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Abstract

Asthma is the most common chronic disease in children, and often persists into and
adulthood. Further, despite its known health benefits, it is estimated that more than
80% of the world’s adolescents are insufficiently physically active. Since both
asthma and physical inactivity are significant problems in child and adolescent
populations, it is essential to focus research on these populations. The relationship
between asthma and physical activity is complex and controversial, and the
temporality of these associations remains unclear. My doctoral work attempted to

tease out these relationships.

This work was divided into sections with distinct research questions, which
together aimed to advance our current understanding of the relationship between
asthma and physical activity in children and adolescents. Hence, this thesis contains
two systematic reviews which were performed in order to understand the existing
literature on the nature of the relationship between physical activity and asthma in
children. These reviews are followed by three data analyses which employed a
variety of statistical techniques to analyse data from questionnaires, accelerometry
and clinical assessments collected by two well-established cohorts of Australian
children: The Longitudinal Study of Australian Children (LSAC) and the HealthNuts
study.

The first of the two systematic reviews found no evidence that children and
adolescents with and without asthma participated in different amounts of
objectively measured physical activity. The second review, which aimed to
investigate the effect of physical activity on subsequent asthma outcomes, found
insufficient evidence to determine the effect of physical activity on subsequent
asthma and lung function outcomes. Hence, in the first data analysis, [ aimed to
elucidate the direction of the association by investigating the possibility of
bidirectionality. However, there was no evidence of longitudinal associations in
either direction. Next, | compared the amount of time spent in moderate to vigorous
physical activity (MVPA) between children and adolescents with and without
asthma at 5 different ages and again found no evidence that youth with and without

asthma engaged in differential amounts of time in physical activity. Finally, I



investigated the effect of early wheeze and asthma on objectively measured physical
activity in early childhood and again found no evidence that children who

experience early life asthma and wheeze were less active at a later age.

Thus, my thesis presents sustained and compelling evidence of a lack of association
between asthma and physical activity in youth - in either direction. A number of
implications can be drawn from these findings. First, physical activity campaigns
targeted at children need not focus specifically on children with asthma. Second, the
effect of physical activity on future asthma outcomes remains unclear. However,
even without evidence that physical activity is beneficial for future asthma
outcomes, physical activity should be encouraged from a young age for its many

other health benefits.
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CHAPTER ONE: Introduction

1.1 Overall aim of this research

The overall aim of this doctoral work was to investigate the existence and direction
of the association between habitual physical activity and asthma development and
persistence in youth (children and adolescents up to the age of 18 years). In a series
of projects, this body of research collated evidence on the association between
asthma and physical activity, and then attempted to establish whether asthma or
physical activity was a causal antecedent of the other by analysing data from two

longitudinal cohorts of Australian children.

1.2 Rationale for PhD

In recent years, an increase in the global prevalence of asthma (1) has been
accompanied by a decrease in levels of physical activity (2). This observation has
piqued the interest of researchers and led to escalating investigation of the
relationship between these two important public health problems. To date, research
has produced contentious and contradictory evidence for an association between
asthma and physical activity, and the direction and temporality of the relationship
between asthma and physical activity remain to be elucidated (3). Some studies
have demonstrated the effect of physical activity on the development of asthma (2,
4) and, conversely, others have investigated the effect of asthma status on physical
activity (5-14). These existing studies were heterogeneous in design, population,
and size, and are limited by the lack of scientific consensus regarding the definition,

measurement and classification of both asthma and physical activity.

Adding to the ambiguity that surrounds the relationship between asthma and
physical activity are several other factors whose influence may confound, modify, or
mediate the association. For example, sex may be an effect modifier, and socio-
economic status a potential confounder of these associations. In addition, body mass
index (BMI) may play an important role, as its effects have been investigated on both

physical activity and asthma individually. However, these variables are
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underrepresented in models, resulting in an inability to gain an appreciable
understanding of the role that each one plays in the relationship between physical
activity and asthma. The interconnectedness of these factors requires a more
holistic investigation into the associations and confounding or modifying factors. To
do so, longitudinal investigations are essential, but are scarce in the existing

literature, particularly among child and adolescent populations.

While numerous studies have explored relationship between physical activity and
asthma in adults (15), it is essential that these associations are investigated at the
important developmental stages of childhood and adolescence, since there is
evidence within the scientific literature that lifestyle and habits developed in youth
persist into adulthood (16). It is hypothesised that a physically active childhood has
an indirect, positive effect on health outcomes in adulthood. If so, it is both important
and beneficial to address issues such as physical inactivity early in life, thereby
promoting healthy lifestyles from a young age, and potentially preventing future
adverse health outcomes and their consequences later in life. For this reason, my
doctoral research focussed predominantly on youth, which I defined as child and

adolescent populations up to the age of 18 years.

Conducting research in these populations presents some unique challenges. During
these developmental years of life, numerous physical, psychological, and
physiological changes occur. For example, priorities and daily routines change with
age. Consequentially, physical activity profiles change over time, from erratic and
unstructured play in pre-schoolers to more consistent and defined physical activity
as school age children participate in school and after school sports. The contentious
nature of measurement and classification schemes for physical activity, and the
possibility of misdiagnosis of asthma in children before age five (17) add to the
complexity of the research. Hence it is essential that these age groups are
investigated, as the relationship between asthma and physical activity in youth

could be entirely different than it is in adult populations.



1.3 My doctoral work

My doctoral work therefore aimed to address the aforementioned research gaps
through a series of investigations of the directionality and temporality of the
relationship between asthma and physical activity. This thesis is a compilation of
the evidence produced on this topic and includes two systematic reviews of the
existing evidence and three original analyses of data collected in two large cohorts
of Australian children. Collectively, my work has produced valuable results which
contribute to improving our understanding of whether physical activity is a cause

or consequence of asthma in youth.

1.4 Research questions

The overarching aim of this doctoral work was to investigate the existence and
direction of the relationship between asthma and physical activity in youth. This was
addressed by the formulation and investigation of several research questions which

constitute the chapters of this thesis. Individual research questions are as follows:

Research question 1: Does physical activity i) decrease the risk of developing
asthma, ii) reduce asthma symptoms or iii) increase lung function in children and

adolescents?

Research question 2: Does the existing evidence demonstrate that objectively
measured physical activity in children and adolescents with asthma differs from

those without asthma?

Research question 3: Is the relationship between physical activity and asthma in

children and adolescents bidirectional?

Research question 4: Does the level of physical activity in Australian children and

adolescents with asthma differ from their unaffected peers?

Research question 5: Is early life wheeze and suspected asthma (before five years
of age) associated with less objectively measured physical activity at six years of age

in Australian children?



1.5 Thesis statement

During the course of my PhD candidature, I produced several original research
articles, including two systematic reviews and three data analyses, all of which have
been peer reviewed and published in scientific journals. My research analysed
longitudinal data from two large, established cohorts of Australian children and
adolescents. Questionnaire data collected by the Growing Up in Australia: The
Longitudinal Study of Australian Children (LSAC) was used to investigate whether
Australian children and adolescents with asthma are as active as their peers, and
also, importantly, to explore the possibility of bi-directional associations between
asthma and physical activity. This was a novel analysis that had not previously been
conducted in the examination of these relationships. In addition, both subjective and
objective data collected within the HealthNuts study were used to evaluate the effect
of early life wheeze and asthma on subsequent objectively measured physical
activity in Australian children. The use of longitudinal data from large cohorts of
child and adolescent populations is an important advantage of this work, which
aimed to improve our understanding of the direction of the relationship between

asthma and physical activity.

1.6 Thesis overview

Chapter 1 of this thesis provides a summary of the rationale behind this research,

the overall and specific research questions, and an overview of the thesis.

Chapter 2 consists of a literature review of the background information on asthma

and physical activity in child and adolescent populations.
Chapter 3 describes the methods used in this body of work.

Chapter 4 presents the first of two systematic reviews and includes the publication
titled “Does physical activity strengthen lungs and protect against asthma in

childhood? A systematic review”.



Chapter 5 presents the second of two systematic reviews and includes the
publication titled “The difference in amount of physical activity performed by

children with and without asthma: A systematic review and meta-analysis”.

Chapter 6 presents the first in a series of three original data analyses and includes
the publication titled “Physical activity and asthma: cause or consequence? A

bidirectional longitudinal analysis”.

Chapter 7 presents the second data analysis and includes a published Letter to the
Editor titled “Suspected asthma status and time spent in physical activity across

multiple childhood age groups”.

Chapter 8 presents the final data analysis and includes the publication titled “Are

young children with asthma more likely to be less physically active?”

Chapter 9 provides an overall discussion of the work including the strengths and
limitations and places the findings of this research in the context of existing

literature.

Chapter 10 concludes this thesis by describing the contributions and implications
of this work and provides recommendations for future research based on the

findings of this doctoral research.



CHAPTER TWO: Literature review

2.1  Chapter introduction

As described in the introduction to this thesis, this doctoral research focused on the
association between asthma and physical activity in childhood and adolescence. In
this chapter, I will provide an extensive and thorough review of the existing
scientific literature in this field. In the first section of this literature review, I will
describe the burden of asthma in children and over the life course, the phenotypes
and pathophysiology of asthma and the physiology of the lung. [ will then summarise
the techniques for the measurement and diagnosis of asthma, including the widely
used method of spirometric testing. Next, I will discuss some of the risk factors for
development of this chronic condition and the triggers for attacks in child and
adolescent asthma, including physical activity. The second part of the literature
review will define physical activity and describe some of the techniques through
which physical activity is quantified. In the final section, I will discuss the complex
relationship between asthma and physical activity and highlight some of the gaps in

the existing knowledge.

2.2 Asthma

Asthma is a chronic respiratory condition with a complex aetiology, characterised
by narrowing of the airways and reversible airflow obstruction. As discussed in
more detail below, this primarily occurs due to 1) inflammation of the bronchial
epithelium, 2) increased secretion and accumulation of inflammatory materials
(mucus) in the airway and 3) constriction of the airway smooth muscle (Figure 2.1)

(18).



Figure 2.1: Diagram demonstrating the changes that asthma symptoms incur on normal airways. Source: The
National Asthma Council Australia (2015).

Consequently, coughing, wheezing, breathlessness and a tightness of the chest are
commonly experienced symptoms of the condition (19). Asthma symptoms tend to
be episodic in nature, with exacerbations or “attacks” that vary in severity, duration

and frequency (20).

In 2020, the Global Initiative for Asthma (GINA) updated the way in which asthma
is defined. Asthma is now defined as “a heterogeneous disease, usually characterized
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” (21, 22).

2.2.1 Asthma burden of disease

Asthma is an important public health problem with a substantial burden of disease.
In 2015, it was estimated that 0.4 (0.36-0.44) million people died from asthma (23)
and in Australia in 2018, 389 deaths were attributed to asthma (24). On a societal
scale, the economic cost of asthma is high as a result of absenteeism from work or
school, combined with the financial burden of health care (25-27). Some research

has been done in several high-income countries to quantify the financial costs of



asthma (28-30). These studies have produced estimates ranging from
approximately 49 million USD in Singapore to 81.9 billion USD in the United States
of America (USA) (28, 30). According to the Australian Institute of Health and
Welfare (AIHW) Australia, the cost of asthma to the Australian health care system in
2015-2016 was estimated at $770 million (24).

Asthma is currently estimated to affect between 1 and 18% of the population,
depending on the country (22), or as many as 334 million adults and children
globally (28). The prevalence of asthma has increased in recent decades (31), and is
expected to further increase with time. It is also expected that, as an increasing
number of global communities move away from traditional and agricultural
lifestyles to become more urbanised and adopt a more ‘westernised’ lifestyle, the
prevalence of global asthma is expected to further increase (31, 32), so that

approximately 400 million individuals will be affected by 2025 (32).

Although asthma affects people of all ages (Figure 2.2), it is the most common
chronic, non-communicable condition among children and adolescents (7, 33, 34),
and the increase in the global prevalence of asthma is especially apparent in children
(35). The largest study of global childhood asthma prevalence data was collected by
The International Study of Asthma and Allergies in Childhood (ISAAC). ISAAC is a
large, multinational epidemiological study with 233 centres located in 98 countries,
with approximately 1,200,000 children having participated in the ISAAC Phase
Three prevalence survey (36-38). The ISAAC study estimated global prevalence of
current asthma (defined as symptoms within the past 12 months) in children aged
6-7 years to be 11.7%, and 14% for adolescents aged 13 -14 years (36). Substantial
variability in the prevalence and severity of asthma was observed between and
within regions, countries, and cities. Australia ranks amongst the highest in the
world in the prevalence of childhood asthma (28); higher indeed than many other

high income countries (28, 39).
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Figure 2.2: Prevalence of asthma by age group and sex in Australia 2017-2018. Source: Australian
Institute of Health and Welfare (2020). Asthma was defined as self-report doctor or nurse diagnosis.

Whilst asthma can develop at any age, it often develops in childhood (28), and being
a chronic condition, asthma has a potentially large burden on both an individual and
societal scale. An individual with asthma faces potentially lifelong challenges with
the condition. These challenges could include not only a substantial financial burden
due to the continuing requirement of asthma medication, clinical assessments or
even hospitalisation, but also a reduced quality of life, and even death (28). Studies
have demonstrated that individuals with asthma often struggle with the symptoms
of asthma that may affect their sleep and daily life (40-44). In addition, these
individuals may make lifestyle decisions based on their asthma triggers, for example
choosing not to own a cat if cat hair is a known trigger. Since there is no known cure
for asthma, there remains a need to reduce the burden of the disease and mitigate

its impact.

2.2.2 Asthma pathophysiology

The term “asthma” is an umbrella term that incorporates several asthma

phenotypes (22). Each asthma phenotype is a set of recognisable demographic,



clinical and/or pathophysiological characteristics (21, 22). The most easily
recognized asthma phenotype (21, 22) and the type primarily addressed within this
thesis is allergic asthma. It is the principle phenotype of interest within this thesis
as it is the type that frequently commences in childhood (21, 22). Allergic asthma is
commonly associated with a past and/or family history of allergic disease such as
eczema, allergic rhinitis, food or drug allergies and often involves eosinophilic
airway inflammation (21). This asthma phenotype is usually quite responsive to
inhaled corticosteroid (ICS) treatment (21). Some other common phenotypes are

briefly described below (Table 2.1) (21, 45):

Table 2.1: Description of common asthma phenotypes

Asthma Description

Phenotype

Non-allergic Commonly experienced by adults and is not associated with

asthma allergy. Patients with non-allergic asthma often respond less
well to ICS

Late-onset Developing in adulthood, and particularly in women, this

asthma phenotype is usually non-allergic, and often requires higher
doses of ICS

Asthma with Observed in individuals with long-standing asthma, this

fixed airflow phenotype is characterised by fixed airflow limitation that is

limitation thought to be due to the remodelling of airway walls

Asthma with This phenotype is observed in obese individuals, where

obesity respiratory symptoms are prominent but little eosinophilic
airway inflammation is observed.

Exercise-induced | Respiratory symptoms and airway hyperresponsiveness

‘sports’ asthma induced by exercise without allergic features.

Regardless of asthma phenotype, there is a consensus that chronic inflammation of
the airways is the underlying pathological mechanism (Figure 2.3) (46). The
inflammatory mechanisms in play in allergic asthma have previously been described
and discussed in detail (22). Briefly, studies in both animal and human models have

shown that an asthmatic state appears to be the result of T-helper cell mediated
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inflammation and that an imbalance of T-cell subtypes may be responsible for
asthma (22). CD4+ T cells are divided into Th subtypes based on the cytokines they
secrete (23). ThZ cells secrete interleukins which induce IgE and eosinophil
production, regulate the functions of eosinophils and promote the growth of mast
cells (23). Th1 cells delay hypersensitivity and inhibit Th2 processes (23). The anti-
inflammatory interleukin-10 (IL-10) cytokine plays an important role. It inhibits
mast cell and eosinophil function, and acts on macrophages to inhibit the production
of pro-inflammatory cytokines and to inhibit the activation of Th2 cells (24). It has
been shown that individuals who do not produce sufficient IL-10 suffer from more

severe asthma (24).
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Figure 2.3: Inflammatory mechanisms involved in asthma. Source: Hill & Wood (2009) (47)

2.2.3 Asthma measurement

A detailed guide for the assessment and diagnosis of asthma is presented by the
GINA (21, 22). Diagnosis of asthma is made based on history of characteristic
patterns of respiratory symptoms, including wheezing, shortness of breath or
coughing, as well as evidence of variable airflow limitation, as assessed by

Pulmonary Function Testing (PFT) (22). PFT is used to clinically diagnose asthma,
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to continue monitoring the disease once a diagnosis has been made (21), and also as
a useful indicator of future risk (21). In their 2015 report, GINA recommends that
lung function be recorded at diagnosis, 3-6 months after starting treatment, and
periodically thereafter (21). A reduced FEV1/ FVC ratio is consistent with airflow
obstruction and a diagnosis of asthma (8). Additionally, bronchial reversibility or
bronchodilator (BD) responsiveness testing is useful in confirming the diagnosis of
asthma (48). This is done by assessing lung function both before and after inhalation
of a short-acting (32-adrenergic agonist (SABA) such as albuterol (48). The clinical
threshold for positive bronchial reversibility according to the ATS/ERS guidelines is
a minimum of a 12% increase in FEV or FVC from baseline with a minimum increase
in volume of 200mL (49). However, this method has recently been found to have low
specificity for asthma in adults (50), and to poorly correspond to a clinical diagnosis
of asthma in children (51). Therefore, these tests may be more valuable in the
assessment of management strategies and progression of asthma than in asthma

diagnosis (51).

2.2.3.1 Asthma measurement in young children

A clinical diagnosis of asthma in children 5 years and younger is particularly
challenging, as transient wheeze and cough is common in children, especially before
the age of 2 years. Recurrent wheeze associated with viral upper respiratory tract
infections (RTI) may occur in young children as frequently as 6-8 times per year,
thereby furthering hindering the identification of asthma (22). Additionally, the use
of spirometry to assess airflow limitation or bronchodilator responsiveness in such
young children is extraordinarily difficult due to the effort and coordination
required for such testing to be performed. On the other hand, atopy, one of the most
important risk factors for the development of asthma is present in the majority of
children with asthma over the age of 3 years (22). The following symptoms may
suggest the presence of asthma and may be used in the diagnosis of asthma in

children aged 5 and under (22):

e Symptom patterns (e.g. Recurrent episodes of wheeze, cough, breathing

difficulty, activity limitation, nocturnal symptoms)

12



e Presence of risk factors such as family history of atopy, allergic sensitisation,
allergy, personal history of food allergy or atopic dermatitis
e Therapeutic response to treatment

e Exclusion of other potential diagnoses

2.2.3.1.1. Physiology of the lung

The lungs have a large, permeable epithelial surface, designed to optimise the
exchange of respiratory gases with the circulatory system (52). They are divided
into three lobes on the right and two of the left. Air is inhaled through the nose and
mouth, passes through the larynx, trachea, and into the series of branching tubes
known as bronchi and bronchioles, terminating in a conglomerate of alveolar sacs
(52, 53). The lungs normally contain about 2.5L of air at end expiration and 6 L of

air at full inspiration (52).

The development of the lungs begins in utero and continues into early adolescence
(54, 55). Normal lung function values rapidly increase from birth through childhood
and peak at the age of approximately 20 years (Figure 2.4). Lung function then
plateaus for several years before gradually declining (54). Abnormal patterns of
lung function growth, a low maximal lung function and early or rapid lung function
decline are all indications of poor lung health, and are associated with the
subsequent development of airflow obstruction (54, 56-58). Hence, studies that
investigate early life lung function are useful for understanding and identifying the

development of respiratory diseases such as asthma.
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Figure 2.4: Normal values for Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 Second (FEV1) and
Forced Expiratory Flow 25-75% (FEF25-75%). Y-axis is expressed in Litres for FVC and FEV1, and in
Litres/second for FEF25-75%. Image by Mikael Haggstrom - Own work Made in Inkscape, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=9735199. Source: Stanojevic et al. 2010 (59)
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2.2.3.1.2 Measurement of lung function

Several factors play a role in determining the size of the normal lung (60), which in
turn affects lung function parameters. These factors include age, sex, body mass,
ethnicity, posture, stature and daily activity pattern (60). As such, when measuring
lung function, sex, height, and age at the time of measurement must minimally be
taken into account. To further improve the accuracy of measurements, ethnicity and

body composition should also be considered (53).

As an important indicator of respiratory health, the measurement of lung function
is utilised in the diagnosis of asthma in children and adolescents who are old enough
to participate in the test (usually aged over 5 or 6 years). Objective lung function

data is routinely collected through PFT (48).

2.2.3.1.2.1 Spirometry

Spirometry is the gold standard and the most commonly performed method for lung
function measurement in both adults and children (61). It is a technique for testing
the physiological function of the lungs that involves the measurement of the flow

and volume of air as a function of time (62, 63).

In 2005, a joint task force consisting of contributors from both the American
Thoracic Society (ATS) and European Respiratory Society (ERS) published
guidelines to ensure the standardisation of spirometry (62). The resulting document
detailed the training required by personnel administering the test, equipment
requirements and calibration, as well as instructions for the procedure (62). Briefly,
the test begins with the participant breathing normally to record normal tidal
breathing. Next, maximal inspiration is drawn, followed by maximal expiration of
air into the device, and finally a return to normal tidal breathing (61). The
manoeuvre is often repeated three times; however, this may increase depending on
the acceptability of each blow (62). Test results are selected from the highest value
of FEV1 and FVC from each of the three spirometric curves recorded (62). The
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following parameters can be obtained or derived from spirometric testing (Table

2.2; Figure 2.5) (48, 60, 61, 63):

Table 2.2: Description of lung function parameters obtained or derived from spirometry

Parameter

Description

Tidal volume (V)

Inspiratory capacity (IC)

Vital capacity (VC)

Inspiratory vital

(IvQ)
Residual volume (RV)

capacity

Total lung capacity (TLC)

Functional residual capacity
(FRC)

Forced expiratory volume in
1 second (FEV1)

Forced vital capacity (FVC)

FEV1/ FVCratio

Peak expiratory flow (PEF)

Forced expiratory flow (FEF)

The volume of air that is inhaled and exhaled
during a normal respiratory cycle.

The amount of air inspired from the resting
expiratory level to full inflation.

The maximum volume of air that can be
exhaled.

The maximum volume of air that can be inhaled
after full expiration.

The volume of air remaining in the lungs after
maximal expiratory effort.

The maximal amount of air that can be
contained in the lungs at the end of maximal
inspiration. It is the sum of RV and VC.

The amount of air in the lungs at the end of
normal tidal expiration.

The volume of air that is forcibly expelled in the
first second of exhalation.

The volume of air that is forcibly expelled after
a deep inhalation.

The ratio of FEV1 to FVC measurements that is
often used in the definition of health.

The average flow of air at the beginning of
expiration.

The average flow of air during the second half of

expiration.

Spirometry results can also be easily compared to normal reference values which

were developed by the Global Lung Function Initiative (GLI) in 2012 (64). The GLI

used 97,759 records from healthy non-smokers of which approximately 55% were
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female, who were aged between 2.5 and 95 years from 33 countries to develop
reference values for lung function. Reference values were derived from the
following equation which accounts for age (A, in years), sex, standing height (H, in
centimetres) and ethnicity (a, b, ¢, d1 and d2 are coefficients which vary for each

ethnic group):
Y=a+bxH+cxA +age-spline + d1 x group + dz x group x A

Where ‘spline’ is an age-specific contribution from the spline function and ‘group’ is
a dummy variable with values of 0 or 1 indicating ethnicity, where Caucasians are

the reference. The GLI has a calculator function for the easy conversion of raw lung

function data available on the website (www.ers-education.org/guidelines/global-

lung-function-initiative.aspx).
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Figure 2.5: Schematic representation lung volume parameters including the typical range of values for a
healthy adult subject. Source: Peters et al. 2018

2.2.3.1.2.2 Other methods

There are currently a number of other PFTs in existence for the objective
measurement of lung function, with each method possessing its own set of
advantages and limitations. These techniques include: body plethysmography, gas

diffusion tests, and oscillometry (48, 61). However, these techniques will not be

17


http://www.ers-education.org/guidelines/global-lung-function-initiative.aspx
http://www.ers-education.org/guidelines/global-lung-function-initiative.aspx

discussed here in further detail, as they were not utilised during the course of this

doctoral work.

2.2.3.1.3 Measurement of lung function in children

Measurement of lung function in children is often challenging due to their
diminutive size and potential difficulty in following the test instructions (61).
However, the assessment of lung function in children is essential for the evaluation
and monitoring of the developing lung, as poor lung function in childhood may have
effects in adulthood (61). Lung function testing should be performed by trained
operators with equipment that is well-maintained and regularly calibrated in
accordance with the ATS and ERS guidelines (21, 62, 65). In particular, when testing
children, the equipment utilised should be capable of accurately measuring small
volumes and low flows of air, and size of the mouthpiece should be adjusted (61). It
has been observed that provided the appropriate encouragement and age-
appropriate instruction, young children can voluntarily perform the manoeuvres

from the age of 4 or 5 years (61, 62).

2.2.4 Asthma management

Whilst there are no known cures for the condition, the symptoms of asthma may be
controlled and managed to minimise exacerbations, future risk of persistent airflow
limitation and asthma-related mortality (22). These goals are addressed by avoiding
known environmental triggers where possible, and through the use of
pharmaceuticals (20, 66). Pharmacological options for the sustained treatment of

asthma fall into three categories (22):

1. Controller medications reduce airflow inflammation and control symptoms.

2. Reliever/ rescue medications are provided to all patients for relief of

exacerbations and for short-term prevention of exercise induced

bronchoconstriction.
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3. Additional therapies for severe asthma. These are considered in severe cases
where symptoms and exacerbations persist despite treatment with high dose

controller medications.

The most commonly used asthma medications are 32 agonists (reliever/ rescue
medications) and corticosteroids (controller medications), which are commonly
inhaled. Short-acting inhaled bronchodilators (SABA) such as salbutamol, act
quickly to relax the smooth muscle of the airways, and are therefore used to relieve
symptoms (67, 68). In contrast, long-acting 32 agonists (LABA) such as salmeterol
are commonly combined with an inhaled corticosteroid to effectively control

asthma (67, 68).

Asthma treatment is a continuous cycle of assessment, treatment and review of
patient response (22). GINA recommends that treatment with ICS controllers
commence as soon as possible after an asthma diagnoses is made (Table 2.3) (22).
Recommended treatment types, dosages and combinations depend on the
frequency and severity of symptoms (22). Treatment recommendations are also

dependent on age.

Table 2.3: Recommended initial asthma treatment for children aged 6-11 years. Source: GINA 2020
(22)

Symptoms Preferred treatment

Infrequent symptoms (e.g. less SABA as needed
than twice a month) and no risk
of exacerbations

Asthma symptoms twice a month | Low does ICS with SABA as needed

or more
Asthma symptoms most days; Low dose ICS-LABA with SABA as needed
waking due to asthma once a or

week or more Medium does ICS with SABA as needed

Severely uncontrolled asthma or | Regular controller treatment with medium
with acute exacerbation dose ICS-LABA with SABA as needed.
Short course of oral corticosteroids as

needed
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Barriers such as inability to access asthma medications, improper use of inhalers
and lack of asthma education contribute to the continuation of the burden of asthma
(32, 69, 70). Hence, there remains a need for non-pharmaceutical methods that are

both cost-effective and well-tolerated, to prevent and control for asthma.

2.2.5 Asthma control and severity

The terms “asthma control” and “asthma severity” are related (71), but should not
be used interchangeably as they are distinct concepts (72). Asthma control refers to
the extent to which the symptoms of asthma can be reduced or removed by the
administration of treatment (21, 72). In contrast, the assessment of asthma severity
is made retrospectively and is based on the level of treatment required to control
asthma symptoms and exacerbations (21, 72). An individual’s asthma control and
severity is determined by the interplay between environment and genetics,
underlying disease processes and the treatment taken, and psychosocial factors (21,
72). Asthma control is assessed based on symptoms, activity limitation and use of
rescue medication (21). A number of tools have been developed to assist in the
assessment of asthma control in children. These instruments assign a numerical
score to indicate a level of control based on the responses to asthma questions,
although most of these instruments do not incorporate a measure of lung function
(71). These tools include the Asthma Control Questionnaire (ACQ) (73), the
Childhood Asthma Control Test (c-ACT) (74) and the Composite Asthma Severity
Index (CASI) (75).

2.2.6 Risk factors for development of asthma

Although the causes of asthma are not completely understood (20), a number of
genetic and environmental risk factors for the condition have been identified (76).
Risk factors may be roughly categorised as either unalterable (e.g. genetic
composition) or modifiable (e.g. lifestyle factors). They can also be stratified

according to their associations with the development of asthma in childhood or
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adulthood. As this thesis focusses on childhood and adolescence, the risk factors for
the development of adult asthma are not discussed in great depth here. However,
several risk factors associated with childhood development of asthma have been

explored:

e Asthma is often found in families, with maternal asthma increasing risk of
asthma development in offspring (77). This familial aggregation of asthma
indicates that the condition may have genetic component (78, 79), although
heritability does not appear to follow Mendelian inheritance patterns (78).
Instead, inheritance of the disease may be polygenic (more than one gene) or
due to different combinations of genes (80). To date, genome wide
association studies (GWAS) have identified multiple risk alleles and loci on
many chromosomes (77-79).

e Due to the age-dependent nature of observed asthma incidence, it is
hypothesised that sex hormones play a role in asthma development. Before
puberty, asthma is more common in males than females, but this is reversed
after puberty (77, 78).

e Personal history of atopy in the form of atopic dermatitis and/or allergic
rhinitis (i.e. atopic sensitisation (77)) is associated with incident asthma.
This is part of the sequential manifestation of atopic disease, typically from
atopic dermatitis in infancy followed by allergic rhinitis and asthma, known
as the ‘atopic march’ (81-83).

e Exposure to tobacco smoke is a known risk factor for asthma (77). Maternal
smoking has long been known to increase incidence of asthma (84), while a
recent study demonstrated that paternal smoking prior to conception was
found to be associated with an increased risk of non-allergic asthma (85),
indicating potential genetic or epigenetic mechanisms in the development of
asthma. Tobacco smoke exposure also has a more direct effect on asthma,
whereby in older children and adolescents, regular personal smoking is
associated with increased risk of incident asthma (86).

e Other environmental risk factors and their effects on asthma incidence have
also been investigated. Both indoor and outdoor air pollutants (77) including

aeroallergens, particulate matter (PM), nitrogen dioxide (NOZ2), sulphur
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dioxide (SO2), ozone and carbon monoxide (CO) have all been linked with
development of asthma.

e In young children, lower respiratory tract infections have been shown to be
associated with asthma development (87-90).

e Obesity and other early-life stressors (91) have also been found to play a role
in asthma development.

e Epigenetic studies have shown that certain environmental factors (such as
tobacco smoke exposure and air pollution) interact with genes in ways which

may increase risk of asthma development (77, 79).

Additionally, a systematic review published in 2012 that concluded that increased
levels of physical activity are associated with a reduced risk for asthma development

(2). This is discussed further in section 2.4.2 Does physical activity affect asthma?

2.2.7 Risk factors for asthma exacerbations

A number of factors have been identified as triggers of acute symptom exacerbation
in those individuals with existing asthma. Triggering factors and the National
Asthma Council of Australia’s (NACA) recommended management of such triggers

are presented below (Table 2.4).

Each individual with asthma has their own specific set of asthma triggers, and
asthma triggers may differ by age group. For example, viral respiratory infections
may be a common trigger in childhood but less common in adulthood, while
triggering by occupational irritants is not applicable in younger age groups.
Importantly, poor asthma control is itself a risk factor for asthma exacerbations

(22).

Notably, strenuous physical activity and exercise are known and important triggers
for asthma exacerbations (22), causing increased bronchoconstriction and
worsening symptoms in individuals with asthma. Currently, the underlying
pathophysiological mechanism is thought to act through increased ventilation
during exercise leading to increased water loss and dehydration and cooling of the

airways resulting in airway smooth muscle contraction (92, 93). Increased water
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loss alters the airway osmolarity and induces, among other effects, a release of
inflammatory mediators from mast cells, eosinophils, neutrophils and other
inflammatory cells (94). This inflammation of the airways as a result of repeated,
high intensity physical activity, may be related to the “sports phenotype” of asthma,
which is defined by the presence of exercise-induced respiratory symptoms and
bronchial hyperresponsiveness without allergic features (45). This area of research
warrants further investigation but is beyond the scope of this thesis. Regardless,
both NACA and GINA recommend that regular physical activity is encouraged in
individuals with asthma (22, 95) and that certain accommodations may be made to
facilitate physical activity, regardless of potential variability introduced by season
and pollution levels. For example, it is recommended that symptoms are managed
with the use of asthma medications (SABA or low dose ICS-formoterol) prior to or

during exercise (22).

Table 2.4: Potential risk factors for asthma exacerbations and recommended management strategies
Potential trigger National Asthma Council of

Australia’s Recommendation

(95)
Tobacco smoke (96) Always avoid
Allergens including: Avoid or reduce where possible

¢ house dust mite
e cockroaches
e animal allergens or pet dander (20, 97)
e pollen
e mould
Airborne  and  environmental irritants | Avoid or reduce where possible
including:
e strong scents such as deodorant,
perfume or incense
e woodfires and unflued gas heating
e extreme weather e.g. bushfire and
thunderstorm asthma (32-35)
¢ indoor and outdoor air pollution
Certain dietary and medicinal triggers | Avoid or reduce where possible
including:
e Aspirin and NSAIDS
e Bee products
e Echinacea
e Some food additives
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Biologicals such as viral respiratory infections | Manage
(87)
Comorbid medical conditions including: Manage
o Allergies
e Upper airway disease

e Obesity
Anxiety and other intense emotions (21, 32) Manage
Strenuous activity and exercise (20, 98) Do not avoid
Laughter Do not avoid

Section Summary:
Asthma is a heterogeneous disorder characterised by inflammation of the airways. It is the
most common chronic condition in children and has a significant burden. Asthma remains an
enigmatic disease, as causes and cures have not yet been discovered. However, several risk
factors for both the development of asthma, and for asthma attacks, have been identified.
Physical activity has been implicated in both the development of asthma and as a trigger for
asthma attacks. Hence, the following sections define physical activity, explain why it is
considered a public health issue, and describe some of the techniques through which physical

activity is measured.

2.3 Physical Activity

Physical activity constitutes the movement of skeletal muscles that requires energy
expenditure (99). Despite the known health benefits of physical activity (99, 100)
and the introduction of physical activity guidelines for health (101), it is estimated
that worldwide more than 80% of adolescents between the ages of 11 and 17 are

still insufficiently physically active (99).

The problem of the rise of physical inactivity in youth has drawn many researchers
to the topic in an effort to fully understand the motivations behind the decrease in
children’s activity, the acute impacts of an inactive life, whether this can be
scientifically tracked to predict the activity patterns of adults, and the impacts that

an inactive lifestyle may have on adult health. Associations between childhood
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physical activity and adult health would further fuel the promotion of physical

activity from a young age in order to prevent poor health in adulthood.

Research on physical inactivity has identified number of factors that influence
physical activity. Large variations in physical activity are observed at every level,
from an ecological scale to an individual level. At an individual level, gender appears
to be an important determinant of physical activity, with females being less active
than males in most age groups (99). Perhaps unsurprisingly, age also appears to
have an effect on the amount of time spent in physical activity. As we age, we spend
less time in physical activity as we are compelled by other commitments. In addition,
the structures of physical activity profiles are altered as we are forced to schedule
time for activity. For example, adults tend to engage in more structured and

sustained activity when they attend the gym or schedule a time for running.

At this juncture, it is important to discuss the distinct yet related concepts of physical
activity as described above, and exercise, defined as activities that are “planned,
structured, and repetitive” where “the improvement or maintenance of physical
fitness” is the objective (102, 103). Therefore, exercise is considered a subcategory
of physical activity, and these concepts should not be used interchangeably (103).
Reflecting on these definitions, we may consider physical education within school
and extra-curricular sports participation as ‘exercise’. A child’s ‘physical activity’ on
the other hand, will extend to the time spent in active play, active transport and so

forth.

2.3.1 Physical activity as a public health problem

In 2010, the World Health Organization (WHO) identified physical inactivity as the
fourth leading cause of global mortality; contributing to approximately 6% of global
deaths (101). It is widely accepted that physical inactivity is a risk factor for a
number of adverse health outcomes, including cardiovascular disease, diabetes and
hypertension (104, 105). Physical activity is associated with many health benefits
like improved mental health by reducing depression and dementia, and is believed

to play a role in the prevention of obesity (106). As a leading and potentially
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modifiable risk factor in the prevention of non-communicable diseases (NCDs), the
WHO and several other health authorities embarked upon a mission to promote
physical activity for its numerous health benefits (101, 107, 108). The WHO has
since released a series of physical activity recommendations for the maintenance of
good health, which are closely mirrored by the recommendations of other health

authorities. In brief, the WHO recommendations are as follows (Table 2.5) (101):

Table 2.5: Physical activity recommendations by age group

Age group | WHO Recommendation

Children | Accumulate at least 60 minutes of moderate- to vigorous intensity
5-17 physical activity daily.

years 2. Amounts of physical activity greater than 60 minutes provide
additional health benefits.

3. Most of the daily physical activity should be aerobic. Vigorous-
intensity activities should be

incorporated, including those that strengthen muscle and bone, at

least 3 times per week.

Adults 1. Adults aged 18-64 should do at least 150 minutes of moderate-
18-64 intensity aerobic physical activity throughout the week or do at least
years 75 minutes of vigorous-intensity aerobic physical activity

throughout the week or an equivalent combination of moderate- and
vigorous-intensity activity.

2. Aerobic activity should be performed in bouts of at least 10
minutes duration.

3. For additional health benefits, adults should increase their
moderate-intensity aerobic physical activity to 300 minutes per
week, or engage in 150 minutes of vigorous-intensity aerobic
physical activity per week, or an equivalent combination of
moderate- and vigorous-intensity activity.

4. Muscle-strengthening activities should be done involving major

muscle groups on 2 or more days a week.
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Older 1. Adults aged 65 years and above should do at least 150 minutes of
adults moderate-intensity aerobic physical activity throughout the week or
65+ years | do atleast 75 minutes of vigorous-intensity aerobic physical activity
throughout the week or an equivalent combination of moderate- and
vigorous intensity activity.

2. Aerobic activity should be performed in bouts of at least 10
minutes duration.

3. For additional health benefits, adults aged 65 years and above
should increase their moderate intensity aerobic physical activity to
300 minutes per week, or engage in 150 minutes of vigorous
intensity aerobic physical activity per week, or an equivalent
combination of moderate-and vigorous-intensity activity.

4. Adults of this age group, with poor mobility, should perform
physical activity to enhance balance and prevent falls on 3 or more
days per week.

5. Muscle-strengthening activities should be done involving major
muscle groups, on 2 or more days a week.

6. When adults of this age group cannot do the recommended
amounts of physical activity due to health conditions, they should be

as physically active as their abilities and conditions allow.

The recommendations further stipulate that physical activity at all ages should be
mostly aerobic, but should also contain muscle and bone strengthening activities
multiple times per week, and that activity that exceeds these recommendations

provide additional health benefits (101).

Historically, the prevalence of physical inactivity has increased over the years since
the industrial revolution, with the development of new technologies that reduced
the need for physical labour (100). Prevalence of daily physical activity continues to
decline globally, largely due to lifestyle changes that promote inactivity such as
television and computers, and increased use of passive modes of transportation for
example, driving in cars as opposed to walking or bicycling (99, 100). Additionally,

a change toward more computer- and office-based employment signifies a shift from
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highly physically intensive labour and physically active lifestyles toward more

inactive and sedentary lifestyles.

Current research using data from 358 countries and including 1.9 million
participants showed that in 2016, more than a quarter of the world’s adults (27.5%,
95% Uncertainty Interval (UI): 25.0-32.2) were insufficiently active by the WHO
standard (106). Prevalence of physical activity varied by country and region;
insufficient physical activity was lowest in Oceania 16.3% (95% UI: 14.3-20.7) and
highestin 39.1% (95% Ul: 37.8-40.6) in Latin America and the Caribbean (106). The
study further found that women were less active than men across all regions
(Figures 2.6 and 2.7), with the exception of east and southeast Asia, and that
prevalence of insufficient physical activity in high-income countries was more than

double the prevalence in low-income countries (106).
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Figure 2.6: Country prevalence of insufficient physical activity in adult men (18 years and over) in 2016. Source:
Guthold et al. 2018 (106)
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Figure 2.7: Country prevalence of insufficient physical activity in adult women (18 years and over) in 2016.
Source: Guthold et al. 2018 (106)

An older study similarly described a similar variation between girls and boys, and
also between countries (100). However, taking into account these variations, as well
as the different recommended physical activity levels, this study produced high
estimate for insufficient physical activity in adolescence. In this study, 80.3% (95%
Confidence Interval (CI): 80.1-80.5) of 13-15-year-olds worldwide were found to
be insufficiently physically active (100). As with adults, girls were found to be less
active than boys (Figure 2.8) (100).
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Figure 2.8: Proportion of 13-15-year-old boys (A) and girls (B) not achieving 60 min per day of moderate to
vigorous physical activity. Source: Hallal et al. 2012 (100)

2.3.2 Physical activity in children

In 2010, the WHO released their guidelines for physical activity at each stage of life.
Within the document, the WHO recommends that children and adolescents aged
between 5 and 17 years accumulate at least 60 minutes of moderate to vigorous,
preferably aerobic, physical activity daily in order to improve cardiorespiratory and

muscular fitness, cardiovascular, metabolic and skeletal health (32).

A number of studies have since been conducted and published to describe the
physical activity levels of children (109-113). In 2008, a systematic review of 39

studies in which the physical activity of preschool aged children was conducted, and
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found that only 54% of all the study participants achieved the recommended 60
minutes per day (114).

2.3.2.1  Measurement of physical activity in children

Assessment of physical activity can be either subjective or objective. A variety of
techniques including self-reporting, electronic or mechanical personal monitoring,
direct observation, direct and indirect calorimetry and doubly labelled water have
been developed for measuring physical activity (115, 116). There are advantages

and limitations to each of these techniques.

Physical activity is notoriously difficult to measure in children, as their activity
profiles tend to be unplanned, unstructured and tend to occur in brief and
intermittent spurts of activity (116-118), for example jumping, running, and
skipping. Such movement is difficult to accurately recall and quantify by observation
(116-118). Especially when depending on the age of the participant of interest, a
proxy such as a teacher, parent or carer is employed to report the child’s activity
(117). These proxies are expected to monitor the child and record their activity over
a pre-specified period of time, but find it challenging to provide an accurate estimate
of the child’s activity (117) as they are rarely observing the child for the entire day,
and can only provide an estimation of the child’s activity rather than a detailed
record of the intensity, frequency and duration of each burst of activity throughout
the day. For this reason, the use of objective motion detectors that can be placed on
a child is likely to provide a more reliable account of a child’s physical activity. As
such, the use of accelerometers in research is rapidly becoming a common means of
obtaining an easier, accurate, reliable and more informative measure of physical

activity, particularly in children (119).

2.3.2.1.1 Subjective measurement of physical activity

Self-reporting methods include the maintenance of an activity diary, or the

completion of a questionnaire or interview. These methods are inexpensive,
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unobtrusive and easily administered (115), and hence are often utilised in large
population based studies. However, these subjective instruments may introduce
measurement error in a number of ways. Human error in the form of overestimation
of activity, lack of precision, varying interpretations of the questions may affect the
measurement (115). Additionally, participants may not adhere to the rigorous
reporting requirements of activity diaries (115). This is especially true for children

and adolescents (115).

2.3.2.1.2 Objective measurement of physical activity

Of the objective measures, lab-based calorimetry and doubly labelled water
methods are the most precise, however they are unsuited to large scale population
studies due to the high cost, logistical difficulties involved with their application and
substantial inconvenience to the participant (115). Consequently, self-reporting and
the use of personal monitoring devices are attractive alternatives to lab based
techniques as they are less costly and more easily applied to larger samples,
although these instruments are less precise than the aforementioned methods

(115).

Whilst objective measurements of physical activity through the use of personal
monitoring devices do not eliminate bias altogether, they minimise measurement
error and therefore provide more accurate measurements of physical activity than

subjective methods.

Accelerometers are personal monitoring devices that are able to detect acceleration
produced by the body when in motion (120). Depending on the number of
piezoelectric sensors contained within, the accelerometer may detect movement in
one, two or three planes (uniaxial, biaxial, triaxial accelerometers respectively)
(120). Once an acceleration is detected by the sensor, a proportional voltage signal
is generated and recorded as a “raw count” (120). The number of raw counts over a
selected period of time (epoch length) are presented as physical activity counts
(120). A major limitation is that activity counts are not clearly defined and are not

standard across devices (117, 120), and thus standardised thresholds for the
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categorisation of physical activity intensities have not been defined (117).
Accelerometry is utilised in Chapter Eight of this thesis and is discussed in more

detail in Chapter Three.

Section Summary:
Studies have shown declining prevalence of physical activity levels as technological
advancements are made and populations gravitate toward western lifestyles. Insufficient
physical activity has been identified as a risk factor for a number of non-communicable
diseases, including asthma. It is postulated that the promotion of physically active lifestyles,

particularly from a young age, may assist in reducing future adverse health effects.

2.4 Physical activity and its relationship with asthma

The concurrent increase in the global prevalence of asthma and decrease in the
global prevalence of physical activity, has piqued the interest of many public health
researchers. The relationship between physical activity and asthma remains unclear
though, with research producing vastly varied results. Some studies suggest that
physical activity has been identified as a factor that may potentially improve asthma
symptoms and decrease risk of development, with a number of additional health
benefits (2). However, other studies have shown that many asthmatics may avoid
exercise due to fear of exacerbations, as exercise is a known trigger for symptoms
(121). This is referred to as exercise-induced bronchoconstriction (EIB). EIB is an
acute narrowing of the airways as a direct consequence of exercise, that is usually
resolved approximately 60 minutes after exercise (93). It is thought to occur when
increased ventilation during exercise causes loss of airway surface liquid and
cooling resulting in the narrowing of the airways (92, 93). Importantly, it can occur
regardless of asthma status (93, 122). The prevalence in children ranges between 3
and 35%, and is higher than in the general population, which is estimated to range
between 5 and 20% (93). Children who compete in endurance sports may have even
higher prevalence of EIB. Diagnosis is best made by measuring lung function before
and after a standardised exercise test, such as running on a treadmill for 6-8

minutes. Management of exercise induced asthma may involve prophylactic

33



treatment and medication prior to physical activity. However, EIB is not considered
in great depth in this thesis as exercise is a concept distinct from habitual physical
activity (103). Regardless, an unhealthy sedentary lifestyle can be avoided in
patients with asthma through effective use of preventative pharmaceutical
medications prior to and during exercise, although inadequate education and
inaccessibility of these medications are barriers against physical activity

participation is individuals with asthma.

