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Atopic disorders like atopic dermatitis, asthma and allergic rhinitis are the 
most common chronic conditions in childhood.1,2 Children with atopic disorders 
comprise a large portion of the general and pediatric practice list and are 
a frequent cause of emergency care which may lead to hospital admission.3 
Prevalence rates have increased dramatically over the last decades in developed 
countries, affecting up to 30% of the children at some stage during childhood.2 
Although atopic disease development is hereditary, genetic changes cannot 
solely account for this tremendous increase.4 Hence, environmental factors are 
also thought to play an important role in atopic disease development.  Increasing 
evidence suggests that both in utero and early life exposures are important in 
atopic disease development.5,6 A recent study performed in the netherlands 
showed that the majority of women in the netherlands (about 80%) are exposed to 
prescription drugs anywhere during their pregnancy.7 These prescriptions consist 
mainly of drugs for short-term use such as inter alia, antacids and antibiotics.7 
Most intra-uterine exposures are difficult to be  influenced (e.g. life style factors) 
or it is impossible to influence (e.g. living environment, family size). However, 
intra-uterine exposure to medication can to a certain extent be influenced.  
In recent years, prenatal exposure to medication as a factor in atopic disease 
development has received more and more attention. In pharmacoepidemiologic 
research there is an increasing interest if prenatal exposures, like medication 
use, is associated with an increased risk of atopic disease development.8-10 By 
studying the development of atopic diseases in the offspring as a function of 
medication use during pregnancy, potential associations can be observed. 
However, the pharmacoepidemiologic study of prenatal exposures and disease 
outcome in childhood is complex and methodological design and computational 
considerations should be carefully made to obtain valid results.11 Results of these 
studies have to be communicated by health care professionals to pregnant 
women, to allow a well-informed decision about treatment choices to be made. 
This is a difficult task as the decision to use the prescribed treatment is highly 
influenced by the perception of risks and benefits of pregnant women. Information 
on how women perceive and balance risks and benefits of medication use during 
pregnancy are however scarce.12,13

the atopiC diseases asthMa, atopiC derMatitis and 
allergiC rhinitis

Atopic diseases in childhood consist mainly of the triad of asthma, atopic dermatitis 
and allergic rhinitis. All share a common pathogenesis, and are frequently present 
together in the same individual and family.14 
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Clinical and epidemiological aspects of atopic diseases
Asthma is a chronic inflammatory disorder of the airways and is associated with 
airway hyper-responsiveness, bronchospasms and variable airflow limitation 
with recurrent episodes of respiratory symptoms including wheezing, shortness 
of breath, phlegm and cough.15 Asthma has a significant impact on the child’s 
quality of life. often there are restrictions to activities, interrupted sleep, disturbed 
routines, increased stress, and poor school performance.3 objective lung function 
tests, including spirometry or assessment of bronchial responsiveness, are not 
easy to conduct in young children, and have limited applicability.16 Making an 
objective asthma diagnosis is therefore difficult in young children. The incidence of 
asthma peaks during childhood.17 Although remission is high,18 a large proportion 
of wheezing children have continuing symptoms into adulthood, or relapse after 
a remission in adolescence.19

A recent study reported a prevalence rate of approximately 6.7% of asthma 
in Dutch children. The International Study of Asthma and Allergies in Children 
(ISAAC) is an epidemiological research program studying asthma and allergy 
development in children worldwide.20 Though the ISAAC study was not performed 
in the netherlands, this study provides important information of asthma trends 
worldwide. In a recent publication, prevalence rates of asthma in children aged 
6-7 years varying between 2.8% in Indonesia and 37.6% in Costa Rica were reported.2  

Children with asthma often develop concomitant atopic dermatitis and/or 
allergic rhinitis.14 Atopic dermatitis is an inflammatory skin disorder that usually 
affects the flexural areas, cheeks and buttocks of children. Children with atopic 
dermatitis suffer from chronic relapsing inflammatory skin lesions accompanied 
with itching, dryness, excoriated skin and even infections.21 Symptoms may occur 
as early as in infancy and are a burden for patients and their parents.22 The same 
questionnaire based ISAAC study showed that prevalence numbers of atopic 
dermatitis in children aged 6-7 years are varying between 2.2% in Iran and 24.2% 
in Taiwan.2

The third disorder that concludes the atopic triad is allergic rhinitis. Children 
with allergic rhinitis suffer from an allergic inflammation of the nasal airways. Many 
children are allergic to grass pollen or ragweed, so allergic rhinitis is also referred 
to as hay fever. Common symptoms include sneezing, a running or blocked nose 
and itchy eyes.15 Children with allergic rhinitis are often prone to develop allergic 
conjunctivitis. In addition, allergic rhinitis may worsen asthma symptoms in children 
that suffer from both atopic diseases.23 Prevalence numbers of allergic rhinitis in 
children aged 6-7 years vary between 2.0% in Iran and 22.3% in Sweden.2 

