medication in the
previous 12 months. These children were defined as not
having asthma. The remaining 25 children (77%) had
complaints of wheezing and/or shortness of breath and/
or recurrent coughing and/or had used asthma medica-
tion in the previous 12 months. These children were all
invited for a methacholine challenge test to confirm or
refute a diagnosis of asthma.

Discussion

The ARCADE study started two years ago and is an ongo-
ing multicenter, prospective cohort study in which a pre-
diction rule for 1 to 5 year old children at risk for
developing asthma will be constructed. Also, the effects of
frequently used 'real-world' treatment strategies on
asthma severity in young children will be estimated.

Children were eligible for ARCADE if they were at risk of
developing asthma; i.e. they visited their GP with com-
plaints of coughing, wheezing and/or shortness of breath.
We were able to select 1,938 children from the electronic
medical records of the GPs and recruited 40% of those
identified as at risk. Participation rates increased with the
number of respiratory symptoms in the previous year. In
the coming years all children will be followed until the
age of 6.

Choices of methods in our study

Validation and updating of asthma prediction rule

For the construction of the prediction rule we collect data
easy to obtain in general practice. Therefore we chose
demographic data, data with respect to clinical history
and additional tests that can easily be performed in gen-
eral practice; i.e. total and specific IgE, FENO, and PEF.
Measuring FENO using an offline technique is time con-
suming and expensive [29] however currently FENO can
be measured with the 'NIOX mino' [54] , a small device
that provides quick and easy FENO data. Other additional
tests that could be performed in young children are the
interrupter technique (Rint) and exhaled breath conden-
sate (EBC). Although, the (additional) value of these tests
is at present studied on a large scale, these measurements
cannot be performed in general practice and were there-
fore not included in our study.

Several studies have postulated that early use of inhaled
corticosteroids could prevent the onset of asthma and sug-
gest over-treatment at a young age since inhaled corticos-
teroids appears to be effective in reducing symptoms in
high-risk young children with frequent wheezing [17-20].
However, recent large RCT studies of Bisgaard et al. [55]
and Guilbert et al. [56] showed that it seemed unlikely
that early treatment prevents asthma. Therefore, we deter-
mined not to include the use of asthma medication such
as B, agonists and inhaled corticosteroids during the study
period as a variable in our prediction rule.

Effect of different treatment intensities
We will compare the effects of no treatment and the differ-
ent GINA treatment intensity levels most commonly used
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by Dutch GPs in a prospective cohort study. Although one
might prefer a rigorous RCT, even these do not always
shed light on all aspects that are relevant for treatment
decisions. This is so because many RCTs are atypical in
several aspects: atypical patients (restrictive clinical
domain), atypical levels of compliance (good monitor-
ing), atypical quality and compliance of concomitant
treatment (strict protocols), and, finally, not all relevant
treatment strategies may be compared (companies prefer
placebo-controls over head-to-head comparisons
although the latter are often far more relevant). Our pop-
ulation-based prospective cohort study avoids all these
atypical features. We lack the safety net of randomization.
We are confident however, that important confounders
are measured reliably in our study.

Problems

During follow-up a number of parents indicated that they
did not want to participate any longer. Reasons to stop
participating in the study included lack of time, loss of
interest in the study or disappearance of airway com-
plaints. Dropping out from the study due to reasons that
affect the outcome of asthma at age six is called informa-
tive censoring and needs to be corrected for. To estimate
the effect of treatment on an outcome, the sample is
weighted to correct for informative censoring. This is done
by estimating for each individual, at each time point, the
probability of her observed censoring history given her
observed covariate history. The weights are the inverse of
these probabilities. By weighting in this manner, individ-
uals with a "rare" censoring history (for example
unhealthy, but late censoring) receive a larger weight,
whereas individuals with a more common censoring his-
tory (for example unhealthy and early censoring) are
assigned a smaller weight. Via weighting, the sample will
resemble a sample in which no informative censoring is
present.