2.4.1 Biological plausibility

The mechanisms that link physical activity and asthma have only briefly been
explored, and a considerate amount of work is still required in order to elucidate
these underlying mechanisms. However, a few studies have attempted to describe
the mechanisms at play in this relationship, and a few plausible processes have been

proposed.

Several possible mechanistic scenarios have been observed which may describe the
relationship between physical activity and asthma. First, physical activity is
hypothesised to affect allergic asthma through an anti-inflammatory mechanism. In
animal models physical activity was found to reduce eosinophil and lymphocyte
levels and the Th2 response, thereby having a direct anti-inflammatory effect which
may counteract the inflammatory response in asthma (123). Similar results were
observed in humans with asthma. A systematic review of 16 randomised controlled
trials and seven cohort studies found a reduction in total sputum cells, eosinophils
and nitric oxide in individuals with asthma after training (124). Hence, there is some
evidence for this pathophysiological mechanism, however, further longitudinal
studies in this area would certainly help to improve our understanding of the

underlying mechanisms that link these factors.

Other possible mechanisms act through adiposity. Physical activity is known to be
associated with BMI (125, 126) and a high BMI (a proxy measure of adiposity), has
been shown to be associated with asthma (127-130). Therefore, it is posited that
BMI (or adiposity) plays a mediating role in the relationship between physical
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activity and asthma. This may occur in number of ways. First, the accumulation of
adipose tissue around the chest may be compressing the chest cavity and lungs,
thereby physically restricting the expansion of the lungs and hence affecting the
mechanics of respiration (131). Secondly, adiposity is associated with persistent low
grade systematic inflammation (131). Adipose tissue secretes a number of pro-
inflammatory cytokines including high-sensitivity C-reactive
protein (hsCRP), tumour necrosis factor-alpha (TNF-a) and interleukin (IL)-6 (131)

which also circulate at elevated concentrations in asthma.

On the other hand, when the opposite relationship is examined, a number of
potential ways in which asthma may affect physical activity are noted. Asthma may
be a psychological barrier against physical activity (9, 13). The beliefs and
perceptions of both the affected individual and their parents or caregivers may
influence their physical activity participation (7, 132). With strenuous activity being
a known risk factor for asthma exacerbations, individuals with asthma may actively
avoid or reduce their physical activity in order to decrease the likelihood of
experiencing an exacerbation of asthma symptoms. Further, individuals with
asthma may believe that physical activity is not good for asthma (13) or that activity
limitation is an inevitable consequence of their condition (7). Other studies have
found that children may impose their own restrictions on physical activity,
particularly at school, for fear of facing stigma and embarrassment at their need to
medicate (133). Parents and caregivers may also intervene and restrict the physical
activity participation of children with asthma for fear of inducing asthma symptoms

(134).

A second barrier against physical activity relates to asthma medication. In resource
poor settings, physical activity restriction could be due to logistical or financial
issues limiting access to adequate health care and or appropriate medication. In
well-resourced settings such as Australia, physical activity among those with
asthma could be reduced due to non-adherence to asthma medication regimes
(132). The incorrect or inappropriate use of asthma medication may ineffectively
control symptoms during activity, and hence physical activities may simply be

avoided as a potential solution.
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2.4.2 Does physical activity affect asthma?

In part, this doctoral research sought to investigate of the effect of physical activity
on asthma (see results Chapters Four and Six). A search of the literature showed that
the effect of physical activity on asthma symptoms, control and quality of life
remains unclear (135). Many of the studies that have been conducted were
randomised controlled trials (RCT) and consisted of a physical activity or exercise
intervention (121, 136). A systematic review of these randomised controlled trials
conducted in children concluded that an exercise training program had positive
effects on cardiorespiratory fitness outcomes and no apparent negative effects, but
that there was limited evidence for the effect of training on asthma control, airway
inflammation and bronchial hyper-responsiveness (136). The article reviewed
included 29 studies of 1045 children aged 6 - 18 years. Training programs included
in this review varied greatly in terms of exercise type, frequency, intensity, and
durations of the training interventions. These differences prompted the review’s
authors to recommend that exercise training programs have at least 60 minutes of
training twice a week for at least 3 months (136). However, training programs of
this sort do not fulfil the WHO'’s activity recommendations for minimum physical
activity levels in children, as described above. While a number of RCT’s have since
been published show a positive impact of physical training interventions on asthma
(137-139), these short-term exercise interventions cannot be relied upon to reflect
the benefits and effects of long-term, habitual physical activity, nor are they able to
provide information about the effect of physical activity on asthma incidence. For
these reasons RCT’s were not considered to be the most appropriate study design

to answer my research questions.

The existing scientific literature contains few studies that have investigated the
effect of physical activity on asthma incidence (140-146). In their systematic review
of 39 observational studies, Eijkemans et al included a meta-analysis of five
longitudinal studies (2). They concluded that higher levels of physical activity were
associated with lower asthma incidence (odds ratio (OR): 0.88, 95%CI: 0.77-1.01),
and hence may play a protective role against the development of asthma (2).

However, this result was inconclusive due to the intersection of the confidence

36



interval with the null, and the fact that many of the studies did not sufficiently adjust
for confounders. Furthermore, the results of this systematic review and meta-
analysis did not differentiate between adult and child populations; of the five studies
included in the meta-analysis (2), only one measured the association in adolescents
less than 18 years of age (144). This Danish study used a population of twins aged
between 12 and 41 years to investigate incident asthma at their 2002 follow up
(144). Although they observed an association between physical activity and incident
asthma, this result was not stratified by adult and child populations and therefore

the results are unlikely to be true for child populations (144).

Hence, as part of this doctoral work, I conducted a systematic review of the
relationship between habitual physical activity (as opposed to exercise and fitness
interventions) and asthma outcomes specifically in child and adolescent
populations. This systematic review is presented below in Chapter Four. The results
of my systematic review were highly inconsistent, highlighting an unmet need for
more longitudinal studies to observe the effect of habitual physical activity on the
development and control of asthma symptoms, with a particular emphasis on child

populations.

2.4.3 Does asthma hinder physical activity?

The second part of this doctoral work aimed to investigate the effect of asthma on

physical activity (refer to results Chapters Five, Six, Seven and Eight). Itis postulated

that individuals with asthma may find it difficult to be as physically active as their
peers, as their asthma symptoms or the fear associated with inducing an asthma
attack may discourage them from participation. It is important to understand
whether asthma does in fact, inhibit physical activity in affected individuals, as
understanding the factors that dissuade activity will inform and enable public health
specialists to provide recommendations for the encouragement and promotion of

activity in this population.
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Essentially, more longitudinal studies are needed to address the question of the
effect of asthma status on physical activity, as this relationship is inconclusive within

the literature (refer to the systematic review in Chapter Five).

A large proportion of studies that looked at this question were cross-sectional in
nature, and therefore the inability to distinguish the temporality of this association
was a major issue. Therefore, in my research, I sought to address this knowledge gap
by using longitudinal data to observe whether asthma status has any effect on the

amount of physical activity within child and adolescent populations.

2.5 Summary of knowledge gaps in the literature

Firstly, much of the existing literature on the relationship between asthma and
physical activity involved the implementation of a fitness test or training program.
Whilst such studies can give a strong indication of whether increasing physical
activity levels can improve asthma outcomes, is not a true indication of the habitual
physical activity performed in free-living situations, as such activity programs tend
to stipulate the intensity, frequency, and duration of activity over a relatively short
period of time. It is unlikely that an activity regime such as those implemented by
trials are adhered to and continued over longer durations, and hence cannot
accurately be used to describe habitual physical activity behaviours. Therefore, in

my doctoral research, I restricted my research to observational studies.

Secondly, existing observational research was often conducted in adult populations.
Since it is likely that healthy behaviours including physically active lifestyles in

childhood extend into adulthood, research in young populations is warranted.

Thirdly, an examination of the available scientific evidence together with the
systematic reviews conducted as part of this doctoral work (see results Chapters
Four and Five) highlights a number of controversies regarding the existence and the
nature of the relationship between physical activity and asthma. The systematic
reviews conducted as part of this work have highlighted the substantial
heterogeneity of research conducted in this field by presenting differing, and often,

opposing results. Hence, further studies are required to determine whether a causal
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relationship exists and the direction of the association. These questions can only be
addressed through longitudinal investigations, but such studies are scarce in the

existing literature.

Hence, my doctoral research aimed to address these gaps in the literature by
employing and analysing longitudinal data from two large cohorts of Australian
youth in order to investigate the directionality and temporality of the relationship
between asthma and physical activity. In so doing, this doctoral work aimed to

further improve our understanding of the causes and consequences of asthma.

Section Summary:
The relationship between physical activity and asthma is contentious; the existing literature is
highly inconsistent, and several research gaps persist. For example, while the existence of a
relationship between asthma and physical activity is debatable, the direction of the association
also remains unknown. Furthermore, there is a scarcity of longitudinal data in cohorts of

children and adolescents which impedes investigations of association and temporality in youth.
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CHAPTER THREE: Research methodology

3.1 Chapter introduction

Chapter Three expatiates on the various styles of research methodologies used in
this doctoral work. I begin by describing the design of the studies conducted within
this thesis and explaining the underlying reasoning for my choice of the study
design. Next, | present a detailed description of the longitudinal cohort studies from
which data were sourced, and describe the variables used in my qualitative analyses.
This chapter concludes with an overview of the statistical and analytical techniques

employed within the various results chapters of this thesis.

3.2 Study design

Research questions in this thesis were addressed by analysing data from two
population-based longitudinal cohort studies. Such studies tend to be
representative of the general population, allowing for generalisability of conclusions
from the study to the whole population from which the study sample was drawn.
This is critical in translating research into public health policy. Further, longitudinal
studies enable an investigation into the roles of risk factors in the natural
progression from health to disease, and thus are fundamental in the assessment of
research questions directed at elucidating temporality and causality. Considering
that habitual physical activity, and health outcomes usually manifest over an
extended period of time, data from cohort studies were considered the most suitable
to address the outlined research questions. A trial is impractical, as it would require
a large sample size and extensive funding to maintain the study over long periods of
time. Additionally, the implementation of a short-term exercise intervention in a
randomised controlled trial does not reflect the habitual physical activity patterns
that I wish to investigate. Without nesting within a cohort study, case-control and
cross-sectional designs are not appropriately suited for answering questions related
to temporality. These designs are particularly susceptible to respondent errors such

as inaccurate or poor recall bias or the deliberate over- or under-reporting of
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desirable and undesirable factors as the exposures are not collected before the
outcomes are assessed. Additionally, it is often difficult to select controls that are
representative of a source population. Longitudinal study designs can overcome
some of these issues. Baseline testing eliminates the need for recall and thereby
minimises recall bias. Similarly, frequent reassessment of participants provides a
more accurate overview of their risk profile and health status than measurements

taken at a single timepoint.

3.3 Data sources

Two well-established cohorts of Australian children and adolescents were used to
address the research questions presented in the introduction of this thesis. The first
of these cohorts, Growing Up in Australia: Longitudinal Study of Australian Children
(commonly simplified to Longitudinal Study of Australian Children or LSAC) is a
national prospective study of children from all regions of Australia (147). The study
is funded by the Australian Government Department of Family and Community
Services and investigates all aspects of childhood development (147, 148). The
second cohort is the HealthNuts study, a longitudinal study that spans from
approximately the first to the tenth year of life. This ongoing study is run by the
Murdoch Childrens Research Institute (MCRI) in Melbourne, Australia. These

cohorts are described in greater detail below.

3.3.1 Longitudinal Study of Australian Children (LSAC)

Designed to investigate the impact of social, economic and environmental factors on
the health, well-being and development of Australian children, LSAC is multiple
cohort, cross-sequential design study, a design that combines longitudinal and
cross-sectional data collection methods (149, 150). A sophisticated sampling
strategy was employed to select a study sample that was representative of all
Australian children (147). Recruitment of the two staggered cohorts from

commenced in 2003 and 2004 (148). The first ‘B’ (baby) cohort recruited 5000
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infants aged 0-1 years (148). These were babies born between March 2003 and
February 2004 (151). The second cohort recruited also 5000 children aged 4-5
years (148). Children in this second “K” (Kindergarten) cohort were born between
March 1999 and February 2000 (151). However, findings in this thesis are based on
the K cohort only due to the fact that the first two waves of B cohort data would not
meet the age inclusion criterion. For example, since a diagnosis of asthma before the
age of 5 years is controversial, the first three of the six waves of B cohort data would
have been excluded. By restricting my analyses to use of the K cohort only, [ was able
to analyse more waves of data and observe the relationships during the important

transitional period from childhood to adolescence.

3.3.1.1 Data collection within the LSAC

The initial wave of data was collected in 2004, and subsequent waves were collected
every two years. The study is ongoing, with wave 8 data collection in progress.
However, when I commenced these analyses, the most recently released data were
for wave 6, at which stage K cohort children were aged 14 - 15 years. As mentioned
above, this PhD employed all available data from the K cohort, that is, data from
waves 1 to 6 were included in these analyses. Data were collected from parents,
teachers, and carers, as well as from the children themselves when they were old

enough to provide responses, using a variety of data collection tools (148).

Sampling and recruitment methodology for the LSAC has previously been described
in detail (147). Briefly, a nationally representative sample of 5000 children born
between March 1999 and February 2000 (the “K” cohort; aged 4-5 years) were
recruited in 2004. Follow ups occur every two years, where data is collected via
interviews, questionnaires, time use diaries (TUDs) and through direct
anthropometric measurements. At each wave, the LSAC team analyses and
documents participation and non-response. These documents are readily available
on the LSAC website, however, | have summarised participation at each wave in

Table 3.1, to demonstrate the high rates of participation over time within the LSAC.
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Table 3.1: Overview of LSAC data collection from wave 1 to 6.

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
(2004) (2006) (2008) (2010) (2012) (2014)
K cohort 4-5 6-7 8-9 10-11 12-13 14-15
years
Cross- 4983 4464 4331 4169 3956 3537
sectional
response
Longitudinal | N/A 4464 4196 3940 3682 3276
response
Cross- 10.4 13.1 16.3 20.6 29.0
sectional
attrition rate
(%)
Longitudinal 10.4 6.0 6.1 6.6 11.0
attrition rate
(%)
TUD 7449* 6909* 5924* 3994 3649 3071
completedn | (75) (77) (68) (96) (94) (91)
(%)

Cross-sectional response is number of children who responded to that particular wave, longitudinal response is
number of children who responded up to that wave. * denotes the combined number of returned TUDs in the
waves that requested the completion of two TUDs. % is the actual participation of those eligible. Source: LSAC
technical paper (151).

3.3.1.2 Physical activity data within the LSAC

Physical activity data were measured indirectly through the completion of Time Use
Diaries (TUDs). The LSAC has produced a number of documents that provide an
intensive discussion of the development of the tools and the methodology of the TUD
data collection (152-154). TUDs are often used as an effective means of collecting
information on the way in which children spend their time (154). It is a validated
measurement tool, however its utilization needs to be modified to be appropriate
for the target age group (155). Hence, the TUDs used at waves 1-3 differ from those

used at waves 4-6.

Examples of the diaries can be found in the appendices of this thesis. In earlier waves
(wave 1 to 3), a ‘light diary’ was used (154). At the face to face interview, parents
were shown how to complete the light TUD which divides the 24 hour day into 96
intervals of 15 minutes (152, 154). Parents were asked to complete the child’s

activity diary (by selecting from 26 pre-coded activities), indicating whom the child
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was with, and the location of the activity for each 15 minute interval of the day, for
one weekday and one weekend day (154, 155). From wave 4 onwards, children
were asked to complete one TUD themselves by recording the activities they
performed throughout the day, rather than selecting from pre-coded activities
(154). Atan interview with the study child, on the date after completion of the diary,
data were entered in a computer-assisted interview (CAI). Free answer questions

were later coded for analysis.

‘Light diaries” were collected for both cohorts for waves 1 to 3. TUDs were
completed by the K cohort study child in waves 4 to 6 (154). Response rates are
presented below in Table 3.2:

Table 3.2: Response rates for the Time Use Diaries (TUDs) at each wave.

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
(2004) (2006) (2008) (2010) (2012) (2014)

K cohort 4-5 6-7 8-9 10-11 12-13 14-15

years

TUD 1 Eligible | 4983 4464 4331 4169 3871 3387
Actual | 3867 3446 2961 3994 3649 3071

% 78 77 68 96 94 91
TUD 2 Eligible | 4983 4464 4331 N/A N/A N/A

Actual | 3582 3460 2963

% 72 78 68

"Eligible" is the number of children who received the diary, and "Actual” is the number of diaries returned (156).

For this analysis, I used only those coded variables that directly correspond to
physical activities and exercise, rather than work-related activities such as cleaning
or tiding up. While this meant that the physical activity estimates I obtained were
more conservative than the actual amount of physical activity performed, this
restriction reduced the ambiguity related to certain coded activities. For example,
“mowing the lawn” could either be done manually or could involve a ride on lawn
mower, in which case would involve less energy expenditure. Similarly, “car
washing” could be manual labour, or accompanying an adult to the car wash. Hence,
to minimize the possibility of incorrect classification I restricted the activities of
interest to  structured or unstructured active play, organized
sports/lessons/activities, riding bike/scooter/skateboard and walking/running

skipping etc. Since the diary did not capture the level of intensity of each activity, I
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will assume that all of the activities of interest were of moderate to vigorous
intensity. That is, I assume that all of the included activities had a metabolic
equivalent (MET) score of 3.0 or greater, as per the Compendium of Energy

Expenditure for Youth (157).

For wave 3 diary data, I identified the variables that correspond to the total time
spent in each coded physical activity. A continuous variable was created for minutes
spent in physical activity. The total time spent in physical activity equated to the
summation of the time spent in each coded physical activity. Next, a binary variable
for activity was created using the WHO guidelines for recommended time spent in
moderate to vigorous physical activity (MVPA) daily. Children who perform less
than the recommended 60 minutes daily were classified as “insufficiently active”
while those who engage in more than 60 minutes were categorized as “sufficiently

active” (158).

For data collected at waves 4 to 6, [ calculated the time in physical activity for each
child by subtracting its start time from the start time of the next activity since the
end time of each activity was not recorded. The total activity time was the sum of
minutes spent on all physical activities. The continuous and binary physical activity

variables were then created as described above.

3.3.1.3 Asthma data within the LSAC

Data regarding the respiratory health of these children and adolescents were
collected through the study questionnaires. Respondents were asked several
questions regarding the participant’s history of wheezing and asthma diagnosis
(Table 3.3). While the wording of some of the questions differed slightly depending
on whether the responder was the study child or their parent, the constructs
remained the same. The full questionnaires are available on the LSAC website. [ have

included a link to the website in the appendices of this thesis.
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Table 3.3: Phrasing of the questions on asthma and wheeze used at different waves of the LSAC.

Survey Question Waves where
this question

was asked

Has a doctor ever told you that the child has asthma? 2,3,4

In the last 12 months has the child taken any medication for | 2, 3,4,5,6
asthma?
In the last 12 months, has the child had an illness with | 2,3,4,5, 6
wheezing in the chest which lasted for a week or more?
(‘Wheezing’ includes whistling or rattling noise)

Since the last interview, has a doctor told you that child has | 5, 6

asthma?

Participant responses to these questions were used to define current asthma as a
parental report of doctor-diagnosed asthma and either wheeze and/or asthma
medication use in the past 12 months (159). Similarly, current wheeze was defined

as parental report of any wheezing in the last 12 months (160).

Analyses that utilized the LSAC data are presented in Chapters Six and Seven of this

doctoral thesis.

3.3.1.4 Ethics of the LSAC

Ethical approval for the LSAC was granted by the Australian Institute of Family
Studies Ethics Committee, which is a Human Research Ethics Committee (HREC)
registered with the National Health and Medical Research Council (NHMRC).
Consent for child participation was obtained from parents or carers. Furthermore,
within each state and territory, education authorities granted approval to conduct
research among teachers. Approval to access the de-identified data was granted on
the 13t of January 2016 by the Australian Institute of Family Studies within the

Commonwealth of Australia’s Department of Social Services.
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3.3.2 The HealthNuts Study

The HealthNuts study is a population-based longitudinal study that was primarily
designed to investigate the aetiology, prevalence and burden of allergy (food allergy
in particular) in early childhood (161). The sample was intended to be
representative of children living within 70km of Melbourne’s central business

district (161).

Recruitment occurred between September 2007 and August 2011 (161). A total of
5,276 children were recruited into this longitudinal study at the age of twelve
months as they presented for routine immunization at clinics in and around greater

metropolitan Melbourne (161).

3.3.2.1 Data collection within the HealthNuts

The HealthNuts study consists of multiple waves of data collection. After
recruitment at 1 year of age, the cohort has been followed up at the ages of 4 and 6
years (161). At each wave, data were collected via the administration of a
questionnaire, as well as through clinical investigation of individuals with food
allergies and food sensitisation at ages 1 and 4, and clinical investigation of the full
cohort at age 6 years (Figure 3.1) (161). The clinical investigation at the 6-year
follow up of the HealthNuts study included spirometry and skin prick testing (SPT),
height, weight and body composition measurements, and the collection of both
questionnaire and accelerometry data using GeneActiv accelerometers. The 10-year

follow up of the HealthNuts study commenced in 2016.
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2007 - 2011

Wave 1
Age: 12 months

N= 5276

e (Questionnaire
e  Skin prick testing

e Biological samples (Newborn screening card)

2010 - 2014

Wave 2
Age: 4 years

N= 4291 (81.3%)

e (Questionnaire

2012 - 2016

Wave 3
Age: 6 years

N= 4455 (84.4%)

® Questionnaire

e Accelerometry

¢ Spirometry

e Growth measurements
e  Skin prick testing

e Eczema examination

¢ Biological samples (blood, buccal swabs)

Figure 3.1: Schematic of the HealthNuts follow-ups with a summary of the data collected.

3.3.2.2 Asthma data within the HealthNuts

Although not specifically an asthma study, the HealthNuts data routinely collected
asthma and allergy data. Each HealthNuts follow up included a questionnaire
component which utilized standardized questions on asthma and allergy taken from
the International Study of Asthma and Allergies in Childhood (ISAAC) (161-163). At
both the 4 and 6-year follow ups parents or guardians were asked several questions
based on the ISAAC regarding their child’s history of wheezing and asthma
diagnosis. For asthma, these questions included: “Were you told by a doctor that

your child had asthma?” and either “In the last 12 months, has your child used any

48




medicines, pills, puffers or other medications for wheezing or asthma?” or “Has your
child had wheezing or whistling in the chest in the last 12 months?” The
questionnaires included the following questions for wheeze: “Has your child ever
had wheezing or whistling in the chest at any time in the past?” and “Has your child

had wheezing or whistling in the chest in the last 12 months?”

Responses to the questionnaires were used to define current asthma as a parental
report of doctor-diagnosed asthma and either wheeze and/or asthma medication
use in the past 12 months (159). Similarly, current wheeze was defined as parental
report of any wheezing in the last 12 months (160). The study questionnaires are

included in the appendices of this thesis.

3.3.2.3 Physical activity data within the HealthNuts Study

The 6-year data collection of the HealthNuts commenced in 2012 and terminated in
2016. Toward the latter part of the 6 year follow up testing, that is from 2015
onward, wrist-worn, waterproof GENEActiv (Gravity Estimator of Normal Everyday
Activity, Activinsights Ltd, Cambridgeshire, UK) triaxial accelerometers were
dispensed at the 6 year follow up appointments, and parents were given instructions
for the use of these devices. Children were required to wear the accelerometer
watch on the left wrist 24 hours per day for 8 consecutive days, including during
sleep, while swimming and at bath time. Parents were also asked to note the child’s
waking and bedtime and to briefly describe the child’s activities per day on the paper
log provided. Furthermore, they were asked to note times when the watch was

removed and replaced, and the reasons for device removal.

Atthe end of 2017, I travelled to Adelaide, South Australia to process the HealthNuts
accelerometry data. I did this with the invaluable advice and guidance of Dr Francois
Fraysse and Professor Tim Olds at the University of South Australia (UNISA) and
followed their reported technique (164). The processing is described in detail

below.
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3.3.2.3.1 Processing of the Accelerometry data

For this analysis, [ sampled the activity at a frequency of 100 Hz and downloaded at
1 second epochs which were then collapsed into 60 second epochs for this analysis.
This was done by summing the raw acceleration data over 60 second epochs and

subtraction gravity to compute the signal vector magnitude (164):

SVM = E

60s

\/a)z(+ az+a:—g

Where ax, av and az are the three components of the acceleration and g is the
acceleration of gravity (9.81 m/s?) (164). Smaller epoch lengths are generally
recommended for research in children as it increases the sensitivity to detect the
brief bursts of activity (165). However, there is precedent for collapsing small
epochs into larger ones (166) to minimize the misclassification of sedentary
behaviour in children (165). I then imported the 60 second epoch data into the
custom Matlab software Cobra, which was developed by the team at the UNISA.
Cobra produces a graphical user report for the processing on accelerometry data.
The software enables researchers to input the threshold values for their data, which
the program uses to colour code physical activity intensities (Figure 3.2). Next, I
manually inspected the data and compared them to the paper activity logs provided
by the parents. I noted the sleep times, manually corrected for unreported periods
of non-wear, and re-categorised documented non-wear time as time spent in MVPA
where the paper logs indicated that the device had been removed for reasons

pertaining to sport participation.
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Figure 3.2: An example of the COBRA accelerometry output for the 8 days of accelerometry wear. MVPA in red,
light intensity activity in yellow, sedentary activity in green and sleep time in dark grey. Black bars indicate
bouts (of at least 10 minutes) of sedentary time, while red bars indicate bouts of MVPA.

Files were selected for the analyses if they fulfilled the following criteria. Individual
days containing less than 16 hours of wear within a 24-hour period, or less than 10
hours of wake wear time were considered invalid (164, 167). A minimum of 4 valid
days (164, 167) constituting 3 weekdays and 1 weekend day were required for
inclusion in this analysis. Wake wear time was classified into sedentary time, light,
moderate or vigorous intensity physical activity according to cut points defined by
Phillips et al. (168) and proportionally adjusted to account for the different sampling
frequency used (164). Cut points used to classify physical activity intensities are

tabulated below (Table 3.4):

Table 3.4: Cut offs used to define physical activity intensities

Activity classification Cut off
Sedentary <488 g.min
Light intensity physical activity <1575 g.min

Moderate to vigorous intensity physical | >4350 g.min

activity
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Processed accelerometry data were returned to the HealthNuts team at MCRI so that
it may be used in other research; for example, a student recently used the
accelerometry data in their Honours research project, which is expected to be

submitted for publication.

The findings of the analyses completed using the accelerometery data and

associated HealthNuts data are reported in Chapter Eight.

3.3.2.4 Ethics of the HealthNuts

Ethical approval for the HealthNuts at 1 year was obtained from the Victorian State
Government Office for Children HREC (ref. no. CDF/07/492), the Victorian State
Government Department of Human Services HREC (ref. no. 10/07), and the Royal
Children’s Hospital HREC (ref. n0.27047). Ethical approval for the 6 year follow up,
inclusive of this analysis and processing of the accelerometry data, was obtained
from Royal Children’s Hospital HREC (ref. no.32294). Written parental consent for

child participation was obtained at recruitment.

3.4 Statistical and analytical techniques

A variety of approaches were employed to address the research questions within
this thesis. The analytical techniques used varied throughout the thesis, as each
technique was specifically selected to appropriately answer each individual

research question, however a general description is provided below.

3.4.1 Systematic review

Each systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) (169, 170) and Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) (171) guidelines.
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Where appropriate, data were meta-analysed using fixed- and random- effects
models, producing a pooled estimate and pooled 95% confidence interval, and I2

statistic to quantify the level of heterogeneity amongst the pooled articles.

3.4.2 Covariate identification

Potential confounding variables for the associations of interest within this thesis
were identified from the literature and directed acyclic graphs (DAGs) were created
using DAGitty software (172) to assist in the determination of confounders to be
controlled for in the models. A DAG assists with the selection of potential
confounders through the visualisation of theoretical relationships between
variables. Confounding variables, common causes and various pathways can be

identified, thereby minimising bias in study design and analysis (173).

The most important covariates considered were sex, socioeconomic status (SES)
and body mass index (BMI). Each of my analyses included sex, which is a known
modifier of the association between asthma and physical activity (174).
Additionally, I accounted for SES, which is associated with both reduced physical

activity (175) and increased asthma (176), and hence is a classic confounder.

However, the role of BMI in the relationship between asthma and physical activity
is more complex. For example, a high BMI may act as a confounder of the
relationship between physical activity and asthma, with overweight or obese people
potentially undertaking less physical activity (177, 178) and also being at higher risk
of incident asthma and asthma symptoms (129). Alternatively, a high BMI could act
as a mediator of this relationship, where low physical activity leads to a high BMI
and consequently increases risk of asthma incidence. However, to my knowledge,

there have been no published studies that have formally investigated this.

BMI varies considerably with age in growing children as their bodies undergo a
number of physiological changes and hence age should be accounted for in a
calculation of BMI in children and adolescents (179, 180). In 2000, a collaborative
effort between six large, nationally representative, cross sectional studies from

Brazil, Great Britain, Hong Kong, the Netherlands, Singapore and the USA enabled a
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team of statisticians to develop centile curves for BMI in children aged 2 to 18 years
(179). In doing so, they averaged the data from the aforementioned countries, and
compiled international cut off points for overweight and obesity for children
between the ages of 2 and 18 years (Figure 3.3). These international cut off points
were defined to pass through BMI of 25 and 30kg/m? (the values which respectively
represent the lower thresholds of overweight and obese in adults) at age 18 years
(179). These thresholds were used my analyses. My data analyses investigated effect
modification by BMI, and where no evidence for effect modification was found, I

adjusted for it within the models.
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Body mass index 25 kg/m? Body mass index 30 kg/m?

Age (years) Males Females Males Females
2 18.41 18.02 20.09 19.81
2.5 18.13 17.76 19.80 19.55
3 17.89 17.56 19.57 19.36
3.5 17.69 17.40 19.39 19.23
4 17.95 17.28 19.29 19.15
45 17.47 17.19 19.26 19.12
5 17.42 17.15 19.30 19.17
55 17.45 17.20 19.47 19.34
6 17.55 17.34 19.78 19.65
6.5 17.71 17.53 20.23 20.08
7 17.92 17.75 20.63 20.51
7.5 18.16 18.03 21.09 21.01
8 18.44 18.35 21.60 21.57
8.5 18.76 18.69 22.17 22.18
9 19.10 19.07 22.77 22.81
9.5 19.46 19.45 23.39 23.46
10 19.84 19.86 24.00 2411
10.5 20.20 20.29 24.57 2477
11 20.55 20.74 25.10 25.42
115 20.89 21.20 25.58 26.05
12 21.22 21.68 26.02 26.67
12.5 21.56 22.14 26.43 27.24
13 21.91 22.58 26.84 27.76
13.5 22.27 22.98 27.25 28.20
14 22.62 23.34 27.63 28.57
14.5 22.96 23.66 27.98 28.87
15 23.29 23.94 28.30 29.11
15.5 23.60 2417 28.60 29.29
16 23.90 24.37 28.88 29.43
16.5 24.19 24.54 29.14 29.56
17 24.46 24.70 29.41 29.69
175 24.73 24.85 29.70 29.84
18 25 25 30 30

Figure 3.3: Table of international cut off points for overweight and obesity by gender in children and
adolescents aged 2 to 18 years as developed by Cole et al. (179).
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3.4.3 Statistical techniques

Statistical analyses were conducted using Stata statistical packages (181). The
analytical techniques used in the different sections of this thesis are described
within their respective chapters. However, in general, the qualitative analysis
conducted in this doctoral work employed one or more of three statistical
techniques: Linear regression, logistic regression, and generalised structural

equational modelling (GSEM).

Linear regression is the widely used to express the relationship between a set of
variables. The association between independent risk factors (x,) and a continuous
outcome variable (y) is quantified through the use of an elegant mathematical

equation (182, 183):

y = Bo+ B1x1 + Baxzt ...+ By

Regression coefficients (f,) corresponding to risk factors are interpreted as the
“change in the outcome per unit change of the risk factor”. Zero change signifies no

association.

Logistic regression varies from linear regression in that the outcome variable is a
binary variable (i.e. takes the values of either 0 or 1). Logistic regression estimates

the probability of the outcome of interest, P as follows:

eﬁ0+:81X

P = 1 4+ eBothiX

Where the regression coefficient f;represents the multiplicative change in the odds
of the outcome, when the risk factor X changes by one unit, commonly interpreted

as the odds ratio. Similarly, no change signifies no association (184).

Generalised Structural Equational Modelling (GSEM) is a combination of factor
analysis and regression (185). First, a relationship between variables is postulated
and data is used to confirm whether the relationship holds. GSEM allows for analysis
of different types of outcomes simultaneously, and an outcome variable in one
relationship can be specified as a risk factor in another relationship. Relationships

between variables of interest are represented by regression or path coefficients,
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where zero coefficients imply no path or association. Using this modelling technique
with data collected at multiple time points, allows testing of associations in both
directions (186). Therefore, by enabling the assessment of whether the dependent
variable is causal antecedent of the independent variable, or vice versa, we are able

to examine bidirectionality of associations.

In general, the data analyses performed within this doctoral work utilised univariate
and multivariate linear or logistic regression techniques, depending on whether the
outcome variable was continuous (for example, where the outcome was minutes
spent in MVPA) or categorical (for example, where the outcome was asthma status
and could take the values of either yes or no) to produce estimates of association
and 95% confidence intervals. Effect modification was investigated by comparing
models with and without interaction terms using a likelihood ratio tests (LRT), small

p values indicated effect modification.

Specifically, in Chapter Six, Generalised Structural Equational Modelling (GSEM) was
used to investigate bidirectionality across several waves using the LSAC data. This
approach involved formulation of linear and logistic regression models that looked
at the relationship of asthma and physical activity in one direction and then in the
other across multiple waves of data. The data is then fitted to the models to indicate

which model best fits the data. In Chapter Seven, adjusted linear regression models

were used to assess the associations between asthma and physical activity at five
different ages in the LSAC cohort. Finally, adjusted linear regression models were
used to assess the association between asthma, lung function and physical activity
cross-sectionally and longitudinally in the HealthNuts children in Chapter Eight of
this thesis.

3.4.4 Missing data

Missing and incomplete data is an important issue that can significantly affect the
conclusions drawn from an analysis of the data (187). Missing data could potentially
influence the representativeness of the study sample, thereby distorting the

inferences made on a population level. Data may be incomplete or missing data for
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a number of reasons related to either the participant or study design or the
interaction between them (187). For example, a participant may overlook or refuse
to answer a question, or may be lost to follow up, while researchers may be
responsible for ambiguous questions, or errors in data collection or data entry that

result in missing data. Missing data can be classified as follows (188):

e Missing completely at random (MCAR) - when missing data is completely
independent of any variables of interest, in which case the analysis remains
free from bias which may distort the results.

e Missing at random (MAR) - when missing data can be accounted for by the
variables for which there is complete information.

e Missing not at random (MNAR) - where the value of the missing data is
related to the reason it is missing. This type of missingness introduces a
higher degree of bias than either of the other classifications, as the sample is

disproportionately skewed.

Whilst prevention of missing data would always be ideal, it is not always possible,
particularly in the context of longitudinal studies where the time between follow
ups may be lengthy or in circumstances where secondary analyses of data are
conducted (187). There are several statistical techniques for dealing with missing

data:

e Imputation - where missing values are filled

e Omission - where samples with missing values are omitted from the analysis
resulting in a smaller dataset with no missing data. This is also referred to as
complete case analysis.

e Analysis - where methods are not affected by missing data are applied
The data analyses within this thesis primarily employed complete case analysis of

the data, as missingness was assumed to be missing completely at random and

missing data were generally minimal.
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CHAPTER FOUR: Summary of the evidence on the effect of
physical activity on asthma

4.1 Chapter introduction

This chapter contains one of two published systematic reviews undertaken as part
of this doctoral work. This review synthesised the evidence on the relationship
between physical activity with subsequent asthma outcomes in children and
adolescents. Although this review was published later, it was conceptualised early
in the PhD to complement the first published review (see Chapter Five). The reviews
were designed to complement each other by investigating the evidence for the
relationship between physical activity on asthma, and the relationship between

asthma and physical activity.

4.2 Research question

Does physical activity i) decrease the risk of developing asthma, ii) reduce asthma

symptoms or iii) increase lung function in children and adolescents?

4.3 Synopsis of the review

The causes of asthma are unknown; however, the condition appears to have both
genetic and environmental foundations (189). Since genetics cannot be controlled,
the identification of environmental and lifestyle factors that may alter the risk of
asthma development and control has been the focus of much research (78, 190).
Physical activity has been identified as one such potentially modifiable risk factor.
Prior to my systematic review, two systematic reviews on the relationship of
physical activity and asthma had been published (2, 191). Both systematic reviews
concluded that low physical activity increased risk of incident asthma but these did
not restrict to longitudinal cohort studies (2, 191) and one based their conclusion

on the few longitudinal studies conducted in adult populations, as compared to
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paediatric populations (2). Further, neither review investigated lung function
outcomes. Finally, as these reviews were published in 2012 (2) and 2016 (191),

there was an opportunity to update these systematic reviews with new information.

Therefore, there remained a need for investigation into whether physical activity is
associated with the development and symptoms of asthma in youth. This review,
therefore, aimed to explore and collate the available evidence on the influence of
physical activity as a risk factor for asthma incidence, prognosis and lung function

outcomes in children and adolescents.

English language studies that measured physical activity as the exposure and
asthma development, persistence or lung function parameters were measured
subsequently in children and adolescents up to the age of 18 years were included in
this systematic review. The review consisted of a search of PubMed and EMBASE
databases from which 2298 articles were retrieved, and 739 duplicates were
deleted. The remaining items were screened by title and abstract. Following the
examination of 63 full texts, nine studies met the inclusion and exclusion criteria. Six
of these investigated the effect of physical activity on asthma outcomes and three
investigated lung function outcomes. Risk of bias was explored, and the studies
generally exhibited low to moderate risk of bias. Due to the substantial
heterogeneity in the populations included, the methods of exposure and outcome
assessment, and the small number of studies within categories, a meta-analysis

could not be performed.

The substantial review highlighted several gaps in the literature. First, despite the
increased interest in physical activity as a potentially modifiable risk factor in
asthma, there is a scarcity of longitudinal studies that have investigated this
association in children and adolescents. Further, there was only one study that
employed accelerometers to measure physical activity; most physical activity data
were collected subjectively. Secondly, although most research was conducted in
high income settings, there were no Australian data. Limited clinical
recommendations could be made from this review due to the startling lack of

consistency across the study methodologies and results.
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4.4 Publication

Cassim R, Dharmage S, Koplin ], Milanzi E, Paro F, Russell M (2019) Does physical
activity strengthen lungs and protect against asthma in childhood? A systematic

review. Pediatric Allergy and Immunology
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1 | INTRODUCTION

Asthma affects approximately 339 million people worldwide?
and is the most common chronic condition affecting children. It is

characterized as chronic inflammation of the airways? associated

| Melissa A. Russel

| Shyamali C. Dharmage'? | Jennifer Julia Koplin®? | Elasma Milanzi® |

|1,2

Abstract

Background: Physical activity may be a potentially modifiable risk factor for asthma
and driver of lung function development. This systematic review aimed to summarize
the available evidence concerning the longitudinal effect of physical activity on the
development of asthma, the persistence of asthma symptoms and lung function out-
comes in children and adolescents.

Methods: PubMed and Embase electronic databases were searched for all original
articles that investigated the longitudinal association between physical activity and
asthma outcomes or lung function outcomes in children and adolescents. The search
and data extraction were conducted by two independent researchers. The meth-
odological quality of the included studies was assessed using two critical assessment
tools.

Results: The literature search retrieved 2298 publications from the electronic data-
bases. All articles were screened, and 2289 were subsequently excluded, resulting
in nine longitudinal studies eligible for inclusion in this review. Two studies found no
association with incident wheeze, and two of four found no association with vari-
ous asthma outcomes. Three studies investigated the effect on lung function: one
observed an association in boys only, one observed an association in girls only, and
one found no associations.

Conclusion: The evidence was highly inconsistent for the relationship between phys-
ical activity and asthma and lung function outcomes. Hence, we conclude that there
is insufficient evidence to suggest that physical activity has a long-term effect on the
risk of asthma development in youth. Furthermore, there is insufficient evidence to

determine the longitudinal effects of physical activity on lung function in children.

KEYWORDS
adolescents, asthma, children, lung function, physical activity, systematic review

with reversible airway obstruction and bronchial hyperrespon-
siveness,s leading to symptoms of coughing, wheezing and short-
ness of breath. Additionally, lung function (LF) impairment in
childhood leads to abnormal patterns of LF growth and decline
in adulthood.”

Pediatr Allergy Immunol. 201%9;00:1-13.

© 2019 EAACI and John Wiley and Sons A/S. | 1
Published by John Wiley and Sons Ltd.
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Recent efforts have focussed on identifying potentially modifi-
able targets for asthma prevention.>” One such factor is physical
activity (PA); which is thought to potentially play a protective role
against asthma through its known anti-inflammatory effects.® For
this reason, several international health authorities, including the
World Health Organization (WHO), endorse PA participation for
variety of health benefits.”? Currently, a minimum of 60 minutes
of moderate-to-vigorous physical activity per day is recommended
for children and adolescents between the ages of 5 and 17 years.”?
However in 2010, the WHO estimated that globally 81% of adoles-
cents aged between 11 and 17 years were insufficiently active,'"!

Two systematic reviews investigating the effects of PA on asthma
incidence and prevalence have previously been published.'*** However,
the first review was published seven years ago and did not restrict to
child |::—c>;:uulatinns.13 The second, more recent review seemed to have
overlooked several cahort studies,'**? including all of those included in
the present review, and furthermore did not consider the effect of PAon
asthma symptoms.' Neither review restricted their inclusion to cohort
designs, nor did they investigate the effect of PA on LF in children.**

The present review, therefore, intends to collate the literature
regarding the longitudinal effect of PA on asthma incidence, on the
persistence of asthma symptoms and on LF outcomes, focussing
specifically on youth. This review will also be the first to synthesize
the available evidence on the relationship between PA and LF out-
comes in youth. Specifically, this systematic review aims to address
the following research questions:

1. Do children and adolescents who engage in increased PA ex-
perience (a) decreased risk of developing asthma or (b) reduced
asthma symptoms among asthmatics, compared to their less
active peers?

2. Are higher levels of PA associated with increased LF in children
and adolescents (a) with asthma and (b) without asthma?

2 | METHODS

This systematic review was registered with Prospero, the interna-
tional prospective register of systematic reviews (registration num-
ber: CRD42018098833), and the reporting of this review adhered
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.?®

2.1 | Search strategy

A systematic search was conducted for publications in the PubMed
and Embase electronic databases to obtain all articles that inves-
tigated the relationship between PA and asthma or lung function.
Key terms were identified for each construct and combined using
the Boolean operators 'OR’ within the construct and 'AND’ between
constructs, Medical subject (MeSH) terms were included in the
PubMed search as appropriate. The complete search strategies are

Key Message

This is the first systematic review to investigate the evidence for
the longitudinal effect of physical activity on asthma incidence,
symptoms and lung function in children and adolescents. The
review found that the literature contained highly inconsistent
results and identified several methodological limitations within
the field, which led to the conclusion that there was insufficient
evidence to determine the effect of physical activity on asthma

and lung function in children and adolescents.

appended below (Appendix S1). Furthermore, reference lists were
manually checked to identify any articles that may have been missed
by the search. The search was conducted independently by two re-
searchers (RC and FMP), and any discrepancies were resolved by a
third (MAR). A final search was conducted on 18 March 2019.

2.2 | Eligibility criteria

Studies where PA was measured as the exposure variable and
asthma status or LF was measured subsequently in children and
adolescents up to the age of 18 years were included in this review.
Cross-sectional, case-control studies and intervention studies in
which children underwent exercise programmes or fitness training
were excluded, as this review was primarily interested in the longitu-
dinal effect of habitual PA. Studies where sedentary behaviour was
the exposure of interest were excluded, since PA and sedentary be-
haviour are considered to be distinct behaviours.?* Additionally, ani-
mal and in vitro studies, those conducted in special populations (eg,
athletes), non-English language articles, conference abstracts and
letters or reviews that did not present original data were excluded.
There were no restrictions on date of publication. Inclusion and ex-
clusion criteria were assessed independently by two researchers (RC

and FMP), and any discrepancies were resolved by a third (MR).

2.3 | Data extraction

The following information was extracted from each eligible article:
author, date of publication, location of study, the study population,
study design, measurement tools and timing of exposure and out-
come measurements, all confounding variables that were adjusted
for in the analysis, unadjusted and adjusted (where both were availa-
ble) reported measures of association, and the author's conclusions.
In an attempt to include all eligible articles, one author was con-
tacted, and clarification of the results of their paper was obtained.??

Data were tabulated separately according to the outcome measured.

2.4 | Critical appraisal

The quality of eligible articles was assessed using two critical appraisal
tools. Firstly, articles were assessed using the preliminary version of
the Risk Of Bias In Non-randomized Studies of Exposures (ROBINS-E;
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available online at http:/www.bristol.ac.uk/population-health-scien
ces/centres/cresyda/barr/riskofbias/robins-e/). This tool assessed bias
in several aspects of a study: bias due to confounding, participant selec-
tion, exposure classification, departures from intended exposure, miss-
ing data, outcome measurement and selection of the reported result.
Each study was then given an overall bias score. In addition, articles were
assessed using the Newcastle-Ottawa Scale (NOS) for cohort studies.
Each article was awarded a score out of four for selection bias, two for
comparability and three for bias in the outcome assessment, with a max-
imum total score of nine points. An a priori decision was taken to exclude
articles that scored poorly (defined as an overall NOS score <5 and an

overall ROBINS-E score greater than moderate) on both tools.

3 | RESULTS

3.1 | Literature search

The search identified a total of 2298 articles. Of these, 739 dupli-
cates were removed, and a further 1496 were excluded after screen-

ing of titles and abstracts. The remaining 63 articles were assessed

Wi LE‘l"J—3

in detail, and 53 publications were subsequently excluded as they
did not meet the inclusion criteria (Figure 1). Finally, the paper by
Twisk et al’? was excluded as the longitudinal analysis included out-
comes measured beyond the age of 18 years. The process resulted
in nine articles eligible for inclusion in this review. Included studies

were stratified by outcome (Tables 1 and 2).

