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Thesis abstract 

 

Background: Asthma in early and mid-life, and chronic obstructive pulmonary disease 

(COPD) in later life, are two very common respiratory disorders that contribute enormously 

to the burden of disease in developed countries such as Australia. Researchers have 

investigated the risk factors associated with the onset of these diseases and have conducted 

many studies exploring treatments that have the potential to provide effective control of 

disease symptoms. The analysis of family data with appropriate statistical techniques has 

the potential to ensure the magnitude of the effects of both genetic and environmental risk 

factors are estimated free from confounding by shared influences. 

My systematic review on asthma phenotypes on twins and sibship (CHAPTER 3) targeted only 

those studies that examined the atopic march diseases from infantile eczema to hay fever 

and asthma. My study was the first review to assess systematically these relationships using 

studies that generated family data.  Most previous studies reported only estimates of 

prevalence, incidence, heritability, concordance rate and intraclass correlation between 

asthma and its phenotypes without synthesizing the evidence on associations between 

asthma phenotypes. Also, although there exist clear sequential and plausible biological 

mechanisms to explain such associations, previous evidence has been generated from 

studies featuring only young children. Such studies were not in a position to explore 

whether these allergic conditions continue to adult life was. My review confirmed the need 

for more sibship and or twin studies to investigate potential relationships between these 

phenotypes from childhood to adulthood. For childhood asthma and COPD association, 

there are, to my knowledge, no previously published analyses that feature sibship data of 

the type analysed in this thesis. 
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Methods: In CHAPTER 4, I used data from the Tasmanian Longitudinal Health Study (TAHS) 

on which the research findings presented in this thesis are based. This study provides 

prospective data on respiratory and lung health and associated factors from the first to the 

fifth decade of life for sibling pairs with 29,615 participants. Comprehensively documented 

data collected within the TAHS cohort provide a unique opportunity to investigate the role 

of early-life factors such as childhood eczema, childhood hay fever in determining the risk 

of adult asthma, and the relationship between childhood asthma and Chronic Obstructive 

Pulmonary Disease (COPD).  Both the traditional Conditional Logistic Regression (CLR) and 

B-W regression model (BWR) have been used to analyze the sibling pair data adjusting for 

possible confounders. These analyses generate estimates of the magnitude of the 

association between exposure and outcome within-pair free of confounding by factors 

shared within families. 

Results: In CHAPTER 6, I examined the associations between childhood eczema and asthma 

in adult life. My findings suggest that the effect of childhood eczema on asthma risk 

continues well past childhood. Although most children with eczema will not develop 

childhood asthma, childhood eczema in children who are asthma-free may progress to 

incident asthma in adult life. Also, childhood eczema predicted asthma that persisted to 

middle age, but the association was weak. 

In CHAPTER 7, I examined the association between childhood hay fever and asthma incidence 

in adult life. From the sibling pair analysis, it is evident that childhood hay fever and 

childhood asthma are strongly associated, and that this association is apparently 

independent of childhood eczema, parental history of asthma and socioeconomic status. 

Childhood hay fever was associated with almost a two-fold increase in the risk of the onset 

of asthma in adult life, independent of those same covariates. The risk of Incident asthma 

risk in adult life is also apparently independent of active and passive smoking. 

In CHAPTER 8, I investigated the association between childhood asthma and COPD by mean 

age 45 years. From the sib-study, childhood asthma was found to be associated with an 

increased risk of COPD by middle age, but evidence against the null hypothesis of no 
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association was weak and the effect of childhood asthma on COPD is substantially reduced 

when adjusted for current asthma, current smoking status, and childhood eczema and other 

childhood environmental factors, although the primary motivation for this was the study of 

effect modification. LLN classified more COPD cases as compared to GOLD for some sibling 

pairs with age range between 42 and 49. Both statistical models gave similar estimates of 

the magnitude of the association between childhood asthma and the risk of satisfying 

criteria for COPD in later life. 

Conclusions: Overall, my findings in the three results chapters add to the existing literature 

that has reported associations between atopic march features and childhood asthma 

towards COPD in sibling studies by providing a more precise and less biased estimation of 

the respective exposure-outcome association free of confounding. Previously published 

estimates of the magnitude of these associations may have been larger, but these estimates 

of risk are potentially confounded by many unmeasured early-life factors and are therefore 

overestimated. My finding through the analysis of data from a sibling study design has 

attempted to correct for these confounding effects and, at least theoretically, should 

produce a more precise estimate of these associations which still support the continued 

importance of asthma and COPD management plans.  

(Word count=836) 
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CHAPTER 1 

Introduction 

 

1.1 Overall aim and rationale 

The overall aim of my doctoral work is to investigate associations between selected early life 

factors and the natural history of asthma and COPD to middle-age using familial data. It is well 

known that early life eczema and hay fever are associated with adult asthma, and early life 

asthma is associated with chronic obstructive pulmonary disease (COPD). It is, however, 

unknown whether these links relate to or are a result of potential confounding by shared early 

life environment or shared genetics. To investigate these relationships, ideally both genetic 

and early life environmental risk factors should be adequately captured, and the participants 

should be followed over time.  

One strategy that attempts to control for confounding is to use stratification or matching. One 

such example is groups of two or more siblings that, at least in early life, provide naturally 

matched pairs, triples, and larger sibships for studies of human health. There have, however, 

been only a few sibship studies that have sought to explore the association between eczema 

and asthma as exposure in childhood and asthma and COPD as outcomes in middle age and 

later life which led to the rationale for my doctoral work, discussed in detail below. 

1.1.1 Influence of specific early-life factors on adult-onset asthma is not well established 

Asthma is a very common respiratory disorder. It is characterized by reversible airflow 

obstruction and manifests a variety of physiological features and recurring symptoms [1]. 

Current asthma symptoms include shortness of breath, wheezing, coughing, and chest 

tightness. Asthma can be life-threatening even if proper precautions are taken, and suitable 

treatments are administered. Various genetic and environmental factors, and possibly their 

interaction has been shown to cause asthma and determine the severity of the disease and 

likelihood of relapse [2-14].  

Asthma is often the end-point of a series of allergic disorders in childhood, a phenomenon 

referred to as the atopic march. The atopic march includes atopic dermatitis (eczema), food 

allergy, allergic rhinitis (hay fever) and asthma and asserts that allergic diseases start in early 
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life with eczema, progresses through food allergy and culminate with allergic rhinitis (hay 

fever) and asthma. This popular hypothesis has been examined through various cross-

sectional and longitudinal studies on unrelated individuals, mostly children who have not 

been followed prospectively into adult life. Although the association between childhood 

eczema/hay fever and childhood asthma is well described, relatively few studies have 

explored the temporal relationship between childhood eczema and hay fever with incident 

asthma in later life [9] and other features that suggest causality.  

Another respiratory condition with substantial morbidity and mortality is chronic obstructive 

pulmonary disease (COPD) that features progressive airflow obstruction, often with episodes 

of coughing and sputum production. Unlike asthma, symptoms and lung function deficits are 

not fully reversible even with treatment.  The distinction between COPD and asthma is 

sometimes difficult to make because the symptoms are very similar to both the diseases[15]. 

This overlap is now recognized in contemporary definitions of asthma (GINA 2012) and COPD 

(GOLD 2010) [16, 17].  

Researchers have investigated the risk factors associated with disease onset and have 

conducted many studies exploring treatments that effectively control disease symptoms [2, 

4, 5, 9, 10, 18-23]. In the case of Asthma and COPD, only a few studies have looked at how 

specific factors affect the onset, relapse, and severity pattern in individuals over time from 

childhood to adult life [24-34]. Using appropriate statistical techniques for analyzing such data 

has the potential to provide more precis, less biased estimates of exposure-outcome 

association.   

1.1.2 Family studies related to asthma and COPD 

In observational studies, that is, studies where the exposure or intervention of interest has 

not been allocated randomly to participants, the exposure-outcome association is potentially 

confounded by unmeasured extraneous factors. Common ways to overcome this are 

stratification or matching individuals. Pairs of siblings and twins are a special type of family 

data that can be used to generated individually-matched cases and controls in a paired design 

for within-pair or within-sibship comparisons. Like family data, it provides a powerful resource 

that can be used to estimate the association of exposure-outcome free from confounding by 
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shared factors. Analysis of sib-pair and twin pair data is an example of interrogating data from 

a study design that can reveal the phenotypic as well as genotypic differences and similarities 

amongst close relatives [5, 23, 26, 28, 35, 36].  

Only a few family studies have explored measures of associations between eczema and 

asthma and eczema and hay fever where the age-group varies between studies. To our 

knowledge, no family studies have ever explored the association between childhood asthma 

and COPD in later life.  

To study the association between exposure and outcome,  common methods used for family 

data are regression methods, such as marginal models fitted using generalized estimating 

equations (GEE) or conditional models and mixed-effect models, such as conditional logistic 

regression(CLR) [37] and  between-within (B-W) regression models [38, 39]. These models 

take account of the correlation structure of the data and seek to estimate the magnitude of 

any association between exposure and outcome variables and quantifying the corresponding 

magnitude of any association between risk factors and the likely presence or absence of the 

outcome free from any potential bias by confounding factors. The details of the models used 

for these analyses will be detailed and reviewed in later chapters.  

1.2 My doctoral work addressed the above critical research gaps 

For my doctoral work, I have addressed the issues highlighted above using data from the 

Tasmanian Longitudinal Health Study (TAHS), one of the world’s longest ongoing population-

based respiratory studies. The TAHS began in 1968 when participants were recruited at age 

seven years and were asked to complete a detailed questionnaire and participate in 

laboratory testing of respiratory health. All of their siblings were invited to participate by 

completing a shorter version of the questionnaire. They were subsequently followed up in 

2004 and 2007 [40]. Details of the study participant’s characteristics, other follow-ups and 

data collected are described in chapter 4 of this thesis. Specifically, data on siblings from 1968 

and 2004-2010 have been utilized to investigate the association between early life factors and 

respiratory diseases (asthma and COPD) in mid-life.   
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1.3 Overall aim and objectives  

The overall aim of this thesis is to investigate associations between selected early life factors 

and the natural history of asthma and COPD to middle-age using a familial data set. Specific 

objectives are: 

Aim 1: To systematically review the literature on whether there exist phenotypic associations 

of atopic diseases (Eczema, Food Allergy, Allergic Rhinitis, and Asthma) with sib-ship and twin 

data. 

Aim 2: To investigate associations between childhood eczema and asthma incidence at 

middle age and between childhood eczema and asthma persisting at middle age using family 

(sibling) data.  

Aim 3: To investigate associations between childhood hay fever and asthma incidence at 

middle age and between childhood eczema and asthma persisting at middle age using family 

(sibling) data.  

Aim 4: To investigate associations between early onset (childhood) asthma and later onset 

chronic obstructive pulmonary disease (COPD) using family (sibling) data. 

1.4 Thesis statement  

This thesis is based on original research conducted throughout my PhD candidature. TAHS 

data have been used to address objectives, as stated above. 

1.5 Thesis overview  

Chapter 1.  A summary of the rationale, objectives, and overview of my thesis. 

Chapter 2.  A literature review.  

Chapter 3.  A published paper entitled, “Is the atopic march related to confounding by 

genetics and early life environment? A systematic review of sibship and twin data.” 

Chapter 4. A detailed description of data collection in the TAHS and methodology. 
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Chapter 5. A detailed description of the statistical methods used for analysis.  

Chapter 6. A thesis chapter titled, “Childhood eczema and asthma incidence and persistence: 

A sibling study from childhood to middle age using sib-paired data”. 

Chapter 7. A thesis chapter titled, “Childhood hay fever and asthma incidence and 

persistence: A sibling study from childhood to middle age using sib-paired data”. 

Chapter 8. A thesis chapter titled, “An application of Conditional Logistic Regression and 

Between-within regression to explore the association between childhood asthma and chronic 

obstructive pulmonary disease (COPD)  using sib-paired data”. 

Chapter 9. An overall discussion of the work in the thesis, strengths, and limitations of my 

work, future recommendations, and directions based on the findings of my thesis. 

 

 

 

 

  

https://www.webmd.com/lung/copd/ss/slideshow-copd-overview
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CHAPTER 2 

Literature Review 

 

As described in the Introduction, my doctoral work focusses on the use of sibship data to 

investigate the associations between early life risk factors of asthma and allergies and later 

onset of asthma and COPD.  

In this chapter, for both asthma and COPD, I define the disease, summaries the health burden 

and, in the case of asthma, describe different phenotypes and list the risk factors for its 

development. My published literature review (CHAPTER 3) comprehensively describes 

associations between those asthma phenotypes based on the analysis of data from twin and 

sibship data. For COPD, I appraise the studies that investigated childhood asthma as an 

exposure that may influence the risk of COPD as an outcome in later life. Finally, I summarize 

my aims for my PhD project. 

2.1 Introduction: Asthma and Chronic Obstructive pulmonary disease (COPD) 

It has long been known that asthma tends to cluster in families. A child is at greater risk of 

becoming asthmatic if his/her parents or siblings are asthmatic [21]. Similarly, a twin is more 

likely to develop asthma if their co-twin has asthma, especially if they are identical twins [35]. 

These observations indicate that asthma susceptibility may be under some influence that is 

shared by family members such as genes and environmental factors, for example, the 

common environment in which they live in the family household. In this thesis, my focus is 

the use of family data, especially sibling data, and how this type of data can be used to 

estimate the magnitude of an exposure-outcome association more precisely. 

Like asthma, familial associations in chronic obstructive pulmonary disease (COPD) have been 

well recognized and may result from genetic, gene-environment, or exposure to 

environmental factors across the life course [41, 42]. Consequently, an individual with a 

sibling who has COPD may be at a greater risk themselves of developing COPD. 
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2.1.1 Global burden of asthma and COPD 

The global mortality, prevalence, morbidity, and economic burden associated with asthma 

has increased over the last 40 years, with children the most vulnerable group [43]. It is 

estimated to affect around 339 million people worldwide, although this may be an 

underestimate since there is evidence that asthma is under-diagnosed and undertreated [44]. 

Inhaled corticosteroids have proven to be effective for asthma management, although 

children with asthma are frequently admitted to the hospital, which may reflect an increase 

in asthma severity and poor disease management. Asthma is ranked 16th among the leading 

causes of years lived with disability and 28th among the leading causes of burden of disease, 

as measured by disability-adjusted life years (DALYs) globally [44]. The financial burden with 

asthma varies in different countries depending on how severe the asthma status is within 

individuals [45]. Both direct and indirect cost of asthma is still a major global economic 

burden. 

COPD is another leading contributor to the global health burden [46]. COPD prevalence and 

health burden have been increasing over the last two decades. It not only generates high 

healthcare cost but is also a major burden in terms of disability and impaired quality of life.  

The prevalence of COPD is increasing with growing global exposure level to COPD risk factors 

such as smoking, family history of asthma and allergies, genetic factors, socioeconomic status, 

etc. [47]. COPD is often under-diagnosed by healthcare professionals because it remains 

unidentified until it is clinically apparent and therefore, moderately advanced [47]. The 

prevalence of COPD is projected to increase over the next decade with the increased 

prevalence of smoking in developing countries and the aging of the population in developed 

countries [48, 49]. 

2.1.2 Global prevalence of asthma and COPD 

the only global population-based study of asthma is the Global Asthma Network (GAN) started 

in 2003 (also known as ISAAC Phase Three) and generate new information on adults and 

children with asthma in a continuous fashion.  The most recent information on asthma 

prevalence, severity, management, and risk factors can be obtained from GAN (2017-2019) 

from different parts of the world on both children and adults. 
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In this study, Children (age <13) were asked about their wheeze, a symptom that is commonly 

associated with asthma, in the preceding 12 months — the prevalence of current wheeze 

wide-ranging between countries. The prevalence is highest in Australia, Australasia, Europe, 

North America, and parts of Latin America. The Indian subcontinent, Asia-Pacific, Eastern 

Mediterranean, and Northern and Eastern Europe have the lowest observed prevalence [44]. 

The prevalence of asthma in adults aged 18-45 years was estimated in 2002-2003 by the 

World Health Organization (WHO), using data from 177,496 adults living in 70 countries [50]. 

Overall, 4.3% of the global population in this age group reported to have a doctor’s diagnosed 

asthma, 4.5% reported having either a doctor’s diagnosed or they were taking treatment for 

asthma, and 8.6% reported that they had experienced attacks of wheezing or “whistling 

breath” (symptoms of asthma) in the preceding 12 months and the prevalence is mostly 

observed in Australia, Northern and Western Europe having the highest prevalence [50]. 

The prevalence of COPD increases with age, mostly occurring in people aged 45 and over. A 

recent meta-analysis estimated that COPD global prevalence of 10.7% (95% confidence 

interval (CI) 7.3%–14.0%) in 1990 among people aged 30 years or more which has increased 

to 11.7% in 2010 among this age group [51]. Another meta-analysis of 156 eligible studies 

yielded a summary prevalence of 9.23% (95% CI: 8.16%–10.36%) and 6.16% (95% CI: 5.41%–

6.95%) for men and women, respectively. When the analysis was restricted to participants 40 

years or older, the summary prevalence increased to 11.55% and 7.47%, respectively. 

Addition to that, about 75 studies which used spirometry to diagnose COPD, the summary 

prevalence was 13.09% and 7.59%, and was even higher when the analysis was focused to 

participants aged 40 or older. Self-report and physician-based diagnoses provided similar 

lower prevalence for men and women, suggesting that COPD is considerably underreported 

[52, 53]. For individuals more than 40 years old,  the prevalence of COPD was found to be 

between 9% and 10% [52]. Variations among different studies in the prevalence estimates 

may be due to the criteria used for diagnosing COPD [52, 54]. Two large studies, known as the 

BOLD (Australia) and PLATINO (Latin America), have used gold-standard post-Bronchodilator 

(BD) spirometry to investigate risk factors for COPD found the prevalence of COPD in men to 

be 11.8% and in women to be 8.5% [55]. Significant heterogeneity was, however, observed in 

the prevalence of COPD across all study sites in Australia. The PLATINO study investigated 

COPD among people more than 40 years old in five major cities in Latin America. The 
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estimated prevalence ranged from 7.8% to 19.7% [56]. The estimates in these two studies, 

even with identical methodologies, show a large variability in the prevalence of COPD [57].  

2.1.3 Global asthma and COPD mortality 

In most countries, less than 1% deaths occur due to asthma. Since many of them are 

preventable, asthma cases are to be taken seriously. Asthma death rates increase steadily 

from mid-childhood to old age, and most asthma deaths are observed for ages over 45 years 

and mostly been associated with lack of long-term medical care management or delayed in 

obtaining medical help. In 2016, the Global Burden of Disease collaboration estimated that 

420,000 people in the world died from asthma [50]. Although death due to asthma is less 

common compared to many other chronic diseases, continued surveillance of asthma 

mortality rates is a must to monitor progress in asthma care [50]. Figure 2.1 shows the age-

standardized deaths due to asthma per million population published by World health 

organization (WHO) in February 2014. 

 



39 

 

 

 

Figure 2.1: Age-standardized deaths due to asthma per million population Source: World 

Health Organization (WHO) detailed mortality database, February 2014 [50] 

COPD is the third leading cause of death worldwide reported in 2016 [Figure 2.2) [46, 58]. 

Globally, 5% of all global deaths, that is, around 3 million deaths were caused by COPD in 2016 

[59]. In recent decades, there has been a decrease in age-specific and sex-specific COPD 

mortality rates within all age groups, especially among younger people [59, 60]. This is 

another reason for the increasing prevalence over the last two decades. However, the total 

number of global deaths due to COPD is projected to rise substantially over the next few 

decades [61] due to increasing exposure to risk factors. Overall, mortality from COPD is higher 

among the older population and more frequent among males than females [59]. 
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Figure 2. 2: Global health estimates, 2016 deaths by cause in 2000-2016 [62] 

2.1.4 Burden of asthma and COPD in Australia 

Australia is one of the highest prevalent countries of asthma in the world. 1 in 9 Australians 

have asthma, which is around 2.7 million people. The age-group-specific prevalence can be 

much higher. More boys have childhood asthma, but asthma is observed more among 

females in the adult life as compared to adult males. The rate of asthma among Indigenous 

Australians is almost twice as high as that of non-Indigenous Australians  and asthma is more 

common among people who live in socioeconomically disadvantaged areas [63]. Asthma is 

generally more prevalent for populations living in inner regional areas compared with people 

living in urban cities [63]. Although everyone with asthma should have a written asthma 

action plan, only 57% of children have an actual asthma action plan [63]. The estimated cost 

of asthma in Australia in 2015 was $28 Billion. There were 441 deaths due to asthma in 2017; 

among them, 300 were female [63]. 
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Figure 2. 3: Australian institute of health and welfare (AIHW) analysis of Australian Bureau 

of Statistics (ABS) Microdata, National Health Survey (NHS) 2014–15 [63] 

The prevalence of COPD in Australia is higher among those aged older than 45 years [64]. The 

2014–15 Australian Bureau of Statistics (ABS), National Health Survey (NHS) reported that the 

prevalence of COPD (self-reported emphysema and bronchitis) among Australians whose age 

is over 45 was 5.1%, an estimated 460,400 people. The prevalence did not differ substantially 

between males and females (5.2% and 4.9% respectively). [64]. There were 7,150 deaths 

(4.6% of all deaths) attributed to COPD in 2015 making it the fifth leading cause of death in 

Australia. The mortality rate due to COPD in Australia is gradually declining but it is still higher 

compared to some developed countries [64]. The following figure shows how COPD 

prevalence increases with age among Australians, and most is observed within the age group 

over 75 years. 
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Figure 2. 4: Prevalence of COPD in Australia, ages 45 and over, 2014-15 [64] 

 

Summary: Asthma 

• Different study locations and study designs have been used to estimate asthma 

prevalence, and the overall prevalence of asthma varied widely in children as well as 

younger adults.  