Conclusion

The ARCADE study is an ongoing multicenter, prospective
cohort study in which an existing prediction rule for 1 to
5 year old children at risk of developing asthma, will be
validated and updated when needed. Also, the effect of
different treatment strategies in young pre-school chil-
dren, carried out by the GP, will be compared. This will
provide more insight in treatment of asthma in young
children since available literature on treatment of asthma
in pre-school children precludes detailed treatment rec-
ommendations.

Abbreviations

ARCADE study: AiRway Complaints and Asthma Devel-
opment study; AUC: Area under the curve; CCMO: Cen-
tral Committee on Research Involving Human Subjects;
FENO: Fractional exhaled nitric oxide; FEV;: Forced expir-

http://www.biomedcentral.com/1471-2466/9/13

atory volume in one second; GINA: Global INitiative for
Asthma guidelines; GP: General practitioner; IC:
Informed Consent; IgE: Immunoglobulin E; ISAAC: Inter-
national Study of Asthma and Allergy in Children; MSM:
Marginal structural models; PC,,: Concentration of meth-
acholine that induced a 20% fall in FEV,; PEF: Peak expir-
atory flow; QoL: Quality of Life; RCT: Randomized
controlled trial; ROC: Receiver operating characteristics
curve.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

KvW participated in working out the protocol, wrote the
first draft of this article and will analyse the data. GtR par-
ticipated in the design of the study, coordinates the
project and helped to draft the article. WvA, RG, LvdM,
JM, WvdW, PB participated in the design of the study and
JM also helped to collect the data. PB commented on arti-
cle concepts, is the project leader of the study, and super-
vised the project.

All authors have read and approved the final manuscript.

Additional material

Additional file 1

Table s1. The AiRways Complaints and Asthma Development
(ARCADE) time frame

Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2466-9-13-S1.doc]

Acknowledgements

This study was financially supported by the Netherlands Asthma Founda-
tion (3.4.02.20 and 3.4.06.078). We would like to thank the general practi-
tioners in Almere, Amsterdam Zuidoost, Beverwijk and Castricum for their
cooperation. We would further like to thank all children and their parents
for participating in the study and Pauline van Steenwijk, MSc, for her inval-
uable help with selecting the computerized records of the GPs from the
general practices at Almere. And Machteld l)ff, MSc, for her assistance.

References

l. Busse WW, Lemanske RF: Asthma.
344:350-362.

2.  Tattersfield AE, Knox AJ, Britton JR, Hall IP: Asthma. The Lancet
2002, 360:1313-1322.

3. Sporik R, Holgate ST, Platts-Mills TA, Cogswell J): Exposure to
house-dust mite allergen (Der p 1) and the development of
asthma in childhood. A prospective study. N Engl | Med 1990,
323:502-507.

4. Celedon JC, Litonjua AA, Ryan L, Platts-Mills T, Weiss ST, Gold DR:
Exposure to cat allergen, maternal history of asthma, and
wheezing in first 5 years of life. Lancet 2002, 360:781-782.

5. Melén E, Wickman M, Nordvall SL, van Hage-Hamsten M, Lindfors A:
Influence of early and current environmental exposure fac-

N Engl | Med 2001,

Page 7 of 9

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1471-2466-9-13-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11172168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2377175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2377175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2377175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12241839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12241839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12241839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11421923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11421923

BMC Pulmonary Medicine 2009, 9:13

20.

21.

22.

23.

24.

25.

26.

tors on sensitization and outcome of asthma in pre-school
children. Allergy 2001, 56:646-652.

Almgqvist C, Egmar AC, van Hage-Hamsten M, Berglind N, Pershagen
G, Nordvall SL, et al.: Heredity, pet ownership, and confounding
control in a population-based birth cohort. | Allergy Clin Immu-
nol. 2003, 111(4):800-806.

Strachan DP, Cook DG: Health effects of passive smoking. 6.
Parental smoking and childhood asthma: longitudinal and
case-control studies. Thorax 1998, 53:204-212.

Dezateux C, Stocks J, Dunas |, Fletcher ME: Impaired Airway
Function and Wheezing in Infancy. The Influence of Mater-
nal Smoking and a Genetic Predisposition to Asthma. Am |
Respir Crit Care Med 1999, 159(2):403-410.