3.2 | Critical appraisal

Using the ROBINS-E tool, included studies were found to con-

tain Iow”'ﬂ'la‘za—tc—moderateis'j6'1?'24'25
& STK’15.19.25

bias.
117,24

levels of overall

Additionally, studies scored five, 14.18.23

seven or eigh
out of nine points on the NOS, indicating moderate-to-high quality;
hence, all studies were included in this review. Individual quality as-

sessment scores are presented in Table 3.

3.3 | PAand asthma outcomes

Six studies assessed the relationship between PA and asthma-re-

lated outcomes'**? (Table 1). All of these studies were conducted

2298 Total articles retrieved

* 949 articles retrieved from
PubMed database

* 1349 articles retrieved from
Embase database

739 Duplicates removed

1496 Articles excluded based on title
and/or abstract

* 1221 unrelated to either
exposure, outcome or both

1559 Titles and abstracts screened

* 85 conference abstracts
* 15 reviews

*  8letters

* 61 studies not cohort design
* 24 special populations

* 82 adult studies

54 full-text articles excluded

* 9 PAwas outcome
¢ 34 not cohort design

63 Full texts screened

+ 4 conference abstracts
* 1letter

¢ 2 measured fitness

* 1linathletes

* 2 sedentary behaviour

* 1 outcomes measured
beyond age 18

FIGURE 1 Flow diagram of studies 3
from search to inclusion in the systematic
review

9 Articles included in this review
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in high-income countries, namely Norway,"” the Netherlands '®*?

Germany,** USA'® and Canada.'® All studies adjusted for one or more
potential covariates; importantly, five of the six studies adjusted for
sex™* 1Y and three adjusted for body mass index (BMI).***¢? Four
studies accounted for socioeconomic status (SES), or parental or car-

egiver education. #1418

3.3.1 | General population studies

Two studies included children with and without asthma at base-
line.!*” Protudjer et al analysed data from 489 children who were
8-9 years old at baseline and followed up at 12-14 years of age.'”
Although their study was conducted in a birth cohort, Byberg et al*’
analysed data from 617 children who were asked about their PA be-
tween the ages of 3-6 and 6-10 years at the first follow-up (when
girls were 10.8 years and boys were 11.8 years old). Asthma out-
comes were assessed at a second follow-up when children of both
sexes were aged 12.8 years.

Protudjer et al'® employed a paediatric allergist to ascertain
asthma status, while in the Byberg study, maternal reports of ever
or current asthma, wheeze and shortness of breath were assessed
using the ISAAC questionnaire.”’

Physical activity data were measured subjectively via parental
reports in both studies. Based on the Stanford Brief Activity Survey,

I*” asked parents to recall their child's activity levels when

Bybergetal
they were 3-6 years old. Protudijer et al** assessed frequency of PA
from a close-ended response to the question: ‘In the last 12 months,
how many times a week does your child engage in vigorous or com-
petitive PA long enough to make him/her breathe hard?’.

The two studies produced inconsistent results. Protudjer et al*®
found no association between low levels of PA at age 9 years and pae-
diatric allergist-defined asthma at age 13, while Byberg et al*’ found
low levels of PA between the ages of 3 and 6 years to be positively as-

sociated with ever asthma at age 10.8 in girls and at age 11.8 in boys.

3.3.2 | Asthma-free population studies

Participants were free of asthma or wheeze at baseline in two of the
six studies.**'® The study populations consisted of 347 young chil-
dren'® and 2910 adolescents,* respectively. Driessen et al'® were the
one team to investigate this relationship in early life, measuring PA by
accelerometery at age 2 years and measuring wheeze at 4 years of
age. In contrast, the large German study by Vogelberg et al** followed
children for approximately 6 years from the baseline PA measurement
at 9-11 years, until the adolescents were 15-17 years old.

18

Driessen et al™ used the ISAAC questionnaire to measure ever

or current asthma, wheeze and shortness of breath based on paren-

1" used their own study question-

tal report, while Vogelberg et a
naire to identify their primary outcome—incident wheeze. Similarly,
Vogelberg et al'* used their own study questionnaire to collect PA
data, while Driessen et al'® employed accelerometery.

Driessen et al*® found that PA measured by accelerometery

in the second year of life was not associated with wheeze at ages

3 and 4 years. In their unadjusted analysis, Vogelberg!* found
that increasing PA was significantly associated with decreas-
ing prevalence of wheeze in older adolescents; however, when
they adjusted for active smoking, the association was no longer

observed.

3.3.3 | Asthma population studies

Two studies were conducted in children with asthma.'®? These
studies analysed 147 children aged 5-12 years'® and 260 adoles-
cents aged 10-14 years? at baseline. In their study, Nnodum et
al*® collected data on asthma symptoms using a paediatric asthma
diary (PAD) completed twice daily by child and parent/caregiver
for a period of 3-6 months. The PAD assessed a number of daytime
and night-time symptoms on 6- and 4-point Likert scales, respec-
tively.** In contrast, Tiggelman et al*® used the Asthma Control
Questionnaire to measure asthma control with a follow-up period
of one year.

In both studies, PA data were collected subjectively via self-re-
port.!5* Nnodum et al*® used the Physical Activity Questionnaire
for Children (PAQ-C), while Tiggelman et al*? did not specify which
questionnaire was used.

Illﬁ

The studies reported inconsistent results. Nnodum et al™ con-

cluded that more PA was longitudinally associated with more re-
i

ported asthma symptoms, while Tiggelman et al*” concluded that

habitual PA was not longitudinally associated with asthma control.

3.4 | PAandLF outcomes

Three of the nine eligible studies used spirometry to collect forced
expiratory volume (FEV) and forced vital capacity (FVC) as outcome
data?2" (Table 2). All three studies adjusted for BMI, height, mater-
nal education and parental smoking. Only Ji et al adjusted for earlier
LF indices in their longitudinal data analyses.?* All studies presented
results stratified by sex.?*?* No studies were found that investi-

gated the association in children with asthma.

3.4.1 | General population studies

Two large Brazilian studies analysed data from the same birth co-
hort whaose participants were followed up and spirometric meas-
urements collected at the ages of 11, 15 and 18 years.?*?* The
earlier study by Menezes et al*® examined the relationship be-
tween the change in leisure-time PA status between the ages of
11 and 15 and LF parameters measured at age 15, while the more
recent study by da Silva and colleagues in 2016 used PA exposure
data at ages 11 and 15 and spirometry outcome data from the co-
hort at 15 and 18 years.?®

Both analyses collected information on PA through self-re-
port questionnaires, but neither specified which PA questionnaire
was used. In addition, PA was categorized using different thresh-
olds. Menezes et al’® defined being active as 300 minutes of PA

|23

per week, while da Silva et al** categorized being active as either
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TABLE 3 The ROBINS-E and NOS quality assessment scores for each of the nine included studies

Risk of bias in non-randomized studies-E (ROBINS-E)

Newcastle-Ottawa Scale

Selection of

Departures

the reported

Missing Qutcome
data result

from intend-
edexposure

Exposure

Participant
selection

Total

CASSIM ET AL

Overall bias

measurement

classification

score  Confounding

Comparability Outcome

Selection

Study

Byberg (2016)"7
da Silva (2016)*

Moderate Low Low Low Low Low

Low

Moderate

8/%
7/9
79

4
2
4

Low Low

Low

Moderate

Low

Low

Low

Low

Low Low

Low

Low Low

Low

Low

Low

Driessen [2014)'®

Ji (2013)*

Moderate

Low Low Low

Low

Moderate Moderate

Moderate

8/9

Moderate

Low

Low

Low Moderate

Low

Low

Low

6/9

2
1
2
2
3

Menezes (2012)%°
Nnodum (2017)*
Protudjer (2012)*°

Moderate Moderate

Moderate

Moderate

Low

Low Moderate

Low

5/9
6/9
6/9
79

Maoderate

Low

Moderate Low Low Low

Moderate

Moderate

Moderate

Low

Low

Low Moderate Moderate Moderate

Low

Tiggelman (2014)*°
Vogelberg (2007)*

Low Moderate Low Low Moderate Low Low

Low

150 minutes of moderate PA or 75 minutes of vigorous-intensity
PA per week.

Both studies measured FEV, and FVC, although their aims dif-
fered. In their study, da Silva et al** focussed on gains in pulmonary

15 aimed to

function from age 15 to 18 years, while Menezes et a
assess the effect of change in PA on LF at 15 years. Results were
stratified by gender.

Reported results were highly inconsistent. da Silva et al*®
found PA at 11 and 15 years to be longitudinally associated with
larger gains in FEV, and FVC between the ages of 15 and 18 in
boys. The authors noted that boys who became active from age
11 to age 15 did not benefit from the increased gains in pulmaonary
function; hence, they emphasized the importance of PA in early
adolescence. No significant associations between PA and pulmo-
nary function gain in girls were observed. In contrast, Menezes et
al found that girls who were physically active during their leisure
time at age 11 and 15 years had higher per cent predicted FVC
(3.573 [1.015, 6.130], P = .006) at age 15 years compared to girls
who were inactive in their leisure time at both ages. There were
na significant associations with FEV, in girls, and no assaciations
were found in boys. The authors did not observe any associations
between total PA—as opposed to leisure-time PA—and LF.

3.4.2 | Asthma-free population studies

One study excluded children with asthma at baseline. The large
Chinese study analysed data from 1713 asthma- free children aged
between 9 and 11 years and followed them up for 18 months,?*
Physical activity data were collected through self-report ques-
tionnaires with the ‘guidance of trained investigators', but the au-
thors did not state which PA questionnaire was used. Children were
considered physically active if they participated in at least 30 min-
utes of sport and/or vigorous free play at least 3 times per week.

Jietal®

investigated the effect of PA on LF growth and found no
statistically significant associations between FEV, and FVC in either
boys or girls. The mean [standard error] FEV, and FVC values for boys
who were active at one or both surveys were 0.24 [.01] and 0.29 [.01],
respectively, compared to FEV, and FVC values of 0.25 [.01] and 0.29
[.01] in boys who were inactive at both time points. Similarly, the mean
[standard error] growth in FEV, and FVC girls who were active at one
or both time points was 0.27 [.01] and 0.28 [.01], respectively, com-
pared to 0.25 [.01] and 0.27 [.01] for girls who were inactive at both

time points.z‘1

4 | DISCUSSION
41 | Summary

The present systematic review attempted to determine the longi-
tudinal effect of PA on the development of asthma and the persis-
tence of asthma symptoms in youth. It is also the first to review
the evidence of the relationship between PA and subsequent LF

outcomes.
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The results of these studies were highly inconsistent and did not
produce any clear evidence for the effects of PA. Briefly, two stud-
ies reported a positive association between low levels of PA and
asthma symptoms,'® and ever asthma.'’ No associations were ob-

14,18

served between PA and incident wheeze in two studies nor with

1.2 nor with paediatric allergist-defined asthma.'® Of

asthma contro
the three LF studies, one observed an association in girls only,?® one
observed an association in boys only,?* and one found no associa-
tions in either boys or girls.?* The differential results for effect on LF
by sex may be due to the ages at which measurements were taken,
since girls experience growth-related changes at earlier ages com-
pared to boys, who experience a period of rapid growth between
the ages of 15 and 18 years.”*?° This is consistent with the findings
of the studies, where the study that measured LF outcomes at 15
found an association in girls only,?* while when LF was measured at
18 years, an association was observed in boys only.?® Additionally,
no associations were found in pre-adolescent children,?* who had
not yet experienced growth-related changes. Despite the inabil-
ity to meta-analyse results, it is apparent that most studies found
little evidence of relationship between PA and various respiratory
outcomes.

Interestingly, a recent publication found that increases in aerobic
fitness during childhood and adolescence were longitudinally associ-
ated with higher lung function parameters.?’ While this study differs
from the present one in that the exposure investigated was fitness
measured using cycle ergometer tests rather than habitual physical ac-
tivity, the positive finding reported by Hancox and Rasmussen?’ adds
another dimension to the complexity of the evidence. There were
some similarities in their reported results, compared to the studies
contained within this review. Specifically, in their article, Hancox and
Rasmussen reported associations with FEV1 and FVC, but not with
FEWV1/FVC ratio, which they propose indicates an association with
lung size rather than an association with the quality of the airways.?’
They further stated that their associations were stronger in boys,
which again may be due to the older developmental age of participants
at time of measurement.?”

The present findings are discordant with those of the two ex-
isting systematic reviews, which found PA to play a protective role
against the incidence of asthma in both adults and children.'*!?
This is likely due to important differences between those reviews
and the present one. Firstly, the Eijkemans'® review did not restrict
by population age nor study design. Due to the nature of their de-
sign, longitudinal studies provide stronger evidence for temporality
than cross-sectional studies; hence, the present review restricted
to cohort studies. In their meta-analysis of five longitudinal studies
(I* = 45%), Eijkemans et al*® concluded that higher levels of PA were
associated with lower incidence of asthma (odds ratio 0.88 (95% Cl:
0.77-1.01)). However, all of the studies conducted in children were
cross-sectional in nature; hence, they did not have the longitudinal
evidence to support this conclusion in child populations.* On the
other hand, the Lochte et al'? review did restrict their population
age but did not restrict to longitudinal study design. Although the I

values obtained were moderate (60.6% for both fixed and random

effects), the articles included in the meta-analysis had varying defi-
nitions of PA.'? For example, one study measured television view-
ing time,?® and this was included as a proxy measure for low levels
of PA despite some research, suggesting that there is a distinction
between low PA and sedentary behaviours.2”*% As a result, the ar-
ticles included in the Lochte et al'? review did not correspond with
those contained within the present review, since the present review
elected to exclude sedentary behaviours.

The true relationship between PA and subsequent asthma or LF
may still be masked by several analytical issues. Firstly, the definitions
and categorizations of PA used varied greatly between the included
studies, an issue not unique to this paper. There remains a critical lack
of standardized protocols for the measurement, processing and cat-
egorization of PA within the scientific community. This presents an
important barrier against comparing and collating PA studies. Future
studies will need to address these challenges in order to improve the
generalizability of PA research. Furthermore, the included studies
adjusted for a variety of potentially confounding variables. Although
most accounted for sex through either adjustment or stratification,
many, including one of the studies that reported a positive associ-
ation, did not adjust for other potentially important factors such as
BMI, SES, passive smoking or ethnicity. Overall, however, there was
no consistency between the variables included for adjustment and the
associations found. Future studies should include participants who
are asthma-free at baseline to investigate whether PA affects asthma
development and LF growth, and participants with varying asthma
severity to assess the impact of PA on asthma symptoms and control
and LF growth. When designing and conducting further research in
this area, it may also be beneficial to consider the length of follow-up
time required to observe an effect. For example, when measuring the
effect on lung function or asthma incidence, it is necessary to study

the effect over multiple years.

4.2 | Strengths

This review was systematically and thoroughly conducted by two
independent researchers in order to identify and include all rel-
evant data on this topic. Searches were performed in two distinct
databases and included a manual search of reference lists in order
to ensure that relevant articles were not overlooked. Furthermore,
the quality assessment of included articles was conducted using
two critical appraisal tools—the ROBINS-E and the NOS, the re-
sults of which appeared to be largely congruous for each included
article. Finally, the included articles were of moderate-to-high

quality.

4.3 | Limitations

In contrast, this review had several limitations. Firstly, substantial
variation in the methodologies of the included studies prevented
the intended meta-analysis of the data. The included studies var-

ied greatly not only in the outcomes measured, but also in their
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specific exposure and outcome measurement techniques, the
thresholds and definitions used, the range of participant ages and
duration of follow-up periods, and the reporting of their results.
Secondly, although critical appraisal of the studies was conducted,
the review is limited by the critical appraisal tools available. The
MNOS has drawn some criticism for its potential to produce arbi-
trary results.*! Similarly, the more detailed ROBINS-E tool has
been criticized for being time-consuming, for confusing, and for
failing to assess some sources of bias. > Additionally, the small
number of included studies meant that further analyses to inves-
tigate effect potential modification by factors such as age bracket
and asthma status could not be performed.

5 | CONCLUSIONS

In conclusion, due to the highly inconsistent results of the included
studies, this systematic review has found that there is insufficient
evidence to determine the longitudinal effect of PA on subsequent
asthma and LF outcomes in children and adolescents. A robust tool
for the measurement of PA in children and adolescents is lacking, as
is a standardized analytical methodology. These issues must be cir-
cumvented for further longitudinal research to meaningfully assess
these relationships.
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CHAPTER FIVE: Summary of the evidence on the effect of asthma
on physical activity

5.1 Chapter introduction

This chapter consists of a published systematic review and meta-analysis that
synthesised the existing scientific literature on whether physical activity is reduced in
children and adolescents with asthma, compared to their unaffected peers. This
systematic review was the first publication I authored during the course of this PhD and
served as the foundation upon which the subsequent research questions were based. By
summarising the available evidence for the opposite relationship to the one reported in
Chapter Four, the two complementary systematic reviews provide an overview of the

complex relationship between asthma and physical activity.

5.2 Research question

Does the existing evidence demonstrate that children and adolescents with asthma are
less physically active than those without asthma, when measured objectively through

accelerometry?

5.3 Synopsis of the review

Since physical activity is a known trigger for asthma symptoms, qualitative studies have
investigated the affect that asthma status has on physical activity in children and
adolescents with asthma (6, 8-13). Some of these studies found that children and
adolescents with asthma may avoid physical activity in an attempt to prevent the
exacerbation of their asthma symptoms (8-10, 13). For this reason, children and
adolescents with asthma are believed to partake in less physical activity than their non-
afflicted peers (5-7). However, several observational studies have disputed this claim (11,

12).
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Since these studies provide contradictory results, there remains a need for investigation
into whether children and adolescents with asthma do in fact perform less physical
activity than those without asthma. Hence, my systematic review elected to include only
those studies where physical activity was measured objectively, as the use of
accelerometers provide a more accurate and reliable assessment of habitual physical
activity in children (125). An exploration of the existing literature indicated that there
were a sufficient number of studies measuring physical activity through accelerometry.
The knowledge gained from this systematic review may advise as to whether health
policies and campaigns that specifically target children and adolescents with asthma in

their promotion of physical activity are required.

Studies were included if they measured physical activity objectively in children and
adolescents up to the age of 18 years with and without asthma. My review systematically
searched the PubMed, EMBASE and Medline databases. Together, the three searches
retrieved over 20 000 articles, of which 15 270 duplicates were deleted. The remaining
items were screened by title and abstract. Following the examination of the full texts,
twelve studies met the inclusion and exclusion criteria. Of the 12 observational
accelerometry studies, nine were included in a meta-analysis. Results of the meta-
analysis showed no significant difference in the mean amount of physical activity level
performed by children with and without asthma (both the fixed and random effect
estimate = 0.01 activity counts per minute 95% CI: -0.09, 0.11, p = 0.50, I2= 0.0%).

Whilst undertaking this systematic review and meta-analysis, several gaps in the
literature became apparent. Firstly, there was a distinct lack of standardisation between
accelerometer outputs and for categorisation of physical activity that needs to be
addressed. Secondly, studies rarely accounted for important confounding or moderating
variables such as BMI or considered the level of asthma control or severity among the
children with asthma and the effect this had on physical activity levels. Finally, there were
no data from any Australian cohorts. The latter points led to the formation of the second
research question of this PhD, in which I attempted to address these gaps in the literature
and investigate whether asthma is a barrier against physical activity in the Australian

context.
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5.4 Publication

Cassim R, Koplin JJ, Dharmage SC, Senaratna BC, Lodge C], Lowe A], Russell MA (2016)
The difference in amount of physical activity performed by children with and without

asthma: A systematic review and meta-analysis. Journal of Asthma 53 (9):882-892
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Abstract

Objective: Despite the benefits of a physically active lifestyle, some studies suggest fear of exac-
erbations by both children and their parents limit physical activity in children with asthma. We
undertook a systematic review to quantify the difference in objectively measured physical activ-
ity levels of children and adolescents with and without asthma. Data Sources: MEDLINE, PubMed
and EMBASE. Study Selection: English language observational studies of children and adolescents
to the age of 18 that compared objectively measured physical activity (accelerometer or pedome-
ter devices) between those with asthma and without asthma. Results: Overall 22,285 articles were
retrieved with 12 studies being included in the review: 1 cohort, 1 case-control and 10 cross-
sectional. A meta-analysis of accelerometry data from the single cohort study and 8 cross-sectional
studies produced an overall mean difference of 0.01(95% Cl: —0.09-0.11) activity counts per minute
in children and adolescents without asthma compared to those with asthma. Conclusion: We did
not find any evidence that children and adolescents with and without asthma engaged in differ-
ent amounts of physical activity when measured objectively by accelerometers. Children and ado-
lescents with asthma may not require differentially targeted policies to encourage more physical
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activity, however further longitudinal studies are needed.

Introduction

Regular physical activity has substantial short- and long- term
physical and mental health benefits for all age groups [1]. In
children and adolescents, these benefits can endure into adult-
hood [1]. As a result, the World Health Organisation (WHO)
and national health departments recommend that children and
adolescents aged between 5 and 17 years should engage in at
least 60 minutes of moderate- to vigorous- physical activity
daily [2, 3]. However, globally many children and adolescents
fail to reach these targets [4].

Whilst there are currently no guidelines for physical activ-
ity specifically for children with asthma, a recent update pub-
lished by the Global Initiative for Asthma (GINA) recommends
that children with controlled asthma should be encouraged
to exercise [5, 6] because regular aerobic exercise improves
the management of asthma symptoms [7, 8] and lung func-
tion (peak expiratory flow in one second (PEF), forced expira-
tory volume in one second (FEV)), and forced expiratory flow
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(FEF»5)) [9], as well as incurring other health benefits including
improvement of cardiovascular and bone health and reducing
the risk of diabetes, stroke and depression [10].

In enacting these recommendations, it is important to know
whether physical activity levels are actually lower in chil-
dren and adolescents with asthma compared to those without
asthma. Some qualitative studies suggest that fear of exacerba-
tions by both children and their parents may limit the duration,
frequency and intensity of physical activity in children with
asthma [6, 7, 9, 11-13], however the results of these qualita-
tive studies are inconsistent [12, 14-18]. A review published
by Williams et al. in 2008 also concluded that children with
asthma find it difficult to be as physically active as children
without asthma [19]. However this review was a narrative rather
than systematic review and did not include studies with objec-
tive measures of physical activity [19].

To determine the impacts and effects of physical activity on
health outcomes, it is necessary to obtain an accurate and reli-
able assessment of habitual physical activity [20]. Measuring
physical activity objectively is important to overcome potential
reporting and recall biases associated with subjective measure-
ments such as questionnaires, particularly in children. Phys-
ical activity in children tends to occur in brief and intermit-
tent bouts of activity which can be difficult to accurately recall
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and quantify [21-23]. Furthermore a proxy reporter such as a
parent or teacher is often called upon in questionnaires to pro-
vide an estimate of the child’s activity, however, these proxies
are unlikely to be able to accurately describe a child’s activity
profile throughout the whole day [22]. The use of accelerome-
ters can help to overcome some of these pitfalls, and provide a
more accurate measure of habitual physical activity in children.

Accelerometers are devices able to detect acceleration pro-
duced by the body when in motion [24]. Once an acceleration
is detected by a sensor, a proportional voltage signal is gener-
ated and recorded as a “raw count” [24]. Several studies have
investigated the validity of accelerometers in children, and have
found them to be valid against energy expenditure [25-27].
However, whilst they do not eliminate all measurement bias,
accelerometers appear to be the best choice for objective mea-
surement of physical activity in epidemiological studies of chil-
dren [28].

To our knowledge there have been no systematic reviews
that have investigated the difference in objectively measured
physical activity in children or adolescents with and without
asthma. Therefore, in this systematic review we aimed to iden-
tify and collate the available scientific evidence of objectively
measured physical activity to investigate whether children and
adolescents with asthma are less physically active than their
peers. If there is evidence that children with asthma engage in
less physical activity, there may be a need for specific physical
activity recommendations to counter barriers to exercise in this
group of children and adolescents.

Methods

Search strategy

We conducted an electronic search for publications in 3
databases (MEDLINE, PubMed and EMBASE) to obtain all
articles that investigated the relationship between physical
activity and asthma from inception to 5th August 2015 for
PubMed and Medline, and from inception to 18th August
2015 for EMBASE. A final search of the 3 databases was
conducted on 19th December 2015. The key terms employed
in the searches were “physical activity”, “physical training”,
“exercise”, “sedentary”, “asthma”, “carly life wheeze” and
“transient wheeze”, and appropriate MeSH terms. Terms were
combined using the Boolean operators “OR” and “AND” (see
appendix for full details). Reference lists of published articles
were checked to ensure that all relevant articles were included.

Screening of articles

Articles were first screened using the inclusion and exclu-
sion criteria specified below by title and abstract. Finally, the
full texts of manuscripts were reviewed and excluded if they
failed to meet the inclusion criteria. Titles, abstracts and data
extraction of the retrieved articles were independently screened
by two investigators (RC and BCVS). Disagreements were
resolved by a third investigator (MR).

Exclusion and inclusion criteria

We included observational studies where the exposure variable
was the presence or absence of asthma, and the outcome was

Physical activity and asthma in children 883

physical activity. We limited the review to include only those
studies which measured physical activity objectively by use of
an accelerometer or pedometer. Only English language stud-
ies that reported associations in children or adolescents with
and without asthma between birth and 18 years of age were
selected for inclusion in this review. Letters or reviews that did
not present original data, and animal and in vitro studies were
excluded.. There were no restrictions on date of publication.

Confounding variables

Several variables were identified as a priori potential con-
founders of the relationship between asthma and physical activ-
ity. The included studies were checked for adjustment for these
variables: gender, age, socioeconomic status, parental asthma,
number of siblings and pet ownership.

Data extraction

The following information was extracted from each included
article: author, date of publication, location of study, the
study population age and gender, whether cross-sectional, case-
control or cohort design, length of follow up if longitudinal
design, definition of the exposure and tool used to measure
the exposure, type of accelerometer used o measure the out-
come, length of time the accelerometer was worn, measurement
units and cut off points for the categorisation of physical activ-
ity, level ol asthma control, the confounding variables consid-
ered in the analysis, the unadjusted and adjusted results, and the
author’s conclusions. The authors of ten articles were contacted
to request mean and standard deviation activity data for chil-
dren with and without asthma for inclusion in this analysis [ 14,
29-37]. Four authors responded and provided the requested
data [14, 29, 31, 32]. However 2 of these articles [29, 31] used
data from a previously identified study [38], hence we only
included the primary article that focused on the difference in
physical activity between adolescents with and without asthma
[38].

Quality assessment

Included papers were assessed using the Newcastle-Ottawa
Scale (NOS) [39]. The NOS is a tool to assess the method-
ological quality of cohort and case-control study designs. The
NOS rates studies on several design-specific criteria, including:
the definition of the exposed and unexposed groups, selection
and representativeness of exposed and unexposed groups, com-
parability, and assessment of both the exposure and outcome
variables of interest. Cohort and case-control studies could be
awarded a maximum of nine points. A modified version of the
NOS that has been used in other publications [40-42] was then
used to assess the cross-sectional studies. Using our modified
NOS scale for cross-sectional studies, studies could be awarded
a maximum of 8 points.

Meta-analysis

Mean and standard deviation of the mean raw physical activ-
ity counts as measured by accelerometer for both children with
and without asthma were compared. Where articles presented
confidence intervals of the mean, data were transformed into
mean and standard deviation. Data were pooled with a both
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Figure 1. Flow chart of articles through the search process.

fixed and random effect models. An I? value of 70% or greater
was chosen to indicate a substantial amount of heterogeneity. A
meta-regression was not performed due to insufficient number
of included studies [43]. A funnel plot was used to investigate
potential publication bias. Stata 12 (StataCorp, College Station
Texas) statistical package was used for all analyses.

Results

Search results

The 3 databases searched retrieved 22,285 results of which
15,270 duplicates were deleted. Of the 116 full text articles
examined, 52 studies were conducted in child or adolescent
populations. Ultimately, 12 manuscripts measured physical
activity objectively through the use of an accelerometer were
included for analysis in this review [14, 30, 32-34, 37, 38, 44—
48] (Figure 1).

Description of included studies
Study design

The extracted information from the 12 included articles were
collated (Table 1 ). Ten manuscripts were cross-sectional stud-
ies [30, 33, 34, 36-38, 44-47], 1 was a case-control [32] and
1 was a cohort study [14]. This review presents data collected
from a total of 5797 children and adolescents between the ages
of 2 and 14. Sample sizes ranged from 1614 children in a pop-
ulation based cross-sectional study by van Gent et al. [33] to 2
cross-sectional analyses with 54 children each [30, 49].

Participants

The case-control study [32] and seven of the ten cross-sectional
studies were conducted in children and adolescents aged
between six and 14 years [33, 34, 36, 38, 45-47]. Three cross-
sectional studies were conducted in children between the ages
of 3 and 5 years [30, 37, 44]. The cohort study followed chil-
dren from birth until the age of 5 years [14].

80

Populations

The included studies were conducted in Brazil [32], Cyprus
[47], the Netherlands [14, 33], Denmark [37, 46], Norway [38]
and the United States America [30, 34, 36, 44-46]. The cohort
study was drawn from a larger, population-based, birth cohort
study — the KOALA study- in which information about wheeze
and doctor’s diagnosis of asthma was collected through ques-
tionnaires at the age of seven months, then again at the ages of 1,
2, 4 and 5 years. Accelerometry data were then collected from
305 children at the age of 4 or 5 [14]. The case-control study
recruited children who presented with asthma from a hospital
as cases, and children of the hospital employees were recruited
as healthy controls [32].

Three of the 10 included cross-sectional studies were con-
ducted in subsets of the population: females [34], children
with obesity [36] and children with maternal asthma [37].
The remaining cross-sectional studies were conducted on
population-based samples [30, 33, 38, 44-47].

Physical activity assessment

Physical activity data were collected by acceleromeltry in all
studies except one, which used a pedomeler [34]. The most
widely reported outcome measure was raw activity counts [14,
30, 32, 33, 37, 38, 44-47], produced when accelerometers con-
vert accelerations into “counts” and add them over a selected
time interval [21]. Other studies transformed accelerometer
aclivity counts into metabolic equivalent values (METSs)
through the use of regression equations [50] and reported
these as well [14, 30, 33, 38, 44-47]. Cut-off points for
sedentary activity, light, moderate, vigorous and moderate-to-
vigorous levels of physical activity varied greatly between stud-
ies (Table 2).

Asthma assessment

Three studies looked and “asthma ever” [30, 37, 48] and 5
looked at “current asthma”, usually within the last 12 months
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Table 2. Definitions for sedentary, light, moderate, vigorous and moderate to vigorous physical activity levels used by the studies included in this review.

Moderate-Vigorous

Light Physical Activity Moderate Physical Vigorous Physical Physical Activity
Study Sedentary (LPA) Activity (MPA) Activity (VPA) (MVPA)
Berntsen (2009) [38] Not defined
Brasholt (2010) [37] Not defined
Eijkemans (2008) [14] 0-363 364 — 811 counts/l 5sec 8121234 > 1234 counts/15sec ND
counts/15sec counts/15sec
Fedele (2014) [36] ND ND ND ND = 3 METs
Firrincieli (2005) [30] ND ND ND =2000 activity units ND
Rundle (2009) [44] <598 counts/min 599 — 685 counts/min 686 — 773.5 counts/min  =773.5 counts/min ND
Sousa (2014) [32] ND Boys: =15000 steps/day ~ ND ND ND
Girls: =12000 steps/day
Tsai (2012) [45] 0 — 49 counts/min 50 — 699 counts/min 700 — 2499 counts/min  >2500 counts/min ND
Vahlkvist (2009) [46] ND ND 3-5METs =6 METs ND
Vangeepuram (2014) [34] ND ND ND ND =>4.5 MET-hours
van Gent (2007) [33] ND ND 3 -6 METs ~6 METs ND
Yiallouros (2015) [47] 0 =99counts/sec 100 = 3200counts/sec ND ND =3200 counts/sec

ND = not defined; METs = metabolic equivalent values.

[32, 33, 38, 44, 46]. Three of these studies looked at both
asthma ever and current asthma [ 14, 34, 47]. With the exception
of 2 studies in which physicians diagnosed asthma in partici-
pants 37], other included studies relied on parental/child reports
of a doctor’s asthma diagnosis in conjunction with reports of
asthma symptoms and/or use of asthma medication [14, 32, 30,
38, 44, 45, 47]. Two studies measured Forced Expiratory Vol-
ume (FEV) variability in addition to reported doctor’s diagnosis
and reported asthma symptoms [33, 46].

Asthma control

Nine of the 12 included studies mentioned asthma control or
severity in their study populations [32-34, 30, 37, 38, 45-47].
Four studies reported good asthma control: two had a range of
disease severities but good control [32, 37], one study reported
good or partially controlled asthma [45], and one reported good
asthma control but did not discuss asthma severity [38]. One
study used the ISAAC questionnaire to look at asthma sever-
ity [30]. Two studies stratified by diagnosed and undiagnosed
asthma [33] or stratified by active and inactive asthma [47] but
did not discuss this in terms of asthma severity or control. One
study reported the use of asthma controller medications, but
did not describe the level of asthma control or severity in their
population [34]. One study uvsed the childhood asthma control
test (C-ACT) and reported that asthma was not optimally con-
trolled in the study population [46]. Two studies had no discus-
sion of asthma control or severity [14, 44], and one was unable
to assess asthma severity [36]. We were unable to perform a
meta-analysis that stratified by asthma control due to the high
degree of heterogeneity between studies.

Confounding variables

Seven of the included studies adjusted or matched for
age [32, 34, 36-38, 44, 46] and gender [14, 36, 38, 44—
47]. Four studies adjusted for parent or caregiver educa-
tion as a proxy for socioeconomic status [14, 34, 37, 47].
One study adjusted for parental asthma [14]. None of the
included studies adjusted for number of siblings or pet
ownership. Two studies did not report adjustment for any
covariates [30, 33].

83

Findings of the studies included in the systematic review but
not the meta-analysis

Three cross-sectional studies could not be included in the meta-
analysis as they did not present information regarding the num-
ber of children with and without accelerometry data, the mean
and standard deviation or confidence interval of the mean [30,
34, 36]. Two of these 3 cross-sectional studies found that chil-
dren with asthma or wheeze were less aclive than those without
asthma or wheeze [30, 36]. This result was significant in the
study by Firrincieli et al. [30] but was not statistically signif-
icant in the study by Fedele et al. [36]. Both of these studies
were conducted in the United States. The study conducted by
Firrincieli et al. had a small sample size of 54 children aged
between 3 and 5 years [30], while Fedele et al. had a sample
size of 248 children with obesity aged 7 to 12 years [36]. The
third study was an analysis of 558 female children conducted in
the United States, which found no association between asthma
diagnosis and physical activity [34].

Quality assessment of included studies

The cohort [14] scored 8 out of 9 and the case-control [32]
scored 7 out of 9 using the NOS. Study scores for the cross-
sectional designs ranged from 4 [30] to 8 [47] out of 8 points.
Four studies scored 7 [34, 37, 38] or above [47] out of 8, again
indicating acceptable quality. The 3 studies that could not be
included in the meta-analysis scored 4 [30], 6 [36] and 7 [34]
out of 8 points. This suggests that with the exception of Firrin-
cieli et al. [30], 2 of the 3 studies excluded from meta-analysis
were of reasonable quality. Table 3 presents the NOS point allo-
cation for each of the included studies.

Results of meta-analysis

Nine studies (8 cross-sectional and 1 cohort) presented mean
and standard deviation data (or data from which these mea-
sures could be derived) for the amount of physical activity
performed by children with and without asthma, as measured
by accelerometer and were pooled in a meta-analysis [14, 32,
33, 37, 38, 44-47] (Figure 2). There was no significant differ-
ence in mean physical activity level between children with and
without asthma (both the fixed and random effect estimate =
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%
Study Waelght
) SMD (95% CI) V)
Cohort
Eijkemans ot al (2008) —_— 0.00 (:0.39,0.39)  ©6.83
Case-control
Sousa et al (2014) e 0.20 (-0.18, 0.58) 7.43
Cross-sectional
Berntsen ot al (2000) —_— 0.02 (-0.20, 0.33) 10.99
Brasholt et al (2010) ———— 0.20 (-0.12. 0.52) 10.04
Rundle et al (2009) —_— 0.02 (-0.18, 0.22) 27.23
Toal ot al (2012) 044 (-0.98,0.10)  3.59
Vahikvist et al (2009) —_— ©0.18 (:0.49,0.13)  10.98
van Gent et al (2007) R 0.07 (-0.19, 0.33) 1573
Yiallouros et al (2009) — 0.15(-0.53,023) 7.7
Heterogenaeity botween groups: p = 0,681
1V Overall (l-squared = 0.0%, p = 0.501) <> 0.01(-:0.09,0.11) 100.00
D+L Overall P> 0.01 (-0.09, 0.11)
with estimated predictive interval (-0.12,0.13)

T

-1
Children with asthma

-

Control children

Figure 2. Meta-analysis of mean difference (SMD) in physical activity between children with and without asthma, as measured by accelerometer. SD =

standard deviation of the mean.

0.01 activity counts per minute 95% CI: —0.09, 0.11, p = 0.50,
I? = 0.0%). There was no overt evidence of small study bias as
demonstrated by the funnel plot (Figure 3).

Discussion

This is the first systematic review and meta-analysis of evi-
dence surrounding objectively measured physical activity level
of children with asthma and without asthma. The meta-analysis
of 9 studies including 3375 children showed no significant dif-
ference in physical activity level between children with asthma
and those without the condition [14, 32, 33, 37, 38, 44-47].
This result was supported by 1 of the 3 studies that were not
included in the meta-analysis [34]. The remaining two studies
that were not included in the meta-analysis had contradictory
findings, concluding that children with asthma were less active
than their peers [30, 36].

It is unlikely that the 3 studies that did not provide estimates
for inclusion in the meta-analysis would have greatly affected
the result of this analysis, despite 2 of these concluding that
children with wheeze or asthma were less active. The first study
had a small sample size and therefore is unlikely to have had
sufficient power to influence the estimate [30]. Despite the rela-
tively large sample size of the second article, they reported that

Funnel plot with pseudo 95% confidence limits
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Figure 3. A funnel plot of included studies.
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the trend for less activity in children with asthma was not sta-
tistically significant [36]. In addition, this study was conducted
in a population of obese children with and without asthma [36].
The co-morbidity of obesity may have altered the difference in
amount of activity performed between those with and without
asthma, therefore the implications of this finding to the wider
population (including non-obese children) are not clear.

Our results are discordant with the previous review by
Williams et al. who concluded that individuals with asthma are
less likely to participate in physical activity than individuals
without asthma [19]. The conflicting conclusions may be due to
several fundamental differences. The present review included
only studies that measured physical activity with accelerome-
try, thereby excluding more subjective measurements. In con-
trast, Williams et al. did not include any studies that measured
physical activity objectively through accelerometry [19]. Sec-
ond, the review by Williams et al. was a narrative review rather
than a systematic review.

A major strength of this review is that only studies that
objectively measured physical activity through an accelerom-
eter were included, as these measures of physical activity
are more reliable and accurate than self-reporting, or parental
reports of frequency and intensity of physical activity, partic-
ularly in children [22, 51]. However, it is difficult to establish
standard thresholds for categories of physical activity [22]. This
is evident in the varied cut-off points for low, moderate and vig-
orous physical activity used by the included studies.

A limitation of this review is participant behaviour modifi-
cation within the included studies. Participant behaviour mod-
ification due to the knowledge of their participation could
influence the study results (the Hawthorne effect). However,
this potential behaviour modification is unlikely to alter the
behaviour of children or adolescents if the activity is tracked
for more than 1 day [22] and all the studies in this review all
measured physical activity for more than a single day. A sec-
ond issue with accelerometry is the potential underestimation
of physical activity data due to the removal of the device for
water-based activities where the devices are not water resis-
tant. The removal of the accelerometer for water based activity
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could potentially bias the results if children with asthma per-
form more water-based activity than children without asthma;
however there is insufficient evidence to demonstrate that this
is true.

We were unable to perform subgroup analyses to investi-
gate the effects of asthma control or severity on the relation-
ship between asthma and physical activity. This was due to the
limited number of articles that accounted for or stratified by
level of asthma control or severity in their studies. Future stud-
ies should also investigate the role of body mass index (BMI)
in their analyses, since BMI is a potentially important vari-
able that could act as either a confounder, mediator or as an
effect modifier in the relationships between asthma and phys-
ical activity. BMI was not included in this review as few arti-
cles included it as a confounder in their analyses. For this rea-
son we were unable to meta-analyse or stratify the results by
BMI.

It is conceivable that these results present similar levels of
physical activity for children with and without asthma since
the included studies stem primarily from countries such as the
United States, the Netherlands and Norway, which share sim-
ilar and sophisticated asthma management programs. In fact,
many of the included articles reported good asthma control in
their study populations [32, 37, 38, 45]. For this reason, the
results of this review may not be applicable to populations in
which asthma medication and education is inaccessible or inad-
equate. In future, stratification by level of asthma control or
severity may add valuable insight into the effect of poor asthma
control on children’s physical activity, with implications for
the improvement of asthma programs to encourage more active
lifestyles.

Cross-sectional studies cannot be relied upon to determine
temporality of the association, and introduce the possibility of
reverse causation. Therefore, longitudinal studies that objec-
tively measure sustained and habitual physical activities over
time, as well as symptoms of wheeze and asthma, are required
to investigate causality and the temporal relationship between
asthma and physical activity. That is, to distinguish whether
physical inactivity leads to the development of asthma, or
whether asthmatics are more prone to a sedentary lifestyle
due to fear of asthma exacerbations or a reduced capacity
for physical activity. In this review, the included cohort study
did not find differences between the levels of physical activ-
ity attained by children with and without asthma. However
further longitudinal studies are required to investigate these
intricacies.

As recommended [52], we performed an evaluation of
included studies through the use of the Newcastle-Ottawa Scale
(NOS) [39]. Despite the availability of other tools, there is not
yet any single tool that is an obviously better option than the
others [53]. Use of the NOS scale, however, remains controver-
sial, as critical reviews of the scale itself found that it has low
inter-rater reliability [54], questionable validity [55] and low
agreement between reviewers and authors [56]. For this rea-
son, we did not attribute much weight to the NOS tool ratings;
we merely used the ratings as an indication of study quality and
to highlight areas that future research studies should focus on
to improve quality.

Based on the available evidence using objective measure-
ments of physical activity, there appears to be no need for
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physical activity programs to specifically target children and
adolescents with asthma in countries with developed asthma
care systems. However, these results may not apply to countries
with less developed asthma management programs. Efforts
should continue to promote habitual physical activity in chil-
dren in accordance with World Health Organisation guidelines.

Conclusion

This systematic review and meta-analysis did not find evi-
dence that children and adolescents with asthma engaged in less
physical activity, when measured objectively, than their peers
without asthma. Therefore, public health policies that encour-
age children and adolescents to increase their level of physi-
cal activity do not need to differentially target children with
asthma in settings where effective asthma campaigns have been
established.
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Appendix

Search strategy

Medline: “physical activity.”af., “physical activity.”sh., “phys-
ical training."af., “physical training.”sh., exercise.al., exercise
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.sh., sedentary.af., sedentary.sh., asthma.af., asthma.sh., “carly
life wheeze.”af., “early life wheeze.”sh., “transient wheeze.”af.,
“transient wheeze.”sh

PubMed: ((((“physical activity”[All Fields] OR “exer-
cise”[All Fields]) OR “exercise”[MeSH Terms]|) OR “physi-
cal training”[All Fields]) OR “sedentary”[All Fields]) AND
(“asthma”[MeSH Terms] OR “asthma”[All Fields] OR “early
life wheeze”[MeSH Terms] OR “ecarly life wheeze [All
Fields] OR “transient wheeze”’[MeSH Terms| OR “tran-
sient wheeze”[All Fields])

Embase: (“physical activity.”mp. or exp exercise/ or exp
physical activity/) or (“physical training.”mp. or exp train-
ing/) or (exp exercise/ or exercise.mp.) or (exp exercise/ or
exp sedentary lifestyle/ or sedentary.mp. or exp physical activ-
ity/) and (exp asthma/ or asthma.mp.) — excluding Medline
journals.



CHAPTER SIX: Investigation of a bi-directional relationship
between asthma and physical activity

6.1 Chapter introduction

This chapter contains a data analysis of the Growing Up in Australia: Longitudinal Study
of Australian Children (LSAC) cohort. This data analysis aimed to investigate the
possibility of a bi-directional association between asthma status and physical activity in
youth. The publication that resulted from this data analysis was the third publication that

[ authored during the course of this PhD.

6.2 Research question

[s the association between physical activity and asthma bi-directional? In other words,
this data analysis aimed to investigate whether there is an association between i) asthma
status and subsequent PA level, and ii) PA level and subsequent asthma status,

simultaneously in a single statistical model.

6.3 Chapter synopsis

My published systematic reviews (Chapters Four and Five) highlighted the inconsistency
of results for the relationship between asthma and physical activity in children in the
scientific literature, with published articles providing evidence both for and against the
effect of physical activity on asthma and vice versa. However, many of these studies have
been cross-sectional in nature and so the issue of reverse causality has prohibited the

ascertainment of the direction and temporality of the association.

To address the problem of temporality, data from multiple waves of the LSAC’s K cohort
were employed. The data spanned a total of 8 years, from when the LSAC children were
6 to 14 years of age. Information on asthma status and level of physical activity was
collected at each wave. Using structural equational modelling techniques, 1 explored
whether amount of time spent doing physical activity at a given time influenced asthma

status later in life and similarly whether asthma status at a given time affected the amount
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of time spent doing physical activity. The LSAC with its multiple waves of data collection,
enabled these bidirectional associations to be investigated. This data analysis and the
resulting publication was the first article to examine the relationships between asthma

and physical activity in this manner.

Physical activity data were collected through Time Use Diaries (see Chapter Three for the

detailed methodology) and a continuous variable for total time spent in moderate-to-
vigorous physical activity for each child was created by summing the time in minutes
spent in all coded physical activities for the day the data were collected. Asthma data were
collected via parental- or self- administered questionnaire and were defined as either
incident or current asthma. Covariates were selected based on existing literature, and the

DAG presented below.

A linear regression was fitted for investigating the relationship between asthma status
and subsequent amount of time spent doing physical activity while a logistic regression
was used to investigate association between amount spent doing physical activity and

subsequent asthma status.

This analysis found no evidence of associations between physical activity and subsequent
asthma nor between asthma and subsequent physical activity. However, it was noted that
measures of asthma and physical activity used could be improved and reproducing this

study with objective measures was recommended.

