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CHAPTER 1

GENERAL INTRODUCTION




Chapter 1

Asthma and atopic diseases are the most common non-communicable diseases of childhood
in developed countries, where overweight and obesity also present a significant threat to the
health of many children. These diseases are therefore important public health topics, and more
specifically important themes for Child and Youth Health Care in the Netherlands. In this thesis,
the results of a research collaboration between Maastricht University and Child and Youth Health
Care in South Limburg are described. We present prevalence trends of asthma and atopic diseases
among schoolchildren in the southeast of the Netherlands, and an association with childhood
growth and overweight.

Childhood asthma and atopic diseases

Asthma

Asthma is a chronic inflammatory pulmonary disorder, characterized by recurrent attacks of
shortness of breath and wheezing that are caused by temporally narrowed or obstructed airways,'
and is usually associated with bronchial hyperresponsiveness and chronic airway inflammation.?
Asthma is a heterogeneous disease, ranging from mild to very severe, and with different factors
triggering the attacks. Exacerbation may occur after an allergic reaction to allergens,® such as
grass pollen or house dust mite, but also exposure to non-allergens such as tobacco smoke or
exhaust gases,* or physical factors, such as exercise,® stress and anxiety® may trigger an asthma
attack. In most cases the first symptoms of asthma occur during childhood.?

Treatment of asthma with medication is targeted at gaining control of symptoms with as little
medication as possible. Two groups of medication play an important role in asthma management:
inhaled corticosteroids (preventers), which reduce airway inflammation and hyperresponsiveness,
and short-acting bronchodilators (relievers), which give short-term relief of acute symptoms.”

Atopic diseases

The term ‘atopic diseases’ refers to three closely related conditions: eczema (atopic dermatitis),
allergic asthma, and hay fever (seasonal allergic rhinitis or rhinoconjunctivitis). Atopy (defined as
a personal and/or familial tendency to become sensitized and produce immunoglobulin E (IgE)
antibodies in response to ordinary exposure to allergens),® is an important underlying factor.
Eczema is an inflammatory, relapsing, itchy skin disease with lesions typically in flexural places.®
Eczema primarily affects young children; almost half of all children with eczema experienced
their first symptoms within the first year of life,” and 75% will spontaneously grow over the
complaints before adolescence.” Allergic asthma is the most common form of asthma, and
concerns the type of asthma in which inhaled allergens cause the exacerbations.>'? Hay fever
is defined as non-infectious, allergic inflammation of the nasal mucosa, caused by seasonal
allergens, such as grass or tree pollens.’”> Symptoms include sneezing, nasal blockage and/or
itching of the nose, and often also the eyes are affected (conjunctivitis).'*'> The prevalence of
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hay fever peaks in adolescence and then gradually decreases.' Atopic diseases typically manifest
themselves at different ages: eczema starts early in the first few years of life, and forms a
major risk factor for developing allergic asthma and hay fever during or after childhood.'® This
progression from eczema to asthma and hay fever has been named the ‘atopic march’.'®'7'¢ |n
the German Multicentre Atopy Study, early eczema was associated with wheeze and bronchial
hyperresponsiveness at 7 years of age, and major determinants of the increased risk were disease
severity and atopic sensitization.’ However, children with eczema who subsequently developed
asthma and/or hay fever already showed more symptoms (wheeze, nasal complaints) in early
childhood, indicating the co-existence of these atopic diseases rather than a progression from
one disease to the other.1920

Prevalence trends of asthma and atopic diseases

Prevalence worldwide and in the Netherlands

Over the past decades, western countries have faced rapid increases of asthma and atopic
diseases prevalence amongst children.?' These unfavourable trends constitute major health
problems for individuals and societies.?? The significant worldwide increase in reported childhood
asthma prevalence in the second part of the 20" century has been referred to as the ‘asthma
epidemic’ 2> While in most other countries prevalence of asthma continues to increase,?' or at
best has reached a plateau,?* in the Netherlands decreasing trends of wheeze?> and asthma?®®
have been observed among school-aged children. Nonetheless, asthma is nowadays still the most
prevalent chronic disease among Dutch children,! affecting approximately 4-7% of children until
12 years of age in the Netherlands, with a higher prevalence among boys than girls.?” To the best
of our knowledge, for eczema and hay fever there is currently no data available on prevalence
trends among children in the Netherlands. In 2011, 2-6% of Dutch children under 14 years of
age were reported to have eczema,?® and in 2010 1-5% of children under 12 years of age, and
6-28% of 12-18 year-old children were reported to have hay fever.?®

Explaining prevalence trends

Studying prevalence trends of asthma and atopic diseases is important for policy makers in order
to understand the extent of the problem in the population, and may furthermore provide clues
for potential modifiable risk factors that might be targeted with prevention and intervention
strategies by health care practitioners in the future.

It is important to note that explanatory factors for prevalence trends are not necessarily risk
factors for the disease under study, but may also include factors that influence the likelihood of
a disease (or its symptoms) to be detected in epidemiological studies. Examples of the latter are:
disease awareness, access to health care facilities, diagnostic habits, and disease management.
While changes in most of these factors would most likely lead to an increase in the detection of
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(symptoms of) asthma and atopic diseases over time, only improvement in disease management
could be a plausible explanation for the more recently observed decrease in wheeze and asthma.
For public health purposes, it is important to know whether the prevalence is truly declining
or whether it is masked by improved disease management. Therefore, investigating the role of
asthma medication use in explaining the observed prevalence trends of wheeze is part of the
research described in this thesis.

Risk factors for asthma and atopic diseases

Asthma and atopic diseases are complex conditions affected by many interacting genetic and
environmental factors. Figure 1.1 gives an overview of factors that are currently identified or
proposed as risk factors for asthma and atopic diseases, or may otherwise influence prevalence
trends of these diseases.

N
In utero exposure Environmental factors
- Maternal smoking - Air pollution
- Maternal diet - Tobacco smoke
- Maternal overweight J
Growth characteristics
- Birth weight
Genetic/personal features - somatic growth rates
- Sex - Overweight / Obesity
- Age
) ) . - N
R ite:s;lc predisposition Lifestyle factors
- Physical activity
- Diet
J

Environmental factors
- Mould or dampness
- House dust mite

- Pets

- Farming environment

Early life exposure

- Mode and place of delivery Explanatory factors for trends
- Breas‘tfeedllng - Disease awareness
- Viral |nfe§t|ons - Access to health care facilities
- Older siblings - Diagnostic habits
\- Daycare attendance - Disease management (e.g. medication)

Figure 1.1: Identified and proposed explanatory (risk) factors for trends in childhood asthma and atopic
diseases
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Genetic factors clearly play a role in the development of asthma and atopic diseases. For example,
children with a family history of atopy have a 2-5 times higher risk of developing asthma.®
However, there is consensus that genetic changes in populations would occur too slow to explain
the observed rapid changes in prevalence over the past decades. Moreover, for atopic diseases it
was shown that immigrants moving from countries with lower prevalence rates to countries with
higher prevalence rates tend to acquire the rates of the local population over time,*" implying that
environmental factors ultimately determine the expression of atopic diseases.

Given the observations that the increase in asthma and atopic diseases prevalence primarily
occurred in developed countries, factors associated with adopting a modern lifestyle have
been implicated to play an important role in these trends. The evidence of the role of high
dietary energy intake, increased dietary salt and fat intake, and decreased physical activity in the
development of asthma and atopic diseases is currently inconclusive.?2-*> According to the hygiene
hypothesis,® the risk of developing atopy and asthma is increased through diminished microbial
stimulation of the immune system in young children. For example, children with more exposure to
infectious diseases (e.g through day care attendance, or the presence of older siblings at home),
have a lower incidence of atopic disease.?” Similar protective effects for atopic diseases have
been observed with regard to mode and place of delivery, which influence the gastrointestinal
microbiota composition,*® and living on a farm, where exposure to livestock and consumption
of unpasteurized milk in pregnancy and early life seems to protect against asthma and atopic
diseases.*

Overweight and obesity

The worldwide increase in asthma was paralleled by an increase in overweight and obesity.*
Prevalence of overweight among Dutch children (2-21 years of age) has increased from 5-7%
in 1980 to 13-15% in 2009.4' Likewise, obesity has increased from 0.3-0.5% in 1980 to 2% in
2009, and there are currently no signs of plateauing. These parallel rising prevalence trends
have led to interest in the potential link between asthma and overweight.

An association of overweight with asthma has been found in cross-sectional and longitudinal
studies, but the nature of the association remains unclear. While initially it was suggested that
asthma patients gain weight as a result of decreased physical activity because of their respiratory
limitations, there is now consensus that this explanation is not plausible.*>#> Other explanations of
the association include increased perception of respiratory symptoms in children with overweight,
and earlier recognition of asthma in children with overweight because they may visit their doctor
more frequently. A causal pathway from overweight to asthma has been proposed through
several potential mechanisms: overweight may mechanically lead to decreased lung function;
low-grade systemic inflammation in overweight may increase airway inflammation, resulting in
asthma;* or enhanced gastro-esophageal reflux in overweight may lead to asthma.*

At present, we still do not have a comprehensive understanding of the exact nature of the
relationship between asthma and overweight. The diverging trends in prevalence that have
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been observed only more recently in the Netherlands contradict a single causal pathway from
overweight to asthma and suggest a more complex relationship. It is also well possible that
asthma and overweight are not (only) causally related, but have certain risk factors in common
in early life.

Early life factors

Because asthma, atopic diseases and overweight have their beginnings in early life,*® the role of
prenatal and early life factors in the etiology have been studied extensively. In utero exposure to
dietary nutrients, cigarette smoking, etc. is thought to influence gene expression and subsequent
development and functioning of tissues and organs, ultimately predisposing for certain diseases.
This phenomenon is called ‘fetal programming’.%’

Birth weight is often used as an indicator of fetal growth and maturation,*® and is associated with
both wheezing/asthma***? and overweight.>'*3 Other well-studied fetal exposures are maternal
smoking during pregnancy and maternal pre-pregnancy overweight. Both maternal smoking
and maternal exposure to environmental tobacco smoke during pregnancy are important risk
factors for asthma in the offspring.>>¢ Also, maternal pre-pregnancy overweight and increased
gestational weight gain appear to be associated with increased risk of childhood overweight,>
and evidence also suggests an association between maternal overweight and increased risk of
childhood asthma.®® In early life, rapid growth trajectories have been linked to both asthma and
overweight,>®%® and exclusive breastfeeding seems to protect against developing asthma®' and
overweight®? during childhood.

Identifying modifiable risk factors

For public health purposes, it is of importance to study risk factors that are modifiable at an age at
which Child and Youth Health Care practitioners have access to the children. Therefore, hereditary
and prenatal factors are beyond the scope of this thesis. For the research presented in this thesis,
our focus is on growth, overweight and obesity as possible determinants for childhood asthma.
This choice was made, because Child and Youth Health Care closely monitors these variables
and therefore has an extensive database on growth characteristics, and because the increase in
the number of children classified as overweight, and the shift to relatively more children who are
obese, are concerns for public health.*!

Also, we will briefly consider exposure to environmental tobacco smoke (ETS) as an explanatory
factor for asthma prevalence trends. ETS is a very important risk factor for childhood asthma and
is the main primary prevention target according to the guideline ‘childhood asthma’ for Child and
Youth Health Care.®
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Research in the ‘Westelijke Mijnstreek’

All data used for the research presented in this thesis have been collected in the ‘Westelijke
Mijnstreek’, a region in the southeast of the Netherlands (Figure 1.2). The regional Public Health
Service is obliged by law to monitor the health status of the population, and this data collection
forms the basis for local, provincial, and national health policy. In collaboration with Maastricht
University, the data has also been used for research purposes. Combining scientific research with
routinely collected data has the advantage for researchers to profit from existing infrastructures
(e.g. facilitating recruitment and follow-up of participants at low costs), and enables health care
practitioners to translate research results into preventive measures or therapeutic interventions
that are directly applicable to their daily practice.

8%

Figure 1.2: Localisation of the study region ‘Westelijke Mijnstreek’ in the Netherlands

The ‘Astma Monitor Westelijke Mijnstreek’

In the late 1980s, suspicions arose that the prevalence of respiratory complaints in the ‘Westelijke
Mijnstreek’ was relatively high compared with other parts of the Netherlands. Therefore, the
Public Health Service South Limburg has been monitoring the prevalence of respiratory symptoms
with repeated cross-sectional surveys among schoolchildren in the region since 1989. The last,
sixth, survey of the ‘Astma Monitor Westelijke Mijnstreek’ study took place in 2010. In each survey
year, a questionnaire on respiratory health (and from 2001 onwards also including questions on
eczema and hay fever) was distributed among schoolchildren who were invited for a routine
preventive health examination by the Child and Youth Health Care department of the Public
Health Service. As part of the routine examination, the child’s height and weight were measured
in a standardised way. Figure 1.3 provides a schematic overview of the study. Children were
invited according to birth year, and as a result, children of certain birth years were surveyed in
two successive survey years.

13
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The 'Astma Monitor Westelijke Mijnstreek’ study has been of great value to investigate prevalence
trends of and risk factors for respiratory symptoms in school-aged children,?>%* and forms the
basis of the chapters 2 to 4 of this thesis. However, the cross-sectional design and the specific age
groups that were studied limit causal interpretation of the findings.

Survey Year

Dy S e Dy )y i ) e
AVAVAVA VAV

1983 1988 1992 1995 2000

Birth Year

Figure 1.3: Schematic overview of surveys in the ‘Astma Monitor Westelijke Mijnstreek’. Schoolchildren in the
study area are invited for a routine preventive health examination according to year of birth. In survey years,
additional questionnaires were distributed among invited children.

The Lucki Birth Cohort Study

In order to follow children prospectively from birth, the LucKi Birth Cohort Study was designed
and started in the same study area in 2006. LucKi is a Dutch acronym for: Respiratory Complaints
and Atopic Diseases in Children (Luchtwegklachten en atopische aandoeningen bij Kinderen). In
Chapter 5 of this thesis, the rationale and design of the LucKi Birth Cohort Study is described in
detail. In brief, LucKi is an ongoing, dynamic, prospective birth cohort study, embedded in the
Child and Youth Health Care practice of the ‘Westelijke Mijnstreek’. Participants are recruited
1-2 weeks after birth and followed until age 19 years. Recruitment and follow-up coincide with
routine Child and Youth Health Care contact moments, during which the child’s physical and
psychosocial development is closely monitored, and anthropometrics are measured repeatedly.
Information gathered through Child and Youth Health Care is complemented with repeated
parental questionnaires, and information from existing registries of pharmacy, hospital and/or
general practice (Figure 1.4).

Questionnaires

Between 1989 and 2001, the validated Dutch questionnaire (‘Regio-lijst’)®> on childhood
respiratory symptoms was used in the surveys of the ‘Astma Monitor Westelijke Mijnstreek’.
From 2001 onwards, the Dutch translation of the international validated ISAAC (International
Study of Asthma and Allergies in Childhood) core questionnaire®® was used, with questions on
respiratory, skin, and nasal complaints. In addition to disease symptoms, questions were asked
on diagnoses, medication use, and well-known risk factors for atopic diseases (including birth
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weight, gestational age at birth, smoking during pregnancy, exposure to environmental tobacco
smoke). In follow-up questionnaires in LucKi, the same ISAAC core questions were used, again
extended with questions on potential risk factors that fit to the age at follow-up time.

