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ABSTRACT 
 

Asthma is a chronic and complex disorder and despite our increase in the understanding 

of the genetics, pathology and mechanisms underlying asthma a gold standard definition 

of asthma does not exist. A criterion for recognising and diagnosing asthma in 

epidemiological studies is crucial in order to determine risk factors for disease.  

 

Prospective longitudinal birth cohort studies have increased our understanding of the 

natural history and risk factors for asthma, yet we are still not able to accurately predict 

which children will go on to have asthma as adults. It is during the transition from 

childhood to adolescence where factors underlying asthma change and the prevalence of 

asthma shifts between the sexes. There are inconsistencies regarding risk factors for the 

development and persistence of disease during this transitional period.   

 

Risk factors predicting the development and persistence of asthma and intermediate 

phenotypes (BHR, airway inflammation and atopy) may be influenced by gender and 

risk factors predicting disease may differ between childhood and adolescence.  

 

Aims  

1. To identify risk factors for Asthma, BHR and Atopy at 14yrs of age. 

2. To determine risk factors for persistence of asthma between 6 and 14 years.  

3. To examine the influence of gender on risk factors during adolescence. 

 

Method 

The West Australian Pregnancy Cohort is a longitudinal birth cohort. The cohort 

initially consisted of 2868 live births with follow-ups at 1, 2, 3, 6, 8, 10 and 14 years of 
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age. Follow-up data included questionnaires with social, demographic, respiratory 

history and environmental exposures obtained. Two major respiratory follow-ups were 

conducted at 6 and 14 years of age. Logistic regression analyses were used to determine 

the effects of exposures of interest on asthma in childhood, adolescence and persistence 

of disease. 

 

Results 

Risk factors for current asthma during adolescence include both maternal and paternal 

history of asthma, gestational age and ponderal index. Analysis on males and females 

separately, showed certain factors were significant in females only, such as exposure to 

cats which was not a significant risk factor for current asthma in teenage boys. Risk 

factors for BHR in this age group were female sex, current asthma, atopy and peripheral 

blood eosinophils. When analysis was stratified by gender, results showed that BHR in 

females was related to peripheral blood eosinophil count which was independent of 

atopy, yet in adolescent boys current atopic asthma was a risk factor for BHR. Risk 

factors for atopy stratified on the basis of gender showed that the risk factors were 

largely the same in males and females, although the odds ratios varied. The only 

difference being pet exposure was protective against the development of atopy in 

females but not in male participants. 

 

4.0% (57) of the cohort were defined as having new asthma (asthma at 14 only), while 

6.6% of the cohort had persistent asthma (asthma at both 6 and 14yrs). A positive 

family history was associated with both new-onset of symptoms as well as persistence 

of disease, with stronger associations seen with a maternal history of asthma and atopy. 

Strong associations were seen with BHR and new diagnosis of wheeze and asthma in 
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teenagers. Interestingly having either a cat or dog inside was protective for persistence 

of disease; in particular stronger associations were seen in teenage girls not in boys.  

 

During this transitional period the risk factors for asthma and intermediate phenotypes 

differ between the sexes. Different mechanisms are likely to be involved in determining 

asthma in boys and girls during adolescence and shed new light on the recognised 

switch in the gender balance in asthma prevalence from the male predominance in 

childhood to the female predominance in adult life.  

 

Our understanding of the natural course of disease from the prenatal period to adulthood 

and the identification of the various asthma phenotypes has the potential to change 

prognosis and planning of therapeutic strategies. Identifying those at high risk for 

persistence of disease in the early stages of life will allow therapeutic interventions to be 

more appropriately targeted. 
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THESIS FORMAT 
 

This thesis is set out in five chapters. These include: a literature review, cohort, 

methods, a results & discussion chapter and appendices. The first chapter is a review of 

the literature focusing on the natural history and risk factors for asthma; chapter two is a 

description of the cohort including recruitment of subjects, initial demographics of the 

birth cohort and sections focussing on the respiratory follow-ups conducted at 6 and 14 

years of age. The methods in chapter three focuses on handling of data, participation 

rates at both respiratory follow-ups and statistical analyses used in this thesis. The 

fourth chapter is a combined section of results and discussion, as risk factors for 

outcome measures were discussed separately; there is an overall synthesis of results at 

the end of this chapter. 
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CHAPTER ONE: LITERATURE REVIEW 

PART ONE: ASTHMA 

1.0 History & Symptoms of Asthma 
  

Asthma was first described 3500 years ago and is derived from the Greek word 

‘aaezein’, meaning “to exhale with open mouth, to pant”. The first written record of 

asthma can be traced back to Iliad by Homer almost 2700 years ago, though it was 

Hippocrates who was the first to describe asthma as a medical term. The best clinical 

description of asthma in Greek antiquity was by Aretaeus, though it was the physician 

Galen who was the first to describe asthma as an obstruction of the bronchial tubes (1). 

 

In 1698, work by John Floyer described the asthma state as “laborious respiration with 

lifting of the shoulders and wheezing”. Other symptoms of asthma include shortness of 

breath (dyspnea), chest tightness and cough. Asthma symptoms are highly variable 

between individuals with episodes of disease triggered by various factors such as 

pollens, dust and smoke. Disease state can range from mild through to severe, and can 

either be chronic in nature or intermittent. Acute episodes of disease can lead to 

respiratory arrest and even death, yet there is no cure for asthma. Treatment is limited to 

avoidance of known irritants and allergens; bronchodilators which reduce smooth 

muscle constriction in the lungs and corticosteroids which ameliorate disease by 

reducing inflammation in the airways (2). 
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1.1 Definition of Asthma 

 

Our understanding of asthma and the underlying mechanisms of disease have evolved 

throughout the centuries and as a result, the definition of asthma has changed 

accordingly (3). In the 1930s and 40s asthma was regarded as an anxiety disorder 

induced by physiological factors and stress. Twenty years later the definition of asthma 

had changed substantially. Asthma became more commonly described as a 

hyperreactive disease of the airways and included bronchoconstriction which could be 

induced by a number of provoking stimuli. In the 1970s asthma was considered more an 

allergic inflammatory disease with much of the focus on the role of eosinophils and 

mast cells (4). 

 

In 1995 a working definition of asthma was introduced by the United States National 

Heart, Lung & Blood Institute (5), which defined asthma as “A chronic inflammatory 

disorder of the airways in which many cells and cellular elements play a role. In 

particular, mast cells, eosinophils, T-lymphocytes, macrophages, neutrophils and 

epithelial cells. In susceptible individuals, this inflammation causes recurrent episodes 

of wheezing, breathlessness, chest tightness and coughing particularly at night or early 

in the morning. These episodes are associated with widespread but variable airflow 

obstruction that is often reversible either spontaneously or with treatment. This 

inflammation causes an associated increase in existing bronchial hyperresponsiveness to 

a variety of stimuli”. 

 

However, this definition of asthma was based upon then current knowledge of the 

disease, yet commonly used biomarkers for asthma are not always present with disease 

state. For example, inflammation of the airways has been considered an integral part of 
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the pathophysiology of asthma even though studies have shown inconsistent 

associations between the two. Some studies have shown positive associations between 

markers of disease state such as bronchial hyperresponsiveness (BHR) and airway 

inflammation while others have been weak or non-existent (6). In addition, there is a 

lack of consistency in reports between the severity of inflammation and disease state (7) 

(8). Interestingly, bronchial hyperresponsiveness (BHR) which is considered a hallmark 

characteristic of asthma is not always present with disease and has been reported to have 

stronger associations with allergic status rather than asthma (9).  

 

In more recent years, asthma has been described as a developmental disease linked to 

the maturation of the developing immune and respiratory systems. Studies have shown 

that most changes occur in early life and that changes in early life may be more 

detrimental than if they occur later on (10). Longitudinal studies have shown that the 

majority of children with mild asthma will have remission of symptoms as they get 

older, however it is those children who present with a more severe asthma phenotype 

during childhood who will go on to have persistent asthma in adulthood (11). 

 

Determining the incidence of asthma in epidemiological studies is vital as it not only 

determines rates of disease but identifies associated risk factors. Consequently, 

therapeutic interventions can be targeted at groups of individuals who are at high risk 

and are therefore most likely to benefit from treatment. Furthermore repeated measures 

in the same population allow us to monitor changes in rates of disease over time and 

subsequently any changes to risk factors.  

 

However, one of the major dilemmas of asthma research is the lack of a ‘gold standard’ 

definition of asthma. This lack of standardisation restricts comparisons between groups 
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(12). Consequently a number of factors need to be taken into consideration when 

comparing the prevalence of asthma from epidemiological studies.  

 

Firstly, most epidemiological studies use questionnaire based definitions of asthma 

which rely on symptoms (e.g. wheeze) experienced in the previous 12 months or longer. 

It is known that questionnaire based definitions of asthma are subject to potential recall 

bias by participants, as subjects are more likely to remember short term symptoms than 

long term symptoms. This may lead to under reporting of asthma as subjects are less 

likely to recall more mild infrequent episodes of disease (13).  

 

In addition, symptoms are generally described as the presence or absence of disease and 

therefore do not effectively measure the severity of asthma. Analyses using asthma as a 

continuous variable may be more appropriate in an epidemiological setting (e.g. 

prospective cohorts) as there is a wide spectrum of disease severity in the community. 

Pekkanen et al (14) suggested that asthma be defined as a continuous variable, as 

defining cut-off values would affect specificity and sensitivity which may lead to a loss 

in statistical power.  

 

Secondly, symptoms reported in epidemiological surveys are generally not validated by 

a physician diagnosis (13). The diagnoses of asthma can be variable depending on who 

(general practitioner, specialist, respiratory physician) and where the diagnosis is made 

(clinic, hospital). Moreover there are no standard guidelines available for physicians to 

define asthma or severity of disease.  

 

In addition, having a physician diagnosis for asthma may bias towards more severe 

asthma as subjects with more mild or infrequent episodes may not report symptoms. 
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The use of clinical measurements such as spirometry to aid in diagnosis are limited, as 

lung function indices have been shown to be within the normal range in asymptomatic 

subjects (15). Furthermore studies which rely on a physician diagnosis of asthma may 

potentially overestimate disease as diagnoses may have been made in the past and 

consequently do not account for resolution of symptoms in individuals (13). 

 

Thirdly, it has been noted that differences in perception of disease between the caregiver 

and the child can vary greatly. For example, children and teenagers may be less likely to 

recognise/report exercise induced wheeze which they may perceive as relating to level 

of fitness and not as a symptom of asthma. Perception of disease can also differ between 

the caregiver and physician, with a study by Cane et al (16) reporting an agreement of 

less than 50% between clinician reports and parental perception of asthma and wheeze 

in children.  

 

Furthermore, cultural differences may contribute to differences in disease prevalence 

and this may be in part due to the wide variation in perception of asthma symptoms 

(17). One of the major issues being parental understanding of the term “wheeze” and 

other symptoms related to asthma (18). For example it has been noted that parents from 

more affluent countries are more ‘aware’ of symptoms of asthma compared to non-

affluent countries. This may be due to the increased exposure of parents in developed 

nations to asthma via public health campaigns (19). 

 

In addition, language differences may play a part in the different rates of asthma seen 

between affluent and non-affluent nations, as the term wheeze can not always be 

directly translated. For example, there is no colloquial term for wheeze in German, 

while other languages such as Spanish have a number of phrases that can be used to 
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describe wheeze, with no standard terminology used in health surveys (20). A study by 

Hardie et al (21) showed that there were distinct ethnic differences when describing 

asthma symptoms, with African Americans more likely to describe symptoms of the 

upper airway while Caucasians were more likely to describe symptoms of the lower 

airway.  

 

Fourthly, there has been some suggestion that asthma diagnosis and treatment in adults 

may be sex dependent (‘Yentl syndrome’), though results from children and adolescents 

are limited (22) (23). A study from Switzerland comparing asthma treatment in children 

showed significant differences between males and females, with 31% of symptomatic 

males receiving treatment whereas only 15% of symptomatic females were treated 

(p<0.001) (24). This phenomenon of unequal diagnosis and treatment of asthma in 

women was also reported by Siersted et al (25) in a community based cohort, in which a 

third of children exhibiting asthma symptoms were not diagnosed, with under-diagnosis 

being more common in female subjects. 

 

Finally, the impact of socioeconomic status on asthma rates is highly controversial, 

especially in children. Some studies (26, 27) have shown that children from lower 

socioeconomic groups are more likely to be diagnosed with asthma, with levels of 

poverty relating to severity of disease, whereas children from higher socioeconomic 

families are more likely to be sensitised to airborne allergens. However, it should be 

noted that differences in rates of asthma may in fact be due to environmental and/or 

lifestyle factors and not related to socioeconomic status per se (28). 

 

Given the current issues in defining asthma, examining the rates of asthma in individual 

populations is still extremely valuable in identifying risk factors for disease. Whilst 
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comparisons of asthma rates and associated risk factors between centres can still be 

made, results need to be interpreted with caution. Future standardisation of methods in 

large scale epidemiological studies will facilitate international comparisons.  

 

1.2 Asthma Prevalence & Trends 

 

From the 1950s asthma rates in both children and adults have increased steadily in most 

countries around the world, however the rate of increase reported in adults has not been 

as steep. These countries are not only faced with an enormous burden on their health 

systems but in addition a substantial social and economic cost. The reason for the rise in 

asthma and allergies remains unclear, though it is most likely due to a combination of 

factors (29). 

 

1.2.1 Asthma rates around the world 

 

In 2004 the Global Initiative for Asthma (GINA) (30) estimated that approximately 300 

million people around the world were diagnosed with asthma. Based on questionnaire 

responses Scotland had the highest rate of asthma with 18.4% followed closely by 

England (15.3%), New Zealand (15.1%), Australia (14.7%) and the United States of 

America (10.9%). The lowest levels of asthma were recorded in India, Switzerland, 

Russia, Greece and Indonesia with rates of clinical asthma below 5% (Figure 1.1). 
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Figure 1.1: World map of the prevalence of clinical asthma 

 

 
Source: Global Burden of Asthma Report 2004 

 

The rates of asthma are affected by a number of factors including genetics, lifestyle and 

environment. The incidence of asthma in children was higher in more westernized 

countries compared to developing nations in Asia and Africa. In adolescence the 

incidence of asthma and wheeze were lower in Eastern European nations and in China 

(Figure 1.2). Yet these nations are known to have high levels of pollution whereas 

countries with relatively lower levels of pollution such as New Zealand had one of the 

highest rates of clinical asthma, suggesting that it is not environmental factors alone that 

are contributing to the rise in asthma rates, but rather a combination of factors which are 

responsible for producing the rise in disease prevalence (31). 
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Figure 1.2: Prevalence of wheeze in adolescence (13-14 years) 

 

Source: Global Burden of Asthma Report 2004 
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As part of an international collaboration the International Study of Asthma and 

Allergies in Childhood (ISAAC) and the European Community Respiratory Health 

Survey (ECRHS) used standardised methodology to facilitate the comparison of asthma 

prevalence around the world. 

The ISAAC study was a three phase project, the first phase was conducted in 1990 with 

156 centres in 56 countries involved. The study was designed to examine the trends of 

asthma prevalence in two age groups (6-7 years & 13-14 years). The second phase 

focused on risk factors for disease, while the third phase which was conducted between 

2002- 2003 investigated time trends in asthma prevalence (32). 

 

The ECRHS also began in the early 1990’s and was designed as a two phase study. The 

ECRHS-I involved 56 centres from 25 countries throughout Europe and studied the 

geographical variation in asthma rates and associated risk factors in adults aged 22-40 

years. The ECRHS-II was a smaller survey of approximately 10 000 adults from 14 

countries which examined the prevalence of allergic disorders and environmental risk 

factors (33). 

 

The ISAAC study measured the prevalence of symptoms through both written and 

video questionnaires. In the ECRHS questionnaires were administered with a random 

subsample of the population completing further assessments. Additional tests included 

allergy and bronchial challenge testing, blood sampling (total and specific IgE) and 

additional respiratory questions including respiratory symptoms, self reported asthma, 

atopy, environmental and tobacco smoke exposure (34). 
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The ECRHS showed large geographical differences in rates of symptoms (asthma, 

atopy & BHR). A higher incidence of asthma was seen in English speaking countries 

compared to Mediterranean and Eastern European countries (34). The major findings 

from the ISAAC study showed a 20 to 60 fold difference in the incidence of asthma, 

allergic rhinoconjuctivitis and atopic eczema between sites (35). 

 

Phase III of the ISAAC study which examined the prevalence of asthma and atopy over 

time showed that the rates of asthma and allergies were still increasing in younger 

children (6-7 years), whereas in the older age group (13-14 years) a decrease in the 

incidence of disease was seen, mainly from countries with had reported a higher 

incidence of disease in previous follow-ups (32). 

 

Even though these study centres used standardised methodology there are still certain 

issues when making comparisons between the two groups. Firstly, the two studies 

examined the rates of asthma in different age groups. Moreover, children in the ISAAC 

sample were only selected from schools which may have led to potential selection bias 

(35). The sample of children may have been skewed towards a higher SES status as 

children from poorer communities may not have access to, or attend school. 

 

Secondly, the use of self-reported asthma vs. wheeze as an outcome may have 

potentially led to differences in results, as seen in the ECRHS study which reported a 

higher prevalence of self-reported wheeze compared to asthma (36). Individual 

differences in reporting of symptoms vs. diseases as well as the interpretation of wheeze 

may differ between centres leading to differences in observed rates of asthma. 
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Finally, while the ISAAC and ECRHS provided valuable data on the prevalence of 

asthma and allergies in many centres from around the world, selection of centres were 

mainly from urban settings and consequently may not reflect the true prevalence of 

disease in country and rural environments, thereby limiting extrapolation of results to 

the wider community (37). 

 

1.2.2 Asthma rates in Australia 

 

The prevalence of asthma in Australia has been measured in a number of population 

health surveys. A number of groups from Australia have been involved in international 

collaborative studies, with rates of reported asthma in Australia across all ages among 

the highest in the world (38). 

 

In 2001 the Australian Bureau of Statistics (ABS) conducted a National Health Survey 

(NHS) (39) which estimated that approximately 11.6% of the population had a current 

diagnosis of asthma, with 13.8% of children (0-17 years) and 10.8% of adults diagnosed 

with asthma. There was no significant difference in the national average rate of current 

asthma between the different states or territories (Figure 1.3).  
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Figure 1.3: Prevalence of current asthma (all ages) in different states/territories of 

Australia 

 

Horizontal line denotes national average of 11%, States include New South Wales 

(NSW); Victoria (Vic); Queensland (Qld); Western Australia (WA); South Australia 

(SA); Tasmania (Tas) &  Australian Capital Territory (ACT); the Northern Territory 

was excluded due to small numbers.  

Source: ABS 2001 NHS 

 

The prevalence of asthma was highest in young males (Figure 1.4), with 19.8% of males 

aged between 5-9 years diagnosed with current asthma, though following adolescence 

this was reversed with the highest rates of asthma seen in females aged 15-24 years 

(15%). 
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Figure 1.4: Prevalence of current asthma by age & sex in Australia 

 

Source: ABS 2001, NHS 

 

Recently there has been some evidence to suggest that asthma rates in adults may have 

steadied, and possibly even fallen in several countries. While data in children have 

shown that asthma rates have fallen in some areas of Australia (40). Work from 

Robertson et al (41) showed that in Melbourne there was a decrease in the rates of 

asthma but a rise in the rates of allergic disorders such as hayfever and eczema (Figure 

1.5). 
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Figure 1.5: Time trend data on the prevalence of disease in children (6-7 yrs of age) 

living in Melbourne, Australia 
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Source: Robertson et al, 2004 

 

Similarly, cross sectional analysis of the Belmont study from New South Wales showed 

a decrease in the prevalence of both asthma and wheeze, but a rise in the incidence of 

hayfever and eczema (42) (Table 1.1). 

 

Table 1.1: Change in prevalence of asthma & atopy in Belmont, NSW 

 

 
1982 % 

n = 816 

1992% 

n = 1052 

2002 % 

n = 1222 

Response rate 88.0 86.9 66.3 

Absolute % 

increase 

Asthma diagnosed 9.1 38.3 31.0 -7.3 

Current asthma 4.5 12.4 11.3 -1.1 

BHR 9.1 20.2 19.6 -0.6 

Hayfever 20.5 34.1 38.4 4.3 

Eczema 20.3 24.4 24.8 0.4 

 Source: Toelle et al, 2004 
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One of the reasons for the reduced rates of asthma in the Belmont cohort may be due to 

the lower response rate in 2002. However, it is possible that the lower prevalence of 

disease at the abovementioned sites is due to an increase in the public awareness of 

asthma management. Improvements to asthma management, guidelines and medication 

(early use of inhaled corticosteroids) in Australia may have led to a reduction in the 

over-diagnosis of asthma. Though as previously discussed results should be interpreted 

with caution as time trend analysis of asthma is dependent on a number of factors 

including a standardised definition of disease (43). 

 

1.3 Genetics of Asthma 

 

It is known that there is a strong genetic component to asthma, which is evident from 

numerous twin and family studies. Studies have shown that a maternal history of asthma 

is associated with an increased risk of asthma in offspring. Maternal effects are 

potentially induced through both prenatal and postnatal influences such as breastfeeding 

and environmental conditions which may contribute to changes in fetal immune 

development (44). 

 

A review of genetic association studies on asthma phenotypes highlighted the 

heterogeneous nature of asthma with a large number of genes associated with asthma, 

BHR, atopy and immunoglobulin E (IgE). They listed 64 genes which have been shown 

to be associated with both the asthma and atopy phenotype (45). It is unlikely that there 

is a single dominant gene involved in asthma but more likely a number of genes, some 

of which have been consistently identified with asthma and include interleukin (IL) -4, 

IL-13 and β2 adrenergic receptor. 
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A number of regions have also been consistently identified including chromosomes 5q, 

6p, 11q, 12q, and 13q (46). Both serum IgE responses and eosinophil levels have been 

linked with chromosome 5. While a study by Postma et al (47) showed strong evidence 

of BHR with one or more susceptible loci on chromosome 5q31-q33.  Chromosome 6 

has shown linkage with asthma associated phenotypes in a number of studies, while 

chromosomes 11, 12 and 13 have all shown associations with IgE responses and atopy 

(46). 

 

However, one of the major problems with genetic studies is the inability to replicate 

results. While some associations had been replicated, a number of associations were 

reported from single studies and others were not replicated at all, which may be due to 

the small samples sizes. In addition, the majority of genetics studies have been cross 

sectional in nature, with no standard definition of asthma used (45). Furthermore, as 

asthma is a multifactorial disease genetic studies need to take into account gene-gene 

interactions and gene-environment interactions such as air pollution, diet, lifestyle, 

daycare attendance and smoke exposure which have been shown to contribute to the 

asthma phenotype (48).  

 

The identification and characterisation of asthma susceptibility genes such as ADAM 

33, which has been shown to be strongly associated with asthma and bronchial 

hyperresponsiveness, may potentially lead to further elucidation of the natural course of 

the disease (49). 

 

 

 

 

 18



1.4 Pathology of Asthma 

 

Most of the pathological findings of asthma have been from autopsy results of 

individuals that have died of status asthmaticus. The main gross pathological findings 

are over-inflation of the lung and mucus plugs which occlude the bronchi (50). There 

are a number defining histological features of the airways in asthma (Figure 1.6).  

 

Figure 1.6: Normal & asthmatic airways 

 

Source:http://www.merckmedicus.com/pp/us/hcp/diseasemodules/asthma/pathophysiology.jsp 

 

There are distinct differences in the airway epithelium in asthmatic patients compared to 

normal individuals. Histological examination of the airways shows damage and 

shedding of the surface epithelium; hypertrophy of the epithelium due to oedema; 

thickening of the reticular basement and hypertrophy of the airway smooth muscle. It 

has been shown that the airway smooth muscle in asthmatic patients can show a 2 to 3 

fold increase in smooth muscle compared to normal individuals (51). 
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Additionally, there is proliferation of blood vessels and nerves along with goblet cell 

hyperplasia and excessive mucus production which further exacerbate the narrowing of 

the airways. There are also a large number of inflammatory cells present, including mast 

cells, basophils, eosinophils, monocytes and T lymphocytes (51). 

 

The progressive structural change of the airways in asthma is referred to as “airway 

remodelling”. The mechanisms behind airway remodelling remain unclear; one possible 

mechanism is that repeated inflammation in the airways leads to production of matrix 

proteins and growth factors by inflammatory cells. The other possible mechanism is that 

repeated damage to the epithelium of the airway wall and consequent repair lead to 

airway remodelling (52). 

 

It is thought that remodelling leads to structural changes in the airways and this 

remodelling is responsible for the decline in lung function indices and bronchial 

hyperresponsiveness (53). While airway remodelling is thought to play an important 

role in adults with chronic asthma (54) (55) (56), this may not be the case in children, 

especially as most asthmatic children have lung function within the normal range when 

asymptomatic (15). 

 

There have been a limited number of studies that have examined airway remodelling in 

childhood asthma. This is mainly due to difficulty in obtaining samples in children as 

the only current method of examining airway remodelling is via endobronchial biopsies 

(57). 

 

It is not known when changes in airway wall appear, with little information regarding 

the onset of inflammation in the airways during childhood and how this impacts on 
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airway remodelling. However evidence suggests that remodelling can occur in the early 

stages of disease development and this may have implications on future therapeutic 

strategies (57). 

 

Saglani et al (58) examined infants with recurrent respiratory symptoms ≤ 2 years of age 

and found no evidence of reticular basement thickening and eosinophilic inflammation, 

suggesting that these infants developed respiratory symptoms independently of changes 

to the airways. However, the diagnosis of asthma in this study was based on wheeze, 

which may have been viral induced. Therefore these infants may represent transient 

wheezers and thus not have the same pathology as asthma that persists into childhood. 

 

A study by Pohunek et al (59) which examined bronchial biopsies from children aged 1 

to 12 years with asthma showed changes in the airway wall in both numbers of 

eosinophils and thickness of the lamina reticularis, proposing that airway remodelling 

occurred early in life and this was evident before a diagnosis of asthma was made in 

these children. 

 

In addition, recent work on children with difficult asthma (60, 61) showed both 

thickening of the reticular basement membrane (RBM) and eosinophilic inflammation, 

with levels of RBM thickening similar to that seen in adults.  

 

To add further support to airway remodelling beginning in early life, recent reports from 

a cohort of children aged 5 through 12 years, showed no significant difference in lung 

function between those who were treated with inhaled corticosteroids and the placebo 

group following bronchodilator, suggesting that inhaled corticosteroids have little effect 
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on airway remodelling and that any structural changes to the airways occurred during 

early childhood prior to recruitment into the study(62). 

 

In addition, evidence from longitudinal studies (63) (64) have demonstrated that 

remodelling of the airways (as assessed by lung function) is evident in children with 

intermittent or persistent asthma, prior to age 7 and does not progress into adulthood 

despite continuing symptoms or treatment.  

 

However there are a number of factors that need to be taken into consideration with 

these studies. For example, much of the focus has been on the severe asthmatic group, 

with little data on the effect of corticosteroid therapy and compliance of treatment. In 

addition, control groups have not been true healthy controls, they are children who have 

some underlying disease and therefore results need to be interpreted with caution. 

Further examination of airway remodelling in children is required, in particular 

differences between atopic and non-atopic asthmatics as changes in the airways may be 

due to atopy and not asthma (65). 
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PART TWO: FEATURES OF ASTHMA 

 

Asthma is commonly defined by a history of symptoms including wheeze and 

hyperresponsiveness of the airways. Yet as we know this is a rather simplistic 

definition; asthma is a multifactorial disease, in which there are a number of 

intermediate phenotypes which contribute to disease state including BHR, atopy and 

airway inflammation.  

 

The nature of the relationship between asthma and these intermediate phenotypes is 

complex. Individuals may have multiple phenotypes, with components representing 

more than just asthma. A number of hypothetical models have described the role of 

BHR, atopy and airway inflammation and development of the asthmatic airway (Figure 

1.7).  It is still unclear how each of these features contributes to the asthma phenotype 

especially during adolescence, in particular the influence of gender on these 

intermediate phenotypes.  

 

Figure 1.7: Hypothetical models of the role of BHR & airway inflammation in the 

development of the asthma phenotype 

 

 
Source: Banik & Holgate, 1998 
 
 

 23



1.5 Bronchial Hyperresponsiveness (BHR) 

 

Bronchial responsiveness is considered one of the hallmark characteristics of asthma 

and is the term used to define the response of the airway to physical, chemical or 

pharmacological stimuli (66).  This response is a common feature in asthma and other 

diseases such as cystic fibrosis and can even be demonstrated in normal individuals.  

 

1.5.1 Mechanisms 

 

The mechanisms underlying BHR are poorly understood, and are thought to result from 

a combination of structural and physiological factors. There are a number of possible 

mechanisms (Figure 1.8), including:- 

 

i) Alterations in epithelial structure and function, leading to enhanced airway 

responsiveness 

 

ii) Malfunctions in receptor pathways 

 

iii) Structural changes such as increased inner wall thickness, smooth muscle 

responsiveness and mucus secretion 
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Figure 1.8: Hypothetical mechanisms of BHR 
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It has been suggested that the increase in the number of eosinophils in the airway leads 

to structural changes such as epithelial damage, and that chronic eosinophilic 

inflammation contributes to the development of persistent BHR (67). Studies that have 

examined the relationship between airway inflammation and BHR have shown 

conflicting results. These studies utilise various assessment methods and show an equal 

number of positive and negative correlations between BHR and inflammatory markers, 

such as eosinophils, in both children and adults (6). 

 

In adults, studies have shown associations between peripheral blood eosinophils and 

methacholine (68) (8) with a much stronger association between eosinophils and 

bradykinin, an indirect agonist (69). Other studies have only shown a trend towards a 

significant association between eosinophil levels and bronchial responsiveness to 

methacholine (70).  
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Similarly, data in children show weak but significant correlations between sputum 

eosinophil markers and methacholine (71) (72), and yet other studies have shown no 

association between markers of inflammation such as  serum eosinophil cationic protein 

(ECP) and airway responsiveness (73) (74). 

 

In adolescents, significant associations between peripheral blood eosinophils and airway 

responsiveness to histamine have been reported, with significantly higher levels of 

blood eosinophils in BHR positive subjects compared to BHR negative subjects.  

Further examination of atopic and non-atopic subjects showed significantly higher 

levels of blood eosinophils in the atopic group compared to non-atopic subjects (75). 

 

Gronke et al (76) hypothesised that the association between hyperresponsiveness and 

airway inflammation may be linked to the duration of disease. In subjects with a 

duration of disease over 16 years there was a strong correlation between airway 

responsiveness and lung function, yet there was no correlation with markers of airway 

inflammation such as eosinophils or nitric oxide (NO). In contrast, subjects with a 

duration of disease less than 16 years showed significant associations between airway 

responsiveness and airway inflammation but not with lung function, suggesting that 

impairment in lung function was related to chronic disease state, whereas inflammation 

of the airways was associated with a shorter duration of asthma.  

 

However, it should be noted that the duration of asthma in this study was defined as the 

interval between the start of the study and when a diagnosis of asthma was made by a 

general practitioner. This may have biased the sample with changes to standards in 

asthma diagnosis during this period. Moreover, it does not take into account past 

symptoms in participants.   
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Studies examining airway inflammation and allergen exposure showed that exposure to 

allergens can lead to an increase in eosinophilic inflammation, yet avoidance of 

allergens does not lead to resolution of BHR (77, 78). If the sole mechanism behind 

BHR was airway inflammation, it would be expected that the use of glucocorticoids 

would eliminate hyperresponsiveness in the airways yet it only ameliorates symptoms.  

 

A number of studies which have examined the effect of inhaled budesonide on BHR 

and airway inflammation have demonstrated that budesonide is able to attenuate 

allergen induced BHR as well as reduce both sputum and peripheral blood eosinophils, 

although the response was not completely eliminated (79) (80) (81) (82).  

 

Recently it has been suggested that the relationship between BHR and immunological 

responsiveness may differ in atopic and non-atopic children. With BHR to histamine in 

house dust mite (HDM) positive subjects associated with classical Th-2 mechanisms 

(eosinophilia, IL-5 and IgE) compared to BHR in non-atopic individuals which was 

shown to be associated with IL-10, tumour necrosis factor alpha (TNFα) and interferon 

gamma (IFNγ), a more Th-1 profile (83).  

 

1.5.2 Methodology 

 

In 1940 Dautraband and Phillpott introduced the first inhalation challenge tests, but it 

was work by Curry et al in 1946 that demonstrated intravenous administration of a 

provoking agent could induce BHR in asthmatic subjects (84). These days challenge 

testing is used in both a research and clinical setting and can aid in the diagnosis and 

monitoring of asthma (85). 
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Bronchial challenges are measured by the change in airway calibre to a provoking 

agent, the most common direct agents being histamine and methacholine (86). 

Histamine is primarily released from mast cells which lead to both an inflammatory 

response and smooth muscle contraction, whereas methacholine is a synthetic derivative 

of the neurotransmitter acetylcholine which occurs naturally in the body. Methacholine 

acts via cholinergic receptors, specifically M3 receptors which are located in smooth 

muscles and glands throughout the body. In the lungs, activation of receptors leads to 

bronchoconstriction of the airways and vasodilation of the bronchial vessels (87). 

 

Hargreave et al (86) showed that responsiveness to both methacholine and histamine 

were highly reproducible with a strong correlation between the two agents and that the 

degree of responsiveness related to the severity of disease. However, methacholine is 

the preferred agent as there are fewer systemic side-effects such as headaches and 

flushing which have been documented with histamine concentrations above 8mg/ml. In 

addition, methacholine has a greater negative predictive power than positive predictive 

power, and is therefore highly useful in a clinical setting in being able to rule out a 

diagnosis of asthma (88). 

 

 In 1985 the American Thoracic Society (ATS) introduced a standardised protocol for 

challenge testing, which was revised again in 1993, but neither guideline recommended 

a single challenge protocol (89).  The basic challenge protocol involves the 

administration of a provoking agent via a nebuliser, which is inhaled during tidal 

breathing or inspiration, the agent is delivered in doubling doses with lung function 

measured after each dose. The test is stopped once an individual’s lung function falls 

below a predetermined cut-off, the maximum dosage is reached or it is stopped for some 

other reason, e.g. patient discomfort (88). 
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The two most common methods described by the ATS are the tidal breathing method 

and the dosimeter method. The tidal breathing method involves subjects inhaling 

doubling concentrations of a provoking agent during 2 minutes of tidal breathing while 

the dosimeter method requires 5 inhalations to total lung capacity (TLC) with a 5 

second breath hold at TLC (88).  

 

Challenge testing is not just limited to adults. For toddlers there is the PCWheeze 

method where the challenge agent is delivered via a face mask during 2mins of tidal 

breathing. As lung function can not be carried out in younger subjects, auscultation is 

conducted over a 3min period for the presence of wheezing (respiratory rate and oxygen 

saturation are also noted). If no change is recorded the next doubling dose is 

administered with the end point of the challenge determined by wheezing for several 

breaths, fall in saturation greater than 5% below baseline and a rise in respiratory rate 

(90). 

  

The most commonly used challenge methods for adults in an epidemiological setting 

are the dosimeter and Yan method as they are the most easy and efficient tests to 

conduct. Though both of these challenge tests can be performed in young cooperative 

children, the Yan method is the preferred choice in children as it is the quickest method. 

 

Briefly, the dosimeter method uses a jet nebuliser to aerosolise the provoking agent 

while the Yan method involves the use of hand-held glass nebulisers. The nebuliser is 

filled with the provoking agent and placed into the subjects mouth, the bulb is then 

gently squeezed during inhalation. Both methods deliver the provoking agent during 

inspiration only, thereby reducing the amount of agent delivered in comparison to the 

tidal breathing method (91). Lung function is measured after each dose, with the most 
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common measurement being the forced expiratory volume at 1 sec (FEV1). The FEV1 is 

a quick and simple measure that has good reproducibility though other measures such as 

peak expiratory flow (PEF) and specific airways conductance (sGaw) have been used 

(92).  

 

Challenge testing is stopped when there is a decrease in the FEV1 from the saline 

control (or baseline, if no diluent step is used). It is usually defined as a 20% fall in 

FEV1 in response to a bronchoconstrictor agent. The results are calculated using linear 

interpolation from the log dose response curve and are a single measure used to 

summarise the results of a challenge. Bronchial responsiveness is expressed as either the 

provocative concentration (PC20) or provocative dosage (PD20) which is required to 

cause a 20% fall in FEV1 (93). 

 

Dose response curves (DRC) differ in the maximum response (plateau), the slope and 

the position. The response can be defined by either an increase in sensitivity, which will 

produce a left shift in the DRC or reactivity which will produce a steeper dose response 

curve (94). The term hyperresponsiveness is used to cover both aspects, that is, the 

sensitivity and reactivity of the DRC (Figure 1.9) (89). 
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Figure 1.9: DRC to bronchoconstrictor stimuli 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Lotvall et al, 1998  
 
 

In general, most healthy individuals do not produce a 20% fall in FEV1 (Figure 1.10) 

though studies in children have shown that while 70% of asthmatics will respond, 30% 

of healthy subjects will respond too (95). 

 

The difference in responsiveness seen between normal healthy individuals and 

asthmatic subjects can range between 4 to 8 doubling concentrations of provoking agent 

with mild asthmatics responding at higher concentrations of  agent  compared to more 

severe asthmatics who respond at much lower doses of methacholine (96). 
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Figure 1.10: Diagrammatic representation of the DRC in non-asthmatic, mild, moderate 

& severe adult asthmatics 

 

 

 

 

 

 

 

 

 

 

 

Source: Lotvall, 1998  

 

Results from a bronchial challenge can be expressed as a dose response slope (DRS). 

The DRS is a continuous variable and is calculated as the 2 point slope of the entire 

curve regardless of the fall in FEV1, therefore all subjects can be given a value (97). In 

the general population, the DRS is a continuous distribution with asthmatics at the more 

responsive end (98). 

 

In epidemiological studies, BHR has been associated with respiratory symptoms such as 

wheeze and shortness of breath though the prevalence of BHR in population studies can 

vary greatly and has been shown to range from 6 % to 35% (98). 

 

Salome et al (99) showed in a cross sectional analysis of Australian schoolchildren that 

the association between questionnaire responses and BHR was not an accurate 

representation of the level of BHR in the community. However there was a strong 
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association between BHR and symptoms which is useful in identifying subsets of 

children whose airways respond differently to normal individuals.  

 

Pattemore et al (100) showed that while BHR was related to asthma it was not identical 

to clinical asthma. In a sample of over 2000 children from New Zealand just over half 

(53%) of those with BHR did not have asthma, whereas 42% of subjects with asthma 

and current symptoms did not have BHR. However, Sears et al (9) showed that in 

adolescence there was a strong relationship between BHR to methacholine and reported 

asthma and current wheeze. 

 

While challenge testing has become more standardised with set protocols and 

nebuliser’s which can be set to deliver the exact amounts of agent, there are still a 

number of factors that can affect the results. Difference in responses can be attributed to 

variations in aerosol generators, administration of agent, aerosol particle size, site 

deposition in the airways and nebuliser output. However, protocols and nebulisers are 

now able to be set to deliver exact amounts of agent (101). 

 

Other factors such as technician training, patient effort (sub-maximal effort) and 

medication usage all need to be controlled for prior to testing. It is important that 

subjects comply with the recommended protocol and avoid medications which may 

interfere with testing including bronchodilators and antihistamines. Furthermore it is 

imperative that the subject is free from respiratory infections as this may increase the 

responsiveness to challenge, with recent antigen exposure also shown to increase airway 

responsiveness (101). Environmental factors such as tobacco smoke exposure and 

outdoor pollution, and the intrinsic reactivity of airways may also affect the results of 

challenge testing (90). 
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1.5.3 Indirect challenges 

 

A number of challenge agents can be used to elicit a response in the airways which can 

be either direct (e.g. methacholine), acting directly on the airway smooth muscle or 

indirectly via endogenous mediators (local or central neuronal reflexes, activation of 

inflammatory cells) that cause smooth muscle contraction (Table 1.2) (102). 

 

Over the last 15 years there has been a surge of interest in the potential role of indirect 

challenges. Direct challenges are well defined but are not specific to asthma. Indirect 

measures which are more closely associated with airway inflammation may provide 

additional information about disease state and therefore may be a more effective tool in 

an epidemiological setting (103). 

 

Table 1.2: List of direct & indirect agonists 

 

Direct Agonists Indirect Agonists 

• Methacholine • Exercise 

• Histamine 

• Acetylcholine 

• Nonisotonic aerosols (e.g. 

mannitol, hypertonic saline) 

• Prostaglandin D2 

• Leukotriene C4/D4/E4 

• Pharmacological stimuli (e.g. 

adenosine, AMP) 

 • Allergen 

• Cold air 

Source: Van Schoor et al, 2005  
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Novel agents such as adenosine have been shown to be involved in both 

bronchoconstriction and the inflammatory response in asthmatics. High levels of this 

nucleotide have been measured in bronchoalveolar lavage (BAL) samples, with animal 

studies showing increased levels of adenosine following antigen challenge (104). 

 

All cells contain adenosine, and it is though to act on the airways through release of 

mediators by mast cells or via release of neurotransmitters which leads to airway 

responsiveness (104). Both atopic and non-atopic subjects as well as patients with 

chronic obstructive pulmonary disease (COPD) have been shown to respond to 

adenosine challenge. Comparisons between adenosine and methacholine showed no 

correlation between the two agents (105). 

 

The related nucleotide Adenosine 5’-Monophosphate (AMP) has also been associated 

with airway inflammation. It is thought to work by indirect stimulation of adenosine 

A2b receptors on mast cells and initiate the release of inflammatory mediators (106).  

 

Studies comparing AMP and methacholine have shown stronger associations between 

AMP and allergic asthma, with methacholine more closely related to baseline lung 

function, suggesting that AMP was a more sensitive marker of allergic inflammation 

(107). In addition studies have shown that atopic subjects were more responsive to 

AMP than non-atopic subjects with no difference seen with methacholine or cold air 

challenge (108). 

 

Similar results were seen by Van Den Berge et al (109) in which AMP was more 

closely associated with inflammatory markers (sputum eosinophils, serum ECP and 

blood eosinophils) than methacholine. Yet this study failed to find an association 
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between exhaled nitric oxide and AMP even though both are considered to be markers 

of airway inflammation. Furthermore both challenges were performed on the same day 

only an hour apart. While there are no specific guidelines for timing between indirect 

and direct challenges, European Respiratory Society (ERS) guidelines recommend at 

least 6 hours between direct challenge testing (91).  

 

Comparison of three challenge tests (AMP, methacholine and exercise) in both children 

and young adults showed that AMP and methacholine were more sensitive than exercise 

testing, with methacholine challenges more efficient at differentiating between mild and 

moderate groups than the other challenges (110). 