6.4 Directed acyclic graphs (DAGs)

The following DAGs were created to assist in the understanding of the relationships
between the variables or interest. By definition DAGs should be acyclic, that is, the “flow”
of association can only be in a single direction and feedback loops are not permitted (192,
193). Since a DAG could not be created to demonstrate bidirectionality, two separate
DAGs were developed in order to show the assumed causal relationship in each direction.

These are presented below (Figures 6.1, 6.2, 6.3).
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Figure 6.1: First attempt at a directed acyclic graph (DAG) of the relationships between physical activity and
subsequent asthma and the potential covariates. Created with Daggity software.
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Figure 6.2: A revised and simplified outlining the association between physical activity and subsequent asthma, with
timepoints of measured variables Created with Daggity software.
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Figure 6.3: A revised and simplified DAG outlining the association between asthma and subsequent physical activity,
with timepoints of measured variables. Created with Daggity software.

6.5 Publication
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ABSTRACT

Background There is increasing interest in the role
physical activity (PA) can play in the development and
management of asthma. Understanding whether PA

can have a positive effect is hindered by the potential
influence of asthma on PA and a lack of relevant
longitudinal data, leading to a debate on the existence
and direction of these links. The aim of this study was to
explore whether having asthma results in lower PA levels,
and/or whether lower PA levels lead to more asthma in
children and adolescents.

Methods In a population-based study of 4983 children,
data on asthma and PA were collected via questionnaires
and time use diaries biennially, between the ages of 6
and 14. Current asthma was defined as use of asthma
medications or wheeze in the past year, and incident
asthma was defined as doctor’s diagnosis since the
previous wave. PA was time spent doing moderate-to-
vigorous physical activities in a day. Bidirectionality of
this relationship was investigated using cross-lagged
structural equational models.

Results PA was not longitudinally associated with
incident or current asthma. Similarly, there was no
evidence that incident or current asthma predicted PA at
any of the ages.

Conclusions Using a novel strategy to investigate
bidirectionality between PA and asthma, our results
suggest that asthma and PA participation are not
longitudinally associated in either direction. Our findings
suggest that PA does not play an important role in the
development or persistence of asthma.

INTRODUCTION

While the increase in the prevalence of asthma
appears to have plateaued in recent years, it
remains high globally," especially in children and
adolescents.” The reason for this high prevalence
is multifactorial; however, several lifestyle factors,
including increased screen time and decreased phys-
ical activity (PA), have been identified as possible
contributors to the perpetuation of asthma as an
important public health problem.® It is estimated
that globally, a large proportion of children and
adolescents do not attain the recommended 60 min
of moderate-to-vigorous PA (MVPA) per day,* and
there are concerns that an even smaller proportion
of children and adolescents with asthma meet these
recommendations.?

The relationship between PA and asthma is
complex and may in fact be bidirectional. Some
previous research has investigated the effect of
PA on asthma in children, and this research was

collated in a systematic review published in 2016 by
Lochte et al.’ Their meta-analysis of three longitu-
dinal studies concluded that lower levels of PA were
associated with a 35% increased risk of new-onset
asthma and wheeze in children (fixed-effect pooled
OR 1.35; 95%CI 1.13 to 1.62; I*=60.6%).°
However, these studies varied in their assessment
and definition of the exposure; while one looked
at sedentary time, the second and third questioned
the amount of time spent in sports.” * In addition to
this, the scarcity of longitudinal studies in child and
adolescent populations means that further studies
are warranted.

On the other hand, an asthmatic state has been
found to reduce levels of PA in affected indi-
viduals,”™** probably through self-imposed or
parentally imposed behavioural changes.> *? Since
strenuous exercise is a known trigger for asthma,
studies have shown that individuals with the
condition tend to refrain from participation in
strenuous activity to avoid triggering an asthma
attack.’® Despite this, several large international
studies found no evidence that children with
asthma participate in less PA than children without
asthma.”®*¢ Similarly, our recent systematic review
and meta-analysis concluded that children with and
without asthma engaged in equivalent amounts of
objectively measured PA.”” However, the majority
of the studies included in the review were cross-sec-
tional, with only one longitudinal study. Further
longitudinal research would clarify the extent of
any effect of childhood asthma on PA levels over
time.

In summary, although the relationship between
PA and asthma has been reviewed and documented
in the literature,” *” the temporality of the associ-
ation has not yet been elucidated. There is both
evidence for and against the effect of PA on asthma
and the effect of asthma on PA. Inference on
causality and direction of the relationships between
asthma and PA are inhibited primarily by limited
numbers of longitudinal studies in children and the
potential for reverse causality. Importantly, to date,
there have been no studies that have investigated
these links between PA and asthma while taking
into account the possibility of the bidirectionality.

Therefore, this study aimed to investigate the
possibility of a reciprocal relationship between
asthma and PA in children and adolescents in
a longitudinal manner using a novel analytical
approach. That is, this analysis aimed to investigate
(1) the effect of asthma status at an earlier age on PA
level at a later age and (ii) the effect of PA level at
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an earlier age on asthma status at a later age. We hypothesised
that there would be evidence of associations in both directions.

METHODOLOGY

Longitudinal Study of Australian Children (LSAC)

This study used longitudinal data from the Growing Up in
Australia: Longitudinal Study of Australian Children (LSAC)
whose sampling and recruitment methodology has previously
been described'® ** and is accessible on the LSAC website
(www.growingupinaustralia.gov.au). The present analysis was
conducted in one of the two nationally representative LSAC
cohorts, namely the ‘K’ cohort which consisted of 5000 chil-
dren aged 4-5 years at recruitment (wave 1). Participants were
followed up biennially, and data have been collected via inter-
views, questionnaires, time use diaries (TUDs) and direct anthro-
pometric measurements. This study used the data collected at
waves 2 to 6 (ages 6 to 14) for the exposure and outcome vari-
ables; since asthma diagnosis in children is contentious before
the age of Syears,”” wave 1 (age 4) data were included for
analytic adjustment purposes only.

Physical activity

PA data were extrapolated from the completion of TUDs. The
use of TUDs in LSAC has previously been published in detail,”*
but their use for this analysis is described below. The TUDs used
at waves 1-3 differ from those used at waves 4-6. In earlier
waves,”” at the face-to-face interview, parents were shown how
to complete the TUD which divides the 24-hour day into 15 min
intervals.”? Parents were asked to complete the child’s activity
diary (by selecting from 26 precoded activities, presented
in online appendix 1), indicating location and with whom the
activity was performed for each 15min interval of the day,
for 1weekday and 1weekend day.*  From wave 4 onwards,
children were asked to complete a single TUD themselves by
recording the activities they performed throughout the day on
any 1day.”?

For waves 2 and 3 where two TUDs were completed, we
randomly selected one TUD per participant for analysis to
ensure consistency across all waves. Since the TUDs did not
capture the intensity of PA, the following coded activities within
the TUDs were considered MVPA (with a metabolic equivalent
score of 3.0 or greater) based on the Compendium of Energy
Expenditure for Youth categorisations™*: structured or unstruc-
tured active play, organised sports/lessons/activities, riding bike/
scooter/skateboard and walking/running skipping. For each
wave, a continuous variable for total ime spent in MVPA for
each child was created by summing the time in minutes spent in
all coded physical activities for the day the data were collected.

Asthma measurement

The present analysis investigated two asthma outcomes:

a. incident asthma since the last wave was defined as present if
the response was ‘yes’ to the question ‘Has a doctor ever told
you that child has asthma?’ at waves 1 to 4 (when the answer
had been ‘no’ in previous waves) or ‘Since the last interview,
has a doctor told you that study child has asthma?” at waves
5 and 6;

b. current asthma was considered to be present if there was an
affirmative response to either ‘In the last 12 months, has child
taken any medication for asthma?’ or “In the last 12 months,
has the child had an illness with wheezing in the chest which

lasted for a week or more?”.**

Covariates

Three time-varying covariates, resident older siblings,®*” socio-
economic position (SEP)** * and body mass index (BMI),* and
one non-time varying covariate, gender,’® were selected based
on the literature and availability of data. Gender and the pres-
ence of one or more older siblings residing in the home with the
study child were collected in the questionnaires and analysed as
binary variables. SEP ranked each LSAC family based on parental
income, education and occupation and was included in the
models as a z-score. The development of this variable has been
described extensively in a paper published by LSAC.*'. Height
was measured using an Invicta stadiometer in waves 2 and 3,
and in waves 4, 5 and 6, a laser stadiometer was used.’? Weight
was measured using HoMedics digital BMI bathroom scales in
waves 2 and 3, and Tanita body fat scales were used in waves 4 to
6.2 BMI at each wave was categorised as ‘underweight’, ‘normal
weight’ or ‘overweight’ based on the age appropriate cut-offs
proposed by Cole et al.**

Statistical methodology

Stata/MP (StataCorp LLC) statistical software was used for all
analyses. Initially, descriptive analyses of participant character-
istics were undertaken by calculating frequency and percentages
for categorical variables and means and SD for continuous vari-
ables. Time spent in MVPA was converted to hours for reporting
purposes.

To examine the bidirectionality of the association between
asthma and PA, we looked at three models using generalised
structural equational modelling (GSEM) for both incident
asthma and current asthma. GSEM is a statistical modelling tech-
nique used to analyse structural relationships between multiple
variables. It works by first postulating what we believe to be
the relationship between several variables, this can be based
on expert knowledge input or literature review. The data are
then used to confirm the postulated relationship. We used both
linear and logistic regressions as appropriate. GSEM intrinsically
accounts for missing and incomplete data using maximum like-
lihood estimation which assumes missingness at random. More
details can be found in the reference.’*

Our first model estimated the lagged effects of PA at each
wave on asthma at the next wave using logistic regression and
will be referred to as Model 1x (‘a’ for incident asthma, ‘b’ for
current asthma). Through this model, we postulated that PA
at a previous wave affects asthma at the current wave. For the
second model, the lagged effects of asthma at each wave on
PA at the next wave were investigated with linear regression
in GSEM (Model 2x). In this model, we implied that incident
asthma status at a previous wave influences the amount of time
spent doing physical activities. The final model estimated the
cross-lagged effects of asthma on PA and PA on asthma simul-
taneously (Model 3x). The model assumed that PA and asthma
status have simultaneous causal effects on each other, that 1s,
PA at a previous wave causes asthma at the current wave, and
asthma status at a previous wave has a causal effect on PA
(figure 1).

Models 1 and 2 were compared with the cross-lagged model
(Model 3x) using the likelihood ratio test (LRT) to deter-
mine if one of the parsimonious models was adequate. This
test served two purposes. Lhe first was to check if the two
models are equally likely. The second was to test if the effect
was evident in one direction only; that is, if either Model 1x or
2x was better than the cross-lagged model (Model 3x). Small

p values from the LRT would favour the more complex model.
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Figure 1  Schematic representation of the cross-lagged GSEM model (Model 3x). BMI, body mass index; GSEM, generalised structural equational

modelling; SES, socioeconomic status.

Further estimation to compare models was performed using
Akaike’s Information Criterion (AIC), where lower AIC scores
indicated a better fit than higher scores.>*

For GSEM Model 1b (current asthma) only, an interaction
term was fitted to investigate whether the association between
PA and odds of subsequent current asthma differentially varied
depending on the presence or absence of current asthma at a
younger age.

RESULTS

Descriptive analyses

Of the 4983 children initially recruited, 4464, 4332, 4169,
3956 and 3537 children participated at waves 2 through 6,
respectively. Documents detailing non-response at each wave
are available online (www.growingupinaustralia.gov.au). Female
participants constituted 49% of the study sample at each wave
(table 1). The percentage of children who experienced incident
asthma and current asthma at each wave decreased over time.
For all children, the mean time spent in MVPA increased from
ages 6 to 8 years, then decreased over time. The largest reduction
in time spent in PA was observed between ages 8 and 10 (waves
3 and 4).

Investigation of bidirectionality

Results of LRT comparing the single direction GSEM Models 1
and 2 to the cross-lagged GSEM Model 3 indicated that neither
model was clearly better than the others for both current and
incident asthma (table 2). Similarly, the AIC confirmed this
result, showing little difference between models. Hence, each of
the single-directional models was the most parsimonious models
and was used to estimate the individual effects. GSEM Model 3
results are presented in online supplementary table 1.

Individual effect estimates

Effect of PA on subsequent asthma

The adjusted logistic regression GSEM Model 1a indicated
a minimal effect from PA on risk of incident asthma for ages
8-12 years (table 3). There was moderate evidence (p=0.08) of
association between PA and asthma at age 10 where a 1-hour
increase in PA reduced the odds of incident asthma by 10%
(95% CI 0.81 to 1.01). At age 12, increasing PA increased the
odds of incident asthma at age 14. However, the associated
95% Cls for each age group traversed the null value, and p
values larger than 0.05 suggested that there was little evidence
of association. Similarly, although PA decreased the odds of
current asthma at 8, 12 and 14 years, there was little evidence
of association.

The p values associated with the fitted interaction term at
each age (p=0.1, 0.5, 0.1 and 0.3 at ages 8 to 14, respectively)
indicated that having previous asthma symptoms did not modify
the association between PA and current asthma. When the mean
time spent in PA at each age was stratified by the presence and
absence of current asthma symptoms at the previous wave, it
could be seen that that previous asthma symptoms had a minimal
differential impact on future time spent in PA (data not shown).

Effect of asthma on subsequent PA

Results of the adjusted GSEM Model 2a suggested that incident
asthma had little effect on the average time spent doing MVPA at
ages 8, 10 and 14 (table 4). There was weak evidence (p=0.14)
of an association at age 12, although again the associated 95%
CI traversed the null. Similarly, there was moderate evidence
(p=0.09and 0.06) for the GSEM Model 2b at ages 8 and 10,
respectively, but there was no evidence to suggest that current
asthma at ages 10 and 12 affects subsequent PA at ages 12 and
14, respectively.

Cassim R, et al. J Epidemiol Community Health 2018;0:1-6. doi:10.1136/ech-2017-210287 3
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Table 1  An overview of data collection and participant characteristics across waves

Wave 2 (2006) Wave 3 (2008) Wave 4 (2010) Wave 5 (2012) Wave 6 (2014)
Participants, n 4464 4332 4169 3956 3537
Age, mean (SD) 6.3 (0.5) 8.3 (0.4) 10.3 (0.8) 12.4 (0.5) 14.4(0.5)
Male gender, n (%) 2276 (51) 212 (51) 2132 (51) 2020 (51) 1798 (51)
BMI, kg/m” mean (SD) 16,5 (2.1) 17.6 (2.8) 19038 205 (3.9) 219(a.1)
Older sibling(s) present in the home, n (%) 2563 (57) 2464 (57) 2297 (55) 2076 (52) 1722 (49)
Incident asthma, n (%) 295 (8.39) 129 (4.26) 96 (3.53) 51(2.02) 40 (1.79)
Current asthma, n (%) 995 (22.3) 872 (20.1) 814 (19.5) 734 (18.6) 581 (16.4)
Wheeze, n (%) 697 (15.6) 527 (12.2) 468 (11.2) 380 (9.6) 295(83)
Asthma medication use, n (%) 685 (15.3) 667 (15.4) 637 (15.3) 592 (15.0) 469 (13.3)
Both wheeze and medication use, n (%) 38787 322(714) 291 (7.0) 238 (6.0) 183 (5.2)
Wheeze without medication, n (%) 31069 205 (4.7) 177 43) 142 3.6) 123.2)
TUD completed, n (%) 3385 (33) 2911 (67) 3483 (89) 2896 (73) 2157 (61)
Day of the week
Monday, n (%) 306 (9.0) 242 (83) 563 (16.2) 518(17.9) 354 (16.4)
Tuesday, n (%) 320 9.5) 307 (10.6) 635(18.2) 504 (17.4) 384(17.8)
Wednesday, n (%) 351 (10.4) 290 (10.0) 587 (17.1) 470 (16.2) 367 (17.0)
Thursday, n (%) 319(11.2) 319(11.0) 524 (15.0) 430 (14.8) 293 (13.6)
Friday, n (%) 364 (10.8) 294 (10.1) 495 (14.2) 393 (13.6) 312 (14.5)
Saturday, n (%) 798 (23.6) 726 (24.9) 147 (42) 138 (4.8) 102 (4.7)
Sunday, n (%) 855(253) 732 (25.1) 522 (15.0) 443 (15.3) 345 (16.0)
Hours spent in MVPA per day™, mean (SD)
All participants 3.3 (2.6) 3420 2.3(1.6) 1.9(1.6) 1.8 (1.6)
Participants with current asthma 32(26) 3320 22(1.6) 1.9(1.5) 18(1.5)
Participants without current asthma 34(26) 3427 23(16) 1.9(1.6) 18(1.6)
*This does not distinguish b kday and kend day, since one diary was randomily selected for children who completed two TUDs at earlier waves.

BMI, body mass index; MVPA, moderate-to-vigorous physical activity; TUD, time use diary.

DISCUSSION

This present study is the first to investigate bidirectionality of
the association between asthma and PA. In a large cohort of chil-
dren and adolescents aged 6 to 14 years, this study found no
evidence that current asthma influenced time spent in PA nor
was any effect seen from incident asthma. In addition, there was
no evidence to suggest that PA longitudinally affected either inci-
dent or current asthma at any age.

Influence of PA on asthma

Contrary to the fmdmgs by Lochte et af,s our analysis found
no evidence that PA influences either current or incident
asthma. The inconsistency between our results and those of the
systematic review’ may be due to fundamental differences in

Table 2 Comparison of three GSEM models using the AIC results
comparing each model and LRT results comparing each single
directional model to the cross-lagged model

the exposure and outcome definitions and measurement tech-
niques emploved by our team as compared with those within
the systematic review. For example, while our study looked at
time spent in PA, the sdies contained within the review used
number of team sports played,® sports participation frequency’
and duration of tv viewing® as their PA exposure. Additionally,
these studies differed in the definition of the outcome. Two
looked at doctor-diagnosed new-onset asthma,®® and the third
investigated new-onset wheeze.” On the other hand, a recently
published Norwegian cohort smudy produced similar results to
our own. They too concluded that low PA level at ages 3—6
and 6-10years was not longitudinally associated with current

Table 3 Logistic regression coefficients in ORs for the GSEM Model
1 (a—incident asthma; b—current asthma) investigating the lagged
effects of physical activity at each wave on incident and current
asthma at the next wave as the outcome

AIC LRT
GSEM medel AlC of bof X
Incident asthma 1a 29549.07 63 4 2.98 0.56
2a 29550.95 63 4 4.86 0.30

3a 29554.08 67

Current asthma 1b 43990.11 67 4 6.99 0.14
2b 43986.38 67 4 3.26 0.52
3b 4399112 n

P values

Acth Incident asthma outcome Current asthma outcome
outcome GSEM Model 1a GSEM Model 1b*

at aOR (95%C1) P values aOR (95%Cl) P values
Age 8 0.98 (0.93 t0 1.03) 0.42 0.99 (0.96 to0 1.03) 0.82

Age 10 0.90 (0.81 10 1.01) 0.08 1.00 (0.96 to 1.04) 0.88
Age 12 0.93 (0.7 0 1.13) 0.50 0.95 (0.89 o 1.02) 0.18

Age14  1.06 (0.86 10 1.32) 0.54 0.95 (0.87 10 1.04) 0.25

Models were adjusted for SEP, gender, BMI and presence of one or more older siblings in
the home.
*Model additionally adjusted for current asthma at an earlier wave.

AIC, Akaike's Information Criterion; GSEM, g ised structural equational model; LRT, aOR, adjusted OR; BMI, body mass index; GSEM, ised structural ional
likelihood ratio test. modelling; SEP, socioeconomic position.
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Table 4 Linear regression coefficients for the GSEM Model 2 (a—
incident asthma; b—current asthma) investigating the lagged effects
of asthma at each wave on physical activity at the next wave as the
outcome

Physical  Incident asthma exposure Current asthma exposure
activity  GSEM Model 2a GSEM Model 2b*

outcome

at f coefficient (95%Cl) P values p coefficient (95%Cl) P values
Age 8 0.02 (-0.40 to 0.44) 0.93 —0.22 (-0.47 t0 0.03)  0.09
Age 10 012 (01410 0.38) 0.36 ~0.14(-029100.01)  0.06
Age 12 -0.29(-069100.10) 0.4 0.01(-0.16 10 0.18) 094
Age 14 0.00 (-0.62 to 0.62) 0.99 -0.08 (-0.27 t0 0.11) 0.4

Models adjusted for SEP, gender, BMI and presence of one or more older siblings in the
home.

*Additionally adjusted for physical activity at an earlier wave.

BMI, body mass index; GSEM, lised structural i ling; SEP,
socipeconomic position.

asthma at age 13.°° Despite emerging evidence that PA may
have an anti-inflammatory effect on airways,” more evidence
regarding the long-term longitudinal effect of PA in epidemio-
logical studies 1s required.

Furthermore, we also found no evidence of interaction
between PA and current asthma symptoms on time spent in
future PA. That is, PA does not appear to differentially modify
the odds of asthma in children with and without current asthma

at an earlier age.

Influence of asthma on PA

We found no evidence that children with current or incident
asthma participate in less PA than their peers. Despite indica-
tions by previous studies, self-imposed or parentally imposed
restraints against PA involvement as a means of avoiding exacer-
bations™ ' are not being applied in these children, suggesting that
these children and their caregivers do not perceive asthma alone
to be a barrier against PA. This could be attributed to a good
understanding of an individual’s specific triggers and adequate
management and control of asthma symptoms, although asthma
control could not be measured in the present study due to a
lack of relevant data. Appropriate control of asthma symptoms,
through the strategic administration of asthma medication,
enables children with asthma to attain similar levels of PA as
their unaffected peers.*®* This is evident in our results and in
the results of other international studies,"**® many of which
measured PA through accelerometry.>*¢ On the contrary, many
studies which reported an association collected PA information
via questionnaire.”*

Strengths and limitations
This analysis had several important strengths and limitations.
Use of the data collected by the LSAC was a major strength
of this study, as the repeated, cross-sectional structure of the
LSAC data is particularly conducive to the cross-lagged analyt-
ical method used to investigate bidirectionality; bidirectional
investigations such as this are only possible in longitudinal
studies with repeated measurements of both exposure and
outcome variables, and hence previous studies have conducted
similar statistical analyses using data from LSAC with different
outcomes.*® ¥ A second strength was the large sample size of
the LSAC which powers the associations observed, despite
incomplete data and the inevitable attrition over time.

An important limitation of this study is the use of subjective
data collection techniques, such as questionnaires and TUDs.

Although commonly used in research, the imprecision of these
methods of measurement exposes the analysis to a substantial
amount of misclassification of both the exposure and outcome
variables. For example, the LSAC instrument did not capture
details about the formulation, dosage and frequency of asthma
medications used, thus inhibiting an investigation of the effect
of asthma severity or level of asthma control. Additionally,
there are limitations in extrapolating the results to habitual
PA as the measurements were collected on a single day, and
the intensity of the PA was not formally recorded. Coded vari-
ables that directly correspond to physical activities and exer-
cise, rather than work-related activities such as cleaning or
tiding up, were included. While this means that the estimated
amount of PA is more conservative than the actual amount of
PA performed, this restriction reduced the ambiguity related to
certain coded activities. Hence, to minimise the possibility of
mcorrect classification, we restricted the activities of interest
to those listed above. Finally, we were unable to adjust for
familial history of asthma and atopy.

CONCLUSIONS

Qur novel analysis found that in childhood and adolescence,
neither current nor incident asthma was longitudinally associated
with reduced reported PA. Similarly, we found little evidence to
suggest that PA has a longitudinal effect on asthma development
or symptoms, although more longitudinal research with objec-
tive PA measurement is warranted.

What is already known on this subject

» Previous research investigating the effect of either asthma
on physical activity (PA) or PA on asthma has yielded
inconsistent results. However, the possibility of a reciprocal
relationship has not yet been explored.

What this study adds

» This study uses a novel technique to investigate the
possibility of bidirectionality between asthma and PA in
children and adolescents. The results imply that a physically
active lifestyle should be encouraged in all children, as it
does not appear to have any effect on asthma. Similarly,
asthma does not appear to be a hindrance to PA in
children.
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6.6 Supplementary material to the publication

Appendix 1: List of pre-coded activities used in the Light Time Use Diaries (waves 1 to
3 only) from Baxter 2007(152) and Mullen 2014(154).

1. School or nonparental care:
e Day care centre, playgroup
e School, after/before school care
e Homework

2. Necessary activities:
Sleeping

e Sleeping, napping
e Awakein bed/cot

Eating

e Breastfeeding
e Eating, drinking, being fed
e Eating and drinking

Personal care

e Bathe/nappy change, dress/hair care

e Personal care, health care

e Bathing, dressing, toileting, teeth brushing, hair care

¢ Dentist, doctor, chiropractor, physiotherapist, optometrist

3. Leisure:
TV and music

e Watching TV, a video or a DVD
e Listening to tapes, CDs, radio, music

Computers

e Using a computer/computer game
e Computer games—internet; computer games—not internet; Xbox,
Playstation, Nintendo, Wii; internet not covered elsewhere
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Reading

Read a story, talked/sung to, sing/talk
Reading or looking at book by self
Reading/being read to

Doing nothing

Looking around/doing nothing
Do nothing, bored/restless
Doing nothing

Organised activities/ lessons/sport

Organised activities/playgroup

Organised lessons/activities

Organised sport/physical activity (e.g. swim/dance/Auskick)
Organised team sports and training: football, basketball, netball, cricket
Organised individual sports and training: swimming, dancing, tennis,
martial arts, gymnastics

Other organised lesson/activity (e.g. music, drama)

Non-active club activities: chess club, art/craft groups

Private music, language or religion lessons, tutoring

Scouts, girl guides, cadets, youth groups

Other physical activity

Crawl, climb, swing arms or legs 16

Active free play (e.g. running, climbing, ball game)

Other exercise: swim/dance/run about

Ball games, riding bike/scooter/skateboard, skipping, running, chasing

Other play/leisure

Colour/draw, look at book, puzzles

Colour/draw, look at book, puzzles, educational games
Other play, other activities

Quiet free play (e.g. board games, craft, dress-ups)
Quiet free play (e.g. jigsaw, craft, dress-ups)
Board/card games, puzzles, toys, art and craft
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Other non- home leisure time

e Taken places with adult (e.g. shopping)

e Visiting people, special event, party

e Shopping

e Going to church, museums, cultural events, fairs, community events
e C(inema

¢ Going to live sporting events

4. Travel:
e Taken out in pram or bicycle seat
e Travel in car/other household vehicle
e Travel on public transport, ferry, plane
e Walking (for travel or fun)
e Ride bicycle, trike, etc. (for travel or fun)
e Travel by foot
e Travel by bike/scooter/skateboard

5. Other activities:
Behaviour

e C(rying, upset

e Crying, upset, tantrum

e Arguing, fighting

e Destroy things, create mess

e Arguing, fighting, destroy things

e Being reprimanded, corrected

e Held, cuddled, hugged, comforted, soothed

Chores/housework

e Being taught to do chores, read, etc.

e Helping with chores, jobs

e Making own bed, tidying own room; making/preparing own food;
getting self ready, packing/unpacking own school/sports bag;
cleaning, tidying other rooms; cooking, meal preparation, making
lunch, setting table for others; washing dishes, stacking, emptying
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dishwater; gardening, putting out bin; taking care of siblings, other
children; taking care of pets; taking pets for a walk

Missing, other

e Not sure what child was doing
e Missing
e Other

Supplementary Table 6.S1: Results of the cross-lagged GSEM models for both incident and current asthma.

Incident asthma Current asthma
Asthma outcome EE (95% CI) P value EE (95% CI) P value
Wave 3 0.96 (0.91,1.02)  0.202 1.02 (0.98, 1.05) 0.405
Wave 4 0.96 (0.86,1.06) 0.470 1.03 (0.98, 1.07) 0.220
Wave 5 0.94 (0.77,1.14)  0.502 0.96 (0.90, 1.03) 0.301
Wave 6 1.07 (0.864, 0.540 0.95 (0.87, 1.04) 0.247
1.03)
Physical activity
outcome
Wave 3 -0.20 (-0.59, 0.332 -0.18 (-0.43, 0.139
0.20) 0.06)
Wave 4 0.10 (-0.15, 0.432 -0.14 (-0.29, 0.064
0.37) 0.01)
Wave 5 -0.30 (-0.69, 0.142 0.01(-0.17,0.17) 0.951
0.10)
Wave 6 0.00 (-0.62, 0.993 -0.08 (-0.27, 0.403
0.62) 0.11)

Adjusted effect estimates (EE) are presented as the odds of asthma where physical activity at the previous wave is the
exposure and as regression coefficients (in hours of MVPA) where asthma at the previous wave is the exposure.
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CHAPTER SEVEN: Investigation of the effect of asthma on physical
activity in children and adolescents

7.1  Chapter introduction

This chapter contains a second data analysis of the LSAC K cohort data, wherein the
association between asthma status and physical activity was investigated across a range
of ages spanning childhood and adolescence. The article was initially authored as an
original research piece, then later revised, and submitted as a Letter to the Editor, the
format in which it was accepted and published. The original research piece is included

below, after the published letter.

7.2 Research question

Are children and adolescents with asthma consistently less active than their non-

asthmatic peers at all ages? Does gender, BMI or SES modify this association?

7.3  Chapter synopsis

Asthma has inconsistently been found to be a risk factor for physical inactivity in children.
Whether asthma does in fact hinder physical activity in youth poses an important public
health problem, as physical inactivity has been linked to multiple adverse health
outcomes. Therefore, in this chapter, I aimed to investigate whether asthma was

associated with physical activity at any stage in childhood.

To address this research question, [ again employed data from five waves of the K cohort
of the LSAC. Asthma and physical activity data were collected from the LSAC children
biennially between the ages of 6 and 14 years of age, and the cross-sectional relationship
between asthma and physical activity at each age was investigated using multivariate
linear regression. I also examined whether gender, BMI or SES modified the association

between asthma and physical activity.
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This study found that asthma status was not associated with physical activity at any of
the multiple ages investigated. There was no evidence of a modifying effect from any of
the factors investigated This supported the finding of my previously conducted
systematic review that concluded that children with asthma were not more inactive than

their unaffected peers (see Chapter Five).

7.4 Directed acyclic graph

The following DAG (Figure 7.1) was created as part of the analytical plan for this work, to

help identify the potential relationships between variables of interest within this analysis.

BMI SES
Height
Asthma Physu:al activity
Weight /

Gender

Figure 7.1: Directed acyclic graph (DAG) of the relationships between asthma, physical activity, and the potential
covariates. Created with Daggity software.

7.5 Publication

Cassim R, Dharmage SC, Koplin JJ, Milanzi E, Russell MA (2018) Suspected asthma status
and time spent in physical activity across multiple childhood age groups. Annals of
allergy, asthma & immunology: official publication of the American College of Allergy,

Asthma, & Immunology 120 (2):219
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Suspected asthma status and time spent in physical activity

across multiple childhood age groups

Asthma is the most common chronic condition in children world-
wide; however, rates of overdiagnosis are high, particularly when
the case definition is not confirmed by spirometric assessment.'
However, it is important to encourage physical activity (PA) in chil-
dren and adolescents across age groups regardless of asthma status
because a physically active lifestyle is associated with many ben-
eficial health outcomes.?

Several studies have investigated whether PA is reduced in chil-
dren with asthma, but the results of these studies have been
inconsistent. Some found that children with asthma ranging between
the ages of 5 and 12 years were less active than their peers,*
whereas others, including one study that confirmed asthma diag-
nosis through spirometric testing,” concluded there was no difference
between children with and without asthma within the age range
of 5 to 18 years.>” Our objective was to compare the amount of time
spent in moderate to vigorous PA (MVPA) between children and ado-
lescents with and without suspected asthma at 5 different ages that
span the important transitory phases of childhood and adolescence.

We used data collected from the Growing Up in Australia: Lon-
gitudinal Study of Australian Children (LSAC), whose sampling and
recruitment methods have previously been described.® Briefly, the
cohort has been followed up biennially since the initial wave of data
collection in 2004 at the ages of 6, 8, 10, 12, and 14 years (waves
2,3, 4,5, and 6, respectively). We defined current suspected asthma
status at each age as follows: (1) parental report of physician's di-
agnosis of asthma and (2) current wheeze and/or (3) use of asthma
medications in the previous 12 months. PA was measured through
the completion of a single time use diary (TUD), which indicated
what the study child was doing and with whom for every 15-
minute interval of a 24-hour period.® For this analysis, the activities
within the TUDs were graded as MVPA based on the Compendi-
um of Energy Expenditure for Youth categorizations.®

Time spent in MVPA was the dependent variable, which was log
transformed for linear regression analyses because of its right-
skewed distribution. Univariate and multivariate analyses were
undertaken, with the covariates of socioeconomic status (SES) z score,
sex, and categorical body mass index (BMI) added to the models
in the multivariate analyses. Interactions between sex and sus-
pected asthma, SES z score and suspected asthma, and BMI and
suspected asthma were investigated by fitting an interaction term
into the adjusted linear regression model where appropriate. To ac-
commodate for attrition from wave 1, each model was weighted
using the cross-sectional sampling weights provided for the cohort.

Disclosures: Authors have nothing to disclose.
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Results of the regression model were back transformed and are pre-
sented as geometric means and 95% confidence intervals (Cls).

Of the 4,983 children initially recruited, 4464, 4332, 4169, 3956,
and 3537 children participated at ages 6, 8, 10, 12, and 14 years,
respectively. Female participants made up 49% of the study sample
at each wave. The prevalence of suspected asthma was 16% at each
follow-up between the ages of 6 and 12 years and decreased to 14%
at age 14 years (Table 1). Multiple regression found no evidence of
a difference in time spent in MVPA at any age between children with
and without suspected asthma, after adjusting for categorical BMI,
SES z score, and sex. Adjusted linear regression coefficients were
1.01 (95% CI, 0.93-1.09) at 6 years of age, 0.98 (95% CI, 0.89-1.07)
at 8 years of age, 0.94 (95% CI, 0.86-1.03) at 10 years of age, 1.01
(95% CI,0.91-1.12) at 12 years of age, and 1.04 (95% CI, 0.91-1.18)
at 14 years of age. There was no evidence of effect modification by
sex, BMI, or SES z score at any wave,

This large study compares PA levels across many ages for chil-
dren with and without suspected asthma. Overall, we found that
asthma status was not associated with time spent in MVPA at any
age. These results concur with the findings of previous Brazilian and
US studies in which no difference was found between children with
and without asthma in the time spent in PA.%7 The fact that chil-
dren with suspected asthma were not less active than those without
suspected asthma in our study may be related to an inaccurate
asthma diagnosis, disease severity, and/or symptom control. Well-
controlled suspected asthma may enable individuals to be more
physically active, Hence, the lack of difference observed between
children with and without suspected asthma in our analysis may
be attributable to a good level of suspected asthma control within
this study population or a high level of asthma overdiagnosis.

This study had several strengths, including use of the LSAC pop-
ulation, whose large sample size improved the statistical power of
the analysis. In addition, the collection of multiple waves of data
enabled us to observe the trends and changes that occur during the
important transitional phase between childhood and adoles-
cence. Conversely, this analysis had several limitations, the greatest
being the lack of confirmation of the asthma diagnosis by docu-
menting reversible airflow obstruction or methacholine
hyperreactivity. Other limitations were the lack of data on asthma
severity and control and loss to follow-up. To account for loss to
follow-up from the initial recruitment, this analysis included a
weighting variable at each wave. Another limitation is that the TUD
collection of a single 24-hour TUD is limiting and may not accu-
rately represent a child's habitual PA. However, the TUD is a validated
and accepted technique that gives an indication of the amount of
time spent in various activities,'?
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Table 1

Participant Characteristics at Each Wave?

Characteristic Wave 2 (2006) Wave 3 (2008) Wave 4(2010) Wave 5 (2012) Wave 6 (2014)
Participants, No. (%) 4464 (90) 4332 (88) 4169 (84) 3956 (79) 3537(71)
Age, mean (SD), y 6.3 (0.5) 83(04) 10.3(0.8) 124(05) 14.4(0.5)
Male sex, No. (%) 2,276 (51) 2,212(51) 2,132(51) 2,020(51) 1,798 (51)
BMI, No. (%)

Underweight 224(5) 233(5) 235(6) 260(7) 207 (6)
Normal weight 3,373(76) 3,044(71) 2,720(68) 2,549(67) 2,194 (67)
Overweight 826(19) 1012 (24) 1063 (26) 994 (26) 875(27)

Has current asthma, No. (%) 721(16) 713(16) 681(16) 624(16) 500(14)
Time spent in MVPA, median (IQR) 165 (75-300) 165 (90-300) 115 (65-187) 95 (47-164) 85(35-150)

Abbreviations: BMI, body mass index; IQR, interquartile range; MVPA, moderate to vigorous physical activity.
dLinear regression model adjusted for sex, socioeconomic status z score, and categorical BMI.

In summary, there was no evidence that children and adoles-
cents with suspected asthma at the ages of 6, 8, 10, 12, and 14 years
spent less time in MVPA. Combinations of high BMI and sus-
pected asthma, SES z score and suspected asthma, or sex and
suspected asthma did not appear to be detrimental for PA partic-
ipation. These results suggest that children with suspected asthma
across different age groups do not require more extensive target-
ing to promote PA because there is no evidence they are less active
than their peers.
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7.6  Full length article

Title: The effect of asthma status on the amount of time children and adolescents

spend in moderate to vigorous physical activity
Abstract:

BACKGROUND: Several studies have reported on the effect of asthma status on physical
activity participation, however the results of these studies have been inconsistent. Hence,
we aimed to examine the effect of asthma status on amount of time spent in physical

activity over a range of ages.

METHOD: Data were from 4983 children who participated in the Longitudinal Study of
Australian Children (LSAC). Asthma and anthropometric data were collected via
questionnaire and interview, and physical activity data were collected through Time Use
Diaries at the ages of 6, 8, 10, 12 and 14 years. Time spent in moderate to vigorous
physical activity (MVPA) per day was compared between asthmatic and non-asthmatic
children using linear regression models, adjusted for gender, socioeconomic status, and

body mass index (BMI).

RESULTS: There was no difference in time spent in MVPA between children with and
without asthma at any of the ages investigated; adjusted regression coefficients (95% CI)
for this association were 1.01 (0.93, 1.09) at 6 years, 0.98 (0.89, 1.07) at 8 years, 0.94
(0.86, 1.03) at 10 years, 1.01 (0.91, 1.12) at 12 and 1.04 (0.91, 1.18) at 14 years. The
majority of asthmatic children met WHO recommendations for daily MVPA, however the
proportion meeting these recommendations decreased with age from 84% at age 6 years

to 65% at 14 years.
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CONCLUSIONS: There was no evidence that asthma was associated with the amount of
time spent in MVPA between the ages of 6 and 14. Older children and adolescents with
asthma were less likely to meet daily physical activity recommendations, regardless of

their asthma status.
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Introduction:

Asthma is the most common chronic condition in children worldwide (7, 33); the burden
of which extends beyond the direct economic costs of medication (32). Personal costs in
the form of absence from school, lower self-confidence and social alienation due to non-
participation in activities that may exacerbate asthma symptoms, further reduce the
quality of life of individuals with asthma (96, 194). It is important however, to encourage
physical activity in children and adolescents regardless of asthma status (13, 32), as a

physically active lifestyle is associated with many beneficial health outcomes (13).

Several studies have investigated whether physical activity is reduced in children with
asthma, but the results of these studies have been inconsistent. Studies in the United
States of America and the United Kingdom found that children with asthma were less
active than their peers (9, 195), while in Norway and Taiwan studies concluded that
children with asthma were equally as active as their peers (11, 14). These differences may
be due to variations in physical activity measurement techniques and asthma definitions.
Additionally, access and availability of asthma medication and healthcare influences the
level of asthma control in various study settings (5), and hence is likely to also contribute

to the disparity in the results of published studies.

This study aimed to compare the amount of time spent in physical activity between
children and adolescents with and without asthma at five different age groups that span
the important transitory phases of childhood and adolescence. Further, the proportion of
children with and without asthma who met the World Health Organization (WHO) cut-
off of 60 minutes of daily MVPA was investigated to assess whether children and
adolescents with asthma meet current WHO physical activity guidelines (99), or whether

they require further targeting and encouragement to partake in physical activity.
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Methods:

Participants:

The research questions were addressed using data collected from Growing Up in
Australia: Longitudinal Study of Australian Children (LSAC). The LSAC is a government
funded longitudinal study of the health and development of Australian children (148).
The LSAC sampling and recruitment methodology has previously been described (147).
At the initial wave of data collection in 2004, 4983 children aged 4 years participated. The
cohort has since been followed up every two years at the ages of 6, 8, 10, 12 and 14 years
(waves 2, 3,4, 5 and 6, respectively). Data is collected via interviews, questionnaires, time

use diaries (TUDs) and through direct anthropometric measurements (147).

Asthma measurement:

Asthma data were collected via questionnaire at each follow up. Current asthma status at
each age was defined as: 1) parental report of doctor’s diagnosis of asthma and either 2)
current wheeze in the previous 12 months and/or 3) use of asthma medications in the
previous 12 months (159). Age 4 (wave 1) data were not included in this analysis because

asthma diagnosis in children is contentious before the age of 5 years (196).

Physical activity measurement:

Physical activity was measured through the completion of a single Time Use Diary (TUD)
by a parent when the children were 6 and 8 years old (in waves 2 and 3), and by the study
child when they were 10 years and older (in wave 4 and beyond). The TUD journal
requires the participant to indicate what they were doing and with whom for every 15-
minute interval of a 24-hour period. For this analysis, the activities within the time use

diaries graded as moderate-to-vigorous physical activity (MVPA) were: structured or
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unstructured active play, organized sports/lessons/activities, riding
bike/scooter/skateboard and walking/running skipping. This categorisation was made
based on the Compendium of Energy Expenditure for Youth categorisations (157). Total
time spent in MVPA for each child was calculated by the summation of minutes spent in
each activity for the day the diary was recorded. Children who engaged in 60 minutes or
more MVPA were categorised as “sufficiently active” based on the WHO recommendation

(99).

Covariates:

Based on the existing literature, the variables socioeconomic status (SES), gender and
body mass index (BMI) were selected as a priori confounders or potential effect
modifiers. Height was measured using an Invicta stadiometer from Modern Teaching Aids
in waves 2 and 3, and in waves 4, 5 and 6 a laser stadiometer was used (197). Weight was
measured using HoMedics digital BMI bathroom scales in waves 2 and 3, and Tanita body
fat scales were used in waves 4 to 6 (197). BMI at each wave was categorised as

“underweight”, “normal weight” or “overweight” based on the age appropriate cut-offs

proposed by Cole et al. (179).

Statistical analyses:

At each age, the descriptive characteristics of respondents are presented as mean values
and standard deviations from the mean (SD) unless otherwise stated. The mean time

spent in MVPA was stratified by gender and asthma status at each age and tabulated.

Current asthma status at each age was the independent variable of interest. Time spent
in MVPA was the dependent variable and log transformed for linear regression analyses

due to its right-skewed distribution. Univariate and then multivariate analyses were

111



undertaken, with the covariates of socioeconomic z-score, gender and categorical BMI
added to the models in the multivariate analyses. Interactions between gender and
asthma, SES z-score and asthma, and BMI and asthma were investigated, and an
interaction term was fitted into the adjusted linear regression model where appropriate.
To accommodate for attrition from wave 1, each model was weighted using the cross-
sectional sampling weights provided for the cohort (197). Results of the regression model
were back transformed and are presented as geometric means and 95% confidence

intervals. Analyses were conducted using Stata statistical software (181).

Results:

Of the 4983 children initially recruited, 4464, 4332, 4169, 3956 and 3537 children
participated at ages 6 through to 14, respectively (Table 7.E1). Female participants made
up 49% of the study sample at each wave, and the prevalence of asthma was 16% in each
follow up between ages 6 to 12 years, and 14% at age 14 years. At wave 2, 83.7% of the 6
year old children met the WHO recommendation of 60 minutes of MPVA per day (99). At
subsequent follow ups the percentages were 84.3%, 79.2%, 69.9% and 64.6% at age 8,
10, 12 and age 14 years, respectively (Table 7.E2). At every age, the proportion of children
with asthma who were sufficiently physically active was greater than the proportion of
children with asthma who were insufficiently active. At 6 years, 84.3% of children with
asthma were sufficiently active, 81.6% at age 8; 78.9%, 70.8% and 65.4% at 10, 12 and

14 years, respectively (Table 7.E2).

Time spent in MVPA decreased with age for both boys and girls, with the greatest
reduction in time spent in MVPA observed between the ages of 8 and 10 years for both
girls and boys (Table 7.E3). Regardless of asthma status, boys tended to be more active

than girls at all ages with a single exception. At 8 years of age, girls with asthma were
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more active than their male counterparts. This was also the age at which time spent in

physical activity peaked for girls with asthma (Table 7.E3).

Multiple regression found no evidence of a difference in time spent in MVPA at any age
between children with and without asthma, after adjusting for categorical BMI, SES and
gender (Table 7.E4). Adjusted regression coefficients (and 95% confidence intervals)
were 1.01 (0.93, 1.09) at 6 years, 0.98 (0.89, 1.07) at age 8 years, 0.94 (0.86, 1.03) at 10
years, 1.01 (0.91, 1.12) at age 12 and 1.04 (0.91, 1.18) at 14 years of age. There was no

evidence of effect modification by either gender, BMI or SES at any wave.
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Discussion:

This cross-sectional analysis of the LSAC cohort study found that asthma status was not
associated with time spent in moderate-to-vigorous physical activity in children and
adolescents aged 6 to 14 years. Furthermore, these associations were not significantly

modified by BMI, gender, or SES at any of the ages investigated.

The results of this study concur with the findings of previous Norwegian and Taiwanese
studies in which no difference was found between children with and without asthma in
the time spent in physical activity (11, 14). The fact that children with asthma were not
less active than those without asthma in our study may be related to disease severity and
symptom control. Lang et al. previously reported that asthma severity predicted activity
level in children, with greater severity associated with less physical activity (195). Hence
the lack of difference observed between children with and without asthma in our analysis

may be due to a good level of asthma control within this study population.

This analysis also found that the majority of children and adolescents met the WHO levels
of recommended physical activity, regardless of asthma status. The proportion of
children and adolescents engaged in the recommended 60 minutes of MVPA per day in
this analysis was higher than the proportion stated in a recent Australian Bureau of
Statistics (ABS) publication where only 60% of children and adolescents aged 5-17 years
were found to meet the recommendation (198). The discrepancy in proportions of
sufficiently active children and adolescents may be due to the difference in data collection
mode, and different age groups in this analysis compared to the ABS survey. The ABS
collected 8 days of physical activity data through pedometers in participants between the
ages of 5 and 17 years (198). Both the ABS survey and this study showed that time spent

in physical activity decreases with age, and hence the inclusion of older adolescents in
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the ABS survey, namely 15-17 year old adolescents, may contribute to the lower

percentage of active participants overall observed in that survey (198).