• In developing countries, due to limited access to care and essential medications, there 

exists several significant barriers to reduce the burden of asthma. 

• The prevalence of asthma also depends on demographics (age or sex) and the history 

of an individual’s exposure to certain environmental agents, and genetic factors. The 

key to reducing the overall asthma prevalence lies in controlling for exposures to those 

agents. 

• There is no cure for asthma, but it can be managed. The Global Initiative for Asthma has 

outlined a detailed patient management plan which focuses on increasing patient 
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education on treatment plans, and with review, maintain communication with each 

patient and their providers. 

• Globally, asthma is ranked 16th among the leading causes of years lived with disability 

and 28th among the leading causes of burden of disease 

• 2.7 million Australians (1 in 9) suffer from asthma (AIHW 2015). Among children age<13 

years, the highest prevalence is (≥20%) and it varies between (21.0% - 27.4%) in adults. 

in Australia. 441 asthma deaths occurred in Australia in 2017.  

• Smoking, Socioeconomic status, air pollutions, occupational exposure, family history of 

asthma, gender, obesity are known to be the possible risk factors associated with the 

development of asthma. 

 

Summary: COPD 

• Chronic obstructive lung disease has remained the top major killers during the past 

decade. In 2012 total 3.1 million or 6% people globally died due to COPD. COPD is the 

third leading cause of death just after Ischemic heart disease & stroke. COPD is the third 

leading cause of death worldwide (WHO 2014). 

• COPD is fifth leading cause of death In Australia. In 2015, 7,150 deaths (4.6% of all 

deaths) were attributed to COPD in Australia as reported by the Australian Institute of 

Health and Welfare and the Australian Bureau of Statistics. 

• COPD prevalence increases with age with the highest prevalence in those people aged 

more than 60 years. Prevalence of COPD varies on demographics and the history of 

individual exposure to risk factors.  

• These wide variations might be attributed to the diagnostic criteria that include 

spirometry definition and physician diagnosis to define COPD and also various risk 

factors.  
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2.2 Definitions  

2.2.1 Definitions of Asthma  

Defining asthma is not straightforward due to the wide variation in the characterization of 

the disease. There is no single manifestation or combination of criteria that would permit a 

precise definition. Asthma is a chronic respiratory disease of the airways, characterized by 

inflammation of the air passages that results in a temporary narrowing of the airways that 

carry oxygen to the lungs. The expert panel report of the national asthma education program 

[65] defines asthma as a lung disease with the following characteristics: (1) airway obstruction 

(but not completely so in some patients) that is reversed either spontaneously or with 

treatment; (2) airway inflammation and (3) increased airway responsiveness to a variety of 

stimuli. The responsiveness of the airways differs among asthmatic and non-asthmatics. In 

asthmatics the responsiveness is markedly increased, and they develop bronchoconstriction 

in response to similar quantities of physical, chemical, and pharmacological stimuli than do 

individuals with no asthma [66]. A major problem in diagnosis is due to the intermittent 

nature of the disease as airways obstruction and symptoms such as wheeze disappear 

between episodes. Asthma is typically diagnosed on medical history and examination of the 

patient and is often supplemented by measuring lung function, markers of allergy/atopy and 

bronchial reactivity. 

2.2.1.1 Epidemiological definition 

Epidemiologists mainly rely on lung function tests and questionnaire data to determine 

asthma status of an individual. Epidemiologic studies need an efficient and reliable method 

to determine asthma prevalence, severity, and its association with possible risk factors.  

Due to the complexities of the huge range of asthma triggers, symptoms, severities, and lack 

of medical knowledge among the general population, it is challenging to formulate a reliable, 

specific, and sensitive questionnaire. But large population-based surveys of respiratory 

diseases such as asthma mainly rely on questionnaire data since they are relatively cost-

effective.  Most definitions of asthma questionnaire survey are based on the answer or 

combination of answers to four types of questions; (a) Doctor-diagnosed asthma: “Have you 

ever been diagnosed by doctors as having asthma?” [67-69]; (b) Self-reported: “Have you ever 
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had asthma?” [69-76]; (c) Self-reported symptoms consistent with asthma: “Have you ever 

had wheeze or tightness of the chest?” [76-79]; and (d) History of asthma medication use: 

“Have you ever taken any of the following anti-asthmatic medications?” [80, 81]. 

To be able to determine the asthma status of an individual accurately, one can use definitions 

(a) or (b) or (d) as these questions alone should be able to capture asthmatics since it is highly 

unlikely that a non-asthmatic would reply in the affirmative to these questions. Many 

asthmatics with mild symptoms may be not captured through these questions resulting in 

underestimation of asthma prevalence and thus low sensitivity. For definition (c), while 

combined with the definition (b) can overcome the problem of misdiagnosis. The most 

common symptom used has been “a wheeze or whistling in the chest”. During most asthma 

episodes, the wheezing or whistling sound is observed due to restriction or constriction of the 

airways. The advantage of a symptom-based definition is that doctor diagnosis is not 

required. The responses are, therefore, less sensitive to factors such as age, class, and culture. 

The disadvantage is the generality of such symptoms. Wheeze is not restricted to asthma; 

other respiratory diseases such as emphysema and bronchial hyperresponsiveness may also 

have wheezy symptoms. Therefore, if a positive response only to definition (c) is used to 

determine asthma status, individuals with no asthma may be mis-classified as asthmatic. 

To capture any change in asthma status over time, that is, to estimate the frequency of 

incident asthma and persistent asthma, questions on age of onset and current asthma status 

is important. Age of onset gives the status of an individual who has childhood or adult asthma. 

If an individual develops asthma after their age 20, they are considered to have adult asthma. 

In addition to the age of onset, current symptoms such as wheezy breathing without a cold in 

the last 12 months or “did you have any asthma attack within the last 12 months?” [7, 9] can 

be used to capture persisting asthma with or without the history of childhood asthma. 

Many epidemiological asthma surveys have used objective measures as well as questionnaire 

[82, 83]. Asthmatics are to be known to have hypersensitive airways, typically defined by 

whether the administration of an arbitrary concentration of stimulant can result a pre-

determined decrease in forced expiratory volume in the first second, FEV1, a phenomenon 

known as bronchial hyperresponsiveness (BHR). BHR is also subject to misclassification and 

can miss both asthmatics and non-asthmatics [84-86]. 
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Definition: Asthma 

• There is no single definition of asthma that has proven superior to others in diagnosing 

individuals with asthma. As a result, many definitions of asthma have been used which 

are constrained by the measurement tools available. 

• For identifying ever having asthma, various well-stablished questions are available on 

(a) doctor-diagnosed asthma; (b) self-reported asthma; (c) self-reported symptoms; 

and (d) history of medication use. Some questions are self-explanatory and sometimes 

a combination of two questions are used to define asthma status. 

• Age of onset and current asthma symptoms are used to define incidence asthma and 

persistent/ remitted asthma. 

 

2.2.2 Definitions of COPD 

Post-BD lung function measurement of forced expiratory volume in 1 second (FEV1), forced 

vital capacity (FVC) and their ratio FEV1/FVC have been described as fundamental in defining 

COPD [87]. This section addresses the details of different lung function criteria that have been 

used to define COPD in epidemiological studies. 

2.2.2.1 Spirometry and FEV1 cut-off point to define COPD 

The most common and non-invasive way to obtain objective measurements of lung function 

is spirometry. Spirometry measures the forced expiratory volume in 1 second (FEV1) and 

forced vital capacity (FVC, effectively the total lung capacity) to measure the condition of the 

lungs. These two measurements and their ratio are used as a key parameter to confirm the 

COPD cases [88]. Post-bronchodilator spirometry is essential to confirm a diagnosis of COPD 

[89], and it is known to be a robust method used in epidemiological studies. 

A well-accepted definition of COPD as a common disease characterized by persistent airflow 

obstruction that is not fully reversible (unlike asthma) with respiratory symptoms and 
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accelerated and progressive loss of lung function associated with a chronic inflammatory 

response in the airways due to inhaled particles or gases [87, 90]. Fixed airflow obstruction 

(AO) is defined by a reduction of the post-BD FEV1/FVC ratio as measured by spirometry, 

which is the main characteristic used to define COPD [87, 91]. One can also use the pre-BD 

spirometry measurements, but post-BD spirometry provides a more accurate definition COPD 

as it ensures a more valid diagnosis of COPD in the general population [92] by excluding those 

with reversible airways obstruction typically seen in asthma [89]. Post-BD spirometry is used 

by many international prevalence studies [55, 56, 87, 93] while only a few population-based 

prevalence studies have used pre-BD spirometry to define COPD [94, 95].  

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines defined COPD as 

the post-BD fixed ratio of FEV1/FVC less than 0.7 [90]. An alternative definition uses the Global 

Lung Initiative (GLI) statistical reference equation-based on the Lower Limit of Normal (LLN) 

criteria. LLN defines COPD as an FEV1/FVC value below the lower fifth percentile of a large 

healthy reference population [96]. The use of these cut-off values of FEV1/FVC ratio to confirm 

an airflow obstruction or COPD cases remains a topic of debate [87].  

The statistical reference equation-based LLN criteria and using the GLI reference values is 

arguably the most accurate definition and particularly useful for epidemiological studies [97]. 

It has been used in many studies to define and estimate the prevalence of COPD [98, 99]. In 

the literature, the GOLD cut-off may result in more frequent identification of COPD cases 

among elderly [98, 100] and less frequent diagnosis in younger adults aged less than 45 years 

[90, 100], whereas LLN cut-off have shown to be more accurate in diagnosing COPD when 

measured and calculated on the same occasion as the competing GOLD measurement [97].  

There are limitations involved with using both criteria to define COPD [101]. The LLN criteria 

use population-specific reference values based on age, sex, height, ethnicity and assuming 

that the corresponding population distribution of the lung function measurements are at least 

approximately normally distributed. A violation of this assumption of normality has the 

potential to misdiagnose COPD – LLN is known to fail to identify some patients with significant 

pulmonary pathology and respiratory morbidity since it also depends on the choice of 

reference equations [102]. Moreover, LLN has not yet been validated using longitudinal 

studies [90]. The GOLD cut-off criteria are independent of population-specific reference 
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values and normal age-related physiological lung function decline [103, 104], which may 

account for more frequent diagnoses at older ages [92].  

Definition: COPD 

• A confident diagnosis of COPD can only be made with application of spirometric tests. 

• Spirometry measures the forced expiratory volume in 1 second (FEV1) and forced vital 

capacity (FVC) to measure the lung condition. These two measurements and their ratio 

are used as the key parameters to confirm the presence of COPD. 

• The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines defined 

COPD as the post-BD fixed ratio of FEV1/FVC less than 0.7. An alternative definition uses 

the Global Lung Initiative (GLI) statistical reference equation-based LLN criteria. LLN 

defines COPD as an FEV1/FVC value below the lower fifth percentile of a large healthy 

reference population. 

• In the literature, the GOLD cut-off may result in more frequent identification of COPD 

cases among elderly and less frequent diagnosis in younger adults aged less than 45 

years, whereas LLN cut-off have shown to be more accurate in diagnosing COPD under 

the same circumstances. 

• A recent American Thoracic Society and European Respiratory Society joint Task Force 

report recommends using a lower limit of normal (LLN) of forced expiratory volume in 

one second/forced vital capacity as opposed to a fixed ratio of <0.7 to diagnose airflow 

obstruction, in order to reduce false positive diagnoses of chronic obstructive 

pulmonary disease (COPD) as defined by the Global Initiative for Obstructive Lung 

Disease (GOLD) among both young population aged >40 and older. 

• The recommendation of the ATS/ERS task force is, if possible, to use both definitions of 

COPD in a study and compare the results. 
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2.3 Childhood-onset asthma and adult-onset asthma 

2.3.1 Childhood asthma 

The age of onset of asthma plays an important role since asthma can occur at any age. Most 

asthma cases begin in early childhood and can be diagnosed within the 6 years of age  [105]. 

Although male children are more prone to have asthma [106],  the prevalence in boys seems 

seem to diminish and at around age 11 years of age reaches a level that is similar to the 

prevalence for girls; and after 16 years of age, the disease is more common in females (6.2%) 

than in males (4.3%) [107]. 

A systematic review have found that genetics play a bigger role predisposing eczema to hay 

fever and eczema to asthma than environmental factors; and the link between eczema, and 

asthma and hay fever is independent of shared early life environmental factors [108]. The 

main risk factors associated with childhood-onset asthma are genetic predisposition (a family 

history of allergies and asthma) viral respiratory infections, bacterial colonization, allergic 

sensitization, and tobacco exposure [109]. 

Childhood asthma has been linked with a parental history of atopic diseases and found to be 

a strong risk factor in many studies [110]. Various genetic studies have found that specific 

chromosomes are strongly associated with childhood-onset asthma [111, 112]. Therefore, 

genetic predisposition seems to play a major role in the onset of asthma in early childhood. 

Childhood-onset asthma is typically associated with other atopic diseases, including allergic 

rhinitis and atopic dermatitis [22, 113]; early and persistent sensitizations to allergens are a 

strong risk factor for asthma in childhood [114]. Furthermore, the total and specific 

immunoglobulin (IgE) levels are higher in childhood-onset asthma as compared with in adult-

onset asthma [115]. Therefore, signs and symptoms of atopy and allergy are linked to asthma, 

and these typical manifest themselves in early childhood. 

Maternal smoking during and after pregnancy has been linked to asthma and other wheezy 

respiratory diseases in early childhood [116]. Also, air pollution due to exposure to traffic in 

the local environment in which a family lives may cause asthma in children [117]. 
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Both viral infections [118] and bacterial colonization may play a role in the development of 

childhood-onset asthma [109]. Rural living has been found to work as protective for 

developing childhood asthma [119, 120]. For both viruses and bacterial colonization, it is still 

unclear whether they act as the environmental trigger in genetically predisposed people or 

whether is a marker of the underlying genetic asthmatic constitution. 

Asthma control and management among children have been improved over the last few 

decades due to the spread knowledge and cost-effective availability of corticosteroids.  Daily 

inhaled corticosteroids have been found to be highly effective for improving asthma condition 

in childhood-onset asthma [121].  

As a summary, childhood-onset asthma is observed to be familial and strongly associated with 

other allergic disorders and a variety of environmental risk factors. 

2.3.2 Adult-onset asthma  

Adult-onset or later-onset asthma is defined when symptoms occur for the first-time during 

adulthood typically around the age 20. Adult-onset asthma is different from childhood-onset 

asthma and usually non-atopic, severe, and is associated with a faster decline in lung function. 

Although the phenomenon of childhood-onset asthma has been much more thoroughly 

explored, much less is known about the occurrence and associated factors with adult-onset 

asthma. Also, the many patients with adult-onset asthma who have a faster lung function 

decline [122] are subject to more severe persistent airflow limitation [64]. Adult-onset asthma 

is largely under-investigated and still far from completely understood. 

2.4 Risk factors, triggers, and comorbidity associated with adult-onset asthma  

The role of genetic predisposition of adult-onset asthma has not been studied much and still 

not as clear as childhood-onset asthma.  To address why some individuals, exhibit asthma 

symptoms in conditions where others remain unaffected, it is necessary to look into the 

current understanding of the underlying immunological process and all possible risk factors 

associated with the development of asthma. Similar mechanisms may cause both childhood-

onset and adult-onset asthma, including exposure to environmental triggers such as 

environmental pollution or childhood infections [106]. Asthma attacks can be induced by a 
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variety of mechanisms triggered by a variety of factors. In the literature, several 

environmental and genetic triggers, that is, factors have been associated with the 

development of asthma in adulthood, will be discussed in the following sections. 

2.4.1 Smoking 

Active smoking prevalence has substantially decreased over the last 50 years but is still 

unacceptably high in both developed and developing countries (e.g., ranging from 18% to 46 

% in males and 3% to 21% in females by WHO regions in 2016) [123]. Similar prevalence 

patterns are observed for exposure to passive smoking. For example, the prevalence of 

exposure to environmental tobacco smoke in children has been documented to be as high as 

70% in some areas worldwide [124-126]. Even among pregnant women and their developing 

fetus who are considered particularly vulnerable, the prevalence of smoking is still surprisingly 

high (up to 40%) [127].  

Both personal smoking and exposure to passive smoking are risk factors for the development 

of adult asthma. Several studies [128, 129] identified that cigarette smoking is highly linked 

with an higher risk of developing asthma including adolescents [129]. People with asthma 

were more likely to report having been a smoker in the past [130]. Maternal smoking during 

pregnancy is linked to asthma symptoms in children [131], and smoking by a parent is linked 

to asthma symptoms in adolescence [132].  Tobacco smoking, or environmental tobacco 

smoke can increase the risk of asthma exacerbations (or flare-ups) among asthmatics [132]. 

Also, the magnitude of the effect of exposure to tobacco smoke on the increased risk of 

development of asthma symptoms varies with age, that is, it is likely that exposure to tobacco 

smoke and age interact in their effect on the risk of asthma in adult life. 

2.4.2 Socioeconomic status 

Low socioeconomic status is a risk factor for asthma. However, it has not yet been definitively 

established exactly which component/s contribute to this relationship [133]. It could be due 

to air pollution, occupational exposures, higher rates of smoking, living or working in a 

crowded environment, poorer nutrition, or increase risk of infection [133], with standard 

measures of poverty regarded as a surrogate measure of these factors. 
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2.4.3 Upper airway diseases  

Hay fever is a risk factor for the onset of asthma in adulthood [7, 134, 135]. Chronic 

rhinosinusitis and nasal polyposis can contribute the adult asthma. Chronic rhinosinusitis 

without nasal allergies was positively associated with adult-onset asthma in a large 

population-based study [136]. As a contradiction, some studies found association between 

adult-onset asthma and nasal polyps and aspirin intolerance. The underlying mechanisms is 

still unclear and poorly understood.  

2.4.4 Air pollutants 

Indoor air pollution such as particulate matter generated by mould, house dust mite, pets, 

and noxious fumes from household cleaners and paints can cause allergic reactions and 

asthma. Other environmental factors, including air pollution such as outdoor pollens, grass, 

sulphur dioxide, nitrogen oxide, ozone, and meteorological factors are all known to trigger 

asthma in susceptible individuals [137]. Ozone is the major destructive ingredient in smog and 

is known to cause coughing, shortness of breath, and even chest pain, and this can boost the 

susceptibility to infection. [138].  

Weather changes can also result in asthma exacerbations in some people. Winter season 

causes airway congestion and an increase in mucus production, whereas increases in humidity 

may also cause breathing difficulty in a certain population. 

2.4.5 Occupational exposure 

In addition to smoking, occupational exposures are also identified as major adult risk factors 

for asthma and related respiratory diseases [139, 140]. Associations between occupational 

exposure and especially on lung function have been investigated in both workplace settings 

and the general population. These workplace-based studies mainly focus on assessing the 

impact of exposure by a specific occupation compared to non-exposure, for the benefit of the 

workers on that specific environment. The population-based studies, as a contradiction, are 

largely unaffected by the healthy worker effect and have been shown to have external validity 

[141, 142]. In many population-based studies, exposure assessment is based on self-reported 

exposure to specific occupational agents, but more integrated assessment methods that 
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utilize an individual’s job history and Job Exposure Matrices (JEMs) [143, 144] are being 

increasingly used. 

2.4.6 Family history of asthma 

Heredity plays a major role in asthma and other allergic diseases. Studies have examined 

whether parental history contributes to the onset of asthma in children. In a study, the odds 

of having a child with asthma were found 3.2 times greater in families with one asthmatic 

parent and 5.6 times greater in families with two asthmatic parents compared with families 

with allergy without asthma [145]. Maternal asthma was found to be more strongly 

associated with asthma in a child in any age group as compared to paternal asthma, which 

was only weakly associated with childhood asthma. For the children less than 5 years of age, 

the risk for childhood asthma associated with maternal asthma was 5-fold, and the risk 

associated with paternal asthma was almost 2-fold, whereas both maternal asthma and 

paternal asthma were associated with similar risks among children greater 5 years of age 

[145, 146]. The prevalence of asthma differs in these studies according to whether the child 

had no siblings (34.6%), younger siblings only (27.1%), older siblings (27.4%), or both older 

and younger siblings (25.7%). Also, the risk of asthma was inversely related to sibling number, 

and the mean age at onset for asthma or wheezy breathing decreased as the number of 

siblings increased [147]. 

2.4.7 Gender 

Researchers [4, 129] have found that gender differences in asthma manifest at the early 

stages of puberty. It is likely that hormonal changes and genetic susceptibility both contribute 

to the change in prevalence during puberty. At age 40, however, it is more common for 

females than males to have adult asthma [148]. Non-atopic asthma occurs more among 

women with 65% of new-onset cases whereas only 37% of new-onset cases in men in a study 

[149]. The gender differences on asthma onset are not entirely understood. This can happen 

due to biological sex differences (genetic, pulmonary, and immunological factors), 

sociocultural and environmental differences. There is evidence that hormones related to 

gender are major determinants of these biological sex differences [150]. 
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2.4.8 Other factors 

Long-term aspirin intake, in individuals without asthma; might reduce the risk of developing 

asthma via cyclo-oxygenase (COX)-dependent and COX-independent pathways [72, 151].  