 

While indirect challenges have been the focus of much investigation in the last few 

years, further research is required. There is a paucity of information on the mechanisms 

and receptors involved in indirect challenge testing. Further standardisation of indirect 

challenges is required before they become widely used in clinics and epidemiological 

studies. Standardisation will not only improve performance of testing but safety issues 

can be addressed more thoroughly. While both direct and indirect challenges are easy to 

perform, comparisons between direct and indirect testing need to be carried out in large 

population studies, until then direct challenges will remain the gold standard in 

epidemiological studies for assessment of BHR (103). 
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1.6 Allergy & Atopy 

 
The concept of allergy was introduced by von Pirquet in 1906 and was the term used to 

describe “changed reactivity”. Allergy is the immune system’s exaggerated response to 

a foreign body and is characterised by an increase in total and specific IgE to common 

environmental allergens (e.g. pollens, grasses, dust mite, dust and foods). The term 

atopy is derived from the Greek word ‘Atopos’, and in 1923 Coca & Cooke coined the 

term to describe the inherited clinical allergy which encompassed a number of clinical 

manifestations including atopic dermatitis (eczema), rhino-conjunctivitis and asthma 

(111). 

 

1.6.1 Mechanisms 

 

While allergens are ubiquitous in the environment only a small proportion of subjects 

manifest symptoms. Most people will come into contact with allergens and mount a low 

grade immune response, in which they produce allergen specific IgG antibodies, along 

with proliferation of Th-1 type lymphocytes (IFNγ). However those who have a 

predisposition to atopy will mount an ‘allergic response’. That is when they are exposed 

to allergen(s) the body will produce IgE antibodies. These bind to mast cells which 

induce mast cell degranulation and the release of chemical mediators such as histamine 

which produce the allergic response. In the blood T cells respond by producing Th-2 

cytokines (IL-4, IL-5 and IL-13) (112). 

 

The response of the immune system to an allergen can be categorized into 2 parts, the 

early and late phase reaction (Figure 1.11). The early phase occurs within minutes of 

exposure and leads to degranulation of mast cells and the release of histamine which 
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produces the local reaction in the tissue. For example in the respiratory tract, reactions 

include oedema, mucus secretion and bronchoconstriction in the lungs (111). 

  

The late phase reaction occurs 4-6 hours following the early phase and can last up to a 

couple of days or even weeks in some individuals.  There is accumulation of neutrophils 

and eosinophils followed by T cells and basophils. The late phase reaction can be 

induced by either T cells or mast cells. During the late phase reaction in the lung, the 

sustained allergic response leads to increased bronchial reactivity, oedema and further 

inflammatory cell recruitment (111). 

 

Figure 1.11: Early & late phase allergic reaction 

 
Source: Kay et al, 2001 
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1.6.2 Methodology 

 

There are a number of methods that can be used to demonstrate atopy in an individual 

including total and specific serum IgE and skin prick tests. Atopy is commonly defined 

as the production of specific IgE in response to environmental allergens. 

Radioallergosorbent tests (RAST) are immunoassay tests which measure total and 

specific IgE levels in serum. Subjects with higher IgE levels are more likely to be 

atopic, though not all subjects with a positive serology will exhibit clinical symptoms 

(113).  

 

The concentration of IgE is highly age dependent, with low levels of IgE found in cord 

blood serum. These levels then rise during childhood and steadily decline during adult 

life (114). While IgE measurements are not affected by medications such as 

antihistamines, venipuncture is required which is not always feasible in younger 

subjects.  

 

Identification of the atopic status of patients with asthma by skin prick testing (SPT) is 

simple, inexpensive and relatively non-invasive, and can provide useful prognostic and 

management information. SPT’s introduce small amounts of allergen under the dermis, 

IgE molecules on the surface of a mast cell are bridged and degranulation of the mast 

cell occurs. Pre-formed granules containing histamine are released and this is followed 

by progressive infiltration of eosinophils and neutrophils into the dermis, causing the 

development of the wheal (swelling) around the site of introduction of the allergen, in 

atopic individuals.  While there are reports of systemic reactions to food allergy testing, 

reactions to environmental allergens are extremely rare (115). 
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1.6.3 Atopy prevalence 

 

In the last 30 years there has been a marked increase in the prevalence rates of atopic 

diseases around the world (Figure 1.12), in particular in countries such as the United 

States, Australia and New Zealand (32). Data from the United Kingdom showed a 

marked prevalence in eczema, while results from Australia have shown increased rates 

in hayfever, eczema and atopy (116).  

 

Figure 1.12: Change in prevalence of asthma & atopy worldwide 

 

 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 Source: Jarvis et al, 1998 

 

The distribution of atopy is highly variable across countries, with higher rates of asthma 

and atopy seen in children than in adults. In children the proportion of asthma 

attributable to atopy ranged from 25 to 63 percent and in adults the range was from 8 to 

55 percent (117). 
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The ECRHS noted that total and specific IgE levels varied greatly between regions, 

with rates of atopy as low as 16% in Spain and as high as 45% in New Zealand, 

suggesting that total and specific IgE levels are influenced enormously by 

environmental factors (118). 

 

Furthermore, it is known that sensitisation to different allergens is variable depending 

on the locale. House dust mite (HDM) sensitisation is the most prevalent allergen in a 

number of regions including Australia and New Zealand (119) (120). This is in contrast 

to the results from the Tucson study which showed that in a more semi arid environment 

the most prevalent allergen was Alternaria (122). Peat et al showed that allergen 

sensitisation was dependent on the region examined. They found that those children 

who lived in coastal centres in Sydney Australia were exposed to higher levels of HDM 

compared to inland regions, furthermore those children living in coastal regions had 

significantly higher prevalence of current asthma than those living inland [12% vs. 7%, 

p<0.01 respectively] (121).  

 

1.6.4 Hygiene hypothesis 

 

In 1976 a study by Gerrard et al (123) compared serum IgE levels and atopic disease in 

white families and Metis Indians living in Saskatchewan and noted that white families 

had lower serum IgE levels but higher rates of asthma and eczema compared to Metis 

Indians. The lower prevalence of atopic disease in the Metis Indians was in contrast to 

the high incidence of helminth infection in their community. The authors suggested that 

the higher prevalence of asthma was the cost paid by the white community for their 

reduced prevalence to viruses, bacteria and helminths. 
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Likewise, Matricardi et al (124) reported in a study of Italian military cadets that those 

exposed to 2 or more oro-fecal or food borne infections (H pylori, T gondii and 

Hepatitis A virus) had a lower prevalence of allergic rhinitis and asthma.  

 

The ‘Hygiene Hypothesis’, proposes that infection in early childhood would protect 

against the development of asthma and atopy. The hypothesis being that microbial 

exposure in-utero or during early infancy will lead to T cell differentiation which would 

protect against the development of atopy. The authors suggested that infections could be 

transmitted to the infant via unhygienic contact with older siblings or via the mother 

who had contact with older children (125). 

 

The inverse association between family size and prevalence of asthma and allergies has 

been reported in numerous studies. Strachan et al reported an inverse association 

between the prevalence of hayfever and the number of children in the family in the 

British Cohort (126). Similarly, Bernsen et al found that children with a higher birth 

order had a lower risk of allergy in comparison to first born children (127). 

 

Daycare attendance has also been identified as a potential source of acquiring infections 

in early life with studies showing that day care-related infections may partly explain the 

reduced incidence of asthma in childhood (128). Result from the Tucson Study showed 

that children who attended daycare were more likely to wheeze during early childhood 

but by late childhood through to early adolescence there was a reduced risk of frequent 

wheezing (129). Reports from a high-risk cohort of children showed that infants who 

attended daycare were twice as likely to suffer from both non-wheezy and wheezy 

lower respiratory illness (LRI) (130). Similar studies have also shown that daycare in 
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early life may also be protective against the development/delay onset of atopy in young 

children (131). 

 
It has also been suggested that children living in rural environments may be protected 

against the development of atopy and asthma. Children growing up on farms have been 

shown to have a lower incidence of hayfever compared to those children who live in the 

same village but did not grow up on a farm (132).   

 

1.6.5 Interrelationships of atopy and asthma 

 

It is unclear how much of asthma is attributable to atopy. Sears et al showed a strong 

correlation between BHR and atopy, especially to house dust mite and cat during 

childhood. They showed a dose-dependent relationship between wheal size and BHR, 

so as the wheal size increased so did the proportion of children with BHR, with atopy a 

major determinate of BHR in both asthmatic and normal children (9). 

 

In addition, Sears et al showed that while the relative risk of asthma increased with 

more severe atopy (e.g. 4 or more positive SPT responses) the proportion of cases that 

were atopic decreased as well as the total risk for the population. Similar results were 

also seen for specific allergens with the highest estimate of the population attributable 

risk obtained with the criteria of any positive skin test (120). 

 

An obvious limitation is that skin prick testing uses a wide range of allergens believed 

to be predominant in the area under study, though this will not necessarily identify all 

cases of atopy. In a cohort of children from New Zealand, Burrows et al showed that 

symptoms of asthma were linearly related to IgE levels during adolescence and there 

was a stronger relationship between SPT and BHR than IgE levels (133). 
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Siroux et al (134) showed that while severe childhood asthma was associated with a 

high level of total IgE in children treated with inhaled corticosteroids and those ever 

hospitalized for asthma [p <0.05], there was no association seen with blood eosinophil 

counts. Furthermore they showed that the type of allergic sensitisation (indoor vs. 

outdoor) and intensity (number of positive skin prick test & wheal size) of allergic 

sensitisation were not associated with any criteria of asthma severity.   

 

Peat et al (135) showed that subjects with BHR in early adulthood had high IgE levels 

compared to those with past BHR. Symptomatic subjects had higher IgE levels than 

asymptomatic subjects. Wheeze, BHR and atopy were all positively related to serum 

IgE levels though they showed that IgE was no more predictive of BHR than SPT’s.  

 

It has been argued that allergen exposure is the major primary cause of asthma. While it 

is clear that allergen exposure can trigger attacks in asthmatic patients it is still unclear 

if atopy is a risk factor for the development of asthma.  

 

Atopic sensitisation is believed to follow a characteristic evolution referred to as the 

‘Allergic March’ where infants become sensitised to foods and develop eczema and 

food allergy which is then replaced with sensitisation to aeroallergens in childhood 

(136). 

 

Holt el al suggest that the development of atopic asthma is a 2 stage process where a 

subset of children are sensitised to allergens but do not go on to manifest clinical 

symptoms, whereas the development of atopic asthma occurs in those who develop 

allergic sensitisation which results in persistent inflammation within the airways. This 
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persistent airway inflammation can lead to remodelling of the airways (both structural 

and functional changes) characteristic of the asthma phenotype (137) 

 

Results from prospective cohorts are inconsistent in the association between allergen 

exposure and an increased risk of asthma. Sporik et al (138) showed that exposure to 

house dust mite in early childhood led to subsequent development of asthma in 

childhood. However this study involved a small number of participants and used 

arbitrary cut-off values for allergen exposure. In contrast, results from a prospective 

longitudinal study found no relationship between early indoor allergen exposure and the 

prevalence of asthma, wheeze, and bronchial hyperresponsiveness in childhood (139). 

 

1.7 Airway Inflammation 

 
1.7.1 Eosinophils & Serum Eosinophilic Cationic Protein (ECP) 

 

Eosinophils are a form of leukocyte that are primarily involved in the immunological 

response to parasitic infection and are predominately located in submucosal tissue. They 

are involved in phagocytosis of parasites but function primarily by secreting granular 

contents and reactive molecules. Eosinophils are thought to be one of the key effector 

cells reflecting Th-2 mediated inflammatory processes and play a role in the 

pathogenesis of allergic diseases such as asthma (140). 

 

Eosinophils are derived from the bone marrow from CD 34+ pluripotent progenitor 

cells. The production of eosinophils is influenced by growth factors such as IL-5, IL-13 

and granulocyte-macrophage colony stimulating factor (GM-CSF). Both IL-3 and GM-

CSF are active on early precursors while IL-5 is involved in growth, differentiation and 

activation of eosinophils (141). 
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In normal healthy subjects eosinophils contribute only a small percentage of the blood 

leukocyte count. Eosinophilia is defined as an increase in the number of eosinophils in 

the blood. Increased accumulation of eosinophils occurs in allergic disease, parasitic 

infection and cancer. The leading cause of eosinophilia in industrialised nations is 

atopy, the other most common cause being helminthic infection (142). 

 

Eosinophilic inflammation occurs as the result of 4 processes; 

 

i. Differentiation of progenitor cells and proliferation of eosinophils in the bone 

marrow. 

ii. Interaction between eosinophils and endothelial cells involve rolling, adhesion 

and migration of eosinophils  

iii. Chemoattraction directing eosinophils to specific locations 

iv. Activation and destruction of eosinophils 

 

Toxins released from eosinophils are important in the defence against parasites yet in 

asthma they can contribute to tissue dysfunction and damage. Eosinophil granules 

contain several toxic cationic proteins; eosinophil peroxidase, ribonucleases, and major 

basic protein (MBP) (67). Higher levels of eosinophilic cationic protein (ECP) are seen 

in the serum of young children with atopic asthma and in those with more severe 

asthma, consistent with such a role for activated eosinophils in the disease (73). 

 

However, it is not clear whether eosinophils directly contribute to responsiveness of the 

airways. The mechanism(s) by which eosinophils increase BHR are not clearly 

understood. Eosinophil cationic proteins can increase cholinergic discharge at the 

airway smooth muscle neuromuscular junction by disrupting the normal feedback 
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inhibition mediated by muscarinic (M2) prejunctional receptors (143) and cationic 

proteins (major basic protein and poly-L-lysine) increase immunoreactive kinins and 

kallikrein-like activity in vivo (144) with both mechanisms potentially contributing to 

BHR.  

 

Furthermore activated eosinophils secrete cationic proteins which may increase 

epithelial permeability. The cationic protein poly I-poly C, which has properties similar 

to ECP, directly increases epithelial permeability and results in increased BHR by 

increasing access of aerosolized methacholine to the underlying smooth muscle. Similar 

mechanisms have been demonstrated in animal models of lower respiratory viral 

infections (145).  

 

1.7.2 Interrelationships of eosinophils and asthma 

 

Airway inflammation is considered an important component in the pathology of asthma 

in adults, though there is inconsistency in the literature regarding associations between 

airway inflammation and airway responsiveness, with correlations between blood 

eosinophil counts and BHR ranging from moderate to non-existent (67).  

 

In adults, peripheral blood eosinophilia and atopy have been shown to significantly 

predict BHR with the relationship between blood eosinophils and BHR the same in both 

symptomatic and asymptomatic subjects (146). Other studies have shown similar 

relationships between peripheral blood eosinophils and PC20 to bradykinin, an indirect 

agonist (69).  
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Data from children and adolescents have shown weak but significant correlations 

between sputum eosinophils and methacholine responses (71) (70) while other studies 

have shown no association between markers of inflammation (e.g. serum ECP) and 

airway responsiveness (73) (74). One of the problems in clarifying the true nature of 

these relationships is that many studies are conducted in highly selected populations, 

generally with small numbers of subjects. 

 

Eosinophils are thought to be one of the key effector cells in the pathology of asthma. 

Animal studies using monoclonal antibody IL-5 have shown long term inhibition of 

eosinophilia and bronchial hyperresponsiveness. Consequently eosinophils have been 

targeted as a possible therapeutic intervention but studies examining anti IL-5 treatment 

in humans have produced mixed results.  

 

Leckie et al (147) showed that while a single dose of monoclonal antibody to IL-5 could 

cause a decrease in circulating eosinophils they failed to show any change in airway 

responsiveness. In a similar study by Flood-Page et al (148) they showed that even 

following three doses of monoclonal antibody to IL-5 there was a reduction in 

eosinophils, yet they were still present in the tissues of the airway and in the bone 

marrow. Both studies found no reduction in airway hyperresponsiveness between those 

treated with the monoclonal antibody and the control groups. However, both of these 

studies include a small number of subjects, neither study having the power to examine 

subgroups of asthma. Larger studies are required to determine clinical efficacy of using 

this treatment in asthma.  
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1.7.3 Fractional Exhaled Nitric Oxide (FeNO) 

 

In the 1980s there was a surge of interest in the biology of NO otherwise known as 

endothelium-derived relaxing factor (EDRF). NO is involved in numerous biological 

and physiological functions throughout the body. However of greater interest to 

respiratory research is the role of NO and inflammation in the airways. Fractional 

exhaled NO (FeNO) was first described in 1991 by Gustafsson and colleagues and since 

then there has been an immense amount of work examining its potential as a non-

invasive marker of airway inflammation (149). 

 

NO in the breath originates from the lower airways, though contamination can occur 

from NO in the upper airways. NO is synthesised by NO synthases of which there are 

three isoforms; endogenous, neuronal and endothelial. Endogenous NO is derived from 

L-arginine by the enzyme NO synthase (NOS) of which there are three isoforms (149). 

 

Neuronal NOS (NOS1, nNOS) is predominately expressed in neurons, with endothelial 

NOS (NOS3, eNOS) is constitutively expressed in endothelial cells. These enzymes are 

thought to be activated by small rises in intracellular calcium concentrations. The third 

isoform, inducible NOS (NOS2, iNOS) is independent of calcium concentrations and 

may be induced by inflammatory cytokines. iNOS is expressed by a variety of cells 

including airway epithelium, vascular endothelium and inflammatory cells. In response 

to inflammatory cytokines iNOS produces NO (150). 

 

The most widely used approach to measuring FeNO is via a chemiluminesence 

analyser, using the single-breath constant flow technique. Briefly, the subject is seated 

and instructed to inhale to near TLC (inspired gas should contain low NO) and then 
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immediately exhale. Exhalation should be maintained at a constant flow of 50ml/s until 

a NO plateau of longer than 2 seconds can be identified, during an exhalation of greater 

than 4 seconds (Figure 1.13). It is recommended that the expiratory pressure be 

maintained between 5 and 20cm of H20. Measurements should be repeated 3 times with 

results within 10% or within 5% of agreement for 2 measurements (151). 

 

Figure 1.13: Diagrammatic representation of a FeNO trace 

 

 
Source: Smith & Taylor, 2005 
 
 

The advantages of this technique are that airway inflammation can be measured in 

young cooperative children. Furthermore the online display of flow and pressure allows 

the technician to select good exhalations and reject suboptimal efforts. 

 

There are a number of factors that can affect FeNO measurements including; smoking, 

exercise, use of bronchodilators and recent spirometry, which can all alter airway 

calibre and consequently affect FeNO levels. Flow rates have also been shown to affect 
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levels of exhaled nitric oxide with higher flow rates shown to reduce the level of 

exhaled nitric oxide (152). 

 

1.7.4 Interrelationships of FeNO and asthma 

 

FeNO is produced by enzymatic activity within the airways that is a consequence of 

eosinophilic inflammation. The excess exhaled nitric oxide associated with asthma is 

predominantly produced by upregulation of the inducible isomer of NOS (NOS2), 

which is located in the airway epithelium. Cytokines implicated in eosinophilic 

inflammation are able to upregulate NOS2 (153). 

 

Epidemiological studies have shown associations between FeNO and asthma, as well as 

intermediate phenotypes (BHR & atopy).  Franklin et al showed that in a cohort of 

young children, atopic status, airway responsiveness and peripheral blood eosinophils 

were associated with higher levels of nitric oxide. In addition, analyses stratified by 

atopic status showed that blood eosinophils and BHR were associated with FeNO in 

atopic but not in non-atopic children (154). They reported weak associations between 

FeNO and symptoms of asthma as defined by recent wheeze and physician diagnosed 

asthma.  

 

However, in a random sample of school children from the Netherlands, Steerenberg et 

al showed that FeNO levels were associated with respiratory symptoms such as wheeze 

and blood eosinophil levels, however there was no association between levels of 

exhaled nitric oxide and spirometry indices (155). 
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Many studies have shown strong associations between atopic status and FeNO, with 

atopic subjects having higher levels compared to non-atopic subjects. Cardinale et al 

showed that FeNO correlated with both number of positive skin prick tests and total 

serum IgE (156). In addition, results from a large sample of children showed strong 

associations between FeNO levels and indoor allergens compared to outdoor allergens. 

However these associations were only seen with IgE responses and not with SPT’s 

(157). 

 

Furthermore the relationship between FeNO and asthma is age dependent. Avital et al 

showed that in asthmatic patients, levels of FeNO were lower in children compared to 

adults (158). Similar results were seen by Franklin et al who also showed that levels of 

FeNO were related to age (154). Buchvald et al reported that in a large group of healthy 

subjects the level of FeNO increased with age, with higher levels seen in those that had 

hayfever or rhinitis/conjunctivitis (159). None of the aforementioned studies found any 

difference between males and females. 

 

The use of FeNO in a research or clinical setting is limited. Further standardisation of 

FeNO needs to be undertaken before this technique can be used effectively in 

epidemiological studies. One of the major problems with FeNO is the large variability 

seen within a normal population. Large cohort studies of FeNO are required in order to 

determine normal reference values. Only then can appropriate cut-offs be defined for 

determining the presence/absence of disease. Though as with asthma and the range of 

severity seen in the asthmatic population, it may be more appropriate to use the level of 

FeNO as a continuum rather than a binary variable in an epidemiological setting. 
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PART THREE: EPIDEMIOLOGY OF ASTHMA 

 

1.8 Cohort Studies 

 

Asthma has been the focus of a vast number of epidemiological studies conducted 

around the world. Many of these studies are cross sectional and provide important 

information on the incidence of asthma, whereas prospective cohorts of which there are 

a more limited number, allow researchers to follow individuals over time and identify 

the natural course of the disease and associated risk factors. High-risk cohorts examine 

children with a family history of asthma and allergies and are important; however, 

results can not be extrapolated to the general population. In this section the focus will be 

on large scale prospective longitudinal studies which have examined the natural history 

of disease and associated risk factors.  

 

1.8.1 Cohorts from Australia & New Zealand following children to adolescence 

and beyond 



 

Table 1.3: Cohorts on asthma & allergies from Australia & New Zealand 

*recruitment period 

STUDY PLACE YEAR* TYPE N FOLLOW –UPS (YRS) 

Belmont, NSW 

Cohort 

New South Wales, 

Australia 
1982 

Community based prospective 

study 
718 8,10, 12,16,18,25 

DMHDS Dunedin, New Zealand 1972-73 
Longitudinal prospective birth 

cohort   
1,037 

Birth, 3, 5, 7, 9, 11, 13, 15, 

18, 21, 26 

Melbourne 

Asthma Study 
Melbourne, Australia 1964 

Community based prospective 

study  
479 7, 10, 14, 21, 28, 35, 42 

Osborne Park 

Cohort 
Perth, Western Australia 1987 -91 

Longitudinal prospective birth 

cohort 
253 

Birth, 1mth, 6mth, 1, 2, 3, 4, 

5, 6, 11 

Tasmanian Infant 

Health Survey 
Tasmania, Australia 1968 

Community based prospective 

study 
8,583 7, 13,20  31, 42 



Belmont, NSW Cohort 

The Belmont study began in 1982 with 8-10 year olds randomly recruited from selected 

schools in Belmont, New South Wales. A total of 718 children were recruited into the 

study with follow-ups performed at 8, 10, 12, 14, 16, 18 and 25 years of age. The 

follow-up groups did not differ from the original cohort in terms of respiratory 

characteristics; including the number of atopics, recent wheeze, BHR and level of lung 

function (42). 

 

Histamine challenges and SPTs were performed at each visit, with blood collected from 

consenting participants. It should be noted that there were changes in the methodology 

(nebulisers and spirometers) during data collection, introducing potential bias into the 

study. Total serum IgE was collected at 18 and 25 years, with DNA extraction at 25 

years, therefore comparisons from childhood to adulthood were not able to be 

conducted as samples were both collected post adolescence (160). 

 

 One of the major pitfalls of this study is that there is no respiratory data from early 

childhood with less than half the cohort [40% (222)] attending all six visits. It is also 

important to note that the definition of asthma was taken from the parental questionnaire 

and was defined as a positive response to the question “has your child ever been 

diagnosed as having asthma by a doctor or at a hospital”. This may have potentially 

limited the cohort to more severe asthmatics as parents are less likely to recall mild or 

intermittent episodes of disease.  

 

While this study claims to be prospective in nature it is in fact retrospective for the first 

7 years of life. Recent epidemiological evidence have shown that the development of 

 



disease occurs early in life (wheezing phenotypes) and therefore those subjects enrolled 

in the study are more likely to be those with persistent asthma. 

 

Further variation was introduced into the study as questionnaires were self administered 

and completed by the subject’s parents pre-1990 and then completed by participants 

post-1990. In addition, due to the relatively small number of asthmatics enrolled in the 

study, analyses of the persistence of asthma may have been affected by type II error 

(false negative) as seen by the broad confidence intervals reported (161).  

 

Dunedin Multidisciplinary Health & Development Study (DMHDS)  

 

The DMHDS is one of the largest prospective cohorts, with 1837 children born in New 

Zealand between 1972 and 1973 enrolled into the study, 1037 subjects completing the 

first follow-up at 3yrs. Participants were followed prospectively at 3, 5, 7, 8, 11, 13, 15, 

18, 21 and 26yrs. This is an unselected population with the full range of socioeconomic 

levels present in the cohort. Between the ages of 3 and 26, 18 study members died (none 

from asthma) leaving a living cohort of 1019 at 26yrs (64). 

 

Respiratory questionnaires were conducted at all visits from 9 years of age, with 

birthweight and length taken from neonatal records. Family history of asthma was 

recorded by interview with the mothers when children were aged 7 years. As the history 

of asthma was collected in late childhood, children with wheeze (which was defined as 

having ≥ 2 episodes of wheeze lasting for at least 1 hour in the previous 12 months) and 

asthma were more likely to represent those with severe/persistent asthma as mothers 

may not have recalled mild intermittent episodes of disease in children. 
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Records of breastfeeding were retrospectively obtained from mothers when children 

were seen at 3 years of age. However, the data were checked with nursing records to 

make sure the results were as accurate as possible. Smoking history of study 

participants were obtained from 15 years onwards (162). 

 

A number of objective markers were also assessed in this cohort, including spirometry 

which was performed in the afternoon (1-4pm). Methacholine challenges were 

conducted at 9, 11, 13, 15 and 21 years. However allergy testing (skin prick test only) 

was only conducted at 13 and 21 years. A positive SPT in this study was defined as a 

wheal size at least 2mm or greater than the negative control (163). These objective 

measurements of asthma however were made in late childhood and consequently cannot 

examine the causal relationship between atopy, BHR and asthma/wheeze.  

 

Melbourne Asthma Study  

 

The Melbourne asthma study is one of the longest studies of the natural history of 

asthma from childhood to adulthood. In 1964 a group of 7 year old children with a 

history of wheezing were selected from a previous cohort. These children were then 

prospectively followed at 10, 14, 21, 28, 35 and 42 years (63).  

 

Children were classified into 4 approximately equal groups; a control group which 

consisted of children with no previous history of wheeze, the mild wheezy bronchitis 

group who had < 5 episodes of wheeze, the wheezy bronchitis group (> 5 episodes of 

wheeze associated with bronchitis or respiratory tract infections) and the asthma group 

(wheeze not associated with respiratory tract infections). At 10 years of age a further 
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group of children with severe asthma were recruited. These children had onset of 

symptoms before 3 years of age which had persisted to 10 years of age (63). 

 

Participants were reviewed at each follow-up with physical examinations performed and 

clinical history taken. SPTs were performed to a small panel of allergens (HDM & rye 

grass) with a positive response defined as a wheal size greater than or equal to 3mm 

compared to saline control. Pulmonary function tests included spirometry, lung volumes 

and histamine challenges. 

 

Limitations of this study include a small control group and lack of assessments prior to 

7 years of age. Consequently this study is not able to comment on the development of 

asthma in early childhood. The addition of a severe group of asthmatics implies that the 

cohort was not representative of the general population.  Furthermore these children 

were seen prior to treatment such as inhaled corticosteroids and are therefore different 

to children studied in more recent prospective cohort studies, limiting comparisons 

between this study and more recent longitudinal data.  

 

Osborne Park Cohort  

 

The Osborne Park cohort is a small community based longitudinal birth cohort from 

Perth, Western Australia. Mothers were recruited from a metropolitan hospital before 

birth during the period 1987 to 1991, with 253 children enrolled into the study. All 

subjects were Caucasian, only healthy (no major congenital anomalies) full term infants 

were recruited into the study. Families were not selected on parental asthma status, the 

only criteria being attendance of antenatal clinics at the hospital.  Participants born 
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prematurely or who developed respiratory symptoms in the first month of life were 

excluded from the study (164). 

 

At enrolment parents received information to aid in detecting wheeze, and parental 

history of smoking was noted. History of wheeze or physician diagnosis of asthma was 

identified monthly by questionnaires during the first year of life. In addition 

questionnaires collected data relating to respiratory illnesses, exposure to tobacco 

smoke, aeroallergens and physician diagnosed asthma. Questionnaires were completed 

at both 1 and 6 years of age (165). 

 

Spirometry was performed at 1 month, 6 and 11 years of age using tests appropriate for 

age. At the 6 year follow-up, lung function was assessed with a portable spirometer, 

with methacholine challenges performed by the Yan technique. Bronchodilator 

responses were however not measured (166).   Participation rates have steadily declined 

with less than 40% of the cohort participating at all assessments for lung function, BHR 

and atopy (Table 1.4) 
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Table 1.4: Participation rates for follow-up visits in the Osborne Park cohort 

 

Variable 1 Month, n 6 Years, n 11 Years, n 

Participated 

in all 

assessments, 

n 

Pulmonary 

Function tests  
243 110 183 97 

MCh Challenge 243 102 176 76 

SPT 247 112 182 79 

 

Atopy was measured by SPT at 1, 6 and 12 months (n =247), and also at 6 (n =112) and 

11 years (n =182). Allergens tested for at infancy include cow’s milk, egg white, rye 

grass and dermatophagoides farinae; however this type of house dust mite is not 

commonly found in the Perth environment. From 6 years of age, six additional allergens 

were tested (dermatophagoides pteronyssinus, alternaria alternans, aspergillus 

fumigatus, grass mix (#7), cat dander and dog dander). Eosinophil counts were 

measured in peripheral blood samples and expressed as absolute cell counts (165). 

 

There was a higher prevalence of paternal atopy (eczema and hayfever) in the cohort 

and fewer mothers that smoked during pregnancy participating in follow-up visits (34% 

participating vs. 42% not participating; p<0.05).  

 

At 6 years of age, subjects were diagnosed as asthmatic if they responded yes to the 

question “Does your child currently have asthma diagnosed by a doctor?” This 

definition of asthma is rather simplistic and does not take into account the range of 

symptoms. It is possible that children with milder symptoms may not seek a diagnosis 
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from a general practitioner. Therefore a definition of asthma that includes symptoms in 

the past 12 months or use of asthma medication may be more appropriate.   

 

Tasmanian Infant Health Survey 

 

The aim of the Tasmanian birth cohort was to describe the natural history of wheeze and 

cough in a community based cohort of children. Children born in 1961 (n = 8,583) were 

surveyed at 7 years of age. Questionnaires focused on respiratory health and were 

initially filled in by parents. Parents and siblings were also surveyed with approximately 

46,000 subjects participating. Study participants have been extensively followed with 

visits at 13, 20, 31 and 42 years of age (167). 

 

The first follow-up was conducted in 1974 when subjects were 13 years of age. A total 

of 7,890 questionnaires were sent out to study participants, with 90.4% of the cohort 

participating. A subset of the cohort (851) completed clinical assessments including 

lung function and anthropometrical measurements. In 1981, those subjects that had 

completed the 1974 (13yr) assessment were invited to complete another survey. A total 

of 658 (8.3%) subjects responded with only a small number of participants (218) 

completing the clinical assessment. The 31 year follow-up involved those subjects that 

had participated in the original survey, a total of 1,494 (17.4%) subjects participated, 

answering questions not only about their respiratory health but also their children’s 

(168).  

 

Subjects are currently taking part in the 42 year follow-up with participants invited to 

complete questionnaires and attend clinical assessments including collection of blood, 

lung function and SPTs. 
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One of the major limitations of the Tasmanian survey was a failure to discriminate 

between children with asthma and those with viral induced wheeze (wheezy  bronchitis). 

Furthermore, since the inception of this study the prevalence of asthma and atopy has 

changed significantly. From the 1980s there has been a marked increase in the incidence 

of asthma in Australia with a plateau of rates only seen in recent years. Consequently, 

risk factors in children from this cohort may differ substantially from more recent 

longitudinal data (169). 

 

1.8.2 Cohorts from America, Asia & Europe following children to adolescence 

and beyond 

 

There are a number of cohorts that have been conducted worldwide. Those that have 

been described in this review had relatively large sample sizes and long follow-up 

periods (Table 1.5). Those designed to study interventions such as the Manchester 

cohort and the Childhood Asthma Management Program have not been described. 

Similarly, other large birth cohorts with limited published results have not been 

included in this review, including the Boston epidemiology of home allergens and 

asthma cohort and the childhood origins of asthma study. 

 

 



Table 1.5: Cohort studies on asthma & allergies from around the world 
 

 

STUDY PLACE ENROLMENT* TYPE N FOLLOW –UPS (YRS) 

Aberdeen Asthma 

Cohort 
Aberdeen, Scotland 1964 

Random community 

prospective survey 
2,511 10-14 & 34-40 

ALSPAC 
Avon, United 

Kingdom 
1991-92 

Population birth 

cohort 
14,541 

Birth, 1, 6, 15, 18, 24, 30 mths 

2, 3, 4, 5, 6, 7 

BAMSE Stockholm, Sweden 1994-96 
Population birth 

cohort 
4,093 Birth, 1, 2, 4, 8/9  

BNCDS 
England, Scotland & 

Wales 
1958 

Community based 

longitudinal  study 
17,500 7, 11, 16, 23, 33 , 42, 46 

Detroit Childhood 

Allergy Study 
United States 1987-1989 

Community based 

longitudinal  study 
835 Birth, 1, 2, 3, 4, 5, 6 

ECA Oslo, Norway 1992 
Unselected birth 

cohort 
3,754 Birth, 6mth, 1,2 

* recruitment period 
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Table 1.5 cont’d: Cohort studies on asthma and allergies from around the world 
 

 

STUDY PLACE ENROLMENT* TYPE N FOLLOW –UPS (YRS) 

The Isle of Wight 

Cohort 

Isle of Wight, United 

Kingdom 
1989-90 

Population birth 

cohort 
1,456 1, 2, 5, 10  

MAS Germany 1990 
Intervention & 

natural history study 
1,314 

1,3,6,12,18 mths 

2,3,4,5,6,7, 10 

Odense University 

Hospital Cohort 
Denmark 1992-1994 

Population birth 

cohort 
3,003 Birth 

PIAMA Netherlands 1996-97 

Double blind placebo 

controlled & natural 

history study 

4,146 3mth, 1, 2, 3  

TCRC Tucson, Arizona 1980-84 
Prospective birth 

cohort 
1,246 

Birth, 2-3mths, 1, 2, 3, 6, 8, 11, 

13, 16 

*recruitment period 



Aberdeen Asthma Cohort 

 

In 1964, participants were recruited from a random community survey in Aberdeen, 

Scotland. A total of 2,511 children aged 10-14 years were enrolled into the study. Of 

these, 288 children had a history of wheeze (parental report). Participants were reviewed 

by a single clinician and were classified accordingly; 121 children were identified as 

having asthma (recurrent dyspnoea,); 167 children had wheezy bronchitis (wheeze only 

in the presence of infection) and 167 children who were asymptomatic were used as a 

comparison group (170). 

 

Subjects were seen at 34 to 40 years with approximately 80% of participants from each 

group successfully traced. Subjects were interviewed and completed questionnaires 

regarding education, employment, housing status, current symptoms and smoking 

habits. Lung function, peak flow and methacholine responsiveness were also measured 

(171). 

 

In addition to following those with parentally reported wheeze, authors’ reassessed the 

remaining 2,056 individuals with no history of wheeze in childhood at 39-45 years of 

age. Of the 1,758 surviving subjects, over 1,500 were successfully traced. From survey 

responses 12% of subjects reported wheezing during or after adolescence, with similar 

prevalence rates of adult-onset wheeze between males and females. However it should 

be noted that this is a self-reported diagnosis, with symptoms potentially being 

misinterpreted.  

 

 

 

 



Avon Longitudinal Study of Parents & Children (ALSPAC) 

 

Pregnant women living in Avon, UK were recruited into this study on the basis of an 

expected date of delivery between 1 April 1991 and 31 December 1992. A total of 

14,541 pregnancies were enrolled into the study, over 14,500 babies were born with 

95% still in the study at 12 months. 51.7% of participants were male, 48.3% were 

female (Figure 1.14) (172).  

 

Figure 1.14: Enrolment details in the ALSPAC cohort 

 

 
Source: www.alspac.bris.ac.uk 
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Mothers were extensively followed throughout pregnancy with four questionnaires 

completed during their pregnancy. Data were collected from a number of sources 

including questionnaires completed by parents, medical records, biological samples, 

physical and psychological examinations. Following birth, questionnaires relating to the 

child were administered at 1, 6, 15, 18, 24 and 30 months. Following the child’s second 

birthday, questionnaires were administered at 6 monthly periods while parents filled in 

questionnaires annually. At 7 years of age participants were invited to attend annual 

clinics, with fewer than 60% of the total population having attended (173, 174). 

 

While this cohort has extensive questionnaire data there is a lack of clinical data, with 

no lung function indices measured or bronchial challenge tests conducted. However, 

atopy and total serum IgE levels were measured. 

 

Atopic status of children was determined at 7 years of age with children undergoing 

SPTs against a panel of common aeroallergens (cat, mixed grass, HDM). Atopy was 

defined in this study as a wheal size ≥ 2mm. A subset of children from the ALSPAC 

cohort (Children in focus) were tested against a wider panel of both inhalant and food 

allergens at 5 years of age (172). 

 

BAMSE (Children, Allergy, Milieu, Stockholm Epidemiological Survey) 

 

The main aim of this project was to establish risk factors for asthma and other allergic 

diseases in childhood. In 1994, 4,093 subjects were recruited in the study aged between 

3 and 4 months. Infants were recruited from 58 health centres in Stockholm Sweden 

(175). 
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At the initial, 1 year and 2 year visits, questionnaires were administered, with the focus 

on genetics, socio-economic factors, allergies and respiratory symptoms. Dust samples 

from homes were also collected. At the 4 year visit along with questionnaires, 

participants were invited to complete lung function tests (peak expiratory flow [PEF], 

flow volume, maximum voluntary ventilation [MVV] and oxygen clearance) with blood 

collected for allergen specific IgE and DNA extraction. These children will have just 

completed the 8/9year follow-up.  

 

Questionnaires were mailed out to families with high response rates achieved (94% at 

1year and 96% at 2 years). Parents were not interviewed and any ambiguity of questions 

would not be able to be addressed in this study. 

 

Maternal smoking was associated with lower levels of education, with the prevalence of 

maternal smoking lower in the cohort than in the general population; suggesting 

potential selection bias with more educated families enrolled into the study, with  

smokers abstaining from enrolment.  

 

British National Child Development Study (BNCDS) 

 

This cohort study began in 1958, the first survey gathered information from all the 

babies born in England, Scotland and Wales in one week in 1958, with approximately 

17,500 infants surveyed. Participants have been followed throughout their lives with 

further surveys carried out when subjects were aged 7, 11, 16, 23, 33, 42 and 46 years. 

The next survey will take place in 2008, when the cohort members reach the age of 50 

(126). 
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Participants were followed-up by parental interview and examination at ages 7, 11, and 

16 years and by cohort member interview at 23, 33, 42 and 46 years. Questionnaires 

recorded details on maternal smoking before and during pregnancy, infant feeding, 

asthma and wheezy bronchitis. 

 

While there is extensive questionnaire data on these subjects from childhood through to 

adulthood, there is limited clinical data available. During childhood, cohort members 

could be traced through schools however, when subjects reached adulthood this was no 

longer possible. The sample at age 23 years was substantially smaller than at the 

previous follow-up. The authors noted that the main reason for sample loss over time 

was individuals moving rather than refusal, however while refusal rates were relatively 

low they did contribute to sample loss over time [refusal at age 23 was 7.1%; at 33 yrs, 

11.1% &  at 42 yrs, 13.2%] (176). 

 

Detroit Childhood Allergy Study 

 

The aim of this study was to examine environmental determinants of asthma and 

allergies in childhood. All women in a certain geographic area were invited to 

participate. A total of 835 subjects were enrolled into the study between 1987 and 1989. 

Only full-term infants (≥ 36 week’s gestation) were included in the study.  

 

Questionnaires were administered annually from 1 year through to the 6 year follow-up. 

Cord blood samples were obtained in 835 subjects, while only a subset of the cohort 

(57%) underwent clinical evaluation for allergic sensitisation and asthma between 6 and 

7 years. Prenatal allergen samples were collected from both carpet and air at home, with 

further sampling conducted at the 2 year and 4 year follow-up visits.  Serum IgE was 
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measured in cord blood, and blood samples obtained at 2, 4 and 6 years of age. Major 

respiratory tests were conducted at 6 years of age with lung function, BHR and atopic 

status measured (177). 

 

ECA (Environment & Childhood Asthma Study) 

 

In 1992 an unselected population cohort of 3,754 children was established in Oslo, 

Norway with all participants recruited from the two main birth clinics, Ulleval and Aker 

hospitals. Inclusion criteria included a birthweight greater than 2000g, absence of 

respiratory, cardiovascular, neuromuscular or metabolic disorders. Infants were not on 

assisted ventilation or oxygen therapy beyond 6 hours after birth. Families were 

excluded from participating if they were planning to move from Oslo and/or had 

insufficient language skills (178, 179). 

 

Questionnaires were completed by parents every 6 months. Information collected 

included data on child health, infectious diseases, family history, socio-economic and 

environmental exposures from birth to the child’s second birthday. 

 

Lung function was measured in 803 infants and at 2 years of age the family attended 

clinic for physical examinations and an interview. Participants completed lung function 

tests including pre and post bronchodilator, where possible, SPT and measurements of 

IgE and serum ECP were collected.  
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The Isle of Wight Cohort 

 

This population birth cohort was established on the Isle of Wight in 1989 to 

prospectively study the natural history of childhood wheezing and to identify risk 

factors relevant to the development of wheezy phenotypes. Of 1,536 children born 

between 1989 and 1990, 1,456 parents provided consent. This was an unselected 

population based cohort with subjects recruited from antenatal clinics. Enrolment took 

place at birth with history of family allergy, household pets, smoking, social class and 

birth weight recorded (180).  

 

One of the strengths of this study is that retention rates have remained high throughout 

the study with follow-up rates of 80% at year 1 and 2, 84% at year 5 and 94% at the 10 

year follow-up. Furthermore authors have examined different risk profiles in atopic and 

non-atopic subjects (181). 

 

One of the major limitations of this study is the definition of wheeze. The authors have 

defined wheeze as one episode of symptoms in the previous year, this was regardless of 

duration and may have led to misclassification of wheeze. It is possible that some of 

these cases may have been viral induced.   

 

Multicentre Allergy Study (MAS) 

 

Over 1,300 infants were recruited from a number of West German cities (Berlin, 

Munich, Mainz, Dusseldorf and Freiburg) in 1990. The main aim of this study was to 

describe the natural history of atopic disease and assess the role of different 

environmental factors. 22% of mothers and 21% of fathers were atopic, a total of 499 
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subjects were double positive (both mother and father were atopic) and/or had elevated 

IgE levels (at risk group); 815 subjects were infants at random risk.  