When compared to international populations, the proportion of active children in this
study exceeded the proportions reported in a study of approximately 6500 UK children
wherein 50.8% of 7 year-olds met the recommended quota (199), and a recent Irish study
of 826 primary school children aged 8 to 11 years where 22.1% (95%CI: 19.3 - 25.0%)
were sufficiently active (200). These proportions were also substantially higher than the
proportions reported for South Korean middle (6.9%) and high (4.9%) school children
(201). Again, the discrepancy could be due to the method of physical activity collection,
since both the UK and Irish studies collected accelerometry data (199, 200), although
there is evidence that physical activity engagement varies greatly between countries and

populations (100, 202).

This study had several strengths, including use of the LSAC study population whose large
sample size improved the statistical power of the analysis. An additional strength was the
collection of multiple waves of data within this cohort, which enabled us to observe the
trends and changes that occur during the important transitional phase between
childhood and adolescence. Conversely, this analysis had several limitations. One such
limitation was loss to follow up or missing data. To account for loss to follow up from the
initial recruitment, this analysis included a weighting variable at each wave. A second
important limitation of this study is the inaccurate and unspecific measurements for both
the exposure and outcome. Although the LSAC collects data on both physical activity and
asthma in children, the study was not designed to address this question. Hence the
questionnaire contained general asthma questions such as “In the last 12 months has

study child taken any medication for asthma?”, but failed to collect data on formulation,
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dosage and frequency of medication, which effectively inhibited stratification of physical
activity by asthma severity. While objective measurements such as pulmonary function
testing (PFT) for the definition of asthma would have greatly improved the accuracy and
quality of the data, it would also have greatly reduced the sample size as funding and
access to such testing is restrictive. Similarly, whilst the TUD is a validated and accepted
technique that gives an indication of the amount of time spent in various activities (203),
the collection of a single 24-hour TUD is limiting, and may not be an accurate
representation of a child’s habitual physical activity over time. Additionally, the TUD’s do
not capture the intensity of the activity performed. Hence, we used the Compendium of
Energy Expenditure in Youth to estimate the intensity of each activity listed in the TUD’s.
This may have led to an over-estimation of children’s physical activity; however, this
misclassification is likely to be non-differential. Some of these issues could have been
overcome using accelerometry as the measurement tool for physical activity, although
the use of accelerometers for such a large sample size located over a vast geographical

range would be economically and logistically challenging.

The implication of these results, therefore, is that between the ages of 6 and 14 years, the
level of control of asthma symptoms appears to be adequate so that having asthma poses
no barrier to physical activity. In addition, these results indicate that overweight children
with asthma do not require further targeting to promote physical activity as they are

equally as active as their peers.

Conclusion:

In summary, this analysis suggests that the majority of children and adolescents with
asthma meet the recommended physical activity levels in childhood. There was no

statistically significant difference in the amount of time spent moderate to vigorous
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physical activity between children and adolescents with and without asthma at the ages
of 6, 8, 10, 12 and 14, and the combinations of high BMI and asthma, SES and asthma, or
gender and asthma did not appear to be detrimental for physical activity participation in

children and adolescents.

Tables:

Table 7.E1: Table of participant demographics.

Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
(2006) (2008) (2010) (2012) (2014)
Number of 4464 (90)  4332(88) 4169 (84) 3956 (79) 3537 (71)
participants (%
of wave 1)
Mean age (SD) 6.3 (0.5) 8.3 (0.4) 10.3 (0.8) 12.4(0.5) 14.4(0.5)
Male gender 2276 (51) 2212 (51) 2132(51) 2020(51) 1798(51)
(%)
BMI
Underweight 224 (5) 233 (5) 235 (6) 260 (7) 207 (6)
(%) 3373 (76) 3044 (71) 2720(68) 2549 (67) 2194 (67)
Normal weight 826 (19) 1012 (24) 1063 (26) 994 (26) 875 (27)
(%)
Overweight
(%)
Has current 721 (16) 713 (16) 681 (16) 624 (16) 500 (14)
asthma (%)
Median (IQR) 165 (75- 165 (90- 115 (65- 95 (47- 85 (35-
time spent in 300) 300) 187) 164) 150)
MVPA

SD: Standard Deviation IQR: Interquartile range

Table 7.E2: Number (percentage) of children who met the WHO recommendation of 60 minutes of MVPA,
stratified by asthma status at each age.

n No asthma Asthma All Children
Age 6 3385 2374 (83.62) 460 (84.25) 2834 (83.72)
Age 8 2911 2067 (84.78) 386 (81.61) 2453 (84.27)
Age 10 3483 2322 (79.30) 438 (78.92) 2760 (79.24)
Age 12 2896 1695 (69.72) 329 (70.75) 2024 (69.89)
Age 14 2157 1182 (64.48) 212 (65.43) 1394 (64.63)
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Table 7.E3: Number of observations, arithmetic mean (standard deviation) of time spent in MVPA at each
wave stratified by gender and asthma status.

Boys Girls
No Asthma Total No Asthma Total
asthma asthma
Age 6 1422 334 1756 1417 212 1629
202.32 205.82 202.98 198.95 193.44 198.23
(154.79) (161.97) (156.14) (160.48) (150.95) (159.24)
Age 8 1197 292 1489 1241 181 1422
201.67 190.17 199.41 197.64 195.50 197.36
(161.71) (164.52) (162.28) (156.11) (161.87) (161.53)
Age 1476 336 1812 1452 219 1671
10 142.86 139.55 142.25 129.72 119.51 128.38
(96.64) (102.09) (97.65) (92.21) (82.89) (91.09)
Age 1245 281 1526 1186 184 1370
12 130.34 127.84 129.88 103.78 98.48 103.07
(97.62) (98.42) (97.74) (87.30) (87.11) (87.26)
Age 921 191 1112 912 133 1045
14 114.20 124.74 116.01 102.15 90.23 100.64
(96.09) (101.38) (97.05) (94.17) (72.13) (91.72)

Table 7.E4: Coefficients (95% confidence intervals) of the linear regression model for time spent in moderate
to vigorous physical activity (results have been back-transformed from the log-scale).

Age 6 Age 8 Age 10 Age 12 Age 14
Unadjusted Model
Current 1.01 0.97 0.95 1.03 1.02
asthma (0.93,1.09)  (0.89,1.07) (0.87,1.04)  (0.93,1.14)  (0.89, 1.16)
Adjusted Model
Current 1.01 0.98 0.94 1.01 1.04
asthma (0.93,1.09)  (0.89,1.07)  (0.86,1.03)  (0.91,1.12)  (0.91,1.18)
Gender 0.94 0.97 0.89 0.72 0.82
(0.89, 1.00) (0.91, 1.05) (0.84,0.95) (0.67,0.78) (0.74,0.91)
E 3 Kk kk Kk
SES z-score 1.09 1.06 0.98 1.01 0.98
(1.06,1.13)  (1.03,1.10)  (0.95,1.00)  (0.97,1.05)  (0.93,1.03)
Xk Kk
BMI
Underweight 1.01 0.92 1.00 0.91 1.05
(0.89, 1.16) (0.80,1.05) (0.88,1.15) (0.79,1.06) (0.88,1.27)
Normal Reference Reference Reference Reference Reference
weight
0.91 0.88 0.90 0.88 0.89
Overweight (0.84, 0.99) (0.81,0.96) (0.83,0.97) (0.80,0.97) (0.79.1.01)

* indicates p value < 0.05 and ** indicates p-value <0.001.
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CHAPTER EIGHT: Investigation of the relationship between
asthma and objectively measured physical activity in young
children

8.1 Chapter introduction

This chapter contains the final of three data analyses conducted as part of this PhD. The
analysis presented within this chapter used information from the HealthNuts Study to
investigate whether asthma and wheeze at the age of 4 years was longitudinally
associated with objectively measured physical activity at age 6 years. Cross-sectional
associations between asthma, early life wheeze and physical activity were additionally
examined as this study further sought to corroborate the evidence from the earlier work
and to examine whether the conclusions drawn were upheld in a younger population, and

when physical activity was measured objectively.

8.2 Research question

[s early life wheeze and suspected asthma (before five years of age) associated with less

objectively measured physical activity at six years of age in Australian children?

8.3  Chapter synopsis

There is evidence that physical activity in childhood has a positive effect on adult health
outcomes, and it is hypothesised that the lifestyle and habits developed in youth persist
into adulthood (16). However, to date, there have been no studies where accelerometry
has been used to measure and compare physical activity in young children with and
without wheeze or asthma. Hence, to address this research gap, [ utilised accelerometry
data collected at the 6 year follow up of the HealthNuts study to longitudinally and cross-
sectionally compare the time spent in moderate to vigorous physical activity at age 6

between children who experienced early life wheeze and/ or asthma and those who had
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not. Furthermore, this analytical model included several additional variables to

investigate whether they modified the associations.

The results of this study inform physical activity policymakers and health campaigners
as to whether parents of Australian children with early life wheeze or asthma require
additional targeting and education to ensure that these children continue to be physically
active as they age. The findings suggest that this may not be necessary, as children with
asthma and wheeze appeared to engage in a similar amount of time in MVPA as their
unaffected counterparts. This implies that physical activity is not restricted among these
young children with asthma, and that Australian asthma management and education

strategies are effectively eliminating asthma as a barrier against physical activity.

8.4 Directed acyclic graph

The following DAG (Figure 8.1) was created prior to analysis, to help identify potentially

important confounding variables to be accounted for in the statistical models.
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Figure 8.1: Directed acyclic graph (DAG) of the relationships between asthma, physical activity, and potential
covariates in the HealthNuts Study. Created with Daggity software.
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8.5 Publication

Cassim R, Dharmage SC, Peters RL, Koplin J], Allen K], LK Tang M, Lowe A], Olds TS,
Fraysse F, Milanzi E, Russell MA (2020) Are young children with asthma more likely to

be less physically active? Pediatric Allergy and Immunology
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Abstract

Background: Previous research suggests that children who experience asthma may
be less physically active; however, results have been inconclusive. This study aimed
to investigate whether the presence of asthma or wheeze is associated with lower
physical activity levels in children, and whether sex, body mass index or earlier
asthma or wheeze status modifies the association.

Methods: This study was conducted in 391 HealthNuts participants in Melbourne,
Australia. Asthma and wheeze data were collected via questionnaire at age 4 and 6,
and physical activity was measured through accelerometry. Using adjusted linear re-
gression models, the cross-sectional and longitudinal associations were investigated.
Results: There was no evidence of a difference in time spent in moderate-to-vigorous
physical activity (MVPA) at age 6 years between children with and without asthma
at age 4; children with asthma spent 8.3 minutes more time physically active per
day (95% Cl: -5.6, 22.1, P = .24) than children without asthma. Similar results were
seen for children with current wheeze (5.8 minutes per day more, 95% Cl: -5.9, 17.5,
P = .33) or ever wheeze or asthma (7.7 minutes per day more, 95% Cl: -4.8, 20.2,
P =.23) at age 4 years. Comparable null results were observed in the cross-sectional
analyses. Interaction with BMI could not be assessed; however, previous asthma or
wheeze status and sex were not found to modify these associations.

Conclusion: This analysis found no evidence of asthma hindering physical activity
in these young children. These results are encouraging, as they indicate that the
Australian asthma and physical activity public health campaigns are being effectively

communicated and adopted by the public.

KEYWORDS

accelerometry, asthma, children, cohort, physical activity, wheeze
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1 | INTRODUCTION

Physical inactivity is a leading risk factor for the development of a vari-
ety of non-communicable diseases. Since physical activity tracks mod-
erately through life, the promotion of a physically active lifestyle from
a young age may be important and beneficial for future health.* For
this reason, the World Health Organization (WHO) and other national
health guidelines currently recommend that children and adolescents
between the ages of 5 and 17 years engage in a minimum of 60 minutes
of moderate-to-vigorous physical activity (MVPA) daily.”® However,
numerous international studies have demonstrated that large propor-
tions of children and adolescents fail to meet the current physical activ-
ity recommendations.*® It is believed that physical activity engagement
decreases with age and that subgroups of children are more likely to be
insufficiently active than others.

Some studies have found that children who experience asthma
may lead less physically active Iivese; however, these results are
inconsistent.” Globally, asthma is the most common chronic condi-
tion in childhood, adversely affecting quality of life and constituting
an important global health problem in childhood.® Despite asthma
guidelines encouraging physical activity as a non-pharmaceutical in-
tervention for asthma, strenuous physical activity is a known trigger
for asthma exacerbations.® As such, some studies have found that
children with asthma avoid physical activity for fear of triggering
their asthma symptoms, or due to a fear of being mocked or stigma-
tized for these sym|:|t:c|m:s.‘7 Another study found that parents may
impose physical activity restrictions on children with asthma.'®

Our recent systematic review concluded that children with
asthma were equally as physically active as their unaffected peers.7
This finding was based mainly on cross-sectional studies as only one
cohort study to date had been published.“l Therefore, the present
study aimed to investigate the longitudinal relationship between
asthma and wheeze at age 4 and objectively measured physical ac-
tivity in children aged 6 years. The cross-sectional relationship at the
age of 6 years was also examined, and whether a change in asthma
status from age 4 to 6 is associated with physical activity. Finally, we
explored whether BMI and sex modified the association between
asthma and physical activity.

2 | METHODOLOGY

The HealthNuts study is a population-based study of allergic dis-
ease burden in over 5000 children.!? Between September 2007
and August 2011, children aged between 11 and 15 months who
presented for routine 12-month vaccinations at immunization clin-
ics within a 70-km radius of the Melbourne central business district
were approached to participate.“’ The cohort has been followed up
twice, first between 2010 and 2014 and then between 2012 and
2016, when the children were aged 4 and 6, respectively. At each fol-
low-up, caregivers were invited to complete the study questionnaire,
and at age 6, they were invited for a clinical assessment.*® Ethical
approval was obtained from the Human Research Ethics Committee

Key Message

This prospective study investigates the association be-
tween asthma at 4 years and physical activity at 6 years. It
provides evidence that asthma does not hinder subsequent
moderate-to-vigorous physical activity in these young,
Australian children. It provides evidence of a successful
management model used in Australia that can and should
be adopted by other settings wishing to address the issue
of insufficient physical activity in children with asthma.

(HREC) of the Office for Children, Government of Victoria (ref.
no. CDF/07/492), Department of Human Services, Government of
Victoria (ref. no. 10/07), and the Royal Children's Hospital HREC (ref.
no. 27047 and ref. no.32294).

Exposure variables were taken from the 4- and 6-year follow-ups
of the HealthNuts questionnaire. Standardized questions on asthma
and wheeze from the validated International Study of Asthma and
Allergies in Childhood (ISAAC) were used.’*** For this analysis, cur-
rent asthma was defined as parental report of ever having doctor-di-
agnosed asthma and at least one of parent-reported wheeze or use
of asthma medication in the past 12 months.™ Current wheeze was
defined as parental report of any wheezing in the last 12 months.*®
Ever wheeze or asthma was defined as a parental report of ever hav-
ing had doctor-diagnosed asthma or wheeze at 4 and/or 6 years.

Participants who attended the 6-year follow-up clinical appoint-
ment from March 2015 onwards were asked to wear the water-
proof GENEActiv (Gravity Estimator of Normal Everyday Activity,
Activinsights Ltd, Cambridgeshire, UK) triaxial accelerometer watch
on the wrist of their non-dominant hand 24 hours per day for 8 con-
secutive days, including during sleep, while swimming and at bath
time. Parents were given instructions for the use of these devices
and were asked to note the child's waking and bedtime and to briefly
describe the child's activities per day on the paper log provided.
Furthermore, they were asked to note times when the watch was
removed and replaced, and the reasons for device removal.

For this analysis, activity was sampled at 100 Hz, then collapsed
into 60-second epochs. Participant accelerometry files and paper
log were combined, and activity cut-points were applied using cus-
tom MATLAB software. Data were then manually inspected, cor-
recting for unreported periods of non-wear and re-categorizing
documented non-wear as time spent in MVPA where the physical
activity logs indicated that the device was removed for reasons per-
taining to sport participation. Individual days containing <16 hours
of wear within a 24-hour period, or <10 hours of wake wear time
were excluded from analysis. Participants with <4 valid days, or with
no weekend days of valid accelerometry, were excluded from anal-
ysis. Further detail of the accelerometry processing methodology is
reported elsewhere.'

The primary outcome of this analysis was daily minutes spent
in MVPA, as measured by accelerometry at age 6 years, where
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FIGURE 1 Flow chart of participants
through the HealthNuts study

5276 Participants contributed to 1-
year follow up

|

4291 Participants contributed to 4-
year follow up

}

4455 Participants contributed to 6-
year follow up

l

1709 Participants had a full
assessment after March 2016

|

682 Participants accepted invitation
to participate in accelerometry
component and were sent a device

}

495 Accelerometers returned

104 Files excluded

391 Participants with valid
accelerometry data included

MVPA was defined as >4350 g/min, as per the cut-offs presented
by Phillips et al*”

Potential confounders were identified from the existing scientific
literature and selected for inclusion in these analyses based on a di-
rected acyclic graph (DAG; Figure 51). Sex, BMI, the presence of older
siblings and familial history of allergy and asthma data were collected
via questionnaire at the HealthNuts follow-ups (ie ages 1 and 4 years).
The Socio-Economic Indexes for Areas (SEIFA) was used as a proxy
for socio-economic status. Based on home postcode, each partici-
pant is allocated a SEIFA Index of Relative Socio-Economic Advantage
and Disadvantage, derived from the 2006 Australian census datal®
Participant BMI at age 4 was calculated from parent-reported height
and weight and then categorized as ‘underweight’, ‘normal weight’ or
‘overweight’ based on age-appropriate cut-offs.*®

2.1 | Statistical analysis

All statistical analyses were performed using Stata/MP 151
(StataCorp LLC, College Station, TX, USA). Descriptive statistics of

the study sample are presented. Associations between individual
exposures and MVPA were analysed in univariate linear regression
models first, and then in multivariate linear regression models with
adjustment for the confounders selected based on the DAG.

Prior to an investigation of effect modification by sex, BMI, or
asthma or wheeze at age 4, the number of individuals within each
stratum was considered. Where small numbers were found within
strata, the investigation was not further pursued; however, where
numbers permitted, potential effect modification was assessed by
fitting individual interaction terms in the multivariate regression
models and comparing models using likelihood-ratio tests. Stratified

results were presented if the P value for interaction was =.05.

3 | RESULTS

Of those children who attended the 6-year clinical follow-up, 1709
children had a full assessment after March 2015 and were invited
to participate in the accelerometry testing. Accelerometers were
sent to 682 (40%) of these children, and data were returned for

124



CASSIM et aL.

‘L wiLEy

495 participants. Of these, 104 files were excluded because they
did not contain sufficient valid data or were corrupted. Hence,
this study analysed valid data from a sample of 3%1 children
(Figure 1).

In this study sample, 50.6% of children were male and 48.3%
were female (Table 1). The proportion of children who experienced
wheeze was 12.8% at age 4 years and 17.4% at age 6 years. The
proportion of children with current asthma was 8.7% at age 4 and
12.5% at 6 years. At age 6, the mean [standard deviation] time spent
in MVPA for all HealthNuts children was 98 [35] minutes per day,
and on average, boys spent more time in MVPA than girls (111 [35] vs
85 [30] minutes per day, respectively). Overall, 88.5% (82% girls and
95% of boys) of the study children met the WHO recommendation
of 60 minutes of MVPA per day.

3.1 | Association between exposures at age 4 and
physical activity at age 6

Children with current asthma at age 4 participated in an average of
8.3 (95% confidence interval (Cl): -5.6, 22.1, P = .24) minutes more
MVPA per day at age 6 than children without asthma (Table 2).
Similarly, there were no associations seen for current wheeze
(5.8 minutes 95% Cl: -5.9, 17.5, P = .33) or ever wheeze or asthma at
age 4 years (7.7 minutes $5% Cl: -4.8, 20.2, P = .23) for time spent
in MVPA at 6 years.

3.2 | Association between exposures at age 6 and
physical activity at age 6

Children who experienced current asthma at age 6 years partici-
pated in an average of 2.9 minutes more MVPA per day (95% Cl:
-12.8, 18.6) than those who did not experience current asthma
(Table 2). Similarly, children who experienced current wheeze at
6 years spent an average of 1.3 (95% Cl: -13.2, 10.6) minutes less
in MVPA than those without current wheeze and children with a
history of asthma or wheeze spent an average of 5.3 (95% Cl: -7.4,
17.9) more minutes in MVPA than their peers, with no evidence of
a difference between these groups (P =.72, P = .83 and P = 41,
respectively).

3.3 | Investigation of effect modification

The small number of observations within some strata prohibited the
investigation of effect modification by BMI at both ages (Tables 51-53).
However, likelihood-ratio test for interaction found no evidence of ef-
fect modification by sex for any of the asthma/wheeze variables at 4
or 6 years, on time spent in MVPA (all P values for interaction >0.3)
(Table 2). Similarly, there was no evidence of effect modification be-
tween exposure status at age 4 and either current asthma (P = .17),
current wheeze (P = .59), or ever asthma or wheeze (P = .70).
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TABLE 1 Comparison of descriptive characteristics of children
with accelerometry data at age 6

Characteristic N (%) or mean [SD]
Measured at1y
Sex,
Male 198 (50.7)
Female 189 (48.3)
Missing 4(1.0)
Maternal asthma,
Yes 65 (16.6)
No 326(83.4)
Missing 0
Paternal asthma,
Yes 55(14.1)
No 336(85.9)
Missing 0
Older siblings, n (%)
Yes 185(47.3)
No 204 (52.2)
Missing 2(0.5)
SEIFA index,
1 (most disadvantaged) 74(18.9)
2 71(18.2)
3 95(24.3)
4 76(19.4)
5 (least disadvantaged) 75(19.2)
Measured at4y
BMI,
Underweight 36(9.2)
Normal weight 179 (45.8)
Overweight 34(8.7)
Missing 142 (36.3)
Current asthma,
Yes 34(8.7)
No 258 (66)
Missing 99(25.3)
Current wheeze,
Yes 50(12.8)
No 238 (60.9)
Missing 103 (26.3)
Ever asthma or ever wheeze,
Yes 57 (14.6)
No 304 (77.8)
Missing 30(7.7)
Measured at 6y
BMI, n (%)
Underweight 80 (20.5)
(Continues)
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TABLE 1 (Continued)

Characteristic N (%) or mean [SD]
Normal weight 265 (67.8)
Overweight 41(10.5)
Missing 5(1.3)
Maternal education, n (%)

High school 49 (12.5)
Technical or trade qualification 86(22)
University qualification 237 (60.6)
Missing 19 (4.9)
Paternal education, n (%)
High school 45(11.5)
Technical or trade qualification 116 (29.7)
University qualification 200 (51.1)
Missing 30(7.7)
Current asthma, n (%)
Yes 49(12.5)
No 337(86.2)
Missing 5(1.3)
Current wheeze, n (%)
Yes 68(17.4)
No 305 (78.0)
Missing 18 (4.6)
Ever asthma or ever wheeze, n (%)
Yes 57 (14.6)
No 332 (84.9)
Missing 2(0.5)
Minutes spent in MVPA,
Total 97.9(35.1]
Boys 110.7 [35]
Girls 84.8[30.3]
Met WHO recommendation for
MVPA,
Total 346 (88.5)
Boys 188 (94.9)
Girls 154(81.5)

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous
physical activity; SD, standard deviation; SEIFA, Socio-Economic
Indexes for Areas.

4 | DISCUSSION

This study is among the first to look at the longitudinal relationship
between asthma and wheeze and objectively measured MVPA in a
population of young children. We found no evidence of associations
between current asthma, current wheeze, or a history of ever hav-
ing asthma and wheeze at 4 or 6 years and MVPA as measured by
accelerometer at 6 years of age. Statistical tests for interaction also
found no evidence for effect modification by either sex, or asthma

or wheeze status at 4 years. We were unable to explore effect

WILEY-

modification by BMI due to insufficient power. Within this sample,
the majority (88.5%) of children met the WHO recommendation of
60 minutes of MVPA per day. A greater proportion of boys (5%)
than girls (82%) achieved this recommended amount. The mean
time spent in MVPA in this study was 98 [35] minutes per day. This
suggests that the cohort was highly active, contrary to reports of
inadequate physical activity on other studies of this age group.”®**

The null results obtained in the present study are concordant
with the other longitudinal study of the association between wheeze
and physical activity in young children,'" and with the few additional
studies that have found no longitudinal association between asthma
and physical activity in youth.?** Further, this result supports the
finding of our previously published systematic review’ and multiple
studies that have found no cross-sectional associations.”*?* These
null results are a positive indication that, at least within Australia,
these young children with asthma are not restricting their physical
activity engagement on account of their asthma. Of course, these
results are likely to be age-dependent, with older children and ad-
olescents partaking in less physical activity. However, these re-
sults suggest that the current asthma guidelines and public health
messaging on the importance of physical activity in childhood are
being effectively disseminated to, and well adopted by parents.
Additionally, it signifies that general practitioners are providing chil-
dren with asthma and their parents or caregivers with appropriate
and effective management plans and knowledge, thus adequately
controlling asthma symptoms and allowing these children to partic-
ipate in physical activity without fear. These results and their impli-
cations may not be generalizable to other settings around the world,
where a variety of different social, health care and economic factors
may influence the relationship between asthma and physical activity.

A major strength of this analysis is the use of robust tools for
the outcome measurement of MVPA. The present study is one of
few that has used accelerometers to measure physical activity in
children as young as 6 years. The use of the validated ISAAC ques-
tionnaire, 2 together with objective accelerometry measurements,
inspires confidence in the data. The use of an objective measurement
technique is particularly important for the collection of physical ac-
tivity data in children of this age, since subjective measurements of
physical activity in young children may be over- or underestimated.?”
Measurements by proxies such as parents or caregivers may be in-
accurate, since young children tend to have brief bursts of activity
that can be difficult to quantify through observation.”® An additional
strength is the data drawn from a prospective, population-based co-
hort of young children, which enables the assessment of data in a
longitudinal manner to account for the temporality of the association,
unlike previous studies that have been cross-sectional in nature. 2%

This study also had several shortcomings. First, the high propor-
tion of HealthNuts children who met the WHQ's physical activity
recommendations may be due to potential selective participation for
children who were more active. Children from higher socio-economic
status have higher levels of physical activity,:"“ this may be reflected
in the current results, where families with a higher SEIFA index were
found to be more likely to participate in the HealthNuts studw,'.12 This
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TABLE 2 Table of adjusted regression coefficients, 5% confidence intervals for cross-sectional and longitudinal models and P values for

the likelihood-ratio tests for interaction

Current asthma

Coefficient (25% Cl) Pvalue
Longitudinal (exposure at 4 y) 8.3(-5.6,221) 24
Interaction with sex 41
Cross-sectional (exposure at 29(-12.8,18.6) 72

éy)

Interaction with sex A4
Interaction with exposure a7

status at age 4

Current wheeze Ever wheeze or asthma
Coefficient (95% CI) Pvalue Coefficient (95% Cl) Pvalue
5.8(-5.9,17.5) .33 77(-4.8,20.2) .23

51 .89
-1.3(-13.2,10.6) .83 5.3(-74,179) A

a9 i |

.59 70

Note: Longitudinal models adjusted for sex, SEIFA, older siblings, maternal and paternal asthma and BMI at 4 y. Cross-sectional models adjusted for
sex, SEIFA, older siblings, maternal and paternal asthma, BMI at 6 y and the respective exposure status at 4 y.

limits the external generalizability of these results. Further, major
limitations with accelerometry persist through the lack of an agreed
and standardized processing, analysing and reporting method.*! For
example, the threshold used to define moderate-to-vigorous physical
activity can vary widely, resulting in substantially different results and
conclusions.” However, as our study focused on comparative differ-
ences in MVPA, the choice of cut-point should have no effect on the
findings. Secondly, when the accelerometer was removed for sport,
we replaced the entire non-wear period with MVPA. This likely results
in an overestimation of MVPA for these periods, since the removal
period may also include time to get changed, shower, etc As a result,
this could create misclassification if some participants reported sig-
nificantly more sport non-wear than others. This issue is discussed
in greater detail elsewhere!®; however, any misclassification is likely
to be non-differential across categories of children with and without
asthma as their reporting of physical activity was independent of
their knowledge of this study’s research questions and exposures of
interest. Finally, a substantial amount of missing data at the 4-year fol-
low-up meant there was insufficient power to present reliable results
for interaction between BMI and asthma. Future longitudinal studies
with greater statistical power should explore the signal for asthma and
BMI in more depth.

5 | CONCLUSION

We found no evidence of either longitudinal or cross-sectional as-
sociations between current asthma, current wheeze or a history of
ever having had asthma or wheeze and the amount of time spent
in objectively measured moderate-to vigorous physical activity at
6 years of age. These results suggest that in this Australian setting,
asthma guidelines and management strategies seem to be working
effectively, so that physical activity is not restricted in young chil-
dren with asthma.
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8.6 Supplementary material to the publication

Supplementary Table 8.S1: The distribution of exposures by category of BMI.

BMI AT 4 YEARS
UNDERWEIGHT NORMAL OVERWEIGHT  MISSING
(N=36) WEIGHT (N=34) (N=142)
(N=179)
NO ASTHMA (N=258) 30 162 31 35
ASTHMA (N=34) 6 13 3 12
MISSING (N=99) 0 4 0 95
NO WHEEZE (N=238) 29 148 32 29
WHEEZE (N=50) 6 25 2 17
[70]
% | MISSING (N=103) 1 179 34 142
=
> | NO HISTORY OF ASTHMA
N 28 161 31 84
B | ORWHEEZE (N=304)
& | HISTORY OF ASTHMA OR
2 8 18 3 28
S WHEEZE (N=57)
’5 | MISSING (N=30) 0 0 0 30
BMI AT AGE 6 years
UNDERWEIGHT NORMAL OVERWEIGHT  MISSING
(N=80) WEIGHT (N=41) (N=5)
(N=265)
NO ASTHMA (N=337) 70 227 36 4
E ASTHMA (N=49) 10 35 4 0
& | MISSING (N=5) 0 3 1 1
= | NO WHEEZE (N=305) 67 200 34 4
<
= | WHEEZE (N=68) 10 53 5 0
2 MISSING (N=18) 3 12 2 1
£ [NO HISTORY OF ASTHMA
= 69 222 37 4
OR WHEEZE (N=304)
HISTORY OF ASTHMA OR
11 42 4 0
WHEEZE (N=57)
MISSING (N=30) 0 1 0 1
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Supplementary Table 8.S2: The distribution of exposures at ages 4 and 6 by sex.

MALE FEMALE MISSING
(N=198) (N=189) (N=4)
EXPOSURES AT AGE 4

NO ASTHMA (N=258) 129 127 2
ASTHMA (N=34) 23 10 1
MISSING (N=99) 46 52 1
NO WHEEZE (N=238) 118 118 2
WHEEZE (N=50) 32 17 1
MISSING (N=103) 48 54 1
NO HISTORY OF ASTHMA OR WHEEZE

145 156 3
(N=304)
HISTORY OF ASTHMA OR WHEEZE

38 18 1
(N=57)
MISSING (N=30) 15 15 0

EXPOSURES AT AGE 6

NO ASTHMA (N=337) 162 172 3
ASTHMA (N=49) 33 15 1
MISSING (N=5) 3 2 0
NO WHEEZE (N=305) 147 156 2
WHEEZE (N=68) 43 24 1
MISSING (N=18) 8 9 1
NO HISTORY OF ASTHMA OR WHEEZE

155 174 3
(N=332)
HISTORY OF ASTHMA OR WHEEZE

42 14 1
(N=57)
MISSING (N=2) 1 1 0
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Supplementary Table 8.S3: The distribution of exposure status at age 6 by previous exposure status at 4

years.

EXPOSURE AT AGE 4

EXPOSURE AT AGE 6
NO ASTHMA (N=337)  ASTHMA (N=49) MISSING
(N=5)
NO ASTHMA (N=258) 246 10 2
ASTHMA (N=34) 9 25 0
MISSING (N=99) 82 14 3
NO WHEEZE (N=305)  WHEEZE (N=68) MISSING
(N=18)
NO WHEEZE (N=238) 213 18 7
WHEEZE (N=50) 19 27 4
MISSING (N=103) 73 23 7
NO HISTORY OF HISTORY OF MISSING
ASTHMA OR WHEEZE ASTHMA OR (N=2)
(N=332) WHEEZE (N=57)
NO HISTORY OF
ASTHMA OR WHEEZE 287 15 2
(N=304)
HISTORY OF ASTHMA
18 39 0
OR WHEEZE (N=57)
MISSING (N=30) 27 3 0
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Supplementary Figure 8.S1: Directed Acyclic Graph (DAG) showing the potential relationships between asthma and
physical activity. Created with Daggity 3.0 software.
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CHAPTER NINE: Discussion

9.1 Chapter introduction

This discussion chapter aims to contextualise this doctoral work by considering how the
key findings and methodological approaches relate to the existing literature and
theoretical epidemiological concepts. The chapter begins with a succinct summary of my
thesis, followed by a discussion of my key findings in the context of other research in this
area. Subsequently, I will expand upon methodological issues encountered within this
thesis and how they may have influenced my doctoral findings. I will also discuss the
epidemiological concepts involved in assessing the causation of an association, which I
have attempted to address within this body of work. The implications of these findings
and the recommendations for clinicians, public health policy makers and researchers are

outlined in the next and final chapter of this thesis (Chapter Ten).

9.2 Thesis Summary

My doctoral work investigated the relationship between physical activity and asthma in
five research projects. Each project investigated one of the following three assertions in

children and adolescents:

1. Increased physical activity has a beneficial or protective effect on subsequent
asthma
2. Experiencing asthma negatively affects the amount of physical activity performed

3. Abidirectional association exists between physical activity and asthma

Evidence on the first two assertions were synthesised using the systematic review
methodology, and one qualitatively collated the evidence through a metanalysis. These
systematic reviews highlighted the lack of evidence in the above statements. Therefore,
all three assertions were tested through the statistical analyses of data collected in
children and adolescents up to the age of 18 years across two cohorts. In these cohorts,

asthma and physical activity data were collected using a variety of tools, including
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questionnaires, diaries, and accelerometers. A variety of statistical techniques were
employed for the analyses of these associations. These included linear and logistic

regression, and generalised structural equational modelling.

The first of two systematic reviews included in this thesis investigated the association
between physical activity and subsequent asthma and lung function outcomes in children
and adolescents (Chapter Four). I searched the PubMed and EMBASE databases for
longitudinal investigations of these associations. Of the nine articles eligible for inclusion
on this systematic review, two studies found no association with incident wheeze, two of
four found no association with various asthma outcomes. Three of these nine studies
investigated the effect on lung function, with one observing an association in boys only,
one in girls only, and one found no associations. This systematic review concluded that
there was insufficient evidence to determine the role of physical activity on asthma and
lung function. This systematic review was published in 2019 in the Journal of Pediatric

Allergy and Immunology (204).

The second systematic review (Chapter Five) investigated the association between
asthma status and objectively measured physical activity in children and adolescents.
Three databases (MEDLINE, PubMed and EMBASE) were searched for articles that
measured physical activity in children and adolescents up to the age of 18 years. |
restricted my review to objective measurements of physical activity in an attempt to
minimise measurement error. Twelve studies, comprising of 1 cohort and 8 cross-
sectional studies were included in my systematic review. The meta-analysis of data from
the single cohort study and 8 cross-sectional studies found little difference between the
amount of physical activity performed by children with and without asthma (overall
mean difference 0.01 (95%CI:-0.09-0.11) activity counts per minute). This systematic

review and meta-analysis was published in 2016 in the Journal of Asthma (205).

The data analyses within this thesis were designed to address the knowledge gaps
detected within the systematic reviews by quantitatively investigating associations
between asthma and physical activity in two longitudinal cohorts of Australian children.
That is, | endeavoured to use standardised and robust measurement and analytical tools,

and to explore the relationships in different age groups.

134



The first of three data analyses used repeated data collection from the LSAC to
investigate the possibility of a bidirectional relationship between asthma and physical
activity in children and adolescents (Chapter Six). I used asthma and physical activity data
that the LSAC collected at five timepoints and analysed them using generalised structural
equational modelling (GSEM). The study found no evidence of associations between
physical activity and subsequent asthma nor between asthma and subsequent physical
activity. I concluded that the results of this analysis should be confirmed with objective
measures of physical activity. This paper was published in 2018 in the Journal of

Epidemiology and Community Health (206).

The second data analysis again used LSAC data to investigate whether individuals with
asthma are less active than their peers at several ages that spanned the important
developmental transition from childhood to adolescence. This analysis found there was

no difference in the amount of activity performed by those with compared to those

without asthma (Chapter Seven) at any of the ages investigated. This analysis was

published in 2018 in the Journal of Annals of Allergy, Asthma & Immunology (207).

The final results chapter (Chapter Eight) analysed data from the HealthNuts cohort of
children. This study investigated the effect of asthma status at age 4 on time spent in
objectively measured MVPA at age 6 and tested for interactions by sex, categorical BMI,
and earlier exposure status. This analysis again found no association between asthma or
wheeze and subsequent time spent in physical activity, and that these associations were
not modified by either sex, BM], or previous exposure status in this cohort of preschool
aged children. This final analysis was recently published in the Journal of Pediatric

Allergy and Immunology (208).

Hence, in this doctoral work, I consistently found no evidence of associations between
physical activity and asthma, irrespective of participant age, whether physical activity
was measured subjectively or objectively, follow up time, or direction of association.
Hasty floccinaucinihilipilification of these null findings would be erroneous; contrarily,
these null results are valuable and inspiring, as they convey a positive message of

Australian success in the establishment of:

1. Adequate and appropriate asthma management by healthcare providers

2. Effective physical activity promotion by public health bodies
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3. Positive attitudes toward physical activity in children with asthma and their

parents and caregivers.

9.3 Contextualising these findings

In the following sections, I will discuss the findings of my thesis in the context of
existing research.

9.3.1 Effect of asthma on physical activity

The systematic review and data analyses conducted within this body of work consistently
produced evidence to suggest that there is no association between asthma and reduced
physical activity in children and adolescents either cross-sectionally or longitudinally.
This result endured within the data analyses conducted for this thesis, despite alterations
in the sample population tested and the measurement tools employed to collect data. This
conclusion is concordant with findings of previous cross-sectional studies in which no
difference was found between children and adolescents with and without asthma in the
time spent in physical activity (11, 14, 209-213) as well as with the few studies that have
found no longitudinal association between the presence of asthma and physical activity
in youth (210, 214). These studies include children and adolescents of various ages.
Additionally, much of the previously conducted research has been in carried out in
countries such as Norway and the UK which share similar sociodemographic properties
as Australia (see section 9.6 External validity of this research program), but similar

results have also been seen in Brazilian children (212).

Contrastingly, the conclusions of this doctoral research are discordant with a previous
review by Williams et al who concluded that individuals with asthma are less likely to
participate in physical activity than individuals without asthma (7). While this review
restricted their population to children and adolescents, they did not include any studies

that measured physical activity objectively through accelerometry (7).

It is worth noting that many studies that reported an association collected physical

activity information via questionnaire (6, 9, 215, 216), whilst those that did not find an
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association between asthma and physical activity measured physical activity through
accelerometry (12, 214, 217, 218). This suggests that there is a risk of systematic
measurement error in the reporting of physical activity based on asthma diagnosis, which

may lead to differential misclassification bias.

The evidence produced by the work in this thesis, together with existing literature,
therefore, appears to support the assertion that asthma does not adversely affect the

amount of physical activity that an affected child performs.

9.3.2 Effect of physical activity on asthma

The findings produced in this thesis further suggested that there is no evidence that
physical activity longitudinally affects subsequent asthma development or symptoms.
This is in direct contrast to earlier reviews by Lochte et al. (191) and Eijkemans et al. (2),
both of whom found physical activity to play a protective role against the incidence of
asthma in children (191) and adults (2). Whilst Eijkemans et al. concluded that higher
levels of physical activity were associated with lower incidence of asthma (OR 0.88 (95%
CI: 0.77-1.01), their conclusions were based on their meta-analysis of five longitudinal
studies (I2=45%) conducted primarily in adult populations (2). The authors did not have
the longitudinal evidence to support this conclusion in child populations, as all included
studies that were conducted in child populations were cross-sectional (2). However, the
same authors recently published results of a prospective analysis of 1838 children from
the KOALA birth cohort study (219). This study concluded that physical activity was not
associated with future asthma development in children (219); a result which
corresponds with the findings of this thesis. A further longitudinal study of objectively
measured physical activity and subsequent wheeze in 347 young children similarly
concluded that physical activity was not associated with subsequent wheezing or

shortness of breath (220).

On the other hand, the Lochte et al. review that did restrict their research to children and
adolescents, meta-analysed 3 cohort studies which led to the conclusion that low levels
of physical activity were associated with increased odds of new-onset asthma (OR [95 %

CI] 1.32 [0.95; 1.84] [random effects] and 1.35 [1.13; 1.62] [fixed effects]) (191). Within
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this review, there were substantial differences in definitions of physical activity used in
the meta-analysis, resulting in moderate levels heterogeneity (12 = 60.6%) (191). The
definitions of physical activity incorporated within this review were also very different
from the ones I employed in my own review, meaning that there was no overlap in the
studies included in the two reviews. For example, while my own review considered
sedentary behaviour to be a distinct concept from physical activity (221), Lochte et al.
included sedentary activities such as TV viewing as a proxy measure for low physical
activity (191). I expect that these methodological differences are at the root of the
opposing conclusions drawn by Lochte et al’s review and that of my own systematic

review.

While the role of physical activity on lung function has recently been investigated in
adults (222), my second systematic review highlighted a paucity of longitudinal studies
that investigated the role of physical activity on asthma persistence or lung function in
youth (204). This shortage of studies and the heterogeneity amongst them impeded any
pooling of results. Thus, there was insufficient evidence available to draw conclusions
regarding the role of physical activity on asthma persistence or lung function. Some RCT’s
have investigated the effect of exercise training interventions on aerobic fitness, lung
function, asthma control and quality of life and have found their interventions to have a
positive impact (137, 138), and a systematic review is underway (223). However, these
results cannot be used to infer associations in free living conditions over extended
periods of time. Similarly, results from the adult study which found evidence of positive
associations between physical activity and lung function (in both directions) (222),

cannot be extrapolated to younger populations.

Hence, evidence on for a role of physical activity on asthma in children and adolescents
is still relatively scant, and further longitudinal investigations are essential. Existing
research suggests that there is little evidence that physical activity plays a beneficial role
by reducing the development of asthma in childhood and adolescence, while evidence for
the role of physical activity on asthma persistence or lung function is both inadequate

and inconsistent.
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9.4 Overall methodological strengths and limitations

As with any research, this doctoral work possesses both strengths and limitations. In the
following sections, I will comment on the both the strengths and limitations of the overall
methodology used in this doctoral work. In this section, I appraise the truth and
trustworthiness of my findings, by examining various potentially influential factors
within the methodology of the research and the applicability of the findings to the other

settings (internal and external validity, respectively).

9.4.1 Study designs employed

In this doctoral work, I attempted to investigate the association between physical activity
and asthma and identify which was the ancestral variable in the association. Hence,
longitudinal studies were favoured in this thesis as they are the most appropriate design

to investigate the issues of temporality within associations (224).

Although a randomised controlled trial to investigate the effect of physical activity on
asthma incidence may enable researchers to control the physical activity exposure and
confounding variables among groups of children, such a study is not feasible. The cost of
such a trial would be substantial, and the sample size and length of time required for
follow up also make this study design impractical, unethical, and wholly unsuitable for
the research questions under examination. Additionally, an RCT to investigate the
relationship between asthma and physical activity is implausible and nonsensical, as

asthma cannot be randomly assigned to participants.

Case-control study designs are also not suitable to address these research questions, as
the retrospective collection of exposure data that occurs in case-control studies subjects
the study to further bias: recall bias inherent in case-control studies, and social
desirability bias. Social desirability bias is where participants aware of the associations
under investigation, provide responses considered socially desirable rather than those
that reflect the truth (225). Furthermore, in case-control studies, the selection of controls
should be representative of the source population. This can be quite challenging and, if

done incorrectly, can result in selection bias.
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Further, case-control studies, as with cross-sectional designs, raise the issue of reverse
causation, thus inhibiting any investigation of temporality and causal associations. Hence,
this doctoral work utilised data from longitudinal studies that both consisted of
measurements taken at multiple time points: The Longitudinal Study of Australian
Children (LSAC) and the HealthNuts study. The chosen study design was the best and

most appropriate approach to address my research questions.

9.4.2 Bias

9.4.2.1 Selection bias

Selection bias is a consequence of the selection of participants into a study and factors
that influence study participation (226). It may arise at various stages of a study through
the way in which individuals are selected into an analysis of a study. Selection bias
incorporates biases arising from the inappropriate selection of controls in case-control
studies, differential loss to follow up (attrition), nonresponse (missing data) or selection
of participants from volunteers (volunteer bias) or other driven groups (e.g. the healthy-
worker bias) (193, 227). It may lead to an over or under-estimation of the true
association. For example, inappropriate sample selection may not reflect the true
population effect if the selected sample is not representative of the source population.
Another example is where unequal loss to follow-up amongst either the exposed or
unexposed group results in differential misclassification (227). Selection bias can be
minimised by designing a study well, ensuring high participation and retention, and by

minimising missing data where possible.

Within this doctoral work, data were drawn from two longitudinal cohort studies. The
LSAC participants were drawn from a nationally representative population-based sample
of children, so selection bias arising from participant selection and recruitment is likely
to be minimal. The HealthNuts sample, however, was drawn from a smaller geographical
range, making them less representative of children nationally. Selective participation for
higher SEIFA index and older mothers was observed and documented for this study

(228). It is possible that this resulted in a sample that was more likely to be more active,
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as higher SES has been linked to higher levels of physical activity (229). This may have
artificially increased the physical activity level and decreased the representativeness of
our study sample compared to the general population. Neither of these cohorts were
intentionally recruited or selected based on their asthma or physical activity status, hence
itis unlikely that the selection of participants into this doctoral work has markedly biased

my results.

