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General introduction

General introduction

This thesis is aimed to look into asthma and physical activity in childhood. In this
general introduction we will focus on the background, pathophysiology and
development of asthma, followed by the background of physical activity and its
measurement. The link between asthma and physical activity will be elaborated,
complemented with the role of other possible risk factors, such as obesity.

Asthma

Background

Asthma is one of the most common chronic illnesses in childhood. More than
330 million people worldwide suffer from this breathtaking disease.! In the last decades
of the twentieth century, a steep increase in asthma prevalence was observed, which
stabilised around the change of the century (Figure 1.1). Valuable epidemiological
information on global childhood asthma prevalence has been gathered since the
nineties by the International Study of Asthma and Allergies in Childhood (ISAAC). ISAAC
Phase | (1993-95), repeated in Phase Ill (2001-03) identified that the prevalence of
asthma symptoms in school-aged children was rising in especially low-income and
middle-income countries.? The Global Asthma Network (GAN) continued the global
surveillance of asthma prevalence in GAN Phase | (2015-20), and showed that about
one in ten children had asthma symptoms, of whom almost half had severe symptoms.
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Figure 1.1: Change over time in prevalence of asthma symptoms in childhood. Left: survey date ranging from
1955 to 2000 reported by different questionnaires pre-ISAAC. Right: survey date ranging from 1995 to 2020
reported by uniform questionnaires in ISAAC phase |, phase Ill and GAN Phase |. (adapted from Chawla et al,
Pediatric Pulmonology 2012 (left) and Asher et al, Lancet 2021 (right)).

Asthma has a rich history. Already in ancient Chinese and Egyptian scriptures symptoms
of breathlessness and respiratory distress were mentioned.> The word ‘asthma’ is




Chapter 1

probably derived from the ancient Greek a’tw meaning ‘to blow’. Homerus used the
word aofua to describe severe breathlessness of his mythological heroes in the llias,
around 800 before Christ. It was not before 400 years later, that Hippocrates used the
term asthma to describe a condition of laboured breathing and noticed a seasonal
relation to autumn.®* Nowadays, asthma is defined as a disease “characterized by
recurrent attacks of breathlessness and wheezing” (World Health Organization, WHO).!
The Global Initiative for Asthma (GINA) describes asthma as “a heterogeneous disease,
usually characterised by chronic airway inflammation. It is defined by the history of
respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough
that vary over time and in intensity, together with variable expiratory airflow

limitation”.”

Asthma pathophysiology

Asthma pathophysiology consists of two key components: (1) airway
hyperresponsiveness and (2) inflammation. Both mechanisms lead to narrowing of the
airway, which causes shortness of breath. Airway hyperresponsiveness is an
exaggerated bronchoconstrictor response, due to different stimuli. In childhood, the
vast majority of asthma consists of allergic asthma, caused by inhalation allergens.® In
allergic asthma sensitization of IgE antibodies to environmental triggers (such as dust,
house mite, pollen) plays an important role. These IgE antibodies bind to mast cells and
basophils, which in case of inhalation of the environmental trigger, release cytokines
such as histamine, prostaglandins, and leukotrienes. These cytokines contract the
smooth muscle and cause airway tightening. T helper (Th)2 lymphocytes produce
several interleukins (IL-4, IL-5, IL-13), which promote inflammation. IL-13 contributes to
remodelling, fibrosis, and hyperplasia. Within hours after the start of an asthma
exacerbation, eosinophils, basophils, neutrophils, and helper and memory T-cells direct
to the lungs, and lead to bronchoconstriction and ongoing inflammation. All of these
mechanisms together change the compliance of the lungs slightly to increase the work
of breathing, eventually leading to airway remodelling.”

Asthma development

Asthma has a multifactorial origin and is caused by a complex combination of genetic
and environmental factors.® Children with positive family history of asthma have a 2 to
3 times higher chance to develop asthma.® Genetic studies showed that no single gene
can be held responsible for this genetic susceptibility. More than hundred different
genes have been associated with asthma. Asthma is considered a polygenic disease in
which many genetic variants determine small changes in the immune response or
airway responsiveness to the environment.'%! Asthma seems to develop as a result of
environmental exposures in genetic susceptible individuals.!> Environmental factors
that are identified'® are for example exposure to tobacco smoke,* air pollution such as
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General introduction

traffic pollution?®, open fire cooking,'® residential exposure to dampness and moulds,*’
antibiotic use early in life,® exposure to viral infections (especially hospitalization for
respiratory syncytial virus (RSV) infection),’® and fast food intake.?® Possible protective
factors are fresh fruit and vegetable intake,?° living in a farm environment,?* and
breastfeeding.?? Lifestyle factors are important to identify, because these are
potentially modifiable.

Physical activity

Background

“The exercise boom is not just a fad; it is a return to ‘natural’ activity — the kind for
which our bodies are engineered and which facilitates the proper function of our
biochemistry and physiology. Viewed through the perspective of evolutionary time,
sedentary existence, possible for great numbers of people only during the last century,
represents a transient, unnatural aberration.” (Eaton, Shostak, Konner 1988, p. 168)%

In prehistoric times physical activity played an important role in everyday life, not only
as necessity for survival, but as integral component of religious, social, and cultural
expression.? The ancient Greeks knew the importance of physical activity and viewed
great athletic achievement as representing both spiritual and physical strength rivalling
that of the gods, reflected in the classical Olympic Games.?® The Greek physicians
Herodicus (around 480 BC) and later Hippocrates (around 460 BC) already propagated
the health benefits of physical activity. Much later, in the 16" century, sedentary
behaviour was described to be associated with disease. The English physician Thomas
Cogan (The Haven of Health, 1584) observed that sedentary people appeared to suffer
from more maladies than active people. From the 19" century more attention was
spent on physical education, which was not only focused on exercise, but also bathing,
fresh air, among other topics.?* Since the middle of the 20" century the first
recommendations for physical activity to achieve health benefits occurred, leading to
the current World Health Organization’s Global Recommendations for Physical Activity
and Sedentary Behaviour. The most recent recommendations (WHO, 2020) state that
children should participate in moderate-to-vigorous physical activity (MVPA) for at least
60 minutes per day on average.?® Physical activity has been associated with multiple
beneficial health outcomes, such as cardiorespiratory fitness, muscular fitness, bone
health, cardiometabolic health, and mental health.?’

Children have become less active during the past decades: global trend studies showed
that active transportation, organised sports, and physical education lessons at school
have declined since the second half of the twentieth century.?® Overall physical activity,
as measured by motion sensors, has declined further in the last 20 years, both in adults
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and in children, especially in adolescents.”® Worldwide, fewer than 20% of all
adolescents met the WHO recommendations for physical activity in 2016.%°

It is important to realise that sedentary behaviour is not merely the absence of physical
activity.3! Sedentary behaviour is defined as activities with an energy expenditure of
<1.5 MET (metabolic equivalent of a task) during wake time, while in sitting, reclining of
lying posture. Sedentary behaviour in high doses (i.e. more than 6 to 8 hours per day
during wake time) is shown to be associated with an increased long term mortality
risk.32 On the other hand, physical inactivity is usually defined as not meeting the WHO
global recommendations on physical activity. In theory, it is possible that a person
meets the physical activity recommendations while also engaging in sedentary
behaviour during a large part of the day.

Measuring physical activity

Habitual physical activity is difficult to quantify because it consists of a complex set of
behaviours. The nature of (especially young) children makes their activity patterns
highly variable, sporadic and omnidirectional.?® In epidemiological studies, physical
activity is most often measured via questionnaires. Proxy measurements may be useful
in measuring physical activity patterns in childhood. Time spent outdoors seems to be
strongly predictive of physical activity level in children.3* Involvement in community
sports programs may also be a useful proxy measurement.3® A few validated
questionnaires are available, such as the Physical Activity Questionnaire (PAQ), which is
developed in paediatric version (PAQ-C Physical Activity Questionnaire for children) and
adolescent version (PAQ-A Physical Activity Questionnaire for adolescents). Validity
studies on these questionnaires found contrasting results, varying from good reliability
with moderate validity to acceptable/good reliability and validity.3>3” Recently, a large
systematic review assessed all available questionnaires on childhood physical activity
and judged that none of the included questionnaires had conclusive evidence for both
acceptable validity and reliability.3®

A possible alternative for questionnaires is direct monitoring of physical activity levels
through behavioural observation, physiological measurements (such as direct and
indirect calorimetry, doubly labelled water in order to calculate the energy
expenditure), or electronical devices (such as motion sensors). Most of these options
are limited by their high costs and are time consuming, and therefore not suited for
large scale epidemiological studies. Motion sensors (i.e. pedometer or accelerometer)
are relatively affordable and can be used in larger epidemiological studies. The most
important advantage of accelerometry over questionnaires in children is the ability to
quantify the frequent bursts of activity that (young) children tend to show. It has been
shown that accelerometry data are strongly correlated with energy expenditure.?®
Moreover, objective measurements are not subject to reporting bias or recall bias that
can be associated with parent reported data. An important disadvantage of using
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accelerometry is that it usually measures a relatively short period in time (e.g. 3 days or
1 week), while it is known that activity patterns change over time, for example due to
weather or seasonal influences.*® Moreover, most accelerometers tend to underreport
physical activity during bicycling and cannot be worn during swimming. It has been
suggested to combine the questionnaire based data with objectively measured data to
get a more comprehensive description of children’s activity patterns.*!

Asthma and physical activity

Earlier studies have suggested that individuals with asthma are less physically active
compared to those without asthma, both in adulthood**** and in childhood.** Several
explanations are possible: especially vigorous physical activity is a known trigger for
asthma symptoms,*> and can cause exercise induced bronchoconstriction, a distinct
form of bronchial hyperresponsiveness defined as acute, transient narrowing of the
airways during exercise.*® Children with exercise induced bronchoconstriction show less
habitual physical activity compared to asthmatic children without this feature.*’
Besides this, other environmental triggers that play a role when exercising (such as cold
air, pollen, traffic pollutants) can induce an asthma exacerbation.*® Whether asthma is
well controlled (for example by medication) plays an important role in physical activity
levels in asthmatics.*® Poorly controlled asthma may result in exercise intolerance and
fear of asthma symptoms.>® Sometimes, parents restrict their asthmatic children in
being physically active because of their fear of an asthma exacerbation.> Children with
low physical fitness are more prone to experience symptoms of breathlessness, that
can be misinterpreted as asthma symptoms.>?

Asthma organisations all around the world (e.g. Longfonds,>* Asthma UK,>* American
Lung Association®) promote children with asthma to engage in normal physical activity
levels. Physical activity is believed to improve asthma control,”® due to improving
cardiorespiratory fitness, helping to maintain a healthy weight, and improving mental
health status which in turn can improve asthma control.>* Exercise training programs
for individuals with asthma are described to improve asthma control and lung
function.>”->°

While the link between asthma influencing physical activity has prevailed for a long
time, more recently the hypothesis evolved that physical activity might protect against
asthma development, possibly through immunological factors: exercise training has
proven systemic anti-inflammatory effects,®®%! while airway inflammation is a known
principal feature of asthma. Increased habitual physical activity in daily life was found
to be associated with lower systemic inflammation in patients with severe asthma,
although no association with eosinophilic airway inflammation was found.®? In animal
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studies, aerobic exercise was shown to decrease eosinophilic airway inflammation and
airway modelling.53-

Asthma and obesity

The link between asthma and obesity has been studied extensively in the last decades.
In 1999, Camargo et al.’” was one of the first to describe obesity as a risk factor for
developing asthma in adult women. Since then numerous studies have demonstrated a
relation between obesity and asthma, in adults as well as in children.%87! Cross-
sectional studies have consistently showed that asthmatics are more often obese than
their non-asthmatic peers.”>’® Longitudinal studies have found that obesity is an
independent risk factor for developing asthma: obese children have a 30-50% higher
risk of developing asthma.”®’> The pathophysiology of the obesity-asthma link is not
fully understood yet. Mechanical, genetic, environmental, and immune factors are
hypothesised to influence this association.”® Obesity and asthma are both linked to
lifestyle factors, such as diet and physical activity.”” Poor diet has been associated with
both increased risk of obesity and poor asthma control. High fat intake has been linked
to increased airway inflammation. Fruit and vegetable intake are both negatively
associated with prevalent asthma.”® Obese asthmatic patients are described to have a
higher burden of symptoms, more severe disease, poorer lung function, more frequent
exacerbations, and are less prone to respond to standard treatments, such as beta-2
agonists and inhaled corticosteroids. Treating obesity, by weight loss, exercise, and
pulmonary rehabilitation, is the most important treatment for the obese asthma
phenotype.’®

It is not clear what the role of physical activity is in the association between obesity and
asthma. The association between physical activity and obesity, as well as between
obesity and asthma has been established, but the physical activity-asthma link is still
subject to debate (Figure 1.2). A possible route is that children with low physical activity
become obese, and subsequently develop asthma. Or alternatively it could be that
obese children engage less in physical activity and then develop asthma. Leinaar et al
published a systematic review on the relationship between asthma and overweight in
children, and the role of physical activity in this relation.” They postulated that physical
activity is likely to mediate the relationship between asthma and overweight. However,
their conclusions are based upon mostly cross-sectional studies and a few studies with
asthma preceding overweight, which makes it difficult to determine a causal relation.

To unravel all these possible interactions and relations, it is very important that
longitudinal data from cohort studies are available with clear information on physical
activity and asthmatic symptoms.
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Physical Activity

Obesity : Asthma

Figure 1.2: Visual representation of possible associations between physical activity, obesity, and asthma.

Aim of this thesis

The aim of this thesis is to investigate the relation between asthma and physical
activity, with special attention to causality and direction of the possible associations.

Outline of this thesis

Chapter 2 describes a study we performed on the validity of parent reported physician
diagnosed asthma, compared to medical information provided by their general
practitioner.

Chapter 3 describes the relation between asthmatic symptoms in the first two years of
life and subsequent physical activity levels at age 4 to 5 years.

Chapter 4 presents an overview of the available literature on asthma and physical
activity, in adults as well as children, based on a broad literature review and meta-
analysis.

Chapter 5 looks into physical activity at age 4 to 5 years as exposure, and asthma
development at age 6 to 7 years.

Chapter 6 describes a large collaborative study that we conducted in 26 European
cohorts, on physical activity and asthma in childhood.

Finally, in chapter 7 the main results of this thesis are discussed and placed in a bigger
picture. Chapter 8 describes the scientific and societal impact of this thesis.
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KOALA Birth Cohort

Data for this thesis were mainly derived from the KOALA Birth Cohort
Study (acronym (in Dutch) for Kind, Ouders en gezondheid: Aandacht
voor Leefstijl en Aanleg; (in English) child, parents and health: lifestyle
and genetic constitution). In this birth cohort study more than 2500
children born between 2001 and 2003 are followed from pregnancy konia - sTupy
into adulthood. The main focus of the cohort is allergy and asthma,

growth and development. A unique feature of the KOALA cohort is the enrichment with
families with alternative lifestyles, often inspired by anthroposophical philosophy. This
leads to a broader spectrum of behaviours such as playing outdoors, breast feeding,
healthy diets etc.%8!
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Abstract

Objective
To compare parent reported physician diagnosed asthma from questionnaires for
epidemiological purposes, to general practitioner (GP) recorded childhood asthma.

Methods

This study was embedded in the KOALA Birth Cohort Study with regular follow-up by
ISAAC core questions on asthma in 2834 children in two different recruitment groups,
with ‘conventional’ lifestyles or ‘alternative’ lifestyles. At age 11-13 years these data
were linked to data extracted from GP records. We compared parent reported
physician diagnosed asthma, asthma medication use, and current asthma with GP
recorded asthma diagnosis and asthma medication. Two different combinations of
questions were used to define current asthma (i.e. ISAAC and MeDALL based
definition).

Results

Among 958 children with information provided both by the parents and GPs,
98 children (10.2%) had parent reported physician diagnosed asthma, and 115 children
(12.0%) had a GP recorded asthma diagnosis (Cohen’s kappa 0.49; 95% Cl 0.40 to 0.57).
Discrepant cases showed that asthma symptoms at an early age led to different
labeling between parents and GP. The agreement between the ISAAC based definition
and MeDALL based definition was excellent (Cohen’s kappa 0.82; 95% Cl 0.74 to 0.88).

Conclusion

Parent reported physician diagnosed asthma and GP recorded childhood asthma had
only moderate agreement, and is possibly influenced by labeling early transient wheeze
as asthma diagnosis. It is important that parent reported physician diagnosed asthma is
combined with additional questions such as current asthma symptoms and asthma
medication use, as used in ISAAC or MeDALL based current asthma, in order to obtain
reliable information for epidemiological research.
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Introduction

Asthma is a heterogeneous disease with symptoms of wheeze and shortness of breath
that are highly variable in time.? Asthma is a clinical diagnosis, based on a combination
of recurrent clinical symptoms and signs in patient history and physical examination,
combined with a reversible airflow obstruction in spirometry.? Ideally, spirometry is
performed at the time that clinical symptoms of an asthma exacerbation are present.
For epidemiological research, it is important to use a uniform and reliable asthma
definition that is feasible to perform in large study populations. In most epidemiological
studies, asthma is defined through questionnaires instead of spirometry or clinical
assessment due to advantages in data collection, costs and time efficiency.? The most
comprehensive international study on asthma prevalence in children is the
International Study of Asthma and Allergies in Childhood (ISAAC).* This collaborative
research project developed and validated questionnaires for measuring prevalence of
asthma in childhood. Common core ISAAC questions on asthma are: “Did a physician
ever diagnose asthma in your child?” and “Has your child ever had asthma”. Although
ISAAC has contributed greatly to uniform and valid asthma measurement, a
standardized operational asthma definition for epidemiological studies is lacking.” The
MeDALL collaboration (Mechanisms of the Development of Allergy) aimed to further
harmonize information on asthma in epidemiological studies and made proposals for
definitions of current asthma, eczema and rhinitis.®’

The main goal of this study is to compare questionnaire based parent reported
physician diagnosed asthma and parent reported use of asthma medication with GP
reported asthma diagnosis and asthma medication in children. We will also describe
the discrepancies between parent reported physician diagnosed asthma and GP
records.

We compared parent reported physician diagnosed asthma, GP recorded asthma
diagnosis, asthma medication use, and commonly used combinations of questions to
define current asthma in order to determine which gives the most accurate information
on the presence of asthma. Our hypothesis is that parent reported physician diagnosed
asthma corresponds well to GP reported asthma diagnosis. This is important for the use
of parent based questionnaires in epidemiological research, but also useful for clinical
practice, as the parents are the spokesperson for their child and it is important that
clinicians know whether a parent reported physician diagnosed asthma is indicative of a
GP reported asthma diagnosis.
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Materials and methods

Study design

This study is an agreement study comparing parent reported physician diagnosed
asthma and asthma medication use with GP recorded asthma diagnosis and asthma
medication.

Study population

This study was embedded in the KOALA Birth Cohort Study of 2834 children born
between 2001 and 2003 (KOALA is an acronym [in Dutch] for Child, Parent, and Health:
Lifestyle and Genetic Constitution). The study consists of 2 recruitment groups, families
with “alternative” and “conventional” lifestyles.® Families with alternative lifestyles
with regard to child rearing practices, dietary habits, vaccination schemes and/or use of
antibiotics, were recruited through organic food shops, anthroposophical doctors and
midwives. Healthy pregnant women with conventional lifestyles were recruited from an
ongoing study on pregnancy-related pelvic girdle pain.® Parents were asked to fill out
written questionnaires on asthma symptoms and asthma diagnosis at several ages (i.e.
3 and 7 months, 1 year, 2 years, 4 to 5 years, 6 to 7 years, 6 to 8 years, 7 to 9 years, 8 to
10 years, and 8 to 11 years). ISAAC core questions on physician diagnosed asthma and
asthma medication use were used: “Did a physician ever diagnose asthma in your
child?” and “Did your child use medication for asthma or wheezing in the last
12 months?”, “Which medication and how often did your child use medication in the
last 12 months for asthma or wheezing?”.

Asthma care pathway

In the Netherlands the general practitioner (GP) is the central person in the patient’s
healthcare, and acts as a gatekeeper for the patient’s health and that of their family. In
general, asthma is diagnosed by the general practitioner or pediatrician by clinical
observation of recurrent episodes of dyspnea and wheeze, preferably supported by a
spirometry with reversible bronchoconstriction. In general, mild asthma with only on
demand bronchodilators or stable with normal dosage of inhaled corticosteroids, is
treated by the general practitioner. Moderate or severe asthma is treated by the
pediatrician. The pediatrician will inform the general practitioner of the diagnosis and
treatment with regular correspondence, as the general practitioner is the gatekeeper of
the patient’s health in general.°
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Operational asthma definitions

In the KOALA cohort we defined current asthma using the following combination of
ISAAC questions: physician diagnosed asthma combined with symptoms of dyspnea or
wheeze in the last 12 months and/or regular use of asthma medication in the last
12 months (i.e. daily use of corticosteroids or bronchodilators or use of bronchodilators
during exercise).!! For this study, we also used the MeDALL based definition of current
asthma, which is defined as presence of at least two out of the next three criteria:
(1) physician diagnosed asthma, (2) wheeze in the last 12 months, and (3) use of
asthma medication in the last 12 months.’

Data collection

In 2008 (when the children were around age 6-7 years), the parents were asked
informed consent to approach their GP for their child’s medical information. In 2014
(when the children were around age 11-13), GPs of participating children were asked to
fill out a written questionnaire on several diagnoses (i.e. asthma, eczema, hay fever,
attention deficit hyperactive disease (ADHD), chronic intestinal disorders) and
medication use. Children with available information from their GP and follow-up at
least until the age of 8 to 10 years were included in this study.

Written informed consent was obtained from the parents of participating children.
Ethical approval was obtained from the Medical Ethical Review Committee of
Maastricht University Medical Centre+ (approval number MEC 08-4-016.4, 2008).