Figure 1.4: Schematic overview of the LucKi Birth Cohort Study. Children are followed prospectively from
birth until 19 years with questionnaires (Q) and through linkage to existing medical registries.

Definitions

Throughout the work presented in this thesis, we defined wheeze, asthma, eczema, and hay
fever in line with definitions from the ISAAC study. These definitions have been widely used,
therefore enabling comparison to other (international) studies. Recent wheeze was defined as
a positive answer to the following question: “Has your child had wheezing or whistling in the
chest in the last 12 months?”. This question appeared identically in both the ‘Regio-lijst” and the
ISAAC questionnaire. Asthma was defined as a combination of reported recent wheeze and a
positive answer to the following ISAAC question: “Has a physician ever diagnosed your child with
asthma?”. Eczema was defined based on ISAAC questions as having had an itchy rash that was
coming and going during at least 6 months in the past 12 months on any of the following places:
folds of the elbow, behind the knees, in front of the ankles, under the buttocks, or around the
neck. Hay fever (seasonal rhinoconjunctivitis) was defined using ISAAC questions as having had
a problem with sneezing or a runny or blocked nose when not having a cold or the flu in the
past 12 months, accompanied by itchy watery eyes, and in the last pollen season (March through
September) only. Since the questions on eczema, hay fever, and asthma diagnosis only appeared
in the ISAAC questionnaire, these variables were only defined from 2001 onwards.

15
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Objectives

The research described in this thesis has three main objectives. First, we aimed to describe preva-
lence trends of wheeze, asthma and atopic diseases in the ‘Westelijke Mijnstreek’. Second, we
aimed to explore whether changes in medication use or changes in overweight in the population
could (partly) explain these trends. For these objectives, data from the ‘Astma Monitor Westelijk
Mijnstreek’ was used. Third, we aimed to investigate whether growth patterns in early life could
explain the development of asthma symptoms and overweight in preschool children indepen-
dently. For this purpose, we used longitudinal data from the LucKi Birth Cohort Study.

These objectives are targeted at gaining more knowledge on the development of asthma and
atopic diseases, and their relation with overweight. Besides these objectives, this research project
served as an example of how data that is (routinely) collected within Child and Youth Health Care
practice can be used for scientific research. This issue is elaborated on in the general discussion.

Outline of the thesis

Part I: Prevalence trends - ‘Astma Monitor Westelijke Mijnstreek’

Preceding studies with data of the ‘Astma Monitor Westelijke Mijnstreek’ showed that between
1989 and 2001, wheeze prevalence was declining among schoolchildren in the study area.
Chapter 2 describes the continuation of this trend until 2010, and presents prevalence trends of
eczema, asthma, and rhinoconjunctivitis between 2001 and 2010.

Although a decrease in symptom prevalence may indicate a true decline of a disease, it is also
possible that the presence of a disease in a population is masked by improved treatment options
over the years. Therefore, in Chapter 3, we explored whether increased use of asthma medication
could explain the previously observed declining trend in wheeze symptoms. Finally, we used the
‘Astma Monitor Westelijke Mijnstreek’ data to study the association of overweight with asthma
in this population, the results of which are presented in Chapter 4 of this thesis.

Part II: Early life growth — LucKi Birth Cohort Study

Chapter 5 describes the rationale and design of the LucKi Birth Cohort Study. Longitudinal data
from LucKi participants that was collected between birth and the age of 3 years enabled us to
study the association of early life growth patterns with preschool wheeze and overweight. The
results of this study are presented in Chapter 6.

General discussion

Finally, Chapter 7 summarises the aims and main results of this thesis, critically discusses its impli-
cations and limitations, and gives recommendations for future research. Also, a paragraph in this
chapter is devoted to discuss our experiences with performing research in a public health setting.
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Chapter 2

Abstract

In contrast to many countries, a decrease in childhood wheeze prevalence was previously
reported for the Netherlands. In repeated cross-sectional surveys in 2001, 2005, and 2010 we
investigated whether this trend continued, and additionally examined prevalence trends of
eczema, asthma and rhinoconjunctivitis among 8-11 year-old schoolchildren eligible for a routine
physical examination.

Overall, ~90% participated (mean age: 8.8 years in 2001 and 10.5 years in 2005 and 2010). Ec-
zema, wheeze, and asthma prevalence did not change significantly between 2001 and 2010, but
rhinoconjunctivitis prevalence increased from 8.4% in 2001 to 12.3% in both 2005 and 2010
(Pyeng<0.01).

In conclusion, after a decrease in wheeze prevalence among Dutch schoolchildren between 1989
and 2001, no further decrease was observed until 2010. Similarly, the prevalence of eczema and
asthma remained stable, but rhinoconjunctivitis prevalence increased between 2001 and 2010.
The latter may be an effect of older age and not a true increase over time.
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Introduction

Worldwide, the prevalence of childhood asthma and allergies has been increasing since the
1960s." Our study in the Netherlands was one of the first to report a declining trend in childhood
wheeze between 1989 and 2001.2

The International Study of Asthma and Allergy in Childhood (ISAAC) reported large variations
between countries in the prevalence of atopic diseases (eczema, asthma, and rhinoconjunctivitis)
between 1992 and 2004, with overall more increases than decreases, and mostly diverging trends
of atopic diseases within countries.? In a systematic review in 2010, Anandan et al. concluded
that in most countries asthma prevalence is continuing to increase or at best remaining stable,
but there was no sign of an overall decline.

Because of large global variations, regional studies remain of great importance. In ISAAC,
prevalence trends within countries were based on two time-points, limiting the opportunity to
reveal non-linear time trends. More recently, some countries have added a third>® or fourth” survey,
and found evidence of prevalence trends reaching a plateau. Our study has been continued with
two more surveys (resulting in a total of six consecutive surveys), and has been expanded with
questions on eczema and rhinoconjunctivitis in the last three surveys.

We aimed to investigate whether the previously observed decline in wheeze prevalence among
Dutch schoolchildren continued until 2010, and whether prevalence trends of eczema, asthma,
and rhinoconjunctivitis showed similar patterns between 2001 and 2010.

Methods

Study population

Data were obtained from repeated cross-sectional surveys in the south-east of the Netherlands,
details of which were reported previously.2#° In brief, in 1989, 1993, 1997, 2001, 2005, and 2010
guestionnaires were distributed to parents of children invited for a routine physical examination
at the regional Public Health Service. Between 1989 and 2001, children were invited at the age
of 8-9 years, but from 2005 onwards, children were invited at the age of 10-11 years. While until
2005 questionnaires were sent to all invited children, for logistic reasons, in 2010 guestionnaires
were distributed to only a random half of invited children.

Questionnaire and outcomes

From 2001-2010 the Dutch translation of the internationally validated ISAAC-questionnaire!®
was administered. Primary outcomes were current (past 12 months) eczema, wheeze, asthma,
rhinoconjunctivitis, and seasonal rhinoconjunctivitis. Current eczema was defined as having had
an itchy rash that was coming and going during at least 6 months in the past 12 months on any
of the following places: folds of the elbow, behind the knees, in front of the ankles, under the
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buttocks, or around the neck. Current wheeze was defined as parentally reported wheezing or
whistling in the chest in the past 12 months. Current asthma was defined as having had a doctor’s
diagnosis of asthma, with reported wheezing in the past year. Current rhinitis was defined as
having had a problem with sneezing or a runny or blocked nose when not having a cold or the
flu in the past 12 months. Current rhinoconjunctivitis was defined as having rhinitis symptoms
in the past 12 months, accompanied by itchy watery eyes. Current seasonal rhinoconjunctivitis
was defined as having rhinoconjunctivitis symptoms in the last pollen season (March through
September) only.

Secondary outcomes were: ever eczema, wheeze, or rhinitis; ever diagnosed with eczema, asthma,
or rhinoconjunctivitis; and ever used medication for eczema, asthma, or rhinoconjunctivitis.
Finally, we combined ever eczema, wheeze, and/or rhinitis into eight co-morbidity categories.

Statistical analyses

Mantel-Haenszel's Chi-square test for linear association was used to test for a time trend in
prevalence over the years 2001-2010. Because of the shift to an older age group in 2005,
Pearson Chi-square tests and univariable and multivariable logistic models with year of survey as
independent variable were performed to test differences between 2005 and 2010.

Results

Overall, high participation rates (~90%) were achieved. A change in questionnaire distribution
in 2010 resulted in a lower absolute number of children eligible for participation in this survey.
The proportion of boys was highest in 2001 and lowest in 2010 (Table 2.1). Because the age at
which children were invited for the physical examination was changed after 2001, mean age of
participants in 2001 was lower than in 2005 and 2010. In 2005 more children were exposed to
maternal smoking during pregnancy and environmental tobacco smoke (ETS). In 2010, a larger
proportion of children were breastfed. Other characteristics were distributed equally in 2005 and
2010.

The prevalence of eczema, wheeze, and asthma did not change significantly between 2001
and 2010 (Table 2.2). Rhinoconjunctivitis prevalence increased significantly from 8.4% in 2001
to 12.3% in both 2005 and 2010 (p,.,,
followed the same pattern, but did not reach statistical significance. There were no differences in

<0.01). The prevalence of seasonal rhinoconjunctivitis
prevalence trends between boys and girls. Analysing prevalence differences between 2005 and

2010 with multivariable models confirmed there were no statistically significant changes over
these years.
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In Table 2.3 prevalence trends for secondary outcomes are presented. Between 2001 and 2010
unchanging trends were observed for eczema ever and wheeze ever, but rhinitis ever increased
among boys (25.6% in 2001, 30.6% in 2005, and 30.4% in 2010, p, ,<0.05). Significantly
less girls were diagnosed with eczema (25.7% in 2001, 25.6% in 2005, and 19.1% in 2010,
Pyeng<0-05), more boys were diagnosed with asthma (12.2 in 2001, 21.5% in 2005, and 16.3%
in 2010, p,,<0.01), and more children (boys and girls) were diagnosed with rhinoconjunctivitis
(9.3% in 2001, 14.4% in 2005, and 14.8% in 2010, p, . ,<0.001). Between 2005 and 2010,
fewer children used medication for eczema (14.9% in 2005 and 11.7% in 2010, Pyeng<0-05, and
this decrease was mainly seen among girls (15.6% in 2005 and 9.4% in 2010, p,,<0.01), see
Table 2.3.

In Table 2.4 prevalence trends for all 8 co-morbidity categories are presented. Among the children
with symptoms, the groups of children with only wheeze, only rhinitis, and only eczema are the
largest. The combination of ever having had wheeze and rhinitis symptoms forms the largest
group of children with symptoms of more than one disease. Significant changes in prevalence
between 2001 and 2010 only occurred in the categories ‘'no symptoms’ (decrease among boys;
from 52.9% in 2001 to 46.0% in 2010, Pyen<0.01), and ‘only rhinitis’ (an overall increase, but
when stratified by sex only significant among boys: from 9.1% in 2001 to 14.1% in 2010,
<0.05).

ptrend

Discussion

In repeated cross-sectional surveys among 8-11 year-old children in the Netherlands, we found
unchanging prevalence trends of eczema, wheeze, asthma, and seasonal rhinoconjunctivitis
between 2001 and 2010, and a significant increasing trend in rhinoconjunctivitis prevalence.
After a previously observed decrease in wheeze prevalence between 1989 and 20012, we now
observed no further decrease until 2010. A similar unchanging trend between 2001 and 2010
was observed for asthma, and ever wheeze (Table 2.3). Although wheeze prevalence was lower in
2010 compared with 2005, after adjusting for potential confounders this decrease was no longer
statistically significant (Table 2.2). We suspect that wheeze prevalence in 2010 was lower because
this survey consisted of fewer boys.

The increase in rhinoconjunctivitis prevalence occurred between 2001 and 2005, and not between
2005 and 2010 (P, 0055016
seen for ever rhinitis (boys) and rhinoconjunctivitis diagnosis (Table 2.3), and seasonal rhino-

= 0.996 and 0.696 respectively, Table 2.2). The same pattern was also

conjunctivitis, albeit it non-significant. In the German MAS cohort a steep rise in allergic rhinitis
prevalence occurred between 7 and 13 years of age,'" and a similar pattern has been reported
by other birth cohort studies.’>'> Therefore, the increase in rhinoconjunctivitis prevalence in our
study most likely reflects a higher prevalence among older children included in 2005 and 2010.
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Table 2.3: Prevalence and test for trend of secondary outcomes

Survey
2001 2005 2010 Prens
Total N in survey 1686 1467 731
Eczema (ever) all 279 (16.9) 224 (16.9) 6 (13.9) 0.120
boys 134 (16.1) 7(14.9) 49 (15.4) 0.669
girls 145 (17.8) 123(18.4) 47 (12.9) 0.080
Wheeze (ever) all 378 (22.6) 354 (24.4) 140 (19.2) 0.211
boys 227 (26.9) 202 (28.3) 8 (25.9) 0.920
girls 151 (18.3) 147 (20.2) 2(13.6) 0.142
Rhinitis (ever) all 400 (24.0) 398 (27.4) 181 (25.2) 0.249
boys 216 (25.6) 217 (30.6) 102 (30.4) 0.040
girls 184 (22.4) 177 (24.2) 7 (20.4) 0.668
Eczema diagnosis all 429 (25.9) 325 (26.0) 145 (22.0) 0.093
boys 218 (26.1) 157 (26.7) 6 (25.5) 0.931
girls 210(25.7) 166 (25.6) 68 (19.1) 0.034
Asthma diagnosis all 179 (10.8) 203 (16.6) 3(11.5) 0.068
boys 102 (12.2) 127 (21.5) 47 (16.3) 0.003
girls 77 (9.4) 5(12.1) 25( 4) 0.689
Rhinoconjunctivitis  all 154 (9.3) 172 (14.4) 7 (14.8) <0.001
diagnosis boys 89 (10.6) 112 (19.2) 0(19.7) <0.001
girls 65 (8.0) 58 (9.6) 6(10.5) 0.140
Eczema medication  all 214(14.9) 4(11.7) 0.044
boys 9 (14.4) 48 (14.3) 0.922
girls 112 (15.6) 35(9.4) 0.004
Asthma medication  all 169 (11.6) 71(9.8) 0.197
boys 100 (14.0) 45 (13.3) 0.741
girls 69 (9.5) 26 (6.9) 0.144
Rhinoconjunctivitis  all 292 (20.3) 150 (20.7) 0.859
medication boys 162 (23.0) 85 (25.1) 0.463
girls 129(17.9) 4(16.8) 0.663

Numbers displayed as N (%), unless depicted otherwise. Bold font indicates significance at p<0.05.
P,.q. P-value for Mantel-Haenszel's Chi-square test for linear association 2001-2010 or 2005-2010
(medication)
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Table 2.4: Prevalence and test for trend in categories of co-morbidities