Loss to follow up is an inevitable element of longitudinal studies. As both the LSAC and
HealthNuts studies are longitudinal cohort designs, they are subject to attrition over time
as participants withdraw or are unable to be traced. While both of these cohort studies
were subject to loss to follow up over time, it is unlikely that the reason for loss to follow
up in either of these studies are due to both the exposures and outcomes of my doctoral

research. Hence, it is unlikely that attrition has been a source of bias in my doctoral work.

Missing data were a potential problem within this thesis. Missing data were assumed
missing at random and complete case models were used in the final analyses. It is again
highly unlikely that data were missing differentially based on a participants’ exposure or

outcome status.

9.4.2.2 Information bias

Information bias occurs as a result of measurement error. Within association studies, it
arises due to error in the measurement of exposure or outcome. Measurement error can

arise in several ways:

e Tools and instruments employed by researchers, e.g. questionnaires
¢ Respondent error, e.g. through misunderstanding of a question

e Observer or interviewer error, e.g. nonspecific wording of a question
e Data processing error, e.g. accidentally incorrect data entry or coding

e Underlying variability within the construct of interest, e.g. blood pressure

Measurement error can be differential, or non-differential. Measurement error is referred
to as differential misclassification if the error within the measurement of the exposure

differs depending on the status of the outcome. Differential misclassification may
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strengthen or attenuate an association. Non-differential misclassification occurs when
error within the measurement of the exposure does not differ depending on the status of

the outcome. Non-differential misclassification predictably attenuates associations.

Potential measurement error within this doctoral work is explored below in depth,
however, since measurement of the exposures and outcomes of this doctoral research
occurred without prior knowledge of the research questions specific to this doctoral
work, the likelihood of misclassification of exposures and outcomes is minimal, and any

misclassification encountered is likely non-differential in the context of this thesis.

9.4.3 Variable definitions and assessment

The way in which variables are defined can have a significant impact on the interpretation
of the results. The definitions used for the collection and analyses of data also affects the
comparability of the findings to other research. Hence, in this work, I used definitions for
asthma and physical activity that largely adhered to definitions used in previous research,
whilst capturing the concepts of interest. Furthermore, while details of each variable
assessment and use are described in full within each chapter, in this section, I discuss

some of the methodological issues and their potential effects on the results obtained.

9.4.3.1 Asthma definitions

Asthma is an umbrella term for a number of heterogenous, chronic respiratory
conditions. Thus, definitions used vary greatly in the existing literature and there is no
single operational definition currently in use for epidemiological research (230, 231).
Presently, the gold standard definition for current asthma used in epidemiological studies
involves a combination of a reported medical diagnosis of asthma together with reported
asthma symptoms over the past 12 months and/or at least a 12% and over 200 mL
increase in FEV1 after bronchodilation (230). A recent report found this definition to be
inadequate, and proposed that a standardised definition ‘should include a composite
score based on questionnaire-driven responses and airway reversibility as these

measures probably address different expressions of the disease’ (230). However, lung
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function testing is not routinely performed in child populations (230), and may not be

viable for sizeable epidemiological studies with large sample sizes.

Since lung function data were not available for use within this thesis, with the exception
of systematic reviews, the following asthma definitions were used in the data analyses

(Table 9.1):

Table 9.1: Asthma definitions used in this thesis

Variable Definition Thesis
chapter(s)
where
definition was
used

Incident This first report of a doctor’s diagnosis of asthma Six

asthma when a diagnosis of asthma had not previously been

reported (232).
Current Parental report of doctor’s diagnosis of asthma and Six, Seven, Eight
asthma either current wheeze in the previous 12 months

and/or use of asthma medications in the previous 12

months (159).

Current Parental report of any wheezing in the last 12 Eight

wheeze months (160).

Ever Parental report of ever having had asthma or Eight

wheeze or | wheeze.

asthma

These definitions are commonly used in large epidemiological research studies around the

world, when lung function parameters cannot be obtained.
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9.4.3.2 Asthma assessment

The studies employed in this doctoral work assessed asthma in two ways. Firstly, the
LSAC study collected asthma data via their study questionnaires (see Appendices).
Similarly, the HealthNuts used standardised questions on asthma and wheeze taken from
the International Study of Asthma and Allergies in Childhood (ISAAC) (161, 162) (see
Appendices). While the use of questionnaires to collect information is a commonly
employed epidemiological tool, this method of subjectively collecting data is inherently
open to measurement error and social desirability bias. With regard to asthma, non-
differential measurement error may arise as parents or participants may struggle to
accurately recall exact symptoms, their frequency and timing. However, any biases
introduced by the method of data collection is unlikely to vary between classes of physical
activity, as these data were collected independently, and participants and parents were
unaware of the research questions for this thesis. Hence, overall, while the method for
the assessment of asthma may be inaccurate, any potential biases are unlikely to have

been differential, and as such, would have attenuated the results toward the null.

9.4.3.3 Physical activity definition

The accepted definition for physical activity is “any bodily movement produced by
skeletal muscles that requires energy expenditure” (101). This definition encapsulates all
forms of activity, including walking (for transport of leisure), sport and recreation (e.g.
yoga or dance), and even domestic activities (e.g. gardening). Therefore, this definition is
used to determine habitual physical activity levels as opposed to time spent specifically
in formal physical activity or exercise programs which tend to be ‘planned, structured
and repetitive movements’ (e.g. at the gym) (102). Hence, when using this definition, we
are able to gain insight into the overall activity levels of individuals. This is important, as
children and adolescents who may not specifically make time for formal physical activity
programs, may still be active in their other daily activities, for example by taking active
transport to and from school or through active play. The current WHO recommendations

for physical activity by age group are:
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e Children and adolescents between the ages of 5 and 17 years should accumulate
at least 60 minutes of MVPA daily.

e Adults aged 18 to 64 years are recommended to engage in a minimum of 150
minutes of MPA, or 75 minutes of VPA, or an equivalent combination of MVPA in
bouts of at least 10 minutes duration, throughout the week.

e Older adults aged 65 and over should similarly engage in at least 150 minutes of
MPA, or 75 minutes of VPA or an equivalent combination of MVPA in bouts of at

least 10 minutes duration, throughout the week.

Whilst the WHO guidelines are clear in terms of duration and frequency of physical
activity, measurement, and definition of different intensities of physical activity are
remain a challenge. These are discussed in further details below in section 9.4.3.4

Physical activity assessment.

In this thesis, where TUD’s were analysed to obtain physical activity estimates (Chapters
Six and Seven), the reported time spent in each activity was summated to provide a

continuous measure of time spent in physical activity.

For accelerometers, calibration studies have been conducted to determine appropriate
cut off points for distinguishing between light, moderate and vigorous intensity physical
activities. These usually involve comparing accelerometer activity counts with measures
of oxygen uptake (i.e. indirect calorimetry) (233). However, different studies have
recommended different cut offs thresholds to define physical activity intensities, as
demonstrated below in Table 9.2. This variability between thresholds used for analysing
data adds uncertainty to estimates and reduces the comparability of results between

studies (234).

Table 9.2: Physical activity intensity cut offs used in different studies

Source Participant Epoch SB LPA MPA VPA
age length

Evenson 5-9 15 0-25 26-573 574-1002 >1003

(233)

Treuth 13-15 30 0-50 51-1499 1500-2600 =2601

(235)

145



Puyau 6-16 60 0-799  800-  3200-8199 >8200
(236) 3199

Mattocks 12 60 0 - 3580 3581-6129 > 6130
(237)

Romanzini 10-15 15 0-180 181-756 757-1111 =1112
(238)

Phillips 8- 14 1 0-487  488- > 4350

(168) 1575

9.4.3.4 Physical activity assessment

Methods of physical activity assessment used for the data analyses within this thesis are
summarised below in Table 9.3. The studies which provided data for analyses in this

doctoral work assessed physical activity subjectively and objectively.

Table 9.3: Physical activity assessment methods used in this thesis
Assessment method Thesis chapter(s)
where assessment

method was used

Time Use Diary (TUD) completed for a single day by either | Six, Seven
parents or participant depending on age of participant.
GENEActiv Accelerometer worn for 8 consecutive days to | Eight

collect minimally 4 days’ worth of valid data.

Paper activity logs completed by parent; used to corroborate | Eight

accelerometry data.

Firstly, as mentioned earlier in this thesis, the LSAC measured physical activity
subjectively through the completion of Time Use Diaries (TUDs). The methodology has
been described in depth in Chapters Three, Six and Seven, however, the potential effects

of this assessment method are discussed below.

Briefly, TUDs were completed by parents in waves 1-3, when children were too young to

complete the diaries themselves. Completion of the child’s diary involved selection of
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activity from a list of 26 pre-coded activities, indicating whom the child was with, and the
location of the activity for each 15 minute interval of a 24 hour day, for one weekday and
one weekend day (154, 155). From wave 4 onwards, children were asked to complete a
TUD themselves by recording the activities they performed throughout the day on any
one day (154). At an interview with the study child, on the date after completion of the
diary, data were entered in a computer-assisted interview (CAI). This method of data
collection leaves much room for error. Parents completing a diary at the end of the day
may over or underestimate time spent in various activities, or may have had incomplete
data, for example while the child was at day care, or with family or friends. While self-
report may minimise some of the inaccuracies introduced by third-party reporting,
entrusting children, and adolescents to accurately report their own activities is similarly
not infallible. As with all subjective measures, self-administered diaries may have been
subject to non-differential measurement bias. A particular issue in self-reporting physical
activity is systematic error, where social desirability bias may lead to participants’

overestimating physical activity levels (239, 240).

In my analyses, where two TUDs were completed (waves 2 and 3), | randomly selected
one TUD per participant for analysis to ensure consistency across all waves. This resulted
in analysis of only one diary per participant at each time point, which greatly expanded
the variation within the tool, as some participant data would have been estimated from a
weekday diary, while others may have been a weekend diary. Furthermore, the use of a
single diary is an inaccurate measure of estimate habitual physical activity. Despite this,
the error resulting from this imprecise representation of habitual activity would not

differentially affect the measurement taken for children with and without asthma.

Since the TUDs did not capture the intensity of physical activity, the following coded
activities within the time use diaries were considered moderate-to-vigorous physical
activity (with a metabolic equivalent (MET) score of 3.0 or greater) based on the
Compendium of Energy Expenditure for Youth categorisations (157): structured or
unstructured active play, organized sports/lessons/activities, riding
bike/scooter/skateboard and walking/running skipping. For each wave, a continuous
variable for total time spent in moderate-to-vigorous physical activity for each child was
created by summing the time in minutes spent in all coded physical activities for the day

the data were collected.
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Time Use Diaries were originally used in the field of sociology, but have recently been
explored for their potential to surveil physical activity levels and sedentary behaviour in
populations (203). They have been found to provide valid and reliable estimates of time
expenditure (155, 203), with similar test-retest reliability to other commonly used
physical activity questionnaires such as the US Behavioral Risk Factor Surveillance
System physical activity questionnaire, the International Physical Activity Questionnaire
(IPAQ) or the Global Physical Activity Questionnaire (203). They are also thought to be
less susceptible to reporting error and social desirability bias than the other tools as they
were found to fare better than these questionnaires when compared with an
accelerometer (203). Despite this, TUD’s possess some limitations. Firstly, while they are
able to collect detailed information over a range of domains, they are unable to accurately
assess the intensity of physical activities, so researchers are often left to assume the
intensity of a reported activity. This of course, introduces the possibility of
misclassification of an activity which may either over- or under-estimate an individual’s
physical activity. Regardless, TUD’s have been and continue to be used as a tool for the
assessment of time use in general, and physical activity in particular. For example, a
recently published study also used the LSAC TUD’s to investigate participation within
various physical activity domains (organised and non-organised physical activity, active

transport and active chores) between childhood and adolescence (241).

In my final data analysis, [ used data from The HealthNuts Study which collected physical
activity data using accelerometers. Accelerometry is the most widely used method for
objectively measuring free-living physical activity in youth (119), as it eliminates biases
related to subjective recall and social desirability, eliminates the need for third party
observation and reporting, and negates any participant language and literacy
requirements (233). Accelerometry studies may, however, be subject to the Hawthorne
Effect, i.e. where participants consciously alter their behaviour due to their awareness of
being under observation. The magnitude of bias introduced by the Hawthorne Effect
cannot be definitively estimated (242), however, the young age of the HealthNuts
participants may minimise the Hawthorne Effect as young children are unlikely to
understand the significance between monitoring their physical activity and their health.
Further, any excessive activity due to initial excitement of receiving the device is unlikely

to be sustained for the entire period of observation.
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Before data collected by accelerometers can be used in an analysis, a series of decisions

regarding the methodology needs to be made (Table 9.4):

Table 9.4: Decisions about accelerometry in studies and their potential impacts

Decision Potential impact

The type of accelerometer to be | Bior triaxial devices measure activity in either
used two or three planes, leading to under- or over-

estimation of physical activity

The wear site (e.g. wrist or hip) Different acceptability, and range of motion
detected

A time frame for recording data Longer recording time collects more data

Data sampling frequency Activity data may be over or under-estimated

leading to an imprecise measurement

Epoch length for recording data Activity data may be over or under-estimated
leading to an imprecise measurement
Definition of “valid” data (e.g. a | Activity data may be over or under-estimated
certain number of hours per day) depending on age or day of the week, leading
to an imprecise measurement.

Selection of a time frame for | Activity type and duration may differ
analysis (e.g. weekdays or | according to the day of the week

weekends or both)
Cut off points used to distinguish | Activity may be misclassified leading to over

between activity intensities or underestimation of total activity

Each of these methodological decisions has the potential to influence the way the data is
interpreted, and comparability between studies (243, 244), and therefore researchers
are urged to clearly state their methodological decisions when reporting their research
(245). Many researchers have called for standardisation of accelerometry processing
techniques (119, 243, 245-247), however to date, there remains little consensus amongst
researchers regarding the optimal type of monitor, the most appropriate wear site, and
the best processing and analytical methods (243, 244). This lack of consensus prevents
the accurate and meaningful comparison of research results (119). It is essential that

standardised techniques are devised for research in this field to truly advance.
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While each of the aforementioned points may have introduced some element of error in
the physical activity readings, again, this is unlikely to be differential misclassification by
asthma status. Hence, again, this error would have resulted in an attenuation of the

results so that null results were obtained. This reflects the results observed.

9.4.4 Confounding

Potentially confounding factors were identified from the existing scientific literature. At
the commencement of each analysis, | produced directed acyclic graphs (DAGs) in order
to identify which of potential confounding variables needed to be accounted for within
my models. The DAGs often underwent several iterations. Whilst each individual analysis
adjusted for the confounding variables deemed to be important and for which data were
available, it is possible that one or more known, unknown, or latent variables have not
been accounted for in these analyses. The underlying residual confounding from these
unknown variables may also have influenced the results. Similarly, there were several
occasions where potential covariates were identified by the DAG, but these data were not
measured. Therefore, the effect of these variables on our associations of interest could

not be determined.

9.4.5 Chance, random error, and sampling error

Chance, or random error, is another potential explanatory element for observed findings,
and should be explored prior to a discussion of the implications of this research. Chance
may result in sampling error or variability; whereby different samples produce different
results (248). Such sampling error may distort the conclusions drawn from these results

in one of two ways:

e Type 1 error (a) - where the null hypothesis is rejected, although it is true. This is
often referred to as a “false positive” result.
e Type 2 error (3) - where the null hypothesis is erroneously accepted, although it

is false. This is known as a “false negative” result.
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Sampling error cannot be entirely eliminated, but may be minimised through careful
study design, such as ensuring and appropriate sample size (248). Sampling error can be
measured by the standard error, which in turn can be used in the calculation of

confidence intervals using the following formula:
95% Cl = 1.96xSE + u

Where p is the sample mean. The confidence interval provides a set of limits which may

contain the population mean to a degree of certainty.

In this thesis, my conclusions were based largely upon whether clinically important point
estimates and confidence intervals were observed, as there has been much debate in the
scientific community and a concerted effort to move away from the use of p-values and
“statistical significance” when drawing conclusions (249). For the analyses within this
research, the confidence intervals spanned a range of estimates that may have indicated
both positive or negative associations, however, in general, the point estimates obtained
were not clinically significant, and the range of estimates within the corresponding
confidence intervals did not follow a specific pattern of association. Specifically, within
the LSAC analyses, the sample size was large and confidence intervals were small,
indicating quite precise estimates, while within the HealthNuts study the sample size was
relatively smaller and confidence intervals were larger. Regardless, both studies
suggested that there was little evidence for either positive or negative associations,
suggesting that sampling error is unlikely to be influencing the conclusions drawn from

this research.

9.5 Association and causation

Association does not imply causation; however, an association must be present for a
relationship to be causal. This doctoral work investigated the associations between
physical and activity in an attempt to identify the which variable was a causal antecedent
of the other. However, the findings of this research have produced little evidence to
support an association between physical activity and asthma in either direction.

Consequently, much of the research undertaken in this doctoral work leads to the
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conclusion that there is no association between asthma and physical activity in either

direction, and therefore that the relationship between these factors are not causal.

Regardless, as this work attempted to elucidate the causal antecedent between physical
activity and asthma, an exploration of the evidence as it applies to the epidemiological

concept of causation has been included below.

9.5.1 The Bradford Hill Criteria

As this thesis is composed and submitted in the field of epidemiology, a consideration of
the theoretical principles for exploration of a causal relationship must be included. In
epidemiological studies, investigation of a causal relationship between a potential agent
and an observed effect involves the consideration of the Bradford Hill criteria. These
consist of nine assertions first proposed by the English epidemiologist and statistician Sir
Austin Bradford Hill in 1965 that, when met, provide strong evidence for causation (250).
Bradford Hill’s nine principles are briefly paraphrased below and are accompanied by a
discussion of how each of Hill's specified criterion may be applied to this doctoral work.
[t is important to remember that there were no observable associations found within this
doctoral work, and that the following discussion approaches the Bradford Hill criteria
with this in mind. Furthermore, it should be noted that the Bradford Hill principles are a

tool for critical evaluation rather than a definitive ‘checklist for causation’.

1. Strength (or effect size): Bradford Hill asserted that larger associations between
a potential causal agent and an observed effect are more likely to be causal than
smaller ones, although a small association does not necessarily mean that an effect

is not causal.

The investigations conducted as part of this thesis found weak evidence to support
an association between physical activity and asthma, and similarly, there was no
evidence of an association between asthma and physical activity. Consequently,

this criterion provides evidence against causal relationships in either direction.
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2. Consistency (or reproducibility): An association is consistently observed
between the potential causal agent and an observed effect when a study is

replicated in various settings and by different researchers.

This criterion was sufficiently met within this doctoral research, as the
investigations conducted within this thesis consistently produced null results for
an association between both asthma and physical activity and physical activity.
The findings of this research program were consistent, regardless of the dataset
used, the age of the included participants and the measurement techniques used.

Hence, there was strong evidence to support the conclusions drawn.

3. Specificity: The probability of a causal relationship between a potential causal
agent and an observed effect increases with the specificity of the relationship, that

is, if there are few other likely explanations available for the observed effect.

The relationships investigated within this doctoral work were complicated.
Asthma is undeniably a multifactorial condition, so physical activity may, at best,
be a contributing factor as opposed to a singular cause. Similarly, many variables
may affect the amount of physical activity performed by any given individual.
Physical activity may also be associated with many other healthy behaviours, for
example, diet. Therefore, unraveling confounding factors can be challenging, and

the specificity for these associations is low.

4. Temporality: Exposure to a potential causal agent must occur at some point in

time before the effect is observed.

In this doctoral work, I looked at two associations. First, the relationship between
asthma as an exposure and physical activity as an outcome. Second, where
physical activity was the exposure and asthma the outcome variable. In both cases,
[ endeavoured to use longitudinal data to ensure that the temporality aspect was
met, that is to say, that the exposure always preceded the outcome. These data
were considered to have greater weight in the assessment of results, and in the

formulation of interpretations and conclusions. However, due to the nature of
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each of these factors, the timeframe surrounding the use of each of these factors
as exposure variables was not distinct. For example, asthma is a chronic disease,
and physical activity is always performed, albeit the level of activity may vary with
time. I attempted to control for this in the selection of variable definitions, so that
asthma was defined as ‘current asthma’ by restricting to individuals who
experienced symptoms in the past year. Similarly, physical activity habits were

assumed based on data collected over a defined period of time.

Biological gradient (or the dose-response relationship): A relationship is
observed between the magnitude of the potential causal agent and the magnitude
of the effect produced. This relationship may be directly or indirectly proportional,

or may be more complex, for example, parametric in shape.

Research into the effect of the type and amount of physical activity needed for
good health suggests that moderate-to-vigorous intensity physical activity is the
most beneficial. As such, many national and international health
recommendations and guidelines are often framed according to time spent in
moderate-to-vigorous intensity physical activity. However, a dose-response curve
between physical activity and asthma has been recorded and is thought to be U-
shaped. That is, both low and extremely high levels of physical activity are thought
to be association with increased asthma symptoms. Conversely, individuals who
suffer from more severe asthma symptoms may have more activity restriction

(209). This effect was not observed in this study.

Plausibility: A (biologically) plausible mechanism of action exists between the
potential causal agent and the observed effect. This criterion is useful, although in
his article, Bradford Hill conceded that knowledge of any specific mechanism may

be limited.

A few biological and behavioural mechanisms have been proposed to link asthma
and physical activity. First, increased levels of physical activity are thought to
reduce immunological inflammation observed in asthma through its anti-

inflammatory properties (251). Second, physical activity may be acting through a
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reduction in adiposity to reduced strain placed on the cardiovascular system,
thereby permitting easier flow of air through the airways. Conversely, asthma is
thought to effect physical activity through psychological, rather than biological
mechanisms. Studies have suggested that individuals with asthma impose
restrictions on physical activity as a means of avoiding exercise-induced symptom
exacerbation (9). Hence, plausible explanations that link asthma and physical

activity have been proposed.

Coherence: An epidemiological interpretation of a relationship between a
potential causal agent and an observed effect should agree with known natural
history and biology of the disease. That is, agreement between laboratory and
epidemiological tests increase the evidence for causation, however lack of

laboratory evidence does not nullify the epidemiological evidence.

Although this doctoral work did not include any laboratory testing, my literature
searches uncovered studies in both animal and human models that showed that
an asthmatic state to be the result of T-helper cell mediated inflammation and that
an imbalance of T-cell subtypes may be responsible for asthma (123, 251). A
systematic review of 16 randomised controlled trials and seven cohort studies
observed a reduction in total sputum cells, eosinophils and nitric oxide in
individuals with asthma after training (124). Hence, there appears to be coherence

between laboratory and epidemiological studies.

Experiment: Where possible, experimental evidence of a causal relationship can
be sought. A demonstrated relationship between the potential causal agent and

observed effect provides strong evidence for causality.

This thesis was based on qualitative, epidemiological data collected in child
populations. Since habitual physical activity undertaken in free-living conditions
were the variable of interest in this work, physical activity regimes were not
imposed on children in order to obtain these data. However, trials have been
conducted wherein participants are provided an activity regime and are

monitored over a specified period of time. Many of these studies were randomised
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controlled trials (RCT) with a physical activity or exercise intervention (121, 136).
A systematic review of twenty-nine randomised controlled trials conducted in
children between the ages of 6 and 18 years was conducted (136). Training
programs included in this review varied greatly in terms of exercise type,
frequency, intensity, and durations of the training interventions. This systematic
review concluded that an exercise training program had positive effects on
cardiorespiratory fitness outcomes and no apparent negative effects (136).
Interventional experimentation cannot be performed to test the opposite

association as asthma cannot be randomly assigned.

9. Analogy: At times, analogies, or similarities between the association under
investigation and other known associations may be used to make assumptions
regarding the relationship between causal agent and effect. Whilst sometimes
analogies may prompt empirical research, this criterion is considered to be less

important.

This thesis is based on epidemiological data. However, there are many analogies
regarding the effect of asthma on physical activity and of physical activity on
asthma. In fact, it is common to hear individuals relate personal experiences about
how swimming in particular ‘cured’ their asthma; or alternatively, that they

experience asthma exacerbations during or after exercise.

It is essential to note that the criteria described by Bradford Hill are useful guidelines for
assessing the evidence for causation, but all items are not essential when making a
decision regarding causality. For example, ‘temporality’ is a key criterion that must be
met in the assessment of a causal relationship, while ‘plausibility’ would strengthen the
argument for causality and ‘analogy’ may or may not be useful. More recently, an
American psychologist Dr Herman Staudenmayer proposed the addition of a tenth
consideration: ‘reversibility’ (252). Reversibility posits that removal of the causal agent
deletes the observed effect (252). Reversibility in this context may not be as
straightforward as removing the exposure to remove the outcome. In fact, research

conducted as part of this doctoral work explored the possibility of bidirectionality of this
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relationship, as the predicting factor in this relationship is unclear. If it were possible,
simply ‘removing’ asthma may not be sufficient to increase physical activity, and this is
evident in that children with and without asthma appear to have similar levels of physical
activity (205, 207, 209, 210). Similarly, exclusion of physical activity is unlikely to
eliminate, or lead to a significant increase in asthma because of its multifactorial aetiology

and various phenotypes.

9.6 External validity of this research program

This body of work analysed data collected from two population-based Australian cohorts
of children and adolescents. Due to the LSAC’s nationally representative sampling
strategy of the LSAC, results from the LSAC data analyses may be extrapolated to the
broader population of Australian children and adolescents. While the HealthNuts study
was similarly a population-based cohort, the results may not be readily translatable to
children living in rural or remote regions, those coming from a low socio-economic

background, or international cohorts.

Australia enjoys certain social, political, and environmental advantages that impacts life
and health. These sociodemographic properties limit the generalisability of the
conclusions of this research to geographical regions with similar properties. Hence, while
it may be reasonable to compare these findings to countries with similar socio-economic
settings such as the UK, Europe or Norway, the results cannot be extrapolated to other
regions of the world. Large areas of the globe are under-represented in research, and
there remains a need to study these under-represented populations as diverse settings

and other factors unique to the location may influence these associations.
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CHAPTER TEN: Conclusion

10.1 Chapter introduction

In the concluding chapter of this thesis, I will reiterate the key findings of my doctoral
work and demonstrate how my research has contributed to the fields of asthma and
physical activity by filling pertinent knowledge gaps. [ will also discuss the clinical and
public health implications of this work and provide recommendations for future
epidemiological research which may use this doctoral work as a foundation. Finally, [ will

close this thesis with some concluding remarks.

10.2 Chapter summaries and their contributions to the field

My thesis has contributed to the scientific fields of child and adolescent asthma and
physical activity through the peer-reviewed publication of two systematic reviews, one
meta-analysis and three original data analyses. These important contributions are

summarised individually below.

10.2.1 Summary of the evidence on the effect of physical activity on asthma

10.2.1.1 Main finding and contribution to the field

This systematic review concluded that the evidence for the relationship between physical
activity and asthma and lung function outcomes was highly inconsistent. There was
insufficient evidence to suggest that physical activity has a long-term effect on the risk of
asthma development in youth, and insufficient evidence to determine the longitudinal

effects of physical activity on lung function in children.

This work emphasised a need for further high-quality, longitudinal studies to thoroughly
explore these associations in youth, as an investigation of physical activity as a modifiable
risk factor for asthma has the potential to be extremely important in the efforts to reduce

the burden of asthma. However, a lack of research persists in this area, and particularly
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in younger populations. Recent research has since endeavoured to address this gap in the
literature (219), however it may be many years until more and improved evidence on this

relationship is published.

10.2.2 Summary of the evidence on the effect of asthma on physical activity

10.2.2.1 Main finding and Contribution to the field

This systematic review collated evidence on the relationship between children and
adolescents up to the age of 18 years with and without asthma, and investigated whether
those with asthma were less likely to be physically active (as measured objectively) than
their unaffected peers. The meta-analysis produced an overall mean difference of 0.01
(95%CI: -0.09-0.11) activity counts per minute. Therefore, I concluded that there was no
evidence that children and adolescents with asthma engaged in different amounts of

physical activity compared to those without asthma.

This systematic review and meta-analysis was the first to synthesise and quantify the
evidence of the association between asthma and objectively measured physical activity
in children and adolescents. Previous systematic reviews did not or were unable to
stratify by age, resulting meta-analyses not specific to young populations. Further, other
reviews did not focus on objective measures. My review found that asthma did not have
an effect on physical activity in youth and again highlighted the scarcity of longitudinal
cohort studies investigating the relationship between physical activity and asthma. In so
doing, this systematic review formed the foundation for the data analyses within my
doctoral work. This systematic review also instigated further research into these complex
associations and has been referenced in numerous research papers and theses (210, 219,

253-264).

10.2.3 Summary of the evidence for a bi-directional relationship between asthma and
physical activity
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10.2.3.1 Main finding and contribution to the field

Having reviewed the existing literature of the relationship between asthma and physical
activity, the question of bidirectionality of the associations persisted. Thus, within this
research project, I used a novel strategy to investigate the possibility of bidirectionality
between physical activity and the development and persistence of asthma in childhood
and adolescence. The analysis used data collected from multiple waves of the LSAC study,
when participants were between 6 and 14 years of age. | employed generalised structural
equational modelling (GSEM) techniques in an attempt to elucidate whether asthma or
physical activity was the causal antecedent of the other. The results of this analysis
suggested that physical activity does not play an important role in the development or
persistence of asthma. Equally, asthma was not found to have a longitudinal effect on

physical activity.

Prior to my study, the possibility of bidirectionality in the relationship between asthma
and physical activity had never been considered. Previous studies had only investigated
the association in a single direction and were precluded from this type of cross-lagged
analysis primarily by a lack of repeated data collection over time within a longitudinal
study. Therefore, my analysis and the subsequent publication have contributed to the
advancement of the field by analysing the relationship in an original and novel manner.
This research further stressed the need for replication of these results using more robust
data measurement, such as accelerometry. This study has been cited in other publications

(219, 265).

10.2.4 Summary of the evidence on the effect of asthma on physical activity in children
and adolescents

10.2.4.1 Main finding and contribution to the field
Using data from multiple waves of a nationally representative sample of children and
adolescents, | investigated whether children and adolescents with asthma were less

physically active than their unaffected peers at a number of important ages during the

important transitional phase between childhood and adolescence. This analysis used
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linear regression to investigate whether asthma was associated with reduced physical
activity at 6, 8, 10, 12 or 14 years of age. While there was evidence that the amount of
time spent in physical activity decreased with increasing age, I found no evidence that
children and adolescents with asthma were less physically active than their unaffected

peers at any of the ages examined.

Few epidemiological studies have investigated the association between asthma and
physical activity at multiple timepoints throughout the important developmental stages
from childhood to adolescence. The LSAC captured this data, enabling me to examine the
physical activity engagement of children and adolescents with asthma compared to their
unaffected peers. My study was the first to do this in a population of Australian children
and adolescents. The primary contribution of this paper was that it examined multiple
time points to identify if and when children and adolescents with asthma become less
physically active than their unaffected peers. Previous studies have been limited in their
ability to do so by a lack of repeated data collection over time. The findings of this paper
provided epidemiological evidence that, while the average time spent in physical activity
decreases with age, Australian children with asthma do not appear to be less physically
active than their unaffected peers at any age throughout childhood and adolescence. This
may indicate that, in Australia, children with asthma are well managed. However, this
study collected physical activity data through parental and self-reporting, and therefore
could be improved by using accelerometry as a tool for the measurement of physical

activity.

10.2.5 Summary of the evidence for the relationship between asthma, and objectively
measured physical activity in children

10.2.5.1 Main finding and contribution to the field
Drawing from the lessons and limitations of the LSAC analyses, this final data analysis
utilised accelerometry as a means of physical activity data collection in the 6-year-old

participants of the HealthNuts study. Accelerometry was used to overcome the problem

of potential measurement error introduced through parental and self-reporting. In this
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final analysis of 391 young children I found no evidence that having asthma or wheeze at

age 4 reduced the amount of time spent in physical activity at 6 years of age.

This research project was original as it was one of the first epidemiological studies to
examine the relationship between asthma and subsequent objectively measured physical
activity in children as young as 6 years of age. Despite the young age of the participants
and the objective collection of physical activity data, this study confirmed the results of
my previous systematic review and data analyses; asthma and wheeze was not found to
be associated with time spent in physical activity, either cross-sectionally or
longitudinally. Thus, this study again provided encouraging evidence that, at least within
this Australian setting and this age group, the policies and strategies currently in place to
control and manage asthma are successfully diminishing the impact of asthma on

physical activity.

10.3 Implications and recommendations

The findings and conclusions drawn from my doctoral research appear to deviate from
the widely accepted belief that an association between asthma and physical activity
exists. Alternative explanations for these null results are scrutinised in the Discussion

chapter of this thesis (see Chapter Nine), however, this critique demonstrated that these

conclusions are less likely a result of bias, confounding or chance. Rather, the consistency
of the null results, despite variations in the age groups examined, and definitions and
methods used for the assessment of exposures and outcomes, provides strong evidence
that these findings may in fact reflect truth. As such, the significance of this work and its

impact on recommendations for future research are exceptional, yet equally valid.

10.3.1 Significance for clinicians and policy

Despite these results indicating that there is no association between asthma and time
spent in physical activity or physical activity and the development or persistence of
asthma, this research has significant implications for clinicians and developers of public

health policy. In the first instance, the lack of evidence for an adverse association between
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asthma and physical activity should be celebrated. Although this doctoral work was
unable to investigate asthma control and severity, the findings suggests that clinicians are
adequately and appropriately managing asthma in this population, allowing children and
adolescents with asthma to engage in physical activities to the same extent as their
unaffected peers. Consequently, there is no need for public health policy and promotion

to further target youth with asthma in Australia.

Then again, I also found that physical activity was not associated with the development
or persistence of asthma. Whilst having identified an association would have indicated
that physical activity may be a modifiable risk factor for the development or persistence
of asthma, this was not found to be the case in children and adolescents in Australia. So
although there is insufficient evidence to suggest that clinicians should recommend
physical activity as a means of prevention or management of asthma specifically, the lack
of evidence to suggest that an asthma diagnosis is a barrier against physical activity
means that clinicians should continue to encourage physical activity in children with

asthma for its other health benefits.

10.3.2 Future research recommendations

This doctoral work investigated whether asthma was a causal antecedent of low physical
activity and whether low physical activity was a causal antecedent of asthma

development or persistence and lower lung function in youth.

The evidence for physical activity as a modifiable risk factor for the development or
persistence of asthma was inconclusive within this doctoral work. However, my research
has emphasised the need for more longitudinal studies to examine this association using
more robust measurements and taking into account other potentially confounding,
mediating or modifying variables. Specifically, the role of BMI, diet and sedentary time
should be thoroughly examined. Evidence for a positive association between physical
activity and the development of asthma has important implications and it is therefore
critical that this association is further explored. Further longitudinal research should also
take into account the potential effect of physical activity on asthma control, severity, and

lung function in individuals with asthma. For example, future research may investigate
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whether higher levels of physical activity improve lung function over time, thereby
strengthening the lungs and reducing the severity of asthma symptoms. Alternatively, it
may also be important to investigate whether increased levels of physical activity agitate

the airways leading to an increased requirement for asthma medications.

This doctoral work also reviewed the evidence for the relationship between asthma and
physical activity, both cross sectionally and longitudinally. I repeatedly obtained results
that indicated asthma was not a factor resulting in lower levels of physical activity. Should
asthma act as a barrier to physical activity as was previously hypothesised, a greater
public health response would be required in order to promote the benefits of physical
activity in youths with asthma. In addition, it is critical that future studies examine the
effect of BMI in more detail. The treatment of BMI as either a confounding or modifying
variable may have an important influence on the results obtained in an analysis. In future
studies, BMI should be considered as either an effect modifier or a mediator. BMI appears
to interact with asthma to have a detrimental effect on physical activity. Thus, a public
health response is required to address the disparities in physical activity in overweight

children with asthma and encourage increased engagement in this group of children.

Further, the possibility of a bidirectional association between physical activity and
asthma warrants additional investigation. Although my study was the first of its kind to
investigate this possibility due to the structure of the LSAC data collection, future studies
should aim to replicate this analysis with a robust methodology, repeated longitudinal
data collection, and valid, reliable assessment techniques. Additionally, a replication
study should consider including BMI as an effect modifier or mediator in these models.
Again, obtaining results that indicate a bidirectional relationship between physical
activity and asthma would have far-reaching implications. Public health policy makers
and clinicians would need to re-evaluate the physical activity recommendations in the

context of safety and acceptability for individuals with asthma.

To summarise, based on the findings of my doctoral work, it is my recommendation that
future epidemiological studies endeavour to utilise standardised, objective
measurements and improved analytical models to confirm of the null results seen in

many of my studies and further advance this area of research.
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10.4 Conclusion

[ commenced this doctoral work with the aim of investigating the existence and direction
of the relationship between asthma and physical activity in youth. The body of work I
undertook produced a systematic review and meta-analysis of the evidence for the
association between asthma and physical activity in childhood and adolescence, followed
by a second systematic review in which I synthesised the evidence for an association
between physical activity and subsequent asthma and lung function outcomes in
childhood and adolescence. Subsequently, I undertook multiple data analyses using data
from two prospective cohorts of Australian children: The Longitudinal Study of
Australian Children (LSAC) and the HealthNuts study. The key findings of this body of

research can be summarised as follows:

e The relationship between asthma and physical activity in youth does not appear
to be bidirectional.

e There is strong evidence to suggest that asthma does not have a detrimental effect
on physical activity at any age in childhood or adolescence in Australia.

e Physical activity is not associated with the development or persistence of asthma

in children and adolescents.

In conclusion, my doctoral research has produced evidence which has filled some
important gaps in our understanding of the relationship between asthma and physical
activity in children and adolescent populations. My work has also emphasised the need
for more longitudinal studies with objective measures that conform to standardised
collection, analytical and interpretative guidelines. Additionally, more careful
investigation of other potentially modifying factors, such as BMI and asthma severity are
required to enhance our understanding of these relationships. In future, research should
overcome these challenges in order to extensively explore the complex, interrelated
relationship between asthma, physical activity and other factors. Such research will have
great public health benefit by informing recommendations for physical activity and

asthma, thereby reducing the burden of these conditions.
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Appendices

Appendix 1: Growing Up in Australia: The Longitudinal Study of Australian Children
Questionnaires

The length of the LSAC questionnaires made them unfeasible for reproduction in the appendices
of this thesis. All LSAC data collection instruments are available on the LSAC website. A link to
the study documentation is included:

https://growingupinaustralia.gov.au/data-and-documentation/study-

questionnaires/downloads
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Appendix 2: Growing Up in Australia: The Longitudinal Study of Australian Children Wave 2
Time Use Diary

DDIK

IN CONFIDENCE
N Wave 2
ow AAST 2006
Child’s Diary
Week Day

Study child’s name: ‘

1 Please complete your diary on the following day:
Monday Tuesday Wednesday Thursday Fnday
Ll [l [ls e Ls

LA

Thank you for your ongoing participation in Growing up in Australia. The study 1s
being run by the Australian Institute of Family Studies on behalf of the Australian

government, with data collected for the Institute by the Australian Bureau of Statistics.

All information collected will be kept strictly confidential (except where it 1s
required to be reported by law and/or there i1s a risk of harm to yourself or others).
To ensure that your privacy is maintained, only combined results from the study asa
whole will be discussed and published. No individual information will be released to
any person or department except at your wriften request and on your authorisation.
Participation in this study is voluntary.

[f you have any questions or want more information, please call 1800 005 508.

2  Name of the person who filled in this diary:

When you have completed this diary please check that all the pages have been filled
in, and that you have answered the questions on the back page.

Your interviewer will arrange to collect yvour forms or you may return the forms using
the reply paid envelope provided (Reply Paid 76746, Sydney NSW 2000).

© Commonwealth of Australia -
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2 -

INSTRUCTIONS

This diary covers what your child has been doing over the 24 hours that started at 4 AM today and ends at 4 AM
TOMOITOW.

Each oval in the diary grid represents 15 minutes. In the example below, the activity occurred between 11:15 and 11:30,
and then again between 12:15 and 1:30.

1lam 12pm 1pm
0 153045/ 0 1530 45 |0 15 30 45

For each 15 minutes, please draw a line across the ovals that show:
* what your child was doing, mcluding any travel involved (white rows)
* where he or she was (light shaded section)
* who else was present (medium shaded section)
* whether an activity was part of the child’s homework (dark shaded section)

Mark at least one row in each of the white, light shaded and medium shaded sections for each quarter hour.

The white rows show what your child was doing, as well as any travel involved. Most parents mark only 1 or 2
activities per time slot, but you can mark other rows if your child did more than one thing during the 15 nunutes. Please
do not mark more than four categories for any one quarter hour. Remember to also mark the Travel section if there was
any travel involved.

For example:

+ Reading a book in bed is both ‘Awake in bed’ and ‘Reading or looking at book by self”

+ Sleeping in the car is both ‘Sleeping, napping’ and ‘Travel in car’

The light shaded section shows where vour child was. If yvour child moved from one place to another duringa 15
minute time slot, please mark both locations.

The medium shaded section at the bottom of the page shows who was in the same room, or who was near the child if
the child was outside. If vour child was with more than one person, please mark all that apply.

The dark shaded section at the bottom of the page shows whether an activity was done for, or as part of, the child’s

homework.

You can choose to fill in the diary:
* 2or3times adayor
« all at once when your child goes to bed or
* inthe morning after the diary day.
Important
Please mark like this only: Cmoo 0 © e————
+ This form will be read using electronic . lfyopmake a mistake_ please erase the
equipment. pencil mark fully.
» Use black pencil only when completing this
form - do not use ballpomnt or felt tip pen

When you have filled in the diary, please complete the questions on the back page.

m DD1K 2 -
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3

EXAMPLE

Below 1s an example of how the diary would be filled in for a child’s morning.

Joshua woke at 6 30am and dressed himself He then watched the moming news with his father At 7. 00am he
from the table and at 7:45am went outside to play with the family dog. At 8.15am his father went outside to tell
Joshua it was time to leave for school. Joshua became upset because he didn’t want to stop plaving with the dog.
His father calmed him down and they left home at 8.30am to drive to school. During the drve to school Joshua
read out loud to his father from a book he had brought home from school the previous day. His father dropped
him off at school ten minutes later and gave him a hug goodbye before going on to work.