Statistical analysis

Data were analyzed using SPSS 23.0 for Windows (SPSS Inc, Chicago, IL). We used
Cohen’s kappa statistic with 95% confidence intervals (Cl) to quantify agreement. A
kappa over 0.81 was considered as excellent, a kappa of 0.61 to 0.80 was considered
good, 0.41 to 0.60 moderate, 0.21 to 0.40 fair, and lower than 0.20 poor.'?

Because the last follow-up by parental questionnaire was around one year before the
extraction of GP data, we restricted GP reported asthma medication to the period up to
the questionnaire date.

The main analysis was aimed to quantify agreement between parent reported physician
diagnosed asthma and GP recorded asthma diagnosis. Secondly, we compared parent
reported asthma medication use with asthma medication reported by the GP. Thirdly,
we compared two different sets of combined questions to define current asthma (i.e.
ISAAC and MeDALL based definition of current asthma) with physician diagnosed
asthma reported by the parents or GP. In addition, we provided insight into causes of
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discrepancies between parent reported information and GP records. We performed
additional analyses with stratification for recruitment group because we hypothesized
that parents in the alternative lifestyle recruitment group could possibly be more
restrictive in seeking medical care for asthmatic symptoms and asthma medication use.

Results

In total, parents of 1795 children consented to approaching the GP for medical
information. Those with incomplete information or no possibility to link to the GP data
were excluded from analysis (missing or unreadable GP address (n=15), incomplete
form (n=35), discontinued or unknown GP practice (n=82)).

Valid GP addresses were available for 1663 children from 744 different GP practices
(420 practices with one child; the others with two up to nineteen children per practice).
These GPs were sent a short questionnaire, to which 529 (71% of 744 GP practices)
responded by returning the questionnaire for one or more children, totaling
1172 children. Of the returned questionnaires 1061 questionnaires were valid. The
remainder indicated that the child was no longer a patient (n=95), or refused to fill out
the questionnaire (n=16), for example because of lack of time. We excluded twins
(n=16) to prevent accidental mix-ups by their parents or GP.

Finally, 966 of the remaining 1045 children had information on either parent reported
asthma diagnosis or asthma medication at age 8-10 or 8-11 years, and were included in
this study. Table 2.1 shows the characteristics of the base population, the children
whose parents gave informed consent for linkage with the GP record, and the children
with available GP record.

Physician diagnosed asthma

Physician diagnosed asthma was reported by the parents in 98 children (10.2% of
958 children with information on parent reported physician diagnosed asthma),
compared to 115 children (12.0%) according to the GP record (Table 2.2). The
agreement between parent reported physician diagnosed asthma and GP recorded
asthma diagnosis was moderate, with a Cohen’s kappa of 0.49 (95% Cl 0.40 to 0.57).

We zoomed in on the cases in which there was no agreement between parental and GP
provided information. In 40 cases, the parents indicated that the child had been
diagnosed with asthma by a physician while the GP did not. From these 40 discrepant
cases it was striking that 36 children (90%) were reported by the parents as having an
asthma diagnosis set by a physician before the age of 6 (often 0 to 2 years). Of these
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children with a reported asthma diagnosis at an early age, only 6 children (15%) were
still using asthma medication according to the parents, and 5 according to the GP
record (13%). When the more strict definition of current asthma was applied to these
36 cases, only 8 (22%) met the ISAAC based definition, compared to 6 (17%) when using
the MeDALL based definition of current asthma.

Table 2.1: Characteristics of participants of the KOALA Birth Cohort Study, Netherlands.

Characteristic Participants with Participants with Participants with valid
follow-up on parent informed consent for linked GP record
reported asthma  linking with GP record (n=966), n (%)
diagnosis or (n=1580), n (%)
medication
(n=1886), n (%)
Sex
Boy 967 (51) 787 (50) 485 (50)
Girl 919 (49) 793 (50) 481 (50)
Lifestyle
Regular 1532 (81) 1284 (81) 783 (81)
Alternative 354 (19) 296 (19) 183 (19)
Maternal education level
Lower 163 (9) 135(9) 78 (8)
Middle 703 (37) 577 (37) 349 (36)
Higher vocational 666 (35) 577 (37) 358 (37)
Academic 286 (15) 242 (15) 150 (16)
Other 68 (4) 49 (3) 31(3)
Parental asthma @
No 1524 (81) 1277 (81) 771 (80)
Yes 356 (19) 274 (17) 174 (18)
Unknown 34 (2) 23 (2) 17 (2)
Missing 6 6 4
Parental atopy ®
No 758 (41) 632 (41) 389 (41)
Yes 1099 (59) 928 (60) 564 (59)
Missing 29 20 13
Older siblings with atopy ¢
No older siblings 818 (44) 690 (44) 407 (42)
No 748 (40) 628 (40) 389 (40)
Yes 299 (16) 250 (16) 162 (17)
Unknown 15 (1) 6 (0) 4(0)
Missing 6 6 4
Wheeze at age 0 to 2 years ¢
No 1262 (67) 1054 (67) 646 (67)
Yes 615 (33) 518(33) 315(33)
Missing 9 8 5
Eczema at age O to 2 years®
No 1440 (77) 1215 (77) 752 (78)
Yes 421 (22) 349 (22) 203 (21)
Missing 25 16 11

2 Father and/or mother history of asthma; ® Father and/or mother history of asthma, eczema or allergy; ¢ One
or more older siblings history of asthma, eczema or allergy; ¢ Parent reported wheeze at age 0 to 2 years; ©
Parent reported eczema at age 0 to 2 years.
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Table 2.2: Parent reported physician diagnosed asthma compared to GP record.

Parent reported physician diagnosed asthma GP recorded asthma diagnosis Total (n)
No asthma (n) Asthma (n)
No asthma (n) 803 57 860
Asthma (n) 40 58 98
Total (n) 843 115 958

Cohen’s kappa 0.49 (95% C1 0.40 to 0.57)

Agreement of parent reported physician diagnosed asthma, as reported in follow-up questionnaires at ages 8
to 10 years or 8 to 11 years, compared to GP recorded childhood asthma diagnosis. 958 children had
information on parent reported physician diagnosed asthma (the difference with the total included group of
966 children is caused by 8 missings, which did have information on asthma medication use and therefore
were included for this study). 95% Cl: 95% confidence interval.

On the other side, in 57 cases the GP record showed an asthma diagnosis, while the
parents did not report this in the last two follow-up questionnaires (ages 8 to 10 years
and 8 to 11 years). From these 57 discrepant cases, 4 were diagnosed only recently
(after the last follow-up questionnaire) and thus could not have been indicated as
diagnosed asthma by the parents yet. From the remaining 53 discrepant cases,
31 children (59%) were diagnosed at an early age according to the GP record (before
6 years), from which 23 (74% of 31 children) had no symptoms or medication use
anymore at age 8 to 11 years according to the parents. In 11 cases (21%), parents
seemed to have forgotten an earlier asthma diagnosis: in earlier questionnaires (at ages
6 to 7 years, 6 to 8 years, or 7 to 9 years) the parents did fill out an asthma diagnosis,
while they did not in the last two follow-up questionnaires at ages 8 to 10 years and 8
to 11 years. In total, only 8 of the 31 discrepant cases with an early diagnosis met the
ISAAC based definition of current asthma (26%), while 4 met the MeDALL based
definition (13%). See Figure 2.1 for a visual representation of agreement and
discrepancies of parent reported physician diagnosed asthma compared to GP recorded
asthma.

Physician diagnosed asthma compared to current asthma

The agreement between parent reported physician diagnosed asthma and current
asthma was moderate for both definitions: Cohen’s kappa 0.59 (95% Cl 0.49 to 0.68) for
ISAAC based current asthma, Cohen’s kappa 0.57 (95% Cl 0.47 to 0.67) for MeDALL
based current asthma. The agreement between GP recorded asthma diagnosis and
current asthma was somewhat lower: Cohen’s kappa 0.53 (95% Cl 0.44 to 0.63) for
ISAAC based current asthma, and Cohen’s kappa 0.48 (95% ClI 0.37 to 0.56) for MeDALL
based current asthma. (More details in appendix).
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Asthma medication

The recent use of asthma medication was reported in 78 (8.1% of 965) children by the
parents, compared to 63 (6.5%) children in the GP records (Table 2.3). The agreement
between parent reported asthma medication use in the last 12 months and GP
recorded asthma medication around the same time period was moderate, with a
Cohen’s kappa of 0.56 (95% Cl 0.45 to 0.66).

Table 2.3: Parent reported asthma medication compared to GP record.

Parent reported asthma medication GP registered asthma medication Total (n)
No (n) Yes (n)
No (n) 866 21 887
Yes (n) 36 42 78
Total (n) 902 63 965

Cohen’s kappa 0.56 (95% CI1 0.45 to 0.66)

Agreement of parent reported asthma medication, as reported in follow-up questionnaires at ages 8 to 10 years or 8
to 11 years, compared to GP registered asthma medication. 965 children had information on parent reported asthma
medication (the difference with the total included group of 966 children is caused by 1 missing, which did have
information on physician diagnosed asthma and therefore was included for this study). 95% Cl: 95% confidence
interval.

We focused on the discrepancies: in 21 cases asthma medication was prescribed by the
GP recently, while the parents did not report this. In 6 of these cases (29%) parents
reported physician diagnosed asthma, compared to 7 asthma diagnoses (33%) in the GP
records. Only a few cases met the definitions for current asthma (n=2 for ISAAC based
definition, and n=1 for MeDALL based definition). In 36 cases parents did report recent
asthma medication use, while there was no record of this in the GP record. In 21 cases
(58%) parents reported a physician diagnosed asthma, and in 22 cases there was an
asthma diagnosis in the GP record (61%). A notable number of 32 cases (89%) met the
ISAAC based definition of current asthma, and 28 (78%) met the MeDALL based
definition.

Current asthma

In total, 75 children (7.8%) met the ISAAC based definition of current asthma, as
reported by the parents, compared to 58 children (6.0%) defined by the MeDALL based
definition of current asthma (Table 2.4). The agreement between the ISAAC based
definition and MeDALL based definition was (as expected) excellent, with a Cohen’s
kappa of 0.82 (95% ClI 0.74 to 0.88).

In 3 cases, the child met the MeDALL definition of current asthma, but not the ISAAC
based definition. In 20 cases, the child met the ISAAC based definition but did not meet
the MeDALL based definition. See Figure 2.2 for a visual representation and explanation
of the differences between the ISAAC and MeDALL based definitions.
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Table 2.4: ISAAC and MeDALL based definition of current asthma.

Current asthma according to ISAAC based definition Current asthma according to Total (n)
MeDALL based definition
No asthma (n) Asthma (n)
No asthma (n) 888 3 891
Asthma (n) 20 55 75
Total (n) 908 58 966

Cohen’s kappa 0.82 (95% C1 0.74 to 0.88)

Agreement of ISAAC and MeDALL based definition of current asthma, both reported in follow-up questionnaires at
age 8 to 10 years or 8 to 11 years. ISAAC based current asthma is defined as ((1) physician diagnosed asthma and (2)
asthma symptoms (dyspnea or wheeze) in the last 12 months) and/or (3) regular use of asthma medication in the
last 12 months. MeDALL based current asthma was defined as presence of two out of the next three criteria: (1)
physician diagnosed asthma, (2) wheeze in the last 12 months, and (3) use of asthma medication in the last
12 months. 95% Cl: 95% confidence interval.

n=55 (6%)
current asthma*

n=043 [98%)
matching results

n=888 (34%)
no current asthma®

n=966 children included with data on ISAAC and
MeDALL based current asthma available

n=3 [13%) n=3 [100%)
| ISAAC current asthma No regular use of asthma
Mo MeDALL current medication®
asthmat
n=23 (2%)
T no matching results n=15{75%)
—  dyspnea as only asthma
symptom!
n=20 (87%])
ISAAC current asthma
No MeDALL current |
asthma?
[ n=5 (25%)
asthma medication only®

Figure 2.2: Visual representation of agreement and discrepancies of ISAAC based current asthma and MeDALL based
current asthma, both reported in follow-up questionnaires at age 8 to 10 years or 8 to 11 years. ISAAC based current
asthma was defined as ((1) physician diagnosed asthma and (2) asthma symptoms (dyspnea or wheeze) in the last 12
months) and/or (3) regular use of asthma medication in the last 12 months. MeDALL based current asthma was
defined as presence of two out of the next three criteria: (1) physician diagnosed asthma, (2) wheeze in the last 12
months, and (3) use of asthma medication in the last 12 months.

a Current asthma according to both ISAAC and MeDALL based definition; ® No current asthma according to both
ISAAC and MeDALL based definition; ¢ Current asthma according to MeDALL based definition, but not according to
ISAAC based definition; 9 Current asthma according to ISAAC based definition, but not according to MeDALL based
definition; © Any use of asthma medication but not meeting the requirements for regular asthma medication use
according to ISAAC based definition (i.e. daily use of corticosteroids or bronchodilators or use of bronchodilators
during exercise); f Dyspnea as only asthma symptom which meets the asthma symptoms according to ISAAC based
definition (i.e. dyspnea or wheeze) but not MeDALL based definition (i.e. wheeze); 8 Regular use of asthma
medication but no physician diagnosed asthma or recent asthma symptoms. ISAAC based definition required the
logical rule of (physician diagnosed asthma AND asthma symptoms) OR (asthma medication use), while MeDALL
required 2 out of 3 criteria.
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Lifestyle

Of the total study population, 783 children (81%) were from families in the
conventional recruitment group, while 183 children (9%) were born into families in the
alternative lifestyle recruitment group. Parents of children from the alternative
recruitment group less often reported a physician diagnosed asthma (6.6% compared
to 11.1%), as did their GP (8.2% compared to 12.9%). Medication use was also slightly
lower in the alternative recruitment group (parent reported 6.6% vs. 8.4%; GP reported
6.0% vs. 6.6%). The agreement of the parent reported physician diagnosed asthma and
GP recorded asthma diagnosis was comparable, while the agreement of asthma
medication use was higher in the conventional recruitment group (results in appendix).

Discussion

This study shows that there is moderate agreement between parent reported physician
diagnosed asthma and GP reported childhood asthma. The discrepant cases revealed
several difficulties in reporting physician diagnosed asthma, for example because of a
recent diagnosis, or because they were still in the diagnostic process at the time of
reporting. But the most striking discrepancies were noted in children where an asthma
diagnosis was set at an early age: both parent reports and GP records had difficulties
when reporting these cases. Several explanations are possible: it is possible that
parents don’t remember an early asthma diagnosis (especially when the child does not
have any asthma symptoms anymore: recall bias), or that the GP did not look back far
enough in the medical chart. An important reason could also be misclassification of
transient early wheeze as asthma diagnosis. Several parents reported their struggle
with the words used by their physician. One parent quoted: “I don’t know if the doctor
called it asthma, but [my child] wheezed at the age of 2 years, for which he was
prescribed puffs”. It was noteworthy that in case of transient wheeze at a young age, a
part of the parents did put down “was ever diagnosed with asthma by a physician”,
while others did not, or left the question open. One parent noticed: “my family doctor
does not make a diagnosis of asthma before the age of 6 years”. This shows that it is
very important that physicians speak the same language in describing (viral induced)
wheeze and asthma. In this study, we noticed that also GPs struggled with asthma
diagnoses at an early age. It has to be noted that these asthma diagnoses were set
more than ten years ago, and possibly due to new developments and schooling in
childhood asthma would have been recorded as early transient or preschool wheeze
nowadays.

The differences in the asthma medication reported by the parents compared to the GP
can be caused by different issues: it is possible that medication was requested by the
parents but not used in absence of asthma symptoms, or that the timing of the parent
reported asthma medication use and GP records did not match completely. In other
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cases where the parents reported asthma medication use while the GP did not, it is
possible that the asthma medication was prescribed by another physician than the GP,
especially when there were asthma symptoms or current asthma. It is plausible that
these children were referred to a pediatrician who prescribed the asthma medication
(and the GP was not notified, the notification letter was not entered in the GP’s record,
or was not reported in the GP’s questionnaire).

Earlier studies showed an increasing agreement between parent reported wheezing
and GP recorded asthma diagnosis with increasing age, with a Cohen’s kappa of 0.57 at
age 7, and 0.61 at age 11.%3 Other studies compared parent reported asthma or wheeze
with clinical assessment of asthma. Hansen et al. found a good agreement (kappa 0.80)
between parent reported asthma diagnosis ever in school children compared to clinical
assessment, consisting of a standardized interview, a clinical examination, skin prick
tests, blood samples, spirometry, exercise treadmill test, and measurement of exhaled
nitrogen oxide.'* Hederos et al compared parent reported physician diagnosed asthma
and symptoms in preschool children with hospital records of admissions and visits to
the outpatient clinic, and concluded that only half of the individual patients identified
as asthmatic by questionnaires were the same as those identified clinically.’> When
comparing parent reported physician diagnosed asthma with health care registry data,
agreement was moderate to good (Cohen’s kappa 0.57) in a Swedish study.’® The
combination of ISAAC questions of recent wheeze and use of asthma medication in the
last 12 months was highly comparable with the Finnish registration of medication
reimbursement.’”” What this study adds, is an insight of the discrepancies between
parent reported physician diagnosed asthma and asthma medication use compared to
GP records. This study shows that the discrepant cases are often caused by early
transient wheeze that can be prematurely labeled as an asthma diagnosis. This could
lead to an overestimation of asthma prevalence when using (parent reported) physician
diagnosed asthma. This issue can be solved by using the definition current asthma, built
up from a combination of asthma questions, such as ISAAC or MeDALL based definition.
In this study, we found only minor differences between how these two definitions
classified the children. Both definitions of current asthma were able to differentiate
between early transient wheeze and asthma, while (parent reported) physician
diagnosed asthma could not. This suggests that (parent reported) physician diagnosed
asthma is better not used as stand-alone question for determining asthma prevalence
in epidemiological studies.

The most important strength of this study is the repeated and detailed information on
parent reported asthma questions, prospectively from birth onwards, which allowed
this study to elaborate on the discrepancies between the parent reported data and GP
recorded data.

Limitations of this study are that the timing of the questionnaire sent to the GP was not
exactly at the same time as the questionnaires were sent to the parents; this could
implicate that a very recent asthma diagnosis was not yet known at the time of filling
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out the questionnaire by the parents. It is also possible that the information in the GP
record was not complete, or that the GP did not look far enough in the medical record.
This appeared to be the case especially for the asthma medication. We assumed that
the GP would have all the available information on asthma diagnosis and medication,
but it is thinkable that when a child is referred to a pediatrician that the GP does not
have complete information. It is also possible that the parents and child changed their
GP without handing-over of the medical record, so that we missed part of the medical
history.

Conclusions

In conclusion, this study showed only moderate agreement between parent reported
physician diagnosed asthma and GP recorded childhood asthma and demonstrated
some difficulties in classifying physician diagnosed asthma. When using (parent
reported) physician diagnosed asthma for epidemiological research, it is important to
be informed on the timing of the diagnosis, and especially whether the asthma
symptoms were transient or still present. Preferably, combined questions on current
asthma are used in order to define asthma in epidemiological studies. Both ISAAC
based and MeDALL based definitions of current asthma give valuable information on
asthma symptoms and medication use, and are more accurate than merely an asthma
diagnosis ever.
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Appendix

Table 2.A: Parent reported physician diagnosed asthma compared to ISAAC based current asthma.

Parent reported physician diagnosed asthma Asthma according to ISAAC defintion Total (n)
No asthma (n) Asthma (n)
No asthma (n) 840 20 860
Asthma (n) 44 54 98
Total (n) 884 74 958

Agreement of parent reported physician diagnosed asthma, as reported in follow-up questionnaires at ages 8
to 10years or 8 to 11 years, compared to ISAAC based current asthma. ISAAC based current asthma is
defined as ((1) physician diagnosed asthma and (2) asthma symptoms (dyspnea or wheeze) in the last
12 months) and/or (3) regular use of asthma medication in the last 12 months. 958 children had information
on parent reported physician diagnosed asthma (the difference with the total included group of 966 children
is caused by 8 missings, which did have information on asthma medication use and therefore were included
for this study).

Table 2.B: Parent reported physician diagnosed asthma compared to MeDALL based current asthma.

Parent reported physician diagnosed asthma Asthma according to MeDALL defintion Total (n)
No asthma (n) Asthma (n)
No asthma (n) 850 10 860
Asthma (n) 51 47 98
Total (n) 901 57 958

Agreement of parent reported physician diagnosed asthma, as reported in follow-up questionnaires at ages 8
to 10 years or 8 to 11 years, compared to MeDALL based current asthma. MeDALL based current asthma was
defined as presence of two out of the next three criteria: (1) physician diagnosed asthma, (2) wheeze in the
last 12 months, and (3) use of asthma medication in the last 12 months. 958 children had information on
parent reported physician diagnosed asthma (the difference with the total included group of 966 children is
caused by 8 missings, which did have information on asthma medication use and therefore were included for
this study).

Table 2.C: GP recorded asthma diagnosis compared to ISAAC based current asthma.

GP recorded asthma diagnosis Asthma according to MeDALL defintion Total (n)
No asthma (n) Asthma (n)
No asthma (n) 830 20 850
Asthma (n) 61 55 116
Total (n) 891 75 966

Agreement of GP recorded asthma diagnosis, compared to ISAAC based current asthma. ISAAC based current
asthma is defined as ((1) physician diagnosed asthma and (2) asthma symptoms (dyspnea or wheeze) in the
last 12 months) and/or (3) regular use of asthma medication in the last 12 months.
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Table 2.D: GP recorded asthma diagnosis compared to MeDALL based current asthma.

GP recorded asthma diagnosis

Asthma according to MeDALL defintion Total (n)

No asthma (n) Asthma (n)
No asthma (n) 13 850
Asthma (n) 45 116
Total (n) 58 966

Agreement of GP recorded asthma diagnosis, compared to MeDALL based current asthma. MeDALL based
current asthma was defined as presence of two out of the next three criteria: (1) physician diagnosed asthma,
(2) wheeze in the last 12 months, and (3) use of asthma medication in the last 12 months.

Table 2.E: Stratification for lifestyle — parent reported physician diagnosed asthma compared to GP record.