Also, obesity is another known risk factor for the development of adult asthma [152]. Two 

observational studies [153] showed that abdominal waist circumference was associated with 

increased prevalence and incidence of asthma.  

Summary 

• Both genetic and environmental factors play an important role in the risk of developing 

asthma in adult life. 

• The role of genetic predisposition in adult-onset asthma has not been studied as much 

and still not as clear as it is for childhood-onset asthma. 

• Similar mechanisms may cause both childhood-onset and adult-onset asthma.   

• Both personal tobacco smoking and/or exposure to environmental tobacco smoke are 

risk factors associated with the development of adult asthma. Several studies found 

that cigarette smoking is associated with an increased risk of developing asthma 

including in adolescents. 

• Women are more at increased risk of developing adult-onset asthma and also suffer 

from more severe disease symptoms than men leading to more frequent or longer 

hospitalization. 

• Low socioeconomic status is a risk factor for asthma. However, it has not yet been 

established which component/s contribute to this relationship. It could be due to air 

pollution, occupational exposures, higher rates of smoking, living or working in a 

crowded environment, poorer nutrition, or increase risk of infection. 
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• Some prenatal risk factors, including paternal smoking, may also affect the early 

development of allergy and asthma in both childhood and adulthood.  

• Environmental factors may act as protective or as risk factors, depending on the timing 

of exposure in infancy and/or childhood. 

• In adulthood, re-occurrence of childhood asthma may be just as common as new-onset 

asthma.  

 

2.5 Risk factors and Asthma Phenotypes 

There are many different classifications of asthma, including asthma severity ranging from 

mild to severe. Asthma has traditionally been characterized as extrinsic, that is, atopic asthma 

(AA) and intrinsic, that is non-atopic asthma.  Differences in risk factors and measures of 

severity exist depending on how one defines asthma. For example, the risk factors for atopic 

or allergic asthma diverged from those for non-atopic asthma [154]. One study found that 

4.8% of children had atopic asthma, 1.9% had non-atopic asthma, 3.4% had remitted asthma, 

and 4.3% had frequent respiratory symptoms [155]. Therefore, recognizable clusters of 

demographic features, clinical characteristics, lung function, and inflammation are called 

“asthma phenotypes.”  

 

 

 

 

 

 

 

 

My PhD focuses on the use of sibship data for exploring associations related to allergic 

asthma and adult-onset asthma. The Tasmanian Longitudinal Health Study (TAHS), which is 

discussed in detail in CHAPTER 4, is a family study including the siblings and their parents. 

My focus for this thesis was to use only sib-pairs from that data set and how that can be 

used to explore incidence and persistent asthma associated with certain asthma 

phenotypes depending on the availability of data within TAHS. This has led me to expand 

my knowledge about allergic asthma and its phenotypes, and the following discussion 

covers existing hypothesis and studies attempted to explore association between them 

within family data framework.  
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2.5.1 Allergic asthma and the atopic march 

Allergic asthma is the most common form of the disorder, classically known as atopic asthma. 

In theory, allergen exposure produces atopic sensitization and continues exposure leads to 

asthma through the development of airways inflammation, bronchial hyperresponsiveness, 

and reversible airflow. Common allergens include pollen, dust, animal dander and mould, and 

for those susceptible to asthma, exposure to such asthma-generators trigger an allergic-type 

immune response that results in the manifestation of the symptoms of asthma.  

Type 2-immunity represents the typical adaptive response to allergen exposure in atopic 

individuals [156, 157] that primarily involves Th2 cells and immunoglobulin E. Allergens may 

be responsible for a Th2 response beside specific IgE activation and a few other 

environmental factors, such as viruses and pollutants, can trigger the same pattern of 

inflammation beside atopy. Among asthmatics, the epithelial dysfunction pathogenesis is 

observed which demonstrates the relevance of innate immunity in polarizing a Th2 impaired 

response in asthmatic patients. [157].  

The natural history or typical progression of allergic diseases that often begins early in life 

includes atopic dermatitis (eczema), food allergy, allergic rhinitis (hay fever) and asthma [108, 

158-160]. These conditions have been observed in multiple studies to co-manifest or occur in 

sequence. The hypothesis that has been proposed to explain these longitudinal associations 

has been coined the atopic march [161] which is sometimes referred to as the allergic march. 

This concept asserts that allergic diseases start in early life with eczema, progresses through 

food allergy and culminates with hay fever and asthma [162]. The concept of the atopic march 

has been refined and strengthened by many cross-sectional and longitudinal studies [163-

174]. To understand the dynamics of these diseases clearly, many studies have attempted to 

characterize co-occurrence by calculating correlations through mainly cross-sectional and a 

few longitudinal studies [1, 166, 175-180].  

Studies related to the atopic march have shown a temporal relationship between these 

conditions, but whether these relationships are confounded by genetic and environmental 

factors shared by these phenotypes is still not well defined and is one of the aims of my PhD 

project.  
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2.5.2 Major focus of family studies on asthma  

The use of family data can be multi-faceted depending on the goal of research interests. Since 

genetic factors are suspected to explain why some individuals develop asthma while others 

remain symptom-free, genetic epidemiologic studies have concentrated on examining the 

association of a given condition among relatives. If the association is higher than the expected 

by chance alone, then an aetiological factor shared between the relatives is postulated. Such 

a factor could be genetic or environmental. Most of the evidence comes from a variety of 

twin and family studies of asthma and related conditions. 

The majority of support for a genetic aetiology for asthma comes from observation of familial 

aggregation of asthma and atopy. Most of these studies have only been to quantify parent-

child association using family history data. The main purpose of these studies was to estimate 

the increased risk of asthma in a child if the parents themselves were also asthmatic. These 

studies have provided evidence that important aetiological factors for asthma, whether 

genetic or environmental, are commonly shared by a family member.  

Twin populations are more commonly used to determine how much of this association may 

be attributable to shared genetic factors and environmental factors. The most fundamental 

twin study examines the association of disease among genetically identical or monozygotic 

(MZ) twins. In twin studies, there are two types of twin pair: monozygotic (MZ) twins, who 

share a common set of genetic material, and non-identical dizygotic (DZ) twins, who share on 

average only 50% of their segregating genes [181] in addition to similar aspects of their early 

environment. If only one twin develops the disease, then the cause for the disease is unlikely 

to be entirely due to genetic factors. Non-genetic-factors must be implicated if only in 

determining the timing of the disease onset. Examination of difference between the twins for 

exposure to putative risk factors may give clues as to the aetiological factors involved. To 

explore whether genetic factors influence susceptibility, twin data is required that compares 

the concordance for disease among MZ pairs with that of DZ pairs. If the concordance is higher 

among the MZ twins, then this is consistent with a genetic aetiology. The majority of studies 

examining a genetic aetiology for asthma have been twin studies for concordance rate. 
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The primary goal of most genetic research was to find associations of asthma with allergic 

phenotypes such as with Total IgE. Less focus has been given to the presence or absence of 

concomitant allergic diseases such as hay fever and eczema [182]. Because asthma, hay fever, 

and eczema share common systemic characteristics, it is reasonable to propose that several 

susceptibility genes could contribute to the allergic process regardless of the specific clinical 

phenotype. 

For asthma phenotypes, much of the published research are with twins rather than siblings 

and have used the classical twin model for univariate analyses of data to calculate twin 

concordance and within-pair correlations to estimate the degree to which genetic and 

environmental factors influence disease occurrence [2, 8, 10, 26, 35, 36, 183-185] and to 

partition the phenotypic variation into genetic and environmental components [5, 10, 22, 26, 

181, 183, 186, 187]. There are some examples of multivariate analyses that study more than 

one phenotype per person to explore the co-morbidity of two or more traits such as eczema, 

asthma and hay fever [10, 26, 181]. Co-twin case-control studies are also used to study, for 

example, gene expression in discordant twins [35, 129]. Extending twin studies to include 

other relatives such as parents and siblings of twins have been used to study the shared 

prenatal environment, genetic and environmental interactions and imprinting (an epigenetic 

phenomenon resulting in parent-of-origin-specific gene expression) where data from 

offspring of MZ twins were also available [181]. 

All the existing twin and sib studies reporting multiple phenotypes of asthma that 

concentrated on finding association whether that is genetic or phenotypic are listed in Table 

1 from CHAPTER 3. Detailed of those studies have been included in the published systematic 

review which is included in the following CHAPTER 3. 

Summary 

• Genetic factors are suspected to explain why some individuals develop asthma while 

others remain symptom-free. Genetic epidemiologic studies have examined the 

association of a given allergic condition among relatives. If the association is higher than 
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the expected by chance alone, then an aetiology factor shared between the relatives is 

postulated. Such a factor could be genetic or environmental. 

• The majority of support for a genetic aetiology for asthma comes from observation of 

familial aggregation of asthma and atopy. Most of these studies have only been to 

quantify parent-child association using family history data. 

• Twin populations are more commonly used to determine how much of this association 

may be attributable to shared genetic factors and environmental factors examining MZ 

and DZ twins. 

• The primary goal of most genetic research was to find associations of asthma with 

allergic phenotypes such as with Total IgE, with less focus on establishing the presence 

or absence of concomitant allergic diseases such as hay fever and eczema. 

• For asthma phenotypes, much of the published research are with twins rather than 

siblings and used classical twin model for univariate analyses for calculating twin 

concordance and within-pair correlations to estimate the degree to which genetic and 

environmental factors influence disease occurrence. 

 

2.6 Research gap between studies with unrelated and related subjects 

2.6.1 Association between allergies and asthma among unrelated individuals 

In the allergic march, the occurrence and severity of eczema positively correlates with the risk 

of developing food allergy (FA). Since sensitization is known to occur before food ingestion in 

most cases, it is suspected that sensitization to food develops due to inflamed skin, as 

opposed to the gastrointestinal tract. Many studies have shown that children with eczema 

are as much as six times more likely to develop a food allergy compared to individuals with 

no eczema [188]. The findings support the theory that there is transcutaneous sensitization 

to food allergens in individuals with eczema.  
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Eczema is also strongly linked to both asthma and hay fever [22, 168]. Around 20% of children 

with mild to moderate eczema develop asthma in childhood, more than 60% with severe 

eczema develop asthma [7, 9, 85, 168]. Since IgE responses to inhalant allergens develop later 

in childhood, it is possible that asthma and hay fever occurs in later childhood succeeding 

food allergies. Eczema is also associated with increased severe asthma and asthma 

persistence into adult life [189]. 

Investigators found that the presence of food allergy was associated with the development 

of asthma (odds ratio (OR) 2.16, 95% CI 1.94–2.40), and hay fever (OR 2.72, 95% CI 2.45–3.03) 

[190]. Food allergy to peanut, milk, and egg were associated with the subsequent 

development of asthma (OR 1.74, 1.38, and 1.60, respectively), and hay fever (OR 2.59, 1.46, 

and 1.80, respectively). Additionally, individuals with multiple food allergies were at a greater 

risk of developing a respiratory allergy as compared to patients with a single food allergy. 

They findings also focused on food allergy predisposed to hay fever and asthma 

independently of eczema status—suggesting the additive risk of developing new allergic 

conditions as individuals progress on the atopic march.   

Lastly, there exists a relationship between co-morbidity of asthma and hay fever. Studies have 

reported that about three-quarters of individuals with asthma also have hay fever [191]. This 

association holds after controlling for parental history of asthma, allergen sensitization and 

total IgE which proposes that the comorbidity of hay fever and asthma is not entirely due to 

atopic predisposition.  

Summary 

• Available evidence on unrelated individuals suggests that severe eczema is positively 

correlated with the risk of developing food allergy and eczema may precede food 

sensitization within susceptible individuals. 

• Childhood eczema is associated with increased risk of childhood asthma and hay fever. 
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• Only a few studies have looked into the association between childhood eczema and 

adult-onset asthma. These studies used different variables as potential confounders 

which may result in underestimating/overestimating of the magnitude of association. 

• Some studies have mentioned as a limitation that it was difficult to control for 

confounding effects in their analyses, such as the personal history of eczema or family 

history of atopy due to lack of data available in addition to various measured and 

unmeasured genetic and environmental factors. 

 

2.6.2 Association between allergies and asthma among related individuals  

Details of the sibling studies that have explored association between eczema and asthma, 

eczema and hay fever, and hay fever and asthma are detailed in Table 2 of CHAPTER 3. Although 

studies of singletons explored the association between food allergy and asthma, no twin or 

sibship studies were to be found to report an association between food allergy and asthma. 

Summary 

• Most of the available studies on asthma phenotypes are twin studies rather than sibling 

studies, and the inter-relationships have rarely been studied using twin and sibship 

data. 

• Most studies reported only single phenotype measurements. 

• No studies of food allergy associations using twin or sibship data were found. 

• Most studies focused on proportions of contributions of genetic and environmental 

factors. 

• The age of the participating twins and siblings varied greatly. Some researchers only 

studied the occurrence of a limited number of related diseases in their childhood. 
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• Most of the studies have performed univariate analyses for calculating twin 

concordance and within-pair correlations to estimate the degree to which genetic and 

environmental factors influence disease occurrence. 

• The studies have shown strong genetic pleiotropy, which might partially explain the 

association between eczema and asthma and hay fever. 

• Some evidence that eczema in infancy is associated with hay fever in children with or 

without asthma.  

• Genetics play a substantially bigger role predisposing eczema to hay fever, and eczema 

to asthma than environmental factors; and the link between eczema, and asthma and 

hay fever is independent of shared early life environmental factors. 

 

2.7 Risk factors for COPD  

Multiple risk factors can contribute to the development of COPD in later life. These include 

both genetic and environmental factors and interactions between them. The major risk 

factors include tobacco exposure, occupational and environmental exposures, respiratory 

infections, and genetics. Asthma in childhood can contribute to persistent chronic 

inflammation and impaired lung growth and may have a long-term impact on pulmonary 

function, increasing susceptibility to chronic obstructive pulmonary disease (COPD) in later 

life. There is evidence that lung development has been greatly influenced by in utero and by 

early life exposure such as prematurity, parental smoking, nutrition, air pollution and genetic 

factors [192-195]. Also, during childhood, the growth of lung function is known to be 

influenced by asthma, passive and active smoking, air pollution, and respiratory infections 

[196-199]. In adulthood, asthma, smoking, occupational exposures, air pollution, and obesity 

may increase the age-related lung function decline [200-203]. 

In this section, I address in detail the major risk factors used in my analyses of COPD, including 

smoking, asthma, childhood allergies (eczema), genetic factors such as the parental history of 
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respiratory diseases, social, economic status, and living area. Other risk factors including 

occupational exposures, air pollution. The role of gender is also briefly discussed.  

2.7.1 Smoking 

Smoking is the strongest risk factor for the development of fixed airway obstruction and 

subsequent COPD [57]. Tobacco smoking is the predominant cause of COPD and has been 

associated with most COPD cases [204]. The prevalence of respiratory diseases is higher 

among smokers as compared to non-smokers, and COPD mortality is observed much higher 

among smokers along with other lung function diseases [205]. However, it is well known that 

not all smokers develop fixed airflow obstruction and consequently COPD at later life [206]. 

Passive smoking exposure such as inhaled particles or gases and passive environmental 

tobacco smoke (ETS) can also contribute to the development or COPD. Smoking during 

pregnancy may also pose a risk to the lung growth and development of the fetus [205]. 

2.7.2 Asthma 

Asthma often begins in childhood but can occur at any time throughout life. While a large 

proportion (70%) of children with asthma/wheeze remit, asthma/wheeze may persist into 

adult life. Some people also develop asthma for the first time in adulthood. As a result, asthma 

may have varying effects on lung function and COPD.  

Asthma in adults is often appears as either the persistence of, or relapse from, the same 

disease in childhood. Some people develop adult-onset asthma after age 20 without any 

history of childhood asthma. The impact of adult asthma on lung function outcomes appears 

to vary by phenotype. An analysis from the British National Child Development Study showed 

that current wheezers with an earlier age-of-asthma onset before 23 years had impaired post-

BD lung function at age 35 years, but current wheezers with adult onset (>23 years) and non-

current wheezers had similar post-BD lung function to those who had never wheezed [207]. 

In the Tasmanian Longitudinal Health Study, both early and late onset adult current asthma 

was associated with a reduction in post-BD lung function and an increased risk of fixed airflow 

obstruction at 45 years of age, with the effect of early onset asthma being greater than adult-

onset asthma [208, 209]. A greater effect was seen for early-onset adult asthma, though the 

age at onset was ascertained from adult recall [210].  
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2.7.3 Childhood allergies  

Early life childhood allergies such are known to link to childhood asthma and lung function 

decline among severe asthma cases. Also, lower respiratory tract illnesses (LRTI) are 

associated with reduced childhood lung function [211-213]. There is a question as to whether 

these infections can have long-term impacts on lung function in adult life that can then 

contribute to COPD at later life. An interaction between childhood illness and adult exposures 

such as tobacco smoking may also contribute to adult lung function deficits [214], but the 

evidence is still limited. 

2.7.4 Genetic factors  

There is evidence that genetic factors influence the development of COPD among both 

smokers and non-smokers. The most common genetic factor linked to fixed airflow 

obstruction (AO) is α1 antitrypsin deficiency, which is found in 3% of patients with COPD and 

emphysema [57]. Growth factor β1, tumor necrosis factor α, Hedgehog-interacting protein 

(HHIP), interleukin six receptor (IL6R), glutathione S-transferase (GSTO2), a-Nicotinic 

acetylcholine receptor (CHRNA 3/5) and iron-responsive element binding protein (IREB2) may 

also influence the development of AO [41].  

2.7.5 Socioeconomic status 

Low socioeconomic status is a risk factor for COPD. Although, it has not yet been established 

which component contribute to this relationship [57], various factors have been proposed, 

such as poverty, air pollution, heavy smoking behaviour, occupational exposures, both living 

and working in an over-crowded environment, or increase risk of infection [205], with poor 

nutrition regarded as a substitute measure of these factors [57]. 

2.7.6 Rural living area 

Poor and rural areas have been associated with a high burden of chronic obstructive 

pulmonary disease (COPD) both in developed and developing countries [215, 216]. The 

diagnosed with COPD cases is nearly double the percentages as compared to large 

metropolitan areas [217]. Large animal farms as an environmental factor have been 

associated with increased risk of both asthma and COPD in farm workers [218]. In a study, 



65 

 

both spatial and temporal variation in livestock air pollution emissions are associated with 

lung function deficits in non-farming residents [219]. To be able to assess urban-

rural variations in COPD prevalence, mortality and hospitalizations, more county-level 

estimates and updated within-country-level variations in COPD measures are needed. 

2.7.7 Occupational exposures 

In addition to smoking, occupational exposures are also known to be a major adult risk factors 

for respiratory diseases like COPD [139, 140]. Associations between occupational exposures 

and COPD have been investigated in both workplace settings and the general population. In 

many population-based studies, exposure assessment is based on self-reported exposure to 

specific occupational agents [141, 142], but more integrated assessment methods that utilize 

an individual’s job history and Job Exposure Matrices (JEMs) [143, 144] have been increasingly 

used to find and quantify associations with the risk of COPD.  

2.7.8 Gender 

COPD traditionally has been a disease of men, related to their patterns of tobacco smoking 

and occupational exposures. The effect of gender on the relationship with COPD is important 

since women in low and middle-income countries have low smoking prevalence compared to 

high-income countries but have a higher prevalence of airflow obstruction [57], most likely 

due to increased exposure to household air pollution from biomass fuel burning. Recent 

evidence suggests that COPD is increasing among women and observes to be more severe 

than that of men [220]. Whether women are more susceptible than men to the harmful 

effects of tobacco smoking and other exposures are still to be explored fully, but some 

evidence has lent support to this hypothesis [55].  

2.7.9 Air pollution  

Exposure to ambient air pollution has been hypothesized to be associated with the increasing 

global trend of COPD as defined by fixed AO. Residential exposure to outdoor air pollution 

and post-BD lung function deficits in mid-adult life has been studied [221]. High levels of 

urban traffic-related air pollution are considered harmful to individuals with chronic health 

conditions along with heart and lung diseases [205]. Around 1% of COPD cases in high-income 
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and 2% in low and middle-income countries are due to urban traffic-related air pollution 

[222]. A review stated that air pollution is a significant predictor of lung function decline, but 

the evidence of a relationship between air pollution and COPD is inconclusive [223]. 

2.7.10 Early life exposures as a risk  

Smoking is one of the major determinants for adult lung function and COPD. But, the exists a 

wide variation in adult lung function that is not due to smoking [224]. It might be, in part, 

explained by exposure to early-life factors [225]. Having asthma in childhood seem to have a 

long-term impact on pulmonary function which may increase susceptibility to chronic 

obstructive pulmonary disease (COPD) in later life [226]. To investigate whether childhood 

asthma is associated with adult lung function and the risk of developing COPD, most 

investigators used unrelated individuals from observational studies. Although studies have 

been carried out to explore the familial prevalence of COPD using both one or both parents 

and something siblings[227], the increased risk of developing COPD among individuals with 

having a sibling or parent with severe COPD has not been explored using family data.   

 

 

 

 

 

 

2.8 Associations between childhood asthma and COPD 

There was no sibship study found which assesses the association between childhood asthma 

and COPD. Using unrelated individuals, as both smoking, and asthma are risk factors for 

subsequent COPD, most studies have explored the childhood asthma-COPD association 

within stratified analyses of smokers and non-smokers. Some studies explored the association 

only among non-smokers. 