-— 4 -
_‘_ii;llt M.r-i-f_
am Sam fam Tam am Gam |
| Mot sure what child was doing cooo looooloooolo o oo |o oo adte-———
Slesping, nepping coloooo oo oo |looo o
Avake in bad Soooloooo|locoooaloooonloooa |loaa s
Eating and drinking cooolocooo |locoocoleesco|locooo oo o
Bathing, drassing, hair care_ health care Se oo |loooo|locamalocooa|laoasa |laaas s
Duoing nothing, bored/rastless coocoloocoo|loooolooooloooo |loco o
Crying, upset, tantrum Sooo|locooo |loooosloooo |loeso o oo s
on Arguing, il destroying things Sooolocooo oo ooloooo|loDooo |looo o
% Being held, cuddled, comforted, soothed Sooo |looooloooaloooo |looao oo o
ﬂBeing:qm’mmd.ed,md cooo oo oloDoooloooo|loooo oo o
E “Watching TV, video, DVD, movie SEe oo |loooo|lsocoamlocoosa|laaaa |laaass
& | Listening to tapes, CDs, radio, music S |loooo |looooaloo oo |looco o looa o
EUsin [ © uter Sooo oo |looooloooo |loseea |loasa s
:B!iqgrmdm,mldnsmmmgm Sooolooooo |loooooloo oo |l oo |loooo o
13 Feading or locking at book by salf Sooo |loooo|loooaloooo oo |loaoas o
= Quiiet free play (eg board game. aaft dessups) oo oo loo oo locooolooc oo |looo o |looc o o
#ﬁ?}:gg?l'}’(!-!—m,mm, cooo |loooo |lcocolooccedecoo oo o
Helping with chores, jobs cooolocooo |loooolocoesc |locooo oo o
“iziting people, special event, cuting cooo|loooo |locoooloooo |loaoo |looco o
Walking (for travel or fun) Sooo oo |l slco oo |lesaas |loss s
= %ﬁ&ﬂ%cm,mﬂubhﬂuu:_ cooo ooo |looooloooo |loooo |looco o
‘g Travel in car Sooo lcooos |locooaloooo |looes |loaoa s
=]

Travel on public transport

cooo |loooo

Lo e e e

cooo |loooo

cocooo

Being taken places with adult (e.g. shopping)

€3 €3 €3 O | 3

L= e

5 5 5 O | O S S

=R = =]

7 am Sam

=3 —2—2—1—]

Own home, indoors

oo o

Own home, outdoors

D ED ED D e e £33 D

D £ £

= 0 =

S

School, after'before school care

00O O 0

f=j =3 ==

===l =i=2=0 _

Other, indoors oo locooo |locoooloooo |loacaa |locaa s
Other, outdoors cooo locooo |looooloooo |loomo |looo o
Alone =) XYY _T_R[_—F_F_—§_]

Mother, step mother

D €3 € O | S

o=

| — s | T

(=% =N < 8~

Father, step father

SO0 0 Oaoo

0 £ —

pr—— | 0 —

Sooo

Crandparent(s)/other adult relative(s)

oo oo oo oo

= e

oo oo |loo oo

oo o

Brother(s), sister(s), other children

D OO | 0 D

L= = = =}

—-——— e | €3 3 £ ——

Other adult(s)

= 5 O [ O S

L= =T ]

OO O3 O | O O —

|

Dog, cat or other pat (not fish)

T € O O O O S

L= =N = J

D £ D e o

[—E— ¥ — N —]

i

oD O S oo

(=T =N

S S e [ S -

Scoo o
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7
- KaDn 1=0102030405080708091011121314151617181920212223 24

N
Not sure what child was doing T=A0T sloocoo|looooloocoo |l |loocoo
Sleeping, napping AO2 Sloococoloooolooooloooo |locoooco
Awake in bed AD3 sloococolocoolocooo|loooo |lococo
Eating and drinking AO4 sloococoloooolcoooloooo |loocoo
Bathing, dressing, hair care, health care ADS sSlocoo|loocooloocoo|locoo |loocoacs
Doing nothing, bored/restless 06 clococoloocooloocooloooo|locoo
Crying, upset, tantrum A7 locooclooocoloocoo|locooco|lococos
| Arguing, fighting, destroying things AdB loocooloooolococooloocoo |loococo
*2 | Being held, cuddled, comforted, soothed  AD9 slocooloocoolocoo|lococoa|lacoco
Being reprimanded, corrected A0 slocoo|looocoloocoo|locooo|locooo
% Watching TV, video, DVD, movie AN oo oo|looooloococoloocoo |loocoo
a Listening to tapes, CDs, radio, music A2 oocoo|looooloocoo|loooo|loocoo
| Using computer/computer game AT3 slocoo|loocoolocoolococol|locoo
E Being read to, told a story, or sung to Ald loocoo|looooloocoo|loooo |loocoos
é Reading or looking at book by self A15 tlecoeloeealocoslececaloccs
Quiet fiee play (e.g. board game, craft, dressups)  A16 locoo|looocoloocoo|locooo|loocos
gaclgl‘éreﬁﬂfph?(csnmmscllmhms. IMT slocooc|looooloocoo|locooco|locooo
Helping with chores, jobs Al8 slocoo|looocoloocoo |l |lococos
Visiting people, special event, outing |A1g locoo|locoocoloccoo|lcooo|lcoco
grgz‘;-ls Wl;hymalwglm A0 slocooc|looocoloocoo|loooo|locococo
gﬂggmwd]esiswmm Al sloocoo|looooloocoo|loocoo |loocoo
Walking (for travel or fun) BO1 sloocoo|locooo|lococoo|locooo|ococoo
- (fowéa‘?mﬂkﬁ:’iom roller blades etc.  B02 slocooc|looccoloccoo|locooo|lococco
E Travel in car BO3 sloocooloooolocoo|loooo |loocoo
= -
Travel on public transport BO4 Tleocoo|looooloocooloooo |loocoo
Beiugtakenplaceswi‘lhadult(e_g,shnpping)BUS sloocooc|loocoloocoo|loooo |loocoo
Own home, indoors o1 sloocooc|loocolooooloooo|lococo o
E&. Own home, outdoors co2 loocoolooooloocooloooo |loooo
EE; School. after’before school care C03 loooco|looocoloooo|loooo oo
;5 Other, indoors co4 sloooco|looooloocoo|loooo |locooo
Other, outdoors 05 Noooo |looooloooo|loooo |loooo
Alone b0l sloococo|loocooloooo|loooo |locoocoo
g.u Mother, step mother Doz sloocoo|loocooloocoo|loocoo |locooo
2.
EE Father, step father po3 doocoo|loooolocooo|loooo |lococoo
@
E!ﬁ Grandparent(s)/other adult relative(s) Do4 sloocoo|looooloocoo|locooo |locoocoo
" |-
é"g Brother(s). sister(s), other children Do5 o ooo|looooloooo|loooo |loocoo
C Other adult(s) D06 sloocoo|locoooloocoo|loooo |loocoos
Dog, cat or other pet (not fish) po7 sloocoo|looooloooo|looooa|loocoao

mm DD1K 4 -
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1=2526272820303132333435363738304041424344454647 48

Afternoon
cooo|lococooloocoolcooco|locoo o | AN Not sure what child was doing
cooo|lococoo|loooo|lococoo oo oo | AN Sleeping, napping
cooco|locooo|lococoolecocoo|locoo o[ AB Awake in bed
cooo|loooo|lococooloooo|loooa| A Bathing, dressing. hair care, health care
cooo|loooo |locooo|loooo|oo oo | AT Crying, upset, tantrum
I I e I e e Being held, cuddled, comforted, soothed |X
cooo|lococooloocoo|loooo|loaoo o |AlD Being reprimanded, corrected §

-
cooo|loooo|locooco|lococo|locoao|A Watching TV, video, DVD, movie =3
cooo|loooolcooalcooco|loaos o | A2 Listening to tapes, CDs, radio, music :

&
cooco|lococoo|looooloocca oo o | Al _Using computer/computer game E
cooo|lococoo|lcooos oo |locooo|AM Being read to, told a story, or sung to g
cooo|loocoo|locooolcoco|looo o | A Readmg or looking at book by self 2
coocolocooo|loocoolocooco|locooo| Al Quiet fiee play (e board game. caft dressups) |
cooco|lcoco|locococo|loccoa|lcoaa A Amhu'vcﬁ'n)cplzy(e_g_mmmg,' climbing,
cooo|lococoo|locooco|loocoa|locoss M Helping with chores, jobs
cooco|lococoo|lococoolcococo|locoo o | Al Visiting people, special event, outing
cooco|lcooco|lcocoo|loooo|lcoaoa|Al ggnmwwl,mlm”
coocol|lcococo|lcocoolcocoo|lcaao|M Other organised lesson/activity

| (e.g. music, drama)
cooolococoalcocoolcoco|loao o| b0 ‘Walking (for travel or fun)

B0z Riding bi scooter, roller blades etc.
cooo|loocoo|locoooloocoo |lcooo|c ﬂfortlm%% ?
coocolocooo|loooo|lcoco |loooo |2 Travel in car 3
coco|lcocoolocooolocoolcaoo|LbM Travel on public transport
cooo|lcoco|lcocoaloooolaaaa|bfP IBmguhmpammmh(cg.dnppmg}

com

cooco|lcocoo|locooo|lcooco |l . Own home, indoors
cooco|lcoco|lcooalccon|locaaa|LR IDwnhmc,oudous i.
cooolecccaslocecss|lcans|loass|L0B lSchool.aitu:‘beﬁ:reschmlm E?
coocolococoo |loooolcooco|looo oM Other, indoors .,.;
coco|locococolcocolccocolcaaa| IOﬂ:ﬂ'.mdncn
coco|lcocoo|lococoo|lccco|loocos|LlN Alone
cooco|lcooco|lcoocalcooca|locaaas |2 lhluﬁﬂ.ﬂepmﬂﬂ’ B
cooco|lcoocolcoocalcooco|locooos|LB IFIﬂﬂ'_mpﬂH E
cooco|loccoo|lcooo|lcoco|lccas|DM l&ﬂlﬂ{s}‘oﬁﬂﬂﬂtmﬂiﬂ{s} H;E
cooco|locococo|lcooo oo |locoos |0 Brother(s), sister(s), other children &i
coco|lcooco|lcooclccoa|lcaas |l Other adult(s)
coocol|lcooco|lcooolocooco|locooo|bY Dog, cat or other pet (not fish)
coocol|lcococo|lcoocoloooo|locosa|

- 5 DD1K mm
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!=495051525354555657585960616263646560670869707172

Afternoon
Not sure what child was doing T=A0 slocoo|loocooloocoo|locoo|looccs
Sleeping, napping A2 Slocoo|loooolococooloooo |looccos
Awake in bed A03 Slocoo|loocooloocoo|locoo|looccos
Eating and drinking A Slocoo|loooolococoo|loooo |loooos
Bathing, dressing, hair care, health care AD3 slococo|loocoaloocoo|loocc|loocoo
Doing nothing, bored/restless 06 sloocooloooolocooo|loooo|looccos
Crying, upset, tantrum AOT slococo|lococoolococoo|loocoo|locoo
g Arguing, fighting, destroying things Al3 slococo|loooolococoo|loooo |locos
-3 | Being held, cuddled, comforted, soothed  A09 slocoo|locoolocoolocoo|laocca
Being reprimanded, corrected Al0 slococolocoooloocoo|loooo|locoo
% Watching TV, video, DVD, movie Al leocoolooooloococo|lcooo|loocoo
3 Listening to tapes, CDs, radio, music A2 slocoo|loocolococo|loocoa|locooco
#| Using computer/computer game AT3 lecooloooglooooloooo|loocoo
E Being read to, told a story, or sung to Ald slococoloooolococoo|loooo |loocoo
g Reading or locking at book by self Al5 sloocoolocoooloocoo|loooo|locoos
Quiet free play (e board game, craft, dress-ups)  A16 slocoo|looooloooo|looos|locos
@aﬂmwﬂe-&m&.cﬁmm :M? Sloococoloooolococoo|loocoo|loocoo
Helping with chores, jobs AlB slocoolooooloooo|loooos|locos
Visiting people, special event, outing A18 sleocooloocooloococloooc|loocce
Organised sport/physical activity A0 slocoo|loooolocoo|loooo|loocoo
(e.g. swim, dance, Auskick)
gﬂé.ﬂmwﬂlﬂj‘wm"m' AZl Do ocoo|loooolooooloooo oo o
Walking (for travel or fun) BO1 leocooloooolcoooloooa|lococo
= m&w&hﬂgom,muﬁmsﬂc. BO2 slocoo |looooloocoo |l |loocoo
= ;
Travel in car B03 Fl===l=]=l=lele] =F=lal=l [=F=l=F=] (=TT =]
£
=
Travel on public transport BO4 rleocoo|loooolcooo|loooo |loocoo
Being taken places with adult (¢ g_shopping)207 slocoo ool oo |loocos
Own home, indoors co1 slocoo |loooolocooo|loooa|loocos

Own home, outdoors

co2

o s e e

[ - Jane e}

po e e ]

[ e Ko -}

[ o o}

m DD1K

& e
EE; School, after/before school care cos Jlocoo|loocoolocooo|locooo |loaocoo
EE Other, indoors 04 leocoo |loooolococoo|loooo |locooo
Other, outdoors 05 rlecooloooolecooo|loooo |loocoo
Alone Lot dleocoo |loooolcooo oo |loocoo
g Mother, step mother po2 Jloocoo |loooolocooo |loooo |loocoo
Elg Father, step father £o3 sloocoo|loocooloocoo|loooo |loocooo
E!ﬁ Grandparent(s)/other adult relative(s) D04 dloocoo|loooolcooo|loooo |loooo
E'E Brother(s), sister(s), other children D05 leocoo oo ooloocoo|loooo |locooo
o 8 Other adulf(s) IDOE slocoo|loocoolococoo|loooo |locoo
Dog, cat or other pet (not fish) po7 slocoolocoocolococoo|locooo |locooo

E01

e e e e |

Lo N N e e |

o - e e |

Lo N e e e |

[T o -} - ]
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!=737475T6T778TB081825838485868738889500102939495096

Night

cooco|loooo|locooolocooo|laoc o o| AN Not sure what child was doing
coocolococoo|locoocolcooco|looo o | AR Sleeping, napping
cooo|locooo|lococooloooos oo s | AR Awake in bed
coco|locoo|lococoolcococo|loccoo|AB Bathing. dressing, hair care, health care
cooco|lcooco|lcooo|lcocoo|lcocoa|AN Crying, upset, tantrum
cooo|locoo|loocoo|locooo oo oo | AN Being held, cuddled, comforted, soothed |2
cooco|locooo|locoocolcococo|locooo|All Being reprimanded, comrected §
-
cooo|loococo|locooo|locococo|locoocoo|All Watching TV, video, DVD, movie =
cooco|loooo|loooolococoo|laoocoa|M Listening to tapes, CDs, radio, music E_
cooco|lococoo|lococoolcocco|loa oo | A Using computer/computer game E
coco|locoo|locoolcocoo|lococoo| A Being read to, told a story, or sung to E-.
coocolocooo|locooolococoo|loooo|AlS Reading or looking at book by self =
coocolocooco|locooolococoo|loooo|AlE Quiet ffee play (e.g. board game, craft dressups) |
cooco|lcooo|lococoolcocoloacoas|AT Amhu'wtﬁu)eplzy(e_g_lmnmg,' climbing,
cooco|lcooo|loocoslooos|loacass|AR Helping with chores, jobs
coooloccoolocooolcooo|locaoo| A8 Visiting people, special event, outing
coco|loooco|lococoo|looco|lcaaa|M %EMWI llmty”
cocoloooo|locooolocoo|loaoo|M Other organised lesson/activity
| (e.g. music, drama)
coocolocooco|locoocoloccoco|loooo| b0 ‘Walking (for travel or fun)
BO2 Riding bi scooter, roller blades etc.
cooco|loooo |locooolcooo |lcooo|c
| (for travel or
coco|lcococo|loocoolocococo|looc oo |b0? Travel in car
cooo|lococoolocooolcoco|loaa o| M Travel on public transport
cooo|loooo|lcooolcooo|lcasa|bfB Being taken places with adult (e g shopping)
coco|lcoccel|lcoccalcoss|lcasas|M lOwnhome,indom
coco|loccocoloocc|lcccaloaaa|Mf Immm i
cooo|lococoo|locococ|lcooco|lcooa|L® lSchnol.aﬂmbcﬁ:tuchmlm E
cooco|lcoco|locooo|locoo|loooa|HM Other, indoors "'i
cooolcococo|loooolocooslocooas|? Iomﬂ.m
cooco|lococoo|lcocoo|locococo|loocos|LlN Alone
L
cooo|lcooco|locooolcococ |loocaa |2 Mother, step mother B
coocol|looocolococoolcocoolcooalLLB Father, step father ?
|
coocolcooo|lcoooloococo|lccas|PM Grandparent(s)/other adult relative(s) H;E
cooco|lcooco|lcoocoloococo|loocas|PH Brother(s), sister(s), other children i‘i
cooo|loooo|oooo|oo oo oo oo P8 Other adult(s)
coocoloccoo|loccoolccoca|locaaa|DY Dog, cat or other pet (not fish)
coocoloccooc|locos|lcocoo|lcoas|
- 7 DD1K =m
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3 Forthe day described in this diary, how often

did this child eat or drink the following?
(Tick one box per row only)

K2DEP301 Fresh frut
K2DEP302 Frua‘tjmce

K2DBP303 Cooked vegetables ... ... ... ... ..o oo e i
K2DBP304 Rawvegetablesorsalad . .. .. . . . . .
K20BP305. Meat pie, hamburger, hot dog, sausage or sausageroll | |1

K2DBP30% Hot chips or french fies

K2DEP307

K2DEP308

K2DEP309

K2DEP310

KEDBP31! - Sicim milk or skim milk products .. ... ... ... .. ... ...

(2DePs12 Water ... ... .. e e e

KZDEP313

K2DEP315

Breakfast . . . . ...

Potato chips or savoury snacks such as “Twisties’ [ ]
Biscuits, doughnuts, cake, pie orchocolate ... ... ... ... | [ |
BIEAd ... ov oo oo e e e e e e e [ ]
Full cream milk or full creammilk products ... ... ... ... | ... [ 1. ..
[ ]
[]

K2DBP314 Dietsoftdrnkorcordial ... ... ... ... ... oo ..

4  What is your relationship to the study child?

Mother
Father

Grandmother

CkepePa

Other

5 When did you fill in this diary?
More than 3 timesaday ... ... ... ... ...

6 Ifyou did not fill in the diary for the day

2to3timesaday ... ... ... ... ... .. ...

Once, when the child wenttobed .. ___

Once, the next moming

K2DEPS

Atalater time

O
[
- s
[k

[ s

- [s

[
[ ]
[ s
[ s
L5

allocated, what day does the diary relate to?

‘ ‘ H | K2DEPS
/ /

mm DD1K

8 -

Not at all Once  Twice Three Fourormore Don'tknow
times times

S I S I I PR e
Cla o Oa Ode s, [ ]2

S EE
Cle s Ols...
[ds [ e [ls [
[Js. Ll [s
[ Js [ e [

2 Ll [le [
[]
[]
[
[]
[]
[]
[]

7  What day of the week does the diary relate to?
Monday Tuesday Wednesday Thursday Fnday
keoee7 [ - [ [l [Je [

8 How many hours of paid work did you
do on this day? K2DBP2

9  What kind of day is described in this diary?
Tick all that apply
K2DBPS01 Anordinaryday . ... ... .. . .. .. ...
K2DBP302 A holiday or a family celebration . . ..
K2DBP303 A school holiday
K2DBP304 A parent took time offwork . . __

K2DBPI0S Oy family dealt withacrisis ... ... ... ...
K2DEP30a

K2DBPS07 A farmily member was away
K2DBP0S T wasill

K2DBP90Y Thischildwasill .. .. . . . .
k20eP910  This chald was a great deal more stressed

=
E
E
&
B
ﬂh ITIWI:T:WITW:WITIT

KZ[;BPQH Anunusual day for anotherreason .. .
||
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Appendix 3: Growing Up in Australia: The Longitudinal Study of Australian Children Wave 3
Time Use Diary

DD1Ko8

IN CONFIDENCE
" Wave 3
it A st 2008

Child’s Diary
Monday - Friday

Study child's name: |

1 Please complete your diary on the following day:
Monday Tuesday Wednesday  Thursday Friday

(e s (1, (e s
[ L]

Thank you for your ongoing participation in Growing up in Australia. The study is
being run by the Australian Institute of Family Studies on behalf of the Australian

government, with data collected for the Institute by the Australian Bureau of
Statistics (ABS).

Al information collected will be kept strictly confidential (except where it is
required to be reported by law and/or there is a risk of harm to yourself or others).
To ensure that your privacy is maintained, only combined resuits from the study
as a whole will be discussed and published. No individual information will be
released to any person or department except at your written request and on your
authorisation. Participation in this study is voluntary.

If you have any questions or want more information, please contact the ABS on
1800 005 508.

2 Name of the person who filled in this diary:

When you have completed this diary please check that all the pages have been
filled in, and that you have answered the questions on the back page.

Please return the forms using the reply paid envelope provided (Reply Paid 76746,
Sydney NSW 2000).

® Commonwealth of Australia -
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INSTRUCTIONS

This diary covers what your child has been doing over the 24 hours that started at 4am today and ends at
4am tomorrow.

Each oval in the diary gﬂd repl'esents 15 minutes. In the example (ﬂght). the 11 am 12 pm 1pm
activity occurred between 11:15am and 11:30am, and then again between 0 153045 0 153045 |0 153045
1215pm and 1:3-Opl'l"l_ - —— —

For each 15 minutes, please draw a line across the ovals that show:

«  What your child was doing, including any travel involved (white section)
Most parents mark only 1 or 2 activities per time slot, but you can mark other rows if your child did more than one
thing during the 15 minutes. Please do not mark more than four categories for any one quarter hour. Remember to
also mark the Travel section if there was any travel involved.

For example:
« Reading a book in bed would be marked as 'Awake in bed' and 'Reading or looking at book by self’.
+ Sleeping in the car would be marked as 'Sleeping, napping’ and ‘Travel in car’.

+  Where your child was (light shaded section)
This section shows where your child was. If your child moved from one place to another during a 15 minute time
slot, please mark both locations. If the child was travelling for an entire 15 minute time slot, there is no need to
mark where they were during this period.

+ Who else was present with your child (medium shaded section)
This section shows who was in the same room, or who was near the child if the child was outside. If your child
was with more than one person, please mark all that apply.

+  Whether an activity was part of the child’s homework (dark shaded section)
This section shows whether an activity was done for, or as part of, the child’s homework.

Mark at least one row in each of the white, light shaded and medium shaded sections for each quarter hour.

You may wish to involve your child when completing this diary. Talking to your child about what he/she has been
doing during the 24 hour period may help you to record the activities that occurred when you were not nearby
(e.g. when your child was at a friend's house). On the last page, you can indicate if your child was involved in
completing the diary.

If you are unsure about what your child was doing at times during the nominated day, please mark the ‘Not
sure what child was doing’ category at the top of the diary page.

If you are not sure what your child was doing for the entire 24 hour period (i.e. he/she was being cared for by
someone else), please fill in the diary on the same day of the following week. For example, if it is not possible to
complete the diary for a Monday, please do the diary on the next Monday.

You can choose to fill in the diary:

« 2 or3times a day or

« all at once at the end of the day or
= in the morning after the diary day.

Important
Please mark like this only: = This form will be read using electronic
equipment.
= = Use black pencil only when completing
this form - do not use ballpoint or felt tip
or pen.
e ————— o = = If you make a mistake, please erase the
pencil mark fully.

When you have filled in the diary, please complete the questions on the back page.
- 2 -
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EXAMPLE

Below is an example of how the diary would be filled in for a child’s afternoon.

Tamika attended after school care until her mother picked her up at 4 30pm (Tamika could not remember what she
had done at after school care). Tamika and her mother drove to pick up her baby brother from child care at about
4.45pm. On the way home, Tamika tumed up the radio, waking her brother who had fallen asleep in the back seat.
He began to cry. Tamika’s mother tumed the radio down and talked with Tamika about the need to be mindful of
noise when her brother is sleeping. They got home at 5pm and, after having a quick snack, Tamika went next door
at 5.15pm to play with her friend (Tamika later recalled that they played on the computer) until her father called

her home at 5.45pm to have dinner. Tamika set the table and the family ate dinner until 6.15pm. Tamika spent the
next 45 minutes completing homework and reading to herself, with her father cleaning up nearby and her mother
preparing her brother for bed. Tamika said goodnight to her brother at 7.00pm, then had a shower, cleaned her teeth
and changed into her pyjamas. Tamika snuggled up on the couch with her mother and father at 7.20pm to watch her
favourite television program and went to bed at 8.00pm.

Afternoon Evening

4pm 5pm [] 7 pm 8 pm B pm
0 153045 0 1530 45 I]I;;Jlﬁlllﬁ!ﬂdﬁ 0 153045 0 15 30 45
Mot sure what child was doing _—s oo | ocooo|loooos | oooo oo o s
Sleeping, napping e e = — 1 —

Awake in bed | Ppp—— |= <

Eafing and drinking | .- -.-

Bathing, dressing. hair care, health care | | | .—
Doing nothing, boredirestizss. | [ I [
Sulking, upset

Arguing. fighting

Being hugged. comforad, helped to calm down | |

Being reprmanded, corrected -—

Watching TV, videa, DVD, movie

Listening to tapes, CDs, radso, music | ey |

Using computer'computer game —_—

Baing read to or fold a story | |

Reading or looking at book by self —
Quiat free play (e.g. board game, craft, dress-ups)

Active free play (a.g. running. climbing,
ball game)

Helping with chores, jobs -
Visiting peaple, special event or oufing I | |
o8 S, Ganch Ay

Otther organised lessonfactivity

(e.g. music, drama)

Vvalking (for travel or fun)

Riding bicycka, scooter, roller blades etc.
:m%uluﬁm] .

Trawvel in car | —
Travel on public transpart
Bleing taken places with adull je.p. shopping)

What was the child doing?

Travel

Own home (indoors)

Own home: (outdaars)

School, after/before school care —
Other (indoors) —_

Other (outdoars) ' '

Alane -

Maother, step-mother . e -l—-- . — .
Father, step-father ' —
Grandparent{s)iather adult relative(s)

Brother(s), stens) . —— — -_—

Other children

Other adult{s)

Dop, cat or ather pet (not fish)

Viag his aciuty done for, or as part ' R

the child?

or nearby if outside?

Who was in the same room Where was
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- 1=010203040506070809101112131415161718192021222324
~ Night Momln_g_n |
5am ] 6am ; | 9am
) 0153045 10 153045 0 153045 0 153045 0 153_045 0 153045
Not sure what child was doing 7=A01 |
Sleeping, napping A02 ‘
Awake in bed A03 |
Eating and dninking A04 \
Bathing, dressing, hair care, health care vA05 ]
Doing nothing, bored/restless i
o Sulking, upset A07 |
@ | Arguing, fighting A08
g | Being hugged. comiorted, helped to calm down A0S
<o | Being reprimanded, corrected A10 |
% Watching TV, video, DVD, movie AN
‘g Listening to tapes, CDs, radio, music Al2 |
Using computer/computer game A13
§ Being read to or told a story Al4 |
® | Reading or looking at book by self A15 |
s Quiet free play (e 9. board game, craft, dress-ups) |A16 soool cool locool
Active free play (e.g. running, climbing, AT7 1
ball game) ;
'Helping with chores, jobs T I
Visiting people, special event or outing A19 ‘
Organised sical aclN A20
et g e e i
Other organised lessonlactMty A21 |
(e.g. music, drama) | £ i
Walking (for travel or fun) BO1 = -
Riding bicycle, scooter, roller blades etc. ~ [B02 I
= | (for travel or fun)
E Travel in car B03
Travel on public transport B04 1=
Being taken places with adult (e.g. shopping) |B03 : J
‘ ] 4am 5am am 7 am 8am ’ 9am
0153045 0 153045 0 153045 /0 153045 0 1 45 1
Own home (indoors) - - ‘ S
§%‘ Own home (outdoors) 2 - colooc - SO C > -
g% School, after/before school care c03 |
ég Other (indoors) co4
Other (outdoors) €05 - “
Alone D01 ooooc ool olooc SO C
g: Mother, step-mother D02 coocolooooloocolococ = L
o
53 Father, step-faﬂler D03 SOCOIOOO O oo O ICOOC DSOS
g._g_ Grandparent(s)/other adult relative(s) D04 soocolooooloocoolocecoo locec
[ = BIDﬂ'IEI'(S). stster(s) D05 wleleolel olelelel ecfelole] elelslel (ool
§§Otherchi£dlen Dog - el = = - - = B SO0 C
o 6 Other adult(s) po7 Ssooo Soo = sooc |looca
E Dog, cat or other pet (not fish) Dog ~slocos|lcoasloa ~ =
Was this activity done for, or as B = o _ —— 1= -
of Mv” part EO1 seocoBSStloosogoSSlococ
- 4 -
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1=25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 DD1KO8 =

Afternoon

10 am 11 am 12 pm 1 2 3
0153045 0D 153045 0 153045 0 153045 0 153045 D 153045

cooco|locooo |locooalcoooa|loooa|I=AN Mot sure what child was doing
cooco|loocoo |lvoooloooo |looo o | M2 Sleeping, napping

oo oo | A Awake in bed

~AD4 Eating and drinking

~AD3 Bathing, dressing, hair care, health care
ADB Doing nothing, bored/restiess

SADT Sulking, upset

(e N N B ) [ e [ R e N e |

0

0
0
0
0
\

J

e e e e ) e e e o e e e

—

oo oo O Ooo oD | OO
=
=

0o | = oo

0

Lo e N e B e ) (e Y e Lo W e N e N |

1]

oo oo oo oo locooo |l oo e :Aﬂg &ngh.lg;ad,mrhbd,hebedbcdndm
oo oo o Do oo oo o oo o (:\A“} BEiI'K_] I'El:l'll'ﬂlﬂ, comected

AN Watching TV, video, DVD, movie

SAl12 Listening to tapes, CDs, radio, music
SA13 Using computer/computer game
cooo|lcooo|locooo|lcooco|locoao| Al Being read to or told a story
coocol|locooo|loooolococoo|loocao| A Reading or looking at book by self
coloooo|Alb Quiet free play (e.g. board game, craft, dress-ups)

cooco|lcocoo|lcoocoloococo|lcocs| AT Active free play (e.g. running, climbing,
| ball game)

oo oooo oo oo |loccooo|looo o .'."Ma Hehitgwimchures,juhs
~A18 Visiting people, special event or outing

) et et e ol vt = 7T

Ccooo|locooo oo olocooo |l cooco CA21 Other organised lesson/activity
| (e.g. music, drama)

cooo|locooo|lococoo|locooo|loooa|bN I'ﬂkil:il‘lg {fﬂ'ﬂ'ﬂv&l Uﬁ.lﬂ}

BOZ Riding bicycle, scooter, roller blades etc.

cooolocooo |loooe o | b0 Travel in car

_ O a0

L [ e | e | e |

Lo 1 e s [ s |

£Buiop pliyo a3 sem yeym

0
(
()
|

L)
(]
(
)
{0

{
0
0
0
0
0
(]
Il.
U
i
()
f
0
0
|
I'\-
U
0
(
{

oo OoO oo | OO oo oO | OO O |C

(o I e e [ e ]

[@AedL

L e e e ) [ i o - - | ::Bm Tra\'ﬂ on mt w
cooo|ocooco oo locooco oo s :an Belngmnplao&smm&-gslmlg}
10.am 11 am 12 1 3
01530450 153045 0 159045 0 153045 0 183045 0 153045
Lo I e N e e e e i e T e O i e e (e Y e e e ) e e e i .'_'C01 | C'Ml hm rm}

CcCooo oo oo |loooo |l o|c co2 Own home (m] ??
1

[ N e e

CDooo|loocoo | oo o |loooo oo o |c o0z ! Schod, after/before school care
O OO IO OO | OO |00 OO |00 0 ’Cm mﬂ{‘m’ 55
w
OO IOCOOO | OO0 OO OO |OOO O \.CDS mﬂ{m}
22O O OO O O | O OO '~:D01 Ma ;
Lo B e N e B e ) [ e e e O e o e e (e e (e e O e e e \Doz m,wm q
D oo oo oO oo oo oo | oo \DOS FHI‘I!‘. w i
cooo|locooo |ooooloooo |looo o \Dm wﬁmm M‘) !
Lo e o s o S s s e [ e L e c [ o ams s J o | am o o o 'Dos 1&“(3).3‘“{3)
coOoOo|loooo oo alocoooa oo e :DD6 Other children %!
4
[=l=l=l=]ll=F==f=ll=T=l=l=)l=F=F=0=0 = =0=01=" '_DO? Olluadﬂ(s} gg
4
[N N N ) oo o o [ o e Y ) [ oo oo o Do& M, cﬂd‘dﬂﬂ'p&l(ﬂd ﬁm)
i

ool |loo ool oo |l s ;EOI Was this Mh',aas

- 5 -
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K3D7!

I=010203040506070800101112131415161718192021222324
Afternoon

Evening

4 5 6 7 8 9 '
0 1;5‘[;45 0 1?3345!0 133'345 0 15'%45[0 15"3345[0 133345.

Mot sure what child was doing T=Al

Sleeping, napping AQ2

Awake in bed AO3

Eating and drinking Al4

Bathing, dressing, hair care, health care ~ AQ5

Doing nothing, bored/restless AO6

Sulking, upset ADT
1] . .

@ Arguing, fighting Adg
E Being hugged, comforted, helped to calm down A9
w | Being reprimanded, corrected AT0
% Watching TV, video, DVD, movie AN
‘g Listening to tapes, CDs, radio, music A2

Using computer/computer game Al3
§ Being read to or told a story Al4
® | Reading or looking at book by self A5
E Quiet free play (e.g. board game, craft, dress-ups) |A16

Active free play (e.g. running, climbing, A1T

ball game)

Helping with chores, jobs Al8 5 |

Visiting people, special event or outing A19

o] ed al act A20

A i

Other organised Iesaorﬁacnwty A21

(e.g. music, drama)

Walking (for travel or fun) BO1

Riding bicycle, scooter, roller blades etc.  [B02
= | (for travel or fun) . |
E Travel in car BO3

Travel on public transport BO4

Being taken places with adult (e.g. shopping) |B05 = c e

4 pm 5 pm 6 5prn ;m | 8 ‘
0 153045 0 153045 0 1530450 1 45 0 153045 0 153045

Own home (indoors) co
§%Ownl"une(autcha&) o2 Socoolocococoloocoo|ocooco|lcoac
2% School, after’before school care co3
é_ﬁ Other (indoors) Co4

Other (outdoors) 5 L loocoo|loo:

Alone Do o oo oo o |loocoo |looo o |loococ
gt”nﬂ‘ler,step—n‘[ﬂwr bo2 so oo looooloooco |loooo |looco o
o
E'ﬁ Father, step-father Do3 o oo |looooloooo|loooo |loococ
.EGmndpﬂrent(s).’nﬁieradullrelaﬁve(s) Do4 =f=T=T=1 [=T=T=T=] =¥=F=T=] [=T=T=T=] [=Y=T=1=
ﬁ; Brother(s), sister(s) Dos oo olooooloooo|locooo|locooc
§: Other chlldl‘eﬂ LU o 60 O o O o o O O [ O O O [ O -
o 5/ Other adult(s) o7 - = | -

i Dog, cat or other pet (not fish) Dos S locoo|o

Was this acfivity done for, EO Y PR R PR PR

b, lsar.hv_iyne or as part e e = = = = o . - = = s
- 6 -
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1=252627282030313233343536373830404142434445464748 DD1KDE =

10 gm 11
0 153045

[ B e e Y i}

Mot sure what child was doing
Awrake in bed
Eating and dnnking
Bathing, dressing, hair care, health care
Sulking, upset
| Arguing, fighting
Being hugged, comforted, helped to calm down
Being repnmanded, comected
Watching TV, video, DVD, movie
Listening to tapes, CDs, radio, music
Using computer/computer game
Being read to or told a story
| Reading or locking at book by self
Quiet free play (e.g. board game, craft, dress-ups)

Active free play (e.g. running, climbing,
| ball game)

cooo|loooo _,_A'IE Heh'mgwimcruﬁ,johs

cooo|loooa|Ald Visiting people, special event or outing
e oo o e 20 i ical activi

voloocoo|lcooo|a | ggmedﬂmk)w

cooo|lococoo|lcooalcooca|laoaa o | Al Ig’gl&fﬂrg_%ljlﬁﬂik&‘)‘»&u’fmy

=1=1=1=1 =i Walking (for travel or fun)

cooo|locooo|locooo|lcooco|lacoao| bR idi -| le, scooter, roller blades efc.
= e e | fe ] < (=1 > (=1 l?ur*‘ghc%rmm

cooco|lecooo|locacalecooo |l oo |cB03 Travel in car
L e e N e B o e e e O e e e e B e O e e e O [ e e e :_'Bm Tmmmkm

cooo|lococoo|lcooa|lcooca|looo o | kB Bengmnplamﬁmm&gm}

10531 11§run 12 am 1 am 2 am Jam
0153045 0 153045 0 153045|0 153045 0 153045 0 153045

e e PR Tt Ry e Qwn home (indoors)
colcoocolcocca|L2 _ Own home (outdoors) ??
cooo|lcoco|lcooe|lcoccalecass| L8 School, after/before school care g
cocoo|lcococo|loocaclococco|locaaa|m jomar{‘ndws) §§
Seoalec ococ lBaaslc oo laaas] o " Nlone
Sooo|lococoo|lcocoalcooo |l s |02 ~ Mother, step-mother qf
e _ e Epmmpn  __ pErn Father, step-father gi
socoolcoco|lcoaalooocloaca|com * Grandparent(s)other adult relative(s)
P — o o o [P [, D05 :ws)_mq
coocolcococo|lcoocolcocolcoas|bs Other children 5!
coocoloccocsl|lcoas|leo: oo oo | D07 ' Other adul(s) gg
cooco|lcooca|lococas|s: |oooo|ps ' Dog, cat or other pet (not fish)

P = oo e PSR E01 Was this done for, or as
> < o mm” part

¢BuIop PlIYo 8Ly sem Jeym

OO 0|0 OO O |00 OO0

N
A
-
\
=

(LU

oo OoO oo o |
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3 For the day described in this diary, how often
did this child eat or drink the following?
(Tick one box per row only)

‘resh fruit

Not at all

K3DEP301

K3DEP302 “ruit juice

K3DBP303 500Ked vegetables

K3DBP304
taw vegetables or salad

K3DBP303 et pie, hamburger, hot dog, sausage or sausage rol

K3DBP305 : :
ot chips or french fries
K3DBP307 ) o
otato chips or savoury snacks such as ‘Twisties'
K3DBP303
discuits, doughnuts, cake, pie or chocolate

K2DBP309

dread
K3DEP310

rull cream milk or full cream milk products
K3DBP311

=kim milk or skim milk products
K3DBP312

water
K3IDEP313

Soft drink or cordial, not diet
K3DEP314

Jiet soft drink or cordial
K3DBP315

dreakfast

4 What is your relationship to the study child?

DD1KDE =
Three Four or Dont
Once  Twice  ymec moretimes  know

8 What day of the week does the diary relate to?

Monday Tuesday Wednesday Thursday Friday

Mother

K3DEPS
Father
Grandmother
Other relative KIDERA
K3DBP101
Carer/babysitter
K3DBP102
Lo K3DEBP103
5 When did you fill in this diary? KIDEP104
More than 3 times a day K3DBP105
2 2to 3 times a day K2DBPS K3DEP106
Once at the end of the day K3DEP10T
Once, the next morming K3DEP108
At a later time K3DEP109
6 If you did not fill in the diary for the day K3DBR110
allocated, what day
does the diary relate to? K3DEP111
K3DBP&G
7 Did the study child participate in completing3P8P112
this diary?
- e NO  yapgpr 8

195

9 How many hours of paid work did you
do on this day?

10 What kind of day is described in this diary?

K3DEPS

An ordinary day {Tick a that 2ppiy}
Aholiday or a family celebration

A school day

A school holiday

A parent took time off work

Our family dealt with a crisis
We had guests staying with us

A family member was away

Iwasill

This child was ill

This child was a great deal more siressed than nomal

An unusual day for another reason

11 Was the weather good enough for outdoor activities?

Yes - No K3DBP11



Appendix 4: HealthNuts Age 1 Questionnaire

[
Murdoch Childrens

Research Institute o L] ooa ICVCICYEIEICILE]

HealthNuts : How does food allergy affect our community?

It is important that you have read the information sheet and have your questions answered before
signing your consent form. Have you signed your consent form?

If not, please do this now before completing this questionnaire.

There are no right or wrong answers. For most questions, there is a choice of answers.

Pick the one that’s true for you and cross the box next to it like this: Yes

Please cross ONE box only unless otherwise requested. If you make a mistake, simply scribble it
out and mark the correct answer with a cross:  like this: No [ Yes

Some questions ask you to write a short answer in the space provided.

Use a ballpoint blue or black pen (do NOT use a felt tipped pen). - Let’s start!
Child’s Name: | | | |
Child’s Date of birth: D D / D D / D D D D Sex: Male []  Female [ ]

Your Name: | | | |

Your relationship to the child: | ‘

Address: | | Postcode: [3][ || || |

prone: Mot || |[ | 1[JLILILILIL]  womed ] ) DDDD LH

QUESTIONS ABOUT YOUR CHILD FEEDING YOUR CHILD

1. How was your child born? 7. Has your child ever had a reaction
(e.q. redness or itching) which you thought
Vaginal D Caesarean section D was due to some food that they had eaten?
No [ ] Yes [ |

2. At how many weeks gestation did you deliver .
this baby? *--+|f no go to 0.12

|other | 36 | 37 | 38 | a9 | 40| 41 |42 | Dﬂ.,er| 8. Was there more than one type of food?

No | | Yes | |

3. Birth weight: | | g
9. What was the foodis) (e.g. peanut)
4. Birth Length: ‘ ‘ cm | |
5. Last measured weight: 10. How long after the food was eaten did the
reaction appear?
‘ ‘ 9 <%hr [ ] 1-4hrs [ ] >4hrs [ ]
ome  [][ /LN
11. Describe the reaction(s)
6. Last measured length: skin rash ] difficulty breathing | |
‘ ‘ em vomiting ] other (dascribe) ]
diarrh
s« (YO00000 = 5 l
| |
Verslon 50 January 2008 1of 8
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We are now going to ask you questions on the

introduction of food to your child's diet.
(please circle weeks or months )

19.

Brand(s) of formula used and age introduced
(See flash card of labels in folder)

Brand | |
12. Age started breastfeeding {include colostrum
in the first few days after birth) Age | ‘ months
O —
Brand | ‘
Not sure ] Age | ‘ months
Not started []
13. Still breastfed 20. Has your child eaten......Nuts?
Don't
No D Yes |:| No know Yes
Peanut butter L1 [ [
14. Age breastfeeding stopped Peanut oil N RN
ks / month Othernuts OO d
Age I:l Weeks fmantns (e.g. cashews, mixed nuts)
{please specily)
Not sure D ‘
Not started []
21. Has your child consumed...... Eggs?
15. Age infant formula bottle feeding started Don't
No know Yes
Age Soft boiled / scrambledegg [ | [ ][]
weeks / months e[ 0O 0O 0O
Not sure ] Meringue O 0O O
Not started D Cakes D D D
16. Age infant formula bottle feeding stopped Biecuits D D D
Other form (Plaase Specify) 1 [ [
N |
R [ 22, Has your child consumed.....Other foods?
Not started L] Don't
No know Yes
17. When was solid food first introduced Sesame product D D D
Age l:l weeks / months Tahini D |:| |:|
Sesame seeds on bread 1 O [
Not sure D Fish D D |:|
Na—— H Shellfish (Plaase Spacity) L1 [ [
18. Age of change from formula to cow’s milk |
Age I:l weeks / months 23. ::::-,ﬁ:]ro':h“d consumed.....Soy (nntDiDr::I:uding
No know Yes
Not sure ] Soy milk or soy products L1 [ [
{Please Specify)
Not started ] ‘
| |
2of B Murdach Childrens Verslon 5.0 January 2008
Research Institule

197

MCRI HealthNuts V3-Final

27—06-0d



YOUR CHILD’S RASHES

24. Has you child at any time had an itchy rash
other than nappy rash?

No |:| Yes |:|

S--»1tne goto 0.2

25. Did you use medication to treat it?

Newver

Used in the past
Used now

Not sure

i

26. Creams or moisturizers?
No [ ] Yes | |

Nama|

Not sure

L0

27. Topical Steroids (e.g. cortisone)
No [ ] Yes [ |  Notsure [ ]

Narne| ‘

28. Did you use steroids for more than 10 days in

a row?

No [ ] Yes [ | Notsure | |
29, Has your child ever been diagnosed with

eczema?

No [ ] Yes [ | Notsure [ |

30. Age when eczema was first diagnosed?

[ e

31. Has your child ever wheezed?

No |:| Yes D

32. Number of episodes of wheeze?

[ ]

Not sure D

|
34. Was your child hospitalised with bronchiolitis?
No [ ] Yes [ | Motsure | |

If yes, age I:l in months

35. Has your child ever had antibiotics?

No [ ] Yes [ | Notsure [ |

If yes, age I:l in months

Reason
(e.g. ear infaction}' |

36. Type of antibiotic (if known)

37. If more than one course of antibiotic, how

many?

e
o
S P

38. Does your child attend childcare / daycare?

Ne [ | Yes [ |
Does your child attend family care?
No D Yes D

How many days per week?

[1]2]a]a]s]e]7]

How many hours per session?

‘1‘2 3‘4‘5‘5‘?‘8‘9‘10‘11‘12‘

At what age did they begin (months old)?

‘1‘2 3‘4‘5‘5‘7‘8‘9‘10‘11‘12‘

39. In general, would you say your child’s health
is (please cross one box )...

33. Has your child ever had bronchiolitis Excellent ]

(bron-key-o-litus) Very good D

No [ | Yes [ ] Notsure | | Good ]

Fair []

m - Poor D
Verslon 5.0 January 2008 Murdoch Childrens 3o0f8
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40. Compared to other babies, | think my baby is

(please cross one box ).
Much easier than average
Easier than average
Average

More difficult than average

oo

Cannot say

41. Do you believe your child has a food allergy?

No D Yes |:| Not sure |:|

42. Do you believe your child is at risk of food

allergy?

No [ | Yes [ ] Notsure | |

43. Has your child ever had colic?

Ne [ | Yes [ |  Notsure | |
L--plfno go to 0.44
If yes, how old was the child when it started?

B

How many hours per day on average did
they have colic?

]

How long did it last?

I:l days / weeks / months
Did you consult a doctor?
No |:| Yes D Not sure |:|
Did you change your child’s formula?
No [ ] Yes [ | Not sure | |
Was your child hospitalised?
No [ | Yes [ | Notsure [ |

44. Did your child ever have reflux?

No D Yes | | Notsure | |

t--»1f no go to 0.45
If yes, how old was the child when it started?

R

How long did it last?

40f8 Murdoc

Did you consult a doctor?

No [ | Yes | | Notsure | |

Did you change your child’s formula?

No [ | Yes | | Notsure | |

Was your child hospitalised?

No D Yes D Not sure D

Was your child prescribed medication?

No [ | Yes | | Notsure | |

Which medication? | |

45. Did your child ever suffer from bouts of
vomiting?

No ] Yes [ | Notsure | |
£--»1fno go to 0.46
If yes, how old was the child when it started?

How long did it last?

|:| days / weeks / months
Did you consult a doctor?
No || Yes [ | Not sure | |
Did you change your child’s formula?

No D Yes D Mot sure D

Was your child hospitalised?

No D Yes D Not sure |:|

46. Did your child ever suffer from diarrhoea?
No [ ] Yes | | Notsure | |
-~ »1fno go to 0.47
If yes, how old was the child when it started?

How long did it last?

Did you consult a doctor?

No [ | Yes [ | Not sure | |

Did you change your child’s formula?

No [ ] Yes | | Not sure [ |
Was your child hospitalised?

No |:| Yes D Mot sure |:|

h Childrens Verslon 5.0 January 2008

Research Institte

MCRI HealthNuts V3-Final

199

2 7-06~0d



=
[ | 5
2
47. Cross the foods that the child's mother has eaten..... o
Which food? When? How often? %
{you can cross more than one) 5
F £
& $ e S
& & & &
.a‘; “9;}- “9‘;;&5@ ~§ éf \5?? Y
@ ] & o "
T Y vg % VE 8 &F
Nuts
Peanut
(e.g roasted, peanut butter, cakes) I:‘ I:‘ l:‘ I:‘ I:‘ I:‘
Any other nuts e.g. cashews,
walnuts (please specify) D D D D D D D
Other foods
Shellfish L] I I [] L o
Eggs L] I [] o
Soy or soy products O O O O O O O
48. Have you had any supplements or drugs during your pregnancy?
No Yes Not sure
Iron D D D
Folate ] ] ]
Multivitamin [] [] []
Fish Oil ] ] ]
Calcium [] [] []
Probiotics ] ] ]
Alternative medicine supplement
Other
Drug Treatments
(please describe) D D D
| |
Verslon 5.0 January 2008 Murdoch Childrens SofB
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QUESTIONS ABOUT YOUR FAMILY 54. In what country was the child’s father born?

49. Does your 12 month old have other brothers

50.

51.

53.

6of 8

No [] Yes | ]

Brother DD/DD/DDDD
sowerz [ ][ /L[ /LI
seert [ ][ /LU0
seerz [ ][ /UYL
otnersivings ||| |/ ][ /[ 1[ ][] ]

Mother’s date of birth

1

Father’s date of birth

I e

The following people live with my child in
our house (for at least half the week) the
child’s.....?

Father ]
Mother L] 57. Has your diet changed significantly since
Siblings (as describaed above) D moving to Australia?
Other relatives(describe e.g. Strongly agree ]
uncles, grandmother) D Agree |:|
| | Not sure ]
Other people (describe eg, friend Disagree I:l
In what country was the child’s mother born?
Australia ]
Other ]
(please list)
|
Murdoch Childrens Verslon 5.0 January 2008
. Research Institule

201

Australia ]

Other
(please list)

. What is the main language spoken at home?

English

Italian

Greek
Vietnamese
Arabic

Turkish

Chinese

Other (please list)

O Ooooodo

. Have you moved to Australia from another

country in the last 5 years.

No [ ]----- +1tno go o 0.59
Yes [ |----- + Which country?

MCRI HealthNuts V3-Final

27-06-08



58.

Which OME or MORE of the following statement best applies to your diet since moving to Australia?

