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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, I 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, I 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 
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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. 
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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? 
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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”. 
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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. 
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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. I 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). 
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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 
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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, 
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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 

Phenotype 

Description 

Non-allergic 

asthma 

Commonly experienced by adults and is not associated with 

allergy. Patients with non-allergic asthma often respond less 

well to ICS 

Late-onset 

asthma 

Developing in adulthood, and particularly in women, this 

phenotype is usually non-allergic, and often requires higher 

doses of ICS 

Asthma with 

fixed airflow 

limitation 

Observed in individuals with long-standing asthma, this 

phenotype is characterised by fixed airflow limitation that is 

thought to be due to the remodelling of airway walls 

Asthma with 

obesity 

This phenotype is observed in obese individuals, where 

respiratory symptoms are prominent but little eosinophilic 

airway inflammation is observed. 

Exercise-induced 

‘sports’ asthma  

Respiratory symptoms and airway hyperresponsiveness 

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). Th2 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). 

 

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 β2-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): 

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

difficulty, activity limitation, nocturnal symptoms) 
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• Presence of risk factors such as family history of atopy, allergic sensitisation, 

allergy, personal history of food allergy or atopic dermatitis 

• Therapeutic response to treatment 

• 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.  



 

14 
 

 

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 Häggström - Own work Made in Inkscape, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=9735199. Source: Stanojevic et al. 2010 (59) 

 

https://commons.wikimedia.org/w/index.php?curid=9735199
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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 (VT) The volume of air that is inhaled and exhaled 

during a normal respiratory cycle. 

Inspiratory capacity (IC) The amount of air inspired from the resting 

expiratory level to full inflation. 

Vital capacity (VC) The maximum volume of air that can be 

exhaled. 

Inspiratory vital capacity 

(IVC) 

The maximum volume of air that can be inhaled 

after full expiration. 

Residual volume (RV) The volume of air remaining in the lungs after 

maximal expiratory effort. 

Total lung capacity (TLC)  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. 

Functional residual capacity 

(FRC)  

The amount of air in the lungs at the end of 

normal tidal expiration. 

Forced expiratory volume in 

1 second (FEV1) 

The volume of air that is forcibly expelled in the 

first second of exhalation. 

Forced vital capacity (FVC)  The volume of air that is forcibly expelled after 

a deep inhalation. 

FEV1/ FVC ratio The ratio of FEV1 to FVC measurements that is 

often used in the definition of health. 

Peak expiratory flow (PEF)  The average flow of air at the beginning of 

expiration. 

Forced expiratory flow (FEF)  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, c, d1 and d2 are coefficients which vary for each 

ethnic group):  

Y = a + b x H + c x A + age-spline + d1 x group + d2 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).  

 

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 

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

 

http://www.ers-education.org/guidelines/global-lung-function-initiative.aspx
http://www.ers-education.org/guidelines/global-lung-function-initiative.aspx
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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 β2 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 β2 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 

than twice a month) and no risk 

of exacerbations 

SABA as needed 

Asthma symptoms twice a month 

or more 

Low does ICS with SABA as needed  

Asthma symptoms most days; 

waking due to asthma once a 

week or more 

Low dose ICS-LABA with SABA as needed 

or 

Medium does ICS with SABA as needed 

Severely uncontrolled asthma or 

with acute exacerbation 

Regular controller treatment with medium 

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: 

• 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).  

• 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). 

• 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).  

• 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). 

• 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 (NO2), sulphur 
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dioxide (SO2), ozone and carbon monoxide (CO) have all been linked with 

development of asthma.  

• In young children, lower respiratory tract infections have been shown to be 

associated with asthma development (87-90).  

• Obesity and other early-life stressors (91) have also been found to play a role 

in asthma development.   