Since there is epidemiological evidence that suggests that early life factors influence lung 

growth and constitute a significant risk for adult COPD, my PhD study aims to evaluate the 

magnitude of the association between childhood asthma and adult COPD. In this section, I 

review the literature on the association between childhood asthma and COPD. In this 

section, I only focus on childhood asthma as the exposure. 
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In 2010, a retrospective study by Svanes et al., using the European Community Respiratory 

Health Survey (ECRHS), investigated how much adult lung function and COPD were 

determined by childhood factors with the presence of active smoking in later life [228]. A 

variable “number of childhood disadvantage factors” was created based on childhood 

respiratory infections, parental asthma, childhood asthma, parental atopy, parental smoking, 

family size and birth order. The study targeted adults ageing from 20–44 years from the 

general population in 1991–93. A total of 13,359 subjects (6,624 men and 6,735 women; 85% 

of those eligible) were included from random samples from 29 centers with lung function 

[202]. The major findings of that study were maternal asthma, paternal asthma, childhood 

asthma, maternal smoking and childhood respiratory infections were associated with lower 

FEV1 and defined as “childhood disadvantage factors”; 40% with 1 or more childhood 

disadvantage factors were associated with lower FEV1. The prevalence of COPD increased 

with increasing childhood disadvantage. With having only 1 factor, the estimated OR was 1.7 

(95% CI: 1.1-2.6) for males, OR = 1.6 (95% CI: 1.01-2.6) for females; for ⩾3 factors, for the 

men OR was 6.3 (95% CI: 2.4-17) and for women OR = 7.2 (95% CI: 2.8-19)). The investigators 

concluded that the impact of childhood disadvantage was as large as that of heavy smoking 

[228, 229]. 

In 2012, Shirtcliffe et al. studied the strength of association of childhood asthma and smoking 

for GOLD defined COPD [230]. The study population included 749 people aging 25–75 years, 

recruited from a random population sample and full pulmonary function and atopy testing 

were completed. The prevalence of COPD found to be higher in men compared with women 

(OR = 1.7, 95% CI: 1.1–2.7) and increased with increasing age (OR per decade older 2.1, 95% 

CI: 1.7–2.7) which is consistent with the literature [230]. COPD was more frequent in current 

and ex‐smokers and increased with increasing pack-years (OR per 10 pack years=1.3, 95% CI 

1.1–1.5). Childhood asthma was estimated to have a similar risk as an increase in age 

equivalent to 22 years or 62 pack-years of cigarette smoking [208, 230]. 

Tai et al., in 2014, a study known as the Melbourne Study of Childhood Asthma (MESCA), used 

a longitudinal childhood cohort study of 346 participants followed up from their recruitment 

as 6-7-year-old children (with asthma) at 50 years of age. At the age of 50 individuals were 

classified as non-asthmatics, asthma remission, current asthma, and COPD were defined 

using GOLD criteria. Keeping those who were non-asthmatic at the age of seven years as the 
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reference group, children with severe asthma had an adjusted 32 times higher risk for 

developing COPD (95% CI: 3.4-269) with 43% of the COPD group had never smoked. There 

was no evidence of a difference in the rate of decline in FEV1 between the COPD group as 

compared to the other groups: non-asthmatics, asthma remission and current asthma [231]. 

1n 2015, a case-control study was conducted by Hirayama et al. including 300 patients with 

COPD aged 50-75 years and 400 controls in Japan. All participants underwent spirometric 

measurements of lung function and questionnaire was used to obtain information on 

childhood asthma, demographic characteristics, and lifestyle characteristics. Childhood 

asthma was found to be associated with the risk of COPD after adjusting for age and 

cumulative smoking exposure (adjusted odds ratio of 3.32, 95% confidence interval 1.05-

10.45) [232]. 

In 2018, Hayden et al. studied self-reported childhood asthma among adult smokers from the 

COPDGene Study. They explored whether childhood asthma was associated with decreased 

lung function and increased risk for COPD. They targeted current and former smokers ages 

45-80 years. Age of onset of childhood asthma was recorded during childhood up to the age 

of 16 years. Individuals with a history of childhood asthma were compared to those who never 

had asthma based on lung function, development of COPD, and genetic variation. Childhood 

asthmatics had reduced lung function and increased risk for COPD with an estimated OR of 

3.42, 95% CI: 2.81-4.18 [42]. A review study by McGeachie on longitudinal studies found 

association between asthma and reduced lung function, which may start in infancy or 

prenatally, persists through childhood and adulthood and predisposes for early or more 

severe COPD [233]. A history of asthma confers a 10-to-30-fold increase in risk of chronic 

obstructive pulmonary disease at a later life [233].  

Summary 

• There is evidence of an association between childhood asthma and fixed airflow or 

COPD at later life, and severe childhood asthma increases the risk further. 
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• Most of the studies explored this association with smokers and non-smokers assuming 

that smoking is strongly related to COPD and the odds ratio was higher among smokers 

compared to non-smokers. 

• The age of the participants ranges from 20-75 across the studies. 

• The measure of association varied greatly between 1.7- and 30-fold according to a 

systematic review. 

• Definition of childhood asthma was based on mostly recalled data by adults, with age 

of onset less than 16-year-old. For COPD definition, mostly GOLD criteria were used. 

2.9 Overall research gap  

Siblings share on average 50% of their segregating genes along with shared environmental 

factors just like DZ twin pair.  Therefore, siblings can be considered as individually-matched 

pairs for within-pair or within-sibship comparisons to estimate the magnitude of exposure-

outcome association that is free from confounding by shared factors as that may occur with 

comparisons between unrelated individuals or across twin pairs.  

Since most of the existing sibling studies on asthma phenotypes have focused on univariate 

analysis mainly reported the prevalence, incidence, heritability of asthma phenotypes, 

concordance rate and intraclass correlations between asthma and its phenotypes, few studies 

have attempted to synthesize the evidence on such associations. There is clearly scope for 

using updated statistical methods to explore the association between asthma phenotypes. 

For childhood asthma-COPD association, although familial prevalence of COPD was explored, 

no family or twin studies have attempted to investigate the association. I wanted to explore 

whether paired data analysis supports the results published in the existing literature based 

on studies of unrelated individuals and the limited number of family studies. 
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CHAPTER 3 

Is the atopic march related to confounding by genetics and early life 

environment? A systematic review of sibship and twin data. 

 

3.1 Chapter introduction  

This chapter includes my published systematic review on investigating the association 

between early life childhood allergies and asthma in later life [108]. This systematic review 

was aim 1 of my PhD project. As this chapter is relevant to the current literature that explores 

the relationship between childhood exposure and asthma, it is included following the 

literature review of my thesis.  

This publication is the first systematic review on investigating this association using twin and 

sibship data, and I was the first author of this manuscript. 

This systematic review paper was accompanied by correspondence that was featured in the 

same Journal of Allergy European Journal of Allergy and Clinical Immunology. 

3.2 Research questions and aims 

3.2.1 Research question 

To examine the literature systematically on whether there exist phenotypic associations of 

atopic diseases (Eczema, Food Allergy, Allergic Rhinitis, and Asthma) with sib-ship and twin 

data. 

3.2.2 Research aims 

▪ To systematically synthesize the association between early life childhood allergies and 

asthma at later life. 

▪ To systematically synthesize the association only within Family data, more specifically 

among sibship data. 
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3.3 Publication 

1. Khan, S.J., et al., Is the atopic march related to confounding by genetics and early-life

environment? A systematic review of sibship and twin data. Allergy, 2018. 73(1): p. 17-28

[108].

2. Khan, S.J., et al., Response to "The Atopic March". Allergy, 2018. 73(8): p. 1754 [234].
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Abstract

A popular hypothesis known as the atopic march proposes a set of sequential allergy

and respiratory disorders in early childhood contributes enormously to the burden of

disease in developed countries. Although the concept of the atopic march has been

refined and strengthened by many cross-sectional and longitudinal studies linking

eczema as the initial manifestation with progression to hay fever and then asthma,

there is yet no definitive proof that the atopic march is the primary causal factor in

childhood allergic disease. This debate is mainly related to the controversy around

potential confounding of these associations by genetic and environmental factors.

Family studies are ideally suited to unravelling the role of these factors. While multiple

reviews have synthesized evidence from studies investigating this question, no review

to date has explored specific evidence generated by twin and sibling studies to under-

stand the aetiology of atopic march diseases. Our aim was to conduct a systematic

review of twin and sibling studies that examine the allergic phenotypes that form the

atopic march, to determine whether such analyses of data from these studies attempt

to control for the effect confounding by shared factors, and to report estimates of the

magnitude of associations between multiple phenotypes. Our review suggests that (1)

genetics play a bigger role predisposing eczema to hay fever and eczema to asthma

than environmental factors, and (2) the link between eczema and asthma and hay

fever is independent of shared early-life environmental factors.

K E YWORD S

asthma, atopic march, eczema, hay fever, twin study

1 | INTRODUCTION

Atopy is an inherited tendency to develop hypersensitivity towards

environmental allergens. It has multiple symptoms that are typically

manifested through one or more of a series of conditions as eczema

(atopic dermatitis), food allergy, asthma and hay fever (allergic rhini-

tis). These conditions have been observed in multiple studies to

comanifest or occur in sequence. The hypothesis that has been pro-

posed to explain these longitudinal associations has been coined the

atopic march.1 This concept asserts that allergic diseases start in early

life with eczema, progress through food allergy and culminates with

hay fever and asthma.2 The concept of the atopic march has been

refined and strengthened by many cross-sectional and longitudinal

studies.3-14 To understand the dynamics of these diseases clearly,

many studies have attempted to characterize co-occurrence by calcu-

lating correlations through mainly cross-sectional and a few longitudi-

nal studies.6,15-21 These studies have shown that there is a temporal

relationship between these conditions included in the allergic march,

but whether these relationships are confounded by genetic and envi-

ronmental factors shared by these phenotypes is still controversial.
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Family studies are the ideal epidemiological design to examine

whether phenotypic associations are confounded by genetic factors

and early-life shared environment. Data from cross-sectional studies

can be used to determine whether the strength of phenotypic associa-

tions varies with the degree of relatedness. Analysis of longitudinal

data can help address questions of how associations change over time.

One type of family study, the sib-pair analysis and in particular

twin studies employ the degree of sharing of genetic and environ-

mental factors among siblings. In twin studies, there are two types

of twin pair: monozygotic (MZ) twins, who share a common set of

genetic material, and dizygotic (DZ) twins, who share on average

only 50% of their segregating genes22 in addition to similar aspects

of their early environment. Twins can be considered as individually

matched for which within-pair or within-sibship comparisons can be

used to estimate the magnitude of exposure-outcome association

free from confounding by shared factors that may occur with com-

parisons between unrelated individuals or across twin pairs. If there

is an overlap of genes for two traits it is expected that the cross-

twin cross-trait correlation in MZ twins will be higher than in DZ

twins for these traits but that the within-twin phenotypic correlation

due to common environment will be the same for MZ and DZ twins.

This is the Classical Twin Model. Such analyses allow us to disentan-

gle the genetic and environmental contributions to the aetiology of

the disease or trait under study and to partition the population-level

variation of traits and diseases into shared genetic, shared environ-

mental and individual components.

Much of the published research based on the classical twin

model use univariate analyses based on twin concordance and

within-pair correlations to estimate the degree to which genetic and

environmental factors influence disease occurrence23-31 and to parti-

tion the phenotypic variation into genetic and environmental compo-

nents.22,24,27,28,32-35 There are examples of multivariate analyses that

study more than one phenotype to explore the comorbidity of two

or more traits such as eczema, asthma and hay fever.22,27,28 Cotwin

case-control studies are also used to study, for example, gene

expression in discordant twins.26,36 Extending twin studies to include

other relatives such as parents and siblings of twins have been used

to study the shared prenatal environment, genetic and environmental

interactions and imprinting (an epigenetic phenomenon resulting in

parent-of-origin-specific gene expression) where data from offspring

of MZ twins were also available.22

Many studies have focused on univariate analysis reporting

prevalence, incidence, heritability of asthma phenotypes, concor-

dance rate and intraclass correlations between asthma and its phe-

notypes. Only a few reviews have synthesized the evidence on

associations between asthma phenotypes; no systematic review to

date has focused on twin and sibling studies for the atopic march

at the same time. The aim of our review is to (1) identify family

studies and specifically twin and sibling studies that investigated

the association between two or more phenotypes of the atopic

march from infantile eczema to hay fever and asthma among twins

and sibling data, and (2) synthesize the evidence from studies that

adjust for known, measured environmental and genetic influences

when estimating the magnitude of associations between multiple

phenotypes.

2 | MATERIALS AND METHODS

2.1 | Sources of data and search strategy

An extensive series of searches for publications was conducted using

three databases: Medline, PubMed (both from 1950 to March 2016)

and Scopus. Two groups of keyword with either Medical Subject

heading (*MeSH) terms or All Fields were created using “OR” within

the group and using “AND” to combine the two groups in Medline

and PubMed: (1) Terms identifying Atopic March: “asthma” or

“wheeze” or “hay fever” or “allerg* march” or “atopic march” or “ato-

pic eczema” or “atopic dermatitis” or “eczema” or “allergic rhinitis” or

“rhinitis” or “food allergy” or “respiratory diseases” or “skin prick test”

or “IgE”, and (2) Terms identifying target Population: “sibpair” or “sib-

pair*” or “sibling” or “sibling relations” or “siblings” or “sib*” or

“twin*” or “twin pair” or “twins” or “sister*” or “brother*.” The similar

types of keywords were used to search relevant articles in Scopus:

(1) Terms identifying Atopic March: “asthma” or “wheeze” or “hay

fever” or “allerg* march” or “atopic march” or “atopic eczema” or

“atopic dermatitis” or “eczema” or “allergic rhinitis” or “rhinitis” or

“food allergy” or “respiratory diseases” or “skin prick test” or “IgE”,

and (2) Terms identifying target Population: “sibpair” or “sibling” or

“sibling relations” or “siblings” or “twin pair” or “twins” “sister*” or

“brother*.”

2.2 | Definitions

2.2.1 | Asthma

As asthma is defined as a respiratory disease which causes

inflammation of airways making breathing difficult and trigger

coughing, wheezing and shortness of breath. Studies presented

parent-report or doctor-diagnosed or at least four episodes of

asthma symptoms during the last 12 months were considered to

have asthma.

2.2.2 | Eczema

Typically eczema or atopic dermatitis is defined as a chronic or

recurrent inflammatory skin disease in which patches of skin become

rough and inflamed with blisters which cause itching and bleeding.

“Atopic Dermatitis” and “eczema” are considered interchangeable

and to thus represent the same disease. Studies reported results on

either terminology were included.

2.2.3 | Hay fever

Hay fever or allergic rhinitis is defined as an inflammation of the

nasal mucous membranes characterized by one or more symptoms

including sneezing, itching, nasal congestion, and rhinorrhea. Allergic

rhinitis” and “hay fever” are considered interchangeable and to thus
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represent the same disease. A diagnosis of hay fever was indicated if

the person was diagnosed by a physician or parent-report for chil-

dren or self-reported in a questionnaire.

2.3 | Inclusion criteria

Original peer-reviewed articles were included which examined asso-

ciations between allergic outcomes using familial data focusing on

siblings and twins. As the atopic march is a progression of atopic dis-

eases measuring characteristics such as serum IgE and skin prick test,

studies reporting any of the phenotypes either as outcome or as

exposure were considered for inclusion in our review. Articles were

retained if they have reported any of the atopic march diseases as

either an exposure or an outcome, and the study sample consisted

of twin pairs or siblings or both.

2.4 | Exclusion criteria

Studies were excluded if (1) they did not report any association

between the selected diseases, (2) did not report either exposures or

outcomes for human participants, and (3) were not published in Eng-

lish and no English translation was available.

2.5 | Selection of articles

A flow chart of the articles selection process is shown in Figure 1.

The authors extensively reviewed all titles and abstracts for inclusion

based on the inclusion criteria. Full-text articles were then further

assessed for final selection.

2.6 | Search results

A total of 1647 articles were identified using relevant keywords

from different electronic databases. Of these 1520 studies were

identified as unique after removing duplicates. After reading titles

and abstracts, 1354 studies were eliminated as not being relevant to

the research question, most frequently because they considered only

(1) singletons, (2) univariate statistical analyses, or (3) birth order of

siblings as the exposure. A further 152 articles of the remaining 166

were excluded after applying inclusion criteria leaving 14 articles for

full-text reading. Only 10 studies (8 cohort, 1 cross-sectional and 1

case-control) reported associations among asthma phenotypes

among twin and sibship data. The remaining four studies were

review papers37-40 and were thus excluded from further considera-

tion. These articles were assessed using PRISMA reporting guide-

lines. Details of the study selection process are illustrated in

Figure 1 and are presented in Tables 1-4.

2.7 | Data extraction

Study characteristics were extracted from all eligible articles includ-

ing study design, settings, source of participants and their eligibility

criteria and outcome definitions, methods of statistical analysis,

including adjustment for confounding were assessed.

1647 records identified through different 
database searching

41 from Scopus, 1606 from PubMed, Medline, 
Google search and Cochrane Library

1520 records after duplicates removed 

1520 records screened 

14 full-text articles assessed 
for eligibility 

4 Full text articles excluded as review 
articles 

n=10 full text studies included in 
the qualitative synthesis

1354 records excluded after 
reading abstracts and titles

Sc
re
en
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g

E
lig
ib
ili
ty

In
cl
ud
ed

166 records screened 152 records excluded for not 
fulfilling inclusion criteria

Id
en
tif
ic
at
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n

F IGURE 1 Summary of literature
search and manuscript inclusion/exclusion
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3 | RESULTS

3.1 | Study characteristics

Tables 1-4 list the features of the included studies. All studies were

conducted in developed countries. Of the included studies, four

reported measures of association between eczema and asthma. The

sample sizes range from 399 to 8633 twin pairs. The age of study

participants ranged from 5 years to 49 years. Three of these studies

reported measures of association between eczema and hay fever.

The age distribution of participants in those studies was between 5

to 9 years and sample sizes ranged from 1480 to 8633 twin pairs.

Five studies focused on finding association between hay fever and

asthma. Four cohort studies were conducted on children aged 5-

9 years, one cross-sectional study included 7-year-old children and

one longitudinal study comprised of adults of 12-41 years and 18-

49 years of age with samples of 399-8633 twin pairs and 3778 sib

pairs. No twin/sib study was found reporting association between

eczema and food allergy.

3.2 | Relationship between atopic diseases

3.2.1 | Contribution of twin and sib studies to the
association of asthma with specific comorbidities

The primary goal of most genetic research published in papers

included in our systematic review was to find associations of asthma

with phenotypes such as Total IgE, with less focus given to the pres-

ence or absence of concomitant allergic diseases such as hay fever

and eczema.41 Because asthma, hay fever, and eczema share com-

mon systemic characteristics, it is reasonable to propose that a num-

ber of susceptibility genes could contribute to the allergic process

regardless of the specific clinical phenotype. Early research from

twin studies often used models of average within-family correlations

based on gene-sharing arguments to dissect the genetic architecture

of complex traits like atopic diseases as well as the contribution of

environmental effects on the pathogenesis of asthma. All such stud-

ies reporting multiple phenotypes of asthma that concentrated on

finding association whether genetic or phenotypic are listed in

Table 1.

Two Australian studies26,42 with 3808 pairs of twins targeted for

the occurrence of either self-reported asthma and/or hay fever were

analysed using structural equation models and path analysis for evi-

dence of genetic transmission. The prevalence of comorbidity of

asthma and hay fever was high (32%) indicating a possible genetic

contribution. Disease occurrence was found to be significantly corre-

lated among twins. Monozygotic (MZ) twins were more susceptible

to disease occurrence compared to dizygotic (DZ) twins and male

MZ twins were more vulnerable than the female MZ twins. Environ-

mental causes of both diseases also were correlated (r=.53 for men

and r=.33 for women).

Another Australian study43 aimed to measure the associations of

physician-diagnosed asthma, bronchial hyper-responsiveness (BHR)

and atopy within MZ and DZ twin pairs, aged 8-18 years. Comparing

MZ pairs with DZ pairs, the associations between twins, measured

by an odds ratio, were found to be greater in MZ pairs for asthma:

25.6 (95% CI 11.3-57.8) versus 1.9 (1.0-3. 5); for atopy: 14.6 (7.1-

30.1) versus 2.5 (1.4-4.5); and for BHR: 14.1 (6.4-31.0) versus 4.2

(2.1-8.6) (all P<.002). They analysed the physician-diagnosed asthma,

BHR and atopy to assess the evidence for genetic factors influencing

the aetiology of each of these conditions. This study suggested the

strong cross-sectional associations between these two traits are due

to common genetic factors.

One Swedish study from 199728 aimed to identify and confirm

the importance of genetic and environmental factors in asthma, hay

fever, eczema and urticaria targeting 7- to 9-year-old children. Their

results for each pair of phenotypes are presented below.

In 1999, a Finnish study24 with twin pairs 18-45 years old

reported the prevalence of asthma to be increased slightly from

2.0% to 2.9% in men and from 2.2% to 3.1% in women over the

15 years of the study. The prevalence of hay fever showed much

larger increases in both men and women (from 6.8% and 9.8% to

11.8% and 15.3%, respectively). Hay fever and chronic bronchitis

were usually diagnosed before asthma. Both diseases increased the

risk of asthma significantly on the basis of analyses of all individuals

in the study and also among outcome-discordant twin pairs.24

A Norwegian study23 focused on how common sets of genes

and environmental factors contribute to the relationship between

diseases and symptoms. The phenotypic correlation between disease

and symptom was found to be r=.54 for eczema and itch. Decompo-

sition of these correlations into genetic (G) and environmental (E)

pathways revealed that rG=.34 and rE=.20 for eczema and itch. For

each of the diseases, the specific sources of genetic variance

accounted for more variation than the specific environmental vari-

ance.