Survey
2001 2005 2010 Prens
Total N in survey 1686 1467 731
No symptoms all 925 (54.9) 705 (48.1) 393 (53.8) 0.138
boys 451 (52.9) 326 (45.3) 157 (46.0) 0.007
girls 471 (56.7) 376 (51.1) 232 (60.7) 0.581
Only eczema all 121(7.2) 96 (6.5) 40 (5.5) 0.125
boys 45 (5.3) 39 (5.4) 15 (4.4) 0.627
girls 76 (9.2) 56 (7.6) 25 (6.5) 0.100
Only wheeze all 161 (9.5) 132 (9.0) 65 (8.9) 0.555
boys 98 (11.5) 76 (10.6) 40 (11.7) 0.944
girls 63 (7.6) 54 (7.3) 25 (6.5) 0.537
Only rhinitis all 165 (9.8) 156 (10.6) 94 (12.9) 0.032
boys 78 (9.1) 83(11.5) 48 (14.1) 0.011
girls 87 (10.5) 72 (9.8) 44 (11.5) 0.717
Eczema and wheeze all 36 (2.1) 29 (2.0) 11(1.5) 0.329
boys 20(2.3) 12(1.7) 6(1.8) 0.399
girls 16 (1.9) 16(2.2) 5(1.3) 0.584
Eczema and rhinitis  all 52 (3.1) 40 (2.7) 22 (3.0) 0.803
boys 27 (3.2) 20(2.8) 13(3.8) 0.716
girls 25(3.0) 19 (2.6) 9(2.4) 0.482
Wheeze and rhinitis  all 103 (6.1) 95 (6.5) 31(4.2) 0.154
boys 66 (7.7) 59 (8.2) 20 (5.9) 0.403
girls 37 (4.5) 36 (4.9) 11(2.9) 0.323
Eczema ar_wd wheeze all 64 (3.8) 56 (3.8) 23(3.1) 0.507
and rhinitis boys 37 4.3) 25 (3.5) 15 (4.4) 0.828
girls 27 (3.3) 30 (4.1) 8(2.1) 0.498

Numbers displayed as N (%), unless depicted otherwise. Bold font indicates significance at p<0.05.
P, P-value for Mantel-Haenszel's Chi-square test for linear association 2001-2010
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In contrast, among children in the co-morbidity category ‘rhinitis only’, a continued increase was
seen from 2001 and 2005, but also between 2005 and 2010 and can therefore not (only) be
explained by higher age.

We are unaware of recent prevalence (trends) studies elsewhere in the Netherlands, but we
can compare our prevalence rates to those in other European countries. The prevalence in our
population ranged from 10.5% to 11.7% for eczema, 3.7% to 5.3% for asthma, and 5.2%
to 7.3% for seasonal rhinoconjunctivitis. These proportions lie in the lower end of the range of
reported proportions in Western European countries participating in ISAAC phase Three (among
6-7 year old children in 1999-2004),> which is surprising for rhinoconjunctivitis because in our
slightly older study population we would expect it to be in the higher end of the range. In
these countries, almost exclusively increasing prevalence trends were found between 1992 and
2004.2 Furthermore, the prevalence rates in our population are similar to those in 8-9 year-old
Greek children (10.8%, 6.9%, and 5.1% in 2008, respectively)’, but lower than in 7-13 year-
old Norwegian children (13.5%, 9.9%, and 13.5% in 2008, respectively)®. In Greece, wheeze/
asthma prevalence reached a plateau after an initial increase, but eczema and rhinoconjunctivitis
prevalence was still increasing until 2008.7 In Norway, the prevalence of current asthma,
rhinoconjunctivitis, and eczema increased between 1985 and 2008, only lifetime eczema
prevalence reached a plateau between 1995 and 2008.> Thus, the prevalence of atopic diseases
in our study is comparable to other European countries, but the unchanging prevalence trends
seem to be unique.

It is still largely unknown what causes increasing or decreasing trends in asthma and atopic
diseases. Evidently underlying atopy is important, but atopy alone cannot explain diverging
trends of atopic diseases within populations. Other factors that possibly play a role include:
dietary habits, physical activity, microbial exposure, social-economic status, indoor and outdoor
environment, disease awareness, and disease management. In a previous study we showed that
(increased) medication use is not an explanation for the previously observed decrease in wheeze
in our population.® Although we cannot rule out a role of increased disease awareness, this most
likely would have resulted in increasing prevalence trends over the years.

Strengths of the present study are a standardised way of conducting the surveys within
routine health examination practice, a long study period, high response rates, and enhanced
comparability with other studies by using ISAAC questions. Limitations include the change to an
older age group after 2001, which complicated the interpretation of the time trends, and the lack
of information on risk factors in 2001, which restricted performing multivariable analyses over
the whole study period. High response rates limit the possibility of selection bias. Misclassification
of outcome variables may have led to an underestimation of prevalence, e.g. because parents do
not recognize or recall symptoms correctly. Assumedly, this would not occur differentially over the
survey years and therefore would not affect the reported prevalence trends.
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In conclusion, after a decrease in wheeze prevalence among Dutch schoolchildren between 1989
and 2001, no further decrease was observed between 2001 and 2010. The prevalence of eczema
and asthma remained stable between 2001 and 2010. Rhinoconjunctivitis showed an increase
over this period, which may be the result of an older age group surveyed in 2005 and 2010, and
not a true increase over time.
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Abstract

Background

While the prevalence of childhood wheeze continues to increase in many countries, decreasing
trends have also been reported. This may be explained by increased use of asthma medication,
which effectively suppresses wheeze symptoms. In this study we investigated trends in wheeze
in Dutch school children between 1989 and 2005, and their association with medication use.

Methods

In five repeated cross-sectional surveys between 1989 and 2005, parents of all 5- to 6-year-
old and 8- to 11-year-old children eligible for a routine physical examination were asked to
complete a questionnaire on their child’s respiratory health. We identified all children for whom
a questionnaire was completed in two successive surveys. Children were grouped according to
birth year and classified into one out of four wheeze categories: ‘'no wheeze’, ‘discontinued
wheeze’, ‘continued wheeze’, or ‘'new-onset wheeze'.

Results
In total, 3,339 children, born in 1983 (N = 670), 1988 (N = 607), 1992 (N = 980), and 1995
(N = 1,082), participated twice. Over the study period, the proportion of children with ‘no
wheeze' increased from 73.8% to 86.1% (P,
‘discontinued’ and ‘continued’ wheeze decreased from 13.2% to 6.3% (P
88%1t03.1% (P,
the presence of wheeze symptoms and this association did not change over time (P

< 0.001), while the proportion of children with
< 0.001) and from
< 0.001), respectively. Medication use was consistently associated only with

trend

trend

birthyear *medication

1o > 0.05 for all wheeze categories).

Conclusion

An increasing trend of Dutch school children with ‘'no wheeze’, and decreasing trends of children
with ‘discontinued’ and ‘continued’ wheeze between 1989 and 2005 could not be explained by
(increased) medication use. This suggests that wheeze prevalence is not masked by medication
use, but is truly declining.
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Introduction

Asthma is the most prevalent chronic disease among children worldwide.” The major clinical
expression of childhood asthma is wheeze. Wheezing children form a heterogeneous group,
with different age of onset and course of wheeze symptoms. Not all children who wheeze at
an early age will develop asthma later in life. In early life, wheezing is usually associated with
viral infections, but in the majority of children that persist to wheeze up to the age of 6 years,
wheezing is associated with atopy.?

Since the second half of the 20t century, the prevalence of asthma and wheeze in children has
increased worldwide, especially in Western countries. Yet, considerable variation in prevalence
has been observed between countries and more recently, decreasing trends have been shown. >
In the Netherlands, a declining trend was reported for the prevalence of wheeze® and asthma.” It
was proposed that these declines reflect, at least partly, increased early detection and treatment
of children with asthma, rather than a true decline in asthma prevalence.>®

Medication for asthma suppresses symptoms, but does not cure the disease. Especially the
introduction of inhaled corticosteroids for the treatment of childhood asthma in the 1990s is
considered to have led to better control of asthma symptoms. In several trials it was shown
that inhaled corticosteroids caused clinical improvement in children with wheeze, but the
improvements disappeared shortly after discontinuation of the treatment.®' It is therefore well
possible that as a result of increased medication use or a change in the type of medication used,
epidemiologic studies merely measure less asthma symptoms in the population, while in fact the
underlying disease is still present. To the best of our knowledge, this hypothesis has never been
tested in an epidemiological setting.

In the present study, we aimed to investigate trends in wheeze symptoms (classified into four
different categories) between 1989 and 2005, and their association with medication use.
Prescription of inhaled corticosteroids for the treatment of childhood asthma was introduced in
the revised Dutch guideline for pediatric pulmonologists in 1997' and in the revised guideline
for general practitioners in 1998."2 Since this occurred in the middle of our study period,
and corticosteroids are effective in suppressing asthma symptoms, we hypothesised that the
proportion of children with wheeze symptoms decreased over time, and that medication use was
more prevalent among non-symptomatic children in later birth year groups compared with earlier
birth year groups.

Methods

Study population
Data were obtained from an asthma monitor study in the Westelijke Mijnstreek, a region in the
south-east of the Netherlands. Details of this study were reported previously.®'3 In brief, in 1989,
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1993, 1997, 2001, and 2005 repeated cross-sectional surveys were performed among Dutch
primary school children. In the Netherlands, all children are invited twice for a routine physical
examination by the Child and Youth Health Care department of the regional Public Health Service
during their primary school years; first at the age of 5-6 years and again at the age of 8-11
years. Along with an invitation for the physical examination visit, parents of all 5-6 year-old and
8-11 year-old children living in the study region received a paper-and-pencil questionnaire on the
respiratory health of their child, which they were asked to complete at home and bring with them
on the day of their visit.

Children of certain birth years were invited for examination in two successive survey years. As a
result, these children were surveyed twice; first at the age of 5-6 years and again at the age of
8-11 years. We identified all children for whom a questionnaire was completed in two successive
survey years.

Questionnaires

In 1989, 1993, 1997, and 2001, a validated Dutch questionnaire ('Regio-lijst''¥) was used. In
2001 and 2005 the Dutch translation of the internationally validated ISAAC-questionnaire'™ was
used. The questions on recent wheeze in both questionnaires were identical (“Has your child had
wheezing or whistling in the chest in the last 12 months?”). In the questionnaire used in 1989,
1993, 1997, and 2001, the following question on medication use was asked. “Did your child use
medication for the airways (i.e. bronchitis, asthma, pneumonia, hay fever) in the past month?”.

Table 3.1: Classification into wheeze categories, based on reported recent wheeze at age 5-6 years (T1) and
8-11 years (T2)

Recent wheeze

Category T1 (5-6y) T2 (8-11y)
No wheeze - -
Discontinued wheeze + -
Continued wheeze + +
New-onset wheeze - +

+ parentally reported recent wheeze (past year); - no parentally reported recent wheeze (past year)

Classification into wheeze categories

All children were grouped according to birth year (1983, 1988, 1992, or 1995) and classified into
one out of four wheeze categories; ‘'no wheeze’, ‘discontinued wheeze’, ‘continued wheeze’, or
‘new-onset wheeze'. Classification was based on reported recent wheeze (having had wheeze
symptoms in the past 12 months) at the age of 5-6 years (=T1) and at the age of 8-11 years (=T2).
Children for whom no recent wheeze was reported at both T1 and T2 were categorised to have
‘no wheeze'. Children with reported recent wheeze at T1 but no reported recent wheeze at T2
were categorised to have 'discontinued wheeze'. Children for whom recent wheeze was reported
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at T1 and at T2 were categorised to have ‘continued wheeze’, and children with no reported
recent wheeze at T1, but reported recent wheeze at T2 were categorised to have ‘new-onset
wheeze'. Table 3.1 illustrates this classification. Children with missing data on recent wheeze at
T1 and/or T2 were excluded from the analyses.

Data analysis

For each of the wheeze categories the prevalence per birth year group was calculated. Mantel-
Haenszel's Chi-square test for linear association was used to test for a time trend in wheeze
prevalence over the four birth year groups.

To test whether the time trends for ‘no wheeze’, ‘discontinued wheeze’, ‘continued wheeze’,
and ‘new-onset wheeze' were modified by medication use, logistic regression adjusted for
gender and birth year, and including the interaction terms (birth year*medication use at T1) or
(birth year*medication use at T2) was used for each wheeze category separately. The dependent
variable was constructed as being classified into a certain wheeze category (y=1) versus being
classified into one of the remaining three wheeze categories (y=0).

All data were analysed with SPSS version 20.0. A p-value of <0.05 was considered statistically
significant.

Results

Study population

In all surveys high response rates (>95%) were achieved, and in total 13,633 questionnaires were
completed. For a total of 3339 children, born in 1983 (N=670), 1988 (N=607), 1992 (N=980), or
1995 (N=1082), questionnaires were completed twice: at the age of 5-6 years (T1) and again at
the age of 8-11 years (T2) (Table 3.2). Data on recent wheeze at T1 and/or T2 was missing for 81
children; analyses were therefore performed using the remaining 3258 children.

Table 3.2: Total number of completed questionnaires per study year and number of children who were
surveyed in two successive study years, grouped according to birth year

Birth Year 1983 1988 1992 1995 Total
1989 1382

5 1993 1526 1957

>

3 1997 1648 3054

& 2001 1104 1698
2005 1264

Surveyed twice 670 607 980 1082 3339
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Figure 3.1 (left) shows the proportions of children with parentally reported recent wheeze in the
four different birth year groups, and Figure 3.1 (right) displays the proportions of children who
used medication for the airways. The proportions of children with wheeze in the subset (those
who were surveyed twice) were largely comparable to those in the total survey.

25 ~®-5.6 years (subset) 25 ~®-5-6 years (subset)

—#-5.6 years (total) ~®-5-6 years (total)

~4-8-11 years (subset) 20 ~4-8-11 years (subset)

N
[}

—+8-11 years (total) ~*8-11 years (total)

«

o

70 Recent wheeze

w
% Used medication for the airways

1989 1993 1997 2001 2005 1989 1993 1997 2001
Study Year Study Year
Figure 3.1: Proportion of 5-6-year-old and 8-11-year-old children with parentally reported wheeze in the past
year (left) and medication use for the airways in the past month (right) in the subset included for analyses (all
children for whom the questionnaire was completed in two successive study years), and the total surveys.

Table 3.3: Characteristics of children included for analysis, grouped according to birth year*

Birth Year
1983 1988 1992 1995
N=670 N=607 N=980 N=1082
Gender (male) 342 (51.0) 310(51.1) 498 (50.8) 541 (50.0)
Atopic predisposition
family history of asthma/eczema/allergy - - - 670 (62.5)
family history of eczema 271 (41.7) 275 (46.3) 446 (45.5) -
Environmental Tobacco Smoke (ETS)
5-6 years of age 372 (55.5) 298 (49.1) 373(38.9) -
8-11 years of age 321 (47.9) 270 (45.4) - 317 (29.7)
Moist (damp walls in the house)
5-6 years of age 43 (6.4) 38(6.3) 126 (13.1) -
8-11 years of age 33(4.9) 76 (12.8) - 214 (19.8)
Pets (> 1 dog, cat or bird)
5-6 years of age - 323(53.2) 469 (47.9) -
8-11 years of age 402 (60.1) 338 (55.7) - 608 (57.6)

All characteristics reported as N (%). *Because items did not appear in questionnaires in all study years, or
questions were asked differently over study years, certain characteristics are missing for certain birth year
groups.
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Table 3.3 presents several characteristics that are known to be associated with asthma and allergy,
per birth year group. Although not all characteristics were available for all birth year groups, the
table shows that most characteristics remained stable, but living in a damp home seemed to

increase over time, and exposure to environmental tobacco smoke (ETS) seemed to decrease over
time.