 

Children were followed up at 1, 3, 6, 12, 18 and 24 months and annually up to 10 years 

of age. Annual assessments included questionnaires and interviews with parents 

regarding their child’s health. This cohort has one of the most extensive data on atopy 

status throughout childhood with total and specific IgE antibodies measured at 1, 2, 3, 5, 

7 and 10 years of age. Children were tested for both food and inhalant allergens (egg, 

milk, soy, wheat, cat and dog dander, HDM, birch and grass pollen). At the 7 year 

follow-up children were invited to participate in lung function tests including histamine 

challenges (182). 

 

Odense University Hospital Cohort  

 

Pregnant women attending antenatal clinics at the University hospital in Denmark were 

invited to participate in the study. Mothers were between 8 and 24 weeks gestational 

age, with recruitment taking place between November 1992 and February 1994. 

Inclusion criteria consisted of maternal age of 18 years and older, sufficient language 

skills and no previous history of severe fetal congenital malformations in previous 

pregnancies.  Of 3,96 mothers screened, 3,174 participated in the study with complete 

data available on 3,003 infants (25). 

 

Questionnaires were completed at enrolment, week 30 of gestation and again after birth. 

Information on maternal asthma, allergy, size of household, education, smoking habits, 

and antibiotic usage during pregnancy were obtained. Data on birth, gestational age, 

birthweight and mode of delivery were also collected by midwives. 
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There was no significant difference in those who participated and those who did not 

complete the clinical assessment with regards to parental history of asthma and allergy, 

parental education and pet exposure. 

 

Prevention & Incidence of Asthma & Mite Allergy (PIAMA) 

 

This cohort was set up to examine the natural history of asthma and allergies and is one 

of the only cohorts to use a mix of subjects from both rural and urban centres.  In 1996 

infants from Northern, Central and Western Netherlands were recruited from midwifery 

practices (183).  

 

Validated screening questionnaires were distributed to approximately 10,000 pregnant 

women. There were two arms to this study, the intervention arm and the natural history 

arm. Allergic mothers were invited to participate in the intervention arm. Both allergic 

and non-allergic mothers were invited to participate in the natural history arm of the 

study.  

 

Children born to allergic mothers were enrolled in a double-blinded placebo-controlled 

trial for evaluating the use of mite-impermeable mattresses and pillow covers. Children 

born to allergic and non-allergic mothers were enrolled in a 'natural history' study to 

assess the role of environmental and dietary risk factors for the development of allergic 

disease in childhood. 
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Participants in the intervention study were visited at their homes before birth, three and 

12 months after birth, dust samples were collected from both floor surfaces and 

mattresses. In addition, a sample of children participating in the natural history arm of 

the study had dust samples collected from their homes at 3 months of age.  

 

The intervention study started with 855 participants, while 3,291 participants were 

involved in the natural history study. High retention rates have been maintained with 

over 90% of the cohort completing the follow-up at 3 years of age.  

 

Tucson Children’s Respiratory Study (TCRS) 

 

This cohort is one of the most comprehensive cohorts and was established in 1980. 

Extensive data was collected from birth including episodes of LRIs, lung function, 

immunology (e.g. total serum IgE), allergy status, social and environmental data. The 

aim of this study was to investigate potential risk factors in early life, LRIs and chronic 

lung disorders in childhood and adult life (Table 1.6) (122). 
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Table 1.6: Summary of data collected & risk factors evaluated in the TCRS 

 

Time point Data collected 
Risk factors evaluated in 

study 

Questionnaire (family data) 

Maternal pregnancy history 

Cord blood 
Birth 

Complete blood counts 

2-3 mths of age  Pulmonary Function Tests 

9-15 mths of age IgE, CBC, immune studies 

Sign/symptoms history 

First 3 yrs  Cultures, serologies, CBC*, 

IgE 

Sex, ethnicity  

Birthweight 

Parental education 

Genetics 

Respiratory symptoms 

Breastfeeding 

Sibship & day care 

Pet and smoke exposure 

Atopy & Immune function 

Lung function & BHR 

* CBC = complete blood count 
Source: Taussig et al, 2003  

 

1,246 subjects and their families were recruited into the study and have been through 

extensive follow-up visits. Follow ups have occurred at 1, 2, 6, 11, 13 and 16 years of 

age. As of 2003, 78% (974) of subjects were still participating in follow-ups with 

excellent retention rates throughout the study. 

 

Of those enrolled a total of 826 subjects had complete data on respiratory illnesses 

through age 3 and wheeze at 6 years of age. Of these 826, over 60% (522) had 

completed lung function measurements at 6 years of age. The responses of the 11 and 

16 year follow-ups are displayed below (Figure 1.15). 
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Figure 1.15: Participation rates for the 11 & 16 yr follow-ups in the TCRS 
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The Tucson study used appropriate lung function tests for age though only a small 

subset of infants (n =124) were assessed prior to any LRI (wheezy/non-wheezy) in 

infancy. Classification of subjects into wheezy groups would have resulted in small 

numbers of participants in each group, thereby limiting the power of the analyses to 

detect any differences between groups.  

 

Bronchial responsiveness measurements were made using cold air challenges at 6 years 

of age while from 11 years onwards methacholine challenges were used.   Studies have 

shown that there is a relatively weak correlation between cold air challenges and direct 

agonists such as histamine; as direct and indirect agonists act on the airways via 

different mechanisms thereby limiting the comparison of BHR at different ages in this 

cohort. 
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The Tucson environment is one of a semi arid climate which is considerably different to 

that in Perth, Western Australia. One of the major differences noted was that in atopic 

subjects the most prevalent allergen was Alternaria while in most other countries around 

the world the most prevalent allergen is house dust mite.  

 

1.9 Natural History & Risk Factors of Asthma 

 

This section will focus on the natural history and risk factors associated with asthma 

and examine risk factors associated with childhood, adolescent asthma and persistence 

of asthma into adulthood separately. Risk factors reviewed include the following:- 

 

a) Host factors:- family history, gender & age, socioeconomic status, breastfeeding, 

atopy, BHR 

 

b) Environmental factors :- viral infections, pet exposure, tobacco smoke exposure, 

daycare attendance 

 

1.9.1 Childhood 

 

Childhood asthma constitutes a wide spectrum of phenotypes, with wheezing in infancy 

very common. Most infants will experience at least one wheezy episode in the first few 

years of life with the majority of these children becoming asymptomatic by mid-

childhood; it is those infants whose symptoms persist that are likely to develop asthma 

(184). 
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The Tucson study described three clinical phenotypes in childhood, these included:- 

 

a) transient infant wheezers 

b) non-atopic wheezers 

c) persistent IgE mediated wheezers (asthma group) 

 

 Transient wheezers were those children who wheezed during infancy but did not 

continue to wheeze beyond childhood, generally these children would not go on to 

develop asthma. Transient wheezers had lower lung function levels than all the other 

groups (never, late-onset and persistent wheezers) and this was still evident at 6 years of 

age (185). In contrast the German MAS study showed that those infants with transient 

wheeze had only slight impairment in lung function indices at 7 years of age (182). 

Similar results were seen in the Osborne Park cohort who reported that transient 

wheezers had airflow that was similar to the non wheezing group (165). 

 

The second group of children from the Tucson study represented those who would 

continue to wheeze beyond the age of 3 years, with approximately 40% of these 

children being non-atopic. It is thought that these children may be at more risk of going 

on to develop airflow obstruction later on in life (185) 

 

 The third group were the persistent asthma group, in which both early age of 

sensitisation and genetic factors were important in the persistence of disease. Persistent 

wheezers displayed similar levels of lung function compared to non-wheezers during 

early childhood. At 1 year of age the maximal flow at functional residual capacity 

(VmaxFRC) was 104.4ml/sec compared to non wheezers with a VmaxFRC of 
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123.3ml/sec. By 6 years of age they had developed significantly more compromised 

lung function compared to non wheezers (185).  

 

In the Manchester cohort both transient and persistent wheezers had reduced lung 

function at 3 and 5 years of age compared to non wheezers, with the persistent wheezers 

having the lowest levels of lung function compared to all the other groups (186). 

 

However, data from the Osborne Park Cohort study showed that persistent wheezers 

had reduced lung function capacity as young as 1 month of age. Children with airflow 

limitation in infancy were more likely to wheeze at 4 years of age [OR 4.25; p<0.04] 

compared to children without flow limitation in infancy. By 6 years of age the flow 

limited group showed a mean reduction in both FEV1 and FEF25-75% [130ml & 0.28L/s, 

respectively] with increased bronchial hyperresponsiveness. In addition, these children 

were more likely to be diagnosed as asthmatic by 2 years of age compared to those 

without airflow limitation in infancy (166). 

 

Factors such as lack of a standardised definition of wheezy phenotypes, differences in 

characteristics of the cohort and environment may contribute to the difference in 

wheezy phenotypes seen in childhood. Furthermore timing of exposures and consequent 

damage to the airway may potentially explain the discrepancies between studies.  
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Risk Factors for Childhood Asthma  

 

a) Host Factors 

 

Gender 

The relationship between asthma and gender is age-dependent, with asthma in 

childhood more common in males than in females. Many studies have shown this 

association with gender, though the reasons for this discrepancy remain unclear.  

 

The difference in prevalence of asthma between males and females has been identified 

as early as the first year of life. Young et al reported consistently lower lung function 

(Vmax FRC) in males throughout the first year of life (164).  In addition, the ALSPAC 

cohort found that males were at greater risk of developing wheeze both in early infancy 

(0-6 months of age) and at 2.5 to 3.5 years of age [OR 1.5; p<0.001 & OR 1.3; p<0.001, 

respectively]; yet male sex was not found to be a significant risk factor for persistent 

wheeze [OR 1.2; p<0.17] (174). 

 

Moreover, Rusconi et al (187) showed that wheezing was more common in males than 

females for all wheezy phenotypes (transient, persistent and late-onset), with the 

strongest association between gender and the development of wheeze in infancy in the 

persistent wheezers [OR 1.54; 95% CI 1.37, 1.74; OR 1.85; 95% CI 1.57, 2.18 & OR 

1.50; 95% CI 1.31, 1.72, respectively]. However this discrepancy may be related to the 

different age groups studied. 

 

The Tucson cohort found that males were more likely to develop wheeze compared to 

females during the first three years of life (188). Similarly, Hermann et al showed that 
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in a population study of Danish children, males were more likely to wheeze compared 

to females. They reported a significant association between male gender and the 

development of wheeze in children aged 5 years [OR 1.6; p<0.001] (189). 

 

One reason for this may be due to lower maximal expiratory flow in boys at any given 

lung volume compared to girls. It has been suggested that differences in lung function 

may be due to females having larger airways for lung size compared to males 

(dysanapsis) (190).  

 

Family History 

A positive family history has been shown to be a significant predictor of an increased 

risk of asthma in children. A review of population based cohorts from around the world 

showed an increased risk of asthma with a positive family history, though comparisons 

between studies were limited by different definitions of asthma and atopy (191).  

 

The Tucson cohort reported significant associations between a family history of asthma 

or atopy and wheeze in infants, with the strongest associations seen in the persistent 

wheezers  (185). Similar results were seen in the ALSPAC cohort with maternal history 

of asthma a risk factor for the development of wheeze in infancy for all wheezy groups 

(early wheeze, late-onset and persistent wheezers)  (174).  

 

Furthermore, Rusconi et al examined both parental history of allergies and asthma 

separately. They found that maternal hayfever was a significant risk factor for the 

development of wheeze across all phenotypes (transient, persistent and late-onset) with 

a stronger association seen in the late-onset group [OR 1.38; 95% CI 1.17, 1.62; OR 

1.59; 95% CI 1.29, 1.97 & OR 1.85; 95% CI 1.55, 2.20, respectively]. Maternal asthma 
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was significantly associated with wheeze in all groups, yet in contrast to maternal 

hayfever, the strongest association was seen in the persistent wheezers [OR  2.54; 95% 

CI 2.05, 3.14; OR 4.08; 95% CI 3.21, 5.20 & OR 2.50; 95% CI 1.96, 3.19]. They 

reported no significant associations with both paternal hayfever and paternal asthma and 

the development of wheeze in young children (187). 

 

Hermann et al showed that a maternal history of asthma was significantly associated 

with wheeze in 5 year olds, with children with a maternal history of asthma 2.2 times 

more likely to develop asthma than others [p<0.002]. Paternal history of allergies 

(rhinitis or dermatitis) was associated with wheeze in childhood, though the association 

was not a strong as maternal asthma [OR 1.4; p<0.010] (189). The Western Australian 

Pregnancy Cohort (WAPC) showed similar results with an increased risk of a diagnosis 

of current asthma at 6 years of age with a history of maternal asthma (192).  

 

However, Gray et al showed that a positive family history was not a risk factor for 

asthma in a random sample of school aged children. They found no association between 

parental asthma and an increased risk of current asthma in the child [OR 2.4; 95% CI 

1.7, 3.4]. Though this was probably due to type II error with a small number of 

asthmatic parents assessed (193). Nevertheless, they did find an increased risk of atopy 

in the child with parental atopy [OR 2.8; p<0.001], with similar results seen by Halonen 

et al with both paternal and maternal asthma linked to an increased risk of atopy in the 

child (194). 

 

In addition, studies have shown that parental influences on the development of asthma 

and/or wheeze can differ with gender. Young et al showed that a maternal history of 

asthma was significantly associated with lung function development in males during the 
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first 12 months but not in females (164). Furthermore, the New Zealand  cohort 

demonstrated that parental atopy was a significant risk factor for the development of 

childhood wheeze in males but did not reach statistical significance in female subjects 

[Hazard ratio (HR)1.72; p<0.014 vs. HR 1.70; p<0.08, respectively] (195).  

 

Prenatal and Perinatal Factors 

It has been suggested that intrauterine growth retardation can affect the development of 

asthma in children. Intrauterine growth retardation as assessed by low birthweight and 

premature birth has been implicated in long term lung development. Preterm infants 

have been shown to have an increased prevalence of cough, wheeze and reduced lung 

function, with female premature infants more often diagnosed with asthma (196). 

 

Rusconi et al reported that birthweight and a young maternal age were not significantly 

associated with the development of wheeze in childhood. However they did note that 

low birthweight was more common in children with wheeze than control subjects, while 

having an older mother (>35yrs of age) was protective against the development of 

transient wheeze in children [OR 0.75; 95% CI 0.60, 0.92] (187). 

 

Results from a Swedish birth register found that low birthweight and a young maternal 

age were both independent risk factors for asthma (197), while data from the New 

Zealand cohort showed no association with low birthweight and ever having wheezed at 

9 years of age, or any association with bronchial hyperresponsiveness at the same age. 

They did note that a large head circumference at birth (≥ 37cm) was associated with 

increased IgE levels, while an increased birthlength (≥ 56cm) was associated with a 

diagnosis of asthma in childhood (163). 
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Atopy 

Most studies in infants show a strong association between asthma and atopy (e.g. SPT 

or serum IgE) though not all children with atopy go on to develop asthma. The 

development of atopy is different to the development of childhood asthma and 

wheezing. The strong relationship between asthma and atopy may be due to 

susceptibility of individuals with asthma to become sensitised to allergens common in 

the environment, or that atopic individuals are more susceptible to airway inflammation 

and consequently go on to develop asthma (198). 

 

In a high-risk group, atopy in infancy was associated with an increased risk of early, 

persistent and late-onset wheezing. In children, the prevalence of asthma has been 

shown to be related to levels of serum IgE. Children with persistent asthma have been 

shown to have increased serum IgE levels during the first year of life and are generally 

more likely to be food allergic (199). 

 

Results from the BNCS showed that those children with a history of allergies (hayfever 

and eczema) were more likely to have asthma or wheeze by 7 years of age (126).  The 

Isle of Wight cohort found that atopy as defined by a positive SPT was related to a 

diagnosis of asthma, rhinitis and eczema and that up to 40% of these conditions were 

attributable to atopy (200). 

 

Furthermore, they found that those children with a food allergy at 4 years of age were 

likely to remain atopic at 10 years of age [84.8%]. Persistence of atopy in this cohort 

was associated with larger wheal sizes to both HDM and grass at 4 years of age. At 10 

years of age only, wheal size to HDM was significantly different between persistent and 

late-onset atopic groups. In those children with persistent atopy a small number 
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remained sensitive to food allergens, the most persistent allergy being to peanut. 

Through childhood the most prevalent allergy was to HDM, followed by grass and cat 

dander (201). 

 

Prescott et al showed that immunological variables including interferon-γ were not 

predictive of allergic disease in childhood. However a family history [OR 8.59; 

p<0.014] and allergic symptoms at 2 years of age [OR 2.19; p<0.008] were predictive of 

sensitisation in childhood, though this study is limited by its small sample size (202). 

 

Infants from the ALSPAC study that presented with an allergic disposition during the 

first 4 years of life showed significant associations with the development of early-onset, 

late-onset and persistent wheeze [OR 1.2; 95% CI 1.1, 1.3; OR 1.5; 95% CI 1.4, 1.6 & 

OR 1.4; 95% CI 1.2, 1.5; respectively]. However these results should be interpreted 

with caution as measures of allergic disposition were subjective reports from the mother 

and are at best a proxy marker of eczema, with mothers potentially overestimating the 

presence of eczema (174). 

 

In the German MAS study, allergen exposure in the first year of life was not related to 

the development of asthma. Various definitions of asthma and symptoms such as 

wheeze were used in the analyses but this did not change the results. Lau et al did report 

an association between allergic sensitisation to indoor allergens and bronchial 

hyperresponsiveness (139). 

 

However, they demonstrated that atopy at 2 years of age to both food and aeroallergens 

were a strong predictor of asthma at 7 years of age. Children were at increased risk of 

having asthma if sensitised to aeroallergens [OR 3.44; 95% CI, 1.18, 10.01] and this 
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was increased if they had concurrent food sensitisation [OR 9.43; 95% CI, 3.77, 23.57]. 

The effect was strongest for perennial allergens compared to seasonal inhalant allergens. 

By 7 years of age the most common allergen was grass pollen [23.3%] followed by 

house dust mite [15.7%] (203). 

 

Eosinophils & Serum ECP 

In young children markers such as serum ECP have been found to be useful in 

predicting asthma. In the WAPC, 41.4% of the cohort were atopic at 6 years of age. The 

authors reported associations between levels of serum ECP and asthma in children, with 

a dose dependent relationship between severity of asthma and serum ECP levels. 

Furthermore they found that higher serum ECP levels were associated with more severe 

atopic status. The authors found no relationship between serum ECP levels and 

bronchial hyperresponsiveness in this age group (73). 

 

BHR 

BHR is considered an important component of asthma, but studies in children have 

shown that while responsiveness is related to asthma it is not identical (100). In a high 

risk group of infants, Clarke et al (204) showed that lower levels of lung function were 

predictive of wheeze in male infants whereas bronchial hyperresponsiveness was 

predictive of wheeze in female infants.  

 

The Osborne Park study showed that the initial level of BHR was the best predictor of 

respiratory outcome (physician diagnosis of asthma (ever & current), wheeze and 

cough) during childhood and early life lung function. BHR was greater in those subjects 

with a family history though there was no correlation of BHR with IgE levels in early 

life or during childhood (205). 
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Though results from this study are limited by a lack of longitudinal data in early life, in 

particular there is a lack of information on tobacco smoke exposure during childhood, 

which has been shown to increase the risk of wheezing during childhood. Furthermore, 

factors such as recall bias from questionnaires administered during childhood may have 

potentially biased results. 

 

b) Environmental factors 

 

Socioeconomic Status (SES) 

Risk factors for asthma may potentially be influenced by other factors such as 

socioeconomic status. Lannero et al showed a strong relationship between smoking and 

level of parental education. Overall, mothers with a lower level of education were more 

likely to smoke compared to mothers with a university degree.  This difference was seen 

also during pregnancy with mothers with a higher education less likely to smoke during 

pregnancy compared to mothers with a lower level of education [6% vs. 22%, p<0.001 

respectively]. Furthermore lower levels of education were also shown to influence pet 

exposure, with families with a lower level of education more likely to keep pets (27). 

 

The ALSPAC study examined a number of socioeconomic factors including housing 

tenure, maternal education and maternal age. They found that lower socioeconomic 

status as indicated by housing tenure was associated with an increased risk of wheeze in 

infancy for all wheezy groups. While maternal age was a significant risk factor for early 

onset wheeze (0-6 months) and persistent wheeze (wheezed 6 months after birth to 30-

42 months). The strongest associations were seen with mothers <20 years of age and 

early onset wheeze [OR 1.8, p<0.001] compared to persistent wheeze in which the 

strongest association was with mothers aged between 20-24 years of age (174). 
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In addition, examination of maternal education found that lower levels of education in 

mothers increased the risk of wheezing during early life in their offspring, though 

significant associations were not seen for the late-onset or persistent wheezy groups 

(174). 

 

A Danish study reported that children living in poorer housing conditions were 1.8 

times more likely to develop wheeze compared to those from a more medium standard 

level of housing, who were 1.5 times more likely to develop wheeze [p<0.001] (189). 

Similar results from a population cohort from Sweden showed that after adjustment for 

traditional risk factors, asthma, rhinitis and allergic sensitisation were more common in 

lower socioeconomic groups (28). 

 

Breastfeeding 

The role of breastfeeding and the subsequent development of asthma is somewhat 

controversial. In the WAPC breastfeeding was defined as duration of exclusive 

breastfeeding, by age in months that other milk was introduced in the first year of life 

The WAPC demonstrated a protective effect of breastfeeding  and asthma development 

in children, with lower rates of asthma in children that were breastfed. In this cohort the 

majority of children were breast fed (89.3%) with almost half of the cohort exclusively 

breastfed (48.4%). The association between breastfeeding and lower incidence of 

asthma remained significant even after adjusting for maternal asthma and atopy in the 

child (192). Likewise, the ALSPAC cohort reported that infants who were breastfed 

were less likely to wheeze at 6 months of age or have persistence of wheeze compared 

to those infants that were bottle fed. However no difference was found in the late-onset 

wheezy group (174). 
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Rusconi et al showed that breastfeeding for a duration of less than 6 months was not 

significantly associated with the development of wheeze in childhood [p<0.083]; 

however, infants that were breastfed for longer than 6 months were less likely to have 

transient wheeze but were at a greater risk for developing late-onset wheeze (187). 

While results from the BAMSE cohort showed that exclusive breastfeeding for a 

duration of longer than 4 months reduced the risk of asthma and allergies in childhood 

(206, 207). 

 

In contrast, the Detroit Allergy study showed that those children who were exclusively 

breastfed had an increased risk of sensitization to common aeroallergens compared to 

those who were never breastfed (177).  

 

Discrepancies between studies may be due to a number of factors including varying 

definitions of breastfeeding used, duration of breastfeeding and differences in the 

population sampled e.g. those with family history, atopic status and age of subjects 

examined.  

 

Tobacco Smoke Exposure 

Passive exposure to tobacco smoke has been associated with a number of morbidities in 

children including decreased lung function, increased incidence of respiratory infections 

and bronchial hyperresponsiveness (208, 209). 

 

The Osborne Park Cohort reported that infants exposed to maternal smoking during 

pregnancy had lower lung function (VmaxFRC) throughout the first year of life. 

However, paternal smoking during pregnancy showed no association with lung function 

during the first 12 months of life, suggesting that tobacco smoke exposure during 
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pregnancy can affect lung function development in utero via fetal growth retardation. 

Both male and females were equally affected by maternal smoking during pregnancy. 

However potential selection bias was reported in this study with mothers who smoked 

during pregnancy less likely to participate in follow-up visits compared to mothers who 

did not smoke (164). 

 

Sherriff et al also demonstrated that tobacco smoke exposure, not only during 

pregnancy but postnatal smoke exposure can affect the child.  They found that  both 

prenatal and postnatal tobacco smoke exposure were risk factors for wheeze in 

childhood, though the risk of wheeze with prenatal exposure was stronger than postnatal 

exposure [OR 2.0; 95% CI 1.6, 2.5 vs. OR 1.3; 95% CI 1.1, 1.5]  (174). 

 

Similar results were seen from the Tucson data with maternal smoking during 

pregnancy and postnatal smoke exposure a strong risk factor for transient wheeze in 

young children. In addition, they found that smoke exposure was a risk factor for the 

development of new cases of asthma in childhood (185). In contrast Rusconi et al 

showed that maternal smoking during pregnancy was associated with the development 

of wheeze in children in all groups (transient, persistent and late-onset) with the 

strongest associations seen in the persistent wheezers [OR 1.46; 95% CI 1.26, 1.69; OR 

1.81; 95% CI 1.50, 2.19 & OR 1.18; 95% CI 0.99, 1.42; p<0.004] (187). 

 

Hermann et al showed that if both parents smoked there was an increased risk for the 

development of wheeze in childhood, compared to if only one parent smoked [OR 1.5 

vs. OR 0.9; overall trend p<0.001] (189). Longitudinal data of smoke exposure into 

childhood showed that maternal smoking during pregnancy was associated with reduced 
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lung function (FEV1) at 7 years of age, but environmental tobacco smoke exposure at 7 

years of age had no impact on lung function indices (182). 

 

Pet Exposure 

The relationship between pet exposure and the development of asthma and atopy is 

somewhat debatable. Risk factors for wheezing have been reported by the ALSPAC 

study in early infancy (0-6 months). They reported that exposure to pets (cats and dogs) 

during infancy was a significant risk factors for wheeze. Though this association was 

only seen in the early wheeze group, pet exposure was not a significant risk factor for 

the development of wheeze in the late-onset or persistent group (174). 

 

In the Isle of Wight cohort, they showed that cat exposure at birth was protective for 

current wheeze at 10 years of age, though this association was not seen with diagnosed 

asthma or BHR (210). 

 

The Tucson study found that exposure to dogs at birth was protective against the 

development of wheeze but not atopy, though this association was only evident in those 

without a parental history of asthma (211). In contrast, results from the Detroit cohort 

showed that pet exposure (cats or dogs) in infancy was associated with a decreased risk 

of atopic sensitization in both male and female participants.  

 

Sibship/Daycare 

It has been demonstrated that early life infections may have a protective effect on the 

development of atopy, in particular the effects of over-crowding in the home and having 

older siblings. Strachan et al (212) suggested that environmental exposures promoted a 
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more generalised suppression of Th2 cytokines and would provide a protective effect on 

people. 

 

The effects of sibship size and crowding as surrogate markers for increased exposure to 

infections have been reported in numerous studies in relation to the development of 

asthma and allergies. Many show an inverse relationship with sibship size and the 

development of asthma and allergies across all age groups (196). 

 

Rusconi et al showed that having siblings was a risk factor for the development of 

transient and persistent wheeze in childhood [OR 1.36; 95% CI 1.19, 1.57 & OR 1.13; 

95% CI 0.95, 1.35] while having siblings was protective for the development of late-

onset wheeze [OR 0.83; 95% CI 0.72, 0.95]. Similar results were also seen for daycare 

attendance with a protective effect on the development of late-onset wheeze but a risk 

factor for transient and persistent wheeze (187). 

 

Results from the Tasmanian asthma cohort showed that for the youngest children 

having two older siblings lowered the risk of developing asthma and hayfever (167). 

Similar results were seen in the BNCDS which found that the prevalence of hayfever 

decreased with each additional sibling, with the prevalence of hayfever approximately 

10% in first born but decreased to 2.6% in children with four or more older siblings 

(125). 

 

The TCRS showed that the prevalence of asthma decreased with the number of older 

siblings. However they found that transient wheezers were more likely to have lower 

respiratory tract infections in early life with the most common cause of viral infection in 

infancy being respiratory synctial virus (RSV). Out of the 472 children with reported 
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infections, the most commonly detected was RSV [43.9%], the second most common 

being parainfluenza [14.4%]. RSV infection in infancy was associated with an increased 

risk of wheezing during the first 10 years of life but was no longer significant by 13 

years of age. They also found no association of RSV with atopy or IgE levels and this 

was independent of family history (213). 

 

Summary  

Wheezing in infancy is a heterogeneous disorder with a number of phenotypes present. 

Risk factors for the development of wheeze/asthma in childhood include; atopy, family 

history of asthma/hayfever in particular maternal history, BHR, low SES, premature 

birth, low birthweight, tobacco smoke and pet exposure.  

 

Having older siblings seems to be protective against the development of asthma and 

allergies in childhood and this is similar for infants who attend daycare, though early 

exposure to viral infections such as RSV may increase the risk of asthma and the role of 

infections may differ between atopic and non-atopic subjects. Breastfeeding has been 

shown in numerous studies to be protective against the development of wheeze in early 

childhood.  

 

The estimated proportion of asthma that is attributable to atopy varies substantially in 

childhood, and previous studies of risk factors may have included and analysed both 

asthma and atopy together inappropriately (214). 

 

1.9.2 Adolescence 
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The late-onset asthma phenotype or asthma that develops during or after puberty is not 

well described in the literature. Many children with asthma will have remission of 

symptoms during puberty but may develop symptoms again in adult life (215). 

Longitudinal studies have shown that the risk of acquiring asthma and related 

phenotypes such as atopy during adolescence are common. The Belmont cohort found 

that 12% of participants had developed asthma after 12 years of age while 13% of the 

cohort had developed atopy (161). 

 

Longitudinal analysis of the Tucson cohort showed significantly lower levels of lung 

function indices (FVC, FEV1 and FEF25-75%) for early transient and persistent wheezers 

at both 11 years and 16 years of age (Figure 1.16) (216). 

 

Figure 1.16: Cross-sectional z-scores of lung function for wheezy phenotypes in the 

TCRS 

 

 
 Source: Morgan et al, 2005 
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Follow up of children at 11 years of age in the Osborne Park cohort showed that those 

children with persistent wheeze in adolescence had airflow limitation in early infancy 

and these effects were independent of atopy and BHR in childhood (165). The CAMP 

study showed that children with mild to moderate persistent asthma (5-12 yrs) had 

relatively stable lung function throughout adolescence independent of whether they 

were receiving inhaled corticosteroid treatment or not. However, further analysis 

showed that 25% of the cohort had in fact lost greater than 1% of their lung function 

over the 5 year study period (217). 

 

Risk Factors in Adolescence  

 

a) Host factors 

 

Gender 

During childhood, a higher incidence of asthma is found in males compared to females. 

This is generally seen until children reach puberty when this trend is no longer 

significant and has been demonstrated consistently in numerous studies. 

 

In the TCRS there were significant differences in the rates of wheeze between males 

and females during adolescence. Yet following adolescence, females had a higher 

incidence of asthma compared to males (185). Similar results were seen in the 

Melbourne cohort with a higher prevalence of asthma in males compared to females 

aged 7 years, though by 12 years of age both sexes reported similar rates of asthma (63).  

 

Furthermore, Xuan et al (161) showed that females showed a trend toward a significant 

association with development of wheeze between 8-12 years of age, but did not show an 
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association with persistence of wheeze. However being female was significantly 

associated with the development of BHR in adolescence, with females 1.9 times more 

likely to develop airway hyperresponsiveness compared to males. In contrast, being 

male was a stronger risk factor for the development of atopy at 8-12 years of age [OR 

1.9; 95% CI 1.1, 2.8]. 

 

In the Isle of Wight cohort being male was a significant risk factor for both current 

asthma and current wheeze [OR 1.51; p<0.012 & OR 1.40; p<0.015] at 10 years of age 

but was not a significant risk factor for bronchial hyperresponsiveness in this age group 

(218). 

 

Family History 

Arshad et al noted that a family history of asthma was significantly associated with an 

increased risk of current wheeze. Maternal, paternal and sibling history were all 

significant risk factors for the development of wheeze in early adolescence, with 

maternal asthma showing the strongest association [maternal OR 2.06, p<0.001, 

paternal OR 1.56, p<0.017 and sibling OR 1.60, p<0.001]. Multivariate analysis showed 

independent associations with both maternal and paternal asthma and current wheeze 

(218). 

 

Arshad et al also examined risk factors for current asthma, which incorporated current 

wheeze and a doctor diagnosis of asthma ever. They found that a history of asthma in 

the mother and sibling(s) was associated with an increased risk for the development of 

asthma at 10 years of age. However, unlike current wheeze, paternal asthma was not 

significantly associated with the development of current asthma in these children, 

though it did show a trend towards significance. They did find a significant association 
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with paternal eczema and current asthma [OR 1.81; p<0.021] in teenagers. Independent 

associations with current asthma were seen with a parental history (maternal and 

paternal) and sibling history of asthma (218). 

 

In the Melbourne cohort of children, participants with a parental history of asthma were 

2.1 times more likely to develop late-onset wheeze compared to those without a parental 

history and this was independent of their atopic status. Parental history was not 

significantly associated with the development of bronchial hyperresponsiveness, atopy 

or persistent wheeze in this age group (161). 

 

Interestingly, Mandhane et al showed that a parental history of atopy had different 

influences in childhood and adolescence. During childhood, paternal atopy was a 

significant risk factor for the development of wheeze in males but was not significant in 

females. Yet during adolescence, maternal history was a significant risk factor for 

female wheeze [HR 2.08; p<0.001], while parental history was not a significant risk 

factor for development of wheeze in adolescent males (195).  

 

Atopy 

The Belmont cohort noted that children who were sensitised in late childhood (8-10 

years) compared to those who became sensitised during the study and those never 

sensitised had a significantly greater prevalence of respiratory symptoms [40%] and 

were at a greater risk of developing persistent asthma (161).  

 

Xuan et al (161) showed that atopy was associated with development of wheeze during 

adolescence (8-12 years). Atopic subjects were 2.8 times more likely to develop late 

onset wheeze than non-atopic subjects, with an increased trend in the prevalence of late 
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onset wheeze with an earlier acquisition of atopy.  However, atopy was not associated 

with persistent wheeze at 8-12 years of age, though they did find that atopy was a 

significant risk factor for the development of bronchial hyperresponsiveness in this age 

group [OR 2.9; 95% CI 1.5, 5.4].  

 

 The risk factors for the development of atopy during adolescence were male sex [OR 

1.9; 95% CI 1.1, 2.8]. Neither parental history of asthma nor other allergic diseases 

were risk factors for development of atopy in teenagers. Though this study is limited to 

information collected in early adolescence, with subjects already having established 

disease and is unable to answer if early acquisition of atopy and allergies is significant 

in the development of disease. In contrast Nicolai et al found that atopy was not a risk 

factor for the incidence of asthma in females during puberty. However, this study is 

cross sectional in nature and was further limited by small number of participants at 

follow-ups (219).  

 

The Tucson group showed that in early adolescence (11 years of age) asthma was 

related to serum IgE levels and this was stronger than SPT responses (188), while in the 

Dunedin cohort they showed that serum IgE levels were associated with BHR. This 

association was present regardless of whether the patient was asthmatic or not (133). 

Furthermore they showed that atopy during adolescence was a significant risk factor for 

the development of wheeze in childhood for both males and females [HR 2.89 & HR 

2.62, respectively] (195). 

 

The BNCDS found that those who had asthma or wheezy bronchitis at 16 years of age 

were twice as likely to report wheeze during the previous year if they had a history of 

allergies including hayfever, allergic rhinitis or eczema (126). 
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Risk factors from the Isle of Wight study showed that allergy and atopy were 

significantly associated with asthma at 10 years of age. Independent associations were 

found with both eczema and atopy at 4 years (218). Further stratification of the 

population showed that wheeze was equally common in atopic and non-atopic subjects 

[10.9% vs. 9.7%, respectively]. The prevalence of atopy was 26.9% [159 were male] 

with current wheeze in 20.7% of those that had completed SPT, with total IgE levels 

higher in atopic subjects (181). 

 

BHR 

Growth in lung function occurs after peak growth velocity in height. BHR predicts 

subsequent rate of decline in lung function in adults but little is known about the 

relationship in adolescence and early adulthood. Differences in gender are seen, with 

BHR more common in boys than in girls, yet in adults, BHR is more common in adult 

women.  

 

 The Belmont study showed that growth in lung function continues in adolescence after 

the cessation of growth in stature. BHR and recent wheeze was associated with a 

reduced rate of growth in adolescence. A reduction in airway calibre was found with 

reduced FEV1 and the FEV1/FVC ratio, though there was no reduction in the growth of 

lung size as seen by the FVC. They found no difference in the effects of asthma on lung 

function growth between the sexes, though other studies had reported differences (220). 

 

Sears et al showed that significant risk factors for the development of wheeze in 

childhood were a positive BHR at 9 years of age which was for both males and females 

[OR 4.20 vs. OR 6.48, respectively] (195).  
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Previous findings from the Dunedin cohort suggested that BHR is intrinsically linked 

with IgE even in the absence of allergic symptoms. Arshad et al noted that atopic 

sensitisation at 4 and 10 years of age as well as total IgE at 10 years were key factors in 

differentiating symptomatic from asymptomatic subjects. Furthermore, a personal 

family history showed the strongest associations with BHR at 10 yeas of age. Male 

gender, family history, smoke and pet exposure, infant feeding, chest infections were all 

not significantly associated with BHR. Independent associations with BHR were seen 

with atopy and higher SES (218) 

 

Xuan et al showed that the risk of acquiring BHR during adolescence was uncommon. 

The authors reported that bronchial hyperresponsiveness was not a significant risk 

factor for the development of late-onset wheeze in this cohort (161).  

 

The Osborne Park study (166) showed that at 11 years of age, infants with airflow 

limitation had increased BHR with a trend towards lower lung function values (FEF25-

75%), suggesting that physiological abnormalities in early life are independent of asthma.  

 

Obesity 

In recent years increased attention has focused on environmental and lifestyle factors to 

help explain the rise in asthma and allergies seen. Epidemiological data has suggested 

that obesity may be a risk factor for asthma.  

 

Cross sectional analyses in adolescents from New Zealand showed an association 

between asthma and obesity.  Over an 11 year period the prevalence of overweight 

children had doubled, while rates of obesity had tripled. They found no significant 

association between BMI and atopy (221). 
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Data from the Tucson study showed no association with BMI and wheezing at any age. 

Females who were overweight or obese at 11 years of age were more likely to have 

current wheeze at 11 or 13 years but not at 6 or 8 years of age with this effect strongest 

in females who began puberty before 11 years of age. They showed that females who 

became overweight or obese were up to 7 times more likely to develop new asthma 

symptoms and increased bronchial hyperresponsiveness as teenagers (222). 

 

Female hormones have been suggested to be the link between obesity and asthma with 

new cases of asthma more frequent in adolescent females; furthermore studies have 

shown an earlier age of onset of menarche in girls that are overweight or obese. It is 

thought that obesity may influence female sex hormones. Data from animal studies have 

suggested leptin, a pro-inflammatory hormone as a possible mechanism for the 

association seen, with increased levels of leptin in obese subjects (223). 

 

b) Environmental factors 

 

Breastfeeding 

Review of the literature in childhood suggested that breastfeeding was protective on the 

subsequent development of asthma and allergies. Results from the Isle of Wight cohort 

found that exclusive formula feeding in the first 3 months of life was a risk factor for 

the development of asthma in late childhood. A higher prevalence of current wheeze 

was found in those participants who were exclusively formula fed [47.1%] compared to 

those breastfed. Formula feeding in the first 3 months of life was associated with an 

increased risk of current wheeze at 10 years of age [OR 1.41; p<0.021] (218) 
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However, results from the Dunedin cohort showed that breastfeeding was not protective 

on the development of atopy and asthma into late childhood. In fact children that had 

been breastfed (4 weeks or longer) were more likely to have asthma by the age of 9 

years compared to those that had not been breastfed [12% vs. 6%, respectively]. Similar 

results were also seen for atopic status with higher prevalence of house dust mite 

positive subjects in those that were breastfed [36%] compared to non breastfed children 

[24%] (162). 

 

One possible explanation for the conflicting results between breastfeeding and asthma 

may be associated with duration of follow-up, with breastfeeding being protective in 

early childhood but a risk factor for asthma in the long term (224). 

 

Smoking 

Arshad et al showed that parental smoking at 4 years of age was a risk factor for current 

wheeze during adolescence [OR 1.54, p<0.004] while parental smoking in early 

childhood (1 & 2 years of age) showed a trend toward significance. Univariate analysis 

for current asthma at 10 years of age found that parental smoking at both 1 and 4 years 

were significant risk factors for the development of asthma in teenagers [OR 1.41, p 

<0.046 and OR 1.53, p<0.015]. Parental smoking at 4 years of age was an independent 

predictor of current wheeze at 10 years, while parental smoking at 1 year was an 

independent predictor of asthma diagnosis. Yet they found no association between 

parental smoking and bronchial hyperresponsiveness in adolescence (218). 

 

The Osborne Park study showed that lung function and airway responsiveness (DRS) at 

6 and 11 years of age were not affected by current maternal or paternal smoking or via 

smoking during pregnancy (166). 
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Pet Exposure 

The Isle of Wight study showed that cat exposure at birth was protective factor for 

current wheeze [OR 0.73; 95% CI 0.54, 0.99; p<0.041] though pet exposure did not 

show any significant association with current asthma diagnosis in this age group. Pet 

exposure was not a significant risk factor for BHR in this age group (218). 

 

Participants who were allergic to house dust mite and cat reported significant 

associations with current wheeze and bronchial hyperresponsiveness at 10 years of age 

(225) while a cohort of teenagers in Ireland showed no association between cat or dog 

ownership and asthma. However they did find an association between other furry pets, 

including rabbits, guinea pigs and gerbils. 10% of households had a furry pet which 

showed a significant association with both asthma and severe wheeze [OR 1.30, 95% CI 

1.10, 1.75]. The authors suggest a number of reasons for this finding including cross 

reactivity of allergens, higher potency of furry pets or maybe children come into closer 

contact with these animals.  

 

Summary  

There is limited data on risk factors for wheeze or asthma in adolescence, with 

conflicting results for predicting new asthma or wheeze in teenagers. It was thought that 

children grow out of asthma when they reached adolescence, though reports have shown 

that this may not be the case (226, 227). While clinical symptoms may remit in a 

number of children, lung function remains altered (29). Review of the current literature 

shows that risk factors for disease in teenagers are being female, BHR and a family 

history of disease. The role of early life factors, tobacco smoke and pet exposure, 

breastfeeding, atopy and obesity remain inconclusive.  
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1.9.3 Adult Asthma 

 

Adult asthma which starts in adulthood is different from that of childhood asthma, with 

risk factors for adult onset asthma not yet identified. Family history and atopy do not 

seem to be risk factors for the development of asthma in adulthood. There are a number 

of different subtypes including asthma associated with aspirin sensitivity, chronic 

respiratory infections and asthma related to various exposures (occupational asthma) 

(215). 

 

Risk Factors for Adulthood (Persistence of Asthma) 

 

It has been reported that two thirds of children with asthma will outgrow their 

symptoms while the more severe will persist into adulthood (169). In a small cohort of 

atopic asthmatic children a higher FEV1 during childhood and a higher increase in lung 

function from childhood to adulthood were significantly associated with both complete 

and clinical remission of asthma in adulthood.  

 

Subjects with lower levels of lung function in childhood and smaller growth of lung 

function were likely to have persistent asthma in adulthood. However this was a select 

group of moderate to severe atopic asthmatics and should therefore be cautious with 

generalising results to the entire population.  