Prevalence rates of atopic diseases, as reported above, showed large 
variation worldwide, even in genetically similar groups. This suggests that 
environmental exposures that vary between countries may influence atopic disease 
development. 24-26 Several studies reported that prevalence numbers of atopic 

10



1

G
EN

ER
A

L IN
TR

O
D

U
C

TIO
N

diseases have increased over the last decades of the 20th century.27 However, 
the ISAAC study of Asher et al. performed around 2003 showed that in several 
centers prevalence rates were unaffected or had even decreased over a period 
of 5 to 10 years.2 Though the absence of an increase in atopic diseases in various 
countries is reassuring, the divergent trends in prevalence of symptoms provide 
further reasons for future research into the causes of atopic disease development.

Immunologic aspects of atopic disease development
Asthma, atopic dermatitis and allergic rhinitis are immunologic diseases that arise 
from immune responses to allergens. The common pathology of these atopic 
diseases is the mediation by immunoglobulin E (IgE). After sensitization by 
allergens, allergen-specific IgE activates the release of cytokines and histamines 
which causes the allergic inflammation that underlies the atopic diseases.28 
This allergic inflammation affects the mucosal membranes of airways, skin and 
nose. Helper T cells play a critical role in the development of atopic diseases by 
controlling IgE synthesis and other aspects of allergic inflammation.29 Helper T cells 
differentiate into either Th1 or in Th2 cells. While Th1 cells are mediators in the 
response to nonparasitic microbes and auto-immune diseases,  Th2 cells mediate 
allergic responses to allergens.29 Though the immune system mainly matures 
during the first years of life, its development already starts in utero.30 In utero, the 
Th2 phenotype predominates, which is thought to help protecting the fetus from 
maternal rejection.31 While newborn children already have a predominantly Th2 
cell phenotype, exposures in utero and early life31, like medication use, may skew 
this balance even further and predispose the immune system of the unborn child 
to develop towards an atopic state.32

pharMaCoepideMiologiCal study into prenatal 
exposures and atopiC diseases in Childhood 

Since animal studies have shown that medication use may skew the balance 
between Th1 and Th2 cells towards a Th2 dominant state32, there is an increasing 
interest in pharmacoepidemiology to investigate if this translates into atopic 
disorders in the newborn and a clinical association is also present in humans9. 
However, the study of prenatal exposures and disease outcome in childhood is 
complex. Since it is unethical to perform randomized controlled trials in pregnant 
women to study the relationship between prenatal exposures and atopic disease 
development in children, associations have to be studied with clinical observational 
data. observational studies are, however, particularly susceptible to the effects 
of confounding and bias and this need to be considered at both the design and 
analysis stage, so that their effects can be minimized and valid conclusions can 
be derived.11
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Case-sibling or case-crossover design
In intervention or etiological research to obtain valid effect estimates using 
health care observational data, it is crucial to measure and adjust for all relevant 
confounders. However, information in these large administrative health care 
databases on important potential confounders is often lacking.33 Even when 
the effect estimates are adjusted for measured potential confounders, biased 
estimates might be obtained, especially when potential confounders are difficult 
to measure and misclassified or missing. Case-only designs, such as the self-
controlled case-series34, case-crossover design35, and sequence symmetry 
analysis36, have more recently been developed to minimize the influence of time-
invariant confounding. The underlying idea of such designs is that patients can 
serve as their own controls so the design controls for factors that are stable 
over time, including characteristics that are often not available to a researcher, 
such as chronic use of nonprescription drugs, health behaviors, tendency to seek 
professional care, occupation, etcetera.37 For the study into prenatal exposures 
and disease outcome in children a non-traditional case-crossover design can 
be applied that is also referred to as the case-sibling design.38 In this design, 
children with the disease of interest are compared with their own siblings without 
that disease. Since exposure periods are different between pregnancies within 
the same mother, this ‘within-mother-between-pregnancy’ design controls for 
time-invariant confounding like genetic predisposition, socio-economic factors 
and other familial factors. By comparing results of a confounding minimizing case-
sibling study with more traditional case-control or cohort studies, the quantitative 
influence of time-invariant confounding on observed associations (e.g. odds ratios 
or hazard ratios) can be evaluated. 

Identification of children with atopic diseases
Apart from confounding bias, effect estimates derived from observational 
intervention studies are also susceptible to information bias by misclassification of 
exposure or outcome status. Large population-based surveys of childhood asthma 
often rely on parent-reported-questionnaires as they are relatively cheap when 
compared to examination of each patient. Studies examining the reliability of use 
of these questionnaires vary in their conclusions39,40 and alternative options for the 
identification of children with atopic diseases have to be investigated. 