• 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: 
• house dust mite  
• cockroaches  
• animal allergens or pet dander (20, 97) 
• pollen 
• mould 

Avoid or reduce where possible 

Airborne and environmental irritants 
including: 

• strong scents such as deodorant, 
perfume or incense 

• woodfires and unflued gas heating 
• extreme weather e.g. bushfire and 

thunderstorm asthma (32-35) 
• indoor and outdoor air pollution 

Avoid or reduce where possible 

Certain dietary and medicinal triggers 
including: 

• Aspirin and NSAIDS 
• Bee products 
• Echinacea 
• Some food additives 

Avoid or reduce where possible 
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Biologicals such as viral respiratory infections 
(87) 

Manage 

Comorbid medical conditions including: 
• Allergies 
• Upper airway disease  
• Obesity 

Manage 

Anxiety and other intense emotions (21, 32) Manage 

Strenuous activity and exercise (20, 98) Do not avoid 

Laughter Do not avoid 

 

 

 

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 

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.  



 

25 
 

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 

5-17 

years 

Accumulate at least 60 minutes of moderate- to vigorous intensity 

physical activity daily. 

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 

18-64 

years 

1. Adults aged 18–64 should do at least 150 minutes of moderate-

intensity aerobic physical activity throughout the week or do at least 

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 

adults 

65+ years 

1. Adults aged 65 years and above should do at least 150 minutes of 

moderate-intensity aerobic physical activity throughout the week or 

do at least 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 

highest in 39.1% (95% UI: 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).  

 

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.  

 

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 

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. 
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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 



 

35 
 

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-α) 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 
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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). It is 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, I 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, I 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, I 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 
(2004) 
 

Wave 2 
(2006) 

Wave 3 
(2008) 

Wave 4 
(2010) 

Wave 5 
(2012) 

Wave 6 
(2014) 

K cohort 4-5 
years 

6-7 8-9 10-11 12-13 14-15 

Cross-
sectional 
response 

4983 4464 4331 4169 3956 3537 

Longitudinal 
response 

N/A 4464 4196 3940 3682 3276 

Cross-
sectional 
attrition rate 
(%) 

 10.4 13.1 16.3 20.6 29.0 

Longitudinal 
attrition rate 
(%) 

 10.4 6.0 6.1 6.6 11.0 

TUD 
completed n 
(%) 

7449* 
(75) 

6909* 
(77) 

5924* 
(68) 

3994  
(96) 

3649  
(94) 

3071  
(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). At an 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 
(2004) 
 

Wave 2 
(2006) 

Wave 3 
(2008) 

Wave 4 
(2010) 

Wave 5 
(2012) 

Wave 6 
(2014) 

K cohort 4-5 
years 

6-7 8-9 10-11 12-13 14-15 

TUD 1 Eligible 
Actual 
% 

4983 
3867 
78 

4464 
3446 
77 

4331 
2961 
68 

4169 
3994 
96 

3871 
3649 
94 

3387 
3071 
91 

TUD 2 Eligible 
Actual 
% 

4983 
3582 
72 

4464 
3460 
78 

4331 
2963 
68 

N/A N/A N/A 

"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, I 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. I 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 

asthma? 

2, 3, 4, 5, 6 

In the last 12 months, has the child had an illness with 

wheezing in the chest which lasted for a week or more? 

(‘Wheezing’ includes whistling or rattling noise) 

2, 3, 4, 5, 6 

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

asthma? 

5, 6 

 

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 13th 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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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 
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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.  

At the 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, I 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 =  ∑ |√𝑎𝑋
2 +  𝑎𝑌

2 +  𝑎𝑍
2 −  𝑔 |

60𝑠

 

Where aX, aY and aZ are the three components of the acceleration and g is the 

acceleration of gravity (9.81 m/s2) (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 

activity 

>4350 g.min 
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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. no.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/m2 (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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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 (𝑥𝑛) and a continuous 

outcome variable (𝑦 ) is quantified through the use of an elegant mathematical 

equation (182, 183): 

𝑦 =  𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2+ . . . + 𝛽𝑛𝑥𝑛 

Regression coefficients (𝛽𝑛 ) 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: 

𝑃 =  
𝑒𝛽0+𝛽1𝑋

1 +  𝑒𝛽0+𝛽1𝑋
 

Where the regression coefficient 𝛽1represents 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): 

• 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. 

• Missing at random (MAR) – when missing data can be accounted for by the 

variables for which there is complete information.  

• 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: 

• Imputation – where missing values are filled 

• 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.  

• 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 J, 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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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 CJ, Lowe AJ, 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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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 

I authored during the course of this PhD.  