Lifestyle recruitment group

GP recorded asthma diagnosis Total (n)

No asthma (n) Asthma (n)
Conventional Parent reported physician No asthma (n) 642 49 691
diagnosed asthma Asthma (n) 51 86
Total (n) 677 100 777
Cohen’s kappa 0.49 (95% C1 0.39 to 0.58)
Alternative Parent reported physician  No asthma (n) 161 8 169
diagnosed asthma Asthma (n) 7 12
Total (n) 166 15 181

Cohen’s kappa 0.48 (95% C1 0.18 to 0.70)

Agreement of parent reported physician diagnosed asthma, as reported in follow-up questionnaires at ages 8
to 10 years or 8 to 11 years, compared to GP recorded childhood asthma diagnosis, stratified for lifestyle.

958 children had information on parent reported physician diagnosed asthma (the difference with the total
included group of 966 children is caused by 8 missings (6 in the conventional group, 2 in the alternative
group), which did have information on asthma medication use and therefore were included for this study).

95% Cl: 95% confidence interval.

Table 2.F: Stratification for lifestyle — parent reported asthma medication compared to GP registered asthma

medication.

Lifestyle recruitment group

GP registered asthma medication  Total (n)

No (n) Yes (n)

Conventional  Parent reported asthma No (n) 700 16 716
medication Yes (n) 30 36 66
Total (n) 730 52 782

Cohen’s kappa 0.58 (95% CI 0.46 to 0.69)

Alternative Parent reported asthma No (n) 166 5 171
medication Yes (n) 6 6 12
Total (n) 172 11 183

Cohen’s kappa 0.49 (95% C1 0.24 to 0.72)

Agreement of parent reported asthma medication, as reported in follow-up questionnaires at ages 8 to
10 years or 8 to 11 years, compared to GP registered asthma medication, stratified for lifestyle.

965 children had information on parent reported asthma medication (the difference with the total included
group of 966 children is caused by 1 missing (in the conventional group), which did have information on
physician diagnosed asthma and therefore was included for this study). 95% Cl: 95% confidence interval.
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Chapter 3

Abstract

Objective

Prevalence of asthma and overweight has increased simultaneously during the past
decades. Several studies have reported an association between these two health
problems, but it is unclear whether this relation is causal. We hypothesize that children
with asthmatic symptoms are less physically active, which may contribute to the
development of overweight.

Patients and methods

The study included children from the KOALA Birth Cohort Study who were invited at 4
to 5 years of age to wear an Actigraph accelerometer for 5 days (n=305; 152 boys).
Information on wheezing was gathered by repeated questionnaires completed by
parents at child ages 7 months and 1, 2, and 4 to 5 years. Questionnaires on physical
activity were completed at child age 4 to 5 years, and height, weight, and abdominal
circumference were measured. Accelerometer data were expressed as mean counts
per minute, minutes per day performing vigorous activity, and moderate-to-vigorous
physical activity during 21 minute.

Results

Children who had wheezed in the last 12 months showed very similar activity levels
compared with children who had never wheezed. By contrast, boys who had wheezed
at least once but not in the last 12 months were more physically active than boys who
had never wheezed (geometric mean: 694 vs. 625 cpm; adjusted geometric mean ratio:
1.11). This was not found for girls. Similar results were found in parent-reported
physical activity data. No association was found between wheezing at any age and
overweight at the age of 4 to 5 years.

Conclusions

These results do not support our hypothesis and previous studies that showed that
wheezing children are less physically active. Our data provide no evidence that
asthmatic symptoms induce a lower physical activity level and more overweight.
Additional research could concentrate on the effect of physical activity and overweight
on the development of asthmatic symptoms.
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Introduction

There has been an increase in the prevalence of asthma.'™ Studies have shown that the
prevalence of asthma is highest in Western countries. The United Kingdom and the
United States have especially high asthma prevalence, at 15.3% and 10.9% of the
population, respectively. Although asthma prevalence in developing countries was low,
it is rising with increasing Westernization.* An explanation for the increasing asthma
prevalence could be found in changes in environmental factors, such as air pollution,
exposure to infectious diseases, use of antibiotics, breastfeeding, family size, diet, and
smoking.

Another Western health concern is overweight, the prevalence of which has increased
dramatically as well.>7 Although trends in overweight could not explain the increase in
asthma, overweight might be a marker of recent lifestyle changes associated with both
asthma and overweight.®

The available evidence suggests an association between asthma and overweight, in
adults as well as in children,®1* although it is not yet clear whether overweight causes
asthma or vice versa. The prevailing hypothesis for this association is that overweight is
a cause of asthma. Prospective studies with healthy, nonasthmatic participants showed
that a gain in weight increased the risk of asthma in adults and adolescents.?>®
Flaherman and Rutherford!” found that a BMI above the 85th centile in childhood
increases the risk of asthma in adulthood by 50%. Several explanations have been
suggested, such as mechanical effects of overweight, increased perception of
symptoms in obese persons, gastroesophageal reflux, changes in inflammatory
responses, and influence of hormones.'®%° However, the evidence does not rule out the
possibility that the causal direction is reversed. In this study, we hypothesize that
asthmatic children engage in less physical activity, which subsequently can lead to
overweight. Possible reasons for this self-restriction in wheezing children could be
overprotective parents or because these children may easily get out of breath when
physically active. The results from cross-sectional studies on the association between
childhood asthma and physical activity have been inconclusive. A number of studies
showed that children who wheezed were less physically active than children who did
not wheeze.?22 By contrast, others did not find such association® or even found the
reverse.”® Because these studies were cross-sectional in design, they provide no
information about the direction of the association. Moreover, all of the studies were
based on self-reported physical activity. Substantial differences in physical activity level
have been reported between self-reported data and data obtained with
accelerometers.?* Firrincieli et al.?> used accelerometers to assess the physical activity
level of asthmatic and nonasthmatic children. In their cross-sectional study, they found
that a lower level of physical activity was associated with a higher risk of asthma.
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The aim of the current, prospective study was to evaluate whether wheezing in the first
2 years of life results in a lower physical activity level at the age of 5 years. In addition,
the relation among wheezing, a lower physical activity level, and a subsequent rise in
BMI was evaluated. To our knowledge, this is the first study that combines repeated
measurements of wheezing symptoms early in life with the use of both accelerometers
and self-reported data to assess physical activity later in life.

Patients and methods

This prospective study was embedded in the KOALA (Child, Parent and Health: Lifestyle
and Genetic Constitution [in Dutch]) Birth Cohort Study in the Netherlands,?® which
aims to identify factors that influence the clinical expression of atopic disease and
overweight. The study consists of 2 recruitment groups, women with “alternative” and
“conventional” lifestyles. Healthy pregnant women with conventional lifestyles were
recruited from an ongoing study on pregnancy-related pelvic girdle pain.?’ Inclusion
criteria were being well versed in the Dutch language and 218 years old. In total,
2539 pregnant women were included and completed a questionnaire at 34 weeks'
gestation. Information about wheezing during infancy among the children born from
these pregnancies was gathered by questionnaire at the ages of 7 months and 1 and
2 years.

For the present study, 929 children were selected from the KOALA cohort who had
reached the age of 4 years in or before 2006 and were able to complete a
questionnaire in the child's first year of life (either at 7 months or at 1 year) and at the
age of 2 years. In addition, the parents had to live within 20 km from the communal
building in 1 of the following cities: Maastricht, Geleen, Heerlen, Roermond, Eindhoven,
or Tilburg, Netherlands. Children were excluded from the study if they were born with
congenital defects, born before 34 weeks' gestational age, or had used growth
hormones.

Parents and children were invited to a communal building in 1 of the above-mentioned
cities in which height, weight, and abdominal circumference of the children were
measured. They also were asked to wear an Actigraph accelerometer for =5 days.
Furthermore, the parents were asked to complete a questionnaire including questions
about wheezing and physical activity level of their child during the last 4 weeks.

All of the participants gave written informed consent. Ethical approval was obtained
from the medical ethics committee of the University of Maastricht and Academic
Hospital of Maastricht.

44



Asthmatic symptoms, physical activity, and overweight in young children

Questionnaires

In the questionnaires at 7 months and 1, 2, and 4 to 5 years of age, the International
Study of Asthma and Allergies in Childhood (ISAAC) questions?® on wheezing were
phrased as follows: “Did your child experience wheezing in the last period?” Asthma
medication use and physician's diagnosis of asthma were asked as follows: “Did your
child use asthma medication prescribed by a physician in the last 12 months?” and “Did
a physician ever diagnose asthma in your child?” which all could be answered by “yes”
or “no.” Children were classified into 3 groups: children who wheezed in the last
12 months (recent wheeze), children who wheezed at any moment in the first 2 years
of life but not in the last 12 months (past wheeze), and children who never wheezed
(never wheeze).

In the questionnaire at 4 to 5 years of age, parents were also asked about the physical
activity level of their child during the last 4 weeks: “How many times a week does your
child exercise in school or a sports club?” and “How many days a week does your child
play outside?” These could be answered by “never or less than 1 day a week,” “1 day a
week,” “2 days a week,” “3 days a week,” “4 days a week,” and “5 days a week or
more.” Furthermore, the duration of these activities was asked. From these answers,
the number of hours of physical activity per week was calculated.

The following potential confounders were addressed in the questionnaires, based on a
priori expectations from the literature: breastfeeding, maternal smoking during
pregnancy, exposure to environmental tobacco smoke during the first 2 years of life
and at 4 to 5 years, a positive family history for asthma, educational level of the
parents, obesity of the parents, and birth weight of the child.

Measurements

The Actigraph accelerometer (Actigraph, Fort Walton Beach, FL) is the most studied
one-dimensional motion sensor in children and gives a good reproducibility, validity,
and feasibility.2° Children were instructed to wear the accelerometer on the right hip
during daytime for =5 days. The accelerometer was only removed when water was
involved, as in swimming, showering, and bathing. Data were collected with period
lengths of 15 seconds, because young children engage in physical activity in frequent
bursts of short duration.*®

Four levels of activity were distinguished, that is, sedentary, light, moderate, and
vigorous physical activity, using count cutoffs for 4-year-old children established and
validated by Sirard®: 0 to 363 counts per 15 seconds for sedentary activity, 364 to
811 counts per 15 seconds for light physical activity, 812 to 1234 counts per 15 seconds
for moderate physical activity, and >1234 counts per 15 seconds for vigorous physical
activity. The number of minutes per day was summed within each of these categories.
Moreover, the mean counts per minute per day were determined.
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Outcome measures

The primary outcome was the amount of physical activity at the age of 4 to 5 years. This
was presented as the mean counts per minute and the number of minutes that the
children were practicing vigorous activity per day. In addition, we measured the
number of episodes of moderate-to-vigorous physical activity by counting the number
of times the activity level was reaching or exceeding moderate intensity (MVPA) for
21 minute. Participants were included in the analysis when the accelerometer was
worn for 23 weekdays and 1 weekend day during 2400 minutes per day. The amount of
physical activity obtained by the questionnaires was presented as the number of
reported hours of physical activity per week.

Other outcomes were BMI (weight/length? [kg/m?]) and abdominal circumference at
4 to 5 years. Children were classified into weight groups, namely, underweight, normal
weight, overweight, and obesity, using international reference standards based on age-
and gender-specific values.3? This corresponds with BMI values for overweight and
obesity at the age of 5 years of 17.42 and 19.30 kg/m? for boys and 17.15 and
19.17 kg/m? for girls.

Statistical analysis

Data were analyzed by using SPSS 13.0 for Windows (SPSS Inc, Chicago, IL), using linear
regression for the association between wheezing and parent-reported physical activity
and wheezing and objectively measured physical activity and between parent-reported
and objectively measured physical activity and overweight. Continuous outcome
variables were the number of reported hours of physical activity per week, counts per
minute, vigorous activity, and MVPA of >1 minute. Differences in activity levels
between groups were estimated by linear regression analysis by including categories as
dummy variables, and models were adjusted by including all of the potential
confounders simultaneously. Because activity levels were not normally distributed,
logarithmic transformation was performed. Levels within groups are expressed as
geometric means (GMs), and differences between groups are expressed as GM ratios
(GMR), with 95% confidence intervals (Cls). The GMR is equivalent to the logarithmic
ratio of the group means on the untransformed scale. For the association between
wheezing and physical activity, separate analyses were performed for boys and girls
because of known gender differences from the literature on wheezing3*3* and physical
activity.3>% Logistic regression analysis was used for exploring the association between
wheezing and overweight. Pearson correlation (r) was used for exploring the
correlation between physical activity measured by accelerometer (in counts per
minute) and reported hours of physical activity.
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Results

Of the 929 children who were invited for the present study, 363 children (39.1%)
participated. Three children refused to wear the accelerometer, and 1 accelerometer
got lost while worn by the child. Eight accelerometers did not record any data. In
44 children, the wearing time was <3 weekdays and 1 weekend day for 2400 minutes a
day. In 1 child, the measurement date registered by the accelerometer differed from
the date that the accelerometer was worn. Finally, the questionnaire of 1 child was not
returned. These data were excluded. Statistical analysis was conducted on the
remaining data (n = 305). Participant characteristics are summarized in Table 3.1. There
were no striking differences between the total cohort and the participating group on
the variables considered. Mean age was 4.9 years (range: 4.1-5.6 years).

Table 3.1: Characteristics of children in the total cohort, children invited for this study, and participants:
KOALA Birth Cohort Study, Netherlands.

Variable Total Cohort Invited Group Participating Group
(n=2539), n (%) (n=929), n (%) (n=305), n (%)

Gender

Male 1229 (51) 468 (50) 152 (50)

Female 1240 (49) 461 (50) 153 (50)
Parental history of asthma

Blank 2105 (83) 774 (83) 260 (85)

Positive (one or both parents) 434 (17) 155 (17) 45 (15)
Obesity of parents

No obesity of parents 2365 (93) 867 (93) 284 (93)

Obesity of one or both parents 174 (7) 62 (7) 21(7)
Birth weight

<2500 g 41 (2) 19 (2) 6(2)

2500-4000 g 2157 (85) 811 (87) 264 (87)

>4000 g 341 (13) 99 (11) 35(12)
Smoking during pregnancy

Yes 170(7) 85 (9) 15 (5)

No 2369 (93) 844 (91) 290 (95)
Parental smoking near childat 2y

Yes 268 (11) 130 (14) 31(10)

No 2271 (90) 899 (86) 274 (90)
Breastfeeding

Yes, until 6 mo 1032 (41) 281 (30) 101 (33)

Yes, but stopped before 6 mo 1026 (40) 395 (43) 134 (44)

Never 381 (15) 194 (21) 50 (16)

Unknown 100 (4) 59 (6) 20(7)
Educational level of mother

Low 244 (10 102 (11) 25 (8)

Moderate 1071 (42) 422 (45) 118 (39)

High 1224 (48) 405 (44) 162 (53)
Wheeze

Never 1779 (70) 648 (70) 221 (73)

At least once in first 2 y of life 760 (30) 281 (30) 84 (28)
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At the age of 4 to 5 years, 18 boys (12%) and 11 girls (7%) had recent wheeze, and 54
boys (36%) and 36 girls (24%) had past wheeze. Boys showed a mean physical activity
level of 650 cpm, were on average 5.4 minutes per day active at the vigorous activity
level, and performed on average 3.0 episodes of MVPA for 21 minute per day. For girls,
these values were 606 cpm, 5.7 minutes, and 2.6 episodes per day, respectively.

We found an almost similar physical activity level in 4- to 5-year-old children with
recent wheeze compared with children who had never wheezed, both for boys and for
girls (Table 3.2). For boys with past wheeze, we found a slightly higher activity level
compared with boys who had never wheezed. For girls, no such differences were
apparent.

Thirty-three children (9.1%) had used asthma medication in the last 12 months, and
22 children (6.1%) had ever been diagnosed with asthma by a physician. These children
showed very similar physical activity levels compared with children without an asthma
diagnosis and asthma medication use (results not shown).

Children with overweight at the age of 4 to 5 years showed similar physical activity
levels compared with children with a normal weight in all 3 of the physical activity
variables (Table 3.3). Obese children (n = 6) showed significantly less vigorous activity
and less MVPA for 21 minute than normal weight children. Wheezing at any age was
not associated with overweight or obesity at the age of 4 to 5 years (in recent wheeze,
adjusted OR: 0.51, 95% Cl: 0.06—4.32 for overweight and adjusted OR: 3.34, 95% Cl:
0.27-40.93 for obesity, and in past wheeze, adjusted OR: 0.80, 95% Cl: 0.26—2.46 for
overweight and adjusted OR: 0.27, 95% Cl: 0.02—3.93 for obesity, respectively).

A weak correlation was found between physical activity measured by accelerometer
and the number of hours of physical activity reported by the parents in the
guestionnaire (r=0.20; P=.01). Using the parent-reported data, we found similar results
as in analyses with accelerometer data: the number of reported hours of physical
activity in children with recent wheeze was comparable to children who had never
wheezed. The reported physical activity was slightly higher in boys with past wheeze
than in boys who had never wheezed, but this was not statistically significant. Likewise,
obese children showed a tendency to report less physical activity than normal weight
children, but this was not statistically significant. Children with overweight were
reported by their parents to have very similar physical activity levels compared with
normal weight children (results not shown).

48



Asthmatic symptoms, physical activity, and overweight in young children

“(s1sAjeue uoissaigal Jeaul]) dno.g 33UaJaja. BY3 Y1IM UOSHEdUIOD J0) G0°0> SBM BNJeA d BYL  ‘JUSLIBINSeIW JO UOSeds
pue ‘4aylow ayj JO uoNeINPD ‘Syuow g 1si1y Yl Ul Suipaajisealq ‘siedh g 01 § 1e ainsodxa XOWS 022eq0) [EIUSWIUOIIAUS ‘B)l| JO SiedA 7 1s41} 3yl Bulnp ainsodxa
ows 032eqo} [ejudwuodiAua ‘Adueudaid Suunp Supjows ‘ysdm yuiq ‘Aussqo |ejuated ‘ewyise |ejualed U9puds 4oy paisnipe YD sa1edlpul YIND palsnipy

oVL0—LT0)SE0 ,(S80-0C20)T¥'0 TT ,(260-92°0)6v'0 (9TT-¥€0)€90 9'€ (90T-€£0)88°0 (0T'T-9L0)T6'0 9.5 9 Ausagqo
(Lr'1-£9'0)66'0 (£L5°'T-2£°0)£L0T 0€ (8C1-990)¢60 (OV'T-€£0)T0T LS (PT'T-€60)€0T (ST'T-¥60)¥O'T SS9  TT YSIBMIBAQ
(90us1242y) 00'T  (99Ua1242Y) 00'T 8T  (DUDJFJRY) 00'T  (IDUDJRYRY) 00'T  £'S  (9JUDJ9J2Y) 00'T  (VUBJ2J2Y) 00T 679  TWT 1yS1am [ewioN
(Lvr'1-££0) L0T  (SE€T-2L°0)860 8T (LT'1-890)680 (60T—¥9°0)¥80 8% (L0T-06'0)860 (SO'T-68°0)260 609 GE ysiemiapun
(12 %S6) (12 %S6) o132 %S6) (12 %S6) (12 %S6) (12 %S6)
HIND paisnipy YD IND YD paisnipy YD IND  HIND paisnipy ) )
ulw T2 104 s GT 4ad spuno) s GT 43d sjuno)
Z18< sawi] o "ON ‘VdAIN PETT< sauUIN ‘ANAIDY SnoJ0SIN wdd ‘Aundy |eyoL u  Aiodare) ysiam

siedA G 01  98e 1e y10q ‘4919w 043|220y Yde3i1oy Aq painseaw ‘ALY |[eaI1SAyd pue IYSIaMIaAQ €'E d1qel

'(S0°0<d :sosAjeue uolssau3al Jeaul| 8y ul uoldes]Ul JO 1591) S|4I3 pue sAoq usamiaq JuaJayip Ajpuediyiusis Ajjeansiiels Jou aiam Allanoe
|ea1sAyd pue Suizesym usamiaq suolleidosse ay) {(sisAjeue uolssaidau Jeaull) dnoud aduaused ayl Yyum uosuedwod Joj GO'0> Sem anjeA d ayl q "\uswaunsesw
10 UOSEas pue ‘Jaylow 3yl JO UOIIBINPS ‘SYIUOW 9 1S41) 3Y1 Ul SuIpasjisealq ‘sieah G 01 ¢ 18 2INSOdXa 3 OWsS 032eqO] |BIUSWUOIIAUS ‘B)1| JO SieaA g 1s41) 3yl Sulnp
2Insodxa jows 030eqo} [eyudwuodiAu ‘Adueusaisd Bulnp Supjows ‘sem yuiq ‘Alisaqo |ejuased ‘ewyise |ejualed oy paisnipe YAD saiedlpul YD paisnipy

'Syluow T 1se|
9yl ul jou 1nq ‘(28e jo sueaA z pue T pue syjuow / 1e aileuuonsanb ayl Aq painseaw) 1sed ay3 ul 9zeaym saiedipul 9zasym ised (a8e jo sieah g 01 ¢ 1e aJleuuonisanb
9y} Aq painseaw) syuow T ISe| Yl Ul 9Zaaym S91edIpul 9Za9yMm U0y ‘siedh g 01 ¢ Jo a8e ay) 1e J219woudjd0e ydeadioy Aq painseaw sem Aliaoe |eaisAyd

(90ua4243Y) 00'T  (90Ud4942Y) 00'T G'C  (90Ud49RY) 00'T  (90UD49JY) 00'T L'S  (90UBIRY) 00'T  (90UBIBYRY) 00'T  L09 90T  DZ33YM UIASN
(0£1-08°0) LT'T  (PS'T-£L0)60'T LT (2€T-vL'0)66'0 (8TT-GL0)860 9'S (ZT'T-€6'0)20'T (60'T-¢6'0)00°T 909  9€ 9z93ym 3sed
(TT2—£9°0)6T'T (€07-S9°0)ST'T 6C (87 T-190)S60 (O’ T-650)060 TS (PT'T-S80)660 (ET'T-S80)86'0 965 TT  9Z33Ym udad3y
sHI9
(90us1242y) 00'T  (99Ua1242Y) 00'T 9T (9UDIRYRY) 00'T  (92UBI3JRY) 00'T 8% (UDJ9J9Y) 00'T  (UDJ99Y) 00T ST9 08 9Z33YM JIASN
88T-TOT)8ET (E6T-SOT)EV'T 8€ ,(SBT-€0T)BET (8LT-TOT)SET S9 0TT-COT)ITT ,(0TT-ZOT)TITT ¥69 S 9z99YM 1sed
(T0'z-18'0)82°T  (£9'7T-89°0)£0'T 8¢ (I8T-9£°0)LT'T (95°T-890)€0°T 0G (0ZT-v6'0)90'T (¢YT'T-06'0)20'T GE9 8T  9ZIYM JUIY
shog
(1D %S6) (1D %S6) 1D %S6) (12 %S6) (1D %S6) (1D %S6)
HINID passnipy YAID IND YD paisnipy YAD IND YD paisnipy YAID IND
ulw TZ 104 s GT 4ad spuno) s GT 43d sjuno)
CT8< sawl] Jo "ON ‘VdAIN PETI< SAINUIN ‘ANAINDY SNOJOSIA wdd ‘Aynnoy jeol u Aio8e3e) 9zZ9AYM

"3J1] 0 S1eaA § 15114 BY3 Ul BUIZEBYM 12°€ d|qeL

49



Chapter 3

Discussion

Our results indicate that 4- to 5-year-old children with recent wheeze have very similar
physical activity levels compared with children who had never wheezed. We also found
that boys with past wheeze were more physically active than boys who had never
wheezed, whereas such a difference was not apparent in girls. We found a weak
association between physical activity measured by accelerometer and obesity; there
was a tendency in obese children to be less vigorously active and to show less MVPA for
>1 minute. Comparable results were found in parent-reported data. We did not find an
association between wheezing at any age and overweight or obesity.