 

A small high risk group of children (one parent with asthma or atopy) born in the 

United Kingdom, showed that wheeze in early childhood was not predictive of adult 

asthma, but wheeze in early adolescence was highly predictive. They also found that 

early sensitisation to egg or milk was a risk factor for adult asthma. However, this was a 
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small study which may have reduced the statistical power. Additionally, loss of subjects 

during the 22 year follow-up meant that those seen in adulthood may not be 

representative of the original cohort (228). 

 

The BNCDS showed that the incidence of wheeze at all ages was strongly related to a 

history of hayfever and eczema. They found that active smoking in this cohort was a 

risk factor for wheeze starting in adult life in both atopic and non-atopic subjects. 25% 

of children with a history of asthma or wheezy bronchitis by 7 years of age reported 

wheeze at 33 years of age. The recurrence of wheezing after prolonged remission during 

late adolescence was associated with atopy and smoking. They found no association 

between perinatal factors including maternal age, parity, breastfeeding and birthweight 

with persistence of disease (126). 

 

Results from the Tasmanian birth cohort, showed that those participants who were 

diagnosed with asthma at 7 years of age, approximately 25% would have current asthma 

as adults, with 1 in 20 having frequent asthma. 10% of those that developed asthma 

were asymptomatic at 7 years of age. The risk factors for adult asthma from the 

Tasmanian cohort were impaired lung function in childhood, female sex, eczema and 

family history of asthma (184) 

 

From the Melbourne study, one third of the wheezy bronchitis group had symptoms as 

adults (age 35 years). Atopy was not a risk factor for those with mild asthma though 

atopy was more common in the severe group. The Melbourne study showed asthma in 

childhood was not associated with progressive loss of lung function in those with 

infrequent or persistent symptoms. Most of the children with persistent symptoms early 
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in life continued through to adulthood, whereas those who had more intermittent 

symptoms experienced resolution of disease in adulthood (229). 

 

The aforementioned studies are limited by the lack of comment on the effect of 

treatment on these children and the implications on lung function into adulthood. 

Furthermore data collection in the first few years is not truly prospective but 

retrospective and is therefore subject to recall bias by parents. In addition, the control 

group in the Melbourne study can not be classified as non wheezers as subjects were 

recruited in childhood and may have experienced symptoms in early life that were 

forgotten and not reported at age 7 (230). 

 

Sears et al demonstrated that those with childhood asthma were 2.5 times more likely to 

have adult asthma than subjects without a history of asthma. Risk factors for persistence 

of disease were female sex, age of onset <2 years, higher frequency of attacks during 

childhood, lower lung function (peak flow) and parental asthma. Atopy and parental 

history of atopy were associated with adult asthma. New asthma that developed in 

adulthood occurred in 9% of the study members who had no previous history or 

diagnosis up to 18 years of age. Risk factors for the development of asthma in 

adulthood were female sex, maternal hayfever, and lower lung function in childhood. 

(169). 

 

Taylor et al from the New Zealand cohort showed that one third of subjects with asthma 

in remission at 18 years of age relapsed by the age of 21 years. Independent risk factors 

for relapse were atopy and lower lung function (FEV1/FVC ratio), though they did note 

that asthma after relapse was generally mild with relatively normal lung function in 

participants (231). 
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While atopy and cigarette smoking have been shown to be risk factors for relapse or 

persistence of asthma into adulthood, these results were not reproduced in this study. 

There was a high prevalence of smoking at 26 years in those that did relapse [45.8% vs. 

34.1%; p<0.034]. However this may have been limited to the small number of 

participants and changes may not be seen until later (231). 

 

Risk factors for persistence of childhood wheezing in the Dunedin cohort were 

sensitisation to house dust mite, childhood BHR, female sex, current smoking and early 

age at onset (64). Similar risk factors were seen in the Belmont cohort with independent 

risk factors for adult asthma includes being atopic [OR 3.2; 95% CI 2.1, 4.9; p<0.001], 

BHR [OR 5.1; 95% CI 2.8, 9.4; p<0.001], recent wheeze [OR 4.1, 95% CI 2.3, 7.2] and 

abnormal FEV1/FVC ratio [OR 3.4; 95% CI 1.3, 8.6] at 8-10 years of age. 

 

Summary 

Studies of the natural history of asthma consistently show that female sex, atopy and 

BHR are associated with persistence of asthma from childhood to adulthood while the 

role of early life factors such as premature birth and a low birthweight remain unclear 

(Table 1.7). 
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Table 1.7: Summary of risk factors for wheeze/asthma in childhood, adolescence and 

for persistence of disease 

 

RISK FACTORS FOR WHEEZE/ASTHMA 

Childhood Adolescence Persistence 

(+)  Male sex  (+) Female sex (+) Female sex 

(+/-) Early life factors (?) Early life factors (?) Early life factors 

(+) Family history (+) Family history (+) Family history 

(+) BHR (+) BHR (+) BHR 

(+) Atopy & Infection (?) Atopy  (+) Eczema 

(-) Breastfeeding  (?) Breastfeeding  (?) Breastfeeding  

(+) Exposures (indoor 

allergen, tobacco smoke 

and outdoor pollutants) 

(?) Exposures (indoor 

allergen, tobacco smoke 

and outdoor pollutants) 

(+) Lifestyle factors 

(obesity and smoking) 

(?) Impaired lung 

function  

(?) Impaired lung 

function  

(+) Impaired lung 

function during childhood 

(?) Obesity (?) Obesity  (?) Obesity 

(+) risk factor; (-) protective; (?) inconclusive 

 

Much of the data on the persistence of disease from childhood to asthma is limited by 

retrospective collection of information. Moreover, there is limited longitudinal data on 

objective markers such as lung function, BHR and atopy in a number of earlier cohort 

studies. These studies do not truly reflect the progression of asthma from birth to 

adulthood. More recent comprehensive prospective birth cohorts are now just starting to 

reach young adulthood and will provide a clearer picture on the risk factors for the 

persistence of disease. 

 

 

 107



1.9.4 Overall Synthesis 

 

Review of risk factors for asthma showed certain characteristics such as a family 

history, BHR and environmental factors play a key role in the development and 

incidence of asthma. However, there is large variability in risk factors for asthma in 

cohort studies with a number of potential markers contributing to disease (Figure 1.17). 

Reasons for this variability may be due to a lack of a standard definition of asthma, 

different timing of studies and environments assessed.  

 

There is still a paucity of information on distinct asthma phenotypes and the differential 

impact of host and environmental risk factors at specific ages, especially during the 

transition from childhood to adolescence. In addition, analyses of subgroups of asthma 

(atopic vs. non-atopic and male vs. females) are limited in prospective birth cohorts.  

 

Figure 1.17: Risk factors & markers potentially associated with the development of 

persistent asthma 

 

 
Source: Cole Johnson et al, 2002 
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1.10 Study Hypothesis & Objectives 

 

Risk factors predicting the development and persistence of asthma and intermediate 

phenotypes (BHR, airway inflammation and atopy) may be influenced by gender and 

that risk factors predicting disease may differ between childhood and adolescence. 

 

Objectives of the Study 

 

1. To determine risk factors for intermediate phenotypes (BHR and atopy) at 14 years of        

age. 

 

2 To determine risk factors for the persistence of asthma/wheeze between 6 and 14 

years.  

 

3. To examine the influence of gender on risk factors during adolescence. 
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Preface  

 

This section is a brief outline of the cohort and subsequent follow-up visits. As the main 

focus of this thesis is the respiratory assessments completed by participants attending 

both the 6 and 14 year follow-ups, the methodology at each visit will be described in 

detail. It should be noted that the methodology on the 6 year visit has been previously 

reported in a PhD thesis by Dr Jacqui Joseph Bowen (The prediction of asthma and 

allergy in early childhood, 2004) and published articles:- 

 

1) Joseph-Bowen, J., et al., Lung function, bronchial hyperresponsiveness and asthma 

in a community cohort of 6-year old children. American Journal of Respiratory and 

Critical Care Medicine, 2004. 169 (7): p. 850-4 (Additional online data supplement). 

 

2) Joseph-Bowen, J., et al., Relationship of asthma, atopy, and bronchial responsiveness 

to serum eosinophil cationic proteins in early childhood. Journal of Allergy and Clinical 

Immunology, 2004. 114(5): p. 1040-1045. 
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CHAPTER TWO: COHORT  

2.1 Western Australian Pregnancy Cohort (WAPC) 

 

2.1.1 Hypothesis & Aims 

The Western Australian Pregnancy cohort (WAPC) is an ongoing community based 

longitudinal prospective birth cohort. The purpose of the original study was to 

determine the effects of ultrasound imaging and Doppler flow on pregnancy outcome. 

The hypothesis being that intensive fetal monitoring would improve pregnancy outcome 

expressed as days of neonatal stay and rate of preterm birth. Follow-up visits would 

allow the investigation of the effects of multiple ultrasounds on growth and 

development into childhood and adult life (232).  

 

2.1.2 Ethics permission & Consent 

 

Ethics permission was obtained for all visits from the Human Ethics Committee of 

Princess Margaret Hospital for Children, Perth, Australia. This committee is constituted 

in accordance with the requirements of the National Health & Medical Research 

Council of Australia. Parents were given an ethics approved information sheet and 

consent form. Families were given the opportunity to consent separately for each 

component of the study by indicating which parts they agreed to on the consent form. 
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2.1.3 Cohort recruitment 

 

Recruitment was conducted over a 3 year period from May 1989 to November 1992. All 

mothers who attended antenatal clinics at King Edward Maternity Hospital (KEMH) 

were eligible to participate in the study. Approximately 50% of women attending clinics 

were suitable for enrolment and approximately 90% agreed to participate in the study, 

with all mothers enrolled into the cohort by one of three research midwives (232).  

 

Inclusion criteria for enrolment consisted of a gestational age between 16 and 20 weeks, 

proficiency in the English language for consent/participation in the study, expectation to 

deliver baby at the same hospital and the intention of residing in Western Australia for 

follow-up visits. Table 2.1 outlines the percentages of mothers who attended antenatal 

clinics but were ineligible for recruitment into the study. Mothers in the WAPC were 

not selected on any other criteria other than having enrolled for antenatal care at KEMH 

(232). 

 

Table 2.1: Percentage of mothers excluded from enrolment into the WAPC 

 

Reasons for ineligibility  % 

Gestational age  > 20 weeks 36 

Language difficulties 8 

Planning delivery elsewhere 4 

Psycho-social problems (preclude follow-up visits) 2 
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2.1.4 Cohort enrolment 

 

Of the 2821 families enrolled in the study there were 2900 pregnancies (79 mothers had 

>1 recruited pregnancy) with 2868 live births. Table 2.2 details the pregnancy outcomes 

of the WAPC including singletons, multiple births, miscarriages and withdrawals from 

the study. 

 

Table 2.2: WAPC pregnancy outcomes 

Type Pregnancies Fetuses Live births 

Singleton, alive & well 2613 2613 2613 

Twins, alive & well 59 118 118 

Triplets, alive & well 2 6 6 

Singleton, born elsewhere 123 123 123 

Twins, born elsewhere 1 2 2 

Twins (one alive, other 

stillborn) 
1 2 1 

Singleton, lost to follow-up 4 4 4 

Twins, one alive, other 

miscarriage 
1 2 1 

Singleton, stillborn 22 22 - 

Twins, stillborn 2 4 - 

Miscarriage 29 29 - 

Termination of pregnancy 7 7 - 

Lost to follow-up before birth 20 20 - 

Withdrawn before birth 16 16 - 

Total 2900 2968 2868 
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The average number of live births in Western Australia during 1989 to 1992 was 

25,325. Comparisons of the demographic factors between the study cohort and the 

general population showed that there were significant differences between the two 

groups (Table 2.3). These differences may be associated with the nature of referrals 

(pregnancies at risk) to KEMH, the main tertiary maternity hospital in Perth. 

 

Table 2.3: Comparison of the WAPC and the general population of Western Australia 

 

Characteristic 
Western 

Australia (%) 
WAPC (%) p-value 

Birth weight (<2500 grams) 6.5 9.9 0.001 

Gestational age (<37 weeks) 8.3 11.2 0.001 

Multiple births 2.6 4.6 0.001 

Time to spontaneous 

respiration (>2mins) 
4.1 10.2 0.001 

c/section (elective or 

emergency) 
18.8 21.0 0.003 

Maternal age at birth (<20yr) 6.6 9.8 0.001 

Father not living at home 10.8 12.6 0.002 

 

2.1.5 Prenatal data collection 

 

Data was collected during the 34th week of pregnancy on social, demographic factors 

and medical history from each parent including socio-economic status, level of 

education, family income and marital status. History of asthma, allergies and lower 

respiratory tract infections (LRI’s) were collected along with extensive data on allergen 
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status (dust, chemical, food and pets). Exposure to environmental and recreational 

toxins including alcohol, illicit drugs, medication and smoke exposure during the 

prenatal period (including past history of ex-smokers) were also obtained.  

 

2.2 WAPC Follow-up Visits 

 

2.2.1 Timeline  

 

Since the study’s inception in 1989 participants and their families have been regularly 

assessed, with follow–up visits in the WAPC conducted at 1, 2, 3, 6, 8, 10 years and the 

most recent 14 year visit (Figure 2.1). 

 

Figure 2.1: Timeline of WAPC visits 
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2.2.2 Questionnaires 

 

Questionnaires were sent out to families to complete prior to their appointment with 

structured interviews conducted at each clinic visit (questionnaires formed the basis of 

the interview). This enabled staff to clarify any ambiguity over questions completed by 

the study families. Questionnaires were modified at each follow-up in order to account 

for the maturity of the study participants and to address the topic of interest.   

 

For example, following the child’s first birthday questionnaires were sent out to 

families. 

 

Information collected included:- 

 

• Socio-demographics factors (marital status, housing, employment and income) 

• Exposure to tobacco smoke 

• Exposure to domestic animals (cats, dogs) 

• Duration of breastfeeding 

• History of illness requiring medical attention or clinic attendance 

• Admissions to hospital  

• History of cough, wheeze and medication usage 

 

 

 

 

 

 

 116



 117

2.2.3 Clinical assessments 

 
All infants were examined 2 days post birth, with weight and length collected by a 

midwife or paediatrician who was unaware of the information (e.g. ultrasounds) 

collected during the prenatal period. A detailed record of perinatal morbidity was 

obtained, with all mothers provided with a diary at discharge in order to record any 

illness in the child.  

 

Follow-up visits at 1, 2 and 3 years of age included anthropometrical measures (height, 

weight and blood pressure) with clinical assessments focusing on the physical health 

and development of infants in the preceding 12 months.  However, due to limited 

available resources both the 2 year and 3 year follow-up visits were restricted to a subset 

of the cohort. At the 2 year follow-up questionnaires were sent out to all available 

families with a small sample of participants completing the clinical assessment. At the 3 

year visit only a random sample (70%) of the cohort participated in both the 

questionnaire and clinical assessments.  

 

The topic of interest at the 8 year follow-up was cardiovascular health and blood 

pressure while the focus at the 10 year follow-up was primarily developmental health 

(including mental health, cognitive and language development). At both the 8 year and 

10 year follow-ups, questionnaire and clinical assessments were conducted on the full 

cohort (excluding those that had withdrawn or were lost to follow-up) with participation 

response rates of 85.0% and 86.2% respectively (Table 2.4).  

 

 



 

Table 2.4: Eligibility, questionnaire & clinical assessment completion rates for follow-up visits 1-10yrs  

 
 

Year F/up Total eligible Questionnaire 
Clinic assessment 

Completed* 
Total participated 

Participation response 

rate 
Overall response rate 

1 2646 2422 2333 2440 92.2 85.1 

2 2693 1975 712 1988 73.8 69.3 

3 2670 2236 1665 2280 85.4 79.5 

8 2599 2109 1957 2140 82.3 74.6 

10 2515 2024 1790 2047 81.4 71.4 

*Includes anthropometrical measures, physical & developmental examinations and clinical assessments relating to topic of interest at each follow-
up 

 



2.3 Respiratory Follow-ups in the WAPC  

 

2.3.1 Six year respiratory follow-up  

 

The 4th visit for study families was the 6 year follow-up which was conducted between 

April 1995 and September 1998, when children were aged between 62 and 82 months. 

Questionnaires were sent to all available families, however due to budgetary constraints 

a random sample of the cohort were selected to perform methacholine challenges (Table 

2.5). A uniform random number generator was used and initially set at 70% of the 

cohort but was further reduced to 800 subjects after 1 year of data collection. 

 

Table 2.5: Participation rates at the 6 year follow-up 

 

Test # Participating 

Proportion of 

those available 

@ 6yr (n = 

2665) 

Proportion of 

original cohort 

(n = 2868) 

Questionnaire 2200 82.6 76.7 

Physical exam 1995 74.8 69.6 

Spirometry 1735 65.1 60.5 

- offered 711 26.7 24.8 

- eligible 565 21.2 19.7 
MCh 

Challenge

- completed 537 20.2 18.7 

 

 

 



I. Questionnaire 

 

The standard parental questionnaire was extended for the 6 year visit with additional 

questions administered in order to determine respiratory status of the study children and 

their families. Below is a list of the additional questions that were added. 

 

1. Number and age of siblings. 

2. History of illness or injury requiring medical attention or clinical attendance 

3. History of URI’s in the last 12 months 

4. History of wheeze, cough with cold, hay fever, eczema 

5. Physician diagnosis of asthma, hay fever, eczema 

6. Medication usage 

7. Parental history of respiratory illness (e.g. asthma) 

8. History of smoking (including all members of the household) 

 

II. Asthma definition 

 

Current asthma was defined at 6 years by a doctor diagnosis of asthma ever, wheeze or 

a cough at night without a cold in the last 12 months and the use of asthma medications 

in the last 12 mths. Subjects were further subdivided into categories (mild, moderate 

and severe) based on the severity of the disease. 

 

Participants who had 1 to 2 episodes of wheeze in the past 12 months, no episodes of 

nocturnal awakenings and no severe episodes limiting speech were classified as mild. 

Subjects with more frequent wheezy episodes (3- 12 attacks in the last 12 months), with 

at least one episode of nocturnal awakening in the past 12 months and no severe 
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episodes limiting speech were classified as moderate. Those with severe asthma had 

numerous wheezy episodes (> 12), at least one episode of nocturnal awakening or at 

least one episode that limited speech. Subjects were placed into the highest severity 

level they qualified for; for example a subject with 3 to 12 wheezy episodes in the past 

12 months but with a weekly average of one or more nocturnal awakenings would be 

classified as severe rather than moderate (Table 2.6). 

 

Table 2.6: Classification of asthma severity 

 

Asthma Severity 

Wheeze 

Frequency 

(# of episodes in  

past 12 mths) 

Nocturnal 

awakenings 

(weekly average in 

past 12mths) 

Severe episodes 

limiting speech 

( # of episodes in  

past 12 mths) 

Mild 1 to 2 Nil Nil 

Moderate 3 to 12 ≤ 1 Nil 

Severe > 12 > 1 Or ≥ 1 

 

III. Spirometry measurements 

 

Spirometry measurements (FEV1, FVC, FEV1/FVC, FEF25-75%) were obtained for 1735 

children with a bronchodilator response (BD) collected in 113 children. Measurements 

were made using a Welch Allyn hand-held spirometer (pneumocheck, model 6100, 

Welch Allyn Skaneateles falls, NY) with children instructed to perform a forced 

expiratory manoeuvre while standing. The best result from a minimum of 3 efforts were 

recorded, with all subjects complying with ATS standards for FEV1 and FVC; however 

most children were not able to comply with the expiratory time of 6 seconds. Knudsen 
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prediction equations were used for all subjects to determine percent predicted values 

(233).  

 

IV. Methacholine challenge  

 

Subjects who were able to perform consistent and acceptable spirometry, had an FEV1 

of at least 80% of normal value, were free from respiratory infections in the last 14 days 

and had withheld from any asthma medication for the required period were eligible to 

participate (refer to appendix). In total 711 subjects were offered the methacholine 

challenge, 565 were eligible and of these only 537 subjects successfully completed the 

methacholine challenge. 

 

At the 6 year follow-up a modified Yan method was used with subjects required to 

inhale an initial saline dose followed by incremental doses (0.06, 0.10, 0.20, 0.50, 1.0, 

1.8, 3.9 & 7.8mg/ml) of methacholine. The agent was delivered via DeVilbiss glass 

nebulisers and testing was stopped once a patient’s FEV1 had fallen by ≥ 20% or the 

highest dose was administered.  The provocative concentration (PC) of methacholine 

causing a 20%, 15% and 10% drop in FEV1 were calculated using linear interpolation, 

with the dose response slope (DRS) calculated as the 2 point slope.  

 

V. Skin Prick Test (SPT) 

 

Tests were conducted by standard protocol when children attended clinic for the 6 year 

assessment. Children were excluded from participating if they had taken antihistamines 

within 48 hours (short acting) or 7-14 days (long acting) prior to assessment. 1,584 

subjects completed the skin prick test to four common allergens. These included 
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standardized mite, standardized cat pelt, rye grass (perennial Lolium perenne) and 

mould mix # 4 (Bayer corporation, Pharmaceutical division, Elkhart, IN, USA).  

 

Testing was conducted on the volar surface of the forearm, using an ink stamp to mark 

and label the sites, with the negative control (saline) positioned at the antecubital region 

and the positive control (histamine hydrochloride 1.0 mg/ml) placed at the wrist. The 

positive control was read at 10 mins with the remaining allergens read 5 mins later. The 

diameter of the wheal was recorded using a standard plastic ruler.   

 

Atopy was defined as a positive response to one or more allergens with a wheal size of 

at least 2mm greater than the positive control.  A wheal size of 2mm was chosen as an 

alternative to 3mm due to the age of the children and in view of the available literature 

at the time.  

 

Atopy severity scores were calculated for each subject and were classified as negative 

(< 2mm), mild (2 to < 4mm), moderate (4 to < 7mm) and severe (≥ 7mm). These results 

(negative, mild, moderate and severe) were used to calculate a combined allergen 

severity score by summing the atopy severity scores to obtain a single figure for each 

individual (maximum possible value for the four aeroallergens being 12). These were 

then further subdivided into two groups; Grade 1 where scores ranged from 1 to 5 and 

Grade 2 if a subject’s score ranged from 6 to 12, by default all non-atopics were 

classified as zero (Table 2.7).  
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Table 2.7: Atopy severity & combined allergen severity scores 

 

Atopy 

Severity 

Wheal size 

(mms) 
Score 

None < 2 0 

Combined Allergen 

Severity Score 

Mild 2 to <4 1 0 Non atopic 

Moderate 4 to <7 2 1 -5 Grade 1 

Severe ≥ 7 3 

Sum of 

Score for 4 

allergens 

(max 12) 

6 – 12 Grade 2 

 

VI. Serum ECP collection 

 

Approximately 10mls of blood were obtained from individuals. Blood was drawn via 

venipuncture into SST tubes and allowed to clot at stable temperature for 1 hour.  

Following centrifugation (7000rpm for 10mins) serum was removed and stored at -70 

degrees celsius until analysis. Levels of ECP were determined according to the 

manufacturer’s guidelines using the Pharmacia CAP system fluroenzyme immunoassay 

(FEIA).  

 

2.3.2 Fourteen year respiratory follow-up 

 

The 14 year follow-up was conducted from June 2003 to April 2006 and was the 7th 

clinic visit for study participants. As part of this visit a major respiratory assessment 

was undertaken with subjects invited to participate in a number of tests including 

questionnaires, methacholine challenge, fractional exhaled nitric oxide (FeNO) test and 

a SPT (Table 2.8).  
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Table 2.8: Participation rates at the14 year follow–up assessment 

 

Test # Participating 

Proportion of 

those potentially 

available @14* 

(n =2337) 

Proportion of 

original cohort 

(n = 2868) 

Questionnaire 1799 77.0 62.7 

Physical exam 1587 67.9 55.3 

Spirometry 1479 63.3 51.6 

MCh Challenge 1479 63.3 51.6 

SPT 1518 65.0 52.9 

FeNO 650 27.8 22.7 

*Those potentially available include the entire cohort minus those who have died or 

withdrawn. Children who did not participate in the previous follow-up were not 

excluded. 

 

I. Ethics permission & consent 

 

As with the previous follow-ups visits, ethics permission was obtained from the Human 

Ethics Committee of Princess Margaret Hospital for Children, Perth, Australia. For the 

first time study participants were also given the opportunity to provide assent to 

participate in separate components of the study. 
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II. Questionnaire 

 

Questionnaires were sent out to both primary caregivers and secondary caregivers 

where applicable. The standard parental questionnaire was extended for the 14 year visit 

and included the same set of respiratory questions provided at the 6 year visit (refer to 

section 2.3.1 part I). Study children were also required to complete a questionnaire 

when they attended clinic. Study participants were questioned on a range of issues 

including levels of physical activity, pubertal status, history of smoking, alcohol 

consumption and illicit drug use (refer to appendix for questionnaires administered at 

WAPC 14 year visit).   

 

III. Asthma definition 

 

To maintain consistency between follow-up visits the same definition of current asthma 

from the 6 year follow-up was used for the 14 year visit. With subjects classified as 

current asthmatics if they had previously been diagnosed with asthma ever by a doctor, 

had wheeze or a cough at night without a cold in the last 12 months and had been taking 

asthma medication in the last 12 months. As with the 6 year follow-up subjects were 

further subdivided into severity categories (refer to section 2.3.1 part II). 

 

As this is such a strict classification of asthma a number of different definitions were 

included in the analyses including current wheeze (wheeze without cold in the last 12 

months) and recent asthma which was defined as asthma diagnosed by a doctor ever, the 

use of asthma medication in the last 12 months and wheeze or a cough at night without 

a cold in the last month.  
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IV. Methacholine challenge  

 

a) Equipment 

Methacholine was purchased from Princess Margaret Hospital (PMH) Pharmacy. 

100mg/ml of methacholine was made up in bottles of 50mls and stored below 5° 

celsius. Three sets of stock concentrations were made up in phosphate saline buffer (A, 

B & C), below is the equation used to determine stock concentrations in order to 

achieve a cumulative dosage of 4µmols of methacholine.  

 

Calculation of stock concentrations of methacholine:- 

 

Dose (mg) = stock (mg/ml) × output per breath (ml) 

Dose μmol = (dose, mg × 1000) / RMM methacholine 

Dose μmol = (stock, mg/ml × 1000/195.7) × nebuliser output, ml 

Total cumulative dose of methacholine = 4 μmol 

 

DeVilbiss 646 nebulisers were used in this study, each patient used the same nebuliser 

throughout the challenge with 3mls of stock solution used for each concentration (A, B 

and C). Nebulisers have been shown to change output with repeated usage and washing 

(ref). Therefore nebulisers were calibrated approximately every 4 weeks with results 

calculated to determine individual nebuliser outputs (see appendix). 
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Challenges were performed using a Koko Digidoser (model no., Ferraris Respiratory, 

Louisville, Colo) which is a hand-held unit with combined spirometer and digidoser. 

The unit was attached to a computer with accompanying Koko Software. Digidoser’s 

were calibrated daily using a multi-flow calibration syringe. The DeVilbiss 646 

nebuliser contain regulators which limits inspiratory flow to 0.5 L/sec with system 

being driven by compressed air at a constant 30 psi. (Amount of agent released, 

duration of dose and target amount in litres) (Figure 2.2). 

 

Figure 2.2: Koko digidoser 

Nebuliser

Mouthpiece

Koko 
Digidoser 

Koko filter

 

b) Methods 

 

Baseline spirometry measurements (FEV1, FVC, FEV1/FVC, FEF25-75%) were obtained 

with children instructed to perform a forced expiratory manoeuvre while seated. All 

subjects had to comply with American Thoracic Society guidelines standards with the 

best result from a minimum of 3 efforts recorded (234). As with the 6 year follow-up 

Knudsen prediction equations were used to determine percent predicted values.  
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Those participants that were able to perform consistent and acceptable spirometry, were 

free from respiratory infections and had withheld from their asthma medications for 

standard period of time (refer to appendix) were allowed to participate in the 

methacholine challenge test. 

 

A modified dosimeter method was used at the 14 year follow-up with subjects required 

to inhale an initial saline dose followed by incremental doses of methacholine (Table 

2.9). The FEV1 was measured at 30 secs and 90 secs after each dose, with the best effort 

recorded at the saline dose and the lowest acceptable FEV1 recorded at each of the 

subsequent stages. Testing was stopped once a patient’s FEV1 had fallen by ≥ 20% or 

the highest dose was administered.  

 

Table 2.9:  Protocol for MCh challenge at the 14 year follow-up 

 

Dose 

Stock 

concentration 

mg/ml 

Number of 

inhalations 

Average 

Cumulative 

dose mg/ml 

Average 

Cumulative 

dose μmol 

Saline - 2 - - 

1 A 1 0.00625 0.03 

2 A 1 0.125 0.06 

3 A 2 0.25 0.12 

4 A 4 0.5 0.25 

5 B 1 1.0 0.50 

6 B 2 2.0 1.0 

7 C 1 4.0 2.0 

8 C 2 8.0 4.0 
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c) Results 

 

The Koko software calculated the following results: -  

PD-20 du = cumulative dosage units which causes a 20% fall in FEV1 

PD-20 mg = cumulative dose in mg which causes a 20% fall in FEV1

PC-20 mg/ml = concentration being delivered when a 20% fall in FEV1 occurs.  

PC-20 mg = dose in mg being delivered when a 20% fall in FEV1 occurs. 

BHR in this study was defined as a binary outcome with subjects who had a PC20 < 

8mg/ml classified as responsive to challenge.  Severity of BHR (normal, borderline, 

mild/moderate & severe) was determined according to ATS guidelines (88). Subjects 

with a PC20 > 16mg/ml were classified as normal, between 4.0 and 16mg/ml was 

defined as borderline BHR, mild/moderate BHR corresponded to a PC20 between 1.0 

and 4.0mg/ml and those subjects with a PC20 value less than 1.0mg/ml were classified 

as having severe BHR. The dose response slope (DRS) was calculated as the 2 point 

slope of the curve regardless of the fall in FEV1 (97). 

 

d) Bronchodilator (BD) response 

 

For subjects who did not complete the methacholine challenge but consented to 

spirometry, BD responses were measured. Spirometry measurements (FEV1, FVC, 

FEV1/FVC, FEF25-75%) were obtained with the best result from a minimum of 3 efforts 

recorded. Subjects were then given 2 puffs of salbutamol delivered via a spacer and 

following a 15 minute wait were asked to repeat spirometry measurements. 
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VI. SPT 

 

Skin prick testing was conducted by standard protocol when children attended clinic. 

Tests were conducted on the volar surface of the forearm to a panel of common 

allergens including d.pteronyssinus, mould mix # 10, bermuda grass, cat pelt, grass mix 

# 7 and rye grass (Hollister Stier, Richard Thomson Pty Ltd, Kingsgrove, NSW).  

 

An ink stamp was used to mark and label the sites (Figure 2.3). The positive control was 

read at 10 minutes with the remaining allergens read 5 minutes later. All measurements 

were made using a standard plastic ruler. Wheal sizes were determined by measuring 

the diameter of the wheal and its perpendicular and obtaining the average. A positive 

response was defined as a wheal size ≥ 3mm. 

 

Figure 2.3: Schematic of SPT stamp 
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To avoid bias towards the grass allergies the maximum wheal size from the three 

grasses (rye grass, bermuda grass and grass mix) were determined and defined as the 

‘max grass’. Therefore atopy was defined as a positive response to one or more of the 

four allergens (house dust mite, mould mix, cat pelt and ‘max grass’) those with a 

peanut allergy were excluded. Atopy severity scores and combined allergen severity 

scores were calculated for participants as previously described in section 2.3.1 part V of 

this chapter.  

 

VII. Fractional exhaled nitric oxide (FeNO) 

 

a) Equipment 

 

FeNO measurements were made using a fast response (0.02 seconds) 

chemiluminescence analyser (NOA 280, Seivers Instruments Inc., Boulder, CO). The 

sensitivity of the analyser for measurement of gas phase NO is less than 1 part per 

billion by volume with the sampling flow set to 200 ml/min. 

 

The mouth piece is attached to a one way valve which has two sampling ports. Nitric 

oxide (NO) is sampled directly into the analyser through a Teflon side-arm tube 

attached to one of the sampling ports, while exhalation (mouth) pressure was measured 

by a pressure transducer in the analyser via the second sampling port. Both pressure and 

NO were displayed simultaneously on a computer. NO measurements were made for 

each child with mouth pressure kept at a relatively constant 15cm H2O and 

corresponding expiratory flow of 50ml/s. 
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b) Protocol 

 

Measurements of FeNO were made with children seated and instructed to inhale to TLC 

and then immediately exhale into the mouthpiece. Mouth pressures were displayed on 

the computer screen as a prompt for the children to maintain a steady flow. Children 

were instructed to continue expiration for as long as possible, with ATS 

recommendations of at least 6 seconds. Nitric oxide values were recorded as the plateau 

of the last part of the exhalation. Two measurements with less than 5% difference or 

three measurements that varied by less than 10% were accepted with the average FeNO 

value recorded. 

 

VIII. Eosinophils  

 

Bloods were collected via venipuncture and sent to the clinical haematology laboratory 

for full blood analysis, which included total and differential white cell counts and blood 

film. The total numbers of eosinophils were expressed as the number of cells per litre.  
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CHAPTER THREE: METHODS 

3.1 Data Set 

 

The main focus of this thesis was: to determine risk factors for intermediate phenotypes 

(BHR and atopy) at 14 years of age; to determine risk factors for the persistence of 

asthma/wheeze between 6 and 14 years; and  to examine the influence of gender on risk 

factors during adolescence. The primary data set for cross sectional analyses at age 14 

consisted of 1587 subjects. Cross sectional analyses at the age of 6 years were 

performed on those participants who had completed both the 6 and 14 year follow-ups, 

and are a subset of the original group of participants seen at 6 years of age. The data set 

for the longitudinal analyses were those that had data at both the 6 and 14 year 

respiratory follow-ups. As not all subjects had complete combined data, that is, not all 

subjects had data at both 6 and 14 year respiratory follow-ups certain analyses have 

missing data from the 6 year respiratory follow-up. These numbers will be displayed at 

the bottom of tables for the respiratory components in the results section.   

 

3.1.1 Exposure measures 

 

Primary exposures of interest included:- 

 

1. Early life factors: In the logistic regression analyses gestational age (weeks) was 

included as both a continuous variable and binary variable (< 37 weeks). Birthweight 

was included as a binary variable with subjects defined as either < or >2500 grams.  

Ponderal index was defined as the (birthweight/birthlength3). The child’s sex, 

birthlength and head circumference were determined from early life questionnaires.  
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2. Family History of Asthma/Atopy: Parental history of asthma and allergy status was 

determined from the primary caregiver questionnaire. Family history was defined as a 

positive response by either parent to history of any asthma, hayfever or eczema. Both 

maternal and paternal history were examined separately in the analyses.  

 

3. Antenatal Tobacco Smoke Exposure: This was determined from parental 

questionnaires and was defined as a binary variable from mothers’ smoking status at the 

18-34th week of pregnancy. Reported smoke was validated against measured serum 

cotinine in maternal blood samples collected at the 34th week of pregnancy (235). 

 

4. Postnatal Tobacco Smoke Exposure: Data on smoke exposure was determined by 

response to questionnaires measured at both 6 and 14 years of age. Smoke exposure was 

defined as a binary variable ‘any smoker’ present in household at both time points.  

 

5. Breastfeeding: Breastfeeding of infants during the first 12 months was determined as 

a binary variable as well as a derived binary variable of breastfeeding for duration of 

four months or longer. 

 

6. Older Siblings: Having an older sibling was entered into the analyses as a binary 

variable (only child vs. having 1 or more older siblings). 

 

7. SPT: Atopic status was defined as one or more positive reaction(s) (wheal size 

<=3mm) to four common allergens. Single allergens (binary), total wheal size 

(continuous) and allergy severity scores were also used in the analyses. 
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8. Serum ECP: Levels of serum ECP were considered as both a continuous variable (log 

transformed) and a binary variable larger than >19.55Ug/L (yes/no).  Previous work by 

Joseph-Bowen et al (95) determined this as the optimal cut-off point. Peripheral blood 

eosinophil counts were included in the 14 year analysis and were entered as a 

continuous variable. 

 

9. Pet Ownership: Having cats or dogs inside the house at 6 and 14 years were included 

in logistic regression analyses; separately as binary variables, as well as longitudinal 

exposure. That is, cats indoors at both follow-ups (yes/no) and dogs indoors at both 

respiratory follow-ups. 

 

10. Daycare Attendance:  Daycare was defined as binary variable in the first 12mths, 

attending childcare centre or family day care (yes/no). Daycare first attended defined as 

0 = 0 - 12 mths, 1 = 12 - 24 mths, 2 = + 24 months. 

 

11. Socioeconomic Status: This was determined by using the highest of the parent’s 

qualifications.  

 

12. BHR: A positive response to methacholine was defined as a PC20< 8mg/ml. BHR 

severity scores were determined according to ATS guidelines. The log DRS was also 

used in the analyses as a continuous variable.   

 

13. FeNO: Levels of exhaled nitric oxide were log entered into the analyses as a 

continuous variable. 
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14. Lung function: Percent predicted lung function indices (FVC, FEV1, FEF25-75 & 

FEV1/FVC ratio) were entered into the analyses as continuous variables.  

 

15. BMI: The relationship of weight in kilograms to height in centimetres (BMI kg/cm2) 

was considered as a continuous variable at both respiratory follow-ups. International 

cut-off points for body mass index by sex for overweight and obesity were determined 

using reference values by Cole et al (236) for both 6 and 14 years (Table 3.1). 

 

Table 3.1: International cut-off values for overweight & obesity 

 

 Body Mass Index for 

Overweight (kg/m2) 

Body Mass Index for  

Obesity (kg/m2) 

Age Male Female Male Female 

5 17.42 17.15 19.30 19.17 

5.5 17.45 17.20 19.47 19.34 

6 17.55 17.34 19.78 19.65 

6.5 17.71 17.53 20.23 20.08 

7 17.92 17.75 20.63 20.51 

12 21.22 21.68 26.02 26.67 

12.5 21.56 22.14 26.43 27.24 

13 21.91 22.58 26.84 27.76 

13.5 22.27 22.98 27.25 28.20 

14 22.62 23.34 27.63 28.57 
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3.1.2 Outcome measures 

The outcome measures of interest in this study are listed below: 

 

1) Current Wheeze at 6 & 14 years 

This was taken from the primary caregiver questionnaire and was defined as a positive 

response to the question ‘has your child wheezed in the past 12 months? The same 

question regarding current wheeze was used for both the 6 and 14 year follow-ups. 

While subjects’ responses to current wheeze were available they were not used in the 

analyses. 

 

2) Current Asthma at 6 & 14 years 

This derived variable was determined from questionnaire responses to; GP diagnosis of 

asthma ever, wheeze in the last 12 months and the use of any asthma medications in the 

last 12 months. As with current wheeze, the same definition of current asthma at 6 was 

applied to those in the 14 year follow-up. 

 

3) BHR at 14 years 

Hyperresponsiveness of the airways was defined as a binary outcome, with a positive 

response a PC20 < 8mg/ml. Severity of BHR was defined according to ATS guidelines. 

 

4) Atopy at 14 years 

 Atopy was determined by response to SPT, severity of atopy was also determined using 

a combined allergen severity score 
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5) Persistence of Disease 

 Persistence of wheeze and asthma were classified into 4 mutually exclusive groups:- 

 

i. No wheeze/asthma at either 6 or 14 years of age  

ii. Past wheeze/asthma – presence of wheeze/asthma at 6 years only 

iii. New wheeze/asthma – symptoms at 14 years only not present at 6 years of age 

iv. Persistent wheeze/asthma – disease state present at both 6 and 14 years of age 

 

Analyses for risk factors for new-onset and persistence of wheeze/asthma use never 

wheeze/asthma as the comparative.  

 

3.2 Data Handling 

 

3.2.1 Data Coding 

The questionnaires were checked for completeness and then coded using coding 

schedules designed specifically for the study.  

 

3.2.2 Data Entry & Quality 

All data for the 14 year respiratory follow-up was entered into a Filemaker Pro 

database. To ensure high quality of data, all records were checked by author and 

technician to ensure data were correct. Cross tabulations were performed to check for 

outlying values. Any potential errors were identified and resolved by reference to 

questionnaires and written lab book records.  

 

Questionnaire data from previous follow-ups were obtained from the WAPC data 

manager. Data had been coded, cleaned and entered into a central database.  
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3.3 Data Analysis 

3.3.1 Missing Data 

In all models, subjects with a missing value in any of the included variables were 

excluded from the analysis. The number of responses in each analysis varied slightly 

due to missing data.  

 

3.3.2 Statistical Analysis  

Standard analytical techniques were used for preliminary exploration of data. Chi square 

test and Mann Whitney tests were used where appropriate to detect differences between 

groups. Unadjusted odds ratios (OR) were estimated and their 95% confidence intervals 

(95% CI) were calculated using Chi-Squared tests. Statistical significance was defined 

at the p <0.05 level.  

Associations between binary outcome variables and continuous variables were tested 

using unadjusted logistic regression analysis. The model contained a single covariate 

reflecting the exposure of interest.  

Multivariate analysis to estimate OR were carried out using multiple logistic regression 

analysis. Variables found to be significant with univariate analysis as well as potential 

confounding factors were entered as additional terms in the model as either categorical 

or continuous variables.  

Stepwise methods in regression analyses were used with terms removed in ascending 

order of likelihood ratio. All terms which did not reach statistical significant (p < 0.05) 

were removed from the model. 
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Ordinal logistic regression was used for outcomes with more than 2 categories (mild, 

moderate & severe). Cumulative OR’s and their confidence intervals (95% CI) were 

determined. 

The Statistical Package for the Social Sciences software (SPSS version 11.5) was used 

throughout. 

 

3.4 Participation Response Rates in the WAPC Cohort 

 

3.4.1 Overall participation rates 

 

Participation rates have remained fairly high throughout the 14 years in the WAPC with 

just under 65% of the cohort participating in the 14 year follow-up. As with most 

longitudinal cohorts, there has been a gradual loss of participants over the years in the 

WAPC. At the 14 year follow-up, the most common reason for not participating was 

lack of assent from children and families not having the time to attend clinic 

assessments due to work commitments or other extenuating circumstances.  Table 3.2 

outlines the completion rates for the two respiratory follow-ups.  

 

 

 

 

 

 

 

 

 



 

Table 3.2: Eligibility, questionnaire & clinical assessment completion rates for the respiratory follow-ups  

 

Year F/up Total eligible 
Primary caregiver

Questionnaire 

Clinic assessment 

Completed* 
Total participated 

Participation 

response rate 
Overall response rate 

6 2665 2200 2023 2237 83.9 78.0 

14 2337 1799 1704 1855 79.4 64.7 

 
*Includes anthropometrical measures & clinical assessments relating to topic of interest at each follow-up 

 
 
 
 



3.4.2 Participation rates – 6 year respiratory follow-up 

 

The data were examined to determine if those that remained in the 6 year follow-up 

were representative of the initial cohort.  