 

6.2 Research question 
 

Is 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, I 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. 

 

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 
 

Cassim R, Milanzi E, Koplin JJ, Dharmage SC, Russell MA (2018) Physical activity and 

asthma: cause or consequence? A bidirectional longitudinal analysis. Journal of 

epidemiology and community health: jech-2017-210287 
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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: 

• Day care centre, playgroup 

• School, after/before school care 

• Homework 

 

2. Necessary activities: 

Sleeping  

• Sleeping, napping 

• Awake in bed/cot 

 

Eating 

• Breastfeeding 

• Eating, drinking, being fed 

• Eating and drinking 

 

Personal care 

• Bathe/nappy change, dress/hair care 

• Personal care, health care 

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

• Dentist, doctor, chiropractor, physiotherapist, optometrist 

 

3. Leisure: 

TV and music 

• Watching TV, a video or a DVD 

• Listening to tapes, CDs, radio, music 

 

Computers 

• Using a computer/computer game  

• 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  

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

• Visiting people, special event, party 

• Shopping  

• Going to church, museums, cultural events, fairs, community events  

• Cinema  

• Going to live sporting events 

 

4. Travel: 

• Taken out in pram or bicycle seat 

• Travel in car/other household vehicle 

• Travel on public transport, ferry, plane 

• Walking (for travel or fun)  

• Ride bicycle, trike, etc. (for travel or fun)  

• Travel by foot 

• Travel by bike/scooter/skateboard 

 

5. Other activities: 

Behaviour      

• Crying, upset  

• Crying, upset, tantrum 

• Arguing, fighting 

• Destroy things, create mess 

• Arguing, fighting, destroy things 

• Being reprimanded, corrected 

• Held, cuddled, hugged, comforted, soothed 

 

Chores/housework       

• Being taught to do chores, read, etc.  

• Helping with chores, jobs  

• 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 

• Not sure what child was doing 

• Missing 

• 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, 

1.03) 

0.540 0.95 (0.87, 1.04) 0.247 

Physical activity 

outcome  

    

Wave 3 -0.20 (-0.59, 

0.20) 

0.332 -0.18 (-0.43, 

0.06) 

0.139 

Wave 4 0.10 (-0.15, 

0.37) 

0.432 -0.14 (-0.29, 

0.01) 

0.064 

Wave 5 -0.30 (-0.69, 

0.10) 

0.142 0.01 (-0.17, 0.17) 0.951 

Wave 6 0.00 (-0.62, 

0.62) 

0.993 -0.08 (-0.27, 

0.11) 

0.403 

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, I 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.  

 

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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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 
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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 
(2006) 

Wave 3 

(2008) 

Wave 4 

(2010) 

Wave 5 

(2012) 

Wave 6 

(2014) 

Number of 
participants (% 
of wave 1)  

4464 (90) 4332 (88) 4169 (84) 3956 (79) 3537 (71) 

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 
(%) 
Normal weight 
(%) 
Overweight 
(%) 

 
224 (5) 

3373 (76) 
826 (19) 

 
233 (5) 

3044 (71) 
1012 (24) 

 
235 (6) 

2720 (68) 
1063 (26) 

 
260 (7) 

2549 (67) 
994 (26) 

 
207 (6) 

2194 (67) 
875 (27) 

Has current 
asthma (%) 

721 (16) 713 (16) 681 (16) 624 (16) 500 (14) 

Median (IQR) 

time spent in 

MVPA 

165 (75-
300) 

165 (90-

300) 

115 (65-

187) 

95 (47-

164) 

85 (35-

150) 

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 
Asthma  Total  No 

asthma 
Asthma  Total 

Age 6 1422 
202.32 

(154.79) 

334 
205.82 

(161.97) 

1756 
202.98 

(156.14) 

1417 
198.95 

(160.48) 

212 
193.44 

(150.95) 

1629 
198.23 

(159.24) 
Age 8 1197 

201.67 
(161.71) 

292 
190.17 

(164.52) 

1489 
199.41 

(162.28) 

1241 
197.64 

(156.11) 

181 
195.50 

(161.87) 

1422 
197.36 

(161.53) 
Age 
10 

1476 
142.86 
(96.64) 