Gern JE, Busse WW: Relationship of viral infections to wheez-
ing illnesses and asthma. Nat Rev Immunol 2002, 2:132-138.
Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B: Respiratory
syncytial virus bronchiolitis in infancy is an important risk
factor for asthma and allergy at age 7. Am | Respir Crit Care Med
2000, 161:1501-1507.

Stein RT, Sherrill D, Morgan W], Holberg CJ, Halonen M, Taussig LM,
et al: Respiratory syncytial virus in early life and risk of
wheeze and allergy by age |13 years. Lancet 1999, 354:541-545.
Friedman NJ, Zeiger RS: The role of breast-feeding in the devel-
opment of allergies and asthma. Journal of Allergy and Clinical
Immunology 2005, 115:1238-1248.

Horwood L}, Fergusson DM, Shannon FT: Social and Familial Fac-
tors in the Development of Early Childhood Asthma. Pediat-
rics 1985, 75:859-868.

Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan
WJ: Asthma and wheezing in the first six years of life. The
Group Health Medical Associates. N Engl | Med 1995,
332:133-138.

Beuther DA, Weiss ST, Sutherland ER: Obesity and Asthma.
American Journal of Respiratory and Critical Care Medicine 2006,
174:112-119.

Shore SA, Fredberg JJ: Obesity, smooth muscle, and airway
hyperresponsiveness. Journal of Allergy and Clinical Immunology
2005, 115:925-927.

Bisgaard H, Allen D, Milanowski ], Kalev I, Willits L, Davies P:
Twelve-Month Safety and Efficacy of Inhaled Fluticasone
Propionate in Children Aged | to 3 Years With Recurrent
Wheezing. Pediatrics 2004, | 13:e87-e94.

Pao CS, McKenzie SA: Randomized Controlled Trial of Flutica-
sone in Preschool Children with Intermittent Wheeze. Amer-
ican Journal of Respiratory and Critical Care Medicine 2002,
166(7):945-949.

Roorda RJ, Mezei G, Bisgaard H, Maden C: Response of preschool
children with asthma symptoms to fluticasone propionate. |
Allergy Clin Immunol 2001, 108:540-546.

Teper AM, Kofman CD, Szulman GA, Vidaurreta SM, Maffey AF: Flu-
ticasone Improves Pulmonary Function in Children under 2
Years Old with Risk Factors for Asthma. American Journal of Res-
piratory and Critical Care Medicine 2005, 171(6):587-590.

Balemans WA, van der Ent CK, Schilder AG, Sanders EA, Zielhuis GA,
Rovers MM: Prediction of asthma in young adults using child-
hood characteristics: Development of a prediction rule. | Clin
Epidemiol 2006, 59(11):1207-1212.

Castro-Rodriguez JA, Holberg CJ, Wright AL, Martinez FD: A clini-
cal index to define risk of asthma in young children with
recurrent wheezing. Am | Respir Crit Care Med 2000,
162:1403-1406.

Eysink PE, ter Riet G, Aalberse RC, van Aalderen WM, Roos CM, van
der Zee JS, et al.: Accuracy of specific IgE in the prediction of
asthma: development of a scoring formula for general prac-
tice. BrJ Gen Pract 2005, 55:125-131.

Steyerberg EW, Borsboom GJ, van Houwelingen HC, Eijkemans M),
Habbema |D: Validation and updating of predictive logistic
regression models: a study on sample size and shrinkage. Sta-
tistics in Medicine 2004, 23(16):2567-2586.

NHBLI/WHO Workshop Report: Global Strategy for Asthma
Management and Prevention. Global Initiative for Asthma.
Revised 2007. National Institutes of Health and National Heart,
Lung and Blood Institute. NIH Publication No 02-3659; 2007. Ref
Type: Report

Steyerberg EWV, Bleeker SE, Moll HA, Grobbee DE, Moons KG:
Internal and external validation of predictive models: A sim-

27.

28.

29.

30.
31
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

http://www.biomedcentral.com/1471-2466/9/13

ulation study of bias and precision in small samples. | Clin Epi-
demiol 2003, 56:441-447.

Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al.:
International Study of Asthma and Allergies in Childhood
(ISAAC): rationale and methods. Eur Respir | 1995, 8:483-491.
Stapel SO, Eysink PED, de Vrieze |, Aalberse RC: IgE testing in cap-
illary blood. Pediatric Allergy and Immunology 2004, 15(3):230-233.
Pijnenburg MWV, Lissenberg ET, Hofhuis W, Ghiro L, Hop WCJ, Hol-
land WP, et al.. Exhaled nitric oxide measurements with
dynamic flow restriction in children aged 4-8 yrs. Eur Respir |
2002, 20(4):919-924.

Kamps AW, Roorda R}, Brand PLP: Peak flow diaries in childhood
asthma are unreliable. Thorax 2001, 56:180-182.

Cockeroft DW: Bronchoprovocation methods - Direct chal-
lenges. Clinical Reviews in Allergy & Immunology 2003, 24:19-26.
Cockeroft DW, Killian DN, Mellon ]], Hargreave FE: Bronchial
reactivity to inhaled histamine: a method and clinical survey.
Clin Allergy 1977, 7:235-243.

Harrell FE Jr: Regression modelling strategies. With applica-
tions to linear models, logistic regression and survival analy-
sis. New York Springer. | AD

Tibshirani R: The lasso method for variable selection in the
cox model.  Statistics in Medicine 1997, 16:385-395 [http://
www3.interscience.wiley.com/cgi-bin/fulltext/9702/PDFSTART].
Sauerbrei W, Schumacher M: A Bootstrap Resampling Proce-
dure for Model-Building — Application to the Cox Regres-
sion-Model. Statistics in Medicine 1992, 11:2093-2109.

Harrell FE, Lee KL, Mark DB: Multivariable prognostic models:
Issues in developing models, evaluating assumptions and
adequacy, and measuring and reducing errors. Statistics in
Medicine 1996, 15:361-387.

Juniper EF, Guyatt GH, Feeny DH, Ferrie P}, Griffith LE, Townsend M:
Measuring quality of life in children with asthma. Qual Life Res
1996, 5:35-46.

Raat H, Bonsel GJ, Essink-Bot ML, Landgraf JM, Gemke R|BJ: Reliabil-
ity and validity of comprehensive health status measures in
children: The Child Health Questionnaire in relation to the
Health Utilities Index. | Clin Epidemiol 2002, 55:67-76.

Robins JM, Hernan MA, Brumback B: Marginal structural models
and causal inference in epidemiology. Epidemiology 2000,
11:550-560.

Choi HK, Hernan MA, Seeger |D, Robins JM, Wolfe F: Methotrex-
ate and mortality in patients with rheumatoid arthritis: a
prospective study. Lancet 2002, 359:1173-1177.

Cole SR, Hernan MA, Robins JM, Anastos K, Chmiel |, Detels R, et al.:
Effect of highly active antiretroviral therapy on time to
acquired immunodeficiency syndrome or death using mar-
ginal structural models. Am | Epidemiol 2003, 158:687-694.

Cole SR, Hernan MA, Margolick JB, Cohen MH, Robins JM: Marginal
structural models for estimating the effect of highly active
antiretroviral therapy initiation on CD4 cell count. Am | Epi-
demiol 2005, 162:471-478.

Cole SR, Hernan MA, Anastos K, Jamieson BD, Robins JM: Deter-
mining the effect of highly active antiretroviral therapy on
changes in human immunodeficiency virus type | RNA viral
load using a marginal structural left-censored mean model.
Am | Epidemiol 2007, 166:219-227.

Hernan MA, Brumback B, Robins JM: Marginal structural models
to estimate the causal effect of zidovudine on the survival of
HIV-positive men. Epidemiology 2000, 11:561-570.

Hernan MA, Brumback BA, Robins JM: Estimating the causal
effect of zidovudine on CD4 count with a marginal structural
model for repeated measures. Statistics in Medicine 2002,
21:1689-1709.

Hernan MA, Hernandez-Diaz S, Robins JM: A structural approach
to selection bias. Epidemiology 2004, 15:615-625.