 

Spirometry  

Children who completed spirometry measurements with those not participating at the 6 

year follow-up showed no significant difference in birthweight, gestational age or 

gender. The only significant association seen between participants and non-participants 

was with maternal age [p<0.001] (Table 3.3). 

 

Table 3.3: Comparison of children who completed spirometry at the 6yr follow-up with 

those not participating* 

 

Characteristics 

Participants 

(%) 

(n =1735) 

Non-

participants* 

(%) 

(n =1133) 

p-value 

Birth weight (<2500 grams) 7.8 9.5 0.113 

Gestational age (<37 weeks) 9.9 12.1 0.064 

Maternal age at birth (<20yrs) 7.5 13.3 0.001 

Sex  (% male) 51.5 49.5 0.306 

*Includes those from the original cohort who, either did not attend the 6yr follow-up, 

did not return the questionnaire or did not complete the spirometry. 

 

 

 

 

 



Methacholine Challenge 

Those who completed the methacholine challenge were older and had slightly better 

lung function than those not offered or unable to complete the test (Table 3.4). 

 

Table 3.4: Comparison of participants who completed the MCh challenge at 6yrs with 

those not participating* 

 

Characteristic 

Participants 

(%) 

(n =537) 

Non-participants* 

(%) 

(n =1198) 

p-value 

Birth weight (<2500 

grams) 
11.2 6.3 0.001 

Gestational age (<37 

weeks) 
9.7 10.0 0.831 

Maternal age at birth 

(<20yrs) 
6.7 7.8 0.406 

Sex  (% male) 52.1 51.2 0.720 

Mean height (m)  1.16 1.15 0.401 

Mean age (months) 71.4 70.8 0.001 

Mean FEV1 (% predicted) 103.0 98.7 0.001 

Mean FVC (% predicted) 101.9 99.1 0.001 

Asthma status 15.7 18.4 0.135 

* Includes those who completed spirometry but who were either not offered, did not 

consent or could not complete the MCh challenge. 
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SPT 

While there was no difference detected between those who participated in the SPT and 

those who didn’t; there was a trend for a higher prevalence of males and more infants 

with a younger gestational age in those participating in SPT vs. those not participating 

(Table 3.5). 

 

Table 3.5: Comparison of participants who completed the SPT with those not 

participating* 

 

Characteristic 

Participants 

(%) 

(n =1584) 

Non-participants* 

(%) 

(n =1284) 

p- value 

Birth weight ( <2500 grams) 9.1 7.7 0.197 

Gestational age (< 37 

weeks) 

11.5 9.6 0.091 

Maternal age (<20yrs) 10.1 9.6 0.641 

Sex  (% male) 47.9 51.2 0.077 

*Includes those from the original cohort who either did not attend the 6yr follow-up or 

did not return the questionnaire. 

 

Serum ECP 

Children who completed serum ECP measurements with those not participating showed 

no significant difference in birthweight, gestational age, asthma or atopy status. 

Participants were more likely to be male, have older siblings and an older mother 

compared to non-participants (Table 3.6).  
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Table 3.6: Comparison of participants vs. non participants* based on serum ECP 

measurements 

 

Characteristic 

Participants 

(%) 

(n = 968) 

Non-participants* 

(%) 

(n = 1269) 

p-value 

Birth weight (<2500 

grams) 
8 9 0.600 

Gestational age 

(<37weeks) 
9 11 0.210 

Maternal age at birth 

(<20yrs) 
6 11 <0.001 

Sex ( % male) 56 47 <0.001 

Older siblings 84 66 <0.001 

Asthma status 19 20 0.820 

Atopy Status 42 39 0.140 

HDM SPT +ve 31 27 0.140 

Grass SPT +ve 25 25 0.840 

Cat dander SPT +ve 14 9 <0.005 

Mould SPT +ve 13 11 0.440 

* Includes those who completed questionnaire or clinical assessment.   
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3.4.3 Participation rates - original 6 year data set vs. 6 year data used in analyses 

 

Further examination of the data were conducted in order to determine if there were 

significant differences in those 6 year old subjects included in this analysis and those 

from the original 6 year data set.  

 

Spirometry  

There was no significant difference between those included in the analysis and the 

original 6 year data set with regards to birthweight, gestational age and gender. The only 

significant difference seen was with maternal age, with more non-participants having a 

mother less than 20 years of age at birth (Table 3.7). 

 

Table 3.7: Comparison of participants who completed spirometry measurements vs. 

non-participants* 

 

Characteristics 

Participants 

(%) 

(n =1283) 

Non-

participants* 

(%) 

(n =452) 

p-value 

Birth weight (<2500 grams) 51.1 52.1 0.671 

Gestational age (<37 weeks) 10.1 8.9 0.432 

Maternal age at birth (<20yrs) 6.6 10.0 0.021 

Sex  (% male) 51.1 52.1 0.671 

*Includes those who had spirometry measurements at 6yrs, but no data available in 

this data set. 
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Methacholine Challenge 

There was no significant difference in participants and non-participants with regards to 

birthweight, gestational age, gender, maternal age, asthma or lung function indices. 

(Table 3.8)   

 

Table 3.8: Comparison of participants who completed the MCh challenge with those not 

participating* 

 

Characteristic 

Participants 

(%) 

(n =406) 

Non-participants* 

(%) 

(n =131) 

p-value 

Birth weight (<2500 

grams) 
6.1 5.3 0.726 

Gestational age (<37 

weeks) 
9.1 9.8 0.827 

Maternal age at birth 

(<20yrs) 
10.3 11.8 0.633 

Sex  (% male) 53.3 55.1 0.704 

Mean FEV1 (% predicted) 104.9 104.8 0.943 

Mean FVC (% predicted) 98.3 100.3 0.376 

Asthma status (%) 18.7 12.3 0.233 

*Includes those who had completed MCh challenge at 6yrs, but no data available in 

this data set.    

 

SPT 

There was no significant difference for SPT data in those who were included in the 

analysis and the original 6 year data set for any of the parameters examined (Table 3.9). 
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Table 3.9: Comparison of participants who completed the SPT with those not 

participating* 

 

Characteristic 

Participants 

(%) 

n =1195 

Non-

participants* 

(%) 

n =389 

p- value 

Birth weight ( <2500 

grams) 
7.9 6.8 0.501 

Gestational age (< 37 

weeks) 
10.6 9.2 0.422 

Maternal age (<20yrs) 9.2 9.6 0.841 

Sex  (% male) 48.9 53.9 0.089 

  *Includes those who had completed SPT at 6yrs, but no data available in this data set.    

 

Serum ECP 

Children who completed serum ECP measurements with those not included in the 

analysis showed no significant differences in birthweight, gestational age, asthma or 

atopy status. However, participants were more likely to be male, have older siblings and 

a younger mother compared to non-participants (Table 3.10).  
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Table 3.10: Comparison of participants vs. non participants* based on Serum ECP 

measurements 

 

Characteristic 

Participants 

(%) 

(n =783) 

Non-

participants* 

(%) 

(n =185) 

p-value 

Birth weight (<2500g) 6.4 9.0 0.211 

Gestational age 

(<37weeks) 
8.9 12.5 0.140 

Maternal age (<20yrs) 8.7 10.4 0.483 

Sex ( % male) 49.6 45.9 0.374 

Older siblings 45.7 51.2 0.358 

Asthma status 12.4 18.9 0.105 

Atopy Status 36.6 32.9 0.551 

HDM SPT +ve 26.6 25.8 0.903 

Grass SPT +ve 24.3 22.6 0.776 

Cat dander SPT +ve 10.7 6.5 0.332 

Mould SPT +ve 10.0 6.5 0.363 

* Included those who had serum ECP levels measured at 6, but not available in this 
data set. 

 

3.4.3 Participation rates – 14 Year Respiratory Follow-up 

 

Spirometry & Methacholine 

A total of 1,587 subjects were offered spirometry and methacholine challenge testing. A 

total of 1,515 subjects attempted the challenge, with 1,479 meeting ATS criteria. 72 

subjects did not participate; the majority of subjects were unable to participate due to 

illness (Figure 3.1). Of the 72 subjects that refused to participate in the methacholine 

challenge, they were offered to participate in pre and post bronchodilator tests, with 

only 41 subjects completing the test.   
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Figure 3.1: Reasons for not participating in MCh challenge 
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blockers 

 

Comparisons between those participating in spirometry and methacholine challenge test 

and those not participating found no significant differences in birthweight, gestational 

age and gender. There were fewer mothers aged < 20 years in those who completed the 

test compared to those who didn’t participate (Table 3.11). 
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Table 3.11: Comparison of subjects who completed spirometry & MCh Challenge at 

14yrs with those not participating* 

 

Characteristics 

Participants 

(%) 

(n =1479) 

Non-

participants* (%) 

(n =1389) 

p-value 

Birth weight (<2500 

grams) 
8.4 8.5 0.883 

Gestational age (>37 

weeks) 
10.5 10.8 0.810 

Maternal age at birth 

(<20yrs) 
7.1 13.3 <0.001 

Sex  (% male) 51.4 49.8 0.409 

*Includes those from the original cohort who, either did not attend the 14yr follow-up, 

did not return the questionnaire or did not complete MCh challenge. 

 

SPT 

A total of 1518 subjects completed the SPT with 69 subjects who refused to participate. 

43 (2.7%) refused consent, 26 (1.6%) of subjects had taken medication (antihistamines) 

prior to testing and were unable to participate. 
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Table 3.12: Comparison of participants completing the SPT with those not 

participating* 

 

Characteristic 

Participants 

(%) 

(n = 1518) 

Non-

participants* (%) 

(n = 1350) 

p- value 

Birth weight ( <2500 

grams) 

8.2 8.8 0.566 

Gestational age (< 37 

weeks) 

10.2 11.2 0.353 

Maternal age (<20yrs) 7.0 13.1 <0.001 

Sex  (% male) 51.6 49.6 0.297 

*Includes those from the original cohort who either did not attend the 14yr follow-up 

or did not return the questionnaire. 

 

FeNO 

Due to unavailability of equipment, only a subset of the cohort were offered FeNO 

testing (41.5%). 37 (2.3%) did not participate; reasons for non-participation are 

displayed in Figure 3.2. 
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Figure 3.2: Reasons for not participating in FeNO measurements 
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* Taking contra-indicated medication. 

 

There was no significant difference in those participating vs. those not participating in 

FeNO measurements with regards to birth weight, gestational age, maternal age at birth 

or sex of the child.  
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Table 3.13: Comparison of participants who completed FeNO measurements with those 

not participating* 

 

Characteristic 
Participants (%) 

(n =650) 

Non-

participants* (%) 

(n =829) 

p- value 

Birth weight ( <2500 

grams) 
9.1 7.9 0.412 

Gestational age (< 37 

weeks) 
11.2 10.0 0.453 

Maternal age 

(<20yrs) 
7.4 6.9 0.733 

Sex  (% male) 51.2 46.9 0.086 

* Includes those who completed spirometry/MCh challenge at 14 years, but who 

either not offered, did not consent or could not complete the FeNO measurement. 

 

Eosinophils  

 

A total of 1350 subjects had peripheral blood eosinophils measured at 14 years of age. 

There was no significant difference between participants and non-participants with 

regards to birthweight, gestational age or gender. However, there were fewer younger 

mothers at birth in those who participated compared to non-participants (Table 3.14). 
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Table 3.14: Comparison of participants vs. non participants* based on peripheral blood 

eosinophil measurements 

 

Characteristic 
Participants (%) 

(n =1350) 

Non-

participants* (%) 

(n =1518) 

p- value 

Birth weight ( <2500 

grams) 
8.6 8.3 0.808 

Gestational age (< 37 

weeks) 
10.3 11.0 0.558 

Maternal age 

(<20yrs) 
7.3 12.2 <0.001 

Sex  (% male) 48.4 50.1 0.367 

*Includes those from the original cohort who, either did not attend the 14yr follow-up, 

did not return the questionnaire. 
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CHAPTER FOUR: RESULTS & DISCUSSION 

In this chapter a summary of the demographic and lifestyle characteristics of the 

respiratory follow-ups (6 and 14 years) is provided.  

 

4.1 Characteristics of the Cohort 

 

4.1.1 Demographic & lifestyle characteristics 

 

Demographic characteristics are listed in Table 4.1. Most parents in the WAPC were of 

European descent (Caucasian) [74%], with a small proportion of parents of Polynesian 

or Aboriginal descent [<2%].  

 

There was no difference between the 6 and 14 year follow-ups with regards to level of 

parental education, family income at birth or maternal age at birth. The average 

maternal age was 29 years with no significant difference in mean maternal age between 

males and females (p< 0.946). 
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Table 4.1: Demographic characteristics of the cohort 

 

6 yr follow-up 14 yr follow-up 

Characteristic Participants, n 

(%) 

Participants, n 

(%) 

< Year 10 103 (7.1) 109  (7.0) 

Completed Year 10 426 (29.5) 470 (30.3) 

Completed Year 11 271 (18.7) 289 (18.6) 

Maternal 

education 

Completed Year 12 646 (44.7) 682 (44.0) 

< Year 10 93 (7.6) 101 (7.7) 

Completed Year 10 417 (33.9) 451 (33.8) 

Completed Year 11 170 (13.8) 183 (13.7) 

Paternal 

education 

Completed Year 12 551 (44.8) 580 (43.4) 

< $7,000 16 (1.2) 16 (1.1) 

$7, 000 – 11,999 102 (7.4) 110 (7.5) 

$12,000 – 23,999 374 (27.3) 412 (28.2) 

$24,000 – 35,999 416 (30.3) 441 (30.1) 

Family income 

at birth 

> $36, 000 464 (33.8) 484 (33.1) 

< 18 years 61 (4.1) 71 (4.5) 

19-24 years 294 (19.9) 332 (20.9) 

25-29 years 432 (29.2) 466 (29.4) 

30-34 years 441 (29.8) 459 (29.4) 

35-39 years 210 (14.2) 217 (13.7) 

Maternal age 

at birth 

40-44 years 40 (2.7) 42 (2.6) 

 

Socioeconomic status was determined using the higher of the parents’ qualification 

(Figure 4.1).  
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The mean gestational age was 38.7 weeks [SD 2.2]; with a mean birthweight of 3308 

grams [range = 750 – 5185 grams] and an average birthlength of 48.9 cms [range = 30.5 

– 57.0cms]. Males were significantly heavier and longer at birth compared to female 

participants, with no significant differences in gestational age and ponderal index 

(birthweight/length3 × 100) between the sexes (see Table 4.2).  

 

The majority of children in the WAPC were delivered via normal (spontaneous) vaginal 

delivery (SVD) [61.0%]; the second most common delivery method being elective 

caesarean [21.3%]. 

 

 

 

 

 

 

Figure 4.1: Parental qualifications in the WAPC 
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Table 4.2: Antenatal characteristics of the WAPC 
 
 

Variable Cohort  Males Females p-value 

Gestational age (weeks); mean (SD) 38.7 (2.2) 38.9 (1.9) 38.6 (2.4) 0.107 

Birthweight (grams); mean (SD)  3308 (600.1) 3389.4 (575.3) 323.0 (614.0) <0.001 

Birthlength (cms) ; mean (SD) 48.9 (2.7) 49.4 (2.5) 48.4 (2.9) <0.001 

PI; mean (SD) 2.81 2.80 (0.30) 2.82 (0.32) 0.073 

Head circumference (cms); mean 

(SD) 
34.4 (1.9) 34.8 (1.7) 34.0 (1.9) <0.001 

SVD 812 (61.0) 406 (58.8) 406 (63.2) 

Elective c/section 284 (21.3) 145 (21.0) 139 (21.7) 
Delivery Mode 

n (%) 

Forceps/Vacuum 236 (17.7) 139 (20.1) 97 (15.1) 

0.053 

 



4.1.3 Prevalence of early life environmental exposures  

 

The average age in which mothers commenced smoking in the WAPC was 16.1years 

[SD 3.3] with an age range from 6 to 38 years. 271 (20.8%) mothers smoked during 

pregnancy, while 450 (35.0%) of fathers smoked during their partners’ pregnancy. Just 

under half (49.2%) of the mothers enrolled in the study reported drinking during the 

first 3 months of pregnancy, though the majority of mothers consumed less than 1 

standard drink per week. 

 

Rates of breastfeeding in the WAPC were high with 91.4% of mothers having breastfed 

their child in the first 12 months of life, with approximately 60% of mother’s 

breastfeeding for more than 4 months (Table 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.3: Prevalence of early life environmental exposures 

 

Characteristics Prevalence, n (%) 

Maternal smoking  271 (20.8) 

Paternal smoking  450 (35.0) 

 Number of older siblings 

0 776 (54.5) 

1 437 (30.7) 

151 (10.6) 2 

3 47 

4 10 

5 3 

(4.2) 

Alcohol exposure (0 - 3 mths) 49.2 

0- 12 mths 518 (43.2) 

13 – 24 mths 401 (33.5) 
Daycare 

Attendance 
> 24mths 279 (23.3) 

Breastfeeding  1375 (91.4) 

Duration of Breastfeeding (+ 4mths) 883 (58.7) 
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4.2 Characteristics of Respiratory Follow-ups (6 & 14 yr) 

 

4.2.1 Demographics 

This section provides a detailed description of those children who completed both the 6 

and 14 year assessment. The data presented on the 6 year follow-up is based on those 

participants who had completed both the 6 and 14 year follow-ups, and are a subset of 

the original group of participants seen at 6 years of age. 

 

Of the 1587 subjects that participated in the respiratory component of the 14 year 

follow-up, 51.4% (815) of participants were male, 48.6% (772) were female. The mean 

age of the 6 year follow-up was 70.7 months; the minimum age seen was 63 months 

while the oldest child was 84 months. At the 14 year respiratory follow-up the average 

age was 14.1 years. The age range was 13.01 to 15.03 years.  

 

Height, weight and BMI values for both respiratory follow-ups are described in Table 

4.4. As one might expect with adolescents vast differences in height, weight and BMI 

were recorded at the 14 year respiratory follow-up. Cut-off values (refer to Table 3.1) to 

define overweight and obesity were determined in both children and teenagers (Table 

4.5). 

 

 

 

 

 

 



 

Table 4.4: Ht, Wt & BMI at 6 & 14 year follow-ups 
 

6 year follow-up 14 year follow-up 

Male  Female  Male  Female  Variable 

Range mean (SD) Range mean (SD) Range mean (SD) Range mean (SD) 

Ht (cm) 86 - 130 117 (5.1) 102 - 129 115 (4.5) 119 - 191 167 (9.0) 140 - 185 163 (6.3) 

Wt (kg) 14 - 40 22 (3.4) 14 - 38 21 (3.2) 29 - 123 59 (13.9) 32 - 121 57 (12.0) 

BMI 

(cm/kg2) 
12 - 27 16 (1.7) 11 - 26 16 (1.8) 14 - 41 21 (4.0) 12 - 44 21 (4.07) 

 
 
 
 



Table 4.5: Prevalence of overweight & obesity at respiratory follow-ups 
 

6 yr follow-up† 

(n = 1426) 

14 yr follow-up 

(n = 1587) 
Variable 

Male 

(n = 735) 

Female 

(n =691) 

Male 

(n = 815) 

Female 

(n = 772) 

Normal* 650 (88.4) 584 (84.5) 611 (75.0) 591 (76.6) 

Overweight* 56 (7.6) 85 (12.3) 146 (17.9) 135 (17.5) 
BMI,  

n (%) 

Obese* 29 (3.9) 22 (3.2) 58 (7.1) 46 (6.0) 

* 6yr: normal <17.15 kg/cm2; overweight >17.15kg/cm2; obese >19.17kg/cm2

14yr: normal <21.2kg/cm2; overweight >21.22kg/cm2; obese >26.02kg/cm2 

** = 161 subjects with missing data 

 

Not all females provided data on menarche status at the 14 year follow-up. Out of 559 

females with data, 85.7% (479) reported menarche, with 85% (409) of participants 

having regular periods. Only a small percentage of females in the 14 year follow-up 

were taking oral contraceptives (1.1%). 

 

A total of 823 subjects had data available for stage of pubertal development, 52% (427) 

were male.  Tanner stages (breast, genitals and pubic hair development) range from 

stage 1 through to 5, with stage 1 being prepubertal and stage 5 being adult-like. Stage 

of pubertal development for males and females in the WAPC can be seen in figures 4.2 

and 4.3 respectively. Majority of participants in the 14 year follow-up were in either 

stage 4 or stage 5 of pubertal development.  

 

 



Figure 4.2: Stage of pubertal development in male participants 
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Figure 4.3: Stage of pubertal development in female participants 
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A decrease in the prevalence of smoking was seen at the 14 year follow-up compared to 

the 6 year visit, with a lower incidence of smoking by household members both indoors 

and in the car (Tables 4.7 & 4.8). This decrease in the prevalence of smoking between 

assessments is in line with the decrease in smoking rates seen in adults living in 

Western Australia, with an 11% fall in rates since 1984 (237). 

Figure 4.4: Prevalence of asthma/atopy in either parent at respiratory follow-ups 

 

A higher prevalence of asthma and atopy was seen in mothers at both the 6 and 14 year 

follow-up assessments (Table 4.6). In this study, a family history was defined as a 

positive response to either parent (maternal or paternal) having asthma, hayfever or 

eczema. The prevalence of family history in either parent was fairly similar for asthma, 

seasonal hayfever and eczema at both the 6 and 14 year respiratory follow-ups (Figure 

4.4). 
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Table 4.6:  Parental History of asthma & atopy at respiratory follow-ups 
 

6 YR FOLLOW-UP 14 YR FOLLOW-UP 
 Variable 

N* Frequency, n† (%) N* Frequency, n† (%) 

Asthma 1454 286 (19.7) 1518 377 (24.8) 

Seasonal Hayfever 1433 621 (43.3) 1513 785 (51.9) 

Eczema 1455 303 (20.8) 1511 292 (19.3) 
Maternal 

Any of the above  1439 831 (57.7) 1520 928 (61.1) 

Asthma 1319 165 (12.5) 1341 240 (17.9) 

Seasonal Hayfever 1304 431 (33.1) 1318 492 (37.3) 

Eczema 1323 140 (10.6) 1307 149 (11.4) 
Paternal 

Any of the above 1294 560 (43.3) 1322 639 (48.3) 

Asthma 1311 34 (2.6) 1336 64 (4.8) 

Seasonal Hayfever 1288 194 (15.1) 1301 275 (21.1) 

Both Parent  

(Maternal & 

Paternal) Eczema 1313 43 (3.3) 1290 32 (2.5) 

Asthma 1361 417 (30.6) 1408 553 (39.3) 

Seasonal Hayfever 1368 858 (62.7) 1433 1002 (69.9) 
Either Parent 

(Maternal or 

Paternal) Eczema 1344 400 (29.8) 1352 409 (30.3) 

* = number available for analyses; † = number positive to variable



Table 4.7: Prevalence of tobacco smoke exposure at respiratory follow-ups 

Variable 
6 yr follow-up 

n (%) 

14 yr follow-up 

n (%) 

Smoke in house 207 (14.7) 112 (7.3) 

Smoke in car 183 (13.0) 131 (8.6) Parent 
Smoke in both house & 

car 
246 (17.5) 165 (10.8) 

Smoke in house 143 (10.2) 69 (4.5) 

Smoke in car 156 (11.1) 107 (7.0) Other (s) 
Smoke in both house & 

car 
192 (13.7) 123 (8.0) 

Smoke in house 260 (18.6) 136 (8.9) 

Smoke in car 272 (19.4) 187 (12.2) Anyone 
Smoke in both house & 

car 
341 (24.3) 223 (14.6) 

 

In 2001, the prevalence of smoking daily in adults was approximately 20%, results from 

the WAPC showed a slightly higher prevalence of smoking compared to the general 

population (238) (Table 4.8). 

 

Table 4.8: Overall environmental tobacco smoke exposure (ETS) in cohort 

 

ETS Exposure 
6 yr follow-up 

n (%) 

14 yr follow-up 

n (%) 

Non smoking environment 945 (67.2) 1131 (73.9) 

House only 69 (4.9) 36 (2.4) 

Car only 81 (5.8) 87 (5.7) 

House and car 191 (13.6) 100 (6.5) 

Other 121 (8.6) 176 (11.5) 

 



Participants in the WAPC had more pets inside at 6 years of age compared to the 14 

year follow-up (Table 4.9). 360 (22.7%) participants had cats at both the 6 and 14 yr 

follow-ups while 404 (25.6%) had dogs at both respiratory follow-ups.  

 

Table 4.9: Pet exposure at respiratory follow-ups 

6 yr follow-up 
Frequency, n (%) 

14 year follow-up Variable Frequency, n (%) 

Cats inside 921 (62.5) 534 (34.8) 

Dogs inside 755 (51.3) 725 (47.3) 

Both cats & dogs inside 671 (45.6) 260 (17.0) 

Either cat or dog inside 1005 (68.2) 999 (65.2) 

≥ 1 cat (s) inside 384 (26.1) 534 (34.8) 

≥ 1 dog (s) inside 284 (19.3) 725 (47.3) 

≥ 1 cats & dogs inside 571 (38.8) 

 

999 (65.2) 

 

 

 

 

 

 

 

 

 

 

 170



4.3 Risk Factors for Asthma, Atopy & BHR in the WAPC 

 

The association between host and environmental exposures and the following outcome 

measures will be discussed:- 

 

1) Risk factors for current wheeze and asthma at both 6 and 14 years of age. 

2) Risk factors for BHR at 14 years. 

3) Risk factors for Atopy at 14 years. 

4) The persistence of current wheeze and asthma from childhood to adolescence.  

 

 

All tables examining outcome measures and exposures of interest are set out in a similar 

manner and include:- 

 

 i)   Variable = exposure of interest 

ii)   N = indicates the number of subjects included in the analysis 

iii) Factor = indicates the number of subjects positive for the factor in the analysis 

 

4.3.1 Current wheeze & asthma at the 6 year respiratory follow-up 

 

a) Prevalence 

 

The prevalence of wheeze at 6 years of age was approximately 40%, with just over 17% 

of the cohort diagnosed with current asthma (Table 4.10). Approximately 40% of 

participants were atopic, the most prevalent allergen being house dust mite.  
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Table 4.10: Prevalence of current wheeze & asthma at 6 year follow-up 

 

Variable 

Entire cohort 

(n = 1478)* 

n (%) 

Male 

(n = 762) 

n (%) 

Female 

(n = 716) 

n (%) 

Current Wheeze 560 (37.9) 301 (39.5) 259 (36.2) 

Current Asthma 257 (17.4) 144 (19.0) 113 (15.8) 

None 1218 (82.6) 615 (81.0) 603 (84.2) 

Mild 132 (8.9) 69 (9.1) 63 (8.8) 

Moderate 61 (4.1) 35 (4.6) 26 (3.6) 

Asthma 

Severity 

Severe 64 (4.3) 40 (5.3) 24 (3.4) 

* = 109 with missing data 

Current wheezers were more likely to be atopic, respond to methacholine challenge and 

have higher serum ECP levels compared to non-wheezers (Table 4.11). Similar results 

were seen for those with current asthma (Table 4.12). 
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Table 4.11: Prevalence of BHR, atopy & serum ECP levels in wheezers and non-

wheezers at 6 year follow-up 

 

Current Wheeze 
Variables 

No Yes 
p-value 

BHR, %  49.8 61.7 0.020 

Log DRS, mean (SD) 0.12 (0.2) 0.20 (0.3) <0.001 

Atopy, %  35.3 49.7 <0.001 

Nil 64.7 50.3 

Low 22.4 25.2 
Atopy 

Severity (%) 

High 12.9 24.5 

<0.001 

Log Serum ECP, mean 

(SD) 
1.10 (0.3) 1.16 (0.4) 0.039 
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Table 4.12: Prevalence of BHR, atopy & serum ECP levels in asthmatics and non-

asthmatics at 6 year follow-up 

 

Current Asthma 
Variables 

No Yes 
p-value 

BHR, %  51.2 72.9 0.002 

Log DRS, mean (SD) 1.10 (0.3) 1.21 (0.4) 0.001 

Atopy, %  37.4 57.3 <0.001 

Nil 62.6 42.7 

Low 23.2 24.3 
Atopy 

Severity (%) 

High 14.2 33.0 

<0.001 

Log Serum ECP, mean 

(SD) 
0.13 (0.2) 0.27 (0.3) <0.001 

 

 

In addition, males with current wheeze were more likely to have lower FEV1, FEF25-75% 

and FEV1/FVC ratio than males without current wheeze, with FVC not significantly 

different between wheezers and non-wheezers. In female participants, lung function 

indices were not statistically different between wheezers and non wheezers; though 

there was a trend for a lower FEF25-75% in females with wheeze compared to those 

without wheeze (Table 4.13).  
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Table 4.13: Differences in baseline lung function for current wheeze at 6 year follow-up 

 

Males  Females  

Current Wheeze Current Wheeze Variable 

No  Yes p-value No  Yes  p-value 

FVC (% 

predicted) 
98.2 96.9 0.229 97.7 96.6 0.191 

FEV1 (% 

predicted) 
104.3 101.4 0.016 103.7 101.8 0.115 

FEF25 -75% (% 

predicted) 
99.3 94.6 0.041 98.1 94.4 0.055 

FEV1/FVC 

ratio (%) 
94.5 93.4 0.041 94.5 94.0 0.267 

 

As expected, differences in lung function between asthmatics and non-asthmatics were 

similar to those found with current wheeze; with lower levels of lung function seen in 

asthmatics compared to non-asthmatics subjects. Asthmatic males had lower baseline 

FEV1, FEF25-75% and FEV1/FVC ratio compared to non-asthmatics. No differences in 

lung function indices were seen between asthmatic and non-asthmatic females (Table 

4.14).  
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Table 4.14: Differences in baseline lung function for current asthma at 6 year follow-up 

 

Males  Females  

Current Asthma Current Asthma Variable 

No  Yes p-value No  Yes  p-value 

FVC (% 

predicted) 
97.9 96.5 0.462 97.6 95.8 0.251 

FEV1 (% 

predicted) 
104.1 99.2 0.001 103.4 101.1 0.140 

FEF25 -75% (% 

predicted) 
99.3 89.8 0.001 97.1 95.2 0.505 

FEV1/FVC 

ratio (%) 
94.5 92.0 0.002 94.4 93.7 0.333 
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b) Risk factors for current wheeze at 6 year follow-up 

 

Unadjusted univariate models between birth characteristics and current wheeze and 

asthma at 6 years of age were analysed, further investigations were conducted to 

determine differences between males and females.  

 

Multivariate models between birth characteristics and current wheeze at 6 years of age 

were analysed and adjustments were made for gender, birth order, socioeconomic status, 

daycare attendance in the first year of life, family history of asthma/atopy, pet exposure, 

breastfeeding and maternal smoking during pregnancy. These findings are listed in 

tables 4.15 to 4.18. 

 

The relationships that were found to be statistically significant for current wheeze at 6 

years of age were:- 

 

1) Infants born before 37 weeks gestational age were more likely to suffer from current 

wheeze at 6 years of age [OR 1.89; 95% CI 1.26, 2.84; p<0.002]. 

 

2) Those born with a higher ponderal index were less likely to have current wheeze at 6 

years of age [OR 0.94; 95% CI 0.91, 0.98; p<0.006]. 

 

3) Participants with a positive family history were more likely to have current wheeze at 

6 years of age compared to those without a family history of asthma or atopy [OR 2.14; 

95% CI 1.61, 2.85; p<0.001]. 
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4) Children exposed to tobacco smoke exposure at 6 years were more likely to have 

current wheeze than children not exposed to tobacco smoke [OR 1.42; 95% CI 1.03, 

1.97; p<0.035]. However, maternal smoking during pregnancy was not associated with 

current wheeze in children [OR 1.31; 95% CI 0.93, 1.86; p<0.432]. 

 

5) Positive responders to methacholine challenge were more likely to have current 

wheeze at 6 years of age compared to those that didn’t respond to challenge [OR 1.77; 

95% CI 1.12, 2.81; p<0.015].  

 

6) Children who were atopic were more likely to suffer from current wheeze than non-

atopic subjects (OR 1.67; 95% CI 1.28, 2.18; p<0.001). Those with more severe atopy 

were more likely to suffer from current wheeze than those with mild atopy [OR 2.47; 

95% CI 1.73, 3.54; p<0.001]. 

 

7) Children with a higher BMI index at 6 years of age were more likely to suffer from 

current wheeze [OR 1.10; 95% CI 1.03, 1.18; p<0.004]. 

 

Analyses stratified by gender showed differences in relationships (Tables 4.19 to 4.22), 

these included:- 

 

1) Having older siblings was protective in male children, but not in female participants 

[OR 0.63; 95% CI 0.45, 0.89; p<0.008]. 

 

2) Perinatal measures such as gestational age and ponderal index were significantly 

associated with current wheeze in females but not in male children. Female infants born 

before 37 weeks were twice as likely to suffer from current wheeze compared to males 

 178



 179

[OR 2.07; 95% CI 1.19, 3.62; p<0.011]. A higher ponderal index in female participants 

was protective against current wheeze at 6 years of age [OR 0.93; 95% CI 0.88, 0.99; 

p<0.015]. 

 

3) In addition female participants with a higher BMI at 6 years of age were more likely 

to suffer from current wheeze [OR 1.12; 95% CI 1.02, 1.24; p<0.021] compared to 

males. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.15: Relationship between risk factors and current wheeze at 6 year follow-up 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1198 579 0.81 0.64 – 1.03 0.089 

Gestational age (<37 weeks) 1197 110 1.89 1.26 – 2.84 0.002 

Maternal age at birth (>20 years) 1198 1130 0.60 0.36 – 1.01 0.056 

Birthlength 1184 - 0.98 0.93 – 1.03 0.384 

Ponderal index 1184 - 0.94 0.91 – 0.98 0.006 

Birthweight (<2500g) 1198 82 1.25 0.78 – 1.99 0.357 

Head circumference 1183 - 0.95 0.89 – 1.02 0.135 

SVD 742 ref ref ref 

c/section 249 1.30 0.97 – 1.76 

     
 

0.084 Delivery 
Mode 

vacuum/forceps 

1198 

207 1.07 0.76 – 1.49 0.710 

Breastfeeding (+ 4mths) 1197 737 0.86 0.55 – 1.33 0.490 

 



Table 4.16: Relationship between risk factors and current wheeze at 6 year follow-up 
 

 

Variable N Factor OR 95% CI p-value 

Family history of asthma/atopy 1198 871 2.14 1.61 – 2.85 <0.001 

Maternal history asthma/atopy 1186 686 1.95 1.52-2.50 <0.001 

Paternal history asthma/atopy 1072 469 1.67 1.30-2.16 <0.001 

Daycare attendance (0-12mths) 1198 143 1.27 0.88 – 1.83 0.208 

SES (tertiary) 1198 279 0.91 0.67-1.22 0.516 

Sibship (+1 older sibling) 1198 542 0.80 0.63-1.03 0.079 

Maternal smoking pregnancy 1198 232 1.31 0.93-1.86 0.127 

Pet exposure at 6 years  1198 834 1.11 0.85-1.45 0.432 

Smoke exposure at 6 years 1198 279 1.42 1.03-1.97 0.035 
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Table 4.17: Relationship between risk factors and current wheeze at 6 year follow-up 
 

Variable N Factor OR 95% CI p-value 

BHR at 6yrs 343 180 1.77 1.12-2.81 0.015 

Log DRS at 6yrs 347 - 5.97 1.94-18.38 0.002 

Atopy at 6yrs 1014 415 1.67 1.28-2.18 <0.001 

Nil 599 ref ref ref 

Low 243 1.26 0.92-1.73 0.154 
Atopy 
Severity 

High 

1014 

172 2.47 1.73-3.54 <0.001 

Log  Serum ECP 671 - 1.38 0.86-2.21 0.185 

BMI at 6yrs 1198 - 1.10 1.03-1.18 0.004 

Normal 1032 ref ref ref 

Overweight 118 1.31 0.88-1.95 0.184 BMI 
categories 

Obese 

1197 

47 1.59 0.87-2.92 0.134 

 182 



Table 4.18: Relationship between risk factors and current wheeze at 6 year follow-up 
 
 

Variable N OR 95% CI p-value 

FVC  (% predicted) 1268 1.00 0.99-1.00 0.199 

FEV1 (% predicted) 1269 0.99 0.98-1.00 0.003 

FEF25-75% (% predicted) 1263 1.00 0.99-1.00 0.012 

FEV1/FVC ratio (% predicted) 1268 0.99 0.97-1.00 0.064 
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Table 4.19: Influence of gender on the relationship between risk factors and current wheeze at 6 year follow-up 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37 weeks) 1.75 0.97-3.16 0.065 2.07 1.19-3.62 0.011 

Maternal age at birth (>20 years) 0.59 0.29-1.22 0.157 0.61 0.29-1.29 0.195 

Birthlength 0.97 0.91-1.04 0.423 0.98 0.92-1.05 0.617 

Ponderal Index 0.95 0.90-1.01 0.086 0.93 0.88-0.99 0.015 

Birthweight (<2500g) 1.08 0.52-2.22 0.837 1.43 0.77-2.65 0.257 

Head circumference 0.94 0.86-1.04 0.233 0.95 0.86-1.05 0.305 

SVD ref ref ref ref ref ref 

c/section 1.23 0.80-1.89 0.342 1.42 0.92-2.18 0.114 Delivery 
mode 

vacuum/forceps 0.94 0.60-1.50 0.787 1.25 0.75-2.08 0.339 

Breastfeeding (+ 4mths) 1.00 0.70-1.43 0.100 0.90 0.47-1.73 

 

0.743 
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Table 4.20: Influence of gender on the relationship between risk factors and current wheeze at 6 year follow-up 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history asthma/atopy 2.14 1.46-3.15 <0.001 2.12 1.37-3.27 0.001 

Maternal history of asthma/atopy 1.93 1.37-2.72 <0.001 1.97 1.36-2.84 <0.001 

Paternal history of asthma/atopy 1.71 1.19-2.44 0.003 1.65 1.14-2.40 0.008 

Daycare attendance (0-12mths) 1.17 0.71-1.96 0.538 1.43 0.83-2.44 0.196 

SES (tertiary) 0.89 0.59-1.35 0.588 0.91 0.59-1.42 0.681 

Sibship (+1 older sibling) 0.63 0.45-0.89 0.008 1.07 0.75-1.54 0.709 

Maternal smoking pregnancy 1.17 0.72-1.12 0.524 1.52 0.91-2.52 0.107 

Pet exposure at 6 years  1.39 0.97-2.00 0.076 0.83 0.56-1.23 0.358 

Smoke exposure at 6 years 1.54 0.99-2.41 0.057 1.23 0.78-2.04 

 

0.351 
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Table 4.21: Influence of gender on the relationship between risk factors and current wheeze at 6 year follow-up 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p- value 

BHR at 6 yrs 1.96 0.99-3.89 0.053 1.60 0.84-3.07 0.157 

Atopy at  6yrs 1.76 1.22-2.53 0.002 1.59 1.07-2.36 0.023 

Nil ref ref ref ref ref ref 

Low 1.24 0.80-1.91 0.334 1.32 0.82-2.11 0.254 Atopy 
Severity 

High 2.82 1.74-4.56 <0.001 2.11 1.22-3.66 0.008 

Log Serum ECP 1.51 0.79-2.86 0.211 1.19 0.58-2.44 0.640 

BMI  at 6yrs 1.09 0.99-1.20 0.084 1.12 1.02-1.24 0.021 

Normal ref ref ref ref ref ref 

Overweight 1.34 0.73-2.48 0.344 1.32 0.78-2.24 0.310 BMI 
Categories

Obese 1.45 0.64-3.31 0.376 1.95 0.77-4.96 0.161 
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Table 4.22: Influence of gender on the relationship between risk factors and current wheeze at 6 year follow-up 
 

 

MALES  FEMALES  

Variable 

OR 95% CI p-value OR 95% CI p-value 

FVC  (% predicted) 0.99 0.98-1.00 0.085 1.00 0.99-1.01 0.926 

FEV1 (% predicted) 0.98 0.97-0.99 0.002 0.99 0.98-1.01 0.236 

FEF25-75% (% predicted) 0.99 0.99-1.00 0.023 1.00 0.99-1.00 0.308 

FEV1/FVC ratio (% predicted) 0.98 0.96-1.01 0.154 0.98 0.96-1.01 0.191 

 
 
 
 



c) Risk factors for current asthma at 6 year follow-up 

 

Adjusted multivariate models between birth characteristics and current asthma at 6 

years of age were analysed and adjustments were made for gender, birth order, SES, 

daycare attendance (0-12 months), family history of asthma/atopy, pet exposure, 

breastfeeding and maternal smoke exposure during pregnancy. These findings are listed 

in tables 4.23 to 4.26. 

 

1) Perinatal characteristics such as longer birthlength and higher ponderal index were 

found to be protective against a diagnosis of current asthma in childhood [OR 0.94; 

95% CI 0.89, 1.00; p<0.042 & OR 0.95; 95% CI 0.90, 1.00; p< 0.047 respectively]. 

 

2) Having a family history of asthma/atopy tripled the risk of having current asthma at 6 

years of age [OR 3.19; 95% CI 2.05, 4.97; p<0.001].  

 

3) Exposure to tobacco smoke during childhood was a significant risk factor for current 

wheeze during childhood [OR 1.69; 95% CI 1.12, 2.53; p< 0.012]. 

 

4) BHR positive individuals were at greater risk of having current asthma than those 

who did not respond to challenge [OR 3.78, 95% CI 1.80, 7.91; p<0.001]. 

 

5) Atopic children were more likely to have current asthma with a dose response 

relationship seen with more severe atopics at a greater risk [severe atopy OR 3.17; 95% 

CI 2.09, 4.80; p<0.001]. In addition children with higher serum ECP levels were more 

likely to suffer from current asthma [OR 2.43; 95% CI 1.29, 4.58; p<0.006] 
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6) Children classified as being overweight or obese were up to three times more likely 

to be diagnosed with current asthma [Obesity OR 3.15; 95% CI 1.62, 6.13; p<0.001]. 

 

Analyses stratified by gender showed differences in relationships (Tables 4.2 to 4.30). 

These include:- 

 

1) As with current wheeze, sibship was found to be protective for current asthma in 

males but was not statistically significant in females [OR 0.61; 95% CI 0.40, 0.94; 

p<0.026]. 