336 
139.55 

(102.09) 

1812 
142.25 
(97.65) 

1452 
129.72 
(92.21) 

219 
119.51 
(82.89) 

1671 
128.38 
(91.09) 

Age 
12 

1245 
130.34 
(97.62) 

281 
127.84 
(98.42) 

1526 
129.88 
(97.74) 

1186 
103.78 
(87.30) 

184 
98.48  

(87.11) 

1370 
103.07 
(87.26) 

Age 
14 

921 
114.20 
(96.09) 

191 
124.74 

(101.38) 

1112 
116.01 
(97.05) 

912 
102.15 
(94.17) 

133 
90.23  

(72.13) 

1045 
100.64 
(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 
asthma 

1.01 
(0.93, 1.09) 

0.97 
(0.89, 1.07) 

0.95 
(0.87, 1.04) 

1.03 
(0.93, 1.14) 

1.02 
(0.89, 1.16) 

Adjusted Model 
Current 
asthma 

1.01  
(0.93, 1.09) 

0.98 
(0.89, 1.07) 

0.94 
(0.86, 1.03) 

1.01 
(0.91, 1.12) 

1.04 
(0.91, 1.18) 

Gender 0.94 
(0.89, 1.00)  

* 

0.97 
(0.91, 1.05) 

0.89 
(0.84,0.95)  

** 

0.72 
(0.67, 0.78)  

** 

0.82 
(0.74, 0.91)  

** 
SES z-score 1.09 

(1.06, 1.13) 
** 

1.06 
(1.03, 1.10) 

** 

0.98 
(0.95, 1.00) 

1.01 
(0.97, 1.05) 

0.98 
(0.93, 1.03) 

BMI 
Underweight 
 
 
Normal 
weight 
 
Overweight 

 
1.01  

(0.89, 1.16) 
 

Reference 
 

0.91  
(0.84, 0.99) 

 
0.92  

(0.80,1.05) 
 

Reference 
 

0.88  
(0.81,0.96) 

 
1.00 

(0.88,1.15) 
 

Reference 
 

0.90  
(0.83, 0.97) 

 
0.91  

(0.79,1.06) 
 

Reference 
 

0.88  
(0.80,0.97) 

 
1.05  

(0.88, 1.27) 
 

Reference 
 

0.89  
(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  
 

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? 

 

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, I 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.  

 

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 JJ, Allen KJ, LK Tang M, Lowe AJ, 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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8.6  Supplementary material to the publication 
 

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

BMI AT 4 YEARS 

E
X

P
O

S
U

R
E

 A
T

 4
 Y

E
A

R
S

 

 UNDERWEIGHT 

(N=36) 

NORMAL 

WEIGHT 

(N=179) 

OVERWEIGHT 

(N=34) 

MISSING 

(N=142) 

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 

MISSING (N=103) 1 179 34 142 

NO HISTORY OF ASTHMA 

OR WHEEZE (N=304) 
28 161 31 84 

HISTORY OF ASTHMA OR 

WHEEZE (N=57) 
8 18 3 28 

MISSING (N=30) 0 0 0 30 

 BMI AT AGE 6 years 

E
X

P
O

S
U

R
E

 A
T

 6
 Y

E
A

R
S

 

 UNDERWEIGHT 

(N=80) 

NORMAL 

WEIGHT 

(N=265) 

OVERWEIGHT 

(N=41) 

MISSING 

(N=5) 

NO ASTHMA (N=337) 70 227 36 4 

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 

MISSING (N=18) 3 12 2 1 

NO HISTORY OF ASTHMA 

OR WHEEZE (N=304) 
69 222 37 4 

HISTORY OF ASTHMA OR 

WHEEZE (N=57) 
11 42 4 0 

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 

(N=198) 

FEMALE 

(N=189) 

MISSING 

(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 

(N=304) 
145 156 3 

HISTORY OF ASTHMA OR WHEEZE 

(N=57) 
38 18 1 

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 

(N=332) 
155 174 3 

HISTORY OF ASTHMA OR WHEEZE 

(N=57) 
42 14 1 

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 6 

E
X

P
O

S
U

R
E

 A
T

 A
G

E
 4

 