The Danish cotwin study by Thomsen et al.44 found that the

odds ratio for the association between asthma and hay fever in MZ

twins was 3.16 (95% CI: 1.29-7.73, P=.008) whereas in DZ twins it

was 2.44 (95% CI: 1.44-4.13, P=.001). This cotwin analysis also gen-

erated an odds ratio of 1.96 (95% CI: 1.02-3.78) for eczema, which

was a significant predictor of asthma.

An Italian study27 of twin pairs aged 8-17 aimed to find associa-

tion between asthma and hay fever. Analysis suggested that genetic

factors account for 92% and 78% of the variance in the underlying

liability of asthma and hay fever, respectively, with the remaining

contributions due to environmental influences. The genetic correla-

tion between the two conditions was r=.58. This study reported a

within-individual/cross-trait odds ratio of 5.32 (95% CI: 3.13-9.06),

clearly indicating a substantial co-occurrence of the two conditions.

In 2012, Hopper et al.33 aimed to assess the evidence for a cau-

sal effect of infantile eczema on childhood hay fever, asthma, or

both. Their results for each pair of phenotypes are presented below.

3.2.2 | Association between eczema and asthma

Only 4 studies (Table 2) have examined the association between

asthma and eczema, most of the results of which were included in a
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recent review paper by Elmose and Thomsen37 The first study was

conducted in Sweden by Lichtenstein and Svartengen which

reported a phenotypic correlation between eczema and asthma of

0.30. They also reported correlation between genetic and environ-

mental factors and proportion of correlation due to genetic and envi-

ronmental factors for two atopic diseases. The contribution of

genetic and nonshared environmental factors to the proportion of

correlation was reported to be 85% and 15%, respectively, with no

evidence of shared environmental effects for asthma was detected.

Another twin study by Thomsen et al. found a phenotypic corre-

lation between eczema and asthma as r=.40, with 81% of the pro-

portion of phenotypic overlap between eczema and asthma was due

to genetic pleiotropy (same phenotype influenced by multiple vari-

ants in different genes), the remaining 19% being due to environ-

mental factors. Also, atopic diseases were significantly associated

within the same individual with an odds ratio of developing asthma

if one had eczema of almost five, and also the risk of developing any

atopic disease was dramatically increased in a subject if the subject’s

twin brother or sister was affected, either by the same disease or by

another. The effect was more pronounced in MZ twins compared

with DZ twins, consistent with the assertion that asthma and

eczema are genetically related.

Van Beijsterveldt and Boomsma conducted a twin study in Nor-

way reported a correlation between eczema and asthma of r=.55

with the contribution of genetic and environmental factors to the

proportion of correlation was reported to be 82% and 18%, respec-

tively.

Focusing only on the association between infantile eczema and

asthma in childhood, Hopper et al. found a modest association

between eczema in infancy and asthma. Their findings included no

significant associations with sibling with infantile eczema and only a

very small proportion of cases were explained by parental asthma.

The familial component of the above associations could be genetic,

shared environmental, or both in origin, but unlike previous reports

they did not explore the contribution of genetic and environmental

factors to the proportion of correlation.

3.2.3 | Association between eczema and hay fever

Only two twin studies and one sib study presented in Table 3 found

associations between eczema and hay fever. Lichtenstein and

Svartengen reported a phenotypic correlation between eczema and

hay fever as 0.49. Also the contribution to the proportion of correla-

tion was solely due to genetic and nonshared environmental factors

of 96% and 4%, respectively.

Van Beijsterveldt and Boomsma reported a phenotypic correla-

tion between eczema and hay fever of r=.62 and the contribution of

genetic and environmental factors to the proportion of correlation

were reported to be 88% and 12%, respectively. The genetic correla-

tions differ in the above two studies and the phenotypic correlations

were found to be mainly genetically mediated.

Hopper et al. suggested the existence of association between

eczema in infancy and hay fever only in childhood because of the

existence of familial factors predisposing to both outcomes. A pro-

portion of the familial association between these two childhood con-

ditions (24%-25%) was explained by parental hay fever.

3.2.4 | Association between asthma and hay fever

Five twin studies explored the association between asthma and hay

fever (Table 4). The Australian study26 found genetic factors play a

common role in the occurrence of asthma and hay fever, with a cor-

relation in genetic liability between the traits of .52 for men and .65

for women and phenotypic correlation of .59 for men and .425 for

women. The study could not detect the role for an effect of shared

environment in explaining the correlation between diseases within a

twin pair. The apparent “sameness” of twins appeared to be more

genetic in origin compared to the simultaneous exposure to different

environmental entities.

The Swedish study of Lichtenstein and Svartengen found a phe-

notypic correlation between asthma and hay fever as r=.54. For the

association between asthma and hay fever, the genetic correlation is

r=.90 and the association is completely (100%) due to genetic

effects. The claim about existing knowledge that hay fever signifi-

cantly predicts the development of asthma was supported by Thom-

sen et al. They found the underlying genetic and environmental

shared factors by both MZ and DZ twins are associated with asthma

and hay fever and that these factors could potentially influence the

occurrence independently.

Van Beijsterveldt and Boomsma reported a phenotypic correla-

tion between asthma and hay fever of 0.47. The extent to which the

same environmental factors overlap in the determination of asthma

and hay fever was estimated to be 0.73. The contribution of genetic

and environmental factors to this phenotypic correlation between

asthma and hay fever reported to be 96% and 4%, respectively.

Fagnani et al. found no shared environmental factors influencing

the comorbidity of asthma and hay fever, implying the phenotypic

correlation between the two diseases was entirely genetically medi-

ated. The genetic correlation was estimated to be .58, suggesting

that asthma and hay fever share many of the same genetic influ-

ences.

4 | DISCUSSION

This is the first systematic review of twin and sibship studies of the

atopic march. Our review suggests that genetics play an important

role predisposing those with eczema to hay fever and to asthma. In

comparison, the contribution of shared environmental factors to the

atopic march was found to be relatively small.

Asthma is linked to hay fever and eczema through intermediate

phenotypes like clinical measures of lung function, physiological

measures of airway responsiveness and the biomarker exhaled nitric

oxide all of which are influenced by hereditary factors. A few

reviews on twin studies with eczema, asthma genetics and interme-

diate phenotypes showed the presence of hereditary influences in
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the pathogenesis of asthma.37-40 Thus eczema, asthma and hay fever

are highly heritable diseases with genetic factors accounting for 75%

for eczema, 70%-91% for asthma and 72%-84% for hay fever with

the remaining variance in underlying liabilities due to nongenetic fac-

tors. Some of the variation in these estimates for all three diseases

is due to differences in target populations and study designs.

Researchers from various parts of the world have also studied the

genetics of asthma and atopic diseases in twin populations. Their

findings are limited to reporting the importance of some genetic

effects on the risk of asthma, hay fever, eczema, bronchial hyper-

responsiveness and some environmental effects. Los et al. found that

additive genetic effects and individual-specific environmental factors

both make large contributions to the variation in risk of asthma

among twins. The studies included in our review have shown strong

genetic pleiotropy, which might partially explain the association

between eczema and asthma. The clustering of atopic diseases

among family members suggests the existence of a common set of

genes but each disease manifestation might also have important dis-

ease-specific genes. Many genetic linkages previously reported for

asthma are now thought to reflect an overall predisposition for aller-

gic disease.41 Asthma shares more genetic determinants with hay

fever than eczema and most studies discover strong associations

between atopic comorbidity identifying trait-specific responsible

genes.39 Twin studies of the association between asthma and eczema

find that 85% of the variation is explained by genes37 between

eczema and hay fever about 85% and between asthma and hay fever

90% of the variation is explained by genes. Smaller studies presented

genetic explanations for atopic comorbidity while larger studies

focused on the role of trait-specific genes. As asthma and hay fever

represent a range of diseases, those individuals with less severe dis-

ease can express hay fever without asthma and those individuals with

more severe disease express more than 1 phenotype.41,45

Our study found that the contribution of shared environmental

factors to the proportion of correlation are very low (from 4% to 18%)

and does not explain the familial patterns seen for asthma and hay

fever. This finding contradicts various analyses where smoking

behaviour, indoor-outdoor pollution, and house dust mites were found

to be significant risk factor for asthma and hay fever that are

shared by siblings.46,47 It reflects that there may exist a collection of

genes that affect asthma and the intermediate phenotypes such a way

that the individual might be more or less sensitive to a particular

environment.40,48 Whether familial clustering of asthma and related

phenotypes is due to genetic inheritance, environmental influences,

gene-environment interaction or shared genetic and nongenetic

factors is a puzzling question to which the analysis of data from twin

and sibship studies has already provided some answers.

The concept of the atopic march focuses primarily on the rela-

tionship between asthma and other allergic diseases during child-

hood. Bergen et al.49 found evidence of increased heritability

throughout the adolescent and early adult period which can affect

the proportions of genetic and environmental variability in atopic

march sequence, resulting in environmental effects dominating to

the total phenotypic variance. There is evidence that the comorbidity

is high for all three atopic diseases up to age 12.25 This suggests

that different phenotypic correlations will result if estimates are gen-

erated using data at different ages including, potentially, in adults.

The literature search in this systematic review featured a wide range

of different age spans between studies, and many seem to include

only adult study subjects. More research on twins and siblings of dif-

ferent ages could potentially address the questions about age-vary-

ing phenotypic correlations.

If the atopic march was proven to be caused by putative genetic

and environmental factors then preventing its onset and arresting its

development would have significant public health implications. There

are two possible interventions that can decrease the incidence of

asthma and hay fever. Firstly, introducing an intervention before a

child gets eczema, secondly, introducing an intervention to a child

with eczema who has not yet developed asthma and/or hay fever.

The risk of eczema for those with filaggrin defects is twice as great

based on results from family studies and about five times as great in

case-control studies.50 On the basis of several longitudinal studies,

approximately half of eczema patients will develop asthma, particu-

larly with severe eczema, and two-thirds will develop hay fever.1 Pre-

liminary prevention studies with oral antihistamines provide evidence

that early intervention might slow the atopic march.1 The resulting

dehydration of the skin can be protected through soaking baths,

where the addition of rice starch to bath water was shown to

improve barrier function in patients with eczema.51 More recently,

two randomized control trials52,53 showed moisturizing the skin can

prevent mild-to-moderate eczema and long term studies are needed

to see whether such intervention will prevent development of asthma

and hay fever. These are examples of interventions that resulted from

identifying genetic risk factors for which interventions in the child’s

environment might slow down the severity of progression of eczema

at its earliest onset and, ultimately, interrupt the atopic march.

Our systematic review and the original studies included within it

have multiple strengths and limitations. The selection process of all

the papers included in this systematic review was justified by meet-

ing the AMSTAR criteria. Most of the original studies large registries

and therefore included large sample size of twins and sib pair and

had high statistical power to test their hypothesis. However, most

used questionnaires to ascertain disease phenotypes while only few

studies used clinical investigations. The studies that used question-

naires may suffer from nondifferential misclassification of disease

resulting in an underestimation of the findings. Another limitation is

that twins may not represent the general population as several fac-

tors can cause twins to deviate from the norm.31 Usually twins are

prematurely born and preterm birth can increase the risk of damag-

ing lungs which can easily lead to the increasing risk of the develop-

ment of respiratory diseases; the Dutch study clearly showed the

prevalence of asthma was more than the general population. On the

other hand, there exist contradictory results showing that the preva-

lence rate of asthma decreases among twins than individuals and

that growing up with a sib increases the chance of exposure to

infections in early life which in turn protects against the develop-

ment of allergic diseases.47 We note also that the Swedish register-
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based study by Ullemar et al.54 showed that twinship is not an inde-

pendent risk factor for asthma in childhood and that the higher

prevalence of asthma among twins as compared to singletons could

instead be attributed to premature birth and low birthweight.

Another limitation of the original studies was that only a few studies

have reported measure of associations such as relative risk or odds

ratio. The availability of such measures could have been used to

interpret the increased or decreased nature in risk among the dis-

eases on the atopic march pathway.

In summary, current evidence of twin and sibship studies sug-

gests that the link between eczema and asthma and hay fever is

independent of shared early-life environmental factors suggesting

that further causal risk factors remain to be discovered despite there

being a clear sequential association and plausible biological mecha-

nisms to explain such an association.
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We agree with W€uthrich and Schmid-Grendelmeier1 that it is impor-

tant to distinguish between eczema with and without sensitization

when considering the implications of allergic disease in infancy and

the so-called atopic march. In our paper, synthesizing the evidence

on the link between early allergic phenotypes and the subsequent

comorbidity of asthma and allergic rhinitis (hay fever),2 we were

unable to study the atopic march stratified by sensitization status, as

no eligible study featuring twins or sibships reported measurements

of skin prick test (SPT) wheal sizes or allergen-specific IgE levels

alongside eczema status. One of the studies3 included in our review

did, however, show that it was necessary to stratify by allergic rhini-

tis status to establish an association between eczema and asthma,

although we acknowledge that allergic rhinitis in childhood is unlikely

to be a good proxy for sensitization status in early life.

Further support for the hypothesis that sensitization status in

the presence of eczema confers different risks of subsequent allergic

diseases is available from our published analyses of data from single-

ton children. In the Melbourne Atopy Cohort Study, the presence of

eczema was prospectively documented until 2 years of age in a birth

cohort of 620 infants with a family history of allergic disease. Sensi-

tization status was determined by skin prick tests (SPTs) at 6, 12

and 24 months to cow’s milk, egg white, peanut, house dust mite,

rye grass and cat dander, and interviews were conducted at 6 and

7 years to determine the presence of asthma and allergic rhinitis.

Within the first 2 years of life, 127 (28.7%) of the 443 children who

could be classified had eczema with sensitization, 91 (20.5%) had

eczema without sensitization, 84 (19.0%) did not have eczema but

were sensitized, and 141 (31.8%) did not have eczema and were not

sensitized. We found that for children with eczema, those with sen-

sitization had a higher risk of asthma (odds ratio = 3.52, 95% confi-

dence interval = 1.88-6.59) and allergic rhinitis (OR = 2.91, 95%

CI = 1.48-5.71) than those without.4 The increased risk of asthma

was even greater if the infant had a large SPT wheal size

(OR = 4.61, 2.34-9.09) to any of the three foods on the allergen

panel. Moreover, there was no strong evidence that children with

eczema but without sensitization had an increased risk of asthma or

allergic rhinitis compared with asymptomatic children.4 A follow-up

of the study concluded that, in children with a family history of

allergic disease, eczema that commences in early infancy and persists

into the toddler years is strongly associated with the risk of asthma

and, to a lesser extent, the risk of allergic rhinitis.5
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CHAPTER 4 

Data resources and data interrogation 

The research findings presented in this thesis are based on the Tasmanian Longitudinal Health 

Study (TAHS). This study provides prospective data on respiratory and lung health and 

associated factors from the first to the fifth decade for sib-pairs with 29,615 participants. 

Comprehensively documented data collected within the TAHS cohort provide a unique 

opportunity to investigate the role of early-life factors with the outcome of Asthma and 

Chronic Obstructive Pulmonary Disease (COPD). In this chapter I provide some background 

on TAHS and describe the significant steps involved in data cleaning, manipulation, 

management and interrogation that ultimately led to the construction of a suitable dataset 

for analysis. The data used in this thesis includes those surveys where probands and siblings 

were sent the same/similar questionnaires at a different time point. The statistical methods 

used for analysis are described in detail in the next chapter.  

4.1 Study design of Tasmanian Longitudinal Health Study (TAHS) 

Tasmanian Longitudinal Health Study (TAHS) is the world’s largest and longest running 

respiratory research study that has been running continually for the last six decades. The 

study is of historical importance for the novelty of its study design and value of the databases 

that contain both clinical and questionnaire data at different time point from childhood to 

adult life. 
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Figure 4. 1: Flow chart of TAHS for the last 6-decade and study sample for aim 2-4 

The Tasmanian Longitudinal Health Study (TAHS) was originally named the Tasmanian Asthma 

Survey. The study began in 1968 by recruiting children born in 1961, and participants have 

contributed data to follow-up studies conducted in 1974, 1979-81, 1991-93, 2003-05, and 

2007 respectively. These participating children formed the cohort called probands. Data on 

parents and siblings (brothers and sisters of the probands alive in at recruitment in 1968) 

were also collected on two occasions in 1968 and 2004-2007 [7].  

In brief, this population-based cohort which was born in 1961 (n=8,583) and recruited for the 

study of asthma, eczema, allergic rhinitis and pre-bronchodilator (BD) spirometry in 1968 was 

retraced (n=7,312) and resurveyed (n=5,729 responses) between 2002 and 2005.  Of the 

2,373 probands who were selected, 1,389 underwent complex lung function evaluation 

between 2006 and 2008 as part of a laboratory sub-study.  A subgroup of siblings (n=1,700) 

was invited to participate in a clinical study [9, 113]. Subsequent follow-up visits were 

scheduled but are outside the scope of this thesis.  

Decades of research published by TAHS investigators on respiratory health has increased our 

understanding of the genetic and environmental risk factors responsible for changes in 

phenotypes of chronic respiratory diseases (CRDs) from childhood to adulthood. Longitudinal 

sibship and family designs continue to provide researchers with the opportunity to investigate 
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the causes of the morbidity and co-morbidity of allergic respiratory diseases, look for 

heterogeneity of risk and to disentangle childhood environment, adult environment, and 

genetic factors as contributing factors in respiratory health. 

4.1.1 The 1968 TAHS Survey 

The Tasmanian Longitudinal Health Study (TAHS) began in 1968 with seven-years-old, who 

was attending school in Tasmania. The cohort comprised 98.9% of children born in Tasmania 

in 1961. It is, therefore, effectively a birth cohort with information on the first seven years of 

life collected retrospectively. At recruitment a respiratory questionnaire completed by the 

parents detailed the child’s history of asthma, hay fever, eczema, allergy, and urticaria. At a 

medical examination in 1968, FEV1 forced vital capacity, and forced expiratory flow from 25% 

to 75% of the forced vital capacity were measured with a wedge-bellows spirometer 

(Vitalograph Limited, Buckinghamshire, United Kingdom).  

Among the cohort of 8,683 seven-year-old children eligible to take part in the survey, 

completed questionnaires from 8,353 (98.8%) children were obtained. Members of this 

cohort are known as probands. After the questionnaires were completed and returned to the 

school, the participating children were invited to attend a medical examination; 94.9% 

(n=8,022) participated in this clinical study. 

4.1.2 The 1974 TAHS Survey 

For the first follow-up survey in 1974, the target population was the participants in 1968 

study. The intention of this follow-up was to contact all members of the cohort who 

participated in the 1968 survey and invite them and their families to participate. By then those 

children were aged 13 but would still have been attending school in Tasmania. Of the study 

population 7,380 (87.3%) returned a second respiratory questionnaire completed by the 

parents. Unfortunately, there is no information available to distinguish participants and their 

families who were contacted and invited to be included in this study from those who were 

not able to be contacted. 

From those 7,380, a stratified random sample of 851 was selected according to symptom 

categories in 1968 and 1974 (wheeze only, cough only, both wheeze and cough and neither 
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symptom in both surveys). Those 851 attended a clinical examination and were provided with 

a supplementary questionnaire eliciting additional data relating to the frequency and severity 

of attacks of asthma and bronchitis, the use of cortico-steroid medication for asthma 

treatment, the presence of hay fever and details of smoking habits. 

These 851 children were targeted for follow-up in 1979-81 to evaluate any trend in respiratory 

signs, symptoms and spirometry-based lung function from recruitment at age 7 to their 

current age of 18-21 years. The historical records show that 4 ×  4 = 16  strata were 

developed based on symptoms patterns. The stratum-specific observed sampling fractions 

are available for the 16 strata, but the target sampling fractions are unknown. Data from 1974 

follow-up and 1979-81 was not entered to electronic data bases until 1990, thus the sampling 

fractions from the raw data and from the data base may differ. Summary data at stratum level 

from this database does not concur completely with the hand-written summaries from 

records in 1974. 

4.1.3 The 1979-81 TAHS Survey 

In 1979-81, the survey population was restricted to only those 851 participants from 1974 

study. Of those 851, 723 were sent a respiratory questionnaire to evaluate the presence of 

symptoms of wheeze and cough. A completed questionnaire was returned by 658 (77.3%). 

For the clinical study, those 658 respondents were invited to participate in a clinical study and 

to complete the more detailed respiratory questionnaire.  Only 218 (33%) self-selected 

subjects attended the assessment of respiratory health and underwent spirometry test and 

related examination. Other characteristics such as height, weight, and blood pressure were 

also measured. 

4.1.4 The 1991-93 TAHS Survey 

The 1992 study sought to collect data on probands, their spouses and their children. 

Participants were selected based on stratification for having asthma or not at the baseline 

study in 1968. Proband twins were invited to participate regardless of their asthma status. 

Some skin-prick test results of the participants are available for 1992 study, but no clinical 

sub-study was performed routinely in this survey.  
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A sample of 2,000 subjects from the 1968 cohort was selected based on stratification 

according to their asthma status in 1968 with deliberate over-sampling so that 50% had a 

history of asthma in 1968. Of those 2,000, addresses were found for 86.2% (N=1,723) by 

identifying the cohort members in the various State electoral rolls. Those traced to an address 

were sent a detailed respiratory questionnaire. The questionnaire sought data on symptoms 

of wheeze, doctor-diagnosed asthma, cough, medication use, smoking history and alcohol 

use, the presence of hay fever, eczema and allergy, employment, education level and for 

females, reproductive history and history of oral contraceptive use. Of those, 87.1% (N=1,501) 

returned a completed questionnaire. Those 1,501 represented 75.1% of the stratified sample.  