 

2) In male children, those who were BHR positive were at greater risk of having current 

asthma compared to female participants [OR 6.06; 95% CI 1.91, 19.26; p<0.002].  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.23: Relationship between risk factors and current asthma at 6 year follow-up 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1197 579 0.74 0.55-1.02 0.062 

Gestational age (<37 weeks) 1196 110 1.41 0.85-2.32 0.181 

Maternal age at birth (>20 years) 1197 1129 0.67 0.37-1.23 0.194 

Birthlength 1183 - 0.94 0.89-1.00 0.042 

Ponderal index 1183 - 0.95 0.90-1.00 0.047 

Birthweight (<2500g) 1197 82 1.50 0.85-2.64 0.158 

Head circumference 1182 - 0.94 0.86-1.01 0.091 

SVD 742 ref ref ref 

c/ section 249 1.05 0.71-1.55 0.803 Delivery 
Mode 

vacuum/forceps 

1197 

206 0.97 0.83-1.50 0.894 

Breastfeeding (+ 4mths) 1196 736 0.79 0.57-1.10 

 

0.168 

 

 



Table 4.24: Relationship between risk factors and current asthma at 6 year follow-up 
 

 

Variable N Factor OR 95% CI p-value 

Family history asthma/atopy 1197 870 3.19 2.05-4.97 <0.001 

Maternal history asthma/atopy 1185 685 2.42 1.71-3.41 <0.001 

Paternal history asthma/atopy 1071 469 1.82 1.31-2.53 <0.001 

Daycare attendance (0-12mths) 1197 143 1.28 0.81-2.01 0.286 

SES (tertiary) 1197 279 1.14 0.78-1.66 0.512 

Sibship (+1 older sibling) 1197 542 0.82 0.60-1.13 0.223 

Maternal smoking pregnancy 1197 232 0.90 0.58-1.42 0.663 

Pet exposure at 6 years  1197 833 0.84 0.60-1.17 0.293 

Smoke exposure at 6 years 1197 279 1.68 1.12-2.53 0.012 
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Table 4.25: Relationship between risk factors and current asthma at 6 year follow-up 
 

Variable N Factor OR 95% CI p-value 

BHR at 6 yrs 343 180 3.78 1.80-7.91 <0.001 

Log DRS 347 - 6.80 2.22-20.80 0.001 

Atopy at 6yrs 1013 414 1.98 1.41-2.80 <0.001 

Nil 599 ref ref ref 

Low 242 1.30 0.85-2.00 0.226 
Atopy 
Severity 

High 

1013 

172 3.17 2.09-4.80 <0.001 

Log  Serum ECP 670 - 2.43 1.29-4.58 0.006 

BMI at 6yrs 1197 - 1.18 1.09-1.28 <0.001 

Normal 1032 ref ref ref 

Overweight 117 1.85 1.15-2.97 0.011 BMI 
categories 

Obese 

1196 

47 3.15 1.62-6.13 0.001 
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Table 4.26: Relationship between risk factors and current asthma at 6 year follow-up 
 
 

Variable N OR 95% CI p-value 

FVC  (% predicted) 1084 0.99 0.98-1.00 0.041 

FEV1 (% predicted) 1084 0.98 0.96-0.99 <0.001 

FEF25-75% (% predicted) 1079 0.99 0.99-1.00 0.004 

FEV1/FVC ratio (% predicted) 1084 0.97 0.95-0.99 0.002 
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Table 4.27: Influence of gender on the relationship between risk factors and current asthma at 6 year follow-up 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37weeks) 1.23 0.60-2.52 0.570 1.60 0.79-3.28 0.190 

Maternal age at birth (>20 years) 0.57 0.26-1.24 0.156 0.86 0.32-2.27 0.753 

Birthlength 0.93 0.86-1.01 0.098 0.95 0.88-1.03 0.230 

Ponderal Index 0.94 0.88-1.02 0.124 0.95 0.88-1.02 0.153 

Birthweight (<2500g) 1.30 0.56-3.02 0.544 1.82 0.84-3.93 0.129 

Head circumference 0.90 0.80-1.01 0.069 0.96 0.85-1.09 0.532 

SVD ref ref ref ref ref Ref 

c/section 1.04 0.61-1.77 0.895 1.04 0.59-1.85 0.893 Delivery 
mode 

vacuum/forceps 1.09 0.64-1.87 0.753 0.75 0.36-1.58 0.447 

Breastfeeding (+ 4mths) 0.89 0.57-1.39 0.610 0.68 0.41-1.12 0.130 
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Table 4.28: Influence of gender on the relationship between risk factors and current asthma at 6 year follow-up 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history of asthma/atopy 2.48 1.45-4.22 0.001 5.41 2.30-12.75 <0.001 

Maternal history of asthma/atopy 2.26 1.44-3.54 <0.001 2.68 1.56-4.63 <0.001 

Paternal history of asthma/atopy 1.85 1.19-2.90 0.007 1.86 1.13-3.06 0.014 

Daycare attendance (0-12mths) 1.01 0.54-1.90 0.968 1.71 0.88-3.32 0.113 

SES (tertiary) 1.12 0.67-1.87 0.667 1.10 0.62-1.97 0.741 

Sibship (+1 older sibling) 0.61 0.40-0.94 0.026 1.18 0.73-1.91 0.508 

Maternal smoking pregnancy 0.80 0.43-1.48 0.473 1.10 0.56-2.18 0.780 

Pet exposure at 6 years  0.84 0.54-1.29 0.419 0.82 0.49-1.38 0.447 

Smoke exposure at 6 years 1.68 0.98-2.87 0.059 1.58 0.84-2.96 0.153 
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Table 4.29: Influence of gender on the relationship between risk factors and current asthma at 6 year follow-up 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p- value 

BHR at  6yrs  6.06 1.91-19.26 0.002 2.72 0.94-7.85 0.064 

Atopy at 6yrs 1.93 1.22-3.06 0.005 2.08 1.22-3.52 0.007 

Nil ref ref ref ref ref ref 

Low 1.43 0.82-2.50 0.206 1.15 0.58-2.29 0.692 Atopy 
Severity 

High 2.69 1.55-4.66 <0.001 3.96 2.08-7.55 <0.001 

Log Serum ECP 1.94 0.84-4.44 0.119 3.11 1.13-8.57 0.028 

BMI  at 6yrs 1.17 1.05-1.31 0.004 1.20 1.07-1.36 0.003 

Normal ref ref ref ref ref ref 

Overweight 2.43 1.24-4.75 0.010 1.43 0.72-2.85 0.309 BMI 
Categories

Obese 2.24 0.91-5.52 0.079 5.98 2.08-17.2 0.001 
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Table 4.30: Influence of gender on the relationship between risk factors and current asthma at 6 year follow-up 
 

MALES  FEMALES  

Variable 

OR 95% CI p-value OR 95% CI p-value 

FVC  (% predicted) 0.99 0.98-1.00 0.101 0.99 0.97-1.01 0.187 

FEV1 (% predicted) 0.97 0.96-0.99 <0.001 0.98 0.96-1.00 0.034 

FEF25-75% (% predicted) 0.99 0.98-1.00 0.001 1.00 0.99-1.01 0.701 

FEV1/FVC ratio (% 
predicted) 0.96 0.93-0.99 0.005 0.98 0.95-1.01 0.226 

 
 
 
 
 



d) Discussion 

 

Prevalence 

The incidence of wheeze in Australia is amongst the highest in the world. Reports from 

the ISAAC study showed that Australia was ranked 2nd highest for prevalence of 

wheeze in children aged 6-7 years (35).   

 

In the WAPC the incidence of wheeze was slightly higher compared to other studies 

conducted within Australia, with just under 40% of children experiencing episodes of 

wheeze in the previous 12 months. A study from New South Wales, Australia, found 

approximately 30% of children aged between 3 and 5 years reported having current 

wheeze (239). In Tasmania, 26% of 7 year old children reported having wheeze ever 

(167). However, this study was conducted in 1968 and the lower prevalence in the 

Tasmanian cohort is more likely to be a reflection of the lower rates of asthma seen in 

Australia 30 years ago.  

 

In 1993-4, the Australian arm of the ISAAC study reported that 24.6% of children aged 

6-7 years had experienced wheeze in the previous 12 months, while 27.1% of those 

surveyed had reported having asthma ever at 6-7 years. Results from the Perth site in 

the ISAAC study demonstrated a much lower prevalence of wheeze compared to our 

cohort with 22.1% of children having current wheeze (240). A higher prevalence of 

wheeze reported in our study may be associated with the nature of referrals (pregnancies 

at risk) to KEMH, with significant differences seen between infants born in our cohort 

and that of the general population in Western Australia.   

 

 



The ISSAC Study reported a significantly higher prevalence of wheeze in boys 

compared to girls at 6-7 years of age [27.4% vs. 21.9%; respectively]. This is in contrast 

to our study where we found no significant difference in the prevalence of wheeze or 

asthma between males or females at 6 years of age [39.5 vs. 36.2; respectively] (240). 

 

Risk Factors 

It has been suggested that early life factors may play an important role in asthma and 

allergic disease. Many pre-terms infants require respiratory support during early life and 

are more susceptible to lung injury. One of the many concerns is the impact of 

premature birth on lung development; and the long term implications for respiratory 

health. Results from both cross-sectional and cohort studies show mixed results 

regarding premature birth and asthma in children (241). 

 

In the WAPC, early life factors including gestational age, birth length and ponderal 

index all showed significant associations with both current wheeze and asthma during 

childhood. In our study, preterm infants (<37 weeks gestational age) were at an 

increased risk of suffering from current wheeze and asthma at 6 years of age.  

 

Kelly et al (242) demonstrated that premature birth was associated with an increased 

risk for a diagnosis of asthma in childhood [OR 1.40; 95% CI 1.18, 137], though 

preterm birth was defined by maternal response from a questionnaire and may not be as 

accurate as hospital records. A study by Dik et al (243) showed similar results to our 

study, with preterm infants (gestational age < 36 weeks) more likely to have seen a 

physician for a diagnosis of asthma during the first 6 years of life compared to term 

infants [HR 1.28; 95% CI 1.18, 1.37].  

 

 199



In our study we found that a higher ponderal index was protective against the 

development of wheeze at 6 years of age. In contrast Yuan et al (197) reported that 

infants with a higher ponderal index (≥ 2.7 g/cm3) were at greater risk for receiving a  

prescription for asthma medication [OR 1.37; 95% CI 1.06, 1.76]. However, the use of 

asthma medication (β-agonists & inhaled glucocorticoids) as a surrogate marker for 

asthma may not accurately reflect the presence of disease, and may potentially 

overestimate those with asthma. A similar study from Denmark found that infants with 

a higher ponderal index were at a greater risk for hospitalisation with asthma symptoms, 

though this study failed to find any significant association between a higher ponderal 

index and a diagnosis of asthma (244). 

 

Differences in the association of birth order on asthma and wheeze between males and 

females have not been previously reported. Stratification by gender in our cohort 

showed subtle differences between males and females, with birth order protective for 

both current wheeze and asthma at 6 years of age in male but not female participants. 

While gestational age and ponderal index showed significant associations in females but 

not males (Tables 4.19- 4.22 & 4.27-4.30). 

 

In our study, no significant associations were seen between other perinatal factors such 

as maternal age, birthweight, head circumference and delivery mode with either current 

asthma or wheeze during childhood. 

 

The role of breastfeeding was explored though no protective effect was seen with either 

current wheeze or asthma at 6 years of age. Previous studies (192, 239) have shown that 

breastfeeding offers  protection against the development of disease in childhood. While 
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Oddy et al (192) found a protective effect in the WAPC cohort, this was not reproduced 

in this analysis.  

 

One possible reason for the discrepancy between our analyses and those conducted by 

Oddy et al may be related to differences in the definition of breastfeeding used. In the 

current analyses we have examined the duration of breastfeeding, specifically the 

duration of breastfeeding for 4 months or longer. In contrast Oddy and colleagues 

examined the duration of exclusive breastfeeding as defined by the introduction of other 

milk before 4 months of age.  

 

In addition, selection bias may have contributed to differences seen between the two 

studies, with fewer younger mothers (maternal age < 20yrs) included in the current 

analyses. Younger mothers in the WAPC were more likely to stop breastfeeding earlier 

(duration < 4months) compared to older mothers [75% vs. 25%; respectively]. 

Furthermore, a young maternal age has been demonstrated as a risk factor for asthma in 

childhood.  

 

The effect of breastfeeding on asthma and atopy is inconsistent. Differences between 

studies are most likely due to differences in definitions used, as well as varying ages 

examined. The Dunedin cohort reported that those infants who were breastfed were at 

greater risk of being atopic at 13 years of age, while the Tucson cohort reported that 

atopic children with a parental history of asthma were at greater risk of having asthma at 

6 years of age, though duration of breastfeeding had no impact on this relationship. 

 

Univariate analysis showed that both maternal smoking during pregnancy and tobacco 

smoke exposure were significant risk factors for current wheeze in childhood but not for 
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current asthma. Similar associations were seen when analyses were stratified by gender 

with maternal smoking during pregnancy and tobacco smoke exposure risk factors for 

wheeze in both males and females. One possible reason for the difference in findings 

between current wheeze and asthma may be due to our strict definition of asthma, with 

smoke exposure associated more with symptoms of disease rather than diagnosis.  

 

However, after adjusting for confounding factors, maternal smoking during pregnancy 

showed no association with current wheeze or asthma in childhood. Similar results were 

seen by Stein et al (245) in the Tucson cohort, who reported a relationship between 

prenatal smoke exposure and current wheeze in both males and females during early 

childhood (0-3 years), though the association was no longer evident from 6 years of age 

onwards.  

 

Lack of an association seen between maternal smoke exposure during pregnancy and an 

increased risk of wheeze and asthma in childhood may be due to lung maturation and 

levels of lung function, with maternal smoking associated with lower lung function 

levels in early life. Young et al (164) showed that maternal smoking during pregnancy 

was related to lower lung function in infancy.  Recent evidence from Gilliard et al (246) 

showed that prenatal exposure to tobacco smoke increased the risk of asthma later in life 

and this was independent of postnatal tobacco smoke exposure. 

 

In the Tucson cohort, Martinez et al showed that environmental smoke exposure during 

childhood was a significant risk factor for the development of new cases of asthma in 

their cohort of children (185). Multivariate analysis in our data showed that 

environmental tobacco smoke exposure was a significant risk factor for both symptoms 

and disease state at 6 years of age. There was a trend towards an increased risk for 
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current wheeze and asthma in males exposed to environmental tobacco smoke but this 

did not reach statistical significance. The association between current wheeze and 

environmental tobacco smoke exposure may be explained by the high prevalence of 

parents smoking indoors at 6 years with approximately 15% of parents smoking inside 

their homes.  

 

A positive family history of asthma or atopy was associated with an increased risk for 

both current asthma and wheeze in childhood. Similar to previous cohort studies (218) a 

maternal history showed stronger associations with wheeze and asthma. Recent data 

from the New Zealand cohort showed that maternal history was a significant risk factor 

for childhood wheeze in both males and females, while paternal history was a 

significant risk factor in males but did not reach statistical significance in female 

subjects (195). In contrast we found that both maternal and paternal history (asthma and 

atopy) were significant risk factors for asthma and wheeze in childhood.  

 

In our cohort of children, atopic sensitisation was a risk factor for both current wheeze 

and asthma. A dose dependent relationship was seen with asthma and atopy, with those 

participants with more severe atopy having a stronger association with asthma and 

wheeze at 6 years of age. The German MAS study showed a strong association between 

current wheeze and atopy with approximately 70% of wheezers having one or more 

positive responses to allergens (203). 

 

In this study we found that bronchial responsiveness to methacholine was associated 

with current wheeze and asthma in childhood. Children with a positive response to 

challenge showed an increased risk for disease. Stratification by gender showed 

significant associations with male participants but not females.  While males were more 
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likely to have severe atopy there was no difference in levels of serum ECP between the 

sexes. Males reported lower lung function indices (FEV1, FEF25-75% and FEV1/FVC 

ratio) whereas females reported no difference in lung function with wheeze, suggesting 

that responsiveness to methacholine in males was not due to airway inflammation.  

 

Lombardi et al demonstrated similar results in the Tucson cohort, with those children 

who had a positive response to cold air challenge at greater risk of being diagnosed with 

asthma, though this effect was not independent of atopy (247). Likewise, Joseph Bowen 

et al reported that children with current asthma had small but significant deficits in lung 

function and were more sensitive to methacholine than non-asthmatic children (248).  

 

In recent years BMI has been cited as a possible cause for the increase in asthma and 

atopy seen. Analyses from this study showed individuals who were defined as 

overweight or obese were at greater risk for current asthma in childhood but not for 

current wheeze, with a higher BMI in both males and females associated with current 

asthma. There was no difference in the frequency of wheeze (number of episodes in the 

last 12 months) with regards to BMI cut-off values, suggesting that this difference is not 

due to those subjects who are overweight or obese having more frequent wheeze.  

 

Schachter et al (249) reported that a higher BMI was associated with wheeze ever but 

not with asthma. Furthermore, they showed that these associations were only seen in 

female participants but not in males. Differences between this study and the WAPC are 

most likely due to differences in definitions of overweight and obesity used. The 

definition used by Schachter and colleagues were based on calculations from the United 

States whereas those used in our study are based on calculations from six countries, and 

are more appropriate for the WAPC.  
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The association between pet exposure and asthma is controversial. The ECRHS found 

an inverse association between pet exposure (having a cat or dog) and the risk of asthma 

in childhood (250).  However, no associations between pet exposure and incidence of 

asthma or wheeze during childhood were seen in this study. Results from the ECRHS 

should be interpreted with caution as pet exposure was defined as having a pet in the 

household anytime during childhood. In addition, they failed to differentiate between 

whether pets were purely indoor or outdoor, type of pet and duration of pet ownership.  

  

4.3.2 Current wheeze & asthma at 14 year follow-up 

 

a) Prevalence 

 

The prevalence of both wheeze and asthma (14.2% and 10.9%, respectively) had 

decreased at the 14 year follow-up. Based on severity classifications of asthma almost 

80% of subjects were classified as either mild or moderate. No significant differences 

were seen between wheeze, current asthma status or asthma severity between the sexes. 

At the 14 year follow-up only a small percentage (3.6%) of subjects were defined as 

having very current asthma (current asthma + wheeze within the last month). This was 

partly by design as children were not seen close to recent respiratory infections (Table 

4.31). 

 

57.3% of current asthmatics were atopic at 14 years, as with the 6 year follow-up the 

most prevalent allergen subjects reacted to was house dust mite followed by grass, with 

few subjects positive to cat or mould at 14 years of age. 
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Table 4.31: Prevalence of current wheeze & asthma at 14 years of age 

Variable 

Entire cohort 

(n = 1531)*

n (%) 

Male 

(n = 780 

n (%) 

Female 

(n = 751) 

n (%) 

Current Wheeze 218 (14.2) 111 (14.2) 107 (14.2) 

Current Asthma 167 (10.9) 88 (11.3) 79 (10.5) 

Very current Asthma 56 (3.6) 27 (3.4) 29 (3.9) 

None 1369 (89.1) 695 (888) 674 (89.5) 

Mild 62 (4.0) 34 (4.3) 28 (3.7) 

Moderate 67 (4.4) 35 (4.5) 32 (4.2) 

Asthma 

Severity 

Severe 38(2.5) 19 (2.4) 19 (2.5) 

* = 56 subjects with missing data 

 

Subjects with wheeze were more likely to be responsive to methacholine, be atopic, 

have higher peripheral blood eosinophil counts and higher FeNO levels (Table 4.32). 

Similar results were seen for current asthmatics vs. non-asthmatics (Table 4.33). 
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Table 4.32: Prevalence of BHR, atopy & eosinophil levels in wheezers and non-

wheezers at 14 years 

 

Current Wheeze 
Variables 

No Yes 
p-value 

BHR, % (n) 192 (15.5) 67 (35.1) <0.001 

Log DRS, mean (SD) 1.22 (0.4) 1.48 (0.3) <0.001 

Atopy, % (n) 521 (41.4) 130 (63.4) <0.001 

Nil 737 (58.6) 75 (36.6) 

Low 449 (35.7) 95 (46.3) 
Atopy 

Severity  
High 72 (5.7) 35 (17.1) 

<0.001 

Eosinophils × 109 /L 

Blood, mean (SD) 
0.31 (0.2) 0.44 (0.3) <0.001 

FeNO, mean (SD) 21.4 (23.9) 40.5 (40.6) <0.001 
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Table 4.33: Prevalence of BHR, atopy & eosinophil levels in asthmatics and non-

asthmatics at 14yrs 

 

Current Asthma 
Variables 

No Yes 
p-value 

BHR, % (n) 15.5 40.8 <0.001 

Log DRS, mean (SD) 1.22 (0.4) 66.7 <0.001 

Atopy, % (n) 41.9 1.56 (0.5) <0.001 

Nil 58.1 33.3 

Low 35.7 49.4 
Atopy 

Severity  
High 6.1 17.3 

<0.001 

Eosinophils × 109 /L 

Blood, mean (SD) 
0.31 (0.3) 0.46 (0.3) <0.001 

FeNO, mean (SD) 21.8 (24) 42.4 (42) <0.001 

 

Symptomatic males were more likely to have lower FEV1, FEF25-75% and FEV1/FVC 

ratio than males without current wheeze, with FVC not significantly different between 

wheezers and non-wheezers. In females, lung function indices were not statistically 

different between wheezers and non wheezers. Similar results were seen for asthmatics 

vs. non-asthmatics (Tables 4.34 & 4.35, respectively). 
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Table 4.34: Differences in baseline lung function for current wheeze at 14 years 

 

Males  Females  

Current Wheeze Current Wheeze Variable 

No Yes p-value No Yes p-value 

FVC (% 

predicted) 
105.8 106.5 0.848 114.1 123.6 0.932 

FEV1 (% 

predicted) 
101.9 105.5 0.016 110.1 120.5 0.842 

FEF25 -75% (% 

predicted) 
110.1 104.0 <0.001 117.5 125.0 0.994 

FEV1/FVC ratio 

(%) 
90.2 87.6 <0.001 92.7 92.0 0.301 

 

 

Table 4.35: Differences in baseline lung function for current asthma at 14 years 

 

Males  Females  

Current Asthma Current Asthma Variable 

No Yes p-value No Yes p-value 

FVC (% 

predicted) 
89.6 89.6 0.995 94.8 93.7 0.400 

FEV1 (% 

predicted) 
93.5 89.7 0.004 98.9 96.9 0.166 

FEF25 -75% (% 

predicted) 
96.6 85.2 <0.001 100.8 99.4 0.558 

FEV1/FVC ratio 

(%) 
90.2 86.7 <0.001 92.6 92.3 0.677 
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b) Risk factors for current wheeze at 14 years 

 

Univariate analysis for current wheeze and asthma at 14 years of age were conducted. 

 

Multivariate models between birth characteristics and current wheeze and asthma at 14 

years of age were analysed and adjustments were made for gender, birth order, 

socioeconomic status, day care attendance in the first year of life, parental history of 

asthma or atopy, pet exposure, breastfeeding and maternal smoke exposure during 

pregnancy. These findings are listed in tables 4.36 to 4.39. 

 

1) Perinatal measures including gestational age & ponderal index were associated with 

current wheeze in adolescence. Infants born before 37 weeks of age were 1.8 times 

more likely to have current wheeze as a teenager. A higher ponderal index was found to 

be protective for current wheeze [OR 0.93; 95% CI 0.88-0.99; p<0.018]. 

 

2) Family history was a significant risk factor for current wheeze in adolescence with 

stronger associations seen with maternal history of asthma and atopy compared to 

paternal history of disease.  

 

3) Maternal smoking during pregnancy was associated with increased risk of wheeze in 

adolescence [OR 1.79, 95% CI 1.14, 2.79; p<0.011]. 

 

4) Subjects who were positive to methacholine were more likely to have current wheeze 

than non-responders to challenge [OR 3.53; 95% CI 2.42, 5.15; p<0.001]. 
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5) Atopic subjects were at greater risk of having wheeze as teenagers, with a stronger 

association seen in the severe atopic group [OR 4.70; 95% CI 2.64, 8.38; p<0.001]. In 

addition higher peripheral blood eosinophils showed strong associations with current 

wheeze in adolescence [OR 4.35; 95% CI 2.42, 7.80; p<0.001]. 

 

Analyses stratified by gender showed differences in relationships (Tables 4.40 to 4.43), 

these included:- 

 

1) Ponderal index was significantly associated with current wheeze in teenage boys but 

not females [OR 0.91; 95% CI 0.84, 1.00; p<0.045]. 

 

2)  Paternal history of asthma/atopy was associated with current wheeze in teenage girls 

but not adolescent males [OR 1.75; 95% CI 1.00, 3.03; p<0.048]. 

 

3) Maternal smoke exposure during pregnancy was a risk factor for current wheeze in 

adolescence, with a similar trend for both males and females, though statistical 

significance was only reached in teenage boys [OR 1.94; 95% CI 1.05, 3.59; p<0.035 & 

OR 1.74; 95% CI 0.90, 3.36; p<0.097, respectively].  

 

 

 

 

 

 



Table 4.36: Relationship between risk factors and current wheeze at 14 year follow-up 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1188 578 1.06 0.75-1.50 0.745 

Gestational age (<37 weeks) 1187 109 1.80 1.07-3.03 0.028 

Maternal age at birth (>20 years) 1188 1123 0.80 0.41-1.59 0.528 

Birthlength 1174 - 0.96 0.90-1.02 0.181 

Ponderal index 1174 - 0.93 0.88-0.99 0.018 

Birthweight (<2500g) 1188 81 1.94 1.08-3.46 0.026 

Head circumference 1173 - 0.93 0.85-1.02 0.119 

SVD 735 ref ref ref 

c/section 248 0.89 0.57-1.38 0.598 Delivery 
Mode 

vacuum/forceps 

1188 

205 0.76 0.46-1.26 0.289 

Breastfeeding (+ 4mths) 1187 740 0.88 0.61-1.27 0.485 

     
 

 



Table 4.37: Relationship between risk factors and current wheeze at 14 year follow-up 
 

Variable N Factor OR 95% CI p-value 

Family history asthma/atopy 1188 904 3.80 2.15-6.73 <0.001 

Maternal history asthma/atopy 1181 729 3.04 2.00-4.63 <0.001 

Paternal history asthma/atopy 1042 511 1.56 1.07-2.27 0.022 

Daycare attendance (0-12mths) 1188 139 1.27 0.76-2.11 0.358 

SES (tertiary) 1188 277 0.92 0.59-1.42 0.691 

Sibship (+1 older sibling) 1188 540 0.88 0.62-1.25 0.484 

Maternal smoking pregnancy 1188 2.55 1.79 1.14-2.79 0.011 

Pet exposure at 14 years  1188 779 0.77 0.54-1.09 0.142 

Smoke exposure at 14 years 1188 160 1.00 0.59-1.69 0.987 
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Table 4.38: Relationship between risk factors and current wheeze at 14 year follow-up 
 

Variable N Factor OR 95% CI p-value 

BHR at 14yrs 1188 214 3.53 2.42-5.15 <0.001 

FeNO at 14yrs 497 - 1.03 1.02-1.05 <0.001 

Atopy at 14yrs 1144 529 2.59 1.78-3.78 <0.001 

Nil 615 ref ref ref 

Low 441 2.29 1.54-3.39 <0.001 
Atopy 
Severity 

High 

1144 

88 4.70 2.64-7.80 <0.001 

Eosinophils × 109/L blood 1029 - 4.35 2.42-7.80 <0.001 

BMI at 14yrs 1188 - 1.03 0.99-1.07 0.205 

Normal 890 ref ref ref 

Overweight 201 0.95 0.60-1.51 0.839 BMI 
categories 

Obese 

1188 

83 1.56 0.86-2.85 0.146 
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Table 4.39: Relationship between risk factors and current wheeze at 14 year follow-up 
 
 

Variable N OR 95% CI p-value 

FVC  (% predicted) 1186 1.00 0.98-1.01 0.516 

FEV1 (% predicted) 1186 0.98 0.97-0.99 0.029 

FEF25-75% (% predicted) 1183 0.99 0.98-1.00 0.011 

FEV1/FVC ratio (% predicted) 1188 0.97 0.95-0.99 0.016 
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Table 4.40: Influence of gender on the relationship between risk factors on current wheeze i at 14 year follow-up 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37weeks) 1.71 0.78-3.74 0.183 1.92 0.95-3.88 0.070 

Maternal age at birth (>20 years) 0.93 0.35-2.45 0.882 0.66 0.25-1.75 0.402 

Birthlength 0.97 0.87-1.07 0.523 0.95 0.87-1.03 0.208 

Ponderal Index 0.91 0.84-1.00 0.045 0.94 0.87-1.02 0.153 

Birthweight (<2500g) 1.95 0.80-4.80 0.144 2.04 0.95-4.39 0.070 

Head circumference 0.90 0.78-1.03 0.124 0.95 0.83-1.08 0.416 

SVD ref ref ref ref ref ref 

c/section 0.66 0.33-1.30 0.232 1.13 0.61-2.03 0.728 Delivery 
mode 

vacuum/forceps 0.67 0.34-1.31 0.236 0.88 0.42-1.85 0.732 

Breastfeeding (+ 4mths) 1.12 0.67-1.89 0.668 0.66 0.39-1.12 0.126 
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Table 4.41: Influence of gender on the relationship between risk factors on current wheeze at 14 year follow-up 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history asthma/atopy 3.54 1.64-7.63 0.001 4.30 1.81-10.20 0.001 

Maternal history asthma/atopy 3.24 1.76-5.99 <0.001 2.86 1.58-5.09 <0.001 

Paternal history asthma/atopy 1.38 0.82-2.35 0.228 1.75 1.00-3.03 0.048 

Daycare attendance (0-12mths) 1.37 0.67-2.81 0.385 1.19 0.58-2.46 0.636 

SES (Tertiary) 0.75 0.39-1.44 0.386 1.12 0.62-2.03 0.717 

Sibship (+1 older sibling) 0.73 0.44-1.20 0.214 1.02 0.62-1.66 0.952 

Maternal smoking pregnancy 1.94 1.05-3.59 0.035 1.74 0.90-3.36 0.097 

Pet exposure at 14 years  0.81 0.49-1.32 0.391 0.71 0.31-1.61 0.412 

Smoke exposure at 14 years 1.31 0.65-2.64 0.451 0.73 0.44-1.23 0.235 
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Table 4.42: Influence of gender on the relationship between risk factors on current wheeze at 14 year follow-up 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p- value 

BHR at 14yrs 6.32 3.63-11.01 <0.001 2.23 1.31-3.78 0.003 

FeNO at 14yrs 1.02 1.01 – 1.03 0.001 1.02 1.00 – 1.03 0.011 

Atopy at 14yrs 2.43 1.40-424 0.002 2.79 1.67-4.66 <0.001 

Nil ref ref ref ref ref ref 

Low 2.07 1.15-3.72 0.015 2.51 1.47-4.29 0.001 Atopy 
Severity 

High 4.24 1.99-9.05 <0.001 5.61 2.18-14.50 <0.001 

Eosinophils × 109/L blood 5.47 2.46-12.17 <0.001 3.81 1.58-9.17 0.003 

BMI  at 14yrs 1.00 0.94-1.06 0.928 1.05 0.99-1.11 0.085 

Normal ref ref ref ref ref ref 

Overweight 1.12 0.60-2.11 0.721 0.78 0.39-1.58 0.496 BMI 
Categories

Obese 1.48 0.63-3.46 0.371 1.66 0.70-3.93 0.250 

 218 



 219 

Table 4.43: Influence of gender on the relationship between risk factors on current wheeze at 14 year follow-up 
 

MALES  FEMALES  

Variable 

OR 95% CI p-value OR 95% CI p-value 

FVC  (% predicted) 0.99 0.97-1.01 0.497 1.00 0.98-1.02 0.877 

FEV1 (% predicted) 0.98 0.95-0.99 0.019 0.99 0.97-1.01 0.456 

FEF25-75% (% predicted) 0.98 0.97-0.99 0.001 1.00 0.99-1.01 0.744 

FEV1/FVC ratio (% 
predicted) 0.96 0.93-0.99 0.014 0.98 0.94-1.02 0.319 

 
 
 
 
 



 

c) Risk factors for current asthma at 14 years 

 

Risk factors for current asthma at 14 years of age are detailed in tables 4.44 to 4.47. 

 

1) Gestational age, ponderal index and birthweight were all significantly associated with 

current asthma in adolescence. Premature and low birthweight infants were 

approximately two times more likely to have current asthma as teenagers. A higher 

ponderal index was found to be protective against a diagnosis of asthma [OR 0.93; 95% 

CI 0.87, 0.99; p<0.020]. 

 

2) Maternal history of disease but not paternal history was significantly associated with 

current asthma in teenagers [OR 2.76; 95% CI 1.73, 4.41; p<0.001]. 

 

3) Having a cat or dog at 14 years of age was found to be protective against current 

asthma in teenagers [OR 0.67; 95% CI 0.45, 0.99; p<0.042]. 

 

The influence of gender was examined (Tables 4.48 to 4.51). Relationships that were 

found to be significant include:- 

 

1) A longer length at birth in females was found to be protective for current asthma at 

14 years [OR 0.90; 95% CI 0.82, 0.99; p<0.024]; while female infants with a low 

birthweight [OR 2.60; 95% CI 1.15, 5.89; p<0.021] were more likely to suffer for 

asthma as teenagers. 

 

2) Having a cat or dog inside the home was protective for current asthma in teenage 

girls [OR 0.55; 95% CI 0.31, 0.97; p<0.038].



Table 4.44: Relationship between risk factors and current asthma at 14 year follow-up 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1188 578 1.05 0.71-1.54 0.824 

Gestational age (<37 weeks) 1187 1.09 1.79 1.00-3.20 0.049 

Maternal age at birth (>20 years) 1188 1123 0.66 0.32-1.39 0.274 

Birthlength 1174 - 0.94 0.97-1.01 0.070 

Ponderal index 1174 - 0.93 0.87-0.99 0.020 

Birthweight (<2500g) 1188 81 1.98 1.04-3.77 0.037 

Head circumference 1173 - 0.91 0.82-1.01 0.063 

SVD 735 ref ref ref 

c/section 248 0.92 0.56-1.51 0.741 Delivery 
Mode 

vacuum/forceps 

1188 

205 0.71 0.40-1.25 0.231 

Breastfeeding (+ 4mths) 1187 740 0.92 0.61-1.39 0.687 

     
 

 



Table 4.45: Relationship between risk factors and current asthma at 14 year follow-up 
 

 

Variable N Factor OR 95% CI p-value 

Family history asthma/atopy 1188 904 3.16 1.70-5.85 <0.001 

Maternal history asthma/atopy 1181 729 2.76 1.73-4.41 <0.001 

Paternal history asthma/atopy 1042 511 1.41 0.93-2.13 0.110 

Daycare attendance (0-12mths) 1188 139 1.55 0.91-2.63 0.109 

SES (tertiary) 1188 277 1.00 0.62-1.61 0.994 

Sibship (+1 older sibling) 1188 540 0.83 0.56-1.23 0.359 

Maternal smoking pregnancy 1188 235 1.53 0.92-2.56 0.100 

Pet exposure at 14 years  1188 779 0.67 0.45-0.99 0.042 

Smoke exposure at 14 years 1188 160 1.24 0.69-2.20 0.473 
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Table 4.46: Relationship between risk factors and current asthma at 14 year follow-up 
 

Variable N Factor OR 95% CI p-value 

BHR at 14yrs 1188 2.14 4.58 3.06-6.88 <0.001 

FeNO at 14yrs 497 - 1.02 3.13-6.70 <0.001 

Atopy at 14yrs 1144 529 2.57 1.68-3.91 <0.001 

Nil 615 ref ref ref 

Low 441 2.41 1.55-3.73 <0.001 
Atopy 
Severity 

High 

1144 

88 3.44 1.81-6.57 <0.001 

Eosinophils × 109/L blood 1029 - 4.70 2.54-8.68 <0.001 

BMI at 14yrs 1188 - 1.02 0.97-1.07 0.438 

Normal 890 ref ref ref 

Overweight 215 0.98 0.59-1.64 0.944 BMI 
categories 

Obese 

1188 

83 1.19 0.58-2.44 0.631 
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Table 4.47: Relationship between risk factors and current asthma at 14 year follow-up 
 
 

Variable N OR 95% CI p-value 

FVC  (% predicted) 1187 0.99 0.98-1.10 0.370 

FEV1 (% predicted) 1187 0.98 0.96-0.99 0.007 

FEF25-75% (% predicted) 1186 0.98 0.98-0.99 0.001 

FEV1/FVC ratio (% predicted) 1187 0.96 0.94-0.99 

 

0.007 
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Table 4.48: Influence of gender on the relationship between risk factors and current asthma at 14 year follow-up 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37weeks) 1.68 0.71-4.00 0.238 1.89 0.86-4.15 0.114 

Maternal age at birth (>20 years) 0.59 0.22-1.58 0.292 0.76 0.24-2.36 0.628 

Birthlength 0.99 0.88-1.11 0.834 0.90 0.82-0.99 0.024 

Ponderal Index 0.92 0.84-1.10 0.076 0.93 0.85-1.01 0.101 

Birthweight (<2500g) 1.38 0.46-4.14 0.571 2.60 1.151-5.89 0.021 

Head circumference 0.93 0.80-1.09 0.363 0.88 0.77-1.10 0.066 

SVD ref ref ref ref ref ref 

c/section 0.64 0.30-1.38 0.257 1.69 0.41-1.35 0.335 Delivery 
mode 

vacuum/forceps 0.70 0.64-1.46 0.344 0.75 0.56-2.13 0.791 

Breastfeeding (+ 4mths) 1.10 0.61-1.96 0.758 0.77 0.41-1.35 0.335 
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Table 4.49: Influence of gender on the relationship between risk factors and current asthma at 14 year follow-up 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history asthma/atopy 2.80 1.23-6.35 0.014 3.66 1.42-9.44 0.007 

Maternal history asthma/atopy 3.03 1.53-6.00 0.002 2.46 1.28-4.72 0.007 

Paternal history asthma/atopy 1.35 0.75-2.43 0.313 1.42 0.77-2.60 0.260 

Daycare attendance (0-12mths) 1.38 0.64-3.01 0.411 1.78 0.84-3.75 0.130 

SES (tertiary) 0.92 0.46-1.82 0.801 1.09 0.56-2.13 0.791 

Sibship (+1 older sibling) 0.71 0.41-1.25 0.233 0.96 0.55-1.68 0.885 

Maternal smoking pregnancy 1.76 0.88-3.53 0.113 1.36 0.63-2.91 0.434 

Pet exposure at 14 years  0.81 0.47-1.40 0.454 0.55 0.31-0.97 0.038 

Smoke exposure at 14 years 1.45 0.67-3.15 0.349 1.03 0.42-2.50 

 

0.949 
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Table 4.50: Influence of gender on the relationship between risk factors and current asthma at 14 year follow-up 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p- value 

BHR at 14 years 8.90 4.90-16.15 <0.001 2.62 1.47-4.64 0.001 

FeNO at 14 years 1.02 1.02-1.03 0.004 1.02 1.01-1.04 0.003 

Atopy at 14 years 2.32 1.26-4.29 0.007 2.99 1.66-5.39 <0.001 

Nil ref ref ref ref ref ref 

Low 2.04 1.07-3.88 0.031 2.93 1.60-5.37 <0.001 Atopy 
Severity 

High 3.65 1.58-8.41 0.002 3.42 1.11-10.52 0.032 

Eosinophils × 109/L blood 4.95 2.20-11.14 <0.001 4.63 1.80-11.93 0.001 

BMI at 14 years 1.00 0.94-1.07 0.971 1.03 0.97-1.10 0.293 

Normal ref ref ref ref ref ref 

Overweight 1.13 0.56-2.27 0.726 0.87 0.40-1.87 0.712 BMI 
Categories

Obese 1.10 0.40-3.04 0.848 1.30 0.47-3.64 0.615 
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Table 4.51: Influence of gender on the relationship between risk factors and current asthma at 14 year follow-up 
 

MALES  FEMALES 

Variable 

OR 95% CI p-value OR 95% CI p-value 

FVC  (% predicted) 1.00 0.98-1.02 0.812 0.99 0.96-1.10 0.231 

FEV1 (% predicted) 0.97 0.95-1.00 0.026 0.98 0.96-1.00 0.075 

FEF25-75% (% predicted) 0.97 0.96-0.99 <0.001 0.99 0.98-1.01 0.371 

FEV1/FVC ratio (% 
predicted) 0.95 0.92-0.98 0.003 0.98 0.94-1.03 0.450 

 
 

 
 



d) Discussion 

 

Prevalence 

In the WAPC we found that over 10% of teenagers were defined as having current 

asthma, while 14.2% of subjects reported episodes of wheeze in the previous 12 

months. These rates are consistent with the findings from the 2001, NHS conducted by 

the Australian Bureau of Statistics which showed that the national average for asthma in 

Australia was 13.8% in children (0-17 years of age) (39). Similar results were also seen 

in the ISAAC study with approximately 15% of children in Australia diagnosed with 

asthma (30). 

 

Risk Factors 

In the current study, early life factors showed significant associations with both current 

wheeze and asthma, with similar associations to those seen at 6 years of age. In the 

WAPC, low birthweight infants (<2500g) compared to term babies were twice as likely 

to suffer from asthma or wheeze as teenagers. In addition, babies with a higher ponderal 

index were less likely to suffer for current wheeze or asthma in adolescence. 

 

A cohort examining very low birthweight infants (<1500g) found that there was an 

increase in the prevalence of chronic cough, wheeze and asthma at 15 years of age 

(241). Likewise, the BNCS found a decrease in prevalence of disease (asthma and 

wheeze) with increasing birthweight in young adults [OR 3.13; 95% CI 1.31, 7.46] 

(251). 

 

Rasanen et al (252) reported that heavier infants at birth (birthweight >3000g) were 

more likely to suffer from hayfever at 16 years of age [OR 1.35; 95% CI 0.91, 2.02; 

 



p<0.048]. In addition, they reported that those infants born after 40 weeks gestation 

were at greater risk of having hayfever as a teenager compared to those infants with a 

gestational age < 33 weeks [OR 2..24; 95% CI 1.03, 4.86].  

 

In contrast, the Dunedin cohort reported an inverse association between birthweight and 

asthma. Infants less than 3.0kg were more likely to report having asthma ever, recent 

asthma symptoms and use of asthma medication at 13 years of age. Furthermore, they 

found that infants that were longer at birth (≥ 56cm) were more likely to have a 

diagnosis of asthma ever [OR 3.9; 95% CI 1.1, 13.4; p<0.004]. They found no 

association between gestational age and asthma in adolescence, though there were only 

a small number of subjects that were born <37 weeks of gestation in the Dunedin cohort 

(163).  

 

The effect of parental history on the development of asthma and atopy susceptibility in 

offspring has been reported in numerous studies. There is strong evidence that maternal 

history of asthma has more of an influence in determining the asthma phenotype in 

offspring than paternal history (253). 

 

As with previous studies, a positive family history of asthma or atopy in the WAPC 

showed strong associations with wheeze and asthma in adolescence. We found that both 

maternal and paternal history of asthma or atopy were significant risk factors for current 

wheeze, yet analyses showed only maternal history of disease was significantly 

associated with current asthma.  

 

The Isle of Wight cohort demonstrated similar findings with stronger associations seen 

with maternal asthma than paternal or sibling asthma for current wheeze. Furthermore 
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they showed that paternal asthma was not significantly associated with the development 

of current asthma in their cohort of children (218). 

 

There are several explanations for the stronger effect of maternal history on offspring; 

including exposure to genetic and environmental factors during fetal development, 

postnatal environmental exposures (including exposure to breast milk), hormonal 

differences, and genetic imprinting (253). 