Wheeze trends

Figure 3.2 shows the trends in the different wheeze categories. The proportion of children with no
wheeze increased significantly from 73.8% (birth year 1983) to 86.1% (birth year 1995) (p<0.001).
The proportion of children with discontinued and continued wheeze decreased significantly (from
13.2% to 6.3% (p<0.001) and from 8.8% to 3.1% (p<0.001), respectively). The proportion of
children with new-onset wheeze did not change significantly over time (p=0.554).

90 -
85
. 80
X
% 75
k] —&-No wheeze
<]
Ea’ 70 —Discontinued
©
o
¢ —*—Continued
2 20
—*—New-onset
s
15
10
5
0
1983 1988 1992 1995
Birth Year
Birth Year No wheeze Discontinued Continued New-onset
1983 (N=669) 494 (73.8%) 88(13.2%) 59 (8.8%) 8(4.2%)
1988 (N=600) 470 (78.3%) 61(10.2%) 51(8.5%) 18 (3.0%)
1992 (N=968) 788 (81.4%) 91 (9.4%) 56 (5.8%) 3(3.4%)
1995 (N=1021) 879 (86.1%) 64 (6.3%) 32 (3.1%) 46 (4.5%)
p-value for trend* .000 .000 .000 .554

Figure 3.2: Absolute numbers (N) and proportions (%) of children in different wheeze categories, and trends
over birth year groups. “linear-by-linear association.

Medication use

Among children with reported wheeze symptoms, medication use was more prevalent than
among children without symptoms (Table 3.4; Medication use). The interaction terms of birth
year and medication use at T1 or T2 were not statistically significant for any of the wheeze
categories (Table 3.4; Medication use*Birth year).
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In all wheeze categories, medication use was consistently associated with having wheeze
symptoms (Table 3.4; Medication use). Odds Ratios (ORs) for medication use were higher than 1
when children experienced wheeze symptoms, and lower than 1 when children were symptom-
free. To illustrate: in children with discontinued wheeze, the OR for medication use at T1 (when
experiencing symptoms) was 5.1 (95% CI: 3.6 to 7.2) and at T2 (non-symptomatic) it was 0.3
(95% Cl: 0.2 to 0.5). In children with continued wheeze (thus experiencing symptoms at both
T1 and T2), the ORs were 5.9 (95% Cl: 3.9 t0 8.9) at T1 and 14.8 (95% Cl: 9.9 to 22.2) at T2.

Table 3.4: Medication use in different wheeze categories, the association with wheeze symptoms*, and
interaction of medication use and birth year*

Medication use Medication use * Birth year

T1 (5-6y) T2 (8-11y) T1 * Birth year T2 * Birth year
No wheeze
N (%) 100 (5.7%) 60 (3.5%) - -
OR(95% C.1.) 0.2 (0.1-0.2) 0.1(0.1-0.2) 0.9(0.6-1.2) 1.4 (0.9-2.2)
Discontinued
N (%) 69 (29.1%) 16 (6.8%) - -
OR(95% C.1.) 5.1(3.6-7.2) 0.3 (0.8-0.5) 1.2 (0.8-1.7) 0.8 (0.4-1.6)
Continued
N (%) 85 (53.5%) 96 (58.9%) - -
OR(95% C.1.) 5.9 (3.9-8.8) 14.8 (9.9-22.2) 1.2(0.7-1.8) 0.9 (0.6-1.4)
New-onset
N (%) 13 (16.7%) 35 (44.3%) - -
OR (95% C.1.) 0.5 (0.3-1.0) 11.7 (7.0-19.7) 1.5(0.7-3.3) 0.9(0.5-1.6)

Use of medication for the airways at different ages (T1 and T2) and over different wheeze categories is reported
as N (%). The association of medication use with wheeze symptoms and the interaction of medication use
with birth year is adjusted for birth year and gender and reported as Odds Ratio (OR) with 95% Confidence
Intervals (C.l.). Bold font indicates significance at p<0.05.

#The reference category for each wheeze category is the other three categories combined

*Birth year groups 1983, 1988, and 1992 were included in logistic regression analysis (N=2275). Of these,
children for whom data were missing on recent wheeze (N=20) or medication use (N=62) were excluded
from analysis.

Discussion

This study showed that between 1989 and 2005 the proportion of Dutch schoolchildren with
‘discontinued’ and ‘continued’ wheeze decreased, whereas the proportion of children with ‘no
wheeze’ increased in the same period. Our analyses further revealed that medication use was
consistently associated with having wheeze symptoms, but this association did not change over
time. We therefore conclude that medication use cannot explain the declining trends in wheeze
symptoms, suggesting that wheeze prevalence is truly declining in the Netherlands.

Our conclusion is supported by the fact that there appears to be a shift over time from children with
‘discontinued’ and ‘continued’ wheeze to the group of children with ‘'no wheeze'. Hypothetically,
if medication use would explain declining trends in wheeze, we would expect to observe a shift

42



Wheeze trends and medication use

from children with ‘continued’ wheeze to the group of children with ‘discontinued’ wheeze (i.e.
children whose asthma is better controlled as they grow older).

Wheeze prevalence varies greatly across countries. Compared with other countries, the
Netherlands shows relatively high prevalence rates of recent wheeze. Besides the Netherlands,
also other countries have reported decreasing trends in childhood wheeze and asthma.'®'” In
Phase Il of the International Study of Asthma and Allergies in Childhood, it was found that
wheeze prevalence increased predominantly in countries where prevalence was initially low,
while prevalence decreased mainly in English speaking and Western European countries.' The
observed decreasing trends in our study are in line with these findings.

There is an ongoing debate about whether these declining trends reflect a true decline in asthma
incidence (suggesting that a saturation point in the asthma epidemic has been reached)®, or
that changes in health care (such as increased availability of effective treatment) may explain the
observed decline.?’ In the Netherlands, prescription of inhaled corticosteroids for the treatment
of childhood asthma was introduced in revised guidelines for pediatric pulmonologists in 1997
and for general practitioners in 1998."2 Since this occurred in the middle of our study period, we
hypothesised that increased use of corticosteroids would (at least partly) explain the observed
declining trend between 1989 and 2005. However, the results of the present study show that
the explanation of increased medication use does not hold for the situation in the Netherlands.
Another remarkable observation is that at the age of 5-6 years, children with ‘continued’ wheeze
were already more likely to use medication for the airways than children with ‘discontinued’
wheeze (53.5% and 29.1% respectively; Table 3.4). This is striking because both groups of
children experienced wheeze symptoms at that age. An explanation may be that children with
‘continued’ and ‘discontinued’ wheeze differ in wheeze severity; ‘continued’ wheezers may
experience more and/or more severe wheeze episodes, for which they are more likely to use
asthma medication at a young age.

The fact that we found decreasing trends in wheeze prevalence does not necessarily mean that
the overall prevalence of (allergic) asthma is declining. It is possible that we observed a decline
in wheeze that is primarily associated with viral infections or with non-atopic triggers such as
environmental tobacco smoke exposure and air pollutants.

Children who are in close contact with other children in early life are more likely to experience
viral wheeze before the age of 3 years, but are less likely to have recurrent wheezing episodes by
the age of 6 years.?! Thus, an increased number of pre-school children attending day care in the
Netherlands could explain decreased prevalence of wheeze episodes during school years. Other
factors that have been linked to asthma, such as atopic predisposition, family size (or: number
of older siblings), damp houses, and pets, are unlikely to have changed or to have changed
unfavourably over time (see also Table 3.3) and are therefore unlikely to explain the decreasing
prevalence trends.
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An alternative explanation for the decreasing trend may be found in a decrease in exposure to
environmental tobacco smoke (ETS) at home. As shown in Table 3.3, exposure to ETS at home
seems to have decreased over time in our study population. Another study also showed that the
exposure of Dutch children to environmental tobacco smoke has decreased drastically between
1996 and 2009%, and this may have led to a decrease in wheeze prevalence. If true, the observed
decline is primarily a decline in non-atopic wheeze and not in atopic wheeze. The fact that atopic
predisposition in our study population remained stable over time (Table 3.3) suggests that this
may be indeed the case.

Finally, other, unmeasured variables may have contributed to the observed decline in wheeze
prevalence. Environmental changes such as improved outdoor air quality may explain a decrease
in reported wheeze complaints. In the Netherlands, a declining trend of NO,, NO,_and PM, yearly
average concentrations was observed between 1990 and 2006.2% Also, improved management of
respiratory problems early in life may have contributed to less wheeze symptoms in school-aged
children. To our knowledge, preterm birth rates have not dropped in the study area, but improved
management of respiratory complications in preterms may have favourable effects later in life.

This study has some limitations that must be acknowledged. First, the question on medication
use in the questionnaire was not specific for asthma medication, but asked more generally for the
use of ‘medication for the airways’. Therefore, we were not able to distinguish between effects
of specific types of medication. It is possible that within the overall prevalence of medication
use, the ratio of specific vs. non-specific asthma medication, or the ratio of corticosteroids vs.
bronchodilators has changed. Nonetheless, we believe that investigating the isolated effect
of specific types of asthma medication in our study would have resulted in the same findings,
because we found no increase in medication use in non-symptomatic children over time at all.

Second, different reference periods were used in the questionnaire for medication use (past month)
and wheeze symptoms (past 12 months). This may have led to misclassification of children who
did use medication in the past year, but not in the past month. It is possible that parents decide
or doctors advise to temporarily stop the use of asthma medication if the child is the symptom
free. If this ‘pause’ in medication use fell exactly in the month(s) before the questionnaire was
administered, and the child was at that time symptom free for at least 12 months, we may have
incidentally missed children whose asthma medication use effectively controlled their wheeze
symptoms. Assuming that this type of misclassification would be present in all study years, and
that to effectively control symptoms these children would eventually have to start using asthma
medication again, it may have introduced some background noise in our data, but it could
certainly not account for the total decrease in observed wheeze symptoms. Moreover, if this
type of misclassification was present in our dataset, we would expect to observe a shift from
‘continued’ to ‘discontinued’ wheezers, but instead we found a shift to the group without any
reported wheeze symptoms. Third, because we lacked comparable data on medication use for
the most recent birth year group (1995), we were not able to test the association of medication
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use with wheeze prevalence over the whole study period. However, given the consistent pattern
of medication use in symptomatic children over the first 3 birth year groups, we do not think that
adding the last, most recent, birth year group would have changed our main findings.

Given these limitations, conclusions of the present study should be interpreted with care, and
replication of our analyses with more detailed data on medication use (specific types and duration
of use) is recommended.

The strengths of our study include a long study period (16 years), a standardised way of conducting
the surveys, high response rates, and the use of longitudinal data. It is unlikely that selection bias
has occurred, because of the high response rates and the fact that the proportions of children
with recent wheeze and using medication were largely comparable between the total group of
participating children and the children who were surveyed twice.

In conclusion, the prevalence of wheeze symptoms in Dutch school children has decreased

between 1989 and 2005. Medication use did not explain this decline, but rather followed the
wheeze pattern, suggesting that wheeze prevalence is truly declining in the Netherlands.
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Abstract

Worldwide, childhood overweight and asthma prevalence have been increasing in parallel. We
examined the association of overweight with wheeze and asthma in Dutch school children among
whom wheeze prevalence decreased and overweight prevalence continues to increase.

In five cross-sectional surveys between 1993 and 2010, with 3491, 4776, 3394, 2927, and 733
participants respectively, wheeze and asthma were determined with questionnaires and weight
and height were measured during routine physical examinations of 4-11 year old children. For
efficiency, a nested case-control approach (1:4 ratio) was applied. Multivariable logistic regression
models with wheeze or asthma (cases) as outcome and BMI-SDS (body mass index, standardized
for age and sex) as determinant were adjusted for survey year, sex, and age. In total, 7017
participants were included for analyses. BMI-SDS was associated with wheeze (adjusted Odds
Ratio 1.09 and 95% Confidence Interval 1.03-1.16) and asthma (aOR 1.12 (1.00-1.27)), and no
differences were observed after stratification by survey year, sex, or age.

In conclusion, in a population with diverging prevalence trends overweight and wheeze/asthma
are associated in individuals. Many interacting factors ultimately determine prevalence trends,
but with a more recent stabilization in wheeze and continuing increases in overweight, in time,
wheeze/asthma may start to increase again.
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Introduction

Over the past decades, the prevalence of both asthma and overweight in children has increased
worldwide."? An association of overweight with asthma has been found in cross-sectional®
and longitudinal studies,* but the nature of the association remains unclear. Proposed causal
pathways from overweight to asthma include: systemic inflammation, mechanical changes
associated with high body weight, changes in airway hyperresponsiveness, decreased physical
activity, and changes in diet.>® However, in studies among preschool” and school children® in the
UK and New-Zealand® increasing prevalence trends of wheeze and asthma were not explained
by increased body mass index (BMI). Rather, the association between overweight and asthma
appears to be of recent origin:'® associations were found in surveys after 1990 but not before,’
contradicting a direct causal link. Since these studies were based on only two time points, and
the latest surveys were conducted in 1994, 1998, and 2000, respectively, an update with more
recent data is of interest.

In contrast to prevalence trends in most countries, in our repeated cross-sectional survey a
decreasing trend in wheeze was found among school children in the Netherlands between 1989
and 2001,"" and no further decrease in wheeze or asthma until 2010.'2 With more recent data
from more time points available (5 surveys between 1993 and 2010), we aimed to examine
whether BMI was associated with wheeze and asthma, and whether this association changed
over time.

Methods

Study population

Data were obtained from repeated cross-sectional surveys in the “Westelijke Mijnstreek’, a region in
the southeast of the Netherlands. In 2010, the sixth consecutive survey was conducted. Identical
surveys were performed in 1989, 1993, 1997, 2001, and 2005, details of which were reported
previously.''3'4 |n brief, all children living in the study area who are either 4-7 years of age or 8-11
years of age are eligible for a routine physical examination at the Child and Youth Health Care
department of the regional Public Health Service. In survey years, parents of eligible children were
asked to complete a questionnaire on respiratory symptoms. From 2001 onwards, additionally a
guestion on asthma diagnosis was asked. While up to 2005 questionnaires were sent to all invited
children, for logistic reasons, in 2010 questionnaires were distributed to only a random half of
children in the oldest age group, resulting in a lower absolute number of participating children
of only one age group.
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Questionnaires

In surveys until 1997, a validated Dutch questionnaire (‘Regio-lijst’)'> was used. From 2001
onwards, the Dutch translation of the internationally validated ISAAC-questionnaire’ was used.
The questions on recent wheeze in both questionnaires were identical (“Has your child had
wheezing or whistling in the chest in the last 12 months?”). A child was considered to have
recent wheeze if 'yes’ was answered to this question. In the ISAAC questionnaire, a question on
asthma diagnosis was asked: “Did a physician ever diagnose your child with asthma?”. A child
was considered to have recent asthma if both a physician’s diagnosis of asthma and wheeze in
the past year were reported.