The results do not confirm our working hypothesis, in which we postulated that
wheezing children are hampered in physical activity because of their wheezing
symptoms. This contradicts results from a similar study from Firrincieli et al.?®> They
found that wheezing children are less physically active, although most outcome
variables were not statistically significant. Only prolonged activity, defined as activity of
>1000 cpm for 210 minutes, was statistically significantly decreased in wheezing
children compared with nonwheezing children in the study from Firrincieli et al.?®
However, this cannot completely be compared with our study where MVPA for
>1 minute was used, defined as >3248 cpm for >1 minute. Moreover, Firrincieli et al.?
performed measurements in only 54 children, compared with 305 children in the
present study. To our knowledge, no other study used objective activity measurements
for exploring the association between wheezing and physical activity. All of the other
studies used questionnaires to assess the physical activity level.

In our study, boys showed more physical activity and more wheezing symptoms than
girls. This is in line with literature which describes that prevalences of asthma and
wheezing are higher in boys than in girls until adolescence®*3* and that boys tend to be
more active than girls from an early age.3>3¢ The higher physical activity level in boys
with past wheeze compared with boys who had never wheezed could be explained by
stimulation in physical activity. In the Netherlands, many physicians emphasize the
importance of a normal level of physical activity in wheezing children, and they have to
meet the same standard of health-enhancing physical activity as their healthy pears.3”
Several studies®®%° have shown that, in asthmatic subjects, physical activity decreases
symptoms and improves the quality of life. This could explain why these children do not
wheeze anymore at age 4 to 5 years and still have a similar or even higher physical
activity level than children who had never wheezed. Another explanation for the higher
physical activity level in children with past wheeze could be that children who are more
physically active at the age of 4 to 5 years were also more active in the first 2 years of
life (eg, because of their temperament). Nystad*! showed that children who are more
physically active seem to report symptoms of wheezing more often. It is not clear
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whether being more physically active increases the risk for developing asthma or
whether breathlessness is experienced more often, which could be misinterpreted as
wheezing. This higher physical activity level in children with past wheeze was only clear
in boys, which could be explained by a gender difference in airway structure, which
favors girls. It seems that girls exhibit a better lung function than boys, although lungs
in females are smaller. An explanation for this is that large lungs have longer and
narrower airways than small lungs.? It is possible that physically active boys are more
prone to be troubled with (transient) wheeze because of these anatomic differences.
Unfortunately, we have no accelerometer data in the first 2 years of life to examine this
possible explanation. In our data we did not find a significant gender difference in
wheezing or physical activity.

Our results indicate that 4- to 5-year-old children with recent wheeze were not
different from children who had never wheezed in terms of physical activity. This is an
important finding, because it rules out the explanation that wheezing children are
hampered in physical activity through overprotective parents or self-imposed
restrictions. It also makes it less plausible that overweight in wheezing children is
caused by a lower level of physical activity, at least until the age of 5 years. In line with
this, we found no relation between wheezing and overweight, but it must be remarked
that the Cls were very wide because of the small number of children with combined
wheezing and overweight in our population. Several studies have shown that there is a
positive relationship between overweight or obesity and asthmatic symptoms, in which
overweight mostly precedes wheezing.®” Our prospective results show no evidence
that wheeze precedes overweight or that they occur at the same moment at age 4 to
5 years. It is possible that overweight in wheezing children does not occur until later.
However, this is not expected, because our results show normal physical activity levels
in wheezing children, which would exclude physical activity as an intermediate factor
between asthma and overweight. We did find an indication of lower physical activity in
the small group of obese children. It is possible that these less physically active children
are more likely to develop both obesity and asthma later in life, as has been described
in the literature before.*>** Additional research is needed to explore this association.

A limitation of this study was the response, which was not very high (only 39%), likely
because of the efforts that the parents had to make to come to the communal building
twice. The questionnaires until 2 years of age (all sent by mail) had a very high response
rate: >87%.2% However, relevant background characteristics of the participating children
were similar to those in the total cohort. Furthermore, the invitation was strongly
focused on physical activity and overweight and did not mention wheezing or asthma.
This makes it unlikely that bias occurred through a higher response of wheezing
children.
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Important strengths of this study compared with previous studies were the prospective
design, the large number of participants, and the use of accelerometers. Another
strength was the simultaneous use of questionnaires and accelerometers to determine
the child's physical activity level. We found a weak correlation between questionnaire-
derived information and accelerometer data, which corresponds with earlier
literature.?* Although it seems that the use of accelerometers is more objective and
more reliable than the use of questionnaires, disadvantages should be considered too.
Accelerometers tend to underreport physical activity during cycling and cannot be worn
during swimming. In addition, the season and weather conditions have a large effect on
the activity level in children. The multivariable analyses corrected for seasonal
influences, and no measurements were conducted in the summer holiday to avoid
periods when children swim a lot. Another disadvantage of accelerometers is the short
duration in time, which only covered 5 days. To counterbalance these disadvantages,
we also used the information from questionnaires. Herewith, we found similar results
compared with accelerometer data.

Conclusions

We found no difference in the physical activity level between children with recent
wheeze and children who had never wheezed. Boys with past wheeze showed higher
physical activity levels than boys who never wheezed. The results did not confirm our
hypothesis of wheezing causing overweight through lower levels of physical activity.
Additional research could concentrate on the effect of physical activity and overweight
on the development and severity of asthmatic symptoms.
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Abstract

Introduction
This review aims to give an overview of available published evidence concerning the
association between physical activity and asthma in children, adolescents and adults.

Methods

We included all original articles in which both physical activity and asthma were
assessed in case-control, cross-sectional or longitudinal (cohort) studies. Excluded were
studies concerning physical fitness, studies in athletes, therapeutic or rehabilitation
intervention studies such as physical training or exercise in asthma patients.
Methodological quality of the included articles was assessed according to the
Newcastle-Ottawa Scale (NOS).

Results

A literature search was performed until June 2011 and resulted in 6,951 publications
derived from PubMed and 1,978 publications from EMBASE. In total, 39 studies met the
inclusion criteria: 5 longitudinal studies (total number of subjects n=85,117) with
physical activity at baseline as exposure, and asthma incidence as outcome. Thirty-four
cross-sectional studies (n=661,222) were included. Pooling of the longitudinal studies
showed that subjects with higher physical activity levels had lower incidence of asthma
(odds ratio 0.88 (95% Cl: 0.77-1.01)). When restricting pooling to the 4 prospective
studies with moderate to good study quality (defined as NOS >5) the pooled odds ratio
only changed slightly (0.87 (95% CI: 0.77-0.99)). In the cross-sectional studies, due to
large clinical variability and heterogeneity, further statistical analysis was not possible.

Conclusions

The available evidence indicates that physical activity is a possible protective factor
against asthma development. The heterogeneity suggests that possible relevant effects
remain hidden in critical age periods, sex differences, or extremes of levels of physical
activity (e.g. sedentary). Future longitudinal studies should address these issues.
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Introduction

The prevalence of asthma has increased significantly during the past decades.?
Concurrently, the prevalence of overweight has increased, while physical activity levels
have decreased substantially.>® In 2005, less than half (49.1%) of US adults met the
CDC/ACSM (Centers for Disease Control and Prevention/American College of Sports
Medicine) physical activity recommendation (at least 30 minutes of moderately intense
activity on five days per week or vigorously intense activity for a minimum of
20 minutes on three days each week).* Physical inactivity is an important risk factor,
because it is potentially modifiable and therefore an opportunity for prevention.
Several studies have shown that training improves cardiopulmonary fitness, asthma
symptoms and quality of life in asthmatic subjects.® This evidence suggests that training
and high levels of physical activity play a role in the course and severity of asthma.
Besides this, an etiological relation between physical activity levels and development of
incident asthma might also be possible. Different hypotheses have been suggested to
explain the possible protective character of physical activity against asthma
development such as reducing airway inflammation, a central feature of asthma.?
Another explanation is that physical activity could positively influence the patency of
bronchioles: poor mucociliary clearance from decreased epithelial stimulation
secondary to decreased activity can cause excess mucus and airway edema. Decreased
deep inspiration and sigh rate during physical inactivity could lead to smooth muscle
latching and subsequent increased risk of asthmatic symptoms.’

We performed a systematic literature review to evaluate the potential causal relation
between physical (in)activity and asthma development, and a pooled analysis to
estimate the effect size.

Methods

Search strategy

We conducted an electronic search in PubMed (US National Library of Medicine) and
EMBASE to obtain all publications on studies that reported on physical activity and
asthma published until June 2011. The PubMed search used the Medical Subject
Headings (MeSH) terms “motor activity” or text word terms “activity”, “physical

”ou

activity”, “physical exercise” or “sedentary”, as well as the MeSH term “asthma” or text

word terms “asthma”, “asthmatic”, “wheeze” or “wheezing”. The EMBASE search used
the MeSH terms “motor activity” or “physical activity” or text word terms “physical
activity”, “physical exercise”, “sedentary”, as well as the MeSH terms “asthma” or

” o u ”n o

“wheezing” or the text word terms “asthma”, “asthmatic”, “wheeze” or “wheezing”.
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These terms were searched using limits that included all articles published in the
English language. There were no age restrictions.

We conformed to the MOOSE (Meta-analysis Of Observational Studies in Epidemiology)
guidelines for reporting® and PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses) statement.®

Inclusion

Our primary research question concerned the role of habitual physical activity in the
development of incident asthma. Therefore, we searched for longitudinal studies in
which the exposure (physical activity) precedes the outcome (onset of asthma). In
addition, we included studies that looked into asthma prevalence in different physical
activity levels. For this goal, we searched cross-sectional studies that investigated
physical activity levels in subjects with asthma compared to controls. For maximal
sensitivity, a broad inclusion strategy was used. Inclusion criteria were: original articles
in which physical activity as well as asthma was studied, and a control group consisting
of healthy subjects or general population. Excluded were studies that did not concern
habitual physical activity such as studies in athletes, physical fitness, therapeutic or
rehabilitation intervention studies such as physical training in asthma patients. Two
investigators (ME, MM) independently assessed whether articles met the inclusion
criteria. In case of disagreement, consensus was reached through discussion.

Quality assessment and data extraction

Methodological quality of included articles was assessed according to the Newcastle-
Ottawa Scale (NOS). This instrument was developed to assess the quality of
nonrandomized studies. Its content validity and inter-rater reliability has been
established.’® The NOS gives predefined criteria, some of which have to be further
specified for the specific topic. We specified these criteria in a consensus meeting with
all authors (criteria are presented in Figure S4.4.A and S4.4.B in the appendix) before
assessing the studies. In short, longitudinal studies were assessed for quality of
selection (representativeness, selection of controls, ascertainment of exposure, no
asthma at start of study); comparability (confounding); and outcome (assessment of
outcome, length and adequacy of follow-up). Gender, weight, and smoking were
identified as important confounders. Studies could be awarded a maximum score of
9 points. Studies with scores of 5 points or more were considered to be of moderate to
good study quality. However, all studies were used for analysis, irrespective of NOS
score. Quality assessment was done by all five authors using the NOS. Each single
article was assessed by at least three authors independently. In case of disagreement
the other two authors were consulted. Quality assessment was completed before data
extraction was started. Data were extracted from the full text article. Quantitative
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results were extracted from text and tables, choosing preferably those adjusted for
important confounders (gender, weight, and smoking). Data-extraction in the
longitudinal studies was performed independently by two authors (ME, CT). If essential
data were lacking in the original studies, their authors were contacted.

Statistical analysis

Analyses were performed using the statistical software Review Manager version 5.1
Heterogeneity among studies was assessed using the chi-square test (significant at
p<0.05) and the Higgins I? test.?? A random effects model with the Mantel-Haenszel
method was used for pooling the results of different studies. Pooled odds ratios (OR)
with 95% confidence intervals (Cl) were calculated for the longitudinal studies and a
subgroup of the cross-sectional studies, namely those studies that used a motion
sensor for measuring physical activity levels. We decided to refrain from statistical
pooling of the other cross-sectional studies because of substantial clinical and
methodological heterogeneity.

Results

Literature search

The search resulted in 6,951 publications derived from PubMed, and 1,978 studies from
EMBASE. Based on titles and abstracts, 8,790 articles were excluded at first screening
because they did not meet the eligibility criteria, such as experimental studies with
intermediate outcomes (such as inflammatory markers) but no asthma as clinical
outcome, case reports and studies with case series without control group, and studies
of exercise induced asthma in athletes. Full-text copies of the remaining 139 potentially
relevant studies were obtained. Ninety-five studies were excluded because they did not
meet the inclusion criteria. Four were excluded because they were duplicate
publications of the same studies. One study was not available in full-text. The remaining
39 studies were included for this systematic review. Five studies were longitudinal
studies and 34 were cross-sectional in design (Figure 4.1).

Study quality

All 39 studies were assessed using the adjusted NOS scale (see appendix Figure S4.4.A
and S4.4.B for the adjusted NOS scales), of which the majority (79%) scored 5 points or
more, indicating a moderate to good study quality (appendix Table 4.A and 4.B). When
grouped by study quality, we could not detect a clear pattern in study results or study
characteristics (Tables 4.1 and 4.2). The authors of 4 articles!*® were contacted to
obtain essential data that were lacking in the original studies, of which 3 replied.1416
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Figure 4.1: Flow diagram of study inclusion.

Longitudinal studies

Study characteristics and odds ratios of the longitudinal studies!* 172 gre summarized
in Table 4.1. All 5 studies looked into physical activity levels of subjects at baseline and
incident asthma during follow up. Follow up duration ranged between 5 and 10 years.
Physical activity was assessed by questionnaires. Different reference categories,
subgroups and confounders were used (Table 4.1). Asthma diagnosis was defined as
doctor’s diagnosis, either through self-report or linkage to an insurance registry.
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Statistical analysis and pooling

Data of the 5 longitudinal studies were pooled using a random effects model (Figure
4.2). Data on studies with more than two groups of different physical activity levels
were converted into two groups, namely low physical activity and high physical activity,
of which low physical activity was used as reference category. In case of an uneven
number of groups, the reference category consisted of the lowest physical activity
levels including the middle group.

Pooled odds ratio was 0.88 (95% Cl: 0.77-1.01). Chi-square test for heterogeneity was
borderline significant (p=0.07). Higgins |> index was 45%, indicating moderate
inconsistency. These results are not adjusted for potential confounders as the majority
of studies did not provide adjusted results. When we restricted analysis to the studies
with moderate to good study quality, identified by NOS scores of 5 or higher, 4 studies
remained.'*171° Sensitivity analysis showed a consistent result: the pooled odds ratio
did not change much (0.87 (95% Cl: 0.77-0.99)) but did reach statistical significance.

High physical activity  Low physical activity Odds Ratio Odds Ratio

Study or Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Beckett 2001 132 1820 180 2727 158% 1.11[0.88, 1.40) P

Benet 2011 168 17356 344 33724 18.9% 0.95(0.79,1.14) -

Huovinen 2003 (men) 14 1463 52 2986 46% 0.55(0.30, 0.99] =i

Huovinen 2003 (women) 16 1293 67 3929 52% 0.72[0.42,1.25) - i

Lucke 2007 (1: older) " 2318 187 3223 15.5% 0.86 (0.68,1.09] -

Lucke 2007 (2: mid aged) 242 4008 294 3810 19.5% 0.77[0.64,0.92) -

Lucke 2007 (3: younger) 86 3124 78 2538 11.7% 0.89(0.65,1.22) o
Thomsen 2006 (dizygotic) 43 77 230 469 6.3% 1.31[0.81,2.13) =
Thomsen 2006{monozygotic) 9 27 17 225 25% 0.46[0.20,1.07) =

Total (95% CI) 31486 53631 100.0% 0.88[0.77, 1.01] 4

Total events 827 1549

Heterogeneity: Tau®= 0.02; Chi*=14.52, df=8 (P=0.07), F= 45% =U,IJ1 0?1 150 100=

Testforoverall effect: Z=1.81 (P = 0.07) favors high physical activity favors low physical activity

Figure 4.2: Pooling of longitudinal data on physical activity and risk of asthma incidence.

M-H; Mantel-Haenszel method, Random effects, Cl; confidence interval. Not adjusted for potential
confounders. Low physical activity used as reference category. Note that odds ratios are different of those in
table 4.1 because reference categories were reversed and/or the number of categories was converted into
two categories per study. For example Beckett et al. and Lucke et al. use high physical activity as reference
category; in our meta-analysis we standardized low physical activity as reference category. In studies were
more than two categories of physical activity were used (such as Beckett et al. who used 5 levels of physical
activity), these were converted into two categories (in case of Becket et al. we converted the highest two
levels into high physical activity, and the lowest three levels into low physical activity).

Cross-sectional studies

Study characteristics and results of the 34 cross-sectional studies!®'>16:2152 zre
summarized in Table 4.2. The vast majority (25 studies) examined children of different
age spans, 8 studies included only adults, and one study included both children
(12 years and older) and adults (Table 4.2).
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Physical activity was assessed by motion sensors in 7 studies'®16:2228424845 4|
examining children (n=2916). In these studies, asthma was defined as self-reported
doctor’s diagnosis or asthma symptoms. Two studies*®*® combined self-reported
asthma diagnosis with spirometry. Not enough data were available for pooling in one
study (i.e. standard deviations were missing despite contacting the authors).!® Data of
the other 6 studies using motion sensors were pooled: standard mean difference -0.19
(95% CI -0.69; +0.32) (Figure 4.3). Testing for heterogeneity showed a highly significant
result (p<0.00001) and high inconsistency (1=94%).

The other 27 studies used only questionnaires to assess physical activity levels.
Methods were diverse (Table 4.2): the majority focused on activity by counting
frequency and duration of activity per time unit (month, week, day).}>2426303133-
35,37,3940,46,47,50.52 Others looked into the proportion of subjects that was physically
active?l:27,29.32354344 or met the physical activity recommendation.?>2%324451 A relatively
small number of studies focused on energy expenditure per day?* or metabolic
equivalent of task (MET).2%36:383% Besides physical activity, inactivity (television
watching, sedentary time) was also investigated by 9 studies.!>26:30,32:39,41,46,47.50 Acthmg
was defined as self-reported doctor’s diagnosis or asthma symptoms. Only three
studies combined questionnaire based asthma diagnosis with spirometry.2431.3

We decided to refrain from statistical pooling due to heterogeneity of study designs,
populations, and measurement methods for both physical activity and asthma outcome.

In total, 13 studies (564,394 subjects in total) reported a statistically significant
association between high physical activity levels and lower asthma
prevalence,13242527.29,31,33-36,35,4344 | contrast, 3 studies (total of 1,773 subjects) found a
statistically significant association between high physical activity levels and higher

asthma prevalence.?*%52 Eighteen studies (95,055 subjects) obtained no significant
reSUltS 15,16,22,23,26,28,30,32,37,40-42,46-51

Asthma or wheeze Healthy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD__Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bemtsen 2009 2,446 110 95 2,386 M7 79 147% 0.53(0.22,0.83) .=
Eijkemans 2008 (boys) 6.45 0.19 18 6.44 0.23 80 13.4% 0.04 [-0.47,0.56) =
Eijkemans 2008 (girls) 6.39 018 1 641 023 106 126% -0.09[-0.71,0.53] = =
Rundle 2009 686.4 1475 155 6834 1518 282 15.2% 0.02[-0.18,0.22) b
Wahlkvist 2009 3483 1184 55 3626 622 153 14.5% -1.76[-2.12,-1.41] Sicad
Van Gent 2007 49 2834 130 46.5 1358 202 151% 0.12[-0.10,0.34)
Walders-Abramson 2009 6,348 2,780.66 59 6825 2,881.49 53 14.4% -0.17[-0.53,0.19] 4
Total {95% Cl) 523 961 100.0% -0.19[-0.69, 0.32] *
Heterogeneity: Tau®= 0.42; Chi*= 107.63, df= 6 (P < 0.00001); F= 94% :2 :1 ) 1: %
Testfor overall effect: Z= 0.72 (P = 0.47) e i favorshealify

Figure 4.3: Pooling of cross-sectional data using motion sensors: physical activity and asthma.