 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 

ASTHMA OR WHEEZE 

(N=332) 

HISTORY OF 

ASTHMA OR 

WHEEZE (N=57) 

MISSING 

(N=2) 

NO HISTORY OF 

ASTHMA OR WHEEZE 

(N=304) 

287 15 2 

HISTORY OF ASTHMA 

OR WHEEZE (N=57) 
18 39 0 

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. A bidirectional 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. I 

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, I endeavoured to use standardised and robust measurement and analytical tools, 

and to explore the relationships in different age groups. 
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 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, BMI, 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 (I2 = 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 

it is 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:  

• Tools and instruments employed by researchers, e.g. questionnaires 

• Respondent error, e.g. through misunderstanding of a question 

• Observer or interviewer error, e.g. nonspecific wording of a question 

• Data processing error, e.g. accidentally incorrect data entry or coding 

• 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 

asthma 

This first report of a doctor’s diagnosis of asthma 

when a diagnosis of asthma had not previously been 

reported (232).  

Six 

Current 
asthma 

Parental report of doctor’s diagnosis of asthma and 

either current wheeze in the previous 12 months 

and/or use of asthma medications in the previous 12 

months (159). 

Six, Seven, Eight 

Current 

wheeze 

Parental report of any wheezing in the last 12 

months (160). 

Eight 

Ever 

wheeze or 

asthma 

Parental report of ever having had asthma or 

wheeze. 

Eight 

 

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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• Children and adolescents between the ages of 5 and 17 years should accumulate 

at least 60 minutes of MVPA daily.  

• 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.  

• 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 

age 

Epoch 

length 

SB LPA MPA VPA 

Evenson 

(233) 

5-9 15 0 – 25 26 - 573 574 - 1002 ≥ 1003 

Treuth 

(235) 

13-15 30 0 – 50 51 - 1499 1500 – 2600 ≥ 2601 
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Puyau 

(236) 

6-16 60 0 – 799 800 - 

3199 

3200 – 8199 ≥ 8200 

Mattocks 

(237) 

12 60 0 – 3580 3581 – 6129 ≥ 6130 

Romanzini 

(238) 

10-15 15 0 – 180 181 - 756 757 - 1111 ≥ 1112 

Phillips 

(168) 

8 - 14 1 0 - 487 488 - 

1575 

≥ 4350 

 

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 

parents or participant depending on age of participant. 

Six, Seven 

GENEActiv Accelerometer worn for 8 consecutive days to 

collect minimally 4 days’ worth of valid data. 

Eight 

Paper activity logs completed by parent; used to corroborate 

accelerometry data. 

Eight 

 

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), I 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, I 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 

used 

Bi or triaxial devices measure activity in either 

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 

certain number of hours per day) 

Activity data may be over or under-estimated 

depending on age or day of the week, leading 

to an imprecise measurement. 

Selection of a time frame for 

analysis (e.g. weekdays or 

weekends or both) 

Activity type and duration may differ 

according to the day of the week 

Cut off points used to distinguish 

between activity intensities 

Activity may be misclassified leading to over 

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, I 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: 

• Type 1 error (α) – where the null hypothesis is rejected, although it is true. This is 

often referred to as a “false positive” result. 

• Type 2 error (β) – 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% 𝐶𝐼 =  1.96 𝑥 𝑆𝐸 ±  𝜇 

Where 𝜇 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. 

It 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, 

I 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.   

 

5. 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.  

 

6. 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. 

 

7. 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. 

 

8. 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 



 

156 
 

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. I 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, I 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. I 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, I 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 
 

I 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: 

• The relationship between asthma and physical activity in youth does not appear 

to be bidirectional. 

• 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.  

• 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 

 

  

https://growingupinaustralia.gov.au/data-and-documentation/study-questionnaires/downloads
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 
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Appendix 3: Growing Up in Australia: The Longitudinal Study of Australian Children Wave 3 
Time Use Diary 
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Appendix 4: HealthNuts Age 1 Questionnaire 
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Appendix 5: HealthNuts Age 4 Questionnaire 
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Appendix 6: HealthNuts Age 6 Questionnaire 
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Appendix 7: HealthNuts Age 6 Paper Activity Log 
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