 

Its has been demonstrated that BHR is more common in boys than in girls, yet in 

adulthood this is reversed with BHR more common in women. In the WAPC, we found 

that BHR was a significant risk factor for both current wheeze and asthma, with 

stronger associations seen in teenage boys compared to girls.  The Belmont study 

reported that the risk of acquiring BHR as a teenager was uncommon and not a 

significant risk factor for wheeze (161). One possible reason for the lower prevalence of 

BHR during adolescence may be due to the fact that participants were recruited during 

late childhood (7yrs of age), and are more likely to represent those with persistent 

symptoms. Furthermore, differing definitions of wheeze and asthma were used between 

the Belmont cohort and our study. The results from the WAPC are consistent with data 

from the Dunedin cohort which showed that BHR was a significant risk factor for the 

development of wheeze for both sexes (195).  

 

The relationship between atopy and asthma is not straightforward. Epidemiological 

studies have demonstrated that atopy is an important risk factor asthma in childhood, 

though the relationship in adulthood is not as strong. Clifford et al (254) demonstrated a 

close association between atopy and BHR in children. Similar results were seen in the 

Isle of Wight cohort, with significant associations between atopy at 4 years of age and 
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wheeze, asthma and BHR at 10 years of age (198). Yet, data from the Belmont study 

showed that atopy was not associated with persistent wheeze in 8 to 12 year old 

subjects. Likewise, Nicolai et al found that atopy was not a risk factor for asthma in 

females during puberty (219). 

Atopic sensitisation and exposure to specific allergens have been associated with an 

increased risk of current asthma with a dose-response relationship between the number 

of positive skin prick tests and the prevalence of asthma symptoms (255). 

However, results from epidemiological studies on the relationship between atopy and 

asthma severity is mixed, with some studies showing weak associations whereas others 

fail to achieve statistical significance. Siroux et al failed to demonstrate a relationship 

between the degree of allergic sensitisation measured by the number of positive SPTs or 

the size of the wheal reactions and asthma severity (134). While Carroll et al 

demonstrated positive associations between wheal size and hospitalisation with asthma, 

steroid use, and airways obstruction (255). 

 

Multivariate analyses in the WAPC showed significant associations between atopy and 

current wheeze and asthma during adolescence for both sexes. This is consistent with 

reports from the Isle of Wight who found independent associations between atopy and 

asthma in a slightly younger age group.  

 

Participants in the WAPC demonstrated no association between BMI for either current 

wheeze or asthma at 14 years of age.  The positive association between BMI and obesity 

during childhood but not adolescence may be due to a number of factors. It is possible 

the asthma was diagnosed more frequently in obese children, and that obese subjects 

may experience/report more episodes of wheeze. Kissoon et al showed that increased 
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wheeze in obese children could be related to the mechanics of breathing, with obese 

children shown to have reduced lung function indices (FEV1 & FVC) compared to 

normal controls (256). Similar results were seen in the WAPC with obese children aged 

6 years demonstrating reduced FEV1 and FVC, with no difference seen in FEF25-75% or 

FEV1/FVC ratio. While at 14 years of age obese subjects demonstrated reduced FEV1, 

FVC and FEV1/FVC ratio compared to their peers. 

 

This is in contrast to results from the Tucson study which reported that overweight 

females at 11 years of age were more likely to have current wheeze, with stronger 

associations seen in girls beginning puberty before 11 years of age. However, these 

results should be interpreted with caution as pubertal status in the Tucson cohort was 

defined by a questionnaire which was completed by parents and may not reflect the true 

pubertal status of the study subject. 
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4.3.3 Risk factors for atopy at 14 years 

 

a) Prevalence 

 

Overall 842 (55.5%) subjects were non-atopic, 676 (44.5%) were atopic. Teenage boys 

were more likely to be atopic compared to females in the WAPC [51.5% vs. 37.1%; 

p<0.001, respectively]. Similar gender differences were also seen at 6 years of age with 

boys more likely to be atopic compared to girls [44.8% vs. 36.4%; p<0.003, 

respectively]. The most prevalent allergen at 14 years of age was HDM, followed by 

grass, mould mix and cat dander (Figure 4.5).  

 

Of the three grasses that were used to derive a single ‘grass’ variable; rye grass was the 

most prevalent followed by bermuda and grass mix #7 [23.3%, 21.9% & 21.3%, 

respectively]. Few participants in the 14 year follow-up were SPT positive to peanut 

[2.8%] and were excluded from the analyses.  

 

Figure 4.5: Prevalence of individual allergens at 14 year follow-up 
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23.3% of atopic subjects were mono-sensitised, the most common allergen being HDM 

(Figure 4.6). Of those participants that were positive to two or more allergens (21.2% 

poly-sensitised), the most prevalent combinations were HDM and grass (9.7%), 

followed by HDM and cat dander (1.7%). 

 

Figure 4.6: Mono-sensitisation vs. Poly-sensitisation 
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Examination of combined allergen severity scores showed that males were more likely 

to have higher atopy severity scores compared to female participants in the WAPC 

[10.1% vs. 4.4%; respectively] (Figure 4.7). 

 

 

 

 

 

 

 235



Figure 4.7: Combined allergen severity scores in males and females 
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b) Risk Factors for atopy at 14 years 

 

Unadjusted univariate models between birth characteristics and atopy at 14 years of age 

were analysed, further investigations were conducted to determine differences between 

males and females. 

 

Adjusted multivariate models between birth characteristics and atopy at 14 years of age 

were analysed and adjustments were made for gender, birth order, socioeconomic status, 

daycare attendance (0-12 months), family history of asthma/atopy, pet exposure, 

breastfeeding and maternal smoke exposure during pregnancy. These findings are listed 

in tables 4.52 to 4.54. 

 

The relationships that were found to be statistically significant were:- 

 

1) Females were less likely to be atopic compared to teenage boys at 14 years of age 

[OR 0.52; CI 0.41-0.66; p<0.001]. 

 

2) Infants born after 37 weeks were twice as likely to be atopic compared to those born 

before 37 weeks [OR 2.11; 95% CI 1.03-4.36; p<0.042]. 

 

3) Pet ownership (pets at both 6 and 14 years) was protective for atopy in teenagers [OR 

0.67; 95% CI 0.52-0.86; p<0.001]. This relationship was seen regardless of duration of 

pet exposure, that is, previous pet exposure (6 years only), new (14 years only) or 

continuous pet exposure (both 6 and 14 years). 
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4) Having a higher peripheral blood eosinophil count was a risk factor for atopy in 

adolescent subjects [OR 8.36; 95% CI 4.51, 15.49; p<0.001]. 

 

5) Obese teenagers were more likely to suffer from atopy compared to their peers [OR 

1.91; 95% CI 1.02, 3.59; p<0.045].  

 

The relationships that were found to be statistically significant when analyses stratified 

by gender (Table 4.55 to 4.57) were:- 

 

1) Gestational age (< 37 weeks) was protective for atopy in teenage boys but not 

females [OR 2.10; 95% CI 1.15, 3.84; p<0.016]. 

 

2) Pet ownership (having a cat or dog at 14 years of age) was protective in females only 

[OR 0.51; 95% CI 0.65, 0.74; p<0.001]. 

 

 

 

 

 

 

 

 

 

 

 



Table 4.52: Relationship between risk factors and atopy at 14 year follow-up 
 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1148 554 0.52 0.41-0.66 <0.001 

Gestational age (<37 weeks) 1147 101 0.57 0.37-0.89 0.009 

Maternal age at birth (>20 years) 1148 1084 1.20 0.70-2.04 0.513 

Birthlength 1134 - 1.01 0.96-1.06 0.713 

Ponderal index 1134 - 1.01 0.97-1.05 0.788 

Birthweight (<2500g) 1148 76 0.80 0.49-1.31 0.378 

Head circumference 1133 - 1.03 0.96-1.11 0.389 

SVD 708 ref ref ref 

c/section 242 0.76 0.56-1.03 0.073 Delivery 
Mode 

vacuum/forceps 

1148 

198 0.98 0.71-1.37 0.911 

Breastfeeding (+ 4mths) 1147 717 0.94 0.71-1.24 0.650 

 
 
 

 



Table 4.53: Relationship between risk factors and atopy at 14 year follow-up 
 

 

Variable N Factor OR 95% CI p-value 

Family history asthma/atopy 1148 867 1.80 1.36-2.40 <0.001 

Maternal history asthma/atopy 1141 696 1.37 1.07-1.75 0.012 

Paternal history asthma/atopy 1008 490 1.67 1.29-2.16 <0.001 

Daycare attendance (0-12mths) 1148 134 0.93 0.64-1.35 0.693 

SES (tertiary) 1148 268 0.98 0.73-1.31 0.870 

Sibship (+1 older sibling) 1148 522 0.84 0.66-1.07 0.158 

Maternal smoking pregnancy 1148 230 1.30 0.93-1.81 0.127 

Pet exposure ( pets at both 6 & 
14yrs) 1148 753 0.67 0.52-0.86 0.001 

Smoke exposure at 14 years 1148 156 0.72 0.49-1.06 0.100 
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Table 4.54: Relationship between risk factors and atopy at 14 year follow-up 
 
 

Variable N Factor OR 95% CI p-value 

Eosinophils × 109/L blood 1010 - 8.36 4.51-15.49 <0.001 

FeNO at 14yrs 482 - 1.04 1.03-1.05 <0.001 

Normal 989 ref ref ref 

Overweight 113 1.19 0.80-1.79 0.395 BMI at 6yrs 

Obese 

1147 

45 1.91 1.02-3.59 0.045 

Normal 861 ref ref ref 

Overweight 206 1.21 0.83 – 1.98 

 
 
 
 

0.234 BMI at 
14yrs 

Obese 

1147 

80 1.17 0.73 – 1.88 0.520 
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Table 4.55: Influence of gender on risk factors for atopy at 14 year follow-up 
 
 

MALES FEMALES 
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37 weeks) 0.50 0.27-0.92 0.025 0.65 0.35-1.23 0.185 

Maternal age at birth (>20 years) 1.18 0.57 – 2.46 0.651 1.26 0.57 – 2.80 0.567 

Birthlength 1.02 0.95 – 1.09 0.633 1.00 0.93 – 1.07 0.977 

Ponderal Index 1.00 0.94 – 1.05 0.893 1.01 0.95 – 1.07 0.726 

Birthweight (<2500g) 0.78 0.38 – 1.58 0.478 0.82 0.42 – 1.61 0.559 

Head circumference 1.08 0.98 – 1.19 0.143 0.98 0.88 - 1.08 0.649 

SVD ref ref ref ref ref ref 

c/section 0.77 0.51 – 1.18 0.232 0.75 0.48 – 1.18 0.215 Delivery 
mode 

vacuum/forceps 1.20 0.77 – 1.85 0.424 0.76 0.45 – 1.29 0.311 

Breastfeeding (+ 4mths) 1.13 0.78 – 1.65 0.526 0.77 0.52 – 1.16 0.214 
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Table 4.56: Influence of gender on risk factors for atopy at 14 year follow-up 
 
 

MALES FEMALES 
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history asthma/atopy 1.73 1.19-2.53 0.004 2.03 1.30-3.18 0.002 

Maternal history asthma/atopy 1.48 1.05-208 0.024 1.30 0.90-1.87 0.156 

Paternal history asthma/atopy 1.56 1.09-2.21 0.014 1.89 1.29-2.78 0.001 

Daycare attendance (0-12mths) 0.87 0.52 – 1.46 0.603 0.95 0.55 – 1.67 0.867 

SES (tertiary) 0.85  0.57 – 1.27 0.427 1.13 0.73 – 1.74 0.590 

Sibship (+1 older sibling) 0.85 0.61 – 1.18 0.335 0.81 0.57 – 1.16 0.258 

Maternal smoking pregnancy 1.15 0.72 – 1.84 0.556 1.55 0.96 – 2.52 0.076 

Pet exposure ( pets at both 6 & 
14yrs) 0.81 0.57 – 1.113 0.207  0.51 0.35 – 0.74 <0.001 

Smoke exposure at 14 years 0.62 0.37 – 1.04 0.068 0.88 0.50 - 1.55 0.653 
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Table 4.57: Influence of gender on risk factors for atopy at 14 year follow-up 
 

 

 
 

MALES FEMALES 

ref 

ref 

Variable 
OR 95% CI p-value OR 95% CI p-value 

Eosinophils × 109/L blood 10.57 4.11 – 27.18 <0.001 7.61 3.26 – 17.76 <0.001 

FeNO at 14yrs 1.03 1.05-1.05 <0.001 1.06 1.04-1.08 <0.001 

Normal ref ref ref ref ref 

Overweight 1.25 0.81 – 1.93 0.311 1.21 0.76 – 1.93 0.425 BMI at 
6yrs 

Obese 1.01 0.54 – 1.92 0.970 1.38 0.68 – 2.83 0.373 

Normal ref ref ref ref ref 

Overweight 1.28 0.83 – 1.98 0.268 1.19 0.74 – 1.89 0.479 BMI at 
14yrs 

Obese 1.03 0.54 – 1.95 0.934 1.42 0.69 – 2.89 0.338 



c) Discussion 

 

Prevalence 

Time trend analyses from the ISAAC study showed that the prevalence of asthma and 

allergies in Australia and New Zealand had reached a plateau in teenagers; though 

levels remained high in younger children. The rates of atopy reported in the WAPC are 

higher than those from the Isle of Wight cohort with approximately 27% of subjects 

being atopic (181).  

 

The prevalence of atopy was fairly stable from 6 to 14 years of age (40% vs. 44% 

respectively). Xuan et al found that 28% of their cohort had persistent atopy from 

childhood to adolescence. Similar results were seen in this study with 32.2% of 

participants atopic at both 6 and 14 years of age. Similar to other longitudinal studies 

house dust mite was the most prevalent allergen at both 6 and 14 years of age.  

 

Risk Factors 

Atopy was more prevalent amongst teenage boys; this is consistent with reports from 

the Melbourne cohort with males two times more likely to be atopic compared to 

females in adolescence. Sex hormones have been implicated in the shift in prevalence 

between the sexes with regards to asthma and atopy. Testosterone has been shown to 

have anti-inflammatory effects, while oestrogen can enhance eosinophil release (23).  

 

Studies have shown that prenatal factors can impact on the development of asthma and 

atopy including low birthweight, exposure to tobacco smoke and lack of breastfeeding. 

Children delivered via caesarean section as well as infants with a larger head 

circumference have been shown to have an increased risk of developing atopy. The 

 



Dunedin cohort reported association between asthma symptoms and a birthlength of 56 

cm or more (163, 257). 

 

While no associations were seen with birthweight, birthlength or ponderal index in our 

cohort, multivariate analysis showed that infants born past 37 weeks of gestation were 

at an increased risk of atopy in adolescence. 

 

It is now accepted that changes in the balance of Th-1/Th-2 type cytokines occur during 

pregnancy in the feto-placental unit. These changes contribute to the implantation of the 

embryo, development of the placenta and survival of the fetus to term. Pregnancy 

success is associated with active Th-1 suppression in utero, while Th-2 cytokines are 

associated with atopy. Longer exposure to Th-2 cytokines during pregnancy may alter 

the immune system of the fetus and lead to an atopic phenotype in childhood (258). 

 

The hygiene hypothesis has been cited as one of the possible reasons for the rise in 

asthma and atopy in recent years. However we found no associations between having 

older siblings or day care attendance and an increased risk of atopy in our cohort. 

Though this may be due to limitations from questionnaire responses, with attendance at 

daycare defined as a binary response, and does not take into account how often the child 

attended daycare or number of infections during childhood.  

 

In the WAPC, a parental history of disease (asthma/atopy) was associated with atopy in 

teenagers. In contrast Xuan et al in the Belmont cohort found no association between 

parental history of disease and increased risk of atopy in offspring. In the German MAS 

cohort increased exposure to HDM during infancy was associated with a higher risk of 

atopy in those participants with a positive parental history, but was protective in those 
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children without a parental a history of atopic disease; suggesting that parental history 

was an important independent variable in the relationship between early HDM exposure 

and atopy in childhood (259). 

 

Leadbitter et al (163) found no associations between early life factors such as 

birthweight, birthlength, head circumference and atopy as determined by a positive SPT 

in the Dunedin cohort. Similar trends were also seen for serum IgE measurements. They 

did report that infants with a large head circumference at birth (≥ 37cm) were more 

likely to have higher serum total IgE levels at 11 years of age. 

 

Pet exposure and the development of asthma and allergies remains highly controversial, 

with no consensus in the literature. Previous studies have shown that exposure to pets 

(cats and dogs) increases allergic sensitization, while other studies have suggested that 

exposure leads to a reduction in allergic sensitization. In our cohort we have 

demonstrated that pet ownership (having a cat or dog inside) at 14 years of age was 

protective against atopy as defined by a positive SPT. 
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4.3.4 Risk factors for BHR at 14 years  

 

a) Prevalence 

 

Measurements of methacholine responsiveness were available for 1479 subjects. 18% of 

the population had a positive response to methacholine (Table 4.58), 66.0% of whom 

were atopic. 

Table 4.58: Prevalence of BHR in the WAPC at 14yrs 

 

BHR (0-8mg/ml), n (%) 265 (17.9) 

Normal (PC20 >16mg/ml) 1079 (73.0) 

Borderline ( PC20 4.0 – 16.0 mg/ml) 181 (12.2) 

Mild/Moderate (PC20 1.0 – 4.0mg/ml) 219 (13.8) 

BHR (ATS) 

Severity 

Scores, n (%) 

Severe (PC20 >1.0mg/ml) 0 (0) 

Log DRS, mean (SD) 1.25 (0.44) 

 

 

Those that had a positive response to MCh challenge had significantly lower baseline 

lung function, expressed as percent predicted, than non-responders (Table 4.59); with 

responding females having significantly lower FVC, FEV1, FEV1/FVC ratio and   

FEF25-75 whereas responding males had significantly lower FEV1, FEV1/FVC and 

FEF25-75.  
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Table 4.59: Differences in Baseline Lung Function according to BHR status  

 
 

Males  Females   

BHR - BHR + p-value BHR - BHR + p-value 

FVC (% predicted) 91.4 88.6 0.408 95.4 92.4 0.029 

FEV1 (% 

predicted) 
95.6 88.6 <0.001 100.3 94.2 <0.001 

FEF25 -75% (% 

predicted) 
100.6 84.5 <0.001 105.7 90.8 <0.001 

FEV1/FVC ratio 

(%) 
90.7 88.0 <0.001 93.4 91.9 0.002 

 
 
 

More females responded to challenge compared to males (21% vs. 15%, p<0.001). 

However more males were atopic and had higher eosinophil levels compared to female 

participants (Table 4.60).  
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Table 4.60: Prevalence of asthma, atopy and BHR stratified by gender 

 

Variables Males Females p-value 

Current asthma, % (n) 10.4 (76) 10.0 (69) 0.798 

BHR, % (n) 15.1 (115) 21.0 (150) 0.003 

Log DRS, mean (SD) 1.20 (0.4) 1.31 (0.5) <0.001 

Atopy, % (n) 51.7 (383) 37.1 (254) <0.001 

Eosinophils ×109/L blood, mean 

(SD) 
0.34 (0.3) 0.31 (0.3) <0.001 

 

 

Atopic subjects were more likely to be current asthmatics, BHR positive and have 

higher peripheral blood eosinophil counts compared to non-atopic subjects (Table 4.61). 

 

Table 4.61: Prevalence of Asthma & BHR stratified by atopic status 

 

Variables 
Atopics 

(n=637) 

Non-atopics 

(n=788) 
p-value 

Current asthma, % (n) 14.6 (90) 6.0 (45) <0.001 

BHR, % (n) 25.4 (162) 11.7 (92) <0.001 

Eosinophil Count (×109/L), mean 

(SD) 
0.40 (0.3) 0.26 (0.2) <0.001 

Log DRS, Mean (SD) 1.35 (0.5) 1.17 (0.4) <0.001 
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b) Risk factors for BHR at 14 years of age 

 

Multivariate and ordinal regression analyses between host, environmental factors and 

BHR at 14 years of age were made. These findings are given in tables 4.62 to 4.65. The 

relationships that were found to be statistically significant were.  

 

1) Females were more likely to respond to methacholine challenge than teenage boys 

[OR 2.40; 95% CI 1.71, 3.37; p <0.001]. 

2) Higher FEF25-75% was protective for BHR to methacholine [OR 0.97; 95% CI 0.96, 

0.97; p<0.001]. 

3) Current atopic asthmatics were more likely to respond to challenge compared to their 

peers [OR 7.11; 95% CI 4.09, 12.38; p<0.001]. 

4) Participants with a higher eosinophil count were more likely to be BHR positive than 

those with lower peripheral blood eosinophil levels [OR 2.94; 95% CI 1.69, 5.11; 

p<0.001].  

 

Relationships which were significantly different between the sexes included:- 

1) Higher peripheral blood eosinophil levels were significantly associated with BHR in 

non-atopic female participants [OR 3.53; 95% CI 1.32, 9.43; p<0.012]. 

2) Current asthma was a risk factor for BHR in non-atopic males [OR 3.52; 95% CI 

1.04, 10.89; p<0.0037]



Table 4.62: Relationship between risk factors and BHR at 14 year follow-up 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1196 578 1.73 1.27 – 2.34 <0.001 

Gestational age (<37 weeks) 1195 110 1.09 0.65 – 1.80 0.754 

Maternal age at birth (>20 years) 1196 1130 0.74 0.40 – 1.35 0.322 

Birthlength 1182 - 0.95 0.90 – 1.01 0.108 

Ponderal index 1182 - 0.97 0.92 – 1.01 0.160 

Birthweight (<2500g) 1196 81 1.17 0.66 – 2.05  0.593 

Head circumference 1181 - 0.95 0.88 – 1.03 0.219 

SVD 741 ref ref ref 

c/section 248 1.27 0.88 – 1.83 

 
 
 
 

0.195 Delivery 
Mode 

vacuum/forceps 

1196 

2.07 0.92 0.60 – 1.42  0.716 

Breastfeeding (+ 4mths) 1196 743 1.05 0.76 – 1.44 0.783 

 



Table 4.63: Relationship between risk factors and BHR at 14 year follow-up 
 

 

Variable N Factor OR 95% CI p-value 

Family history asthma/atopy 1196 908 1.18  0.82 – 1.68  0.378 

Maternal history asthma/atopy 1189 733 0.88 0.58 – 1.35  0.568 

Paternal history asthma/atopy 1049 515 1.06 0.73 – 1.54 0.776 

Daycare attendance (0-12mths) 1196 140 1.05 0.66 – 1.68  0.825 

SES (tertiary) 1196 278 0.78 0.52 – 1.15  0.202 

Sibship (+1 older sibling) 1196 543 0.88 0.65 – 1.19  0.411 

Maternal smoking pregnancy 1196 238 1.16 0.80 – 1.69 0.431 

Pet exposure at 14 years 1194 783 0.71 0.52 – 0.97 0.031 

Smoke exposure at 14 years 1191 160 1.00 0.63 – 1.59 

 

0.997 
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Table 4.64:  Risk factors for BHR stratified by Atopic status at 14 year follow-up 

ATOPIC  
OR [p value] 

NON-ATOPIC  
OR [p value] Variable 

Male Female Male Female 

BMI at 14yrs 1.03 [0.360] 1.03 [0.302] 0.94 [0.286] 1.01 [0.758] 

FVC (% predicted) 1.00 [0.997] 0.98 [0.983] 0.96 [0.055] 0.98 [0.170] 

FEV1 (% predicted) 0.96 [0.001] 0.95 [<0.001] 0.93 [0.001] 0.97 [0.003] 

FEF25-75% (% predicted) 0.96 [<0.001] 0.96 [<0.001] 0.96 [0.001] 0.97 [<0.001] 

FEV1/FVC ratio (%predicted) 0.91 [<0.001] 0.91 [<0.001] 0.93 [0.007] 0.95 [0.003] 

Eosinophils × 109/L blood 2.56 [0.019] 6.58 [0.001] 3.27 [0.090] 3.53 [0.012] 

Current Wheeze at 14yrs 3.30 [<0.001] 2.24 [0.013] 4.66 [0.003] 1.20 [0.677] 

Current Asthma at 14yrs 5.31 [<0.001] 2.62 [0.006] 3.52 [0.037] 1.41 [0.509] 

Mild 3.61 [0.004] 1.96 [0.267] 7.48 [0.025] 1.34 [0.715] 

Moderate 8.45 [<0.001] 2.00 [0.159] 1.36 [0.774] 0.89 [0.918] 
Asthma  

Severity 
Severe 6.58 [0.002] 6.41 [0.009] 7.48 [0.107] 2.14 [0.368] 
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Variable OR 95 % CI p-value 
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Table 4.65: Ordinal regression: Cumulative ORs for BHR at 14 year follow-up 

 

Eosinophils × 109/L blood 5.06 3.74 -5 .56 <0.001 

Current Asthma at 14 years 3.76 2.70 - 5.24 <0.001 

Mild 3.09 1.83 - 5.20 <0.001 

Moderate 3.45 2.08 - 5.71 <0.001 Asthma Severity 

Severe 5.94 3.12 - 11.31 <0.001 

Atopy at 14yrs 2.42 1.91 - 3.07 <0.001 

Low 2.45 1.92 - 3.14 <0.001 
Atopy Severity 

High 2.24 1.44 - 3.47 <0.001 

Atopy only 2.00 1.54 - 2.60 <0.001 

Asthma only 1.98 1.03 - 3.77 0.039 Current Atopic 
Asthma 

Atopic asthma 8.00 5.19 - 12.33 <0.001 



c) Discussion 

 

Prevalence 

In a British cohort the prevalence of BHR had doubled between 1973 and 1988 [2.0% 

vs. 4.1%, respectively]. A similar increase was reported in the Belmont cohort with 

approximately 10% of children with BHR in 1982, this figure almost doubled by 1992, 

with 19% of Australian children being hyperresponsive (260). Rates of BHR in our 

cohort were similar to those reported by Peat et al with approximately 18% of teenagers 

responding to challenge. 

 

Ernst et al reported higher rates of BHR in a cohort of teenagers from Montreal. They 

reported similar rates of bronchial responsiveness among pre and post-pubertal male 

subjects [25.0% vs. 29.2%]. However, a higher prevalence of BHR was reported in 

post-pubertal females compared to pre-pubertal females [33.1% vs. 14.2%] (261). 

 

Risk Factors 

The Isle of Wight cohort reported associations between atopy, low birthweight and SES 

for BHR at 10 years of age (218). Male gender, family history, parental smoking, pet 

exposure and chest infections during childhood were not significant predictors of BHR. 

In the WAPC, we found no association between early life factors such as gestational 

age, birthweight, birthlength with BHR. Similarly parental history, environmental 

tobacco smoke and pet exposure showed no significant association with BHR in 

teenagers.  

 

Multivariate analysis showed that participants in the WAPC who were BHR positive 

had a higher peripheral blood eosinophil count compared to BHR negative subjects. 

 



Similar results were seen by Ulrick et al (75) who showed significant associations 

between peripheral blood eosinophils and airway responsiveness to histamine, with 

significantly higher levels of blood eosinophils in BHR positive subjects [0.27 vs. 0.16, 

p<0.001]. 

 

Recent work by Heaton et al (83) suggests a link between bronchial responsiveness and 

immunological responsiveness, with BHR in atopic children associated with peripheral 

blood eosinophilia, interleukin (IL)-5 production and IgE antibodies. Multivariate 

analyses found BHR was significantly associated with peripheral blood eosinophil 

counts in atopic subjects. In addition, clinical disease, either current wheeze or current 

asthma, were significant risk factors for BHR in atopic adolescents and a dose-response 

relationship existed in that more severe asthma was a greater risk and was associated 

with more severe BHR. 

 

In contrast to Heaton et al we found that peripheral blood eosinophil count was a risk 

factor for BHR in non-atopic adolescents. However, we are unable to directly address 

whether Th-2 mediated inflammation is involved in BHR in our non-atopic subjects due 

to lack of immunological data at present.   

 

When analysis was stratified to examine atopics and non-atopics separately they found 

no association with maternal and paternal asthma and BHR, though a higher SES and 

being atopic were independently associated with BHR (218). 

 

Significantly higher levels of blood eosinophils were seen in the atopic group compared 

to non-atopic subjects. However, in both atopic and non-atopic subjects we found a 

significant association between peripheral blood eosinophil counts and BHR with 
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similar odds ratios in both groups. Analyses showed strong relationships between BHR 

and lower lung function indices, current asthma or asthma symptoms and increased 

peripheral blood eosinophil counts.  

 

The risk factors for BHR in non-atopic adolescents vary with gender with current 

asthma and wheeze being important in boys whereas peripheral blood eosinophil count 

was a significant risk factor for BHR in non-atopic girls. These findings raise the 

possibility that female sex hormones are involved in producing this phenomenon.  

   

Some epidemiological studies have found a worsening of asthma in the premenstrual 

phase and a decrease in asthma incidence in postmenopausal women, while other 

studies have found no association between BHR and menstrual cycle in asthmatic 

women (262). Mechanistically, oestrogen acts via 2 receptors ERS1 and ERS2 and 

variations in the ESR1 receptor have been associated with the development of BHR in 

females (263). Animal models have shown that hormones are able to modulate immune 

responses via a number of mechanisms (264). Examination of tissue harvested from 

nasal polyps in adults demonstrates that mast cells, but not macrophages, eosinophils or 

neutrophils express oestrogen receptors (265). IL-5 released by mast cells has the 

potential to activate eosinophils present in the airway wall, contributing to BHR.  Thus 

several mechanisms exist, involving eosinophils and other inflammatory cells, which 

could contribute to BHR in girls, independent of atopy as defined by positive skin prick 

tests. 
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4.3.5 Persistence of wheeze/asthma (6 – 14 years) 

 

a) Prevalence  

 

Persistence of wheeze and asthma from childhood to adolescence in the WAPC were 

defined as the following:- 

 

Never = wheeze/asthma not present at either respiratory follow-up (6 or 14 years) 

Past = wheeze/asthma present only at the 6 year follow-up 

New = wheeze/asthma only present at the 14 year follow-up 

Persistent = having wheeze/asthma present at both 6 and 14 year assessments 

 

Analyses conducted on risk factors for new-onset and persistent asthma have used never 

wheeze as the comparative.   

 

Table 4.66: Persistence of wheeze & asthma in the WAPC 

 

Wheeze, n (%) Asthma, n (%) 

No wheeze ever 765 (53.5) No asthma ever 1117 (78.2) 

Past wheeze 319 (22.3) Past asthma 160 (11.2) 

New wheeze 117 (8.2) New asthma 57 (4.0) 

Persistent wheeze 230 (16.1) Persistent asthma 94 (6.6) 

 

There was no significant difference between males and females with regards to 

prevalence of past, new or persistent wheeze or asthma (p<0.435 & p<0.36; 

respectively). 
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Lung function indices (FEV1, FEF25-75% & FEV1/FVC ratio) were all significantly lower 

in those with persistent asthma compared to those who did not have a diagnosis of 

asthma at any follow-up visit (Table 4.67). Similar results were seen for lung function 

indices and wheeze in the WAPC (refer to appendix). 

 

Table 4.67: Lung function indices across asthma groups 

Variable FVC FEV1 FEF25-75% FEV1/FVC 

No asthma ever 92.1 96.4 99.3 91.7 

Past asthma 92.9 95.3 94.7 89.8 

New asthma 90.2 93.3 94.7 90.7 

Persistent 

Asthma 
92.4 93.1 90.4 88.6 

p-value* 0.826 0.013 <0.001 <0.001 

* p-value: No asthma vs. persistent asthma 
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b) Risk factors for new-onset wheeze  

 

These findings for new onset wheeze are given in tables 4.68 to 4.71. 

 

1) A maternal history of asthma or atopy was associated with new asthma in teenage 

subjects [OR 3.11; 95% CI 0.99, 9.73; p<0.051]. 

 

2) Bronchial hyperresponsiveness at 14 years of age was associated with new-onset 

wheeze in adolescence [OR 3.39; 95% CI 1.25, 9.24; p<0.017].  

 

The relationships that were found to be statistically significant when analyses stratified 

by gender were (tables 4.72 to 4.75):- 

 

1) Females infants born <37 weeks gestation were three times more likely to be 

diagnosed with asthma in adolescence compared to term infants [OR 3.26; 95% CI 1.38, 

8.20; p<0.012]. 

 

2) Females that were breastfed for a duration of 4 months or longer were less likely to 

have new asthma at 14 years of age [OR 0.50; 95% CI 0.25, 1.00; p<0.049]. 

 

3) In teenage boys, having older siblings was protective for the development of new 

asthma in adolescence [OR 0.33; 95% CI 0.16, 0.66; p<0.002]. 

 

 

 



Table 4.68: Relationship between risk factors and new-onset wheeze in teenagers 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 730 369 1.69 0.65 – 4.43 0.285 

Gestational age (< 37 weeks) 729 55 1.51 0.33 – 7.00 0.598 

Maternal age at birth (>20 years) 730 699 0.36 0.087 – 1.49 0.158 

Birthweight (<2500g) 730 48 1.41 0.30 – 6.55 0.660 

Birthlength 720 - 1.09 0.88 – 1.34 0.430 

Head circumference 719 - 1.17 0.85 – 1.59 0.339 

Ponderal index 720 - 0.97 0.83 – 1.14 0.734 

SVD 460 ref ref ref 

c/section 144 0.95 0.30 – 3.05 0.937 Delivery 
Mode 

vacuum/forceps 

730 

126 0.51 0.11 – 2.39 0.395 

Breastfeeding (+4 mths ) 730 464 0.61 0.24 – 1.59 0.315 

 



Table 4.69: Relationship between risk factors and new-onset wheeze in teenagers 
 
 

Variable N Factor OR 95% CI p-value 

Family history asthma/atopy 730 522 1.65 0.53 – 5.16 0.388 

Maternal history asthma/atopy 727 412 3.11 0.99 – 9.73 0.051 

Paternal history asthma/atopy 649 299 3.07 0.63 – 14.85 0.163 

Daycare attendance (0-12mths) 730 78 2.23 0.70 – 7.11 0.174 

SES (tertiary) 730 180 0.40 0.80 – 1.70 0.200 

Sibship (+1 older sibling) 730 347 0.56 0.21 – 1.52 0.255 

Maternal smoking pregnancy 730 122 1.13 0.34 – 3.83 0.842 

Smoke exposure at 14 years 730 84 0.71 0.15 – 3.43 0.674 
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Table 4.70: Relationship between risk factors and new-onset wheeze in teenagers 
 
 

Variable N Factor OR 95% CI p-value 

Cats inside at  6yrs 727 461 1.66 0.57 – 4.78 0.352 

Dogs inside at 6yrs 727 393 1.56 0.59 – 4.11 0.365 

Cats inside at 14yrs 730 257 0.57 0.20 – 1.62 0.288 

Dogs inside at 14yrs 730 352 1.63 0.64 – 4.20 0.308 

Cat or dog inside at 6yrs 727 500 2.58 0.72 – 9.19  0.145 

Cat or dog inside at 14yrs 730 483 0.79 0.30 – 2.07 0.627 

Pets at both 6 and 14yrs 730 325 1.01 0.29 – 3.53 

 

0.987 
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Table 4.71: Relationship between risk factors and new-onset wheeze in teenagers 
 
 
 

Variable N Factor OR 95% CI p-value 

BHR at  6yrs 206 100 3.35 0.48 – 23.30 0.221 

BHR at 14yrs 730 102 3.39 1.25 – 9.24 0.017 

Serum ECP at  6yrs 400 - 0.70 0.52 – 9.28 0.783 

Eosinophils × 109/L blood 652 - 2.12 0.45 – 9.91 0.341 

Atopy at 6yrs 605 214 1.30 0.79 – 2.16 0.307 

Atopy at 14yrs 708 305 0.99 0.62 – 1.59 0.307 

BMI at 6yrs 730 - 0.89 0.65 – 1.23 0.495 

BMI at 14yrs 730 - 0.99 0.88 – 1.12 

 

0.923 
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Table 4.72: Influence of gender on risk factors for new-onset wheeze in teenagers 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37 weeks) 1.62 0.50 – 5.25 0.423 3.26 1.30 – 8.20 0.012 

Maternal age at birth (>20 years) 0.42 0.16 – 1.57 0.196 0.56  0.16 – 2.01 0.375 

Birthlength 1.12 0.96 – 1.31 0.144 0.94 0.83 – 1.06 0.306 

Ponderal Index 0.98 0.88 – 1.09 0.700 0.97 0.86 – 1.08 0.552 

Birthweight (<2500g) 0.48 0.06 – 3.84 0.491 2.61 1.01 – 6.74 0.047 

Head circumference 1.04 0.85 – 1.26 0.717 0.96 0.79 – 1.15 0.622 

SVD ref ref ref ref ref ref 

c/section 1.04 0.42 – 2.52 0.940 1.22 0.55 – 2.71 

 

0.623 Delivery 
mode 

vacuum/forceps 1.56 0.72 – 3.40 0.262 1.02 0.40 – 2.58 0.969 

Breastfeeding (+ 4mths) 1.47 0.71 – 3.02 0.300 0.50  0.25 – 1.00 0.049 
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 Table 4.73: Influence of gender on risk factors for new-onset wheeze in teenagers 
 

 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history of asthma/atopy 1.17 0.57 – 2.43 0.668 1.11 0.53 – 2.31 0.785 

Maternal history of asthma/atopy 1.10 0.56 – 2.14 0.786 1.57 0.79 – 3.12 0.197 

Paternal history of asthma/atopy 1.09 0.53 – 2.24 0.810 1.09 0.53 – 2.24 0.815 

Daycare attendance (0-12mths) 0.70 0.23 – 2.15 0.535 0.95 0.34 – 2.65 0.916 

SES (tertiary) 0.54  0.23 – 1.27 0.157 1.68 0.76 – 3.73 0.202 

Sibship (+1 older sibling) 0.33 0.16 – 0.68 0.002 0.62 0.32 – 1.22 0.163 

Maternal smoking  pregnancy  0.99 0.39 – 2.53 0.985 1.48 0.61 – 3.62 0.385 

Smoke exposure at 6yrs 1.32 0.49 – 3.60 0.587 0.75  0.25 – 2.25 0.605 

Smoke exposure at 13yrs 1.61 0.67 – 3.90 0.288 1.73 0.74 – 4.06 0.209 
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Table 4.74 Influence of gender on risk factors for new-onset wheeze in teenagers 
 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Cats inside at 6yrs  1.26 0.64 – 2.47 0.504 1.86 0.87 – 4.00 0.112 

Dogs inside at 6yrs 0.92 0.48 – 1.77 0.797 1.75 0.88- 3.46 0.110 

Cats inside at 14yrs 0.63 0.29 – 1.40 0.256 0.79 0.41 – 1.54 0.493 

Dogs inside at 14yrs 0.90 0.47 – 1.74 0.755 1.68 0.87 – 3.25 0.123 

Cat or dog inside at 6yrs 1.30 0.65 – 1.61 0.459 2.34 0.98 – 5.58 0.054 

Cat or dog inside at 14yrs 0.73 0.38 – 1.40 0.344 0.98 0.48 – 2.01 0.965 

Pets at both 6 and 14yrs 0.88 0.44 – 1.74 0.707 1.21 0.63 – 2.33 

 

0.574 
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Table 4.75 Influence of gender on risk factors for new-onset wheeze in teenagers 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

BHR at 6yrs 1.41 0.45 – 4.38 0.557 1.85 0.46 – 7.47 0.388 

BHR at 14yrs 1.89 0.70 – 5.12 0.213 0.80 0.33 – 1.92 0.610 

Serum ECP levels at 6yrs 1.55 0.40 – 6.03 0.528 1.99 0.45 – 8.78 0.366 

Eosinophils × 109/L blood 1.88 0.64 – 5.47 0.249 0.73 0.15 – 3.45 0.688 

Atopy at 6yrs 1.06 0.53 – 2.16 0.863 1.62 0.77 – 3.39 0.201 

Atopy at 14yrs 0.94 0.48 – 1.82 0.842 1.10 0.55 – 2.22 0.790 

BMI at 6yrs 1.03 0.86 – 1.23 0.774 0.96  0.79 – 1.18 0.711 

BMI at 14yrs 1.63 0.95 – 1.11 0.480 1.06 0.98 – 1.15 0.140 

 
 
 



 

c) Risk factors for persistence of wheeze 

 

The findings for persistence of wheeze are listed in tables 4.76 to 4.79. 

 

1) Early life factors (gestational age, birthweight, head circumference and ponderal 

index) were significantly associated with persistence of wheeze from childhood to 

adolescence (Table 4.72).  

 

2) Participants with a positive family history of disease, either maternal or paternal were 

associated with persistence of wheeze [OR 4.39; 95% CI 2.55, 7.55; p<0.001]. 

 

The relationships that were found to be statistically significant when analyses stratified 

by gender were (tables 4.80 to 4.83):- 

 

1) Females with a low birthweight (<2500g) were more likely to have persistent wheeze 

compared to males [OR 2.75; 95% CI 1.22, 6.22; p<0.015]. 

 

2) Having older siblings was protective for persistence of symptoms in teenage males 

but not young females [OR 0.57; 95% CI 0.65, 0.95; p<0.030]. 

 

3) Maternal smoke exposure during pregnancy was a significant risk factor for 

persistent of wheeze in teenage girls [OR 2.00; 95% CI 1.00, 3.97; p<0.049].  

 

4) Pet exposure was protective for persistent wheeze in females but not in teenage boys 

[OR 0.51; 95% CI 0.30, 0.86; p<0.011].  