Figure 4.3. pooling of cross-sectional data using motion sensors: physical activity measured by motion sensors
and asthma prevalence. Random effects, Cl; confidence interval. Not adjusted for potential confounders. Low
physical activity used as reference category.
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Discussion

This systematic review gives an overview of the published evidence concerning the
association between physical activity and asthma. Our primary research question was
aimed at the etiological association between different physical activity levels and
subsequent asthma incidence. In an extensive search, we only found 5 longitudinal
studies that met the inclusion criteria and could be of use in answering this question.
Although the number of longitudinal studies was small, the total accrued number of
subjects was considerable (n=85,117). Pooling showed that subjects with higher
physical activity levels might have lower risk of developing asthma.

Thirty-four studies were cross-sectional in design. Due to large clinical variability and
heterogeneity we had to refrain from further statistical analysis, except for a small
group of studies using a motion sensor to measure physical activity. Despite this
limitation, however, we can draw some conclusions: a substantial number of included
cross-sectional studies, with the largest total study population, did find an association
between high physical activity levels and low asthma prevalence. This seems consistent
with physical activity being protective against asthma. However, we can not rule out
publication bias. Moreover, cross-sectional studies are not suited to give insight into
the causal relation between physical activity and subsequent asthma incidence. Besides
the hypothesis that subjects with higher physical activity levels have a lower risk of
developing asthma (protective), reverse causality is also possible. There are several
hypotheses why asthma patients (with asthma as exposure) could have lower physical
activity levels (outcome), such as fear for symptoms of shortness of breath, wrongful
education, or by asthma that is not well regulated.

In contrast to the studies that were cross-sectional in design, this reverse causality does
not play a role in interpreting the results of the 5 longitudinal studies. In all 5 studies
physical activity levels were measured before asthma was diagnosed. However, the
results could be influenced by protopathic bias (e.g. physical activity restricted by
respiratory complaints that precede an asthma diagnosis) or earlier diagnosis of asthma
through exercise-induced symptoms. The first would lead to overestimation of the true
association between low physical activity levels and subsequent asthma development;
whereas the second would lead to an underestimation. Unfortunately, none of the
longitudinal studies addressed these biases.

Limitations

It is important to realize that there are several limitations to this review. First of all, due
to the fact that this research is based on published material, publication bias is an
important factor. Furthermore, studies showed substantial heterogeneity in different
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areas such as population (number, age, gender, race, duration of follow-up), exposure
variables (physical activity measured by questionnaires, whether or not validated, or
measured by motion sensors) and outcome variables (asthma diagnosis as self-reported
doctor’s diagnosis, asthma symptoms or spirometry). Analysis showed borderline
statistical heterogeneity. The small number of longitudinal studies prevented us from
performing meta-regression or subgroup analysis. Confounding is an important issue,
because other risk factors (such as smoking and obesity) could be associated with both
low habitual physical activity as well as asthma development. First and second-hand
cigarette smoke exposure is already established as an independent risk factor for
developing asthma.>® It is suggested that obesity is a risk factor for asthma
development.> In our meta-analysis of longitudinal studies, pooling of results adjusted
for confounders was not sensible because only three studies presented such results.
However, adjusted odds ratios were never lower than unadjusted odds ratios (see
appendix Table 4.C), so that a pooled effect for the adjusted results would be higher
than the odds ratio of 0.88 (95% Cl: 0.77-1.01) found for the unadjusted result.

Another limitation might be the fact that the validity of the NOS score recently has
been questioned by Stang who believes that the NOS provides a quality score that has
unknown validity at best.>> We noted that some methodological pitfalls were not well
represented in the NOS scale: reverse causation and protopathic bias or confounding
by indication (e.g. advice to remain physically active for children with respiratory
complaints).

Conclusion

In conclusion, the results of available published evidence indicate that high physical
activity levels are a possible protective factor against asthma development. The
heterogeneity suggests that possible relevant effects remain hidden in critical age
periods, sex differences, or extremes of levels of physical activity (e.g. sedentary).
Future longitudinal studies should address these issues.
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Appendix

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES
Review: physical activity and asthma

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability

Selection
1) Representativeness of the exposed cohort
a) truly representative of the general population 3%
b) somewhat representative of the general population %
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort #
b) drawn from a different source
c) no description of the derivation of the non exposed cohort
3) Ascertainment of exposure
a) use of accelerometer ¥
b) validated questionnaire 3#
c) not validated questionnaire or no validation is mentioned
d) no description
4) Demonstration that outcome of interest was not present at start of study (no asthma at start of study)
a) yes #
b) no
Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) study controls for gender #
b) study controls for any smoking (eg. parental smoking, past smoking, smoking during pregnancy) AND
weight (eg. BMI, overweight, obesity) 3#
Outcome
1) Assessment of outcome
a) doctor’s diagnosis (not self-reported doctor’s diagnosis) OR objective measurements (eg.
lungfunction) #
b) parent/self-reported doctor’s diagnosis OR use of asthma medication 3#
c) parent/self-report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (majority of population at least 1 year) ¥
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for #
b) subjects lost to follow up unlikely to introduce bias - small number lost - > 80 % follow up, or
description provided of those lost, proving a non-selective loss to follow up ¥
c) follow up rate < 80% and no description of those lost, or a selective loss to follow up
d) no statement

Figure 4.A: NOS scale physical activity and asthma longitudinal studies.
NOS: Newcastle-Ottawa Scale. Adjusted NOS scale for physical activity and asthma in longitudinal studies.
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
CASE CONTROL STUDIES
Review: physical activity and asthma

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Exposure categories. A maximum of two stars can be given for Comparability.

Selection
1) Is the case definition (asthma) adequate?
a) yes, with independent validation (eg. self-reported doctor’s diagnosis, reference to primary record
source) #
b) yes, based on self-reports
c) no description
2) Representativeness of the cases
a) consecutive or obviously representative series of cases (random sample of cases) B
b) potential for selection biases or not stated
3) Selection of Controls
a) community controls (same community as cases)¥
b) hospital controls
c) no description
4) Definition of Controls
a) no history of disease (endpoint) #
b) no description of source
Comparability
1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for gender #
b) study controls for any smoking (eg. parental smoking, past smoking, smoking during pregnancy) AND
weight (eg. BMI, overweight, obesity) ¥
Exposure
1) Ascertainment of exposure
a) use of accelerometer ¥
b) validated questionnaire 3#
c) not validated questionnaire or no validation is mentioned
d) written self-report
e) no description
2) Same method of ascertainment for cases and controls
a) yes #
b) no
3) Non-Response rate
a) same rate for both groups #*
b) non respondents described
c) rate different and no designation

Figure 4.B: NOS scale physical activity and asthma cross-sectional studies.
NOS: Newcastle-Ottawa Scale. Adjusted NOS scale for physical activity and asthma in cross-sectional studies.
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Table 4.A: NOS scores of longitudinal studies.

NOS scale Beckett Benet Huovinen Lucke Thomsen
2001 2011 2002 2007 2006

A Selection (maximum 4) 4 3 3 3 2

1 Representativeness of the exposed cohort 1 0 1 1 0

2 Selection of the non-exposed cohort 1 1 1 1 1

3 Ascertainment of exposure 1 1 0 0 0

4 Demonstration that outcome of interest 1 1 1 1 1
was not present at start of study

B Comparability (maximum 2) 1 2 2 1 0

1 Comparability of cohorts on the basis of 1 2 2 1 0
the design of analysis

C Outcome (maximum 3) 2 2 2 2 1

1 Assessment of outcome 1 1 1 1

2 Was follow-up long enough for outcomes 1 1 1 1 1
to occur

3 Adequacy of follow up of cohorts 0 0 0 0 0

Totaal (maximum 9) 7 7 7 6 3

NOS: Newcastle-Ottawa Scale. Result of quality assessment of longitudinal studies on physical activity and
asthma using NOS scores. We refer to figure 4.A for the adjusted NOS for longitudinal studies, which was
used as a scoring list.
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Chapter 5

Abstract

Background

Sedentary behavior and decreased physical activity are possible risk factors for
developing asthma. This longitudinal study investigates the association between
physical activity and subsequent asthma. We hypothesize that children with decreased
physical activity at early school age, have higher risk of developing asthma.

Methods

1838 children from the KOALA Birth Cohort Study were analyzed. Children who were
born prematurely or with congenital defects/diseases with possible influence on either
physical activity or respiratory symptoms were excluded. Physical activity, sedentary
behavior and screen time were measured at age 4 to 5 years by questionnaire and
accelerometry in a subgroup (n=301). Primary outcome was asthma, assessed by
repeated ISAAC questionnaires between age 6 to 10. Secondary outcome was lung
function measured by spirometry in a subgroup (n=485, accelerometry subgroup n=62)
(forced expiratory volume in 1 second (FEV), forced vital capacity (FVC) and FEV:/FVC
ratio) at age 6 to 7 years.

Results
Reported physical activity was not associated with reported asthma nor lung function.
Accelerometry data showed that daily being one hour less physically active was
associated with a lower FEV;/FVC (z score Beta —0.65, 95% confidence interval -1.06 to
-0.24).

Conclusions

Physical activity at early school age was not associated with reported asthma
development later in life. However, lung function results showed that sedentary activity
time was associated with lower FEV:/FVC later in childhood. Since this is the first
longitudinal study with objectively measured physical activity and lung function, and
because the subgroup sample size was small, this result needs replication.
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Introduction

Asthma is one of the most common chronic diseases in childhood and is associated
with increased westernization.! Sedentary behavior and decreased physical activity are
also associated with prosperity.? Physical activity has been identified as a possible
protective factor in several chronic illnesses, such as diabetes, high blood pressure,
heart disease and asthma.>* The role of physical activity in asthma is subject to debate.
Several studies have suggested that asthmatic children are less physically active than
their healthy peers,>® however other studies showed no difference.” Exercising induces
a beneficial effect on allergic inflammation,® on quality of life and cardiopulmonary
fitness in asthmatics, but it has no effect on lung function.® The role of physical activity
in asthma prevention is still unclear. To establish a causal role of physical activity in
asthma development there is a need for longitudinal studies. In adults, these
longitudinal studies are not conclusive: some showed no association,’®! others
designated low physical activity as potential risk factor for developing asthma,*** and
one study found a reverse association.’* In children, only a few longitudinal studies
were conducted on this subject: Byberg et al. showed that low physical activity at age
3-6 years was associated with asthma later in childhood.!® Parents of 617 children were
asked if their child was “not so active”, “active” or “very active”. Sherriff et al. showed
that children who watched more TV at age 3 years had a higher risk of developing
asthma at age 11.5 years.'®

In this study, we aim to evaluate physical activity preceding asthma development in
childhood. We measured physical activity at age 4 to 5 years, lung function at age
6 years, and asthma at several ages between 6 and 10 years. We hypothesize that low
physical activity in childhood increases the risk of asthma development later in life. To
our knowledge, this is the first longitudinal study in childhood on physical activity and
asthma using questionnaires as well as objective measurements for both the exposure
and the outcome (accelerometry and spirometry).

Materials and methods

This prospective study was embedded in the KOALA (Child, Parent and Health: Lifestyle
and Genetic Constitution [in Dutch]) Birth Cohort Study,'” which focuses on potential
risk factors for atopy and asthma development in childhood. In total, 2834 pregnant
women were recruited and completed a questionnaire at 34 weeks of gestation. The
birth cohort consists of two recruitment groups, based on lifestyle (alternative and
conventional). Children born to these mothers were followed at several ages (i.e. 3 and
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7 months, 1 year, 2 years, 4 to 5 years, 6 to 7 years, 6 to 8 years, 7 to 9 years and 8 to
10 years).

Inclusion criteria for the present study were: all children for whom their parents
completed a questionnaire on physical activity at age 4 to 5 years and at least one
questionnaire at any age between 6 and 10 years on asthma symptoms. We excluded
children born with congenital defects or diseases with possible influence on either
physical activity or respiratory symptoms, such as for example cystic fibrosis, Down’s
syndrome or rheumatic disease (for the complete list, see Appendix 5). Other exclusion
criteria were prematurity with a gestational age of less than 37 weeks, birth weight of
less than 2000 grams, and use of growth hormone.

All parents gave written informed consent. Ethical approval was obtained from the
medical ethics committee of Maastricht University and Academic Hospital of
Maastricht, Netherlands.

Physical activity

Questionnaires

At age 4 to 5 years physical activity was assessed using questionnaires. Parents were
asked about their child’s frequency (days per week) and duration of activities (minutes
per day) during the last four weeks: walking or cycling to school, school gymnastics,
sports club, and playing outside. The total time that a child was physically active was
added and converted in total physical activity in hours per day. Screen time was
calculated by adding the frequency and duration of TV watching and playing computer
games into one variable (screen time in hours per day).

Accelerometry

A subgroup of 4 to 5 year olds was invited to participate in accelerometry, based on the
location of their home addresses (all children who lived within a range of 20 km from
the communal building from where the accelerometers were distributed).’® These
children were instructed to wear an accelerometer (ActiGraph 7164, Fort Walton
Beach, FL) on the right hip during daytime for at least five days. Children were
instructed to only remove the accelerometer when water was involved, as in swimming
or showering. Physical activity counts were registered in epochs of 15 seconds, for
young children are known for their short and intermittent movement bursts.?® This was
transformed in counts per minute to express total activity. Four intensity-levels were
distinguished: sedentary, light, moderate and vigorous physical activity, based on cut
off values established by Evenson.?®?! Time in these Physical Activity (PA) levels was
expressed in hours per day, in order to make it comparable with PA from questionnaire
data. Only accelerometer data with at least 400 minutes (i.e. 6.7 hours) of wear time
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per day (during at least three weekdays and one weekend day) were included in
analyses.?? All analyses with accelerometry were adjusted for wear time.

Asthma

Questionnaires

Asthma was identified through parental questionnaires at several ages between 6 and
10 years. Asthma was defined according to the International Study of Asthma and
Allergies in Childhood Questionnaire (ISAAC):?® doctor’s diagnosed asthma combined
with clinical symptoms in the last 12 months (i.e. wheezing or shortness of breath)
and/or if they used asthma medication in the last 12 months. Asthma medication was
defined as regular use of short-acting bronchodilators or the use of inhaled
corticosteroids. Regular use was defined as everyday use for a period of at least two
months or use associated with physical activity of the child. Asthma at the age 6 to
10 years was considered present if at least one questionnaire in this age period met the
asthma definition.

Lung function

In a subgroup children’s lung function was assessed at age 6 to 7 years. Children were
selected for this subgroup if their mothers participated in an earlier study in a subgroup
for which they had to donate a blood sample at 34 weeks of pregnancy. Lung function
was assessed using the handheld Medikro Spirostar USB spirometer (Medikro, Kuopio,
Finland) according to the American Thoracic Society/European Respiratory Society
(ATS/ERS) guidelines.?*?> This was assessed by trained research assistants during home
visits. Lung function was performed after 10 minutes rest in an upright seated position.
Each child performed forced expiration until three acceptable curves were achieved.
Acceptable curves met the reproducibility criteria defined by the ATS/ERS. Forced
Expiratory Volume in 1 second (FEV:), Forced Vital Capacity (FVC) and Tiffeneau-Pinelli
index (FEV1/FVC) were transferred into z scores using the GLI-2012 (Global Lung
Function Initiative) reference values for spirometry, corrected for the child’s sex, age,
and height.?® We presented FEV1/FVC as primary lung function outcome, because in
children it gives a better indication of asthma severity than FEV;, which can be normal
even in severe persistent childhood asthma.?’

Statistical analysis

Data were analyzed using SPSS 22.0 for Windows (SPSS Inc, Chicago, IL). The total
number of missing values ranged from none (for e.g. sex, birth weight, environmental
tobacco smoke exposure) up to 6.1% for Body Mass Index (BMI). In 10.8% of the
children one or more variables were missing. Missing data were imputed using multiple
imputation in SPSS, using the regression method with 5 iterations. The missing data
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pattern was evaluated as random. The imputed variables were parent reported physical
activity variables and all confounding variables. Logistic regression analysis was used for
evaluating the association between physical activity, screen time and asthma. Linear
regression analysis was used for evaluating the associations between physical activity,
screen time and lung function. We adjusted for the following potential confounders:
sex, atopic family history (father and/or mother history of asthma, eczema or allergy),
maternal education level, maternal age, maternal BMI, smoking during pregnancy, birth
weight, breast feeding (exclusively in first 3 months), environmental tobacco smoke in
first 4 years of life, and recruitment group.” The accelerometry data were adjusted for
wear time. Children’s BMI measures were transferred into z scores adjusted for age and
sex, using reference values from the Fourth Dutch Growth Study.?® Protopathic bias is a
major potential issue in longitudinal studies on this subject: it consists of the hypothesis
that physical activity can be restricted by respiratory symptoms preceding asthma
diagnosis. Sensitivity analyses were performed by comparing models without and with
parent reported wheeze in the 12 months before exposure to evaluate protopathic
bias. Possible effect modification was assessed by testing for interaction by wheeze and
BMI. In order not to miss non-monotonous confounding or effect modification by BMI
we also used BMI as a categorical variable (lower/normal/overweight based on lower
and upper quartiles).

Results

In total, 1957 children met the inclusion criteria at the age of 4 to 5 years. Of these,
1838 children (94%) completed at least one questionnaire at any age between 6 and 10
years on asthma symptoms. Table 5.1 shows the characteristics of participants and
their physical activity levels at age 4 to 5 years for the total group and for the subgroups
of children that participated in accelerometry (n=301), lung function (n=485), and both
measurements (n=62). There were no obvious differences between the total cohort
and the subgroups. On average, children participated in physical activity 1.9 hours per
day, and they were engaged in screen time 1.0 hour per day (questionnaire based).
Boys were reported to be more physically active than girls (mean 2.0 hours per day vs
1.8 hours per day). Accelerometry data confirmed that there was a difference in
physical activity between boys and girls (666 vs. 615 counts per minute). Table 5.2
shows the characteristics of accelerometry data. A weak correlation was found
between parent reported physical activity and counts per minute in accelerometry
(r=0.20, p<0.01), and also between parent reported sedentary activity and time spent in
sedentary activity level in accelerometry (r=0.05, p<0.05).
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Table 5.1 Characteristics of participants of the KOALA Birth Cohort Study, Netherlands.

Characteristic All Participants  Participants Participants Participants who
(n=1838), n (%) who had who had lung had accelerometry
accelerometry function and lung function
(n=301), n (%) (n=485), n (%) (n=62), n (%)

Sex

Boy 939 (51) 146 (49) 230 (47) 31 (50)

Girl 899 (49) 155 (52) 255 (53) 31 (50)
Atopic family history®

Yes 1100 (60) 190 (63) 316 (65) 43 (69)

No 738 (40) 111 (37) 169 (35) 19(31)
Maternal education level

Low 156 (8) 25 (8) 35(7) 5(8)

Moderate 675 (37) 100 (33) 183 (38) 15 (24)

High 1007 (55) 176 (58) 267 (55) 42 (68)
Smoking during pregnancy

Yes 87 (5) 13 (4) 18 (4) 1(2)

No 1751 (95) 288 (96) 467 (96) 61 (98)
Birth weight

2000 - 3000 grams 177 (10) 23 (8) 51(11) 3(5)

3000 — 4000 grams 1353 (74) 226 (75) 361 (74) 47 (76)

> 4000 grams 308 (17) 52(17) 73 (15) 12 (19)
Breastfeeding®

Yes 991 (54) 122 (41) 221 (46) 24 (39)

No 847 (46) 179 (59) 264 (54) 38 (61)
Environmental tobacco smoke

Yes 310(17) 58 (19) 70 (14) 13 (21)

No 1528 (83) 243 (81) 415 (86) 49 (79)
Physical Activity (parent reported)

Physical activity (hours/day)° 1.9(0.9) 1.7 (0.8) 1.9(0.9) 1.6 (0.8)

Screen time (hours/day)? 1.0(0.7) 1.1(0.6) 0.9 (0.6) 1.0 (0.6)
Wheeze at time of exposure

Yes 181(9.9) 31(10.3) 55(11.4) 6(9.7)

No 1648 (90.1) 269 (89.7) 426 (88.6) 56 (90.3)

Missing 9(0.5) 1(0.3) 4(0.8) 0(0.0)
Asthma at age 6 to 10 years

Yes 186 (10.1) 26 (8.6) 66 (13.6) 7(11.3)

No 1652 (89.9) 275(91.4) 419 (86.3) 55 (88.7)

Characteristics of participants of the KOALA Birth Cohort Study, with an overview of all participants,
participants who had accelerometry, participants who had lung function, participants who had accelerometry
and lung function. @ Father and/or mother history of asthma, eczema or allergy; ® Exclusively breastfeeding in
first 3 months; ¢ Hours per week engaging in physical activity: walking or cycling to school, school gymnastics,
sports club, and playing outside; ¢ Hours per week watching television or playing computer games.

Asthma

A number of 186 children (10.1%) met the ISAAC definition of asthma between the age
of 6 and 10. The majority of these children (n=101, 56%) had already wheezed at the
age of 4to 5 years.
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We found no association between physical activity and asthma (Table 5.3). Sensitivity
analyses for wheeze showed no difference between the children that had already
wheezed at age 4 to 5 years and the children that had not wheezed at that age in
relation to physical activity and asthma. BMI z scores or categories
(under/normal/overweight) did not affect the relation between physical activity and
asthma either.

Table 5.2: Descriptive information on physical activity derived from accelerometry at age 4-5.

% of Mean (SD) Range Maedian 25th 75t
wear percentile percentile
timed
Wear time (hours/day) 11.0(0.8) 5.4 11.0 10.4 11.5
Total activity (cpm)? 640 (153) 916 617 521 728
Time in activity level in hours/day®
Sedentary PA 47 5.2(0.7) 4.5 5.2 4.7 5.6
Light PA 45 5.0(0.7) 3.6 5.0 4.5 5.4
Moderate PA 6 0.6 (0.2) 0.9 0.6 0.5 0.7
Vigorous PA 2 0.2 (0.1) 0.8 0.2 0.1 0.3
MVPA°® 8 0.8 (0.3) 1.6 0.8 0.6 1.0

Descriptive information on physical activity derived from accelerometry at age 4-5 years (n=301). @ Total
activity measured by accelerometry in average daily counts per minute (cpm); b Time in Physical Activity (PA) levels,
converted to hours per day for reasons of comparability; ¢ Moderate to vigorous physical activity (MVPA) (sum of
time in moderate physical activity and time in vigorous physical activity in hours per day); 4 Time in Physical Activity
(PA) levels, calculated in percentage of total wear time.