4.1.5 The 2003-05 TAHS Survey 

From the 1968 cohort, 85% (N=7,296) were traced during a study review between 2003-2005. 

Of those 7,296, 2% (N=164) were deceased, and a further 1% (N=85) were unable to continue 

in the survey because of imprisonment, illness or infirmity and were withdrawn. From the 

remaining 7,047, a respiratory questionnaire was mailed to them, and 81.3% (N=5,729) 

returned a completed questionnaire. Those who completed a questionnaire (N=5,729) 

represented 66.7% of the 7-year old cohort from 1968. The questionnaire gathered 

information on lifetime symptoms of asthma, and bronchitis (whether doctor-diagnosed or 

not), chronic bronchitis, emphysema, and chronic obstructive pulmonary disease. In addition, 

history of hay fever, eczema, allergies, heart disease, smoking habits, exposure to 

environmental tobacco smoke, self-reported weight and height, educational status, 

occupation, family size and the family history of asthma was also collected.  

In 2004, 2,373 participants were invited to participate in a follow-up clinical study. The 

majority of these were invited to participate in the new follow-up if they had participated in 

the clinical study in 1974 or the study in 1992; 1,389 (59%) agreed to participate. 

4.1.6 The 2007 Supplementary TAHS Survey 

Following the 2004 study, a subgroup of siblings (n=1,700) was invited to participate in a 

clinical study. In 2007, a supplementary questionnaire was mailed to those participants 

(N=1,620) from among the 5,729 respondents to the 2003-05 survey who indicated a history 

of asthma or wheezy breathing. These siblings were asked to complete a postal survey, which 



92 

 

collected information on current general demographic items, respiratory symptoms, 

anthropometric measurements, smoking history, domestic exposures, and occupational 

exposures, the clinical study collected information on lung function and skin prick test results. 

Blood samples were also collected.  A completed questionnaire was returned by 78.2% 

(N=1,267) of the siblings. 

4.2 What has been measured  

For the follow-up studies conducted over the four decades from 1968 to 2008, the key 

measures are summarized in Table 4.1. The phenotypes and environmental data comprise 

parent-completed in 1968 and self-completed in 2004-07 questionnaires of probands, 

siblings, and parents. The TAHS resource contains all the key respiratory phenotypes which 

are collected at multiple time points, allowing the assessment of asthma phenotypes and 

COPD from childhood to middle age. The most recent and on-going data collection focuses 

on the critical period in middle age when lung function decline is beginning to accelerate, but 

for a large proportion of the cohort other major chronic diseases have not yet developed. 

4.3 Study sample 

As mentioned above, all school children born in 1961 in Tasmania (seven-year-old at the time 

of the survey) were enrolled in the TAHS cohort, termed as probands. All their siblings were 

also included in my study. The names of the children were obtained from the School Health 

Service Record. All public and private schools in Tasmania agreed to participate and provided 

the names of all children. The same participants who also could be traced in 2004-2007 were 

included in this study.  

Although the surveys on probands and their siblings were conducted at the same time in 

1968, some of the follow-up studies that targeted probands and siblings separately were 

conducted at different time points, for example in 2004 and 2007 respectively. Receiving 

information took about a year after starting the surveys, so even though the study started 

either in 2004 or 2007, participants might have answered the questions the following year. A 

limitation is, therefore, that in some cases information is reported by participants at different 

time points.  
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For these respiratory health studies, most of the questions related to whether the participants 

ever had the disease or not, followed by the question of the time of onset of that disease.  

4.4 Data interrogation: Combining the data sets 

Details of the baseline surveys and the follow-up surveys are well documented in the 

literature and the study databases and data dictionaries. The first step was to combine 

proband data set between 1968 and 2004, then combine sibling data from 1968 and 2007. 

Data were available on 8,585 probands and 21,030 siblings. To create a data set with 

information from probands and siblings, data sets were appended producing 29,615 records 

with unique identifiers for both participant and family. Mother’s and father’s information 

from 1968 was also merged based on having the same unique identifier for family.  

4.4.1 Choosing variables using a Directed Acyclic Graph (DAG) 

Choosing the appropriate variables for the analysis based on the same/similar questions in 

the questionnaire from two time-point was the next goal. Variables that could be potential 

confounders for the association between adult life asthma and early onset eczema were 

selected based on Directed Acyclic Graph (DAG) (Figure 4.2, 4.3 and 4.4) using the DAGitty 

software. DAG’s provides a graphical and mathematical method to select potential 

confounders to minimize bias in study design and analysis of epidemiological studies. 

Potential confounding variables and variables related to later onset diseases were selected, 

either from current literature, data availability, and from the DAG model below. The diagrams 

are presented below: 
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Figure 4. 2: DAG for the association between childhood eczema and adult asthma 

 

 

 

Figure 4. 3: DAG for the association between childhood hay fever and adult-onset asthma 
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Table 4. 1: Questionnaire data availability in TAHS  

TAHS Group 
Year of Study 
Study Type 

Proband Siblings Parents 

1968 
Survey & 
clinical study 

2002  
Survey 

2002  
Clinical study 

2010 
Clinical study 

2012 
Clinical study 

1968 
Survey 

2007 
Survey & 
clinical study 

1968 
Survey 

2010 
Survey 

Respiratory outcomes √     √   √ 

Asthma                – Parent-reported          

                              – Self-reported  √ √ √ √  √ √ √ 

                              – Doctor diagnosed          

Asthma with wheeze          

Infantile Eczema– Parent-reported √     √    

                              – Self-reported  √ √ √ √  √ √ √ 

                              –  Doctor diagnosed          

Flexural Eczema – Parent-reported √     √    

                              – Self-reported  √ √ √ √  √ √ √ 

                              – Doctor diagnosed          

Hay fever             – Parent-reported √     √    

                              – Self-reported  √ √ √ √  √ √ √ 

Food allergy        – Parent-reported √     √    

                              – Self-reported  √ √ √ √  √ √ √ 

COPD                    – Doctor diagnosed  √ √ √ √  √ √ √ 

Chronic bronchitis  √ √ √ √  √ √ √ 

Emphysema  √ √ √ √  √   

Respiratpry symptoms √ √ √ √ √  √ √ √ 

Hives √ √ √ √ √   √ √ 

Cold in head √ √ √ √ √   √ √ 

          

Environmental Factors          

Parental smoking √ √    √ √   

Personal  smoking  √     √   

SES - Main occupation  √     √   

SES – SEIFA  √     √   

SES – Education level  √     √   

Childhood SES – Father’s occupation √     √    

Occupation (Work History Calendar)  √     √   
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Figure 4. 4: DAG for the association between childhood asthma and later onset COPD  

 

4.4.2 Creating a data directory 

New variables were created to represent the same variable for probands and siblings. 

For example, data on infantile eczema was available for probands from a variable called 

babecz68 and for siblings called seczinf, which are from the 1968 surveys. To present 

the infantile eczema variable, we have combined these two variables, babecz68 and 

seczinf and created one called infantileEczema. A set of new variables was created for 

the analysis, which includes groups of outcome variables, exposure variables, the 

potential confounder variables and some other adult-life variables for which we 

intended to adjust any analysis. Table 4.2 summarizes the new variables. 
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Table 4.2: Data directory on variables based on the response to same/similar 

questionnaire items from the 1968 and 2004-07 from TAHS 

Variable Data Questionnaire item 1968/ 2004-07  Variable name 

   Response Definition Original New 

Infantile eczema 
 

Proband Did he / she have infantile 
(baby) eczema? 

Yes 
No 

Infantile eczema 
No 

babecz68  
 

infantileEczema 
 

Sibling Did he / she have infantile 
(baby) eczema? 

Yes 
No 

Infantile eczema 
No 

seczinf  

Flexural eczema Proband Has he/she ever had 
eczema in the creases 
(bends) of the elbows, 
wrists or knees? 

Yes 
No 

Flexural eczema 
No 

jntecz68 
 

FlexEczema 

Sibling Has he/she ever had 
eczema in the creases 
(bends) of the elbows, 
wrists or knees? 

Yes 
No 

Flexural eczema 
No 

seczcre 
 

Ever eczema Proband Have you ever had eczema 
or any kind of skin allergy? 

Yes 
No 

Ever Eczema 
No 

ps_2 EverEczema 

Sibling Have you ever had eczema 
or any kind of skin allergy? 

Yes 
No 

Ever eczema 
No 

sib2007_ps_11 

Food allergy Proband Have you ever been 
allergic to any of the 
following? 

Foods 
Medicine, 
Dust, 
Animal, 
Pollen, 
grass, trees 
or flowers  

Food allergy 
 
No 

ps_1a Foodallergy 

Sibling Have you ever been 
allergic to any of the 
following? 

Foods  
Medicine 
Dust, 
Animal, 
Pollen, 
grass, trees 
or flowers 
one of the 
above) 

Food allergy 
 
No 

sib2007_ps_7a 

Childhood asthma Proband has he/she at any time in 
his/her life suffered from 
attacks of asthma or of 
wheezy breathing in 
1968? 

Yes 
 No 

Childhood asthma 
No 

asthma68 Asthma68 

Sibling Has he/she ever had 
asthma or attacks of 
wheezing like asthma in 
1968? 

Yes  
 No 

Childhood asthma 
No 

Sasthma 

Ever asthma / 
wheezy breathing 

Proband have you, at any time in 
your life, suffered from 
attacks of asthma or 
wheezy breath? 

Yes 
No 

Ever asthma 
No 

ps_10 Everasthmawheeze 

Sibling have you, at any time in 
your life, suffered from 
attacks of asthma or 
wheezy breath? 

Yes  
No 

Ever asthma 
No 

sib2007_ps_20 

Bronchitis in 1968 Proband has he/she at any time in 
his/her life suffered from 
attacks of bronchitis or 
attacks of cough with 
sputum (phlegm) in the 
chest? 

Yes 
No 

Bronchitis in 1968 
No 

bcsatk68 Bronchitis68 

Sibling Has he/she ever been 
diagnosed by a doctor as 
suffering from chronic 
bronchitis or from 

Yes 
No 

Bronchitis in 1968 
No 

Sbronch 
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recurrent bronchitis (more 
than three or four attacks 
of bronchitis) 

Bronchitis ‘04-07 Proband has a doctor ever told/said 
to you that you have or 
have had chronic 
bronchitis? 

Yes 
No 

Chronic bronchitis 
No 

ps_14a DocBronchitis2004-
07 

Sibling has a doctor ever told/said 
to you that you have or 
have had chronic 
bronchitis? 

Yes 
No 

Chronic bronchitis 
No 

sib2007_ps_22 

Childhood hay 
fever 

Proband Does he/she get attacks of 
“hay fever” (that is 
sneezing, running or 
blocked nose, sometimes 
with itchy eyes or nose? 

Yes 
No 

Childhood Hay fever 
No 
 

hayattk68 Hayfever68 

Sibling Does he/she suffer from 
“hay-fever”? 

Yes 
No 

Childhood Hay fever 
No 

Shayfev 

Ever Hay fever Proband Have you ever had hay 
fever (that is sneezing, 
running or blocked nose 
when you do not have a 
cold or the flu)? 

Yes 
No 

Ever hay fever 
No 

ps_3 Everhayfever2004-7 

Sibling Have you ever had hay 
fever (that is sneezing, 
running or blocked nose 
when you do not have a 
cold or the flu)? 

Yes 
No 

Ever hay fever 
No 

sib2007_ps_8 

Emphysema Proband has a doctor ever told/said 
to you that you have or 
have had emphysema? 

Yes 
No 

Emphysema 
No 

ps_15a DocEmphysema 

Sibling has a doctor ever told/said 
to you that you have or 
have had emphysema? 

Yes 
No 

Emphysema 
No 

sib2007_ps_23 

Current smoker Proband Do you currently smoke? No 
Yes, daily 
Yes, at least 
weekly 
Yes, less 
than 
weekly 

No 
Yes 
Yes 
Yes 

ps_20_2 Currentsmoker 

Sibling Do you currently smoke? No 
Yes, daily 
Yes, at least 
weekly 
Yes, less 
than 
weekly 
 

No 
Yes 
Yes 
Yes 

sib2007_ps_27_
2 

SES 1968 
 

Proband  
& 
Sibling 
  

defined by the father’s 
occupation and grouped 
into five categories 
according to the 
Australian Standard 
Classification of 
Occupations. 

SES 1968 
 

  SES1968 

SES ‘04-07 
 

Proband  
& 
Sibling 

defined by the father’s 
occupation and grouped 
into five categories 
according to the 
Australian Standard 
Classification of 
Occupations. 

SES ‘04-07 
 

  SES2004_07 

Rural living Proband  
& 
Sibling 

Was Grouped into four 
categories with Inner 
Regional Australia", 
"Outer Regional 
Australia," "Remote 

1 
2 
3 
4 

Rural  Rural 
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Australia,” “Very Remote 
Australia." 

Mother’s asthma 
history 

Proband 
& Sibling 

Have you ever had asthma 
or attacks of wheezing like 
asthma 

Yes  
No 

History of asthma  Masthma 

Father’s asthma 
history 

Proband 
& Sibling 

Have you ever had asthma 
or attacks of wheezing like 
asthma 

Yes  
No 

History of asthma  Fasthma 

Mother’s smoking 
history 

Proband 
& Sibling 

Do you smoke every day 
(or six days out of seven)? 

Yes  
No 

History of smoking  msmoke68 

Father’s smoking 
history 

Proband 
& Sibling 

Do you smoke every day 
(or six days out of seven)? 

Yes  
No 

History of smoking  fsmoke68 

  

4.4.3 Variables for the association between eczema and asthma: Analysis 1 

4.4.3.1 Outcome variable: incident asthma and persistent asthma  

When asthma symptoms appear and are diagnosed in adults older than 20 years of age, 

it is typically referred to as adult-onset or adult-onset asthma. adult-onset asthma is 

more common in females than in males and is possibly related to a history or allergies 

or childhood allergic asthma. In 2004-07, at a mean age of 45 years, adult-onset asthma 

was defined for this study based on the self-reported/doctor-diagnosed age of asthma 

onset and by an affirmative response to the question ‘‘Have you ever in your life suffered 

from an attack of asthma or wheezy breathing?” with the last attack reported as being 

within the previous 12 months before administration of the questionnaire and “Has a 

doctor ever told you that you have or had ‘asthma’ condition?”. The same question was 

used for both probands and siblings.  

 

Table 4. 3: Definition of outcome variable asthma and exposure variable eczema based 

on the response to same/similar questionnaire items from the 1968 and 2004-07 

Tasmanian Longitudinal Health Study (TAHS) 

Variable Questionnaire item 1968/ 2004-07 Variable name 

  Response Definition  

incident asthma 
(no history of 
childhood asthma) 

Have you ever in your 
life suffered from an 
attack of asthma or 
wheezy breathing?  
                & 
Age of onset >20 
years 

Yes 
 
No 

Incident asthma 
 
No 

Incident asthma 

Persistent asthma 
(have a history of 
childhood asthma) 

Have you ever in your 
life suffered from an 
attack of asthma or 
wheezy breathing?”  
               &     

Yes 
 
 
 
 

persistent 
 
 
 
 

Persistent asthma 
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Age of onset <20 
years   
                & 
Last attack within one 
year 

Yes 
 
 
Yes 

Remitted asthma 
(have a history of 
childhood asthma) 

Have you ever in your 
life suffered from an 
attack of asthma or 
wheezy breathing?”  
               &     
Age of onset <20 
years   
                & 
Last attack within one 
year 

Yes 
 
 
 
 
Yes 
 
 
No 

Remitted Remitted asthma 

 

4.4.3.2 Exposure Variable 

Infantile eczema was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘Did he/she have infantile (baby) eczema?’’. The same question 

was used for both probands and siblings.  

Flexural eczema was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘Has he/she ever had eczema in the creases (bends) of the 

elbows, wrists or knees?’’.  

Conjoint eczema was defined from the 1968 questionnaire if individuals had either 

infantile eczema or flexural eczema or both. 

4.4.3.3 Definition of potential confounder 

Parental history of asthma which was defined as one or both parents responding 

affirmatively to the following question: ‘‘Have you ever had asthma or attacks of 

wheezing like asthma?’’.  

Parental history of smoking was self-reported in 1968. 

Socioeconomic status in 1968 was defined by the father’s occupation and grouped into 

five categories according to the Australian Standard Classification of Occupations. 

Childhood asthma was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘Has he/she at any time in his/her life suffered from attacks of 
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asthma or of wheezy breathing?’’. A similar question was used for siblings “Has he/she 

ever had asthma or attacks of wheezing like asthma” to identify the variable childhood 

asthma. All participants aged between 1-13 who responded affirmatively to this 

question were regarded as having had childhood asthma. 

Infantile eczema was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘Did he/she have infantile (baby) eczema?’’. The same question 

was used for both probands and siblings.  

Flexural eczema was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘Has he/she ever had eczema in the creases (bends) of the 

elbows, wrists or knees?’’.  

4.4.3.4 Later onset variables influencing outcome variable to be adjusted 

Socioeconomic status in 2004-07 was classified by the occupation of the participant and 

divided into the same five categories as in 2004 and 2007. 

Current smoker reflects the smoking status of the participants at age 45+ years which 

was categorized as current, past or never-smoker. A current smoker was defined as 

having smoked in the last four weeks.  

4.4.4 Variables for the association between hay fever and asthma: Analysis 2 

4.4.4.1 Outcome variable: incident asthma and persistent asthma  

The same outcome variables from Analysis 1 was used for Analysis 2, which involves 

looking into the association between childhood hay fever and incident asthma as well 

as childhood hay fever and persistent asthma. 

4.4.4.2 Exposure Variable 

Childhood Allergic rhinitis/hay fever was defined in the 1968 questionnaire by an 

affirmative response to the following question: ‘‘Does he / she get attacks of ‘hay fever’, 

that is, sneezing, running or blocked nose, sometimes with itchy eyes or nose?’’. A 

similar question was used for siblings to identify the variable childhood hay fever.  
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4.4.4.3 Definition of potential confounder 

Parental history of asthma was defined as one or both parents responding affirmatively 

to the following question: ‘‘Have you ever had asthma or attacks of wheezing like 

asthma?’’.  

Parental history of smoking was self-reported in 1968. 

Socioeconomic status in 1968 was defined by the father’s occupation and grouped into 

five categories according to the Australian Standard Classification of Occupations. 

Childhood asthma was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘has he/she at any time in his/her life suffered from attacks of 

asthma or of wheezy breathing?’’. A similar question was used for siblings “Has he/she 

ever had asthma or attacks of wheezing like asthma” to identify the variable childhood 

asthma. All participants aged between 1-13 who responded affirmatively to this 

question were regarded as having had childhood asthma. 

4.4.4.4 Later onset variables influencing outcome variable to be adjusted 

Socioeconomic status in 2004-07 was classified by the occupation of the participant and 

divided into the same five categories as in 2004 and 2007. 

Current smoker reflects the smoking status of the participants at age 45+ years which 

was categorized as current, past and never-smokers. A current smoker was defined as 

having smoked in the last four weeks.  

4.4.5 Family size 

Information regarding the size of the sibship was available for 8,496 families. The size 

of these 8,496 families ranged from only one child (the proband) to 14 children, with a 

total of 29,615 probands and siblings. The average sibship size is 3.45 (SD 1.80). The 

number of families for each sibship size is shown in Figure 4.5. The median size sibship 

was 3 (including the proband), constituting 27.8% of all sibships. 
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Figure 4. 5: Frequency of families of the Tasmanian Longitudinal health study (TAHS) 

by size if sibship  

4.4.6 Variables for the association between asthma and COPD: Analysis 3 

4.4.6.1 Outcome variable: Chronic Obstructive Pulmonary Disease (COPD)  

The outcome variable COPD was defined using the LLN and GOLD method.  

LLN-COPD was defined by using the lower limit of normal (LLN) criterion, defined as the 

post-bronchodilator FEV1/FVC ratio less than the fifth percentile of the normal predicted 

value.  The LLN was calculated as the predicted value minus 1.645 times the standard 

deviation of the predicted value defining  COPD as  Post-BD FEV1/FVC < LLN.  

GOLD-COPD was defined by using the “Global Initiative for Chronic Obstructive Lung 

Disease (GOLD)” fixed cut-off criterion:  Post BD FEV1/FVC < 70%.    

4.4.6.2 Exposure Variable: childhood asthma 

Childhood asthma was defined in the 1968 questionnaire by an affirmative response to 

the following question: ‘‘has he/she at any time in his/her life suffered from attacks of 

asthma or of wheezy breathing?’’. A similar question was used for siblings “Has he/she 

ever had asthma or attacks of wheezing like asthma” to identify the variable childhood 

asthma. 
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4.4.6.3 Definition of potential confounder 

Current clinical asthma was defined by asthma-related symptoms and healthcare access 

for asthma within the last 12 months.  

Parental history of asthma which was defined as one or both parents responding 

affirmatively to the following question: ‘‘Have you ever had asthma or attacks of 

wheezing like asthma?’’.  

Maternal smoking and paternal history of smoking was self-reported in 1968.  

Rural living in childhood was classified according to the location of the participant’s 

school in 1968 into outer regional (rural) compared with inner regional (urban) locations.  

Socioeconomic status in 1968 was defined by the father’s occupation and grouped into 

five categories according to the Australian Standard Classification of Occupations.  