My diet is much the same now as before the move D

202

Ausgdsey ¥Iv1g

| eat MORE processed food now than before D
(eg foods that are bought in a packet)
| eat LESS processed food now than before (eg foods that are bought in a packet) D
| eat MORE take-away food and restaurant food now than before D
(eg hamburgers, fish and chips)
| eat LESS take-away food and restaurant food now than before D
(eg hamburgers, fish and chips)
59. Does anyone smoke inside the home? 62. Did the mother smoke in the past?
No [ | Yes [ ] No [ ] Yes [ ]
Who? Number ‘Hnw long ‘ |Number
cigsiday yrs cigs/day
i i ?
0. D anyone smoke outside the home 63. Did the father smoke in the past?
(e.g. in the garden)? No |:| Yes D
No [ ] Yes | | How long Number
Who? Number ‘ |
| | | VIS cigs/day
cigs/day
61. Did the mother smoke in pregnancy?
Ne [ | Yes [ |
Number ‘
cigs/day
| |
Verslon 5.0 January 2008 Murdech Childrens Tofg
Research Inshitute
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64. Does anyone in your family suffer...... (please cross)?

%
ol
“r

DDDDDDDDD%%

’
<
q"t:l
%

I o o o °.-,,a'

A

K
%%

000000000 %,
S
000000000 %,

Asthma

Dermatitis

Eczema

Hay fever

Seasonal allergies
Year round allergies
Sinus problems
Lupus

Avrthritis

I I O

P
IZIIZIIZIIZIIZIIZIDDD“?g,,a
DUDODOOnn e,
OOO000Odo &
DO0OOOO0OO0T %,

Other allergies :
Bee sting / ants
Drug

Food (please specify)

Latex
Nickel jewellery

O oo
O oo
O oo
O don
O don
O don
O don
O don
O oo

65. Could you please give an indication of your 66. Do you have pets at home?

combined household income (yearly)?
Inside Outside Both

Our household income is

: | ca O O O
or Dm l:l l:‘ l:‘
0-25,000 ] Bird 0 o O
25,000-50,000 ] 3;'3'532 describe) 0o oo
50,000-75,000 ] | |
75,000-100,000 ]
More than 100,000 [| ! 7. Do you live on a farm with animals?
Don't know ] No [ ] Yes [ ]
Don't wish to answer question ]

J° " NE NI ED GD S ED SD R BN SR ED D GH S BN BN ED SD SR SD SR SN M R SR B S Gm S .|

L Thank you for participating in our study. 1
[ Please let the researcher know you have finished filling out the questionnaire and 1
[ they will help you with the rest of the allergy test. 1
[ HealthNuts - Nuts about health 1

I o mm mm mm E Em EE EE EE EE M N N BN EE M M EN N EE EE M M EE EE EE EE E Em Em Em o
| [ |
BofB Murdech Childrens Verslon 5.0 January 2008
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Appendix 5: HealthNuts Age 4 Questionnaire
| I

Murdoch Childrens HEQH}’) .
Research Institute 0000 e NU‘tS

PLEASE COMPLETE THIS SECTION BEFORE STARTING THE QUESTIONNAIRE

Thank you for helping with our research. All your information is confidential.
If you have any questions or need help filling out this survey please contact the HealthNuts study team by:
= Phone (03) 8341 6266 - Email health.nuts@mcri.edu.au - Website www.mcri.edu.au/healthnuts

After you’ve read the information letter, please tick one of the following boxes:

D I've read and understood the information letter. | consent to my child taking part in this project.
{Please complete the whole questionnaire and return it in the reply-paid envelope)

|:| I don’t wish to take part in this phase of the project, but I'm happy to be contacted about
future HealthNuts follow-up.
(Please return in the reply-paid envelope, or let us know by phone or email)

|:| I don’t wish to take part in this project, and | don't wish to be contacted by HealthNuts again
(Please return in the reply-paid envelope, or let us know by phone or email)

CONTACT DETAILS

For child’s mother (or guardian) For child’s father (or guardian)
Given name (s): | | Given name (s): |
Surname: | | Surname: |
Address — Number and Street: Address — Number and Street:

| 1]
Address — Suburb: |, Address — Suburb:|
postooes| || || || | swe|  [leosose] || [ [ | osme| ]
ehonesosie | ][ [ [ [[[L][][ ][ ][ ]v erone:ssotue [ ][] ][ ][ JLI[]1LICIL]
wor (L PLILILIC] CIOICIC s weee CJCDOICICICT CIOICIC
| |"°'“e (P OOO0 DDDD| | |"°“'9 U000 OO0
Today’sdate:DD/DDXDDDD Ghild’sdateofbirm:DD/DD/Dl:::

Your given name(s):| | Your Surname: |

L 1O

Are you this child’s....? | | Biologicalparent | | Stepparent [ | Other |

Areyou ....7 |:| Female |:| Male

We'll contact you in a few weeks time to offer a follow-up visit to the Royal Children’s Hospital if your child:
= attended the Royal Children’s Hospital for HealthNuts as a 1 year old, or
= has developed any new symptoms of food allergy since we |ast saw you.

Please fill in the extra details below to help with this.

| What is the best number to use?

Who is the best person to contact? | l:‘ I:‘

What are the best days and times? | | [] Mobile
. MCRIAV1-1
Version 2.0 July 2011 1of12
MCRI HealthNuts_A V4 13-09-1 1|
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MCRIAV1-2 .

1. FEEDING YOUR CHILD

We last saw you when your child was 12 months old. We want to know what new foods you've introduced
into your child’s diet since that time. Since age 12 months, has your child eaten the following foods?

(tick one box on each Iine) Eaten Eaten
3 times or
No less 3 times
1.1 Peanut butter | ] ]
1.2 Peanuts L] L] L]
1.3 Pistachios O Ll L]
1.4 Cashews ] ] ]
1.5 Almonds D D ]:[
16 Hazelnuts (including Nutella) ] ] ]
1.7 Pine nuts D D D
1.8 Other nuts (please specify) O i1l L]
1.9 Tahini (or hummus) O ] L]
1.10 Sesame seeds on foods (eg. bread, sesame snaps) | ] ]
1.11 Semi-cooked (runny) egg (eg. scrambled, soft boiled, fried, poached) | | ] Bl
1.12 Completely cooked (hard) egg (eg. hard boiled, fried, poached) 1t ] L
1.13 Meringue, paviova or macaroons D [j D
1.14 Cakes containing egg ] -] ]
1.15 Biscuits containing egg (eg teddy bear biscuits) ] J=] ]
1.16 Other foods containing egg (please specify) ] 1 L]
1.17 Fish O ] &
1.18 Shellfish (please specify) ] [l ]
1.19 Soy milk or other soy products (please specify) & = &
1.20 Cow’s milk (including on cereal) B B ]
1.21 Cow’s milk in baked products (eg. cakes, muffins) ] J=y [
1.22 Other dairy products (e.g. cheese, yoghurt, cream, ice cream) =) ] ]
—— |
1.23 Other types of milk e.g. goat's milk (please specify) & [l
1.24 Wheat (e.g. bread, cakes, biscuits) L] ! ]
1.25 Do you restrict any particular foods in your child’s diet? [] No [ Yes
If yes, (a)mhfoodsdoesyouchildavoid?[ }
(b) why are these foods avoided? ’ '
1.26 At what age did this child stop breastfeeding? months (write N/A if never breastfed)
|
2 of 12 . Murdoch Childrens Version 20 July 201
. Research Instifute
MCRI HealthNuts_A V4 13-09-1 ll
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2.2 Have you ever consulted any health professionals about your child’s food reactions?

No [] ---+ I no, go to Question 3.1

a. Doctor - general practitioner (GP) |:| How many times did you see a GP?

Paediatrician [] How many times did you see a paediatrician?

c. Allergist [] How many times did you see an allergist?
d. Oﬂ'\erhealﬂ'lmfessimﬂjemespedﬁolj How many times did you see this health professional?

e. Complementary medicine practitioner |:| How many times did you see a complementary

23

ify) adic -
Does your child currently have an EpiPen/Anapen for food allergy? |:| No : Yes

3. RASHES, CHEST SYMPTOMS, RUNNY NOSE

3.1

In general, would you say your child’s health is:

[] Excellent [ | Verygood [ | Good | | Far [ | Poor

Rashes

3.2

4of 12

Has your child ever had an itchy rash which was coming and going for at least six months?

[] No ---+goto Question 33 [] Yes [] Don’t know

If yes...

a.  Has your child had this itchy rash at any time in the last 12 months?
[ ] No [] Yes [ | Don't know

b.  Has this itchy rash at any time affected any of the following places: the folds of the elbows, behind
the knees, in front of the ankles, under the buttocks, or around the neck, ears or eyes?
[ ] No [] Yes [ | Don't know

c. At what age did this itchy rash first occur?
[] Under 2 years [] Age2-ayears

d. Has this rash cleared completely at any time in the last 12 months?
[1No [] Yes [ ] Don'tknow

e. Inthelast 12 months, how often, on average, has your child been kept awake at night by this itchy rash?
[ ] Never in the last 12 months
|:| Less than one night per week
[] ©One or more nights per week

Verslon 20 July 201
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3.3 Has your child been diagnosed with eczema?
|:| No |:| Yes -==% a. Age when symptoms started months old

3.4 Inthe last 12 months, has your child suffered from dry skin in general?
[] No [ Yes

3.5 Did you use medication to treat your child’s eczema, itchy rash or dry skin?
(You can tick more than one box if necessary)

D Never -- -+ go to Question 3.6 D Used in the past D Use now
If you have ever used medication for your child’s eczema or itchy rash
a.  Have you used moisturisers?
D No D Yes  Name | I: Don’t know
b. Have you used topical steroid creams or cintments (e.g. sigmacort, celestone, elacon, cortic,
hydrocortisone, advantan fatty cintment)?
[] No [] Yes Name | [] Don’t know

c. Did you use steroid creams for more than 10 days in a row?
|:| MNo |:| Yes |:| Don’t know

3.6 Have you ever consulted any health professionals about your child's eczema or dry skin?
No [] ---+ I no. go to Question 3.7
a. Doctor - general practitioner (GP) [ ] How many times did you see a GP?
b. Paediatrician [] How many times did you see a paediatrician?
c. Allergist [ ] How many times did you see an allergist?
d.  Other health professional (please specify) || How many times did you see this health professional?

e. Complementary medicine practitioner |:| How many ti did you see a complementary

Wheezing and coughing

3.7 Has your child ever had wheezing or whistling in the chest at any time in the past?

D No ---+¥goto (uestion 3.8 D Yes D Don't know
If yes...
a.  Atwhat age did the symptoms first start? | yearlsold
b. Has your child had wheezing or whistling in the chest in the last 12 months?
[] No ---gotoQuestion 38 [] Yes
c. How many attacks of wheezing has your child had in the last 12 months?
[] None [] 1te3 [] 4to12 | More than 12
|
Verslon 2.0 July 2011 Murdach Childrens 5o0f 12
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d. Inthe last 12 months, how often, on average, has your child’s sleep been disturbed due to wheezing?
D Mever woken with wheezing
D Less than one night per week
] One or more nights per week

@. Inthe last 12 months, has wheezing ever been severe enough to limit your child’s speech to only
one or two words at a time between breaths?

[] Ne [ Yes

3.8 Has your child ever had asthma?

I:‘NO

|:| Yes ---% a) Were you told by a doctor that your child had asthma? : No ] Yes
b) Agawhansymptomsstartedl:l years old

3.9 Inthe last 12 months has your child used any medicines, pills, puffers or other medications for
wheezing or asthma?

|:| No ---+ goto Question 3.10 |:| Yes |:| Not sure

i o Regularly
If yes, please list the medications and when they were used. When (every day for at
a.  MName of ‘Western' medicine wheezy least 2 months)

| | O O]
b.  MName of ‘Alternative’ medicine

| | O] O

| | O []
3.10 Have you ever consulted any health professionals about your child’s wheezing or asthma?
No [] ---% Kno, goto Question 311
a.  Doctor - general practitioner (GF) [ ] How many times did you see a GP?
b. Paediatrician [ ] How many times did you see a paediatrician?
c.  Allergist [ ] How many times did you see an allergist?

d.  Qther health professional (please specify) D How many times did you see this health professional?

e. Complementary medicine practitioner |:| How many times did you see a complementary

6 of 12 Murdach Childrens Verskon 2.0 July 2011
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Hay fever
All questions are about problems which occur when your child DOES NOT have a cold or the fiu.

3.11 Has your child ever had sneezing or a runny or blocked nose, when he/she did not have a cold or
the flu?

[] Ne ---goto Question 3.12 [] Yes [] Don'tknow

Aupqdsey yov1g

If yes...
a. At what age did the symptoms first start? I:l year(s) old

b. Inthe past 12 months, has your child had a problem with sneezing or a runny or blocked nose when
hefshe DID NOT have a cold or the flu?

[ ] No ---+goto Question 3.12 [] Yes [ Don't know

c. In the past 12 months, has this problem been accompanied by itchy-watery eyes?
[] No [] Yes [] Don'tknow

d. Inthe past 12 months, how much did this nose problem interfere with your child’s activities?
[] Notatal [ ] Alittle [] Amoderate amount "] Alet

e.  In which of the past 12 months did nose problems occur?
(tick all that apply)
[] January [] April [ July ; October
[ | February [ May [ August "] November
[] March [ June [] september | December

3.12 Has your child ever had hay fever?
D No  ---+goto Question 4.1
|:| Yes -—-* a  Were you told by a doctor that your child had hay fever? : No Yes

b. Age when symptoms started I:l years old

3.13 Have you ever consulted any health professionals about your child’s hay fever?

No [] ---% ino, go to Question 4.1

a.  Doctor - general practitioner (GP) [ ] How many times did you see a GP?

b. Paediatrician [] How many times did you see a paediatrician?
c. Allergist [] How many times did you see an allergist?

d.  Other health professional (please specify) |:| How many times did you see this health professional?
| |

e. Complementary medicine practitioner |:| How many ti did you see a complementary

(please specify) medicine practitioner?
|
Verslon 2.0 July 2011 Murdach Childrens Tof 12
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4. OTHER QUESTIONS ABOUT YOUR CHILD

4.1 Does your child regularly receive childcare or go to kindergarten or preschool?

4.2

4.3

4.4

4.5

8 of 12

[] No

[] Yes -+ a
b.
c.
d.

---+ goto Question 4.2
On average, how many hours does your child spend there every week?

[ | hrs/week

At what age did your child start childcare? I:l months
At what age did your child start kindergarten/preschool? I:l months

How many children does your child have contact with at childcare,
kindergarten or preschool?

[] 1-s [] so

[] 10418

|:| more than 15

Has your child ever had a gastrointestinal worm infection (e.g. Threadworms or Pinworms)

DND
|:|Yes

=% a

---+ go to Ouestion 4.3
How old was your child when they first had worms?

|:| Less than 1 year |:| 110 3 years D At least 3 years

b. How many times have they had worms? I:l

During the Jast year, how much time did your child spend in the sun?

Summer

on weekdays
on weekends
Winter

on weekdays
on weekends

=1 hr a day

OO0 oo

1to 2 hrs
per day

OO0 OO

2to 3 hrs 3to4hrs

per day per day =4 hrs aday
L] L] L]
Ll Ll 0
Ll Ll Ll
L] L] L]

What was your childs last measured weiaht? | || | [ | kg

paterecorded | || |/ |[ 1/ ][]
What was your child’s last measured height? DDD cm

paterecorced | || |/ [ |/ ][ |

Murdoch Childrens
. Research Institule
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4.6 Does your child have younger brothers and sisters? (we already know about older siblings from

our previous questionnaire)
[] Noyoungersiblings [ | Yes (please give details below)

o smect [ [ YLV » eomers [ /LJCYC
c. Sister2 CILWVOIECIC], o erotwera LIEVHEYH]
e. Sister3 DD/DD/DD £ Bohe3 D[ E[/::

MCRI HealthNuts_A V4

212

4.7 Below is a list of things that might be a problem for your child. Please tell us how much of a
problem each one has been for your child in the past ONE month.
Almost  Some- Almost
Never Never times Often  Always
a. Walking [ L] [ [] L]
b. Running ] L] L L] ]
c. Participating in active play or exercise ] al I ] ]
d. Lifting something heavy ] =) = ] ]
e. Bathing L] | L] L] L]
f.  Helping to pick up his or her toys D D j : :
g. Having hurts or aches D D D ‘_—’ :
h. Low energy levels D D j : :
i. Feeling afraid or scared ] B ] ] ]
j.  Feeling sad or blue ] )] ) [ ]
k. Feeling angry [] L] [] [] L]
. Trouble sleeping (] L] L] [] []
m. Worying L] L L] L] L]
n.  Playing with other children ] ] ] L] L]
o. Otherkids not wanting to play with him or her | | =] O ] L]
p. Getting teased by other children D D D 2 C
q. Not able to do things that other children his m ] =] =i =l
or her age can do 1 1 T 1 At
r.  Keeping up when playing with other children || " L] L] []
s. Doing the same day-care activities as peers =) [] ] =) []
Missing day-care because of not feelingwell || m ] B ]
Missing day-care to go to the doctor D D rj =] :
|
Version 2.0 July 20i1 .mhw 9 of 12
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4.8 The next questions are about your child’s emotional well-being and behaviour. These can be big
issues for 4-year-olds. It would help us if you answered the items as best you can even if you are
not absolutely certain. Please give your answers on the basis of the child's behaviour over the
last 6 months.

Certainly

Not True True True
considerate of other people’s feelings

b. restless, overactive, cannot stay still for long

c. often complains of headaches, stomach-aches or sickness

d. shares readily with other children, for example toys, treats, pencils

e. often loses temper

f.  rather solitary, prefers to play alone

g. generally well behaved, usually does what adults request

h.  many worries or often seems worried

helpful if someone is hurt, upset or feeling ill

constantly fidgeting or squirming

has at least one good friend

often fights with other children or bullies them

often unhappy, depressed or tearful

generally liked by other children

easily distracted, concentration wanders

nervous or clingy in new situations, easily loses confidence

- -

I Y

kind to younger children

often lies or cheats

picked on or bullied by other children

often volunteers to help others (parents, teachers, other children)
thinks things out before acting

steals from home, school or elsewhere

gets along better with adults than with other children

many fears, easily scared

good attention span, sees tasks through to an end

2 lae e P e

N I

= ® £ £ £ &0

4.9 At what time does your child usually go to bed at night? pm

4.10 What is their usual wake-up time in the moring? I:l am

10 of 12 Murdach Childrens Yersion 20 July =01l
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5. QUESTIONS ABOUT YOUR FAMILY

5.1 Since we first saw you when your child was 1 year old, has anyone in your immediate familx

developed any new symptoms of ..... sibling
4 g Childs child’s Chi's Chikd's
P ol el e ol
a. Asthma ] & B ] ] ] ] i) L]
b. Eczema L] ] L] L] L] L] H L] L1
c.  Hayfever B ] B ] B L] ] ] =
d. Latexallergy [ | ] L] L] ] L] L] ] L]
e. Insectallergy [ | ] = ] = H L] ] =]
which insect:
f. Food all [] i |
woeg '!:.'g:: L] ] ] & ] L] ] L1 L]
5.2 Do you currently have pets at home?
L] No. =4y tsSmlien 38 L1 Yem Insideand  Outside Inside
If yes, outside only only
a Number of cats: D ] o B
b. Number of dogs: \:I m ] ]
c.  Number of birds: D ] i1 L]
d. Otherpet pleasespecify) | | ] O O

| |

5.3 Does your household currently keep your pets outside or avoid having pets at home because of

allergy?

[[] No [ ] Yes,avoidcatsonly [ | Yes,avoiddogsonly | | Yes,avoid both cats and dogs

5.4 How many people in your household regularly smoke (most days of the week)? ‘

5.5 Whatis the total number of cigarettes smoked by all residents outside your home?
[ | perwesk
5.6 What is the total number of cigarettes smoked by all residents inside your home?

-

5.7 Does anyone smoke in the same room as the child?

[] Never [] sometimes [] Usually

Verslon 2.0 July 201 24 Murdoch Childrens
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5.8 What is the highest education or vocational qualification completed by the child’s....

a. mother b. father
year 10 or less ] ]
year 11 |:| |:|
year 12 L] L1
trade apprenticeship D D
technical diploma/certificate ] ]
university degree ] ]
postgraduate university degree |:| |:|
Other (please specify) 1 1
5.9 a. s the child’s mother currently in paid work? | | No [] Part-time [] Full-time
b. lIs the child’s father currently in paid work? | | No [] Part-time [] Full-time

Thank you for completing this questionnaire.
Please check that you’ve answered all the questions, on both sides of each page and
filled in the date on Page 1.
Please return it to us in the reply paid envelope.
For queries, contact the HealthNuts team
on (03) 8341 6266 or health.n ri.edu.au.

-

‘We’ll contact you again when your child turns 6 years old to ask about their food allergy, eczema,
asthma and hay fever once they are at school. Just in case your address or phone number
changes, is there a friend or relative (such as a grandparent or aunt/uncle) we could contact?

Given name(s): |

Surname: |

Relationship to the child: | |

Address — Number and Street: |

Address - Suburb: | | WDDDD
Phone: Mobile DDDD DDD DDD Home (DD)DDDD DDDD

Email: | |

P e e o o e e e e e Ew Ee w .
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Appendix 6: HealthNuts Age 6 Questionnaire

U7
N M h Chil
"’;\T'F The Royal Children's H eGHh . Rels’;:rgﬁ Inftit;tedu“s
Hospital Melbourne £ U'tS <or Vids. Healthier Fitore.

HealthNuts Questionnaire o LU

PLEASE COMPLETE THIS SECTION BEFORE STARTING THE QUESTIONNAIRE

Thank you for helping with our research. All your information is confidential. If you have any
questions or need help filling out this questionnaire, please contact the HealthNuts study team by:
= Phone: (03) 8341 6266 = Email: health.nuts@mcri.edu.au

Please use a black or blue pen.

CONTACT DETAILS

Child
rmets | | umame:| |
For child’s mother (or guardian)
m[s}: ” |S'mm| |

Address — Number and Street: | |

Address—Suburb:| I PDSthde:l:l |:||_||_| Siﬂie:l—l
mo w0000 000000 0000
wooe I 000 DI v |

For child’s father (or guardian)

Given ” |5umame:|

name(s):

Address — Number and Street:|

Address - Suburb:| | Postcode:l] |:|| " | Stale:l

|

I

erove: - woste [ [ ][] LI OO0 e OO DI
wore | LI LICICIC emen |

Today's date:D D/DD/D DDD Child's date of lJirth:I:I D/I:I I:I/I:”:II:“:I

Your Your | |
Given name(s): Surmname:

Are you this child’s...? [_] Biological parent [ | Step parent [ | Other | |
Are you ....7 D Female D Male

We'll contact you shortly to organise a time for your child’s allergy assessment.
Please fill in the extra delails balow to help with this.

Who is the best person to contact? | |

What is the best number to use? (tick all that apply) [_] Home [_| Mobile [] Work

What are the best days and times? ‘ |

10of 16
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1. FEEDING YOUR CHILD

We last were in contact with you when your child was 4 years old. We want to know what new foods
you've introduced into your child’s diet since that time. Since age 4, has your child eaten the following
foods? (tick one box on each line)

Never inthe inthe 3 times
inchild's  last last  inthe last
life 2years 2years 2years

1.4 Peanut butter o 0 0O 0O
1.2 Peanuts o O 0O 0O
1.3 Pistachios D. D; Da D-
1.4 Cashews g 0. O, O
1.5 Almonds DI D? Da Dl
1.6 Hazelnuts (including Nutella) 0 O 0O, 0O
1.7 Pine nuts 0o O 0O, 0
1.8 Other nuts (please specilfy) O 0. 0O. 0O
1.9 Tahini (or hummus) 0o 4 0O, O
1.10 Sesame seeds on foods (e.g. bread, sesame snaps) |:|. D, D, |:|.
1.11 Semi-cooked (runny) egg (e.g. scrambled, soft boiled, fied, poached) [ ], [, [J.  [l.
1.12 Completely cooked (hard) egg (e.g. hard boiled, fried, poached) [ 1, [, [, [,
1.13 Meringue, pavlova or macaroons |:| Dz D, D.
1.14 Cakes containing egg O O O 0O
1.15 Biscuits containing egg (e.g. teddy bear biscuits) [, Dz D, D.
1.16 Other foods containing egg (please specify) [, 1. [1. 1.
1.17 Fish o O. O, O
1.18 Shellfish (please specify) . 0. 0O, O
1.19 Soy milk or other soy products (please specify) O 0O O 0O
1.20 Cow’s milk (including on cereal) 1, 0. O. O
1.21 Cow’s milk in baked products (e.g. cakes, muffins) |:|, |:|, D; D;
1.22 Other dairy products (e.g. cheese, yoghurt, cream, ice cream) D‘ Dz Da D‘

rrle&seaoeciﬂ'} |
1.23 Other types of milk (e.g. goat’s milk) (please specify) O, 0. O 0O
1.24 Wheat (e.g. bread, cakes, biscuits) [, 1. [ 1.
1.25 Do you restrict any particular foods in your child’s diet? D, No I:l2 Yes

If yes, (a) which foods does your child avoid? ‘

. (b) why are these foods avoided? ‘

20of 16
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1.26

1.27

In the past 12 months, how often, on average, did your child eat or drink the following?
(Flease leave blank if you do not know what a food is) (tick one box on each line)
Onceor Threeor
twice more
Never or per times a
occasionally week week

a) Meat (e.g. beef, lamb, chicken, pork) 1, L. O,
b) Seafood (including fish) . 0. 0O.
c) OQily fish (e.g. salmon, fresh tuna, trout, mackerel, sardines) 1, 1, 1.
d)  Fruit 1, 0. 0O,
e) Vegetables (green and root) 1. L. O.
f)  Pulses (peas, beans, lentils) 1. L. 0O
g) Cereal (including bread) 1, I I
h) Pasta O. 0. 0O.
) Rice 1. L. 0O
i)  Butter L1, I:I:- I:Is
k) Margarine L. L. L.
) Nuts 1. [l. L[l
m) Potatoes L1, I:I: I:I:
n) Cow's milk Please specify type (e.g. full fat, low fat etc) 1. . .
| |
o}  Other types of milk Please specify type {e.g. soy, almond efc) D| I:Iz I:Ia
| |
p} Eggs |:I| ‘:I: I:Is
q Fastfood / takeaway O, n  E
" Soft drink o O 04
s) Cordial O, 0. 0O
9  Fruitjuics O, O, 0O
u)  Powdered nutritional supplements (e.g. Sustagen) . O. 0O

Has your child ever been fed toddler formula or follow-on formula (e.g. Karicare Toddler or Heinz
Nurture Follow-on)?

D1 No -+ goto Question 2.1

|:|,Yaa 3 ammtagedidmwsm?:\ year(s) w:lnmm
b. At what age did they stop?:\ year(s) or|:|morrl:hs

c¢. What was the name/s of the formula/s?
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2.2

Since age 4, have you consulted any health professionals about your child’s food reactions?

No
a.

b.

[] ---+ lino, go to Question 3.1
Doctor - general practitoner (GP) [ Howmany times ddyouseeaGP? | |
Paediatrician [l Mnﬂryﬁmddywseea;mﬁi'nﬂ:
Allergist [[] How many times did you see an allergist? |:|
Other health professional (please specify) [ | How many times did you see this health professional?

| | [ |

Complementary medicine practitioner [ | How many times did you see a complementary
ok i) fici titioner?

| | L]

2.3 Does your child currently have an EpiPen/Anapen for food allergy? D , No l:] > Yes

3. RASHES, CHEST SYMPTOMS, RUNNY NOSE

Rashes

3.1 Has your child ever had an itchy rash which was coming and going for at least six months?

D, No ---+ goto Question 32 D,Yes E],Don'tknow

If yes...

Has your child had this itchy rash at any time in the last 12 months?

[], No [J.Yes [, Don't know

Has this itchy rash at any time affected any of the following places: the folds of the elbows, behind
the knees, in front of the ankles, under the buttocks, or around the neck, ears or eyes?

[], No [J,Yes  [], Don't know

At what age did this itchy rash first occur?
[, Under 2 years [, Age 2-4 years [], Age 5-6 years

Has this rash cleared completely at any time in the last 12 months?
[J,No  [,Yes [], Don't know

In_the last 12 months, how often, on average, has your child been kept awake at night by this itchy rash?
[C], Never in the last 12 months
D, Less than one night per week
D, One or more nights per week

3.2 Has your child been diagnosed with eczema?
[(J,No  [J,Yes -+ a Agewfnensymptmswted:lyea(a)or:lmumw

5of 16
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3.3 Inthe last 12 months, has your child suffered from dry skin in general?

(], No [, Yes

3.4 Have you gver used medication to treat your child's eczema, itchy rash or dry skin?
(You can tick more than one box if necessary)

|:| Mever had eczema, itchy rash or dry skin -==+% go to Owestion 35
|:| Had/have eczema, itchy rash or dry skin but never used + go to Question 35
[] Usedin the past

|:| Use now

If you have ever used medication for your child's eczema, itchy rash or dry skin
a. Have you used moisturisers?
[J,Ne [, Yes Nama‘ | [[], Don't know

b. Have you used topical steroid creams or ointments (e.g. sigmacort, celestone, elocon, cortic,
hydrocortisone, advantan fatty ointment)?

[(J,No  [J,Yes Name | | [, Don't know

c. Did you use steroid creams for more than 10 days in a row?
[], No [],Yes [ ], Don't know

3.5 |Inthe past 12 MONTHS, how many days (or part days) of school has your child missed because
of an itchy skin rash or eczema?

|:|I None
[], 1tes
[], 6tai0
[], Morethan 10

3.6 Since age 4, have you consulted any health professionals about your child’s eczema or dry skin?

No [ ] ---+ Ifno, goto Question 3.7

a. Doctor - general practitioner (GP) [] How many times did you see a GP? I:l
b. Paediatrician [] Mnﬂwﬁmddywsaeapaaﬂihﬂl:l
c. Allergist [ ] How many fimes did you see an allergist? |:|
d. Demmatologist [ Howmany imes ddyouseeademnatologst?] |

e.  Other health professional (please specify) | How many times did you see this health professional?
| | [ 1]

f.  Complementary medicine practitioner [ | How many times did you see a complementary
(please spacify) medicine practitioner?

| | L1

6 of 16
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Wheezing and coughing

3.7

3.8

3.9

Has your child ever had wheezing or whistling in the chest at any time in the past?

[[],No ---% goto Question 38 D,Yes []. Don't know
If yes...
a. At what age did the symptoms first start? I:l year(s) old

b. Has your child had wheezing or whistling in the chest in the last 12 months?
[J,No ---+ goto Ouestion 38 [, Yes
c. How many attacks of wheezing has your child had in the last 12 months?
[], None [J,1to3 [J,4t012 []. More than 12
d. Inthe last 12 months, how often, on average, has your child's sleep been disturbed due to wheezing?
], Never woken with wheezing

[[]. Less than one night per week
|:|a One or more nights per week

e. Inthe last 12 months, has wheezing ever been severe enough to limit your child’s speech to only
one or two words at a time between breaths?

[J,No [, Yes

Has your child eyer had asthma?

[],No

[],Yes -~ a) Wereyou told by a doctor that your child had asthma? [ |,No [, Yes

b) Age when symptoms started D year(s) old
c) Do you have a written asthma action plan which tells you how to look after your

child’s asthma?
[O,Ne  [,Yes [, Don't know

In the last 12 months, has your child used any medicines, pills, puffers or other medications for
wheezing or asthma?

[J,No ---» gotoQuestion 310 [, Yes [1, Not sure
Regularly
When (every day for
If yes, please list the medications and when they were used. wheezy at least 2 months)
a.  Name of ‘Western' medicine (tick one box for each line)
| | 0, [k
| | O, L1}
| | L1 LT
b.  Name of ‘Altemative’ medicine
| | Ll; L1,
| | O, Jul
|
7of 16
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3.10 Since age 4, have you consulted any health professionals about your child’s wheezing or asthma?

No ] -+~ Wuo, go to Question 311

a. Doctor - general practitioner (GP) [[] How many times did you see a GP? :
b. Paediatrician J Hmmhmddyouaeoapaedaﬁim?‘j
c. Allergist [[] How many times did you see an allergist? [:'

d. Omerheallhpmfeesionalbleamspecily)D How many times did you see this health professional?
| | [ ]

e. Complementary medicine practitioner |:] How many times did you see a complementary
(please specify) medicine practitioner?

| | [ ]

3.11 In the past 12 MONTHS, how many times has your child been admitted to the hospital because of
wheezing or asthma?

(], None []. 3tos
141 [, eto10
15 ], More than 10

3.12 In the past 12 MONTHS, how many days (or part days) of school has your child missed because
of wheezing or asthma?

D, None I:], 6to 10
D, 1to5 D, More than 10
Hay fever

All questions are about problems which occur when your child DOES NOT have a cold or the flu.

3.13 Has your child ever had sneezing or a runny or blocked nose, when he/she did not have a cold or
the flu?
[], No ---% gotoQuestion314 [ ], Yes [[], Don't know

If yes...
a. At what age did the symptoms first start? |:] year(s) old

b. Inthe past 12 months, has your child had a problem with sneezing or a runny or blocked nose when
he/she DID NOT have a cold or the flu?

[], No ---+ goto Question 3.14 [, Yes [], Don't know
c. Inthe past 12 months, has this problem been accompanied by itchy-watery eyes?
1, No [, Yes [], Don’t know
d. |n the past 12 months, how much did this nose problem interfere with your child’s activities?
], Not at all D,Aﬁtﬁe [[], A moderate amount [J. Atot
e. In which of the past 12 months did nose problems occur?
(tick all that apply)
[] January ] April [T Juty [] October
[] February (] May [ August ] November
[] March [] June [] september [] December
|
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3.14 Has your child ever had hay fever?
[ ], No ---+ gotoQuestion 3.16
[ ], Yes -+ a Wereyoutold by a doctor that your child had hay fever? [ |, No [ ], Yes

b. Age when symptoms started I:l year(s) old

3.15 Since age 4, have you consulted any health professionals about your child’s hay fever?

No D ---# [f mo, go to Question 3.16

a.  Doctor - general practitioner (GP) [ ] How many times did you see a GP? |:|
b. Paediatrician ] Hmmmmddwumam?l:l
c.  Alergist [] Howmany times didyousce anallergist? | |

d.  Other health professional (please specify) ] How many times did you see this health professional?
| | [ ]

e. Complementary medicine practitioner | | How many times did you see a complementary

| | L]

3.16 In the past 12 MONTHS, how much did any nose problem interfere with your child's daily activities?

[], Notatall [[]., Amoderate amount
[ ], Alittle []. Alot

3.17 In the past 12 MONTHS, has your child used any medicines, pills, nose sprays or other medication
for hay fever or nose problems?

], No [, Yes [[], pon't know

3.18 In the past 12 MONTHS, how many days (or part days) of school has your child missed because of
hay fever or nose problems?

[], None [], etot0

[], 1tos []. Morethan 10

4. OTHER QUESTIONS ABOUT YOUR CHILD

4.1 In general, would you say your child’s health is:

[], Excellent [, Verygood [, Good [, Fair [, Poor

4.2 Has your child ever had a gastrointestinal worm infection (e.g. Threadworms or Pinworms)?
], No ---+ gotoQuestion 43
(], Yes -+ a. How old was he/she when they first had worms?
(], Lessthan1year [ |, 1to3years [ |, 4to6years

b. How many times has he/she had worms? |:|

9 of 16
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4.3 During the last year, how much time did your child spend in the sun?

1to 2 hrs 2to3 hrs 3to4hrs
Summer <1 hr a day per day per day per day 2 4 hrs a day
a. onweekdays |:|. D, D: Du Ds
b. onweekends |:|_ D, |:|, D‘ D,
Winter
on weekdays L, L. L. L. L.
d. onweekends |:|_ |:|, |:|, |:|' |:|5

4.4 a. What was your child's last measured weight? DDD kg

b.  Date recorded DD/DDXDD

4.5 a,  What was your child's last measured height? DDD em

b. Date recorded DD/DD/DD

4.6 Does your child have any brothers or sisters (including half siblings)?

[], No ===+ gotoQuestion 4.7 [ ], Yes - Please provide details about the child’s siblings,
+ starting from oldest to youngest

Do they live

more than %

MNumber Date of birth Relation Sibling type the time in

O e bl
2 DO/ G s O st o over B e
N 0 R et o
¢ OO0 B s B bt S e B v
o /OO0 st B vk ot 5 e
e VOO s B, ot o T v

Please list any other siblings and answer questions above:
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4.7 Below is a list of things that might be a problem for your child. Please tell us how much of a
problem each one has been for your child in the past ONE month.

Almost Some- Almost
e S e e Never Never times Often Always
a.  Walking more than one . . 1. L35 Ll
b. Running [ [l LI [l Ll
c. Participating in sports activity or exercise 1, . O, . .
d. Lifting something heavy L. 5 L, L. L.
e. Taking a bath or shower by him or herself [ I; . L . LIs
f.  Doing chores, like picking up his orhertoys [ ], . O, . Lls
g. Having hurts or aches H W E R
h. Low energy level D. Dz D: D. Ds
i.  Feeling afraid or scared L . O, L1z LIk
j.  Feeling sad or blue Lh Tl L[k L[ Lk
k. Feeling angry W, E- E H. E
I.  Trouble sleeping D ' D: D: D- Ds
m. Worrying about what willhappentohimorher [ ], [, [J. [J. [
bl P i h
n.  Getting along with other children N B E BB
0. Other kids not wanting to be his or her fiend [ ], [l O, . Li;
p. Getting teased by other children 1, . Ll L 15 LI§
. Not able to do things that other children hi
9 mm‘:’:"g:c:';‘do o T Els 0, O, El; Els
. Keeping up when playing with other children 1, . L3 . Lls
A— -
s. Pay attention in class B N m B (W
t.  Forgetting things D ' D 2 D 3 Dc Ds
u.  Keeping up with school activities N Wy E Wms E
v.  Missing school because of not feeling well i P R I ) i PR
w. Missing school to go to doctor or hospital . . [, LRk LR
[ |
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4.8 The next questions are about your child's emotional well-being and behaviour. These can be big
issues for 6-year-olds. It would help us if you answered the items as best you can even if you are
not absolutely certain. Please give your answers on the basis of the child's behaviour over the

last 6 months.
Somewhat Certainly

Not True  True True
a. Considerate of other people's feelings o O 0O
b. Restless, overactive, cannot stay still for long D, I:I, I:I,
c. Often complains of headaches, stomach-aches or sickness |:|‘ |:| . |:| a
d.  Shares readily with other children, for example toys, treats, pencils [ ], . O,
a. Often loses temper D ' I:I 2 I:I 3
f.  Rather solitary, prefers to play alone D. D 2 |:| 3
g. Generally well behaved, usually does what adults request 1, . 1,
h.  Many worries or often seems worried . s O,
i.  Helpful if someone is hurt, upset or feeling ill . 0. 0O
i Constantly fidgeting or squirming |:|. |:| z |:| 3
k. Has at least one good friend Du Dz I:Ia-
. Often fights with other children or bullies them . O, O,
m. Often unhappy, depressed or tearful |:|. |:| 2 |:| 3
n. Generally liked by other children . . 0O
o. Easily distracted, concentration wanders . ., [O.
p.  Nervous or clingy in new situations, easily loses confidence 1, . 1,
g. Kind to younger children I:l, I:l;. I:I;
r.  Often lies or cheats |:|| I:la Ds
s.  Picked on or bullied by other children [, . O
t. Often volunteers to help others (parents, teachers, other children) 1, O. 1,
u. Thinks things out before acting o 0. 0,
v.  Steals from home, school or elsewhere 1, . O
w. Gets along better with adults than with other children |:|, I:l 2 D 3
x.  Many fears, easily scared |:| 1 I:l 2 I:l a
y.  Good attention span, sees tasks through to the end |:|. |:|, D,

4.9 At what time does your child usually go to bed at night? I:l pm

4.10 What is their usual wake-up time in the morning? I:] am

12 of 16

227



5. QUESTIONS ABOUT YOUR FAMILY

5.1 Since we last were in contact with you when your child was 4 years, has anyone in your

immediate family developed any new symptoms or diagnoses of .....

Other

i ) ) ) sibling
Child’s Child’s Child’s  Child’s

Child’s  Child’s brother brother  sister sister I:l
2

Noone mother father 1 2 1

a  Asthma [] [] [ L] L] U L] L]
b. Eczema [] [] [ [] L] [l L] L]
c. Hayfever  [] [] (] L] ] ] ] L]
d. Latexallergy [ ] L] [ L] U] U L] O
€ ﬁﬁ;’g"ﬂu [] L] [ L] ] O ] I::
ey O O O O O 0O O

| |

5.2 Do you currently have pets at home?

Ls No --- gotoGuestion 54 L. Yes Insideand  Outside Inside
If yes, outside only only
a.  Number of cats: I:l |:| 1 I:I. I:l:
b.  Number of dogs: ] O . Cs
c.  Number of birds: ‘:I |:| ' Da D:
d.  Other pet (please specify) | O, 0. .

5.3 Does your household currently keep your pets outside or avoid having pets at home because of allergy?
|:|.No D,Yu.avoidcatsonl'y D,Yaa.avoiddogamlv D.Mavaidboﬂ'lcﬂhu‘iddogs

[, Yes, avoids other pets (olease specify) | |

5.4 Do you live on a farm or property with any animals (livestock)? D1 No D, Yes

5.6 How many people in your household regularly smoke (most days of the week)? |:I
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5.6 Whatis the total number of cigarettes smoked by all residents outside your home?
e
5.7 What is the total number of cigarettes smoked by all residents inside your home?

] b

5.8 Does anyone smoke in the same room as the child?
I:lI Never |:|, Sometimes D, Usually

5.9 What is the highest education or vocational qualification completed by the child’s....

:
%

Year 10 or less |:|, |:| 2
Year 11 O, .
Year 12 1, 1.
Trade apprenticeship D, |:| -
Technical diploma/certificate . 1.
University degree 1, 1.
Postgraduate university degree 1. 1.
Other (please specify) . .
| |

540 a. Isthe child's mother currently in paid work? [ |, No []. Part-time [1; Full-time
b. Isthe child's father currently in paid work? [ |, No []. Part-time [1. Full-time

5.11 a.  Child's mother's current weight
(if currently or recently pregnant, record pre-pregnancy weight): D |:| |:| |:| kg

b. Chid's mother's height: | |[ ][ ] cm
c.  Chids mothers date of bint: | |[ /[ ][ 1/[ ][]

5.2 a. Chid's father's curent weight: | || |[ ].[ ] ko

b. Chids fathers height: | |[ ][ ] em
c. Chid's fathers date of binh: | |[ /[ ][ ]/[ ][ ]

5.13 In which country/region was your child born?

[ ], Australia/ New Zealand [ ], America
[]. Europe [], Asia(e.g. Singapore, Malaysia, Vietnam)
[], India/ Pakistan / Bangladesh [ ], Middle East (e.g. Egypt, Syria)
L], Afiea [, Other]|
[]. United Kingdom
[ |
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5.14 Child’s mother’s ethnicity?

[], caucasian

[]. Asian

I:], African

[]. Aboriginal or Torres Strait Islander
[]. Middle Eastern

], Other (olease specify)

5.15 Child’s father’s ethnicity?

[], caucasian

[]. Asian

D, African

[], Aboriginal or Torres Strait Islander
[], Middle Eastern

L], Other (please specify)

5.16 What is the ethnicity of your child’s natural GRANDPARENTS? (i.e., their ethnic origin)

m#%‘i,';%ox) (ﬁck%box)
[[], Caucasian [], caucasian
(], Asian [], Asian
[:I, African |:], African
(], Aboriginal or [[]. Aboriginal or
Torres Strait Islander Torres Strait Islander
(], Middle Eastern [C]. Middie Eastern

[, Other (please specify) [, Other (please specify)

Mother _ Eather
(tick one box) (tick one box)
Caucasian [], caucasian
Asian [], Asian
African [:], African
Aboriginal or [[]. Aboriginal or
Torres Strait Islander Torres Strait Islander
Middle Eastern [C]. Middie Eastem

| | l
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I
Thank you for completing this questionnaire. |

Please check that you've answered all the questions, on both sides of each page i
and filled in the date on Page 1. !

Please return it to us in the reply paid envelope. I

For queries, contact the HealthNuts team on (03) 8341 6266 or health.nuts@mcri.edu.au I
i

Just in case your address or phone number changes, is there a friend or relative (such as a i
grandparent or aunt/uncie) we could contact? |

Given name(s): I I I

|
Surname: I I I

Relationship to the child: | | :

Address — Number and Street: | | :

Address - Suburb: | | Postcode: I:”][”:I State: ‘:I :
pone: wonie: [ [ ][] [LICILICIC] wome: (JCDOICICICT LICICICE

Email: | I |
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Appendix 7: HealthNuts Age 6 Paper Activity Log

*Please remember to start to fill out
diary for the day after the monitor is
put on & describe each day.

ACthlty Monitor Dlal’y Monitor number:
ID:

Child name:

+ This accelerometer staris recording on: ! ! at am/pm
* Please remove the accelerometer on: { { at _ am/pm

What kind of day was it today? Please describe your child's day and let us know if it was unusual in any
way. For example, you might write ‘school day’, ‘weekend’, "holidays’, "sick’ or ‘sports carnival’. *Day 1 is the
day AFTER your HealthNuts assessment (the day after the monitor is put on).

Day of week Wake up time Bed time Description of child’s day
0 | [eg Mon 8 June] [eg 7:30am] [eg 8:00pm] [eg Took part in the HegalthMuis, allergy health checkl]
1 am/pm am/pm
2 am/pm am/pm
3 am/pm am/pm
4 am/jpm am/pm
5 am/pm am/pm
] am/pm am/pm
7 am/pm am/pm
8 am/pm am/pm

The accelerometer is waterproof! Your child doesn't need to take it off for swimming or showering/bathing.
But, if your child does take it off at any time, please write down the time it was taken off, the time it was put it
back on, and why it was taken off.

Day Date Time off Time on Reason taken off
A am/pm am/pm
A am/pm am/pm
A am/pm am/pm
A am/pm am/pm
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Wearing and returning the Accelerometer

* The accelerometer records your child's movement every 15-30 seconds, day and night

+ Your child wears it on their non-dominant wrist (not the hand he/she writes with), just like a watch

+ Itis worn for 8 days — keep it on your child all the time

+ Leave it on ouernight! It should not disturb your child's sleep

+ The accelerometer is waterproofl It doesn’t need to be taken off for swimming or having a bath or shower

Important! If your child does need to take the accelerometer off:
* Write down when and why on the front of this sheet
+ Put it back on your child as soon as you can (on the non-dominant wrist)

When the 8 days are up:

« Mail the accelerometer with this Sheet back to us using the package we gave you
* Please post the package in an Australia Post mailbox as soon as possible

Do you have any comments about your child wearing the accelerometer?

Thank you for your help!
The Healthhuts Study team

Any questions?
‘& (03) 8341 6266
B4 health.nuts@mcri.edu.au

@ ® B murdoch
M d B children's
@ B B research
@ @ B institute
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