In pharmacoepidemiologic studies diseases can be detected in a population 
by examining the prescription of medications specifically intended for the disease 
of interest. Data from pharmacy prescription databases with large numbers of 
prescriptions can provide valuable information for the conduct of such studies.41 
Children with atopic diseases are mostly treated according to national or international 
guidelines and prescription patterns derived from these guidelines may be valid 
proxies for the identification of children with atopic diseases. According to the 
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Global initiative on asthma treatment, the preferred maintenance treatment for 
asthma is therapy with corticosteroids.42-44 Corticosteroids are anti-inflammatory 
drugs that can be applied via inhalation through the mouth. Maintenance treatment 
with corticosteroids is almost always combined with short-acting beta-agonists.42 
Short acting beta-agonists induce smooth muscle relaxation of the airways and are 
typically used as “rescue” medication to provide quick relieve of asthma symptoms.  

Atopic dermatitis is best treated with topical corticosteroids. But, if treatment with 
corticosteroids results in an insufficient relieve of atopic dermatitis symptoms, 
immune-modulatory agents as tacrolimus or pimecrolimus can be prescribed by 
a specialist.43

Children with allergic rhinitis are mainly treated with nasal or systemic 
antihistamines or nasally inhaled corticosteroids dependent on disease status and 
patient preferences.44

Information from these national and international guidelines may be used to 
design medication proxies for the identification of children with atopic diseases. 
However the validity of prescription data for the identification of children with 
atopic diseases in epidemiological research has been questioned.45,46 Therefore, 
medication proxies for the identification of children with atopic diseases should 
be validated, before using pharmacy data in pharmacoepidemiological research.  
By using validated medication proxies to identify children with atopic diseases, 
the relationship between medication use in pregnancy and use of medication for 
atopic diseases in the offspring can be established.

evaluating the risk Benefit BalanCe of MediCation 
use during pregnanCy

Well-designed epidemiological studies may provide valid information regarding the 
safety of medication use during pregnancy. Health care professionals have the task 
to communicate the results of these studies to the patient, to allow a well-informed 
decision about treatment choices to be made.47 This decision is mainly influenced by 
the perception of risks and benefits of pregnant women.12,13 Unrealistic perception 
of risk amongst pregnant women may lead to poor adherence, discontinuation of 
treatment and even abortion of otherwise wanted and healthy infants.12,13,48 For 
some conditions the benefits of medication use during pregnancy outweigh the 
potential risks, and adherence to prescribed treatment is important.48 Information 
on how women perceive and balance risks and benefits of medication use during 
pregnancy is however scarce.  

The road from establishing scientific sound and firm conclusions on increased 
risks after use of specific medications during pregnancy to a well-balanced 
discussion on the benefits and risks for the pregnant woman and the unborn child 
is characterized by many questions, caveats and pitfalls.
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thesis oBjeCtives

As described in this introduction, the study into prenatal drug use and development 
of atopic diseases in childhood is complex. Many facets have to be dealt with, and 
this thesis will address only a small part of this complex topic with the following aims: 
1. To assess if case-sibling or case-crossover designs can be used in pregnancy 

research and if results of these non-traditional case-only designs are different 
from traditional study designs.

2. To determine reliable medication proxies for the identification of children 
diagnosed with atopic diseases applicable in different types of epidemiological 
research.

3. To assess the association between prenatal antibiotic use and asthma in 
preschool children.

4. To assess the association between prenatal acid-suppressive drug use and the 
development of atopic diseases in children.

5. To evaluate the perception of women about both risks and benefits of a variety 
of drug classes during pregnancy.

thesis outline

In chapter 2 the use of case-only designs is discussed. This chapter will give 
more information regarding the comparison between case-only and traditional 
study designs to quantify time-invariant confounding. To evaluate if prescription 
databases can be used to identify children diagnosed with the allergic diseases 
asthma, atopic dermatitis and allergic rhinitis, reliable medication algorithms 
were designed and validated in chapter 3. Chapter 4 focuses on the association 
between antibiotic use during pregnancy and asthma in preschool children. In this 
chapter, the influence of confounding is discussed. In chapter 5.1 the association 
between prenatal exposure to acid suppressive drugs and development of atopic 
diseases is quantified with a cohort study. In chapter 5.2 and chapter 5.3 the 
association between asthma and acid suppressive drugs is further examined 
with a confounding minimizing case-crossover design in a pharmacy prescription 
and general practice database. In chapter 5.4 the association between prenatal 
exposure to acid-suppressive drugs and atopic dermatitis is described. The focus 
of chapter 6 will be on how women evaluate the risks and benefits of medication 
use during pregnancy.  
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