Current smoker reflects the smoking status of the participants at age 45+ years which 

was categorized as current, past and never-smokers. A current smoker was defined as 

having smoked in the last four weeks. 

Conjoint eczema This was defined in the 1968 questionnaire by an affirmative response 

in the 1968 questionnaire to either of the following questions: ‘‘Did he/she have 

infantile (baby) eczema and/or flexural eczema?’’ or ‘‘Has she/he ever had eczema in 

the creases (bends) of the elbows, wrists or knees?’’ 

4.5 Basic characteristics 

4.5.1 Participants characteristics according to parent’s data availability  

To determine the extent to which information on parents of participants was available, 

the distribution of exposure variables was compared between two groups of probands 

(1) those with data for both parents; and (2) with missing data for either the mother or 

the father or both. Since the number of probands with missing data on only the mother 

or only the father is small, the comparison was limited those with data on both parents 
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(no missing data) to those with missing data on either mother or father or both (any 

missing data).  

The prevalence of asthma in 1968 among both probands and siblings combined was 

compared between groups determined by the parental history of asthma and those with 

and without missing data on parent’s information. 

Table 4. 4: Comparing the distribution of asthma variable among parents’ data 

availability 

Asthma in ‘68 No missing on parents Missing on Mother Missing on Father Missing on Both 

Prevalence (Percentage) 

Probands & Siblings 2,645 / 19,485 (13.6%) 25 / 158 (15.9%) 91 / 505 (18.02%) 45 / 228 (19.8%) 

 

4.5.2 Missingness and prevalence from questionnaire data 

Infantile eczema 

Missing data: Based on data obtained in 1968, parent-reported prevalent cases of 

infantile eczema on both probands and their siblings were identified. No information 

was available if the parents had infantile eczema or not. Out of 29,615 siblings in TAHS, 

information of infantile eczema was available on 20,138 (68.61%) persons, with the 

remaining 9,297 (31.39%) recorded as having missing values.  

Prevalence of infantile eczema among siblings in 1968: Among 20,138 siblings whose 

data was available in 1968, only 2,001 (9.83%) had infantile eczema. The estimated 

prevalence of a history of infantile eczema in the probands and their siblings separately 

are given in Table 4.5. The eczema prevalence is similar in probands (9.88%) and the 

siblings (9.83%), but higher in males probands and siblings than in female probands and 

siblings. No history of parents’ eczema status was recorded at the initial surveys. 

Table 4. 5: Frequencies (%) on infantile eczema among probands and siblings in TAHS  

Year  Males (Percentages) Females (Percentages) Total (Percentages) 

1968 Proband 466 / 4,254 (10.95%) 355 / 4,057 (8.75%) 821 / 8,583 (9.57%) 

1968 Sibling 673 / 6,278 (10.73%) 507 / 5,728 (8.85%) 1180 / 12,007 (9.83%) 

1968 Total 1139 / 10,532 (10.82%) 862 / 9,785 (8.81%) 2001 / 20,318 (9.85%) 
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Flexural eczema 

Missing data: Based on data obtained in 1968, parent-reported prevalent cases of 

flexural eczema on both probands and their siblings were available. No information was 

available if the parents had flexural eczema or not. Out of 29,615 siblings in the 

Tasmanian asthma health survey data set, information was available on flexural eczema 

for 20,259 (68.41%) persons, with the remaining of 9,356 (31.59%) participants recorded 

as having missing data.  

Prevalence of Flexural eczema among proband and siblings in 1968: In 1968, only 1,979 

(9.77%) proband or sibling participants had flexural eczema. The prevalence of a history 

of flexural eczema in the probands and their siblings separately are given in Table 4.6. 

The eczema prevalence was similar in probands (10.36%) and the siblings (10.06%), but 

higher in males probands and siblings than in female probands and siblings.  

Table 4. 6: Frequencies (%) on flexural eczema among probands and siblings in TAHS 

Year  Males (%) Females (%) Total (%) 

1968 Proband 438 /4,225 (10.37 %) 361 / 4,035 (8.95 %)    799 / 8,260 (9.67 %)  

1968 Sibling 631 / 6,274 (10.06 %) 549 / 5,724 (9.59 %) 1180 / 11,999 (9.83 %) 

1968 Total 1069 / 10,499 (10.18 %) 910 / 9,759 (9.32 %) 1979 / 20,259 (9.78 %) 

 

Ever eczema 

Missing data: From the questionnaire data in 2004-07, 41.24% of the participants had 

missing data for the infantile eczema field.  

Prevalence of Ever eczema among proband and siblings in 2004-07: In 2004-07, 5,599 

participants reported having eczema in their lifetime. The prevalence of a history of ever 

eczema in the probands and their siblings separately are given in Table 4.7. The eczema 

prevalence was higher in probands (37.01%) than in the siblings (29.83%) and higher in 

females probands and siblings than in male probands and siblings.  
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Table 4. 7: Frequencies (%) on “Ever eczema” among probands and siblings in TAHS. 

Year  Males (%) Females (%) Total (%) 

2004 Proband 849 / 2,922 (29.06) 1,251 / 2,752 (45.46)  2,100 / 5,674 (37.01)  

2007 Sibling 1,503 / 6,106 (24.62) 1,995 / 5,621 (35.49) 3,499 / 11,728 (29.83) 

2004-07 Total 2,352 / 9,028 (26.05) 3,246 / 8,373 (38.77) 5,599 / 17,402 (32.17) 

 

Childhood hay fever 

Missing data: Based on data obtained in 1968, parent-reported prevalent cases of 

childhood hay fever were available for both probands and their siblings. Out of 29,615 

siblings, information was available about hay fever on 20,286 (68.5%) participants, with 

the remaining 9,329 (31.5%) recorded as having missing data.  

Prevalence of hay fever among siblings in 1968: Among 20,286 siblings whose data was 

available in 1968, only 1,872(9.23%) had hay fever. The prevalence of a history of hay 

fever in the probands and their siblings separately are given in Table 4.8. The hay fever 

prevalence was higher in probands (12.81%) and in the siblings (6.75%), higher in males 

probands and siblings than in female probands and siblings.  

Table 4. 8: Frequencies (Percentages) on childhood hay fever among probands and 

siblings in TAHS 

Year  Males (%) Females (%) Total (%) 

1968 Proband 587 / 4,240 (13.84) 473 / 4,034 (11.73) 1,060 / 8,274 (12.81) 

1968 Sibling 474 / 6,278 (7.55) 337 / 5,731 (5.88) 811 / 12,011 (6.75) 

1968 Total 1,062 / 10,519 (10.10) 810 / 9,765 (8.29) 1,872 / 20,286 (9.23) 

 

Asthma 

Missing data among siblings: Based on data obtained in 1968, we have parent-reported 

prevalent cases of asthma on both probands and their siblings. Out of 29,615 siblings in 

Tasmanian asthma health survey data set, we have information on 20,376 (68.80%) 

persons, the rest of 9,239 (31.20%) participants’ data were missing. If we look at the 

data collected in 2004-07, there were 32 cases coded as 9999, which was replaced as “.“ 

to indicate missing data. Approximately 40% of the data were missing. 
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Prevalence of asthma among siblings: The prevalence of a history of asthma in the 

probands and their siblings are given in Table 4.9. The asthma prevalence is higher in 

probands (19.56%) and the siblings (13.91%), higher in males probands and siblings than 

in female probands and siblings.  There was no substantial difference in the asthma 

prevalence between fathers (10.92%) and mothers (11.26%). 

 

Table 4. 9: Frequencies (Percentages) on childhood asthma among probands and 

siblings in TAHS 

Asthma Total (%) Males (%) Females (%) 

Probands 1968 1,688 / 5,720 (29.51%) 805 / 2,947 (27.3%) 883 / 2,773 (31.8%) 

Siblings1968 2,099 / 11,855 (17.7%) 944 / 6,191 (15.24%) 1,155 / 5,664 (20.39%) 

Total 1968 3,787 / 17,575 (21.54%) 1,749 / 9,138 (19.13%) 2,038 / 8,437 (24.15%) 

 

The following table shows the number of probands and siblings with a history of asthma 

by the history status of their parents. 

 

Table 4. 10: Frequencies (%) among probands and siblings in TAHS with history of 

asthma by the asthma status of parents.  

 Neither parent Mothers only Father’s only Both parents 

Proband (%) 786 (12.62)  315 (35.75) 276 (32.43) 68 (50)  

Siblings (%) 779 (8.4)  352 (25.45)  344 (25.42)  94 (40.34)  

 

Summary prevalence of asthma and risk factors 

The prevalence of asthma and risk factors in both probands and sibs are given in Table 

4.11 for each sex and males and females combined. Of the 29,615 siblings (15,194 males, 

14,382 females and 39 missing), 2,806 (13.77%, 9,239 missing) were asthmatic 

comprising 1,711 males (16.2 % of all males, 4638 missing) and 1,095 females (7.61 % of 

all females, 4571 missing). Although the prevalence was greater among males, the 

prevalence of other conditions did not differ much across males and females. The most 

prevalent risk factor is found to be paternal smoking at 63%. The following table gives 

the number of sibs that have each risk factor and a history of asthma. 
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Table 4. 11: Number (and percentages) of sibs in TAHS with and without asthma and 

other risk factors (Numbers are given in males, females, and combined). 

Factor Total (%) Yes (%) Males (%) Yes (%) Females (%) Yes (%) 

Asthma 3,788 / 17,583 (21.54%) 1,749 / 9,138 (19.14%) 2,038 / 8,437 (24.2%) 

Infantile eczema 2,001 / 20,318 (9.85%) 1,139 / 10,528 (10.82%) 862 / 9,781 (8.81%) 

Flexural eczema 1,979 / 20,259 (9.77%) 1,068 / 10,495 (10.2%) 911 / 9,755 (9.34%) 

Childhood hay fever 1,872 / 20,286 (9.23%) 1,062 / 10,513 (10.10%) 810 / 9,764 (8.30%) 

Food allergy 1,782 / 17,800 (10.01%) 676 / 9,261 (7.30%) 1,105 / 8,530 (12.95%) 

Chronic Bronchitis 2,218 / 17,551 (12.64%) 943 / 9,130 (10.33%) 1,275 / 8,412 (15.16%) 

Father’s Smoking 17,783 / 28,147 (63.18%) 9,071 / 14,548 (62.74%) 8,694 / 13,661 (63.64%) 

Mother’s smoking 10,842 / 28,838 (37.6%) 5,513 / 14,818 (37.2%) 5,312 / 13,991 (37.97%) 

 

4.5.3 Age distribution  

The ages of siblings of the probands range from 0 to 35 (mean age 9.943, SD 5.53). The 

ages of the parents ranged from 20 to 57 for mothers (mean age 33.38, SD 6.00) and 20 

to 75 for fathers (mean age 36.93, SD 6.85). 

 

 

Figure 4. 6: Age distribution of siblings of Probands (up to 20 years)  
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4.5.4 The number of siblings per proband  

Methods for structuring and analysing the data were needed for sibships where there 

were three or more participants. The age-gap distribution of siblings where 0 represents 

the proband's age, positive values are for the number of years younger a sibling is than 

the proband and negative values represent siblings older than the proband had a range 

from 1 to up to 27 years. There are only four siblings who were eight years younger than 

their proband sibling, which is the maximum value. The age-gap distribution is presented 

in the following table and graph. 

Table 4. 12: Age-gap distribution of siblings with probands 

Sibling’s Age-gap Frequency Percentage Cum. Percentage 

-20< Proband< -27 43 0.15 0.15 

-10< Proband< -20 2011 7.87 7.87 

-9< Proband< -6 3146 10.71 10.71 

-5 1153 3.93 22.65 

-4 1441 4.91 27.56 

-3 1634 5.56 33.13 

-2 2037 6.94 40.06 

-1 1317 4.48 44.55 

0 (Probands) 8525 29.03 73.58 

1 1324 4.51 78.08 

2 2020 6.88 84.96 

3 1542 5.25 90.21 

4 1095 3.73 93.94 

5 859 2.93 96.87 

6< Proband< 8 920 3.13 100.00 

 

4.5.5 Rationale for selection of data for analysis: Asthma diagnosis timeline and 

limiting age gap based on minimum data loss   

Asthma can be detected at 7 years old among children and the detection of childhood 

asthma symptoms can be as early as 3-4-year-old as per literature. So, defining asthma 

status more correctly, the +/- 6 years of the proband’s age has been targeted initially 

which needed to be varied with data availability. I have chosen to include only proband-

sib pairs in the analyses. Probands may feature in more than one sib-pair if they have 

two or more siblings within the target age range of +/- 6 years of the proband’s age. An 

alternative approach would be to include all the sib-sib pairs in the analysis, maintain 
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the restriction that the ages of the two siblings within a pair can differ by no more than 

six years. 

There are several reasons for including only the proband-sib pairs; Probands were, by 

definition, the target population during recruitment for TAHS in 1968, since it is these 7-

year-olds who “brought” their siblings and parents into the study. A large amount of 

information is available on probands, and information is only available their sibling’s if 

the proband participated. Also, applying a restriction on the difference between the age 

of the proband and the age of a sibling who contributes data to a within-pair comparison 

of, say, 6 years, ensures that all participants who contribute data to the paired analysis 

are within a known age range of, say, 1 – 13 years, that is, pre-adolescent.  If I remove 

the restriction that each pair contains a proband, then potentially sib-sib pairs in which 

both siblings are much older than the proband could contribute data to the analysis. 

Lastly, the involvement of siblings much older than the probands increases the 

possibility of poor recall on the part of the parents about the details of these sibling’s 

early life experiences which may be more than ten years prior and, in some cases, 15 or 

even 20 years prior. Nevertheless, it is important to determine the total number of 

sibling pairs with an age difference of fewer than six years. 

Since the age distribution of siblings is quite scattered from an age gap from 8 years 

younger to 27 years older than the proband, I also needed to limit the sibling data set 

whose age is closer to the probands. I needed to keep in mind that I do not want to lose 

much valuable sibling data. Two suggestions came up; (i) form all pairs within a sibship 

that have the proband as one member of the pair; (ii) pair the proband with their 

immediately younger and immediately older sibling, but impose a restriction on the 

difference in age, say 2 or 6 years, aiming to generate one or two pairs per proband 

where the within-pair age difference is small.  

Table 4. 13: Age gap of siblings with probands 

age gap from Proband Frequency Percentage Cum. Percentage 

-2 2,037 13.38 13.38 

-1 1,317 8.65 22.03 

0 (Proband) 8,525 56.03 78.06 

1 1,324 8.68 86.75 

2 2,020 13.25 100.00 
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I started with finding out the number of siblings with a specific age-range each proband 

has. To restrict the ages of siblings, one way is to create data set with redefining the 

variable representing “age” so that the values lie within a specific age range such as 

−𝑛 ≤age_round ≤ 𝑛 ; 𝑛 = ± 1, ± 2, ± 6. The idea was to create a binary variable say 

𝑙𝑒𝑠𝑠_𝑡ℎ𝑎𝑛_𝑛 with 1 representing all the probands and siblings within a specific ± 𝑛 age 

and 0 being all others, use Sum(less_than_n) and Cumulative Sum(less_than_n) 

command to find out those siblings whose age is closer to probands age and then 

tabulate the distribution of number of siblings for each choice of range for difference-

in-age. To find out how many unique pairs of siblings including the proband can be 

formed within each age range, I created the tables which represents the number of 

siblings each family has with an age gap of 1-6 years with the proband. Detailed 

calculations are added in the appendix. Only the table representing the age-range -6 to 

+6 of probands is as follows: 

For unique proband-sib pairs of a specific age range (−6 ≤ 𝑝𝑟𝑜𝑏𝑎𝑛𝑑 ≤ 6), the Table 

4.14 represents the number of siblings each family has with an age gap of 6 years with 

the proband.  With 1,004 probands and their 860 siblings, only probands fall within the 

specified six-years age gap. Two thousand three hundred six probands have one sib 

within the six-years age gap so that we can form 2,306 unique proband-sib pair. We can 

form at least 2,567 pairs of siblings including proband with 2 sibs, 1,513 probands can 

form 3 sib-pairs, 609 probands have 4 siblings within the age range, 277 probands have 

5 sibs, 88 proband have 6 sibs, 17 probands have 7 sibs, 8 proband has 9 sibs and 1 

proband has 12 siblings within the age range. 

 

Table 4. 14: No. of siblings including probands within the six-year age gap 

 Sib per family Proband Sib . Total 

0 0 0 57 57 

1 1,004 860 223 2,087 

2 2,306 3,640 34 5,980 

3 2,567 6,140 22 8,729 

4 1,513 5,137 18 6,668 

5 609 2,703 4 3,316 

6 277 1,587 9 1,873 

7 88 576 1 665 

8 17 142 0 159 
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10 8 60 0 68 

11 1 12 0 13 

Total 8,390 20,857 368 29,615 

 

Observing all tables (the above table and tables from the appendix), if we restrict the 

siblings age-gap from their probands to 6 years older or younger, we lose the least about 

the data for pairing. Also, the childhood asthma status can be observed among these 

since asthma cannot be diagnosed properly at a very early age like 1 or 2. Only 1,004 

probands with no siblings will be discarded from the paired analysis. The next step was 

to create a paired data set in Stata. 

4.6 Expanding data for pairs 

Arrange the data set in a long format, with two records for each proband-sib pair, one 

for the proband and one for the sibling, so proband with multiple siblings may appear in 

the dataset more than once, for all families where there is at least one sibling whose age 

differs from the age of the proband by less than 6 years. I use the expand facility in Stata 

to generate the correct number of repetitions of the proband’s record. The steps are as 

follows: 

Step 1: Sort the data by familyid and proband (Proband = 1, Sibling = 0).  

Step 2: Retain siblings whose age is within six years of the proband, sort the proband 

and siblings by the age gap within each family. Use the egen function in Stata to create 

a variable that represents the sibship size naming a variable as famsize.  

Step 3: Create a variable called famsize_expand. If there is no twin proband in a family, 

then this variable will take value famsize -1 for the proband and 1 for the siblings. If 

there are twin probands in the family, then it still takes the value of famsize – 1 for 

probands, but for siblings, the value would be 2, assuming that there are only twin 

probands in the data set, no triplets or higher-order multiple births.   

Step 4: Now, use the expand command on the famsize_expand variable. For example, 

for a family with one proband P1 and two siblings S1 and S2 we should have a dataset 

with P1, S1, P1, and S2. For twin probands T1 and T2 with two siblings S1 and S2, we 
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should have a dataset with T1, S1, T1, S2, T1, T2, T2, S1, T2, S2. Note that this requires, 

once the expanding is completed, for us to sort the proband/twins and siblings so that 

records for each proband-sibling pair occur consecutively in the dataset, with sibling first 

and proband second (or vice versa, as long as the order is consistent for all proband-

sibling pairs).  

Step 5: The sorting has done is two ways. (i) Firstly, including all those families without 

twin probands, data has been expanded and saved separately. (ii) For those families who 

have twin probands, using different coding, I have expanded the data first, which 

produces the required number of twin records for each sibling. But arranging them 

maintaining a certain order, such as for a family with twin probands having two siblings, 

the pairing order needed to be as twin1-sib1, twin1-sib2, twin1-twin2, twin2-sib1, 

twin2-sib2. Since the sib-size is different for families with proband twins, it was 

necessary to find a pattern which can be translated to a code which will produce the 

required pair orders. The ordering was done and saved with a separate dataset. 

Step 6: The two datasets are then appended and now the dataset is in long format with 

records for each proband-sib pair. 

 

 



115 

 

4.7 Paired data availability for aim-2 & aim-3 after applying all the restriction 

Table 4.15 shows the total counts of observations and sib-pairs in the data set. Once the 

6-year age gap restriction is applied to maintain exposure similarity, a substantial 

reduction of sib-pairs is observed. I needed to perform this age-restriction so that I can 

consider the data set to be approximately exchangeable on age. Only the twins in the 

data are completely exchangeable, but the proportion of twins in this study is quite 

small. 

Table 4. 15: Data availability counts for before and after stratification by childhood 

asthma status 

Sib - Paired data 

Before stratification Pairs Dropped data/ Loss of data 

Initial counts on whole data set 50,784 (all sib-sib pairs) 
21,337*(Prob-sib pair) 

 

Restricting to 6-year-age-gap & Probands with no siblings 14,677*(Prob-sib pair) 6,660 

After stratification 

Complete data on Asthma in 1968 (6-year age gap) 8,562 (Prob-sib pair) 6,105 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 6,513 (Prob-sib pair)  

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 390 (Prob-sib pair)  

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 1,659 (Prob-sib pair  

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) refers to no childhood asthma; (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) refers to having childhood asthma and (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) =

(
1
0

)  𝑎𝑛𝑑 (
0
1

)  refers to discordant pairs with childhood asthma status. 