Table 5.3: Asthma and FEV1/FVC in relation to physical activity earlier in childhood.

Asthma FEV1/FVC
OR (95% Cl) Adjusted OR (95% CI)* B (95% CI) Adjusted B (95% CI)*
Questionnaires n=1838 n=485
Physical Activity? 1.13(0.95 to 1.34) 1.07(0.90t01.27) -0.08 (-0.16 t0 0.00) -0.08 (-0.16 to 0.01)
Screen time® 1.10(0.99 to0 1.23) 0.98(0.77t01.23)  -0.07 (-0.20t0 0.05) -0.09 (-0.22 to 0.05)
Accelerometry n=301 n=62

Total activity (cpm)° 1.00 (0.99 to 1.00) 1.00 (0.99t01.00)  0.00 (-0.00t0 0.00)  0.00 (-0.00 to 0.00)
Time in sedentary PAY  0.72 (0.39 to 1.32) 0.75(0.37t01.52)  -0.32(-0.64 t0 0.00) -0.65 (-1.06 to-0.24)
Time in MVPA® 0.87(0.22 t0 3.51) 1.11(0.25t04.98)  -0.03(-0.90t00.83) 0.10(-0.91t01.11)

Odds ratios (OR) and 95% confidence intervals for asthma in relation to physical activity (PA) earlier in
childhood. Beta’s (B) and 95% confidence intervals for FEV1/FVC (in z-scores) in relation to physical activity.

# Adjusted for sex, birth weight, smoking during pregnancy, environmental tobacco smoke, atopic family
history, maternal education level, maternal age, maternal BMI, breastfeeding, recruitment group, wear time
(in accelerometry data). (Sensibility analyses for wheeze and BMI did not show significant differences, results
not shown). @ Hours per day engaging in physical activity: walking or cycling to school, school gymnastics,
sports club, and playing outside; ® Hours per day watching television or playing computer games; ¢ Total
activity measured by accelerometry in average daily counts per minute (cpm); ¢ Time in activity level
sedentary physical activity, converted to hours per day for reasons of comparability; ¢ Time in activity levels
moderate and vigorous physical activity (MVPA) (sum of time in moderate physical activity and time in
vigorous physical activity), converted to hours per day for reasons of comparability.

90



Physical activity and asthma development in childhood

Lung function

There was no association between parent reported physical activity and FEV; or FVC
(results in supplement) or FEV1/FVC (Table 5.3). A small subgroup (n=62) participated in
accelerometry as well as lung function. Accelerometry data in this group showed a
significant association between sedentary time and lung function on follow-up: children
who had spent more time being physically inactive (i.e. in physical activity level
sedentary) at age 4 to 5 years had a lower FEV1/FVC at age 6 to 7 years (Table 5.3). In a
sensitivity analysis we evaluated whether protopathic bias could explain this
association, by repeating the analyses with and without wheeze at age 4 to 5 years as
co-variable in the model. This did not influence the association between sedentary time
and FEVy/FVC. BMI did not influence the association either. There was no association
between sedentary time and FEV; or FVC separately (results in appendix Table 5.A).
Total activity (counts per minute) and time spent in moderate to vigorous physical
activity (MVPA) were not associated with lung function.

Discussion

This study did not confirm an association between lower physical activity levels and
asthma development in childhood. Sedentary time as measured by accelerometry,
however, was associated with lower FEV1/FVC.

Physical activity and asthma is subject of an ongoing debate and numerous studies
looked into this subject. However, no convincing evidence was shown yet. In 2012, we
performed a systematic review and meta-analysis on physical activity and asthma.®> We
identified 34 cross-sectional studies, of which a large portion showed a significant
association between physical activity and asthma. Unfortunately, due to large clinical
and statistical heterogeneity, it was not possible to perform a pooled analysis. Five
longitudinal studies were identified and these showed that adults with high physical
activity levels had lower asthma incidence in follow-up. No high quality longitudinal
studies in children were identified at that time.

Since then, two systematic reviews on physical activity and childhood asthma were
published, both in 2016. Lochte et al.® identified 8 cross-sectional studies, which were
considered too heterogenous for pooling. Three longitudinal studies were identified
and pooled, which showed a positive association of low physical activity and new-onset
asthma.

Cassim et al.” focused on accelerometry studies and found no difference in physical
activity and childhood asthma in 10 cross-sectional, 1 case-control, and 1 cohort study.
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No longitudinal studies with physical activity as exposure were identified in this meta-
analysis. A very recent publication by Pike et al.?® showed no association between
MVPA in accelerometry and asthma status in their cross-sectional analysis. No
longitudinal analysis was reported in this publication.

The most important strength of this study is that it is a longitudinal study with physical
activity as exposure preceding the outcome measurement of asthma and lung function.
A longitudinal study design is necessary to ensure that cause (physical activity)
precedes effect (asthma development). Another strength of this study is the use of
objective measures for assessing physical activity and asthma in a subgroup.

This study has several limitations. An important issue in the debate is reverse causation
and protopathic bias: is asthma caused by low physical activity or is the child less
physically active because of its asthmatic symptoms? Asthma is often preceded by
wheeze symptoms in early childhood. However, asthma can be difficult to diagnose
before the age of 6 years because spirometry is often not possible before this age.
Children that wheeze at a young age and eventually develop asthma are sometimes
difficult to distinguish from the children with viral induced wheeze: children that
wheeze due to respiratory infections in combination with small airways but who
outgrow it and do not develop asthma.?® In this study, 72% of the children with asthma
diagnosis at the age of 6 to 10 years had already wheezed at the age of 4 to 5 years. On
the other hand, 44% of the children that had wheezed at age 4 to 5 years did not meet
the ISAAC definition of asthma at the age of 6 to 10 years. To evaluate protopathic bias,
we performed sensitivity analysis by adding and removing the variable wheeze at the
age of exposure in all analyses. This did not show any relevant influence on the results.
A recent study on this subject performed bidirectional longitudinal analyses and found
no association between high physical activity levels and asthma development in
childhood.?! Unfortunately, we have no objective data on long function at time of
exposure, because children were too young to perform spirometry at that time (i.e.
4-5 years). It is possible that children with lower lung function capacities are
(subsequently) becoming less physically active. Therefore, some level of reverse
causation is not ruled out.

Another limitation of this study is that although the accelerometer used (ActiGraph
7164) has established validity and reliability for assessing physical activity,®® it is less
suited for measuring sedentary activity. The accelerometer underestimates activities
such as bicycling, because of its uniaxial measurement. Moreover, it is not possible to
measure the posture of the child (sitting, lying, standing up). More recent literature
advises to use triaxial accelerometers worn on the thigh for assessing sedentary
behavior.3*
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To our knowledge, the finding of an association between sedentary activity and
FEV1/FVC later in childhood has not been reported before. In cross-sectional studies, no
association between physical activity and lung function was found in non-asthmatic
children,® nor in exercise studies in asthmatic children.’ Most studies focused on
physical activity levels and asthma found no significant association.”?! It could be
possible that contrasting results are caused by different methods to measure physical
activity. This study suggests that sedentary activity possibly is a more important factor
in developing asthma than high physical activity levels, which is consistent with earlier
studies on sedentary activity.'®3? It should be noted that our results were based only on
a small sample (n=62) from the whole cohort with both accelerometry and lung
function measurements available, warranting replication in larger groups.

For future research, it is important to focus on physical activity and especially sedentary
behavior and subsequent asthma and lung function development in (larger)
longitudinal studies, taking into account protopathic bias, in order to prove causality.
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Appendix

Table 5.A: FEV1 and FVC in relation to physical activity earlier in childhood.

FEV1 FVC
B (95% Cl) Adjusted B (95% CI)* B (95% Cl) Adjusted B (95% CI)*
Questionnaires n=485 n=485

Physical Activity?
Screen time®

-0.03(-0.12t00.07) -0.02 (-0.12 t0 0.07)
-0.12(-0.26 t00.02)  -0.11 (-0.26 t0 0.04)

0.03(-0.02t00.07)  0.03 (-0.06 t00.12)
-0.08(-0.21t00.04) -0.07 (-0.21 t0 0.07)

Accelerometry

n=62

n=62

Total activity (cpm)©
Time in sedentary PAd
Time in MVPA®

0.00(-0.00t00.00)  0.00 (-0.00 to 0.00)
-0.29(-0.59t00.02) -0.29(-0.71t0 0.14)
0.34(-0.48t01.17)  0.46 (-0.51 t01.42)

0.00(-0.00t00.00)  0.00 (-0.00 to 0.00)
-0.09(-0.37t00.19)  0.63 (-0.33 t00.45)
0.32(-0.40t01.04)  0.39(-0.48 t0 1.26)

Beta’s (B) and 95% confidence intervals for FEV1 and FVC (in z-scores) in relation to physical activity (PA)
earlier in childhood. # Adjusted for sex, birth weight, smoking during pregnancy, environmental tobacco
smoke, atopic family history, maternal education level, maternal age, maternal BMI, breastfeeding,
recruitment group. (Sensibility analyses for wheeze and BMI did not show significant differences, results not
shown); @ Hours per day engaging in physical activity: walking or cycling to school, school gymnastics, sports
club, and playing outside; ® Hours per day watching television or playing computer games; ¢ Total activity
measured by accelerometry in average daily counts per minute (cpm); ¢ Time in activity level sedentary
physical activity, converted to hours per day for reasons of comparability; ¢ Time in activity levels moderate
and vigorous physical activity (MVPA) (sum of time in moderate physical activity and time in vigorous physical
activity), converted to hours per day for reasons of comparability.
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General discussion

This thesis aimed to investigate the relation of asthma and physical activity. We
performed four different studies on asthma and physical activity in different directions:
chapter 3 is aimed at asthma symptoms preceding physical activity, chapter 4 gives an
overview of cross-sectional and longitudinal studies with physical activity preceding
asthma outcome, and chapter 5 and 6 are looking into physical activity preceding
asthma development in childhood.

Investigating the relation between asthma and physical activity in both directions poses
us for several methodological challenges. These challenges will be discussed one by
one:

1. Defining paediatric asthma in epidemiological studies

2. Confounding and mediation

3. Time sequence

Defining paediatric asthma in epidemiological studies

Asthma diagnosis in young children is difficult: asthma is a clinical diagnosis based on
recurrent episodes of wheezing and breathlessness, reversible with bronchodilatating
medication such as beta 2 mimetics. In the Netherlands, and most other Western
countries, asthma is usually not diagnosed before the age of 5 or 6 years. Around the
age of 6, children are capable of performing a lung function test, which can support a
clinical asthma diagnosis. Besides this, asthmatic symptoms at a young age are difficult
to distinguish from viral induced wheeze, which is usually transient. The vast majority
(66.8% in the PIAMA birth cohort) of wheezing children before the age of 3 to 4 years
turns out to have transient early wheeze, of which only 3.6% had an asthma diagnosis
at age 8.! The pathophysiology of viral induced wheeze is believed to be caused by the
relatively small airways of young children. A viral infection causes narrowing of the
airway, caused by inflammation, oedema, and mucus. This narrowing of the airway has
little noticeable effect on the airflow of an older child or adult, but due to the small
airway diameter of the young child, slight narrowing leads to a proportionally larger
restriction in airflow. This is explained by Poiseuille’s law describing that (airway)
resistance is inversely proportional to the radius of the pipe to the power of 4. Until
now, no test can distinguish the early transient wheezers from the children who will
develop asthma later in life, although reaction to multiple triggers (such as pollen, pets,
smoke), positive family history of atopy and aero-allergic sensitization can be clues of
clinical asthma in development — but this is not enough for an asthma diagnosis.

This means that asthma is best not diagnosed before the age of 5 to 6 years. But even
after this age, asthma diagnosis can be difficult, because of the variability of symptoms
over time. In most asthmatic children, lung function parameters (such as FEV;,
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FEV:1/FVC) will be normal unless the child has an asthma exacerbation at that moment.
If the clinical suspicion of asthma remains, repeated lung function tests are needed to
demonstrate  obstruction and reversibility. The more invasive airway
hyperresponsiveness test for asthma diagnosis is more reliable, but not often used in
clinical practice.

In epidemiological studies, various asthma definitions are used. The International Study
of Asthma and Allergies in Childhood (ISAAC) is an international collaboration of more
than 300 research centres in 105 countries that contributed immensely to asthma
research for over 20 years.? The main goal of the ISAAC study group was global disease
monitoring and development of environmental measures for future interventions to
reduce the burden of asthma and allergies. This global project led to another important
step in epidemiologic asthma research: the group has laid the foundation for uniformity
of asthma definition by developing ISAAC core questionnaires. The ISAAC question
‘Asthma ever’ (“Has your child ever had asthma?”) is probably the most used question
in asthma research. This question has its limitations due to culturally differing
terminology and beliefs on asthma. For example, viral induced wheeze in young
children is in some countries labelled as asthma, while in others asthma is only
diagnosed after the age of 6. More accurate but less specific is the ISAAC question
‘Wheeze ever’ (“Has your child ever had wheezing or whistling in the chest at any time
in the past?”). This question is used for the ISAAC prevalence studies. It is the question
with the highest sensitivity (80.6% in adolescents) for the diagnosis of asthma, but also
the lowest specificity (74.9%) compared to other ISAAC questions. This can lead to false
positive identification of asthma cases.® There are also cross-cultural objections: it is
believed that the term “wheeze” is not easy to translate in some languages, despite of
validated questionnaires in several languages. Some state that this could be the reason
that the English speaking countries have the highest wheeze prevalence of the world.*
‘Current asthma’ is defined by a combination of ISAAC questions that together
implicate that the child has present asthma. In our studies, we used a common
combination of physician diagnosed asthma in combination with asthma symptoms in
the last 12 months (wheeze or breathlessness), or regular use of asthma medication in
the last 12 months (i.e. daily corticosteroids or bronchodilators or during exercise).
With this definition of current asthma the asthma prevalence in the KOALA birth cohort
was 7.0%, which is comparable to other birth cohorts in Europe (chapter 6).

Although the ISAAC studies laid the foundation for uniformity of asthma definition in
epidemiological research, there is still a large variation in how these questions are
combined to define asthma. S3-Sousa et al. revealed that operational definitions of
asthma used in prevalence studies are inconsistent: they found 29 different ways to
define current asthma in published asthma studies, which caused substantial
differences in prevalence rates. Depending on which definition was used current
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asthma prevalence ranged between 1.1% and 17.2%.> Combined questions on asthma
symptoms, diagnosis and medication use are recommended in order to achieve the
best asthma definition. >5

In 2010 a collaboration called Mechanisms of the Development of Allergy (MeDALL)
was started, aiming at generating novel knowledge on the mechanisms of allergy and
asthma. One of their goals was to further harmonise asthma definition in epidemiologic
studies.”® Current asthma according to MeDALL is defined as presence of at least two
of following: (1) physician diagnosed asthma, (2) wheeze in the last 12 months, or
(3) asthma medication use in the last 12 months. In chapter 2 we compared our ISAAC
based definition of current asthma with the MeDALL based definition, and found
excellent agreement between these definitions. In our study, asthma prevalence was
slightly higher with the ISAAC based definition compared to the MeDALL based
definition (7.8% vs. 6.0%). This can be explained by a slightly broader inclusion of
asthma symptoms in the ISAAC based definition, which considered both breathlessness
and wheeze as asthma symptoms, while MeDALL only included wheeze as asthma
symptom. Moreover, the combination of the three components of the definition is
slightly different: ISAAC based definition required the logical rule “(physician diagnosed
asthma and asthma symptoms) or asthma medication use”, while MeDALL defined
asthma as 2 out 3 criteria. This works out differently for children whose parents only
report asthma medication (i.e. current asthma according to ISAAC based definition, but
no current asthma according to MeDALL based definition). Our ISAAC based definition
assumes that asthma medication requires an asthma diagnosis (justified in the
Netherlands since asthma medication can only be obtained on medical prescription)
and allows that a child need not have current asthma symptoms, due to asthma
medication being effective. Both definitions (ISAAC and MeDALL) represent current
asthma and could be used interchangeably. However, in order to pursue uniformity in
reporting asthma prevalence worldwide it is advisable to comply to the MeDALL based
definition.

In chapter 2 we also compared parent reported physician diagnosed asthma and
asthma diagnosis according to information provided by their general practitioner (GP),
and found only moderate agreement. Especially cases where an asthma diagnosis was
reported to be set by a physician at an early age (i.e. before 6 years) showed large
discrepancies between the parent reported data and the GP. It is possible that early
transient wheeze was (prematurely or wrongly) labelled as asthma diagnosis. This can
be a pitfall for reporting asthma prevalence in epidemiological research: when only
reporting the question physician diagnosed asthma, it can lead to an overestimation of
asthma prevalence. This strengthens the importance of using a combination of
guestions in a uniform manner, such as using the MeDALL definition of current asthma.
In the studies described in this thesis, we chose for the combined use of different
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asthma questions to report on asthma prevalence (i.e. ISAAC based current asthma in
chapter 4 and 5 and both ISAAC and MeDALL based current asthma in chapter 2 and 6).

Confounding and mediation

Asthma development is believed to have a multifactorial origin. An ISAAC phase llI
study examined the combined effect of five modifiable lifestyle factors on asthma (i.e.
no parental smoking, child’s adherence to Mediterranean diet, child’s healthy BMI, high
physical activity and non-sedentary behaviour) and found that each additional healthy
lifestyle factor attributed to a reduced risk of current wheeze.® However, this study was
cross-sectional in design, and therefore gives no insight in causality and possible
interactions.

In order to comprehend the possible association between physical activity and asthma
and its possible interactions we designed a directed acyclic graph (DAG) with known or
potential confounders and mediators (figure 7.1).
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Figure 7.1: Directed Acyclic Graph (DAG) of possible covariables on the association between physical activity
and asthma. Minimal dataset was identified as sex, maternal education, and maternal BMI.
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This DAG is a schematic tool to give insight into the possible interactions and
confounders that are described in the literature on physical activity and asthma
development. We used it in our European study (chapter 6) in order to select the most
important confounders to be adjusted for in the analyses. However, while identified
confounders can be adjusted for (if measured), what remains is residual and
unmeasured confounding.

A relatively new technique for taking into account residual confounding is Mendelian
randomisation.® This is an analytical method that uses genetic variants as instrumental
variables for studying modifiable risk factors on health outcomes. For valid research, it
is important that there is a known genetic variant (or set of genetic markers) that meets
these criteria: (1) association with the risk factor (relevance assumption), (2) no
common cause with the outcome (independence assumption), and (3) no influence on
the outcome except through the risk factor (exclusion restriction assumption).® Very
recently, Ha et al. looked into the causal effects of a broad range of risk factors on
asthma using Mendelian randomisation.!' They examined 69 risk factors that are
described in the literature as possibly related to asthma, among which physical activity
and obesity. For all these factors, genetic variants were identified in the UK Biobank
with genome-wide association analysis. No causal relation between physical activity
and asthma was found. BMI did causally affect the development of asthma, both in
children and in adults. The causal relation was found to be the strongest in adult-onset,
moderate-to-severe asthma, especially in females. Although this study was
methodologically sound, there were some important limitations: the study was limited
by the availability of genetic variants in the UK Biobank, as well as the quality of the
corresponding phenotypes. Physical activity was assessed by self-reported
questionnaires, which is an important limitation. In chapter 1 we described the
disadvantages and the lack of validated questionnaires for physical activity in
childhood.

Time sequence

In order to understand causality and direction of the relation between asthma and
physical activity, it is important that exposure and outcome are really separated in time
and that the exposure precedes the outcome. Both for asthma as for physical activity
this poses a major challenge.

Asthma is almost always preceded by (multiple) periods of wheezing. As discussed
earlier, in children a new asthma diagnosis will not often be set before 6 years, while in
the majority of cases (72% in KOALA data) the child has wheezed already at a younger
age. Presence of symptoms, not (yet) diagnosed as asthma, can influence physical
activity of the child because of protopathic bias: wheeze or asthmatic symptoms
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causing children to participate less in physical activity, for example because their
symptoms of breathlessness are holding them back or because they are afraid of
getting out of breath. In our studies on physical activity preceding asthma (chapter 5
and 6), we evaluated protopathic bias by performing sensitivity analyses: the analyses
were repeated with adding the co-variable ‘wheeze at exposure’ (i.e. the time period of
physical activity preceding asthma) to the model. This did not influence the association
between physical activity and asthma. We also performed additional analyses after
exclusion of all children who wheezed at the age of exposure, therefore creating a
“wheeze-free” population. Also in these children, we found no association between
physical activity and subsequent asthma development. This makes protopathic bias
unlikely.

Physical activity is also difficult to pinpoint in time, as physical activity is always present,
but not always measured. It is important to realise that one measurement in time has
to be interpreted with caution when there is no information on earlier or later physical
activity. This one measurement in time may or may not reflect long term physical
activity. Not much is known about the course of physical activity in childhood. On
average, physical activity tends to decrease when children grow older,*? but individual
changes throughout childhood can be difficult to measure. Studies in this area show
that there is a low to moderate stability of physical activity levels during the life span,
with women showing lower stability than men.?® In early childhood there is more intra-
individual variability over time.’® In Chapter 3 we addressed the influence of early
wheeze (i.e. in the first 2 years of life) on physical activity patterns and overweight at
age 4 to 5 years within the KOALA birth cohort study and found that wheezing boys
were more physically active later in childhood. As we had no information on physical
activity levels between 0 to 2 years, it is possible that children in our study who were
defined as being physically active at age 4 to 5 years (outcome), were already more
active in their first years of life. This could mean that the longitudinal (possible causal)
relation that was found in this study was in fact not causal or possibly even reversed,
with physical activity as exposure and asthmatic symptoms as outcome. Unfortunately,
in the studies presented in this thesis we do not have repeated measurements of
physical activity.