Table 4.76: Risk factors for persistence of wheeze from 6 to 14 years 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 822 414 0.87 0.69-1.37 0.971 

Gestational age (< 37 weeks) 825 68 2.71 1.56-4.72 <0.001 

Maternal age at birth (>20 years) 822 788 0.80 0.37-1.76 0.583 

Birthweight (<2500g) 826 59 1.93 1.06-3.50 0.032 

Birthlength 817 - 0.94 0.88-1.00 0.060 

Head circumference 816 - 0.91 0.83-0.99 0.033 

Ponderal index 817 - 0.90 0.85-0.96 <0.001 

SVD 524 ref ref ref 

c/section 162 1.29 0.8-1.99 0.258 Delivery 
Mode 

vacuum/forceps 

826 

140 1.09 0.68-1.74 0.723 

Breastfeeding (+4 mths) 821 520 0.94 0.63-1.39 0.740 

 
 
 

 



Table 4.77: Risk factors for persistence of wheeze from 6 to 14 years 
 
 

Variable N Factor OR 95% CI p-value 

Family history of asthma/atopy 822 622 4.39 2.55-7.55 <0.001 

Maternal history of asthma/atopy 819 499 2.68 1.82-3.96 <0.001 

Paternal history of asthma/atopy 731 351 1.66 1.15-2.40 0.007 

Daycare attendance (0-12mths) 826 98 1.38 0.84-2.28 0.204 

SES (tertiary) 826 200 0.89 0.58-1.37 0.590 

Sibship (+1 older sibling) 826 397 0.77 0.54-1.09 0.139 

Maternal smoking pregnancy 826 153 1.43 0.89-2.29 0.139 

Smoke exposure at 6yrs 824 179 1.81 1.16-2.83 0.009 

Smoke exposure at 14yrs 826 105 1.61 0.97-2.69 0.067 
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Table 4 .78: Risk factors for persistence of wheeze from 6 to 14 years 
 
 

Variable N Factor OR 95% CI p-value 

Cats inside at 6yrs  822 511 0.97 0.68-1.39 0.867 

Dogs inside at 6yrs 822 430 0.78 0.55-1.10 0.159 

Cats inside at 14yrs 824 292 0.81 0.56-1.16 0.248 

Dogs inside at 14yrs 824 394 1.00 0.71-1.41 0.983 

Cat or dog inside at 6yrs 822 557 1.03 0.71-1.49 0.895 

Cat or dog inside at 14yrs 824 539 0.71 0.49-1.10 0.056 

Pets at both 6 and 14yrs 824 357 0.72 0.51-1.04 0.076 
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Table 4.79: Risk factors for persistence of wheeze from 6 to 14 years 
 
 

Variable N Factor OR 95% CI p-value 

BHR at 6yrs 225 113 1.86 0.94 – 3.68 0.073 

BHR at 14yrs 829 153 3.35 2.25 – 5.01 <0.001 

Serum ECP levels at 6yrs 460   - 2.49 1.26 – 4.94 0.009 

Eosinophils × 109/L blood 723 - 3.42 1.78 – 6.55 <0.001 

Atopy at 6yrs 690 281 2.71 1.85 – 3.96 <0.001 

Atopy at 14yrs 798 374 1.94 1.35 – 2.80 <0.001 

BMI at 6yrs 829 - 1.10 1.01 – 1.21 0.023 

BMI at 14yrs 829 - 1.04 1.00 – 1.09 0.039 
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Table 4.80: Influence of gender on risk factors for persistence of wheeze from 6 to 14 years 
 

MALES  FEMALES 
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37 weeks) 2.41 1.06-5.48 0.036 3.04 1.38-6.66 0.006 

Maternal age at birth (>20 years) 0.92 0.31-2.75 0.878 0.58 0.19-1.72 0.324 

Birthlength 0.94 0.85-1.03 0.195 0.94 0.87-1.02 0.164 

Ponderal Index 0.91 0.84-1.00 0.040 0.90 0.83-0.97 0.005 

Birthweight (<2500g) 1.24 0.49-3.15 0.656 2.75 1.22-6.22 0.015 

Head circumference 0.92 0.80-1.06 0.225 0.90 0.80-1.10 0.070 

SVD ref ref ref ref ref ref 

Caesarean section 0.91 0.47-1.79 0.792 1.74 0.96-3.16 0.070 Delivery 
mode 

Vacuum/Forceps 0.80 0.41-1.54 0.499 1.56 0.78-3.10 0.207 

Breastfeeding (+ 4mths) 1.00 0.64-1.56 0.982 0.69 0.39-1.21 0.196 
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Table 4.81: Influence of gender on risk factors for persistence of wheeze from 6 to 14 years 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history of asthma/atopy 3.14 1.58-6.23 0.001 8.02 3.05-21.07 <0.001 

Maternal history of asthma/atopy 2.29 1.52-3.96 0.003 3.16 1.79-5.59 <0.001 

Paternal history of asthma/atopy 1.73 1.02-2.94 0.043 1.69 0.99-2.86 0.053 

Daycare attendance (0-12mths) 1.72 0.88-3.38 0.114 1.01 0.46-2.21 0.976 

SES (tertiary) 0.73 0.38-1.37 0.324 1.14 0.63-2.08 0.664 

Sibship (+1 older sibling) 0.57 0.65-0.95 0.030 0.99 1.64-0.60 0.977 

Maternal smoking pregnancy 1.21 0.62-2.36 0.581 2.00 1.00-3.97 0.049 

Smoke exposure at 6 yrs 2.40 1.30-4.44 0.005 1.25 0.64-2.47 0.513 

Smoke exposure at 14 yrs 2.16 1.10-4.19 0.023 1.15 0.50-2.64 0.747 
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Table 4.82: Influence of gender on risk factors for persistence of wheeze from 6 to 14 years 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Cats inside at 6 yrs 1.14 0.69-1.89 0.602 0.84 0.50-1.42 0.523 

Dogs inside at 6yrs  0.77 0.47-1.26 0.301 0.79 0.48-1.31 0.361 

Cats inside at  14yrs 0.92 0.53-1.57 0.752 0.68 0.41-1.13 0.133 

Dogs inside at 14yrs 1.07 0.65-1.75 0.790 0.91 0.55-1.51 0.722 

Cat or dog inside at 6yrs 1.14 0.68-1.92 0.622 0.91 0.52-1.58 0.726 

Cat or dog inside at 14yrs 0.90 0.54-1.49 0.677 0.51 0.30-0.86 0.011 

Pets at both 6 and 14yrs 0.83 0.50-1.39 0.486 0.62 0.37-1.03 0.066 
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Table 4.83: Influence of gender on risk factors for persistence of wheeze from 6 to 14 years 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

BHR at 6yrs 2.46 0.79 – 7.64 0.120 2.15 0.77 – 5.98 0.142 

BHR at 14yrs 6.83 3.61 – 12.94 <0.001 1.99 1.16 – 3.43 0.013 

Serum ECP levels at 6yrs 2.87 1.07 – 7.65 0.035 2.32 0.89 – 6.09 0.086 

Eosinophils × 109/L blood 2.81 1.15 – 6.86 0.024 4.23 1.62 – 11.05 0.003 

Atopy at 6yrs 2.90 1.66 – 5.05 <0.001 2.45 1.43 – 4.21 0.001 

Atopy at 14yrs 1.77 1.05 – 2.97 0.032 2.08 1.24 – 3.49 0.005 

BMI at 6yrs 1.13 0.99 – 1.28 0.055 1.07 0.94 – 1.22 0.308 

BMI at 14yrs 1.03 0.97 – 1.09 0.322 1.06 0.99 – 1.12 0.061 

 
 
 



d) Risk factors for new-onset of asthma 

 

Risk factors for new-onset asthma are detailed in tables 4.84 to 4.87. 

 

1) Participants with a birthweight <2500g were more likely to be diagnosed with asthma 

in adolescence compared to others [OR 2.67; 95% CI 1.06, 6.76; p<0.038]. 

 

2) In the WAPC a maternal but not paternal history of asthma was significantly 

associated with new-onset asthma in teenagers [OR 3.04; 95% CI 1.38, 6.70; p<0.006]. 

 

3) BHR (at 14 years) was associated with new-onset of asthma [OR 4.72; 95% CI 2.46, 

9.05; p<0.001]. However, BHR at 6 years of age was not predictive of new-onset 

asthma [OR 1.03; 95% CI 0.36, 2.96; p<0.957]. 

 

4) Higher peripheral blood eosinophils counts at 14 years of age was associated with 

new-onset asthma [OR 4.21; 95% CI 1.66, 10.65; p<0.002]. 

 

5) Subjects with a positive SPT were more likely to have new-onset asthma than those 

without atopy [OR 2.80; 95% CI 1.42, 5.51; p<0.003]. 

 

The relationships that were found to be statistically significant when analyses stratified 

by gender were (tables 4.88 to 4.91):- 

 

1) Family history showed a trend towards significance in male infants, with maternal 

history showing strong associations with new-onset asthma in males but not in teenage 
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girls [OR 7.17; 95% CI 0.93, 55.15; p<0.058 & OR 5.91; 95% CI 1.33, 26.20; p<0.019, 

respectively]. 

 

2) BHR to methacholine was significantly associated with new asthma in adolescence 

for both males and females. However, stronger associations were seen in teenage boys 

compared to girls [OR 12.88; 95% CI 4.53, 36.63; p<0.001 & OR 2.69; 95% CI 1.10, 

6.57; p<0.030, respectively]. 

 

3) Higher peripheral blood eosinophil counts were strongly associated with new asthma 

in teenage boys, but not in female participants [OR 7.20; 95% CI 2.19, 23.66; p<0.001]. 

 

4) A positive SPT at 14 years of age in female participants was associated with new-

onset asthma [OR 3.70; 95% CI 1.49, 9.18; p<0.005]. 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.84: Risk factors for new-onset asthma in teenagers 
 

 

Variable N Factor OR 95% CI p-value 

Gender (female) 970 485 1.23 0.65 – 2.31 0.524 

Gestational age (< 37 weeks) 969 87 1.90 0.77 – 4.74 0.166 

Maternal age at birth (>20 years) 970 923 0.41 0.13 – 1.31 0.133 

Birthweight (<2500g) 970 64 2.67 1.06 – 6.76 0.038 

Birthlength 957 - 0.93 0.83 – 1.04 0.197 

Head circumference 957 - 0.98 0.82 – 1.18 0.831 

Ponderal index 958 - 0.99 0.89 – 1.11 0.873 

SVD 600 ref ref ref 

c/section 202 0.82 0.36 – 1.86 0.634 Delivery 
Mode 

vacuum/forceps 

970 

168 0.68 0.27 – 1.70 0.406 

Breastfeeding (+4 mths) 969 616 0.65 0.33 – 1.28 0.209 

 
 

 



Table 4.85: Risk factors for new-onset asthma in teenagers 
 
 

 

Variable N Factor OR 95% CI p-value 

Family history of asthma/atopy 970 719 2.13 0.88 – 5.16 0.095 

Maternal history of asthma/atopy 964 572 3.04 1.38 – 6.70 0.006 

Paternal history of asthma/atopy 853 405 1.14 0.57 – 2.29 0.719 

Daycare attendance (0-12mths) 970 109 2.02 0.92 – 4.44 0.079 

SES (tertiary) 970 225 1.32 0.63 – 2.75 0.463 

Sibship (+1 older sibling) 970 450 0.67 0.35 – 1.29 0.228 

Maternal smoking pregnancy 970 189 1.39 0.59 -3.25 0.452 

Smoke exposure at 6yrs 965 215 1.82 3.75 – 4.46 0.187 

Smoke exposure at 13yrs 970 126 1.75 0.71 – 4.33 0.222 

 
 
 

 282 



Table 4.86: Risk factors for new-onset asthma in teenagers 
 
 

Variable N Factor OR 95% CI p-value 

Cats inside at 6yrs 965 623 1.25 0.62 – 2.49 0.533 

Dogs inside at 6yrs 965 533 1.10 0.57 – 2.10 0.782 

Cats inside at 14yrs 969 350 0.74 0.38 – 1.50 0.393 

Dogs inside at 14yrs 969 476 1.43 0.76 – 2.69 0.267 

Cat or dog inside at 6yrs 965 677 1.40 0.67 – 294 0.369 

Cat or dog inside at 14yrs 969 652 0.90 0.46 – 1.76 0.759 

Pets at  both 6 and 14yrs 969 443 0.85 0.45 – 1.62 0.624 
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Table 4.87: Risk factors for new-onset asthma in teenagers 
 
 
 

Variable N Factor OR 95% CI p-value 

BHR at 6yrs 283 138 1.03 0.36 – 2.96 0.957 

BHR at 14yrs 969 146 4.72 2.46 – 9.05 <0.001 

Serum ECP levels at 6yrs 540 - 3.31 0.66 – 16.54 0.145 

Eosinophils × 109/L blood 839 - 4.21 1.66 – 10.65 0.002 

Atopy at 6yrs 815 304 3.00 1.47 – 6.13 0.003 

Atopy at 14yrs 936 403 2.80 1.42 – 5.51 0.003 

BMI at 6yrs 969 - 0.92 0.74 – 1.14 0.445 

BMI at 14yrs 969 - 0.99 0.90 – 1.07 0.737 
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Table 4.88: Influence of gender on risk factors for new-onset asthma in teenagers 
 

MALES FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37 weeks) 2.70 0.69 – 10.54 0.154 1.50 0.42 – 5.36 0.532 

Maternal age at birth (>20 years) 0.30 0.05 – 1.70 0.174 0.64 0.13 – 3.18 0.588 

Birthlength 0.95 0.77 – 1.17 0.645 0.91 0.78 – 1.65 0.184 

Ponderal Index 0.97 0.88 – 1.14 0.681 1.03 0.88 – 1.19 0.743 

Birthweight (<2500g) 2.34 0.46 – 11.85 0.304 2.60 0.82 – 8.24 0.105 

Head circumference 0.94 0.70 – 1.25 0.655 1.00 0.78 – 1.30 0.979 

SVD ref ref ref ref ref ref 

c/section 0.42 0.09 – 1.91 0.258 1.32 0.48 – 3.65 0.584 Delivery 
mode 

vacuum/forceps 0.40 0.08 – 1.64 0.240 1.11 0.34 – 3.63 0.862 

Breastfeeding (+ 4mths) 1.03 0.37 – 2.90 0.956 0.71 0.29 – 1.77 0.462 
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Table 4.89: Influence of gender on risk factors for new-onset asthma in teenagers 
 

 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history of asthma/atopy 7.17 0.93 – 55.15 0.058 1.16 0.41 – 3.27 0.773 

Maternal history of asthma/atopy 5.91 1.33 – 26.20 0.019 1.92 0.72 – 5.12 0.191 

Paternal history of asthma/atopy 1.97 0.69 – 5.59 0.206 0.71 0.27 – 7.88 0.492 

Daycare attendance (0-12mths) 2.15 0.66 – 6.99 0.202 2.52 0.77 – 6.55 0.136 

SES (tertiary) 1.99 0.63 – 6.25 0.239 1.18 0.42 – 3.38 0.752 

Sibship (+1 older sibling) 0.83 0.32 – 2.14 0.698 0.57 0.23 – 1.45 0.239 

Maternal smoking pregnancy  2.18 0.67 – 7.07 0.196 0.74 0.22 – 2.54 0.631 

Smoke exposure at 6yrs 2.59 0.77 – 8.75 0.126 1.71 0.54 – 5.40 0.363 

Smoke exposure at 14 yrs 2.77 0.82 – 9.35 0.600 1.13 0.29 – 4.35 0.864 
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Table 4.90: Influence of gender on risk factors for new-onset asthma in teenagers 
 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Cats inside 6  1.45 0.53 – 3.96 0.472 1.15  0.45 – 2.93 0.775 

Dogs inside 6  0.78 0.30 – 1.98 0.596 1.56 0.64 – 3.84 0.330 

Cats inside 14 0.79 0.27 – 2.29 0.659 0.75 0.31 – 1.83 0.532 

Dogs inside 14 1.34 0.52 – 3.44 0.540 1.65 0.69 – 3.92 0.262 

Cat or dog inside 6 1.42 0.49 – 4.14 0.519 1.50 0.53 – 4.24 0.447 

Cat or dog inside 14 1.29 0.47 – 3.55 0.617 0.72 0.29 – 1.76 0.470 

Pets both 6 and 14 0.89 0.34 – 2.36 0.821 0.92 0.39 – 2.18 0.851 
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Table 4.91: Influence of gender on risk factors for new-onset asthma in teenagers 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

BHR at  6yrs 0.67 0.14 – 3.33 0.627 1.60 0.34 – 7.64 0.557 

BHR at 14yrs 12.88 4.53 – 36.63 <0.001 2.69 1.10 – 6.57 0.030 

Serum ECP at  6yrs 9.22 0.61 – 138.3 0.108 1.33 0.16 – 10.86 0.790 

Eosinophils × 109/L blood 7.20 2.19 – 23.66 0.001 2.02 0.36 – 11.22 0.423 

Atopy at 6yrs 2.89 0.94 – 8.86 0.063 3.26 1.26 – 8.43 0.015 

Atopy at 14yrs 2.04 0.74 -5.63 0.168 3.70 1.49 – 9.18 0.005 

BMI at 6yrs 0.96 0.69 – 1.32 0.801 0.91 0.68 – 1.21 0.526 

BMI at 14yrs 0.91 0.78 – 1.07 0.269 1.04 0.94 – 1.15 0.487 

 
 
 



e) Risk Factors for persistence of asthma 

 

These findings are given in tables 4.92 to 4.95. 

 

1) Infants with a larger head circumference were less likely to have persistent diagnosis 

of asthma [OR 0.88; 95% CI 0.77, 0.99; p<0.032]. 

 

2) A higher ponderal index was protective for persistent of disease into adolescence 

[OR 0.88; 95% CI 0.88, 0.82, 0.96; p <0.003] 

 

3) Family history showed a strong association with persistence of asthma from 6 to 14 

years of age [OR 5.39; 95% CI 2.13, 13.61; p<0.001], though only maternal history of 

asthma/atopy not paternal history was significantly associated with persistence of 

disease [OR 2.94; 95% CI 1.64, 5.29; p<0.001]. 

 

4) Having a cat or dog inside at 14 years of age was found to be protective for 

persistence of asthma in teenagers [OR 0.54; 95% CI 0.34, 0.88; p<0.014]. 

 

The relationships that were found to be statistically significant when analyses stratified 

by gender were (tables 4.96 to 4.99):- 

 

1) Paternal history was a risk factor for persistent asthma in teenager girls [OR 2.24; 

95% CI 2.24; p<0.050]. 

 

2) A higher ponderal index in females was found to be protective for persistence of 

disease into adolescence [OR 0.86; 95% CI; p<0.011]. 
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3) Pet ownership was found to be protective in female participants but not in teenage 

boys [OR 0.39; 95% CI 0.19, 0.80; p<0.011]. 



Table 4.92: Risk factors for persistence of asthma from 6 to 14 years 
 
 

Variable N Factor OR 95% CI p-value 

Gender (female) 1003 496 0.89 0.55 – 1.44 0.645 

Gestational age (< 37 weeks) 1002 91 1.70 0.83 – 3.50 0.150 

Maternal age at birth (>20 years) 1003 954 0.68 0.26 – 1.74 0.418 

Birthweight (<2500g) 1003 65 1.68 0.72 – 3.91 0.232 

Birthlength 991 - 0.94 0.86 – 1.02 0.155 

Head circumference 990 - 0.87 0.77 – 0.98 0.022 

Ponderal index 991 - 0.88 0.82 – 0.96 0.003 

SVD 621 ref ref ref 

c/section 210 0.96 0.53 – 1.74 0.888 Delivery 
Mode 

vacuum/forceps 

1003 

172 0.69 0.33 – 1.42 0.310 

Breastfeeding (+4 mths) 1003 638 0.96 0.58 – 1.61 0.881 

 
 
 

 



Table 4.93: Risk factors for persistence of asthma from 6 to 14 years 
 
 

Variable N Factor OR 95% CI p-value 

Family history of asthma/atopy 1003 752 4.40 1.88 – 10.33 0.001 

Maternal history of asthma/atopy 998 598 2.76 1.56 – 4.89 0.001 

Paternal history of asthma/atopy 885 427 1.60 0.95 – 2.68 0.077 

Daycare attendance (0-12mths) 1003 111 1.41 0.71 – 2.83 0.330 

SES (tertiary) 1003 229 0.94 0.51 – 1.75 0.852 

Sibship (+1 older sibling) 1003 467 0.90 0.55 – 1.47 0.682 

Maternal smoking pregnancy 1003 199 1.61 0.87 – 3.00 0.133 

Smoke exposure at 6yrs 998 225 1.54 0.78 – 3.02 0.211 

Smoke exposure at 14yrs 1003 130 1.20 0.58 – 2.46 0.627 
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Table 4.94: Risk factors for persistence of asthma from 6 to 14 years 
 

 

Variable N Factor OR 95% CI p-value 

Cats inside at  6yrs  999 639 0.83 0.51 – 1.35 0.455 

Dogs inside at 6yrs  999 546 0.75 0.47 – 1.21 0.245 

Cats inside at 14yrs 1003 355 0.53 0.30 – 0.92 0.023 

Dogs inside at 14yrs 1003 486 0.88 0.55 – 1.43 0.613 

Cat or dog inside at 6yrs 999 697 0.95 0.57 – 1.60 0.859 

Cat or dog inside at 14yrs 1003 664 0.53 0.33 – 0.86 0.010 

Pets at both 6 and 14yrs  1003 451 0.61 0.37 – 1.01 0.055 
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Table 4.95: Risk factors for persistence of asthma from 6 to 14 years 
 

Variable N Factor OR 95% CI p-value 

BHR at 6yrs 283 142 3.99 1.21 – 13.16 0.023 

BHR at 14yrs 1003 164 6.09 3.63 – 10.23 <0.001 

Serum ECP levels at 6yrs 567 - 3.97 1.49 – 10.61 0.006 

Eosinophils × 109/L blood 871 - 5.23 2.49 – 10.98 <0.001 

Atopy at 6yrs 845 327 3.614 2.07 – 6.30 <0.001 

Atopy at 14yrs 965 425 2.93 1.70 – 5.04 <0.001 

BMI at 6yrs 1003 - 1.19 1.06 – 1.34 0.004 

BMI at 14yrs 1003 - 1.06 1.00 – 1.12 0.053 
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Table 4.96: Influence of gender on risk factors for persistence of asthma from 6 to 14 years 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Gestational age (<37 weeks) 1.28 0.42 – 3.88 0.664 2.21 0.83 – 5.88 0.112 

Maternal age at birth (>20 years) 0.61 0.18 – 2.07 0.432 0.89 0.18 – 4.41 0.884 

Birthlength 1.01 0.87 – 1.16 0.992 0.90 0.81 – 1.00 0.060 

Ponderal Index 0.90 0.80 – 1.01 0.067 0.86 0.77 – 0.97 0.011 

Birthweight (<2500g) 1.03 0.23 – 4.62 0.968 2.72 0.93 – 7.97 0.069 

Head circumference 0.92 0.76 – 1.12 0.407 0.84 0.72 – 0.98 0.028 

SVD ref ref ref ref ref ref 

c/section 0.80 0.33 – 1.97 0.630 1.29  0.55 – 3.03 0.552 Delivery 
mode 

vacuum/forceps 0.87 0.36 – 2.08 0.752 0.37 0.81 – 1.64 0.189 

Breastfeeding (+ 4mths) 1.21 0.56 – 2.62 0.628 0.74 0.32 – 1.69 0.477 

 

 295 



Table 4.97: Influence of gender on risk factors for persistence of asthma from 6 to 14 years 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Family history of asthma/atopy 2.71 1.02 – 5.95 0.015 14.19 1.91 – 105.5 0.010 

Maternal history of asthma/atopy 2.73 1.22 – 6.13 0.015 3.22 1.34 – 7.77 0.009 

Paternal history of asthma/atopy 1.37 0.67 – 2.84 0.391 2.24 1.00 – 5.04 0.050 

Daycare attendance (0-12mths) 1.09 0.40 – 3.00 0.864 1.85 0.67 – 5.07 0.237 

SES (tertiary) 0.76 0.31 – 1.87 0.555 1.29 0.54 – 3.07 0.565 

Sibship (+1 older sibling) 0.57 0.28 – 1.14 0.110 1.40 0.67 – 2.94 0.368 

Maternal smoking pregnancy 1.25 0.51 -3.06 0.622 1.88 0.67 – 5.32 0.232 

Smoke exposure at 6 years 1.76 0.77 – 4.06 0.184 1.34 0.50 – 3.56 0.564 

Smoke exposure at 13 years 1.31 0.50 – 3.41 0.586 1.12 0.37 – 3.40 0.848 
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Table 4.98: Influence of gender on risk factors for persistence of asthma from 6 to 14 years 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

Cats inside at 6yrs  0.93 0.48 – 1.83 0.932 0.74 0.35 – 1.56 0.433 

Dogs inside at 6yrs  0.76 0.39 – 1.46 0.406 0.71 0.34 – 1.47 0.360 

Cats inside at 14yrs 0.64 0.29 – 1.40 0.264 0.41 0.18 – 0.93 0.032 

Dogs inside at 14yrs 0.97 0.50 – 1.88 0.925 0.77 0.38 – 1.57 0.472 

Cat or dog inside at 6yrs 0.88 0.44 – 1.77 0.720 1.08 0.48 – 2.45 0.851 

Cat or dog inside at 14yrs 0.68 0.35 – 1.32 0.259 0.39 0.19 – 0.60 0.011 

Pets at both 6 and 14yrs 0.71 0.35 – 1.42 0.328 0.50 0.23 – 1.05 0.066 
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Table 4.99: Influence of gender on risk factors for persistence of asthma from 6 to 14 years 
 
 

MALES  FEMALES  
Variable 

OR 95% CI p-value OR 95% CI p-value 

BHR at 6yrs 6.25 0.64 – 61.33 0.116 3.62 0.74 – 17.71 0.113 

BHR at 14yrs 13.59 6.50 – 28.42 <0.001 2.54 1.21 – 5.33 0.013 

Serum ECP levels at 6yrs 4.16 1.07 – 16.23 0.040 3.84 0.89 – 16.71 0.072 

Eosinophils × 109/L blood 3.62 1.38 – 9.49 0.009 9.33 2.86 – 30.46 <0.001 

Atopy at 6yrs 3.28 1.50 – 7.18 0.003 3.97 1.76 – 8.92 0.001 

Atopy at 14yrs 2.52 1.18 – 5.39 0.018 3.50 1.51 – 7.21 0.003 

BMI at 6yrs 1.24 1.08 – 1.43 0.003 1.04 0.82 – 1.32 0.740 

BMI at 14yrs 1.04 0.97 – 1.12 0.303 1.08 0.99 – 1.17 0.087 

 
 
 



f) Discussion 

 

Prevalence 

There is limited knowledge on the factors that influence the onset and prognosis of 

asthma during adolescence and young adulthood. In the WAPC, 22.3% of subjects had 

reported wheeze during childhood (6 years) which was no longer present at 14 years of 

age, 8.2% of teenagers in our cohort reported wheeze in adolescence but not during 

childhood, while 16.1% of children had symptoms that persisted from childhood 

through to early adolescence.  

 

Approximately 60% of participants in the Belmont cohort never reported wheeze during 

the study period, while 14% of subjects had experienced symptoms between the ages of 

8 and 12 years (161). Similar results were seen in our study with 54% of participants not 

reporting wheeze during the course of the study. In the Tucson study, approximately 

60% of children with asthma in the pre-pubertal period experienced episodes of wheeze 

in the following 4 years (227). 

 

Risk factors 

In the WAPC, we have shown that a positive family history was associated with both 

new wheeze/asthma as well as persistence of symptoms, with stronger associations seen 

with a maternal history of asthma and atopy. Similarly, the Belmont cohort showed that 

parental history (maternal or paternal) was an independent risk factor for late onset 

wheeze. Withers et al reported strong associations between maternal history and 

persistence of wheeze in teenagers, though this was only significant in female 

participants (266).  In contrast, Sears et al reported that a family history of wheezing 

was not associated with persistence of disease into early adulthood (64).  

 



Similar to previous findings in this cohort early life factors such as gestational age, 

birthweight, head circumference and ponderal index, were associated with persistence 

of disease from childhood to early adolescence.  Stratification by gender showed that 

female infants born less than 37 weeks gestational age were at increased risk of 

developing symptoms in early adolescence. Furthermore, a higher ponderal index at 

birth was found to be protective for the both wheeze and asthma persisting into 

adolescence.  

 

Participants who became overweight or obese during the follow-up period were more 

likely to have new-onset wheeze [OR 6.41; 95% CI 1.63, 25.25; p<0.008]. However, no 

significant associations were seen with persistence of wheeze/asthma or new-onset of 

asthma in teenagers.  

 

Interestingly, females who were breastfed for a duration of 4 months or longer were less 

likely to develop new asthma in adolescence; this is in contrast to the results from the 

Dunedin cohort which showed that children who were breastfed were more likely to be 

atopic as teenagers and young adults.  Differences in peripheral blood eosinophil levels 

and atopic status were noted between the sexes, though results should be interpreted 

with caution as lack of significant associations is most likely to due to lack of power in 

analyses with small number of participants in each group.  

 

A systematic review by Apelberg et al (267) stated that exposure to pets increased the 

risk of asthma and wheeze in older children, whereas in younger children pet exposure 

may be protective.  In the WAPC pet exposure was protective for persistent asthma. In 

particular, pet exposure showed significant associations with teenage girls but not 

teenage boys. Withers et al (266) found no association between the presence of pets and 
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any outcome measure in adolescence. The authors suggested that parents of children 

with asthma or wheeze were less likely to have pets in their home.  

 

CHAPTER FIVE: OVERALL SYNTHESIS 

 

Asthma and wheeze have become increasingly common throughout the world, with as 

many as 300 million people of all ages suffering from asthma. Genetics studies of 

asthma and atopy have revealed that there is no single dominant gene in asthma but 

rather a number of genes involved in the pathogenesis and expression of disease. While 

genetic factors alone cannot explain the rise in allergic disease, environmental and 

lifestyle factors have been cited as causative factors for the increase in disease.  Factors 

in the personal environment of children such as tobacco smoke exposure, keeping of 

pets, breastfeeding, daycare attendance, sibship and obesity have been demonstrated in 

numerous studies to play an important role in asthma and atopy. 

 

One of the major difficulties in epidemiological studies is the imprecise definition of 

asthma. The use of wheeze to examine risk factors may potentially overestimate those 

children with true asthma, especially in early childhood. The distinction between asthma 

and other respiratory illnesses such as wheezy bronchitis, bronchiolitis and viral 

infections during childhood is extremely difficult. Due to the heterogeneous nature of 

wheeze in childhood, being able to predict persistence of disease into adolescence is 

complex.  

 

Furthermore, being able to accurately determine the frequency of symptoms and disease 

in teenagers can be challenging. Epidemiological studies which rely on data from parent 

completed questionnaires may not accurately reflect the prevalence of symptoms in 
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their teenage offspring. In the WAPC, we noted considerable differences in the 

incidence of wheeze reported by teenagers and their parents. Teenagers reported a much 

higher prevalence of asthma compared to parents [17.7% vs. 13.1%]. 

 

However, epidemiological studies commonly use parental reports of symptoms. In order 

to facilitate comparisons between participants in the WAPC and previous longitudinal 

studies, parental reports of symptoms were used in our analyses. It may be of interest to 

examine both adolescent and parental reporting of symptoms, as parents may 

underestimate the prevalence of symptoms and disease in offspring. 

 

There are inconsistencies in the literature regarding risk factors for the development and 

persistence of disease during the transitional period from childhood to adolescence.  

During childhood, male sex is consistently identified as a risk factor for asthma. Asthma 

is more common in males, though following puberty there is a shift in the prevalence of 

asthma between the sexes, with a female predominance in adulthood. In the WAPC, 

female sex showed a trend towards being protective for current wheeze and asthma at 6 

years of age, but failed to reach statistical significance.  

 

A positive family history has been associated with asthma in numerous studies, and is a 

dominant predictor of asthma and wheeze. Parental history of asthma and atopy has 

been shown to have different influences on the development of asthma and atopy in 

both children and adolescents. In our cohort, a maternal history showed stronger 

associations with disease compared to paternal history of asthma and atopy. Stronger 

effects with maternal history are most likely due to the fact that mothers can exert their 

influence via both prenatal and postnatal mechanisms, whereas paternal influences are 

limited to hormonal and genetic mechanisms.   
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It is clear that events in early life can play a pivotal role in the development and 

prognosis of disease. One of the problems with studies that have examined gestational 

age is that they have used different cut-offs for defining premature birth. In addition, 

some studies are cross-sectional while others are cohort based, with some adjusting for 

confounders and all with varying length of follow-up of participants. Consequently, the 

role of preterm birth and asthma has remained inconclusive. A recent systematic review 

and meta analysis showed that preterm infants, defined as infants born before 37 weeks 

gestational age, were at an increased risk of asthma (6-16 years of age) compared to 

term babies with a 7% higher risk of having asthma in premature infants (268).   

 

In our cohort we have demonstrated that early life factors such as gestational age and 

birthweight are associated with asthma in both childhood and early adolescence, with 

subtle differences between males and females. Most notably, factors such as gestational 

age and ponderal index were significantly associated with disease in female participants 

but not in male subjects. 

 

In the WAPC having older siblings was found to be protective for both current wheeze 

and asthma, though this association was only seen in children not in teenagers and only 

in male participants. We found no association between daycare attendance in the first 12 

months of life and wheeze/asthma in our cohort. While over 40% of infants attended 

day care in the first year of life, imprecise data (recall bias in questionnaire responses, 

limited data on duration of daycare, frequency of infections in the first year of life) may 

have limited analyses.  
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Atopy has been demonstrated as a strong risk factor for asthma. While a number of 

children will develop sensitivity to allergens in childhood not all will go on to develop 

persistent asthma (269). In the WAPC, we have demonstrated that atopic status as 

determined by a positive SPT is a risk factor for both wheeze and asthma teenagers. A 

dose dependent relationship was seen with more severe atopics at greater risk for both 

wheeze and current asthma. In addition, participants with a higher peripheral blood 

eosinophil count were associated with current wheeze, atopy and BHR at 14 years of 

age.  

 

The role of pet exposure and subsequent asthma and atopy is controversial. An 

increased risk of asthma and allergic disease with exposure to pets have been reported in 

a number of studies, while others have shown an inverse association, with keeping of 

pets protective against disease. Furthermore, cat exposure has been reported by a 

number of studies as a major risk factor for asthma, with more severe asthma in those 

with early sensitisation (198). 

 

In our study we found that participants who were exposed to cats or dogs at 14 years of 

age were less likely to have current asthma or have symptoms that persisted from 

childhood through to adolescence. Similar results were seen for those children who 

were exposed to pets (cat or dog inside) at both 6 and 14 years of age, though these 

associations were not independent of atopic sensitisation. Furthermore, study members 

who were exposed to pets within their home were less likely to be atopic. The Tucson 

study reported that exposure to dogs in early life was protective against the development 

of wheeze in children (211).  Differences between this cohort and the Tucson study may 

be more of a reflection of Australian lifestyle with cats more likely to be kept as indoor 

pets compared to dogs.  

 304



Lifestyle factors such as smoking and obesity have been associated with an increased 

risk of disease in both children and adults.  Prenatal exposure to environmental tobacco 

smoke in children has been associated with impaired lung function and an increased risk 

of developing asthma, while postnatal exposure to smoke can trigger symptoms.  In our 

cohort maternal smoking during pregnancy was not associated with wheeze or asthma at 

6 years of age, however significant associations were seen with maternal smoking 

during pregnancy and current wheeze in adolescence (14 years of age). The results 

suggest that maternal smoking during pregnancy is causally associated with the 

development of asthma. Biological differences in lung size from childhood to 

adolescence may explain why associations were only seen at 14 years of age and not at 

6 years.  

 

Passive smoking or environmental tobacco smoke exposure was found to be associated 

with both current wheeze and asthma in at 6 years of age, though exposure to tobacco 

smoke was not associated with persistence of symptoms into adolescence. Passive 

smoking is an avoidable risk factor, the strong association between ETS and disease in 

children is most likely due to the fact that younger children spend more time with their 

parent/guardian and are unable to avoid smoke exposure in comparison to older 

children/teenagers. 

 

It has been suggested that there is an association between obesity and asthma. Data from 

animal and human studies show that adipose tissue in obese individuals express a 

number of pro-inflammatory molecules, such as leptin and TNFα, although the 

relationship between obesity, airway inflammation, and asthma is still unclear (270).  

 

 305



In the WAPC being overweight or obese during childhood was associated with current 

symptoms and diagnosis of asthma at 6 years of age. In addition, those subjects who 

were obese at 6 years of age were twice as likely to be atopic at 14 years of age 

compared to others. However, BMI at 14 years was not significantly associated with 

any outcome (wheeze/asthma) in adolescence.  

 

In contrast, the Tucson study demonstrated that teenagers who were overweight or 

obese were at greater risk of persistence of wheeze and asthma. However, there are 

several limitations to the Tucson study including, small sample size in study groups, 

potential recall bias with regards to wheeze as questionnaires were administered every 2 

to 3 years and onset of puberty was based on parental reports and may be misclassified 

(227). 

 
5.1 Strengths & Limitations of study 

 

a) Study Design 

The WAPC is a prospective birth cohort of considerable size, with extensive data on 

antenatal and perinatal measures. Children have been extensively followed up with good 

participation rates through to adolescence. Objective measures such as BHR, SPT and 

spirometry have been collected during childhood (6 years) and adolescence (14 years). 

However, certain measures (e.g. FeNO) were collected in a small number of 

participants, limiting the analyses to a subset of the original cohort.  

 

In addition, participants seen at the 14 year follow-up were significantly different to that 

of the original cohort and the general population in Perth, Western Australia. At the 14 

year follow-up, fewer younger mothers (maternal age < 20 years) participated in this 

follow-up visit.  As having a younger mother is a known risk factor for asthma this 
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sampling bias may have led to a reduction in the number of participants with asthma 

seen at 14 years.  

 

b) Selection bias 

One of the strengths of this study is that mothers were not selected on any respiratory or 

allergic criteria. However, as recruitment was conducted through antenatal clinics at a 

public maternity hospital, families were generally from a lower socioeconomic 

background or were high-risk pregnancies.  

 

c) Recall bias, reporting bias and misclassification 

One of the major issues with longitudinal studies is recall bias. While follow-ups have 

been extensive in the WAPC it is not possible to rule out recall bias in questionnaire 

responses over the 12 month period. Interviews conducted with families when attending 

clinic visits were designed to clarify any ambiguity over answers collected from 

questionnaires, potentially reducing misclassification of responses.  

 

d) Role of confounding factors. 

Logistic regression analyses were conducted to control for potential confounding factors 

including socioeconomics status, breastfeeding, tobacco smoke and pet exposure. In 

addition, separate analyses were conducted in males and females and in non-atopics and 

atopics to examine associations with wheeze and asthma more clearly.  

 

5.2 Generalisability of study 

 

This is a population based study of subjects not selected on any respiratory or 

immunological basis. While differences were noted between our cohort and the general 
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population of Western Australia, results can be still be applied to children living in 

Australia, specifically those children living under similar environmental conditions 

within Australia.  However, differences may be seen in Aboriginal communities which 

have a higher prevalence of disease.  

 

5.3 Conclusion  

 

Several major findings have been demonstrated in this study:- 

 

 Infants born before 37 weeks gestational age are at increased risk of 

wheeze/asthma at both 6 years of age and 14 years of age. A higher ponderal 

index is protective for both wheeze and asthma at 6 and 14 years of age.  

 Children exposed to tobacco smoke were at greater risk of wheeze and asthma at 

6 years of age. 

 Obesity was a significant risk for both wheeze and asthma at 6 years of age, but 

was not a significant risk factor for either outcome (wheeze/asthma) at 14 years 

of age.  

 Exposure to pets was protective for asthma at 14 years of age,  as well as for 

persistence of symptoms from 6 to 14 years 

 Significant differences in lung function indices between wheezers and non-

wheezers at 14 years of age in boys but not in teenage girls.  

 

There are subtle differences in the risk factors for disease in the transition from 

childhood to adolescence. Identifying differences in risk factors in childhood and 

adolescence and between the sexes will facilitate in determining the underlying 

mechanisms of disease. Follow-up of existing cohorts and the establishment of new 
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longitudinal studies will add to the wealth of knowledge on the natural history of 

asthma. Identifying those children who are most at risk will allow more appropriate 

targeting of preventative strategies and treatments. Combining the data from this cohort 

with previous and future studies will provide a much clearer picture on the asthma 

phenotype and the role of intermediate phenotypes. Future investigation of these 

children as they approach adulthood will provide valuable information, and will aid in 

identifying those who will go on to have symptoms that persist into adulthood.   
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APPENDIX 

 

1. Exclusion criteria for 14yr respiratory assessment 

2. MCh challenge nebuliser output 
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1). EXCLUSION CRITERIA – Information Sheet 
 

Study Participants, Please try to avoid the following 
before your appointment 

 (If you need any of the above medicines, then YOU MUST TAKE THEM --- 
but please notify us on 9489 7814 or 9489 7818) 

 
 NO TEA OR COFFEE OR CAFFEINE to be consumed on the morning before the 

visit.  
 

 NO ASTHMA RELIEVERS e.g. Salbutamol, Bricanyl, Ventolin etc to be taken for 
at least 6 hours before your appointment. 

 
 NO ASTHMA SYMPTOM CONTROLLERS, e.g. Serevent, Foradil, etc to be taken 

for at least 48 hours before your visit. 
 

 NO LEUKOTRIENE ANTAGONISTS, e.g. Accolade, Montelukast, etc to be taken 
for at least 48 hours before your visit. 

 
 NO ORAL THEOPHYLLINE to be taken for at least 48 hours before your visit 

 
 NO ANTIHISTAMINES, OR MEDICINES CONTAINING ANTIHISTAMINES, 

e.g. Demazin, Paedamin, Hismanal to be taken for at least 7 days before your visit. 
 

 NO SYSTEMIC STEROIDS, e.g. prednisolone, prednisone to be taken for at least 
1 month before your visit 

 
 NO ANTIBIOTICS for respiratory infection to be taken for at least 1 month 

before your visit 
 

If any of the following apply, you will not be able to undergo the 
Methacholine Challenge test AT THE MOMENT. However, you can 

complete the testing at a later date once these conditions no longer 
apply. 

 
 Had life-threatening reversible airway obstruction or required hospitalisation for 

reversible airway obstruction in the 4 weeks prior to the clinic visit. 
 Had cardiac failure within the past 3 years, a cardiac arrhythmia requiring therapy 

or received systemic beta-blockers and/or chronic daytime oxygen. 
 

On the morning of the visit please eat a light breakfast at least one 
hour prior to the visit and avoid any strenuous exercise e.g. cycling, 
swimming, running. Do not attend if you are suffering any illness on the 
day such as a cold, stomach upset, pain or discomfort etc. 
 



2). Nebuliser Calibration 

Calculation of stock concentrations of Methacholine (RMM Methacholine = 195.7) 

Dose (mg) = stock (mg/ml) × output per puff (ml)  

Dose (mmol) = (dose, mg × 1000)/RMM methacholine 

Dose (mmol) = (stock, mg/ml × 1000/197.5) × nebuliser output, ml 

Total Cumulative dose of methacholine = 4mmol 

 

 

 

 

 

 

 

 

 



 

     methacholine calculated
calculated stock, 
mg/ml actual stock. mg/ml 

Dose # dose, mg dose, mmol Nebuliser set 
mean neb output, 
ml # puffs RMM   

saline   S 0 3    
1 0.006116 0.03125 I 0.00283 1 195.7 2.160998233 2 
2 0.006116 0.03125 I 0.00283 1 195.7  2 
3 0.012231 0.0625 I 0.00283 2 195.7  2 
4 0.024463 0.125 I 0.00283 4 195.7  2 
5 0.048925 0.25 III 0.00283 1 195.7 17.28798587 20 
6 0.09785 0.5 III 0.00283 2 195.7  20 
7 0.1957 1 II 0.00283 1 195.7 69.15194346 90 
8 0.3914 2 II 0.00283 2 195.7  90 

         
calculated calculated calculated calculated calculated calculated 

dose, mg 
dose/puff, 
mmol dose, mmol 

cum dose, 
mmol dose, mg 

cum dose, 
mg 

      
0.00566 0.028921819 0.028921819 0.0289 0.00566 0.0057 
0.00566 0.028921819 0.028921819 0.0578 0.00566 0.0113 
0.00566 0.028921819 0.057843638 0.1157 0.01132 0.0226 
0.00566 0.028921819 0.115687276 0.2314 0.02264 0.0453 
0.0566 0.289218191 0.289218191 0.5206 0.0566 0.1019 
0.0566 0.289218191 0.578436382 1.0990 0.1132 0.2151 
0.2547 1.30148186 1.30148186 2.4005 0.2547 0.4698 
0.2547 1.30148186 2.60296372 5.0035 0.5094 0.9792 



 

 