Anthropometrics

During each physical examination visit, a nurse assistant measured the child’s height and weight
in a standardised way. Measurement data were registered in either a paper file (1989-2001) or a
digital file (2005-2010).

Body mass index (BMI) was calculated with data of the measurement conducted closest to
completing the survey questionnaire, by dividing weight (in kg) by squared height (in m). Standard
deviation scores (SDS) for BMI were calculated using the Dutch growth reference, standardised
for age at measurement and sex.'” Furthermore, we categorised BMI-SDS into 4 categories:
underweight (BMI-SDS < -2), normal weight (BMI-SDS > -2 and < +1), overweight (BMI-SDS
> +1 and < +2), and obese (BMI-SDS > +2). These cut-off points are equivalent to a BMI at 19
years of 17 kg/m? (underweight), 25 kg/m? (overweight), and 30 kg/m? (obese).’® Anthropometric
data could only be retrieved if sufficient identifying variables (full name and date of birth) were
available. Because full names were not available for the 1989 survey, this entire survey was left
out of the analyses. Ethical clearance for linking anthropometric data to questionnaires data in
a non-anonymous manner was ensured within the legal obligation of the Public Health Service
South Limburg to monitor and analyse the health status of the population.

Case-control selection

For the surveys 1993-2001, anthropometric data had to be retrieved by hand from paper files.
For efficiency, we identified all children with recent wheeze (cases), and for each case 4 controls
matched on age group. Controls were randomly selected from all children without reported
wheeze symptoms per survey year and age group by using the random sampling option in SPSS.
Only for this selection anthropometric data was searched. For the 2005 and 2010 surveys, selection
of cases and controls in a 1:4 ratio was made after linkage to the digital anthropometrics data
file. Children with missing data on identifying variables were left out the case/control selection.
Children whose anthropometric data was unavailable were left out of the analyses.

Statistical analyses
We performed univariable and multivariable logistic regression models with wheeze (y/n) or
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asthma (y/n) as outcome variables. BMI-SDS (linear) and BMI categories were used as dependent
variables in separate analyses. Univariable models with BMI-SDS were performed for each survey,
age, and sex group separately. In multivariable models we adjusted for year of survey, sex, and
age group. To test whether the time trends were modified by BMI, we included an interaction
term (BMI-SDS*year of survey) in additional models. All data were analysed with SPSS version
22.0. A p-value of <0.05 was considered statistically significant.

Results

Study population
In all surveys, high response rates (~90%) were achieved, with 3491, 4776, 3394, 2927, and
733 participants in the respective surveys. Wheeze prevalence decreased from 17.3% in 1993 to

5.7% in 2010, the prevalence of asthma was 4.4% in 2001, 4.6% in 2005, and 3.5% in 2010
(Figure 4.1).
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Figure 4.1: Prevalence of wheeze, asthma, overweight, and obesity in the respective surveys (overweight and
obesity only in the selection of cases and controls included in the analyses)

The upper part of Table 4.1 shows the age and sex distribution of all children participating in
the surveys, as well as the prevalence of wheeze and asthma. From the 1993, 1997, and 2001
surveys, a total of 1543 cases were identified and 6129 controls were randomly selected (Table
4.1, middle part). In total, questionnaire data and anthropometric data were complete for 5737
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subjects (74.8%). For the 2005 and 2010 surveys, questionnaire data was linked to digital
anthropometric data files and data was complete for 2955 (80.7 %) subjects.

Table 4.1: Baseline characteristics of children in full cohorts and in subset of children with anthropometrics

data
1993 1997 2001 2005 2010

Total in survey (N) 3491 4776 3394 2927 733
Sex Boys 1808 (51.8) 2448 (51.3) 1732 (51.0) 1441 (49.2) 345 (47.1)

Girls 1682 (48.2)  2328(48.7) 1661(48.9)  1455(49.7) 384 (52.4)
Age 4-7y 1960 (56.2) 3056 (64.0) 1693 (49.9) 1428 (48.8) -

8-11y 1527 (43.8)  1651(34.6)  1690(49.8) 1467 (50.1) 704 (96.0)
Wheeze (past year) 605 (17.3) 743 (15.6) 288 (8.5) 256 (8.7) 42 (5.7)
Asthma'’ - - 149 (4.4) 134 (4.6) 26 (3.5)
Subjects selected? (N) 2573 3668 1431 n.a. n.a.
Cases — wheeze 523 (20.3) 732 (20.0) 288 (20.1) n.a. n.a.
Controls — no wheeze 2050(79.7)  2936(80.0)  1143(79.9) n.a. n.a.
e w2 23 s o0 20
Cases — wheeze 446 (20.8) 542 (20.1) 195 (21.8) 214 (20.0) 42 (20.0)
Controls — no wheeze 1702 (79.2) 2151 (79.9) 701 (78.2) 856 (80.0) 168 (80.0)
Cases — asthma - - 101 (11.5) 114 (11.1) 26(12.6)
Controls — no asthma - - 780 (88.5) 914 (88.9) 180 (87.4)
Sex Boys 1116 (52.0)  1375(51.1) 459 (51.2) 545 (50.9) 104 (49.5)

Girls 1032 (48.0) 1318(48.9) 437 (48.8) 525 (49.1) 106 (50.5)
Age 4-7y 1335(62.2) 1898 (70.5) 476 (53.1) 575 (53.7) -

8-11y 813(37.8) 795 (29.5) 420 (46.9) 495 (46.3) 210 (100)

Numbers displayed as N (%) unless depicted otherwise.

! Parentally reported doctor’s diagnosis of asthma and wheeze symptoms in the past 12 months. The question
on asthma diagnosis did not appear in the questionnaire in 1993 and 1997.

2 For the surveys 1993-2001 anthropometric data had to be retrieved by hand from paper files. For efficiency,
a case/control selection was made. Included for searching data were all cases with wheeze and sufficient
identifying variables (full name and date of birth) available, and for each case at least 4 controls matched on
age group. The number of selected cases per survey was lower than in the full survey, because identifying
variables were not available for some cases. For the surveys 2005 and 2010, digital data was available and
therefore no pre-selection was made.

3 Subject for whom anthropometric data was retrieved successfully from paper files (1993-2001) or from
digital files (2005-2010). Selection of cases and controls in a 1:4 ratio was made after linkage to the digital
anthropometrics data.
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The likelihood of retrieving anthropometric data was non-differential for cases and controls and

boys and girls, but differed per survey year. In total, 7017 participants were included in the

analyses. The lower part of Table 4.1 shows the age and sex distribution of subjects who were

in the analyses. The distribution of sex in the case-control study remained comparable to the
distribution in the full surveys. The distribution of the age groups changed because of higher
wheeze prevalence in the younger age group, resulting in more cases and controls selected from

the younger age group.

Overweight and obesity were more prevalent among children in more recent surveys (Figure

4.1). There were no large differences between boys and girls, but overweight and obesity were

consistently more prevalent in cases than in controls (Figure 4.2).
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Figure 4.2: Proportion (%) of cases with wheeze (left) or asthma (right) and their controls with underweight,

normal weight, overweight and obesity
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Association of BMI with wheeze and asthma

In univariable and multivariable logistic regression models, BMI-SDS was positively associated
with wheeze (adjusted Odds Ratio (aOR) 1.09 (95% Confidence Interval 1.03-1.16)), and asthma
(@aOR 1.12 (1.00-1.27)), see Table 4.2. The association of BMI-SDS was similar in all survey years,
i.e. the p-value of the interaction term’BMI-SDS*year of survey’ was 0.35 in models with wheeze
and 0.48 in models with asthma as outcome variable. Regarding BMI categories, overweight
was significantly associated with wheeze (aOR 1.24 (1.02-1.50)), but not with asthma (aOR 1.31
(0.89-1.93)). There was a linear trend over the BMI categories; estimates for obesity were higher
than for overweight, but did not reach statistical significance (Table 4.2).

In models stratified by survey, age group, and sex, no clear patterns across survey years, age
groups, or sex were observed for wheeze and asthma (Table 4.3). In stratified analyses, only in
survey year 2010 (crude OR 1.53 (1.03-2.28)), and among boys (cOR 1.76 (1.03-3.01)) did the
association BMI-SDS and asthma reach statistical significance (Table 4.3).

Discussion

In five repeated cross-sectional surveys among Dutch school children conducted between 1993
and 2010 we found that higher BMI-SDS was associated with wheeze (aOR 1.09; 95% CI 1.03-
1.06) and asthma (aOR 1.12; 95% ClI 1.00-1.27). There were no differences between survey
years, age groups, or boys and girls.

The estimates we found are comparable to other studies who studied BMI as a continuous
variable.' In previous similar studies,’ the association of BMI with wheeze or asthma differed
over survey years, with no association in surveys conducted before 1990, and an association of
higher BMI with wheeze and asthma risk in surveys conducted after 1990. Since we used more
recent data (1993-2010 compared to 1982/19948, 1990/19987, and 1989/2000°), our results are
in line with these studies’ conclusion that the association between overweight and asthma only
appeared after 1990, and suggest that this is true until at least 2010.

The fact that overweight and asthma are related in individuals in a population with diverging
prevalence trends indicates that the association is not solely ecological (otherwise there would be
no association on individual level), and that there are other factors involved that have either an
independent effect on asthma and overweight, or have effects of different magnitude on asthma
and overweight (otherwise prevalence trends would have run in parallel). It has been proposed that
shared risk factors may explain the co-existence of asthma and overweight in individuals, such as
physical activity, sedentary behavior, and dietary habits,® and these factors may have independent
effects on asthma and overweight and of different magnitude. We have also considered factors
that could explain decreasing wheeze prevalence, while not affecting overweight. For example,
exposure to environmental tobacco smoke (ETS) has decreased drastically from 49.1% in 1993 to
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13.9% in 2010 in our study population, and was associated with wheeze in our surveys (OR 1.24;
95% Cl 1.09-1.41), which may explain the observed decrease in wheeze.

However, ETS exposure was also associated with higher BMI-SDS in our population (Beta
0.13; 95% Cl 0.07-0.18), possibly because these children were already exposed to tobacco
smoke during pregnancy, which may have its effect on birth weight, subsequent growth, and
the development of overweight, or because ETS exposure nowadays indicates a lower socio-
economic status, with associated poorer diet and lower physical activity levels. However, adding
ETS to the multivariable models did not change the association of BMI-SDS with wheeze, and
the interaction term ETS*BMI-SDS was not statistically significant. A stronger effect of dietary
and physical activity factors on overweight may explain why the decrease in ETS exposure did
not translate into a decreasing trend in overweight and obesity. Remarkably, the estimates of
the association of ETS and overweight with wheeze are of the same magnitude (both an OR
of 1.24). A more profound decrease in ETS exposure (from 49.1% to 13.9%) than the increase
in overweight (from 10.0% to 25.4%) over time, may explain why wheeze prevalence was still
decreasing in our population. The more recent stabilising trend in wheeze and asthma may be the
resultant of these two opposing factors. Foreseeably, if in the future ETS exposure will not further
decrease and overweight will continue to increase, in time, the prevalence of wheeze and asthma
could start to increase again.

Many different factors influence asthma and overweight, but unfortunately we do not have
detailed enough data available to look further into explanatory factors for trends. Further research
into the association between asthma and overweight is needed to unravel potential underlying
mechanisms, and ultimately develop effective prevention and/or intervention strategies for
asthma. Meanwhile, for health care practitioners it is important to be aware of and anticipate to
a higher risk for asthma development in overweight and obese children.

In line with other studies?*?' we found no association of underweight with wheeze or asthma.
Thus, the linear trend over the BMI categories justifies the use of BMI-SDS as linear variable in the
primary analyses. To confirm, in sensitivity analyses we excluded children with underweight, and
this led to similar results. We also repeated our analyses with all subjects of the 2005 and 2010
surveys with available anthropometric data included (instead of cases and controls in a 1:4 ratio),
which resulted in similar associations. This confirmed that our selection of cases and controls
resulted in a representative sample for the entire surveys. Finally, to evaluate comparability with
other populations, we applied widely used international cut-off points for BMI?223 to define BMI
categories instead of the Dutch reference, and found that this also led to similar results.

It is possible that with decreasing wheeze and asthma prevalence over the years - leading to a
lower absolute number of cases in our study in more recent years - the statistical power to detect
an association decreased, especially for subgroup analyses. In the stratified analyses, indeed the
association of BMI-SDS with wheeze did not reach statistical significance in the individual surveys.
Strengths of the present study include the standardized way of conducting the surveys, the use
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of measured height and weight data, eliminating bias associated with self-reporting of height
and weight (e.g. social desirability bias and recall bias)*, the use of standardized BMI data,
enabling comparison to other populations, a long study period with 5 different time points,
and high response rates. This study is also subject to some limitations. Because the question
on asthma diagnosis only appeared in the questionnaires since 2001, we could only evaluate
associations of BMI with asthma between 2001 and 2010. Furthermore, the 2010 survey was
performed among fewer children, and only of the oldest age group, limiting the number of cases
and the possibility to evaluate associations in younger children in this survey. Selection bias may
have been introduced because anthropometric data was not available for all children, and the
likelihood of finding this data from paper files differentiated over survey years (83.5% in 1993,
73.4% in 1997, and 65.9% in 2001). At the time of data collection, children from earlier birth
years were no longer in active follow-up by Child and Youth Health Care, and their files were
archived. The files of children of more recent birth years who were still in active follow-up were
distributed over several Child and Youth Health Care locations, and were therefore more difficult
to locate. Missingness of anthropometric data was however not associated with the outcome: the
likelihood of finding a file was similar for cases (76.7 %) and controls (74.3%). We cannot rule out
the possibility that children with under- or overweight were more likely to be in active follow-up
(and therefore less likely to have their paper file located), and therefore these children may have
been underrepresented in our analyses. Another reason for a missing file may be having moved
out of the study area, which is not likely to be associated with either wheezing or BMI.

In conclusion, overweight and wheeze/asthma are associated in individual school children in the
Netherlands, even in a population with diverging prevalence trends. The nature of the association
remains largely unclear, but with continuing increases in overweight in the population we must
be aware that wheeze and asthma prevalence may start to increase again in the future.
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Chapter 5

Abstract

Background

Infancy and childhood are characterized by rapid growth and development, which largely
determine health status and well-being across the lifespan. Identification of modifiable risk
factors and prognostic factors in critical periods of life will contribute to the development of
effective prevention and intervention strategies.

The LucKi Birth Cohort Study was designed and started in 2006 to follow children from birth into
adulthood on a wide range of determinants, disorders, and diseases. During preschool and school
years, the primary focus is on the etiology and prognosis of atopic diseases (eczema, asthma, and
hay fever) and overweight/obesity.