Studies on the influence of asthma on physical activity

Several researchers described the physical activity levels of asthmatic children
compared to their non-asthmatic peers. A systematic review published in 2016 focused
on the effect of asthma or wheeze on physical activity measured by accelerometry.
The authors identified ten cross-sectional, one case control, and one cohort study
(which was our 2008 study as described in chapter 3). The review showed that there
was no difference in objectively measured physical activity level between asthmatic
and non-asthmatic children (cross-sectionally, as well as longitudinally with asthmatic
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symptoms as exposure). The longitudinal design of the study presented in chapter 3
was repeated recently by the group of Cassim et al.:® wheeze and asthma were
evaluated at age 4 and 6 years via questionnaires and physical activity level was
assessed at the age of 6 by accelerometry. The investigators found no association
between early asthma symptoms and subsequent physical activity levels. To our
knowledge, this is the only other longitudinal study on asthmatic symptoms in young
children and effect on physical activity.

Several large cross-sectional studies on this subject have been published, and in general
no difference in physical activity levels in asthmatic children compared to their healthy
peers was found.'®® Some even found a higher physical activity level in asthmatic
children.'®2° This might be explained by the current advice to encourage asthmatics to
engage in physical activity as a strategy for improving respiratory function and asthma
control, or by experiencing more exercise induced bronchoconstriction due to engaging
more in vigorous activity. In 2021, two systematic reviews with meta-analyses on
physical activity levels in asthmatic children were published: Vasconcello-Castillo et al.
focused on physical activity measured by subjective measurements (e.g. questionnaire)
or objective measurements (e.g. accelerometry).2! They included 28 studies and found
no difference in MVPA, steps per day and sedentary time in asthmatics compared to
healthy controls. Mackintosh et al. focused on device-assessed physical activity levels in
children with and without asthma.?? They identified 15 studies on physical activity time
and five studies on sedentary time, and found that asthmatic children were equally
physically active as their healthy peers and spent marginally less time in sedentary
behaviour. It is noticeable that while there is no clear difference in physical activity
levels in asthmatic children, asthmatic adults did show to be less active than healthy
controls.?

In subgroups, such as children with severe asthma or poorly controlled asthma, it is
clear that there is a negative impact of asthma on physical activity levels and
fitness.?#?> For example, children who were recently hospitalised for their asthma
showed lower physical activity levels than other asthmatic children.®

Studies on the influence of physical activity on asthma development

In 2012 we published a systematic review and meta-analysis on the (at that time)
available literature with focus on physical activity as exposure and asthma as outcome
(chapter 4). No longitudinal studies in children with physical activity measurement
preceding asthma were available at that time. In adults, the available evidence from
longitudinal studies indicated that higher physical activity levels might be protective for
asthma development (chapter 4). This lack of longitudinal studies in childhood was the
motivation for performing two original, longitudinal studies with physical activity as
exposure and asthma development in children as the outcome, as described in chapter
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5 and 6. Since our systematic literature review in 2012 on physical activity and asthma,
several new studies on physical activity and asthma have been published, leading to
new systematic reviews. In 2019, a systematic review on cohort studies in children with
physical activity measurement preceding asthma and lung function outcomes
concluded that there was insufficient evidence to determine the longitudinal effect of
physical activity on subsequent asthma and lung function outcomes in children, due to
the highly inconsistent results.?® In 2020, we published a study on the association
between physical activity and sedentary behaviour at age 4 to 5 years (exposure) and
asthma and lung function at age 6 to 10 years assessed in the KOALA birth cohort
(chapter 5). In this study, we found no association between physical activity and
subsequent asthma development. In a small subgroup for which both accelerometry
and lung function data were available, sedentary behaviour was associated with lower
FEV1/FVC ratio. We replicated this study design on larger scale in a collaborative study
in 26 European cohorts with information on physical activity preceding asthma
measured at different ages between birth and 18 years (chapter 6). No longitudinal
associations between physical activity and subsequent asthma or lung function were
found. Sedentary behaviour was not associated with asthma development either, while
the lung function results were inconsistent. The possible association between
sedentary behaviour and lower FEV;/FVC ratio was not confirmed in the other cohorts.
In a very recent study, Lu et al. studied the association of moderate-to-vigorous
physical activity (MVPA) and subsequent asthma in 542,486 previously healthy children
in a large retrospective cohort.?” They found that in children with a (very) low MVPA
level at baseline (age 2-17 years), an increase in MVPA was associated with lower
asthma risk, while the opposite was found in children who were already physically
active: an increase in MVPA in these children was associated with a slightly higher
asthma risk. The effect sizes were very small, and comparable to the effect sizes found
in the studies described in this thesis (chapter 5 and 6), but due to the large study size it
just reached statistical significance. The mean MVPA level of children in chapter 5 was
comparable with this study (see Table 5.2, MVPA levels in hours per day) when
converted into hours per week: 5.6 hours per week compared to 5.4 hours per week in
the study of Lu et al. but the standard deviation was smaller (2.1 hours per week vs,
4.4 hours per week), which implies that there were fewer children with a very low
MVPA level in our study, in which Lu et al. found the possible association with asthma.
In the European collaboration study in chapter 6, MVPA levels were higher. A possible
U-shaped dose-response relation between physical activity and asthma could be
suggested from the study of Lu et al. And although the effect sizes are small, an
increase of MVPA level in children who are very inactive could be protective against
asthma development.
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Studies on the bidirectional relation between asthma and physical activity

In 2018, the group of Cassim et al. performed a very interesting bidirectional
longitudinal study on this subject: they used cross-lagged generalised structural
equational modelling (GSEM) in a large cohort of children followed biennially from the
age of 6 until 14 years for physical activity and asthma (Figure 7.2).28 It showed that
there was no association in either direction: current asthma did not influence time
spent in physical activity; and physical activity did not influence incident nor current
asthma. The investigators had no information on the influence of wheeze or asthmatic
symptoms before the age of 6 on physical activity later in life. They only reported
incident asthma as new onset physician diagnosed asthma after the age of 6, and they
did not adjust for wheeze before the age of 6. The researchers concluded that in school
aged children (i.e. 6 years and older), no association between physical activity and
asthma exists, in neither direction.

We considered using this interesting technique for the European collaborative study,
but unfortunately this was not possible because of large heterogeneity in both the
physical activity data as the asthma data. The included cohorts provided information on
physical activity and asthma at different ages and these could not be aggregated
because of substantive differences. This means that there were not enough repeated
measurements of comparable periods of exposure and outcome to perform cross-
lagged analyses. Instead, we used sensitivity analyses on wheeze at age of exposure to
evaluate protopathic bias and reverse causality. Our study confirmed what Cassim et al.
found in their bidirectional analysis: there was no association between physical activity
and asthma in either direction.

Bedard et al. performed a comparable study in adult women, but also looked into
obesity in this relation.?® The prevailing hypothesis was that the role of obesity in adult
asthma could partially be attributed to an underlying role of physical activity (lack of
physical activity could possibly enhance the risk of obesity and asthma). They calculated
the independent causal effects of body mass index (BMI) and physical activity on
current asthma using marginal structural models (MSMs) in three time periods. While
they found a strong and positive dose-response relationship between BMI and current
asthma, no causal effect of physical activity on current asthma was found.
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Conclusion

In conclusion, it is justified to state that physical activity does not play a large role in
asthma development. Of course, in specific cases there is an association between
asthma and physical activity: severe asthmatics can be held back because of their
symptoms in case of insufficient asthma control. And vice versa: athletes performing in
top sports are described to experience more exercise induced asthma symptoms. But in
the general population there is no convincing evidence that habitual physical activity
and asthma are related. However, physical activity is a major part of a healthy lifestyle
that in combination does affect asthma and health status in general. There is
overwhelming evidence that physical activity is important for numerous other health
outcomes, and therefore this thesis should not distract from adherence to global or
national physical activity guidelines.

161




Chapter 7

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

162

Savenije OE, Granell R, Caudri D, Koppelman GH, Smit HA, Wijga A, de Jongste JC, Brunekreef B, Sterne
JA, Postma DS et al. Comparison of childhood wheezing phenotypes in 2 birth cohorts: Alspac andpiama.
J Allergy Clin Immunol. 2011;127(6):1505-1512 e1514.

The international study of asthma and allergies in childhood (isaac). [accessed 21-04-2021].
http://isaac.auckland.ac.nz/.

Lukrafka JL, Fuchs SC, Moreira LB, Picon RV, Fischer GB, Fuchs FD. Performance of the isaac
questionnaire to establish the prevalence of asthma in adolescents: A population-based study. J
Asthma. 2010;47(2):166-169.

Netuveli G, Hurwitz B, Sheikh A. Lineages of language and the diagnosis of asthma. J R Soc Med.
2007;100(1):19-24.

Sa-Sousa A, Jacinto T, Azevedo LF, Morais-Almeida M, Robalo-Cordeiro C, Bugalho-Almeida A, Bousquet
J, Fonseca JA. Operational definitions of asthma in recent epidemiological studies are inconsistent. Clin
Transl Allergy. 2014;4:24.

Nwaru BI, Lumia M, Kaila M, Luukkainen P, Tapanainen H, Erkkola M, Ahonen S, Pekkanen J, Klaukka T,
Veijola R et al. Validation of the finnish isaac questionnaire on asthma against anti-asthmatic medication
reimbursement database in 5-year-old children. Clin Respir J. 2011;5(4):211-218.

Pinart M, Benet M, Annesi-Maesano |, von Berg A, Berdel D, Carlsen KC, Carlsen KH, Bindslev-Jensen C,
Eller E, Fantini MP et al. Comorbidity of eczema, rhinitis, and asthma in ige-sensitised and non-ige-
sensitised children in medall: A population-based cohort study. Lancet Respir Med. 2014;2(2):131-140.
Gehring U, Wijga AH, Hoek G, Bellander T, Berdel D, Bruske |, Fuertes E, Gruzieva O, Heinrich J,
Hoffmann B et al. Exposure to air pollution and development of asthma and rhinoconjunctivitis
throughout childhood and adolescence: A population-based birth cohort study. Lancet Respir Med.
2015;3(12):933-942.

Morales E, Strachan D, Asher |, Ellwood P, Pearce N, Garcia-Marcos L, group Ipls, Group IPTS. Combined
impact of healthy lifestyle factors on risk of asthma, rhinoconjunctivitis and eczema in school children:
Isaac phaseiiii. Thorax. 2019;74(6):531-538.

Davies NM, Holmes MV, Davey Smith G. Reading mendelian randomisation studies: A guide, glossary,
and checklist for clinicians. BMJ. 2018;362:k601.

Ha TW, Jung HU, Kim DJ, Baek EJ, Lee WJ, Lim JE, Kim HK, Kang JO, Oh B. Association between
environmental factors and asthma using mendelian randomization: Increased effect of body mass index
on adult-onset moderate-to-severe asthma subtypes. Front Genet. 2021;12:639905.

Kwan MY, Cairney J, Faulkner GE, Pullenayegum EE. Physical activity and other health-risk behaviors
during the transition into early adulthood: A longitudinal cohort study. Am J Prev Med. 2012;42(1):14-
20.

Telama R. Tracking of physical activity from childhood to adulthood: A review. Obes Facts.
2009;2(3):187-195.

Cassim R, Koplin JJ, Dharmage SC, Senaratna BC, Lodge CJ, Lowe AJ, Russell MA. The difference in
amount of physical activity performed by children with and without asthma: A systematic review and
meta-analysis. J Asthma. 2016;53(9):882-892.

Cassim R, Dharmage SC, Peters RL, Koplin JJ, Allen KJ, Tang MLK, Lowe AJ, Olds TS, Fraysse F, Milanzi E et
al. Are young children with asthma more likely to be less physically active? Pediatr Allergy Immunol.
2021;32(2):288-294.

Pike KC, Griffiths LJ, Dezateux C, Pearce A. Physical activity among children with asthma: Cross-sectional
analysis in the uk millennium cohort. Pediatr Pulmonol. 2019;54(7):962-969.

Sousa AW, Cabral ALB, Martins MA, Carvalho CRF. Barriers to daily life physical activities for brazilian
children with asthma: A cross-sectional study. J Asthma. 2020;57(6):575-583.

Jago R, Salway RE, Ness AR, Shield JPH, Ridd MJ, Henderson AJ. Associations between physical activity
and asthma, eczema and obesity in children aged 12-16: An observational cohort study. BMJ Open.
2019;9(1):e024858.

Ayuk AC, Ramijith J, Zar HJ. Environmental risk factors for asthma in 13-14 year old african children.
Pediatr Pulmonol. 2018;53(11):1475-1484.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

General discussion

Correia Junior MAV, Costa EC, Barros LCB, Soares AA, Sarinho ESC, Rizzo JA, Sarinho SW. Physical activity
level in asthmatic adolescents: Cross-sectional population-based study. Rev Paul Pediatr.
2019;37(2):188-193.

Vasconcello-Castillo L, Torres-Castro R, Sepulveda-Caceres N, Acosta-Dighero R, Miranda-Aguilera S,
Puppo H, Rodriguez-Borges J, Vilaro J. Levels of physical activity in children and adolescents with
asthma: A systematic review and meta-analysis. Pediatr Pulmonol. 2021;56(6):1307-1323.

Mackintosh KA, McNarry MA, Berntsen S, Steele J, Sejersted E, Westergren T. Physical activity and
sedentary time in children and adolescents with asthma: A systematic review and meta-analysis. Scand J
Med Sci Sports. 2021;31(6):1183-1195.

Xu M, Lodge CJ, Lowe AJ, Dharmage SC, Cassim R, Tan D, Russell MA. Are adults with asthma less
physically active? A systematic review and meta-analysis. ) Asthma. 2021;58(11):1426-1443.

Bacharier LB, Covar RA, Haselkorn T, Igbal A, Alvarez C, Mink DR, Chen H, Zeiger RS. Consistently very
poorly controlled asthma is associated with greater activity and school impairment in children with
severe or difficult-to-treat asthma. J Allergy Clin Immunol Pract. 2019;7(1):314-316.

Holderness H, Chin N, Ossip DJ, Fagnano M, Reznik M, Halterman JS. Physical activity, restrictions in
activity, and body mass index among urban children with persistent asthma. Ann Allergy Asthma
Immunol. 2017;118(4):433-438.

Cassim R, Dharmage SC, Koplin JJ, Milanzi E, Paro FM, Russell MA. Does physical activity strengthen
lungs and protect against asthma in childhood? A systematic review. Pediatr Allergy Immunol.
2019;30(7):739-751.

Lu K, Sidell M, Li X, Rozema E, Cooper DM, Radom-Aizik S, Crawford WW, Koebnick C. Self-reported
physical activity and asthma risk in children. J Allergy Clin Immunol Pract. 2022;10(1):231-239 e233.
Cassim R, Milanzi E, Koplin JJ, Dharmage SC, Russell MA. 2018. Physical activity and asthma: Cause or
consequence? A bidirectional longitudinal analysis. J Epidemiol Community Health. 2018;72(9):770-775.
Bedard A, Serra |, Dumas O, Basagana X, Clavel-Chapelon F, Le Moual N, Sanchez M, Siroux V, Varraso R,
Garcia-Aymerich J. Time-dependent associations between body composition, physical activity, and
current asthma in women: A marginal structural modeling analysis. Am J Epidemiol. 2017;186(1):21-28.

163







Chapter 8

Impact






Impact

Impact

This chapter describes the scientific and societal impact of this thesis.

Impact on research

This thesis was aimed to investigate the association between asthma and physical
activity, and gave a comprehensive overview of the possible association, both based on
original studies and a systematic review of the existing literature, supplemented with
new insights from the literature that have been published in the last years. Due to the
thoroughness of the research and consistency of the results, it is safe to state that
asthma and physical activity are not clearly related. Clear answers in the scientific field
are necessary to prevent researchers to continue to do new studies on the same
subject. This thesis clarifies that it is not necessary to continue to focus on the
association between asthma and physical activity in childhood. For specific groups, for
example very young children (under the age of 2) it has to be said that this conclusion is
not clear yet, especially because of the lack of validated measurements of physical
activity at this age. This thesis helps researchers to focus on the subjects where
answers are not clear yet.

The validation of asthma questions is of great value for the proper interpretation of the
results of epidemiological research. Chapter 2 describes an important subject for future
epidemiological research on asthma. The commonly used asthma definition ‘parent
reported physician diagnosed asthma’ showed only moderate agreement with general
practitioner (GP) recorded asthma diagnosis. Especially children with early transient
wheeze can be mislabelled as having an asthma diagnosis. This could lead to
overestimation of the true asthma prevalence in epidemiological studies. In this thesis
we showed that it is advisable to use a combination of asthma questions, preferably a
uniform definition such as MeDALL definition of current asthma. To improve
collaboration with other cohorts in Europe and globally it would be helpful to use the
same definition of current asthma, as suggested by the MeDALL group.*?

Chapter 6 describes a large European collaboration study. During analysing and writing
this study, the input of all these different European researchers was immense and gave
an extensive representation of different European cohorts. It brings asthma research,
and research in general, closer together and brought this study to a higher level. For
future research such collaborations are of great importance. It increases the study size
and gives a broader representation of types of behaviour and environments. Another
positive effect of these collaborations is that it leads to a decrease of research waste:
possibly interesting research questions are not investigated because it is not possible to
study and publish all possible associations in a birth cohort. Moreover, it decreases the
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risk of publication bias: analyses of smaller cohorts have often less statistical power and
are less likely to make an impact in scientific journals. By combining the results of
several cohorts, the statistical power will increase and thereby the chances of
publication of important results. The experiences gained by organising this
collaborative study have taught us the importance of data harmonisation beforehand
and legal implications, such as data safety. For future research, it would improve the
quality and progress if collaborations become more aligned. A good example is the
LifeCycle Project, which is a collaboration of European birth cohort studies that is
working on bringing all the data together in one virtual database: the EU Child Cohort
Network (figure 8.1).3* Especially the organisation with all data of all participating
cohorts in one virtual database, without individual issues on legal and ethical aspects of
data sharing and data safety is a huge step forward from the current collaborations that
are already present.
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Figure 8.1: the LifeCycle Project and the EU Child Cohort Network (adapted from https://lifecycle-
project.eu/for-scientists/the-eu-child-cohort-network/).

Impact on public health and health care

The societal impact of this thesis is especially supportive for counselling and
management of physical activity in the general population and children who are prone
to developing asthma. The results are relevant for all health care workers that are
involved in community medicine for children (in the Netherlands organised as the
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‘jeugdgezondheidszorg’ (JGZ)), family doctors and paediatricians. For asthma patients
and their parents it is important to realise that it is safe to exercise and this should be
encouraged for several health benefits. It is important for all children to adhere a
healthy lifestyle. For physical activity the current advice is according to the 2020 global
WHO recommendation: at least 60 minutes of moderate-to-vigorous physical activity
(MVPA) per day on average.® For children who are prone to developing asthma, or who
have asthmatic symptoms, this advice is the same. This thesis shows physical activity
does not increase the risk of developing asthma. From other literature, described in this
thesis, we know that physical activity improves quality of life and asthma control in
children with asthma.®” Therefore, it is important that children who show the first signs
of asthma are stimulated to stay active.

While the physical activity recommendations are general, the management and
counselling should be tailor made. Children (and parents) should not be hesitant in
using bronchodilatating medication in order to be able to be physically active without
asthmatic symptoms. Another important reason to adopt a healthy lifestyle, is the
obvious relation of obesity and subsequent increased risk of developing (or worsening
of existing) asthma. Children who have a healthy weight status, are less prone to
develop asthma. As physical activity provides a major contribution to a healthy lifestyle
(together with a healthy diet), we should continue to advice all children (and adults) to
adhere to the WHO or national guidelines of physical activity.

Another aspect of this thesis with societal impact on health care is the difference
between parent reported physician diagnosed asthma and GP recorded asthma
diagnosis in childhood. Chapter 2 shows that there are large differences in the way
parents experience an asthma diagnosis set by a physician compared to their GP,
especially when it concerns asthma diagnosis in very young children. For clinical
practice, it is important for physicians to use the correct wordings when explaining
(preschool) wheeze to parents and that parents and physicians work together in shared
decisions concerning the health of the child.

169




Chapter 8

References

170

Gehring U, Wijga AH, Hoek G, Bellander T, Berdel D, Bruske |, Fuertes E, Gruzieva O, Heinrich J,
Hoffmann B et al. Exposure to air pollution and development of asthma and rhinoconjunctivitis
throughout childhood and adolescence: A population-based birth cohort study. Lancet Respir Med.
2015;3(12):933-942.

Pinart M, Benet M, Annesi-Maesano |, von Berg A, Berdel D, Carlsen KC, Carlsen KH, Bindslev-Jensen C,
Eller E, Fantini MP et al. Comorbidity of eczema, rhinitis, and asthma in ige-sensitised and non-ige-
sensitised children in medall: A population-based cohort study. Lancet Respir Med. 2014;2(2):131-140.
Jaddoe VWV, Felix JF, Andersen AN, Charles MA, Chatzi L, Corpeleijn E, Donner N, Elhakeem A, Eriksson
JG, Foong R et al. The lifecycle project-eu child cohort network: A federated analysis infrastructure and
harmonized data of more than 250,000 children and parents. Eur J Epidemiol. 2020;35(7):709-724.
Lifecycle project: Eu child cohort network. [accessed 02-12-2021]. https://lifecycle-project.eu/for-
scientists/the-eu-child-cohort-network/.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty C, Chaput JP, Chastin S, Chou R
et al. World health organization 2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. 2020;54(24):1451-1462.

Wanrooij VH, Willeboordse M, Dompeling E, van de Kant KD. Exercise training in children with asthma:
A systematic review. Br J Sports Med. 2014;48(13):1024-1031.

Carson KV, Chandratilleke MG, Picot J, Brinn MP, Esterman AJ, Smith BJ. Physical training for asthma.
Cochrane Database Syst Rev. 2013;(9):CD001116.