Hernan MA, Robins JM: Instruments for causal inference — An
epidemiologist's dream? Epidemiology 2006, 17:360-372.

Hernan MA, Robins JM: Estimating causal effects from epidemi-
ological data. | Epidemiol Community Health 2006, 60:578-586.
Sterne JA, Hernan MA, Ledergerber B, Tilling K, Weber R, Sendi P, et
al: Long-term effectiveness of potent antiretroviral therapy
in preventing AIDS and death: a prospective cohort study.
Lancet 2005, 366:378-384.

Lavori PW, Dawson R: Dynamic treatment regimes: practical
design considerations. Clinical Trials 2004, 1:9-20.

Page 8 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11421923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11421923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12704361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12704361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9659358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9659358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9659358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11910895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11910895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10806145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10806145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10806145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10470697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10470697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3991272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3991272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7800004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7800004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17027432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17027432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11029352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11029352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11029352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15720934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15720934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15720934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15287085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15287085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12812818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12812818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12812818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7789502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7789502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7789502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12412684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12412684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11182008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11182008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12644716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12644716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=908121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=908121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9044528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9044528
http://www3.interscience.wiley.com/cgi-bin/fulltext/9702/PDFSTART
http://www3.interscience.wiley.com/cgi-bin/fulltext/9702/PDFSTART
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1293671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1293671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1293671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8668867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8668867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8668867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8901365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8901365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11781124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11781124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11781124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11955534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11955534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11955534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17478436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17478436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12111906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12111906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12111906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15308962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15308962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16755261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16755261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16790829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16790829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16054937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16054937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16281458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16281458

BMC Pulmonary Medicine 2009, 9:13

51. Moodie EE, Richardson TS, Stephens DA: Demystifying optimal
dynamic treatment regimes. Biometrics 2007, 63:447-455.

52. Murphy SA: Optimal dynamic treatment regimes. Journal of the
Royal Statistical ~Society = Series B-Statistical Methodology 2003,
65:331-355.

53. Rosthoj S, Fullwood C, Henderson R, Stewart S: Estimation of
optimal dynamic anticoagulation regimes from observa-
tional data: A regret-based approach. Statistics in Medicine 2006,
25:4197-4215.

54. Chen W, Purohit A, Barnig C, Casset A, de Blay F: Niox (R) and
Niox Mino (R): comparison of exhaled NO in grass pollen
allergic adult volunteers. Allergy 2007, 62:571-572.

55. Bisgaard H, Hermansen MN, Loland L, Halkjaer LB, Buchvald F: Inter-
mittent Inhaled Corticosteroids in Infants with Episodic
Wheezing. The New England Journal of Medicine 2006,
354:1998-2005.

56. Guilbert TW, Morgan W], Zeiger RS, Mauger DT, Boehmer §J, Szefler
S), et al: Long-Term Inhaled Corticosteroids in Preschool
Children at High Risk for Asthma. The New England Journal of
Medicine 2006, 354:1985-1997.

Pre-publication history

The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2466/9/13/prepub

http://www.biomedcentral.com/1471-2466/9/13

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17688497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17688497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16981226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16981226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16981226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17441801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17441801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17441801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16687712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16687712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16687712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16687711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16687711
http://www.biomedcentral.com/1471-2466/9/13/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Design
	Discussion

	Background
	Methods and design
	Enrollment of children and time frame
	Validation and updating of asthma prediction rule
	Sample size calculation
	Measurements (Additional file 
	Questionnaire background & symptoms
	Allergy
	Inflammatory markers
	Spirometry at age 5

	Outcome (asthma at age 6)
	Statistical analysis prediction rule

	Effect of different treatment intensities
	Continuous registration of treatment by GP
	Continuous registration of respiratory symptoms by GP
	QoL measurements
	Measurements of outcome
	Statistical analyses medication strategies


	Discussion
	Results
	Patient selection and participation
	Compliance with the study protocol (after 18 months of follow-up)
	Outcome (asthma at age 6)

	Discussion
	Choices of methods in our study
	Validation and updating of asthma prediction rule
	Effect of different treatment intensities

	Problems

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