Methods/Design

LucKi is an ongoing, dynamic, prospective birth cohort study, embedded in the Child and Youth
Health Care (CYHC) practice of the ‘Westelijke Mijnstreek’ (a region in the southeast of the
Netherlands). Recruitment (1-2 weeks after birth) and follow-up (until 19 years) coincide with
routine CYHC contact moments, during which the child’s physical and psychosocial development
is closely monitored, and anthropometrics are measured repeatedly in a standardised way.
Information gathered through CYHC is complemented with repeated parental questionnaires,
and information from existing registries of pharmacy, hospital and/or general practice. Since the
start already more than 5,000 children were included in LucKi shortly after birth, reaching an
average participation rate of ~65%.

Discussion

The LucKi Birth Cohort Study provides a framework in which children are followed from birth
into adulthood. Embedding LucKi in CYHC simplifies implementation, leads to low maintenance
costs and high participation rates, and facilitates direct implementation of study results into
CYHC practice. Furthermore, LucKi provides opportunities to initiate new (experimental) studies
and/or to establish biobanking in (part of) the cohort, and contributes relevant information on
determinants and health outcomes to policy and decision makers. Cohort details can be found
on www.birthcohorts.net.
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Background

Infancy and childhood are characterised by rapid growth and development, and are considered
critical developmental periods in life that strongly contribute to health status, well-being, and
behaviour across the lifespan.! In fact, many common diseases and challenges in adult life can
be traced back to early childhood.? Because growth and development in early life are highly
influenced by the child’s environment, identification of modifiable risk factors (e.g. in lifestyle, and
physical and social environment) forms the basis for the development of preventive measures for
childhood and adult diseases.

The LucKi Birth Cohort Study was designed and started in 2006 to follow children from birth into
adulthood. Within LucKi, information on a wide range of determinants and outcomes is gathered
in order to answer etiological questions and to identify prognostic factors and modifiable risk
factors for various childhood and adult diseases and conditions. In time, the LucKi cohort will be
large enough to enable new (intervention) studies within part of the study population. Ultimately,
the LucKi database will contain relevant information on childhood and adulthood well-being,
health and disease that can help researchers, clinicians, and policy makers to develop and
implement prevention and intervention measures.

In preschool and early school age, the primary focus of LucKi is on atopic diseases (eczema,
asthma, and hay fever) and overweight/obesity. Atopic diseases are among the most prevalent
chronic disorders in childhood and their prevalence is still increasing in many developed
countries.>* While some children outgrow their complaints with increasing age, others persist to
suffer from atopic diseases into adulthood.® Also childhood overweight and obesity are becoming
increasingly prevalent chronic disorders in developed societies,® and increase the risk of long-term
adverse conditions, including cardiovascular, metabolic, pulmonary, and gastrointestinal diseases.’
It is still largely unknown what factors are involved in the etiology and/or are responsible for
the progression of atopic diseases, and there is even less knowledge on how atopic diseases
and overweight/obesity can be prevented or treated. This knowledge is essential for developing
effective prevention and intervention strategies and testing these in a real-life setting. Therefore,
within LucKi, the main objectives are: 1) to estimate the contribution and timing of known risk
factors, and 2) to identify and evaluate new risk factors for atopic diseases and overweight/
obesity. The latter requires add-on modules (e.g. questionnaires, measurements, biosampling) to
the exisiting LucKi infrastructure that specifically target potential new risk factors.

Suffering from atopic diseases, overweight or obesity, or other adverse conditions in childhood,
as well as acquiring certain lifestyle patterns early in life, may have lifelong consequences.
Therefore, in older children and adolescents also other outcomes will be studied, for example
social functioning, and behavioural and mental health conditions.

This paper describes the design of the LucKi Birth Cohort study, presents baseline characteristics
and prevalence of atopic diseases and overweight in part of the study population, and discusses
strengths and limitations of the study.
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Methods/Design

Study design

LucKi is an ongoing, dynamic, prospective birth cohort study. Since the start in 2006, newborns
are continuously being included into the study and will be followed prospectively until at least the
age of 19 years. Given the ongoing character of the study, no end date or maximum number of
inclusions has been set. Cohort details can also be found on www.birthcohorts.net.

A%

Figure 5.1: Localisation of the study region ‘Westelijke Mijnstreek’ in the Netherlands

Setting

LucKi is embedded in the Child and Youth Health Care practice of the Westelijke Mijnstreek, in
the Netherlands. The Westelijke Mijnstreek (Figure 5.1) is a region in the Province of Limburg in
the south east of the Netherlands that encompasses four municipalities: Sittard-Geleen, Stein,
Beek, and Schinnen, with a total area of ~150 km? (~58 square miles). This former coal-mining
region is now characterized by a high building density, a relatively dense transport infrastructure,
and car and chemical industry. These characteristics, further strengthened by adjacent foreign
industrial areas, result in relatively high concentrations of air pollutants, such as nitric oxide and
nitrogen dioxide.®

Due to ageing of the population, the number of inhabitants has been gradually decreasing since
the late 1990s. In 2006 the total population size of the Westelijke Mijnstreek was ~154,000; in
2013 there were ~149,000 inhabitants. The large majority (97 %) of inhabitants of the Westelijke
Mijnstreek are of Dutch nationality, but 19% of inhabitants are first or second generation
immigrants. Although these figures are comparable to national average (96% and 21%,
respectively), in the Westelijke Mijnstreek more immigrants originate from western countries
(75%) than from non-western countries (25%), while in the whole of the Netherlands this
ratio is 45% versus 55%. Furthermore, compared to the national average, inhabitants of the
Westelijke Mijnstreek have a slightly lower educational and income level, but unemployment
rates are comparable. Table 5.1 illustrates that the prevalence of certain health and life style
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characteristics, such as overweight and obesity and respiratory diseases is relatively high in this
part of the Netherlands.?

Table 5.1: Health and lifestyle characteristics of inhabitants (between 19 and 65 years of age) of the Westelijke
Mijnstreek and the whole of the Netherlands

Westelijke Mijnstreek the Netherlands
Perceived health: good/very good 77.7% 80.7%
High blood pressure 14.5% 12.6%
Chronic respiratory complaints 9.5% 7.8%
Diabetes Mellitus 4.6% 3.6%
Never drinks alcohol 15.8% 16.5%
Heavy alcohol use 12.7% 11.6%
Smoker 25.5% 25.5%
Heavy smoker 5.5% 4.7%
Overweight (incl. obese) 48.5% 45.5%
Obese 13.3% 11.8%

Data over the year 2012, standardised for age and sex. Data obtained from regional Public Health Services
(GGD), Statistics Netherlands (CBS), and the National Institute for Public Health and the Environment (RIVM).

Dutch Child and Youth Health Care System

Child and Youth Health Care (CYHC) in the Netherlands is obliged by law to promote and protect
the health and physical, cognitive and psychosocial development of children between 0 and
19 years of age, and to carry out the national immunisation program. To achieve these goals,
children are followed prospectively from birth.

All children living in the Netherlands and their parents or caregivers are invited regularly for
a routine physical and developmental check-up. A team consisting of physicians, nurses, and
assistants routinely check the child’s growth and development, and provide parents with requested
and unrequested support and advice. The first contact with CYHC (when the child is 1-2 weeks
old) takes place at home; all other contact moments take place at CYHC-centres. The frequency
of routine contact moments decreases with age (see Table 5.2), but if necessary, children are
invited more often to visit CYHC, e.g. when growth is impaired or there are other concerns.
In case of suspicion of diseases or disorders, the child is referred to a general practitioner or
medical specialist. In general, ~90% of all parents visit CYHC with their children regularly. The last
planned visit takes place when the child is 14 or 15 years old. Children between 16 and 19 years
are only invited for an extra check-up visit if their physical or social development raises concerns.
All relevant information is kept in a personal digital file in the CYHC registry. After the child
reaches the age of 19 years, the file is no longer updated, but is kept for another 15 years in the
registry.
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Table 5.2: Number of planned contact moments with Child and Youth Health Care (CYCH), number of LucKi
questionnaires, and main (research) topics in different age periods.

0-1 1-4 4-12 12-19
years years years years

Number of routine contact moments CYHC 9 5 3 2
Number of LucKi questionnaires 2 2 2 1
Main topics CYHC

General physical examination ++ ++ ++ ++

Growth? ++ ++ ++ ++

Overweight & obesity + + + +

Pre-/peri-/postnatal complications ++

Family history of diseases/disorders ++

(Mal)nutrition ++ ++ + +

Vision & hearing + + + +

Motor development? + ++ + +

Language development + ++

Social class & family functioning ++ ++ ++ +

Emotional & social development + ++ ++ +

Learning disabilities ++ +

Behavioural problems + + +

Child abuse & neglect ++ ++ ++ +

Addiction + ++
Main topics LucKi questionnaires

Parental medical history +

Circumstances around pregnancy & birth ++

Parental lifestyle characteristics ++ +

Eczema, wheeze/asthma, hay fever” ++ ++ ++ ++

Infections, diarrhoea, fever ++ ++ + +

Other diseases + + ++ ++

Medication use + + + +

Diet ++ ++ ++ ++

Physical activity + + +

Day care attendance + +

Indoor environment + + + +

Outdoor environment + +

School absence + +

++ high level of interest; + routine level of interest; * Standardised height, weight, and head or waist
circumference measurements by trained personnel at each visit; *Van Wiechen classification of psychomotor
development '3 *ISAAC (the International Study of Asthma and Allergies in Childhood) core questions
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Study population
The study population of the LucKi Birth Cohort study consists of all children born since July 2006
who live in the study area and whose parents agree to participate.

Recruitment

Recruitment of the newborns and their parents takes place during the routine home visit by a
CYHC-nurse, when the baby is 1-2 weeks old. Purposes of this home visit include to get ac-
quainted with the parents and introduce them to CYHC procedures, and to perform the neonatal
heel prick. CYHC receives a notification of an infants’ birth in their region as soon as the parents
have registered the newborn child at the municipal office. This registration is obligatory in the
Netherlands and has to take place within 3 days after birth. Upon notification CYHC contacts
the parents to plan a home visit. Parents receive oral and written information about the purpose
and methods of the study and are invited to participate. If parents agree to participate, they are
asked to sign informed consent for the use of data from the CYHC registry, pharmacy, hospital
and/or general practice.

Parents of children who are not included/invited to participate at birth, but visit CYHC from a later
age onwards (e.g. because they move into the study area), are also invited to participate in LucKi
from the moment they first visit CYHC in the study area.

In- and exclusion criteria
The only inclusion criterion for participating in LucKi is living in the study area. Children whose
parents never visit CYHC are excluded.

Data collection

Data collection takes place through repeated parental questionnaires and is complemented with
information from the CYHC registry, pharmacist, hospital and/or general practitioner, provided
informed consent to do so is given by the parents. The timing of the questionnaires coincides with
routine contact moments in CYHC.

Baseline questionnaire

At baseline (1-2 weeks after birth), parents are asked to complete a questionnaire that includes
questions on parental medical history, parental characteristics and lifestyle, indoor and outdoor
environment, and circumstances during pregnancy and around birth (Table 5.2).

Follow-up questionnaires

When the child is 6/7 months, 14 months, 3 years, and 5/6 years old, parents are asked to
complete a follow-up questionnaire for their child. Further follow-up questionnaires are being
planned for ages 10/11 and 14/15 years. Follow-up questionnaires include questions on atopic
diseases, infections, lifestyle, diet, physical activity, indoor and outdoor environment, medication

71




Chapter 5

use, health care utilisation, and school absence (Table 5.2). Questions on atopic diseases are
based on the validated ISAAC (The International Study of Asthma and Allergies in Childhood)
guestionnaire’, a questionnaire that is widely used in (monitor) studies on childhood asthma,
allergic rhinitis, and eczema.

Child and Youth Health Care (CYHC) registry

During the CYHC home-visit at 1-2 weeks of age an individual digital file is set up with information
on parental background (e.g. ethnicity, education, work status, family and medical history) and
circumstances during pregnancy and birth (e.g. pre-pregnancy weight, gestational age at birth,
mode and place of delivery) derived from midwife’s and/or obstetrician’s reports. This file is
complemented with new information after every subsequent visit to CYHC.

At each visit a nurse assistant measures the child’s height and weight in a standardised way.
Weight is measured on a digital baby scale (birth until 18 months, in a lying or sitting position
without clothes) or a digital flat scale (18 months and older, in a standing position wearing only
underpants or diaper). Height is measured using an infantometer (birth until 18 months, in a lying
position) or a microtoise (18 months and older, in a standing position). Scales and microtoise are
calibrated yearly and after translocation.

Other important information that is inquired during CYHC visits and registered in the digital file
includes the child’s nutritional status and physical and psychosocial development (Table 5.2).

Pharmacy, hospital, and general practice registries

If additional information on prescribed medication, doctor’s diagnosis, or treatment for various
conditions and diseases is needed to answer a specific research question, the variables of interest
will be obtained from pharmacy, hospital or general practice registries, provided parents gave
informed consent to do so.

Ethical clearance

The LucKi Birth Cohort Study was approved by the Medical Ethical Committee of Maastricht
University Medical Centre (MEC 09-4-058). LucKi is designed according to the privacy rules that
are stipulated in the Dutch ‘Code of Conduct for Health Research’."

Preliminary cohort description

Inclusion of newborns and follow-up of LucKi participants is still ongoing. Since the start in 2006,
already more than 5,000 children were included in LucKi shortly after birth, reaching an average
participation rate of ~65%. Most parents completed one or more of the follow-up questionnaires
(>75%), and gave informed consent to use date from other registries (>80%).

Table 5.3 provides baseline characteristics of children that were included in LucKi between July
2006 and December 2011, and presents the prevalence of eczema, wheeze and overweight in
these children.
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Table 5.3: Baseline characteristics of LucKi participants born between July 2006 and December 2011

N=4.230

Sex (% male) 50.2%
Gestational age at birth*

<37 weeks 5.8%

37-40 weeks 70.7%

>40 weeks 22.9%
Maternal smoking during pregnancy 10.5%
Breastfeeding (exclusive or combined)

until age 3 months 35.4%

until age 6 months 16.9%
Parental history of atopy® 57.0%
Number of older siblings*

0 43.2%

1 38.3%

>1 11.9%
Day care attendancet 55.2%
Pet keeping” 51.4%
Eczema prevalence'

Age 7 months 14.7%

Age 14 months 13.3%

Age 3 years 16.2%
Wheeze prevalence’

Age 7 months 16.4%

Age 14 months 18.3%

Age 3 years 13.0%
Overweight prevalence?

Age 3 years 7.6%

#Due to missing values, percentages do not add up to 100%;¢ Defined as mother or father ever having asthma,
hay fever, or eczema; ™ Defined as visiting day care weekly at age 7 months of age; “Defined as >1 pets in the
home at baseline (1-2 weeks of age); ' The prevalence of eczema and wheeze is based on parentally reported
symptoms through validated ISAAC questionnaires'®2 The prevalence of overweight was calculated with age-
and sex-specific cut-off points for Body Mass Index of a widely used international standard'

Discussion

In this paper we presented the rationale and design of the LucKi Birth Cohort Study. Within LucKi,
children are followed prospectively from birth into adulthood through repeated questionnaires and
routine registries, with, during preschool and school years, a primary focus on the development
of atopic diseases and overweight.