Summary






Summary

Summary

Asthma is one of the most common chronic diseases in children in the world. Asthma is
caused by multiple factors, both genetic and environmental. Known environmental
factors for developing asthma are exposure to cigarette smoke, air pollution, open fire
cooking, antibiotic use early in life, diet and obesity. Low levels of physical activity are
also considered as possible risk factor for developing asthma. Since the second half of
the twentieth century, children (and adults) have been participating less in physical
activity. The WHO Global Recommendations for Physical Activity and Sedentary
Behaviour (2020) advises children to participate in moderate-to-vigorous physical
activity for at least 60 minutes per day on average. Currently, only 20% of all
adolescents globally meet this recommendation.

Asthma and physical activity are possibly associated: earlier studies have shown that
individuals with asthma are less physically active compared to individuals without
asthma. Possible explanations can be found in vigorous activity acting as a trigger for
asthma symptoms (especially in exercise-induced asthma), or by poorly controlled
asthma or fear of an asthma attack. As a consequence, children who engage less in
physical activity become deconditioned and a vicious circle arises with shortness of
breath when exercising. Physical training improves asthma control and possibly lung
function in asthmatics. Asthma organisations and doctors advise asthmatic patients to
stay physically active.

The aim of this thesis is to investigate the relation between asthma and physical
activity.

Chapter 2 describes a validation study in which we evaluated whether physician
diagnosed asthma as reported by the parents corresponds to the medical information
recorded by their general practitioner (GP). This showed only moderate agreement. In
studies that use questionnaires to define asthma, the advice is not only to ask for
physician diagnosed asthma, but to use a combination of questions, such as medication
use and current asthma symptoms. Preferably, a uniformly applicable asthma definition
is used, as proposed by the Mechanisms of the Development of Allergy (MeDALL)
collaboration, which consists of a combination of asthma diagnosis, recent medication
use and/or symptoms of wheezing (2 out of 3 criteria).

In the following chapters we describe 4 studies on asthma and physical activity in
different directions: Chapter 3 describes asthma symptoms prior to physical activity,
Chapter 4 provides an overview of the literature of cross-sectional and longitudinal
studies with physical activity as a risk factor for developing asthma in children and




adults. Chapters 5 and 6 describe original studies with physical activity as a risk factor
for childhood asthma.

Chapter 3 addresses the influence of early wheeze (before the age of 2) on physical
activity patterns and overweight (at age 4 to 5 years) within the KOALA birth cohort
study. Physical activity was measured with motion sensors. Boys were physically more
active if they had experienced wheezing before the age of 2 but had outgrown it,
compared with boys who had never experienced wheezing. No difference was found in
girls. Children aged 4 to 5 who had experienced wheezing in the past year were equally
physically active compared to children who did not wheezed. There was no relation
between wheezing and overweight or physical activity and overweight.

Chapter 4 provides an overview of the available literature on asthma and physical
activity. At the time of this study (2012), no longitudinal studies in children with
physical activity as exposure and asthma as outcome were available. In adults, the
available evidence in longitudinal studies indicated that higher physical activity levels
might be protective for asthma development. Cross-sectional studies in childhood
showed conflicting results. This lack of longitudinal studies in childhood was the
motivation for performing two original, longitudinal studies with physical activity as
exposure and asthma development in children, as described in chapter 5 and 6.
Chapter 5 describes an original study within the KOALA birth cohort on physical activity
and sedentary behaviour (measured with motion sensors and questionnaires) at the
age of 4 to 5 years and asthma and lung function between 6 and 10 years. No
association between physical activity or sedentary behaviour and subsequent asthma
development was found. In a small subgroup for which both accelerometry and lung
function data were available, sedentary behaviour was associated with lower FEV;/FVC
ratio. Chapter 6 describes a large collaborative study that we initiated, in which we
brought together information from 26 European cohorts on physical activity, sedentary
behaviour and the development of asthma and lung function between birth and 18
years. Again, no association was found between physical activity, sedentary behaviour
and the development of asthma. We found no confirmation of our previous finding of a
possible association between sedentary behaviour and lung function.

Finally, in chapter 7 the results of this thesis are discussed in relation to the existing
literature and considerations. In chapter 8 the results of this thesis are placed in a
bigger picture, with attention to the societal impact.

In conclusion, this thesis shows that physical activity does not play a large role in
asthma development. Prevention programs should focus on broader lifestyle advice, in
particular the prevention of cigarette smoke exposure, a healthy diet, and the
prevention of obesity.
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Samenvatting

Astma is één van de meest voorkomende chronische ziekten bij kinderen in de wereld.
Astma wordt veroorzaakt door meerdere factoren, zowel door genetische factoren als
omgevingsfactoren. Bekende omgevingsfactoren voor het ontwikkelen van astma zijn
blootstelling aan sigarettenrook, luchtvervuiling, koken op open vuur, antibiotica-
gebruik vroeg in het leven, voeding en overgewicht. Gebrek aan beweging wordt ook
als mogelijke risicofactor voor het ontwikkelen van astma gezien. Sinds halverwege de
vorige eeuw bewegen kinderen (en volwassenen) steeds minder. De internationale
WHO richtlijn voor beweging (2020) adviseert kinderen om tenminste gemiddeld 60
minuten per dag matig tot intensief te bewegen. Op dit moment haalt slechts 20% van
de adolescenten wereldwijd deze beweegrichtlijn.

Astma en beweging zijn mogelijk geassocieerd: eerdere studies hebben aangetoond dat
personen met astma minder bewegen dan personen zonder astma. Mogelijke
verklaringen hiervoor zijn het uitlokken van een astma-aanval door intensief bewegen
(vooral bij inspanningsgebonden astma), matig gecontroleerd astma en angst voor
kortademigheid. Doordat kinderen weinig bewegen ontstaat er een vicieuze cirkel met
een matige conditie waardoor er sneller kortademigheid ontstaat bij bewegen. Fysieke
training verbetert de astma-controle en mogelijk longfunctie van astmapatiénten.
Astma-organisaties en artsen adviseren astmatische patiénten om in beweging te
blijven.

Het doel van dit proefschrift is om de relatie tussen astma en beweging te
onderzoeken.

Hoofdstuk 2 beschrijft een validatiestudie waarin we onderzocht hebben of een arts
diagnose astma die door ouders gerapporteerd wordt overeenkomt met de medische
gegevens die hun huisarts genoteerd heeft. Hieruit blijkt dat dit maar matig
overeenkomt. Het advies is om in studies waarin gebruikt gemaakt wordt van
vragenlijsten om astma te definiéren niet alleen te vragen naar een astma diagnose
maar dit te combineren met andere vragen, zoals medicatiegebruik en huidige
klachten. Bij voorkeur wordt gebruik gemaakt van een uniform toepasbare astma
definitie zoals voorgesteld door het samenwerkingsverband Mechanisms of the
Development of Allergy (MeDALL), die bestaat uit een combinatie van astma diagnose,
recent medicatiegebruik en/of klachten van een piepende ademhaling (2 van de 3
criteria).

In de volgende hoofdstukken beschrijven we 4 studies over astma en bewegen in
verschillende richtingen: hoofdstuk 3 beschrijft astma symptomen voorafgaand aan
beweging, hoofdstuk 4 geeft een overzicht over de literatuur van cross-sectionele en

181




longitudinale studies met beweging als risicofactor voor het ontwikkelen van astma bij
kinderen en volwassenen. Hoofdstuk 5 en 6 beschrijven originele studies met beweging
als risicofactor voor het ontwikkelen van astma op kinderleeftijd.

Hoofdstuk 3 beschrijft een studie binnen het KOALA geboortecohort naar het effect
van een piepende ademhaling op jonge leeftijd (voor 2 jaar) op het beweegpatroon en
overgewicht op latere leeftijd (4 tot 5 jaar). Beweging werd met beweegmeters
gemeten. Jongens bewogen meer als zij een piepende ademhaling hadden gehad voor
de leeftijd van 2 jaar maar daar overheen gegroeid waren, vergeleken met jongens die
nooit last hadden gehad van een piepende ademhaling. Bij meisjes werd geen verschil
gevonden. Kinderen van 4 tot 5 jaar die het afgelopen jaar last hadden gehad van een
piepende ademhaling bewogen niet meer of minder dan kinderen die geen piepende
adembhaling hadden. Er was geen relatie tussen piepende ademhaling en overgewicht
of bewegen en overgewicht.

Hoofdstuk 4 geeft een overzicht van de beschikbare literatuur over astma en bewegen.
Ten tijde van deze studie (2012) was er geen literatuur beschikbaar over longitudinale
studies met een meting van bewegen voorafgaand aan astma bij kinderen. Bij
volwassenen werd een mogelijk beschermend effect van bewegen op het ontwikkelen
van astma gevonden. Er werden veel cross-sectionele studies gevonden die
tegenstrijdige uitkomsten toonden. Dit was de aanleiding om twee vervolgstudies te
doen, gericht op het onderzoeken van de invloed van beweging op het ontstaan van
astma, beschreven in hoofdstuk 5 en 6. Hoofdstuk 5 beschrijft een originele studie
binnen het KOALA geboortecohort naar beweging en sedentair gedrag (gemeten met
beweegmeters en vragenlijsten) op de leeftijd van 4 tot 5 jaar en astma en longfunctie
tussen 6 en 10 jaar. Er werd geen verband gevonden tussen bewegen of sedentair
gedrag en het ontstaan van astma. In een kleine subgroep waar zowel beweegmetingen
als longfunctie beschikbaar waren werd een mogelijk verband gevonden tussen
sedentair gedrag en een lagere longfunctiewaarde FEV:/FVC. Hoofdstuk 6 beschrijft
een grote studie die we in Europees samenwerkingsverband gedaan hebben, waarbij
we informatie uit 26 Europese cohorten bij elkaar gebracht hebben over beweging,
sedentair gedrag en het ontstaan van astma en longfunctie tussen geboorte en 18 jaar.
Ook hier werd geen verband gevonden tussen bewegen, sedentair gedrag en het
ontstaan van astma. We vonden geen bevestiging van onze eerdere bevinding van een
verband tussen sedentair gedrag en longfunctie.

Tenslotte worden in hoofdstuk 7 de resultaten van dit proefschrift besproken in relatie
tot de bestaande literatuur en overwegingen. In hoofdstuk 8 worden de resultaten van
dit proefschrift in een groter geheel geplaatst, met aandacht voor het maatschappelijke
belang.
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Concluderend toont dit proefschrift aan dat beweging geen duidelijke rol speelt in het
ontstaan van astma. Preventieprogramma’s zouden gericht moeten zijn op een breder
leefstijladvies, met name het voorkomen van blootstelling aan sigarettenrook, een
gezond dieet en het voorkomen van overgewicht.
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Om te beginnen wil ik graag alle KOALA kinderen en hun ouders bedanken. Zonder hun
bereidwilligheid om vanaf de geboorte gevolgd te worden en een bijdrage te leveren
aan de wetenschap was dit proefschrift niet mogelijk geweest.

Carel en Monique, bedankt voor jullie jarenlange begeleiding. Mijn onderzoek begon bij
jullie als laatstejaars geneeskundestudent voor mijn wetenschapsstage. |k als praktisch
ingesteld persoon had nooit verwacht onderzoek te gaan doen en al helemaal geen
promotietraject. Toch heeft jullie begeleiding in dat half jaar de wetenschapper in mij
wakker gemaakt en werd ik geprikkeld om hier verder mee te gaan. Wat ook hielp is dat het
stuk dat ik schreef direct geaccepteerd werd bij Pediatrics. Dat ging wel heel makkelijk :).
Carel, jouw altijd verbredende en verdiepende ideeén waren een inspiratie. Met al je
kennis en brede interesse heb je me geinspireerd. Dat gaat verder dan alleen je
wetenschappelijke bijdrage. Het was altijd fijn om jou te horen praten over je andere
interesses zoals je volkstuin, tango en duurzaamheid. Samen lunchen in jouw achtertuin
om de hoek van Debeyeplein en de bloemen uit eigen volkstuin waren voor mij
hoogtepunten uit onze jarenlange samenwerking. Ik vind het heel bijzonder dat je mijn 1°¢
promotor wilt zijn en ik vind het een eer dat ik jouw eerste promovendus mag zijn.
Monique, dankjewel voor het begrenzen van de ideeén van Carel. Jouw praktische
instelling en natuurlijke nieuwsgierigheid waren heel fijn. Wat ik bijzonder vind is dat je
er voor gezorgd hebt dat ik me altijd welkom ben blijven voelen, ook toen ik ruim 10
jaar nadat ik als studentje binnenkwam nog steeds 1x per maand op je kamer
langskwam. Je hebt me altijd het gevoel gegeven dat het OK was. Ons congresbezoek in
Bristol was erg gezellig. Nuttig maar vooral erg gezellig — mét Banksy speurtocht.

Jos, mijn co-promotor en opleider kindergeneeskunde. Onder jouw vleugels ben ik
begonnen met mijn eerste baan als net afgestudeerd arts en ben ik kinderarts
geworden. Je hebt me gestimuleerd om het onderzoek dat achter me lag om te zetten
in een promotietraject. Toen je me aannam voor de opleiding heb je me op het hart
gedrukt: “en je gaat het afmaken ook!” Dat heb ik gedaan. Ik geloof niet dat dit het
traject was dat je voor ogen had. Jouw enorme kennis van alles eigenlijk, je drive en
onbaatzuchtigheid hebben me enorm geinspireerd. Dankjewel voor alles.

Martin, mijn 2° promotor. Jouw helicopterview en breed kennisniveau hebben mij
geholpen om volgende stappen te zetten. Bedankt voor je vertrouwen. |k ben heel
dankbaar dat jij ondanks de tegenwind deel uit wilde maken van mijn promotieteam.
Het ga je goed!

Beste leden van de beoordelingscommissie, Prof.dr.ir. van Schayck, Prof.dr.ir. Arts,
Prof.dr. Kremers, Prof.dr. van der Palen, Dr. Merkus, hartelijk dank voor het kritisch
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doorlezen van het manuscript. Prof.dr. Dompeling en Prof. Garcia-Aymerich, veel dank
voor het complementeren van de corona.

Ook dank aan alle coauteurs die een bijdrage geleverd hebben aan de studies in dit
proefschrift. Dear co-authors from the European Study, thank you for your attribution
to our collaborative study. It was a special experience to work together with so many
researchers from all over Europe, | have learned a lot from it.

Mijn paranimfen. Lieve Evelien, ik vind het heel fijn dat je aan mijn zijde staat vandaag
als mijn paranimf. Mijn zusje dat allang niet meer mijn kleine zusje is. Ik heb veel
respect voor hoe jij in het leven staat en de zaken aanpakt. Je bent een verbinder en
een bouwer. Dankjewel voor de goede gesprekken samen. Lieve Monique, vanaf de
eerste onderwijsgroep op de universiteit werden we vriendinnen. Met jou is het nooit
saai. Je bent ambitieus in alles wat je doet, of het nu promoveren of moeder worden is.
Zo fijn dat je nu “om de hoek” woont. We raken nooit uitgepraat!

Lieve Judith, al vanaf de brugklas gingen we samen op. Onze vriendschap is erg
vanzelfsprekend. Al hebben we elkaar een tijd niet gesproken, als we samen zijn voelt
het vertrouwd en lachen we heel wat af. Mijn verdediging valt (ongeveer) samen met
een veel belangrijkere gebeurtenis. Ik hoop dat jullie je meisje in jullie armen hebben
kunnen sluiten en dat je samen met Henk en Simon eindelijk kunt genieten van jullie
mooie gezin.

Lieve Angelique, Carien, Edwin, Hein, Janneke, Linda, Rick, Selma, Tom en Vera. Jullie
zijn de beste collega’s die ik maar kan wensen, en eigenlijk meer dan collega’s. We
hebben een bijzondere groep en ik voel me nog elke dag vereerd dat ik met jullie
samen dit werk mag doen. Bedankt voor jullie ondersteuning de afgelopen jaren.
Kinderarts is een zwaar beroep, zeker als je het wilt combineren met alle leuke dingen
die we ernaast willen doen. Gelukkig is het ook het mooiste beroep dat er bestaat.
Lieve Antoinette, Betty, Christine, Desiree, Ellen, Esther, Irene, Laura, Marianne,
Nathalie, Robin, Trudy, Christel, Hilde, Inge en Sanne. Waar zouden wij kinderartsen zijn
zonder jullie ondersteuning? Dankjewel voor al jullie hulp, maar ook jullie gezelligheid,
betrokkenheid en lekkers.

Alle arts-assistenten: dankjulliewel voor jullie inspiratie, samenwerking en slimme
vragen.

Alle verpleegkundigen, teamleiders, psychosociaal team, voedingsassistenten,
kraamverzorgenden, verloskundigen, gynaecologen en alle andere collega’s:
dankjulliewel voor de samenwerking op de werkvloer. We vormen een sterk team en ik
hoop dat we samen verder kunnen bouwen aan ons mooie vrouw kind centrum.

Lieve Maaike en Anke: mijn Beekvlietvriendinnen. Inmiddels hebben we ons 25 jarig
jubileum gevierd, zijn we samen 8 zonen en 1 dochter verder en delen we nog steeds
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lief en leed. Bedankt voor jullie vriendschap. Lieve meiden van Qui Vive, inmiddels zijn
we allemaal uitgevlogen maar ik zal de tijd van nachtenlang doorhalen en ’s ochtends
weer “fris” in de collegebanken nooit vergeten. Wat was het een mooie tijd. Lieve
Hopocopocezen: huisgenootjes uit een geweldige studententijd waarin we samen groot
geworden zijn. Ik gun jullie alle geluk en gezondheid.

Lieve papa en mama, we zeggen het nooit tegen elkaar (wij Eijkemansjes zijn niet zo
goed in gevoelens...) maar ik wil jullie zeggen dat ik van jullie hou en jullie dankbaar ben
voor de stabiele basis die jullie mij gegeven hebben. Met nuchterheid en een tikje
zwarte humor kom je ver in het leven. Lieve Gertjan, mijn tweelingbroer. Wij hebben
een bijzondere band die we vanaf de geboorte delen. De tijd dat we samen de
slaapkamer (of keuken) sloopten is allang voorbij maar ik voel me verbonden met jou.
We zien elkaar niet veel maar ik weet dat we er voor elkaar zijn als dat nodig is. We
spreken elkaar als jullie weer aan deze kant van de aardbol zijn. Lotte en Darco, wat fijn
dat we het met de broers en zussen zo goed kunnen vinden. Wanneer ontsnappen we
weer? Ome Niek en Sandra, dankjewel dat jullie er gewoon zijn.

Lieve Wout en Miranda, dankjewel voor alles. Mijn tweede familie waar ik erg dankbaar
voor ben. Jullie onvoorwaardelijke steun en liefde is heel bijzonder voor mij. Lieve
Sjoerd en Stefanie, dankjewel voor jullie gezelligheid en klankbord. Het is heerlijk om af
en toe even met jullie te “klagen” over de kinderen. Lieve Lonneke, de schrijfster van de
familie. Jouw boek is heel wat leesbaarder dan dat van mij. Je hebt me geinspireerd.
Jelmer, dankjewel voor je oprechte interesse voor mijn onderzoek, en de voortgang
daarvan.

Lisa, Anne, Colin, Pepijn, Bram, Zoé, Lois, Lars en Jesse. Wat is onze familie groot
geworden! Ik vind het heel leuk dat we zoveel neefjes en nichtjes hebben en dat die
samen goed met elkaar overweg kunnen.

Lieve Bas, Guus, Tom en Eva: jullie zijn het allerbelangrijkst. Bas, ontzettend bedankt
voor alle ondersteuning die jij mij al die jaren gegeven hebt. Jij was degene die mijn
promotieweekenden inplande en zorgde dat ik mijn handen vrij had hiervoor. Ik weet
dat dat voor jou niet altijd makkelijk was. Jij hebt minstens zoveel doorzettings-
vermogen als ik. Gelukkig ben je net zo’n optimist als ik in het chronisch onderschatten
van klussen. Ik hou van je.

Lieve slimme, gevoelige Guus, gezellige, onverstoorbare Tom, stoere, eigenwijze Eva: ik
hou van jullie tot aan het eind van het heelal en terug.

W
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Marianne Eijkemans is op 20 september 1983 geboren in Veghel. Zij groeide op met
haar ouders en broer en zus in Sint-Michielsgestel. Ze slaagde Cum Laude voor het
Gymnasium Beekvliet te Sint-Michielsgestel en verhuisde naar Maastricht om
Geneeskunde te studeren. In 2006 voldeed ze haar wetenschapsstage bij de vakgroep
Epidemiologie binnen de KOALA studie, onder begeleiding van Monique Mommers en
Carel Thijs. Aansluitend ging ze voor haar laatste coschap (GEZP stage) naar Nuevo
Hospital EI Milagro in Salta, Argentinié waar ze stage liep op de afdeling neonatologie.
Hier rondde ze het eerste artikel van dit proefschrift af. Na haar studie werkte ze als
ANIOS kindergeneeskunde in het Radboudumc, waar ze in 2009 werd aangenomen
voor de opleiding tot kinderarts. Hierbij voldeed ze het perifere deel van de opleiding in
het MMC Veldhoven, onder begeleiding van dr. Martin de Kleine, en het academische
deel in het Radboudumc met als opleider dr. Jos Draaisma. Na haar opleiding werkte ze
6 maanden in de Gelderse Vallei in Ede als waarnemend kinderarts, voor ze in 2014
haar droombaan vond in het Catharina Ziekenhuis in Eindhoven. Hier is zij algemeen
kinderarts met bijzondere aandacht voor de neonatologie en maag-darm-leverziekten.
Daarnaast is zij co-assistentenopleider en vakgroepvoorzitter. Tijdens haar opleiding tot
kinderarts en naast haar werk als kinderarts voltooide ze in haar vrije tijd dit
proefschrift.

Marianne is getrouwd met Bas, samen hebben zij 3 kinderen: Guus (2012), Tom (2013)
en Eva (2016). Zij wonen in Vught.













	Table of contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6: EMBARGOED
	Chapter 7
	Chapter 8
	Summary
	Samenvatting
	Dankwoord
	Curriculum vitae