Strengths and limitations

LucKi is entirely embedded in regular Child and Youth Health Care (CYHC) practice and is linked to
other registries, which has certain advantages. First, because recruitment and follow-up coincide
with routine contact moments, high participation and follow-up rates are ensured. Second,
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maintenance costs and time investment are relatively low, permitting continuous inclusion of
new participants into LucKi. This results in several (birth year) groups within the cohort, some
of which may serve as study population for future experimental studies. Third, the continuous
character of the study allows us to adapt or supplement the data collection methods according
to new insights in the field or to harmonise with other birth cohort studies. Preferably, LucKi
measurements will be extended with the collection of biomaterial in the future. Fourth, because
information is gathered through different sources, data entries can be cross-checked for a large
number of variables, which strengthens the reliability of the data. And fifth, since CYHC has
direct access to a large number of children and at different ages, study results of LucKi may be
directly implemented into CYHC practice. Other important strengths of LucKi are the longitudinal
design, which allows investigating temporal and causal relationships, and the availability of
repeatedly measured weight and height data. The latter eliminates bias associated with self-
reporting (e.g. social desirability bias and recall bias), which is a well-known limitation in many
population studies on overweight and obesity.?

A limitation to LucKi (as to any observational study) is the possibility of selection in the study
population. Although LucKi reaches relatively high participation rates, a reason for not participa-
ting may be not speaking the Dutch language and therefore not being able to complete the
questionnaires. Also, parents of children who are hospitalised or under intensive pediatric
treatment may not attend the CYHC regularly, and in general, parents of higher socio-economic
status are more likely to participate in such a study. Descriptive data from the regional Public Health
Service will enable comparison of responders and non-responders on several characteristics, the
results of which will be reported in future research papers. Although any selection may affect
estimated prevalence rates, and therefore also the statistical power and generalizability of study
results, it will most likely not bias etiological associations. Furthermore, although CYHC only has
access to the children after birth, information on important prenatal factors are covered in the
baseline questionnaire.

Application of study results

The information gathered by the LucKi Birth Cohort Study is valuable for (child and youth) health
care and public health policy. Because children are studied at specific ages that coincide with
CYHC contact moments, findings from LucKi that can be translated into parental advice or other
preventive measures may directly be incorporated in CYHC protocols and reach a large group of
children and their parents at once. Furthermore, study results on (modifiable) risk factors, disease
prognosis, and medication use may also be relevant for general practitioners and pharmacists.
Moreover, LucKi's findings may aid policy and decision makers, who need scientific evidence
to develop and implement prevention and intervention strategies. LucKi progressively builds
on a database containing policy relevant information on a broad range of determinants and
health outcomes that may be beneficial to response to current and future public health issues.
Furthermore, LucKi results may contribute to the evidence built up by several international birth
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cohorts and to the development of guidelines. Collaboration between birth cohorts is especially
important to achieve more variation in exposure variables, and in that context, LucKi can contribute
with research data from children living in a relatively unfavourable outdoor environment.

Summary

To summarise, children in the LucKi Birth Cohort Study are prospectively followed from birth in
order to gain more insight into risk factors for atopic diseases and overweight development. The
aims of LucKi are summarised in Table 5.4. Because of the ongoing, dynamic character, LucKi
can be seen as a scientific framework that provides opportunities to initiate new (experimental)
studies and/or to establish biobanking in (parts of) the cohort, and may as well contribute relevant
information on determinants and health outcomes to health care professionals, and policy and
decision makers.

Table 5.4: Summary of the aims of the LucKi Birth Cohort Study

LucKi’s aims in preschool- and early school-age:
1. tostudy the etiology and the prognosis of atopic diseases and overweight/obesity
2. toidentify modifiable risk factors for atopic diseases and overweight/obesity
Long(er)-term aims of LucKi:
3. tostudy the long-term consequences of early life exposures and acquired lifestyle patterns
4.  to constitute a scientific framework for initialising new (intervention) studies

5. to build a database containing information on childhood and adulthood well-being and diseases
that is relevant to researchers, clinicians and policy makers
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Abstract

Objective

An association between childhood wheezing and overweight has been proposed, but the
underlying (causal) pathways remain unclear. We investigated whether birth weight and postnatal
growth rates are independently related to overweight and wheezing up to age 3 years.

Study Design

Children from the LucKi Birth Cohort Study with complete follow-up for repeated questionnaires
(at ages 0, 7, 14 months and 3 years) and informed consent to use height and weight data
(measured by trained personnel at ages 0, 7, 14 months, 2 and 3 years) were included (N=566).
Wheezing (parentally reported) and overweight (body mass index (BMI) > 85 percentile) were
regressed with Generalised Estimating Equations on birth weight and relative growth rates
(difference standard deviation scores for weight, height and BMI).

Results

Higher birth weight and higher weight and BMI growth rates were associated with increased risk
of overweight up to 3 years, but not with wheezing. Higher height growth rate was associated
with lower risk of wheezing up to 3 years, independent from overweight (aOR: 0.65 (0.53-0.79)).
In time-lag models, wheezing was associated with subsequently reduced height growth up to age
14 months, and not vice versa.

Conclusion

Rather than weight and BMI growth, only height growth rate is associated with preschool
wheezing, independent from overweight. Children who wheeze demonstrate a subsequent
reduction in height growth up to 14 months of age, and not vice versa. Since height growth rates
were not associated with overweight, preschool wheezing and overweight are not associated
through early life growth.
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Early life growth and wheeze

Introduction

In the past decades, the prevalence of childhood asthma has increased in many countries.’
Parallel to the increase in asthma prevalence, rising trends in childhood overweight and obesity
have been observed.? An association between asthma and overweight in children has been
found in several prospective studies,® where the risk to develop asthma or asthma symptoms
was increased in overweight children. Proposed causal factors for this association include:
systemic inflammation, mechanical changes associated with high body weight, changes in airway
hyperresponsiveness, decreased physical activity, and changes in diet, but the exact pathways
through which overweight may lead to asthma are currently poorly understood.”

Alternatively, overweight and asthma may not be causally related, but certain (early life) factors
may play a role in the development of both asthma and overweight independently. One such
factor may be growth in fetal and early life. In parallel with somatic growth, development of the
lungs starts in utero, and continues after birth. After 16 weeks of gestation, the pattern of the
airway branching is complete and thereafter the airways only grow in size and not in number.®
In contrast, the alveoli develop mainly postnatally, from 36 weeks of gestation to at least three
years after birth, and continue to increase in volume until lung growth is completed in early
adult life.” Reduced or accelerated growth in fetal and early life may therefore disrupt normal
airway development and growth, and lead to impaired functioning, for example because airway
growth cannot not keep up with accelerated somatic growth. Otherwise, an indirect effect of
unfavourable factors that lead to both abnormal somatic growth and lung functioning may also
explain how growth in early life can lead to overweight and asthma independently. In preschool
children asthma is difficult to diagnose, but symptoms of (recurrent) wheezing indicate that a
child is at increased risk for developing later asthma.

Previous research has shown that birth weight, an indicator of fetal growth and maturation, and
postnatal growth are associated with wheezing/asthma and overweight. Both low and high birth
weight seem to predispose for asthma®® and overweight'®'?, although studies show inconsistent
findings. Unfavourable conditions in utero, such as maternal smoking during pregnancy,'> may
cause impaired somatic growth and impede lung development, and thereby explain the risk of
asthma in low birth weight children.® Additionally, low birth weight children often show catch-up
growth during infancy, which may ultimately lead to overweight.' Children born with a high birth
weight tend to remain overweight throughout childhood,'" and their increased risk of asthma is
thought to be mainly related to being overweight.® Rapid postnatal weight gain is consistently
associated with overweight later in life,"'> and has also been shown to be associated with later
wheeze'®'® or asthma,’®?° although some studies did not find an association between growth
rate and asthma (symptoms).2'22

Studies on the association between growth and asthma/wheeze show many methodological
differences. For example, great differences exist between studies in the definition of growth.
Particularly, only two previous studies controlled for current height and weight?? or body mass
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index (BMI)' in the analyses, and found conflicting results. It is therefore still unclear whether
rapid early life growth rates are a shared risk factor for developing asthma/wheeze and overweight
independently, or first lead to overweight which in turn leads to asthma. Moreover, to gain more
insight into potential causal pathways, it is of interest to study associations in different age periods,
and to study height, weight and BMI growth rates separately. In the present study, we therefore
examined whether birth weight and height, weight and BMI growth rates are independently
related to wheezing and overweight in children up to 3 years of age in a population-based
prospective cohort study.

Methods

Population and setting

Data were obtained from the LucKi Birth Cohort Study, a dynamic prospective cohort study in
the South-East of the Netherlands. LucKi is embedded in the Dutch Child and Youth Health
Care system, in which children are followed longitudinally from birth through routine contact
moments at child health care centres. Most Dutch parents (~90-95%) normally visit a child health
care centre 12 times between birth and 4 years of age. Since July 2006, all parents of newborn
children who live in the study region are invited to participate in LucKi 1-2 weeks after birth.
Parents are asked to complete questionnaires at baseline (1-2 weeks after birth), and when their
child is aged 7 months, 14 months, and 3 years. The timing of the questionnaires coincides
with routine contact moments. Parents are also asked to sign informed consent for extracting
additional data from the Child and Youth Health Care registry.

For the present study inclusion criteria were: born between July 2006 and December 2008,
availability of all 4 questionnaires, and availability of parental informed consent. Exclusion criteria
were: born before 37 weeks of gestation (because of associated respiratory complications in
preterm babies) and multiple birth (because of associated lower gestational age at birth and
lower birth weight).

Anthropometric measures

Birth weight was reported by the mother in the baseline questionnaire and was in addition
documented by Child and Youth Health Care personnel in the digital registry, based on
information from midwife or gynaecologist who was present at birth. Birth weight was treated
as a continuous variable.

Weight, height, and body mass index (BMI) growth rates were determined using data from the
Child and Youth Health Care registry. Nurse assistants measured the child’s height and weight at
each visit to the child health centre in a standardised way. BMI was calculated by dividing weight
(in kg) by squared length (in m). Relative growth rates were calculated over 3 different time
periods: between 1 and 7 months, between 7 and 14 months, and between 2 and 3 years of age.
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For each child, height and weight measurements that were conducted closest to these ages were
used. If measurements were missing for a certain age, but other measurements were available,
height and/or weight were estimated by linear interpolating surrounding measurements. We
calculated standard deviation scores (SDS) for height, weight, and BMI at 1, 7, and 14 months,
and 2 and 3 years of age using the Dutch growth reference, standardised for age at measurement
and sex.” For each growth characteristic (weight, height, and BMI), the difference between the
SDS score at the end and the beginning of a time period was calculated. This difference score
represents the child’s relative growth rate in each period and was treated as a continuous variable
in the analyses.

Wheeze and overweight

The primary outcome variable, wheeze, was determined at 7 months, 14 months, and 3 years
of age, based on validated ISAAC questions?* included in each follow-up questionnaire. Parents
were asked whether their child had wheezing or whistling in the chest in the last 7 months
(questionnaires at 7 and 14 months) or in the last 12 months (questionnaire at 3 years). A child
was considered to have wheezed in a certain period if the parents answered ‘yes’ to this question.
The secondary outcome variable, overweight, was determined using BMI at 7 months, 14 months
and 3 years of age. Since no cut-off values for overweight exist for children younger than 2 years
old, we classified children with an age- and sex-specific BMI above the 85" percentile of the
present study population as overweight.?

Potential confounders

Information on potential confounders was collected by questionnaires and registry. Sex, gestational
age, number of older siblings, maternal smoking during pregnancy, and parental history of atopy
were available from the baseline questionnaire. Breastfeeding duration, day care attendance, and
environmental tobacco smoke were reported in the follow-up questionnaires (ages 7 months, 14
months and 3 years). We cross-checked variables that were also available from the registry: sex,
gestational age at birth, and smoking during pregnancy.

The variables breastfeeding duration, day care attendance, and environmental tobacco smoke
were defined per time period (0-7 months, 7-14 months, and 2-3 years). Breastfeeding duration
was defined as the number of months per period a child received breast milk, exclusively or
partially. All potential confounders, except breastfeeding duration, were treated as categorical
variables in the analyses. Missing values were replaced with the value of the most frequent
category.

Statistical analyses

We performed univariable and multivariable logistic Generalised Estimating Equations (GEE)
models with exchangeable correlation structure, for birth weight and weight, height, and
BMI growth rates separately. GEE is a technique that is especially suitable for the analysis of
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longitudinal data with repeated measurements.?® In multivariable analyses we adjusted for all
above-mentioned potential confounders simultaneously. Multivariable models with relative
growth rates as determinant were additionally adjusted for birth weight. An interaction term was
added to the models to explore possible differences of associations between age periods, with
the interaction variable ‘age period’ coded as 7, 14 and 36 (reflecting the age at measurement
in months), respectively.

Results are presented as odds ratios with 95% confidence intervals. A p-value of <0.05 was
considered statistically significant. Data were analysed with SPSS version 20.0.

Ethical clearance
The Lucki Birth Cohort study was approved by the Medical Ethical Committee of Maastricht
University Medical Centre.

RESULTS

Study population

Between July 2006 and December 2008, a total of 2317 children were enrolled in the LucKi Birth
Cohort Study shortly after birth (~65% of all births in the study region). For the present study
we excluded twins (n=36) and children who were born before 37 weeks of gestation (n=131,
16 of which were twins), leaving 2166 children who met the eligibility criteria. For a total of
566 (26.1%) children all questionnaires and informed consent for the use of registry data were
available. Compared with the total group of eligible children within the LucKi Study, the present
study population consisted of slightly more boys and slightly less children whose mother had
smoked during pregnancy (Table 6.1). Other characteristics were largely comparable (Table 6.1).

Wheeze and overweight

Parents of 75 children (75/566; 13.3%) reported wheezing between birth and 7 months, of which
5.3% (4/75) were ever diagnosed with asthma by a physician. Further, 37.3% (28/75) of children
with wheeze before 7 months of age ever used medication for their wheeze or asthma; 29.3%
(22/75) were reported to have used bronchodilators and 1.3% (1/75) corticosteroids. At the age
of 14 months, 107 children (107/566; 18.9%) were reported to have wheezed in the past seven
months, of which 36.4% (39/107) also wheezed before age 7 months and 7.5% (8/107) were
ever diagnosed with asthma by a physician. Further, 44.9% (48/107) of children with wheeze
between 7 and 14 months of age ever used medication for their wheeze or asthma; 32.7%
(35/107) were reported to have used bronchodilators and 4.7% (5/107) corticosteroids. At the
age of 3 years, parents reported wheezing in the past year for 75 children (75/566; 13.3%),
of which 66.7% (50/75) also wheezed before 7 months and/or before 14 months of age, and
17.3% (13/75) were ever diagnosed with asthma by a physician. Further, 65.3% (49/75) children
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Table 6.1: Baseline characteristics of present study population, compared with total eligible study population
within LucKi

Total eligible Present
Study Population* Study Population#
N=2166 N=566

Sex (male) 1066 (49.4%) 296 (52.3%)
Gestational age at birth

37-38 weeks 488 (22.5%) 118 (20.8%)

39-40 weeks 1123 (51.8%) 288 (50.9%)

41-42 weeks 545 (25 2%) 159 (28.1%)

missing 0(0.5%) 1(0.2%)
Birth weight mean (SD) in grams 3467 (491) 3457 (484)
Breastfeeding duration

0-7 months (% breastfed) 344 (60.8%)

mean (SD) in months 2.6(2.8)

7-14 months (% breastfed) 114 (20.1%)

mean (SD) in months 0.7 (1.7)
Parental history of atopy

No 704 (32.5%) 184 (32.5%)

Maternal 613 (28.3%) 163 (28.8%)

Paternal 382 (17.6%) 90 (15.9%)

Both parents 457 (21.1%) 125 (22.1%)

missing 10 (0.5%) 4(0.7%)
Smoking during pregnancy 271 (12.5%) 56 (9.9%)
Environmental Tobacco Smoke

0-7 months 43 (7.6%)

7-14 months 7 (6.5%)

2-3 years 0(8.8%)

missing 8(0.1%)
Day care attendance

0-7 months 313 (55.3%)

7-14 months 346 (61.1%)

2-3 years 496 (87.6%)
Older siblings

No older siblings 915 (42.2%) 246 (43.5%)

1 or more older siblings 1068 (49.3%) 265 (46.8%)

unkown 183 (8.4%) 55 (9.7%)

Numbers presented as n (%) unless depicted otherwise

* single birth children born between July 2006 and December 2008 after more than 36 weeks of gestation
# selection of children with complete follow-up (questionnaires and informed consent for using data from
the Youth Health Care registry)

with wheeze between 2 and 3 years of age ever used medication for their wheeze or asthma;
48.0% (36/75) were reported to have used bronchodilators and 5.3% (4/75) corticosteroids.
Mean BMI was 16.91 kg/m? (range: 12.91 to 21.13) at age 7 months, 16.96 (range: 13.35 to
21.38) at age 14 months and 15.82 (range 12.79 to 20.31) at age 3 years. Cut-off points for the
85™ percentile of BMI were 18.75 for boys and 17.99 for girls at the age of 7 months, 18.58 for
boys and 18.03 for girls at the age of 14 months, and 16.94 for boys and 16.92 for girls at the
age of 3 years.
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Using univariable logistic GEE analyses we calculated the association between overweight
(determinant) and wheeze (outcome) in our population. We found that overweight was
associated with wheeze at the age of 7 months (crude Odds Ratio (cOR) 1.84 (95% confidence
interval 1.12-3.03), but not at 14 months and 3 years of age (cOR 1.19 (0.82-1.74) and cOR 0.77
(0.43-1.40), respectively).

Association of birth weight and relative growth rates with overweight

Higher birth weight and higher weight and BMI growth rates were associated with increased risk
of overweight up to 3 years (adjusted Odds Ratio (aOR) 1.50 (95% confidence interval 1.23-1.83)
for an increment of 500g birth weight, and aOR 2.33 (1.98-2.75) and aOR 2.47 (2.11-2.90) for
an increment of 1 SDS, respectively), but height growth rate was not associated with overweight
(Table 6.2). There was a significant interaction of weight growth rate and age (p, .., <0-001);
the association between weight growth rate and overweight became stronger with increasing
age: aOR 1.98 (1.66-2.38) at age 7 months, 3.21 (2.49-4.13) at age 14 months, and 5.17 (3.16-
8.46) at age 3 years.

Table 6.2: Associations of birth weight and weight, height and BMI growth rates with overweight, wheeze,
and wheeze independent from overweight in children until age 3 years

Overweight Wheeze Wheeze independent
from overweight'

Determinant
Birth weight (per 500 g)

Crude OR (95% Cl) 1.48 (1.24-1.76) 1.09 (0.92-1.30)

Adjusted ORS (95% Cl) 1.50 (1.23-1.83) 1.02 (0.83-1.24) 1.00 (0.82-1.22)
Weight growth rate (per SDS)

Crude OR (95% Cl) 1.95 (1.69-2.24)" 0.89 (0.74-1.05)

Adjusted OR¥ (95% Cl) 2.33 (1.98-2.75)" 0.88 (0.73-1.05) 0.85(0.71-1.03)
Height growth rate (per SDS)

Crude OR (95% Cl) 1.05 (0.89-1.24) 0.66 (0.55-0.80)

Adjusted OR¥ (95% Cl) 1.12(0.94-1.33) 0.65 (0.54-0.73) 0.65 (0.53-0.79)
BMI growth rate (per SDS)

Crude OR (95% Cl) 2.20 (1.91-2.54) 1.16 (0.99-1.36)

Adjusted OR* (95% Cl) 2.47 (2.11-2.90) 1.16 (0.99-1.37) 1.15(0.98-1.36)

Odds ratios (OR) with 95% confidence intervals (Cl) from General Estimations Equations logistic regression
analyses, with exchangeable correlation structure. Wheeze, overweight, and growth rates have been
measured repeatedly in three time periods (0-7 months, 7-14 months, and 2-3 years of age). Statistical
significant associations (p<0.05) are displayed in bold font.

“interaction of determinant with age period is statistically significant (p <0.001)

S adjusted for sex, gestational age, older siblings, parental history of atopy, smoking during pregnancy,
breastfeeding duration, day care attendance, and environmental tobacco smoke

# adjusted for birth weight, sex, gestational age, older siblings, parental history of atopy, smoking during
pregnancy, breastfeeding duration, day care attendance, and environmental tobacco smoke

by adding overweight as determinant in the multivariable models
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Association of birth weight and relative growth rates with wheeze

Birth weight and weight and BMI growth rates were not associated with wheeze up to 3 years
(aOR 1.02 (0.83-1.24) per 500g, and aOR 0.88 (0.73-1.05) and aOR 1.16 (0.99-1.37) per SDS,
respectively). A higher height growth rate was associated with lower risk of wheezing up to age
3 years (@OR 0.65 (0.54-0.73) per SDS (Table 6.2). The associations of birth weight, and weight,
height, or BMI growth rates with wheezing did not change much after including overweight in
the models (Table 6.2).

To explore the direction of the association between height growth and wheeze, we designed
two time-lag models. The first model (A, height-->wheeze) included wheeze in age period t
(wheeze(t)) as a function of height at the end of the previous age period (height(t-1)), while
controlling for wheeze in the previous age period (wheeze(t-1)). The second model (B, wheeze--
>height) included height(t) as function of wheeze in the previous period (wheeze(t-1)), controlling
for height at the end of that period (height(t-1)). The results of logistic (model A) and linear
(model B) GEE analyses are displayed in Figure 6.1. In time-lag model A, the risk of wheeze(t) was
positively associated with height in the previous period (OR 1.05 (1.02-1.07) per cm body height),
i.e. children who were taller in the previous period were at a slightly higher risk of developing
wheeze, which is in contradiction to the association found in the main model. In time-lag model
B, height(t) was lower after a previous period of wheeze (B -0.30 (-0.69; 0.10)), which is in line
with the negative association between height growth rate and wheeze found in the main model.

Height(t-1) Wheeze(t-1) Wheeze(t-1) Height(t-1)
Wheeze(t) Height(t)
OR (95% Cl) B (95% Cl)
Height(t-1) 1.05 (1.02-1.07) Wheeze(t-1)  -0.30 (-0.69; 0.10)"
Wheeze(t-1) 2.21 (1.30-3.17) Height(t-1) 0.58 (0.54; 0.61)

Figure 6.1: Associations of height(t-1) in cm with wheeze(t) (time-lag model A) and of wheeze(t-1) with
height(t) in cm (time-lag model B) in children up to age 3 years

Odds ratios (OR) and Betas (B) with 95% Confidence Intervals (Cl) from logistic and linear GEE models,
respectively. Statistical significant associations (p<0.05) are displayed in bold font.

“interaction of determinant with age period is statistically significant (p <0.001)
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Because the interaction term of wheeze(t-1) with age period was statistically significant in model
B (P, eracion<0-001), we repeated the analyses per age period. We then found that the negative
association of height with previous wheeze was strongest in the first 7 months (difference (cm)
in height growth between wheezers and non-wheezers: B -1.23 (-2.15; -0.31), attenuated in the
next period (B -0.51 (-0.92; -0.10) at 14 months), and had disappeared by 3 years of age (B 0.22
(-0.26; 0.70)) (Figure 6.2).

0.22

-0.51

B Coefficient

-1.23

7 months 14 months 3 years

Age

Figure 6.2: Associations of wheeze with subsequent height in cm up to age 3 years.

B Coefficients with 95% Confidence Intervals from linear time-lag GEE analyses per age period. B Coefficients
represent the difference of height (cm) between children who wheezed in the previous period compared with
children who did not wheeze in that period, controlling for height at the end of the previous period.

Sensitivity Analyses

In order to check whether there was a non-linear association between birth weight and the
outcome variables wheeze and overweight, a centralised quadratic term for birth weight was
added to the univariable models. The quadratic term was not statistically significant in any model
and therefore dropped from all models.

To verify the existence of non-linear associations involving BMI (i.e. parabolic or U-shaped), we
performed two sensitivity analyses. First, we repeated all analyses after excluding children with a
BMI below the 15% percentile, which resulted in similar associations. Second, instead of defining
overweight as a binary variable based on 85™ percentile of the BMI distribution, we used a
centralised, quadratic term of BMI as continuous variable in the models with wheeze as outcome
variable. In all models, the quadratic term for BMI was not statistically significant.

Using cut-off points for the 85™ percentile of BMI to define overweight is arbitrary, especially for
children under 2 years of age. Therefore, we repeated the analyses using cut-off points for the
90" and 95™ percentile of BMI, but this did not change the results. Also, we repeated the analyses
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using cut-off points for 3-year old boys and girls of a widely used international standard?’, which
were lower than the cut-off points for the 85" percentile of BMI. Instead of 85 children (15%)
with a BMI in the 85t percentile, only 37 children (6.2%) in our study population were overweight
according to the international standard. Nevertheless, using these different cut-off points for
3-year-old children did not change our results.

Finally, to increase comparability between our study and others, we repeated our univariable
logistic GEE analyses with wheeze as outcome and relative growth rates between 1 and 3 months
as determinant. We found associations similar to the original analyses, but with slightly broader
confidence intervals, indicating that more precision in the estimates is achieved by using multiple
growth rate periods in the analyses.

Discussion

In the present study we examined associations of birth weight and weight, height, and BMI
growth rates with wheeze and overweight between birth and 3 years of age. In our study
population overweight was associated with wheeze up to 7 months of age, and not thereafter.
Our findings show that in preschool children only height growth rate is associated with wheezing,
independent from overweight, and birth weight, weight growth rate, and BMI growth rate are
associated with overweight only. Early life growth rates can therefore not explain an association
between preschool wheezing and overweight. Furthermore, time-lag analyses revealed that
wheeze is associated with subsequently reduced height growth up to 14 months of age, and not
vice versa.

Our findings are in contrast with other studies on the association between early life growth
patterns and wheeze, in which an association of weight growth'®?° and no association of height
growth'®'® with later wheeze and/or asthma was found. In line with our findings, two other
studies found no association of weight growth and later wheeze,?'?2 but no other study found
an association of height growth with wheeze. Furthermore, we could not confirm an association
of (high or low) birth weight with wheeze as found in some studies,® although null-associations
have also been found in other studies.'s?2

Conflicting results may derive from differences in methodological choices such as defining growth
rates and timing of outcome measurements. In our study, growth was defined as difference
scores of standardised weight, height or BMI in three periods (1-7 months, 7-14 months, and 2-3
years of age), while others categorised growth between 0 and 2 years,?' or several intermediate
periods,'®'® into slow, normal and rapid weight gain, or used parameters of modelled growth
curves to define growth patterns.’2%22 Sensitivity analyses with relative growth rates calculated
over 1-3 months only as determinant did however not change our conclusions. Results of studies
that only focussed on BMI as marker for growth may be influenced by an inversed association
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of height growth with wheeze as we found in our study, by inaccurately attributing an effect to
weight gain instead of reduced height growth, emphasising that it is important to study weight
and height separately.

Another difference is that we used repeatedly measured wheeze as outcome measure, whereas
in other studies the outcomes were measured only once, or were combined to one endpoint (e.g.
ever wheeze). Although the sample size of our study was smaller than some other studies, we
reached enough statistical power to detect a statistically significant negative association between
height growth and wheeze. Also, some other studies measured their outcome in school-aged
children. In preschool children, wheezing is more prevalent and mainly associated with viral
infections, while in older children who persist to wheeze up to the age of 6 years and older,
wheezing is mainly associated with atopy.?® It is therefore likely that not all children with wheezing
symptoms in our study population will go on to develop allergic asthma when they grow older.

Our results indicate that most likely a different mechanism is responsible for the association of
growth with overweight than for the association of growth with wheeze in preschool children.
In the association with overweight (based on BMI), weight gain seems to play a key role, while in
the association with wheeze reduced height is primarily involved. Since overweight and weight
gain are by definition closely related, a strong association between weight growth rate and
overweight was to be expected in our study. In the absence of an association of weight growth
rate and wheeze, however, our results do not confirm a causal relation between overweight and
wheeze/asthma through pathways related to high body weight, such as increased visceral fat
deposition, mechanical changes, and low-grade systemic inflammation. Remarkably, the (non-
significant) estimates of the association between weight growth rate and wheezing rather point
to a protective effect of weight growth rate for preschool wheezing in our study population,
implicating the need for replication of these analyses in a larger population to see whether these
estimates reach statistical significance or not.

From our time-lag models we conclude that in the association of height and wheeze reversed
causation was introduced: wheeze was associated with subsequently reduced height growth, and
not vice versa. This eliminates the explanation that restricted height growth affects airway growth
and thereby leads to respiratory problems. Potential explanations for height growth restriction in
children with wheeze include: an adverse effect on growth of asthma medication, such as inhaled
corticosteroids;?® co-morbidities of wheeze/asthma, such as gastro-oesophageal reflux disease®
which may hinder sufficient nutrient intake®' and thereby lead to reduced height growth; or
the presence of an underlying condition, for instance a respiratory tract infection, that induces
wheeze episodes and may as well cause temporal growth restriction. The latter explanation is
supported by the fact that the association between wheeze and height growth disappears at 3
years of age, because children become less susceptible to viral infections when they grow older.
The use of corticosteroids was low in this young population (1.3-5.3% of the children with
reported wheeze), and is therefore not a likely explanation for our findings.
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Strengths of our study are the prospective design and the use of repeatedly measured outcome
measures. Also, because trained nurse-assistants measured height and weight in a standardised
way, bias associated with self-reporting of height and weight (e.g. social desirability bias and
recall bias) was eliminated.?? Furthermore, the use of standardised ISAAC questions to measure
the outcome of wheeze permits comparison with other studies.

Our study is also subject to some limitations. First, since we only included children with complete
follow-up for questionnaires and informed consent for the use of registry data, selection bias
may be introduced. In Table 6.1 we 