For exploring the infantile eczema / hay fever  to adult asthma association, the complete 

data counts are presented in the table after I stratified the dataset into three categories 

based on the childhood asthma status of the participants in each sib-pair; (1) 

participants where neither the proband nor the sib in a pair has any history of childhood 

asthma; (2) participants where both proband and sib within a pair has a history of 

childhood asthma and (3) participants with discordant childhood asthma status. The last 

stratum will only be used for “Proband only” analysis; It won’t be used in the final sib-

analysis since firstly, the outcomes are different for different exposure i.e. 
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 (𝑃𝑟𝑜𝑏𝑎𝑛𝑑 𝑤𝑖𝑡ℎ 𝑪𝒉𝒊𝒍𝒅𝒉𝒐𝒐𝒅 𝒂𝒔𝒕𝒉𝒎𝒂
𝑆𝑖𝑏 𝑤𝑖𝑡ℎ 𝒏𝒐 𝑪𝒉𝒊𝒍𝒅𝒉𝒐𝒐𝒅 𝒂𝒔𝒕𝒉𝒎𝒂

 𝑜𝑟 
𝑃𝑟𝑜𝑏𝑎𝑛𝑑 𝑤𝑖𝑡ℎ 𝒏𝒐 𝑪𝒉𝒊𝒍𝒅𝒉𝒐𝒐𝒅 𝒂𝒔𝒕𝒉𝒎𝒂

𝑆𝑖𝑏 𝑤𝑖𝑡ℎ 𝑪𝒉𝒊𝒍𝒅𝒉𝒐𝒐𝒅 𝒂𝒔𝒕𝒉𝒎𝒂
) →

                    (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑 𝑤𝑖𝑡ℎ 𝑰𝒏𝒇𝒂𝒏𝒕𝒊𝒂𝒍𝒆 𝒆𝒄𝒛𝒆𝒎𝒂

𝑆𝑖𝑏 𝑤𝑖𝑡ℎ 𝒏𝒐 𝑰𝒏𝒇𝒂𝒏𝒕𝒊𝒂𝒍𝒆 𝒆𝒄𝒛𝒆𝒎𝒂
) → (

𝑃𝑟𝑜𝑏𝑎𝑛𝑑 𝑤𝑖𝑡ℎ 𝑨𝒅𝒖𝒍𝒕 𝒂𝒔𝒕𝒉𝒎𝒂
𝑆𝑖𝑏 𝑤𝑖𝑡ℎ 𝒏𝒐 𝑨𝒅𝒖𝒍𝒕 𝒂𝒔𝒕𝒉𝒎𝒂

)  

And secondly, discordant pairs of this stratum are not exchangeable on age. Pairs from 

different siblings where the stratum status of the proband is different are not 

exchangeable because (except for twins), an asthmatic sibling will not be a seven-year-

old in 1968 whereas an asthmatic proband was a seven-year-old in 1968. Those siblings’ 

ages will vary from 1 to 13 years. 

I started with 6,513 pairs in the data set whose asthma status is known in 1968. This 

Table 4.16 are representing the actual counts of complete data availability after 

removing all the missing data from the dataset. I had over six thousand participants with 

no history of childhood asthma. If I include all the listed variables in my analysis, we will 

end up with 6024 (proband-sibling) pairs. There is a loss of around 7.5% data because of 

missing data. Note that the numbers underneath “Loss” in each row will depend on the 

order of exclusion since participants may have missing data on more than one variable. 

However, the final figure in each table does not depend on the order of exclusion. 

Table 4. 16: Data availability counts for participants with no childhood asthma with a 

6-year age gap  

Sib - Paired data 

Complete data on Proband-sib pair Pairs  Loss of pairs / not included 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 6,513 (Prob-sib)  

 Pairs remaining Loss 

Infantile eczema 6,480 (Prob-sib) 33 

Infantile eczema + Flexural Eczema 6,419 (Prob-sib) 61 

Infantile eczema + Flexural Eczema + 
motherasthma 

6,381 (Prob-sib) 38 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma 

6,253 (Prob-sib) 128 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + mothersmoking 

6,242 (Prob-sib) 11 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + mothersmoking + 
fathersmoking 

6,217 (Prob-sib) 25 
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Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + mothersmoking + 
fathersmoking + socialclass1968  

6,065 (Prob-sib) 152 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + mothersmoking + 
fathersmoking + socialclass1968 + socialclass2004-
07  

6,024 (Prob-sib) 41 

 

Similarly, Table 4.17 are representing all counts of complete data availability after 

removing all the missing data from the dataset. We started with 390 pairs in the data 

set whose participants has a history of childhood asthma. If we include all these listed 

variables in the analysis, we end up with 340 pairs. We lose around 12.8% (50 pairs) data 

because of missing data.  

Table 4. 17: Data availability counts for participants with childhood asthma with a 6-

year age gap 

Sib - Paired data 

Complete data on Proband-sib pair Pairs  Loss of pairs / not 
included 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 390 (Prob-sib pair)  

 Pairs remaining Loss 

Infantile eczema 385 (Prob-sib pair) 5 

Infantile eczema + Flexural Eczema 380 (Prob-sib pair) 5 

Infantile eczema + Flexural Eczema + 
motherasthma 

374 (Prob-sib pair) 6 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma 

367 (Prob-sib pair) 7 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + 
mothersmoking 

367 (Prob-sib pair) 0 

Infantile eczema + Flexural Eczema +  
motherasthma + fatherasthma + 
mothersmoking + fathersmoking 

367 (Prob-sib pair) 0 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + 
mothersmoking + fathersmoking + 
socialclass1968  

345 (Prob-sib pair) 22 

Infantile eczema + Flexural Eczema + 
motherasthma + fatherasthma + 
mothersmoking + fathersmoking + 
socialclass1968 + socialclass2004-07  

340 (Prob-sib pair) 5 
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Once the complete data set is achieved, our next step is to find out the sib-pairs who are 

discordant in exposure. These pairs only will contribute to the final analysis. Similar steps 

were taken for the analysis of aim 3 for the association between childhood hay fever 

and asthma in later life. 

To obtain the exact number of pairs with different exposure (infantile eczema/hay fever) 

status, I create the following table: 
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Table 4. 18: Concordant and discordant pairs of infantile eczema and hay fever with 

each stratum by childhood asthma status for 6-year age gap 

 

 

 

 

Sib - Paired data after stratification 

Child hood asthma status Infantile eczema status  

Proband-sib pair Pairs   Pairs 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 6,026 (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 692 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 35 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 584 

Total                                                                                                                                  1,311 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 340 (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 97 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 1 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 33 

Total                                                                                                                                        131 

Child hood asthma status Childhood hay fever status  

Proband-sib pair Pairs   Pairs 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 6,024 (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 848 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 17 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 225 

Total                                                                                                                                        1,090 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 340 (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 96 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 2 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 38 

Total                                                                                                                                            136 
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4.8 Paired data availability for aim-4 after applying all the restriction 

I had lab-study reports on 1,403 probands and 1,650 of the siblings in TAHS between 

2006-2010. For paired analysis, I had 1,049 pairs of sibling data for the analysis. I could 

not include some individuals whose siblings haven’t participated in this lab study, and 

ages of siblings were restricted to a 6-year age gap from probands. The number of 

siblings per proband appeared in the analysis depends on the number of siblings also 

participated in this study. For the analysis, I had 753 probands with their 1,020 siblings 

forming 1,049 proband-sib pairs. 

 

Table 4. 19: Concordant and discordant pairs of childhood asthma with LLN-COPD and 

GOLD-COPD for 6-year age gap 

Childhood asthma status LLN-COPD status  

Proband-sib pair Pairs   Pairs 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
1

)    o𝑟   

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

) 

1,049 (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 255 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 3 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 38 

Total                                                                                                                                          296 

Childhood asthma status GOLD-COPD status  

Proband-sib pair Pairs   Pairs 

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
1

)    o𝑟   

(
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

) 

1,049 (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

0
0

) 253 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
1

) 4 

  (
𝑃𝑟𝑜𝑏𝑎𝑛𝑑

𝑆𝑖𝑏
) = (

1
0

)  𝑎𝑛𝑑 (
0
1

) 38 

Total                                                                                                                                           295 
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4.9 Ethics 

The 2002 to 2010 follow-ups was approved by the human ethics review committees at 

the University of Melbourne (approval number 040375), Tasmania (040375.1) and New 

South Wales (08094), the Alfred Hospital (1118/04), and Royal Brisbane and Women’s 

Hospital health service district (2006/037) and conducted in accordance with the 

amended Declaration of Helsinki. Written informed consent was provided for all 

participants. 
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CHAPTER 5 

Statistical Methodology 

 

This chapter describes the statistical models that will be used to analyse sib-pair data 

where the focus is on a binary outcome. The traditional method used to explore the 

exposure-outcome association in individually-matched pairs is the conditional logistic 

regression (CLR) model. There is an alternative model known as the Between-within (B-

W) regression model that decomposes the exposure-outcome association into within-

pair effect and between-pair effect. Although the two methods estimate distinct 

population parameters, and the estimators are not formally identical, the estimated 

exposure effects from CLR and B-W regression are usually numerically similar.  

5.1 Idealized Statistical Models 

In observational studies, the exposure-outcome association is often confounded by 

factors that make non-causal associations. Several strategies can be implemented to 

adjust for potential confounders in the analysis, for example, stratification, matching, or 

regression modelling. Essentially, these methods solve the problem of confounding by 

comparing the exposed and unexposed within levels of the confounders, thus balancing 

the confounders across levels of the exposure and comparing estimates between groups 

with similar distributions of the potential confounders [235].  

Siblings and twins provide naturally matched pairs for studies of human health. They can 

be viewed as being matched on a large number of potential confounders. In recent 

decades, epidemiological studies have used twins, full siblings and half-siblings as 

comparison groups in matched pair analyses to attain estimates free of confounding 

from all factors that are shared by the siblings [38, 39, 236]. If there exists a strong 

association between the confounders and the exposure, or between the confounders 

and the outcome, these strategies can be inefficient. Also, some strata may contain few 

exposed subjects or few cases (i.e., individuals that developed the outcome); the lack of 

balance may lead to unstable estimates for these strata. Nevertheless, it is possible to 
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exploit within-pair comparisons of data to avoid confounding of associations between 

individually-measured exposures and outcomes by shared covariates [37-39, 181, 237-

244].  

Sibling data can be used to gain insights into the origin of associations between factors 

arising in early life and the risk of later disease. When an association is observed both 

from unpaired and paired, there is evidence that the causal pathway linking the early-

life factor and the disease at later life may have an early onset origin [245]. If the 

association disappears in the paired analysis, it may have has arisen from a shared 

environmental source such as socio-economic status, rural or urban living area, etc. It is 

possible to make the distinction of between- and within-pair exposure effects on the 

outcome measure in regression analysis using regression coefficients for the paired 

mean and the deviation of the individual-level exposure value from its mean respectively 

[38, 39, 243]. The within-pair regression effect represents the association conditional on 

exposures shared by within pairs, including any common genetic or environmental 

influences on the outcome measure. To explore associations between outcome-

exposure, the most common and popular methods for analysis are the conditional 

logistic model [236, 246, 247] and the between-within regression [38, 236, 239] for 

sibship studies. 

5.2 Conditional logistic regression (CLR) 

Logistic regression can be used to quantify the magnitude of the association between a 

binary outcome variable and a set of explanatory variables, usually called covariates or 

exposures. Conditional logistic regression (CLR) is an extension of logistic regression 

usually employed when case subjects with a condition or attribute are each matched 

individually with 1 or more subjects without the condition, called controls. Conditional 

logistic regression can be applied in a family study of twins and/or siblings where 

children of the same parents are naturally matched. Several statistical tests for paired 

data were proposed before the development of conditional logistic regression for 

matched data. However, they did not allow continuously-valued predictors or multiple 

covariates to be simultaneously entered in the analysis. CLR overcomes such difficulties 

by extending the usual 2 𝑥 2 table analysis of pairs to allow for the control of an arbitrary 
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number of covariates. For the analyses presented in this thesis, I consider the sib-pairs 

as forming a 1: 1 individually-matched design. The discordant pairs are the sample of 

study participants where one individual within the pair has the outcome or disease of 

interest (the case, for whom the outcome variable 𝐷 =  1) and the study participant to 

whom they are matched does not have disease (a control, for whom 𝐷 =  0). In general, 

these case-control sibling-pairs will share one or more exposures that potentially 

confound the exposure-outcome (risk factor-disease) association. This effectively 

creates a series of strata of size 2.   

Let 𝑋 denote the binary exposure of interest (0/1) and let 𝑌 denote the binary outcome 

of interest (0/1) and let 𝑍 denote a set of all potential confounders and unmeasured 

factors for the association between 𝑋 and 𝑌. We use (log) odds ratios to quantify the 

𝑋– 𝑌 association. An observational study attempting to control for 𝑍 consists of 𝑛 pairs 

of observations might, for example, form each pair consisting of one exposed subject 

(𝑋 =  1) and one unexposed subject (𝑋 =  0). The pairs are constructed so that the 

two subjects within each pair have the same level of confounder 𝑍; that is, 𝑍 may vary 

between pairs, but not within pairs. The distribution of 𝑍 is, therefore, identical among 

exposed and unexposed. The outcome 𝑌 is assumed to be recorded for each subject. 

The paired data can be represented as in Table 5.1. I note that in sib-studies Z is not 

directly observed but should be interpreted as all the unobserved factors that are 

common within a sib-pair. 

Table 5. 1: Summary of sib-pair binary data matched for one pair member exposed 

and one unexposed 

 Unexposed member (X=0) 

Exposed member (X=1) Event (Y=1) No event (Y=0) Totals 

Event (Y=1) T U T+U 

No event (Y=0) V W V+W 

Totals T+V U+W T+U+V+W=n 

 

Let 𝑌𝑖
0and 𝑌𝑖

1 denote the outcome 𝑌 for the unexposed (𝑋 =  0) and the exposed (𝑋 =

 1) subject in pair 𝑖, respectively. The data consists of n i.i.d. observations (𝑌𝑖
0, 𝑌𝑖

1, 𝑍𝑖).  
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We suppress the index 𝑖 when not needed, so that 𝑌𝑥  denotes 𝑌 for the subject with 

𝑋 =  𝑥, 𝑥 ∈  (0, 1), within an arbitrary pair. When Z is unobserved (as in sib studies), 

the likelihood contribution for pair 𝑖 is 

𝐸[Pr(𝑌𝑖
0 = 𝑦𝑖

0, 𝑌𝑖
1 = 𝑦𝑖

1|𝑍𝑖)] = 𝐸[∏ Pr(𝑌 = 𝑦𝑖
𝑥| 𝑍𝑖)]

1

𝑥=0

 

so that the likelihood for the whole data set becomes equal to 

∏ 𝐸[∏ Pr(𝑌 = 𝑦𝑖
𝑥|, 𝑋 = 𝑥| 𝑍𝑖)]

1

𝑥=0

𝑛

𝑖=1

 

Consider the logistic regression model  

Pr(𝑌 = 1 | 𝑋, 𝑍)  =  
𝑒𝑥𝑝(𝛽0  +  𝛽𝑤𝑥) + 𝛽𝑧𝑧

1 +  𝑒𝑥𝑝(𝛽0  + 𝛽𝑤𝑥) + 𝛽𝑧𝑧
 

for which we have data for matched pairs with exposure and outcome status of the 

individual study participants within each pair denoted (𝑥1, 𝐷1) and (𝑥2, 𝐷2).  Assuming 

that for a given pair, conditional on the values of (𝑥2, 𝑥2), the joint probability of disease 

is 

                Pr(𝑌0, 𝑌1  | 𝑥1, 𝑥2, 𝑍)  = Pr(𝑌0 | 𝑥1)  × Pr(𝑌1 | 𝑥2)  

                                                         =  
𝑒𝑥𝑝(𝛽0 + 𝛽𝑤𝑥1)  𝑌

0 

1 + 𝑒𝑥𝑝(𝛽0 + 𝛽1𝑥𝑤) 
 ×  

𝑒𝑥𝑝(𝛽0 + 𝛽𝑤𝑥2) 𝑌1
 

1 + 𝑒𝑥𝑝(𝛽0 + 𝛽𝑤𝑥2)
  

Suppose now we condition on pairs that have exactly one case and one control, that is, 

one of the pairs has outcome value 1 and the other individual within the pair has 

outcome value 0. Here 𝑌0 + 𝑌1 =  1 and therefore (𝑌0, 𝑌1) is either (1, 0) or (0, 1). The 

conditional probability that 𝑌0  =  1 and 𝑌1  =  0 (rather than 𝑌0  =  0 and 𝑌1  =  1) is  

Pr( 𝑌0  =  1, 𝑌1  =  0 | 𝑌0 + 𝑌1  = 1, 𝑥1𝑥2)  =  
exp (βw(x1−x2)) 

exp ( βwx1) + exp( βwx2)
 .  

This probability viewed as a likelihood function for the parameter forms the basis for 

conditional logistic regression (CLR). 
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Suppose that 𝑥 is a binary exposure variable taking values in the set (0, 1). The 

conditional probability Pr(𝑌0  =  1, 𝑌1 =  0 | 𝑌0 + 𝑌1  =  1, 𝑥1𝑥2) depends only on the 

within-pair difference in exposures 𝑥1 −  𝑥2 and if 𝑥1 −  𝑥2  =  0 so 𝑥1 =  𝑥2, then the 

conditional probability is 1/2 and these exposure-concordant pairs do not contribute to 

the conditional logistic regression likelihood or the estimation of 𝛽1. 

This conditional likelihood approach is computationally easy and simple, and it produces 

a consistent estimate of  𝛽𝑤 even with a small number of individuals per cluster. The 

conditional likelihood approach is often referred to as ‘fixed-effects regression’ in the 

social science literature [235]. For a logistic link function, the conditional likelihood 

approach leads to conditional logistic regression. 

5.3 Multivariable between- and within-pair (B-W) regression 

An alternative and equivalent analysis tool for studying the association between 

exposure-outcome is the between–within (B-W) model, which decomposes the 

exposure-outcome association into a ‘within-pair effect’ and a ‘between-pair effect.’   

5.3.1 Multivariable between- and within-pair (B-W) regression for continuous 

outcome 

Let 𝑌 denote the outcome and 𝑋 the covariate of interest, with 𝑖 used to index sib pairs 

and 𝑗 = 1, 2 to index individual twins within pairs, so 𝑌𝑖𝑗 and 𝑋𝑖𝑗 represent, respectively, 

the outcome and covariate value for the 𝑗th twin of the 𝑖th pair. The expected value of 

𝑌𝑖𝑗, given the value of 𝑋𝑖𝑗, is denoted by 𝐸(𝑌𝑖𝑗). 

If the paired nature of a data set is ignored and all the siblings are treated as unrelated 

individuals, the regression on 𝑋 can be obtained using the most straightforward 

approach where least squares are used to find the best fitting values of 𝛽0 and 𝛽  as the 

following model: 

𝐸(𝑌𝑖𝑗) =  𝛽0 + 𝛽𝑋𝑖𝑗                                                  (5.1) 

In this notation 𝛽 represents the average rate of change in 𝑌 (the expectation of 𝑌) for 

every unit increase in 𝑋 (based on variation between subjects, so not necessarily applied 



128 

 

at the individual level). The standard ‘ordinary least squares’ (OLS) method for fitting 

model (5.1) treats all the 𝑌𝑖𝑗  values as independent given the corresponding covariate 

values [38]. 

The standard errors from this model will be too big since the model assumed correlated 

non-independent observations as independent.  This may produce larger or smaller 

standard error affecting the confidence intervals so that they no longer have the correct 

coverage probability. Also, with OLS regression, model (5.1) assumes that the average 

difference between outcome (𝑌) values for a given difference between covariate (𝑋) 

values is the same whether we are comparing two unrelated individuals or two siblings. 

This assumption may not be true. To investigate it we need to fit a more general 

regression model that allows the covariate effect to differ within and between sibling 

pairs [38]. 

Consider the individual-level regression model for each sibling in a sib-pair  

𝐸(𝑦𝑖1) =  𝛽0 + 𝛽𝑥𝑖1 

𝐸(𝑦𝑖2) =  𝛽0 + 𝛽𝑥𝑖2 

If we take the difference between the above two equations, we get  

𝐸(𝑦𝑖1 − 𝑦𝑖2) =  𝛽0 + 𝛽(𝑥𝑖1 − 𝑥𝑖2)  

If we take the average between the two equations, we get  

𝐸(𝑦�̅�) =  𝛽0 + 𝛽(𝑥�̅�) 

These are special cases of a more general model where the model for the expected value 

of  𝑌𝑖𝑗 can be extended to allow Between (B) and Within (W) expression terms as   

𝐸(𝑦𝑖𝑗) =  𝛽0 + 𝛽𝑤(𝑥𝑖𝑗 −  �̅�𝑖.) +  𝛽𝐵�̅�𝑖.  

For a specific sib pair, the model is 

𝐸(𝑦𝑖1) =  𝛽0 + 𝛽𝑤(𝑥𝑖1 −  �̅�𝑖.) +  𝛽𝐵�̅�𝑖.  

𝐸(𝑦𝑖2) =  𝛽0 + 𝛽𝑤(𝑥𝑖2 −  �̅�𝑖.) +  𝛽𝐵�̅�𝑖.  
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                        with           �̅�𝑖. =
𝑥𝑖1+𝑥𝑖2

2
  

                         and          𝑥𝑖1 − �̅�𝑖. =
𝑥𝑖1− 𝑥𝑖2

2
  

                                        𝑥𝑖2 −  �̅�𝑖. = −
𝑥𝑖1− 𝑥𝑖2

2
 

Here �̅�𝑖. represents the mean value of 𝑥 for sib pair 𝑖. The within-pair coefficient 𝛽𝑤 gives 

the expected change in 𝑌 for a one-unit change in the deviation of the exposure 𝑋 from 

the sib-pair average �̅�𝑖., while holding the latter constant. 

The between-pair coefficient, 𝛽𝐵 gives the expected change in 𝑌 for a one-unit change 

in the sib-pair average �̅�𝑖., while holding the within pair deviation constant. 

Simultaneous estimation of 𝛽𝑤 and 𝛽𝐵 from the multivariable model generates the same 

estimates for ordinary least square (OLS) and generalized least square (GLS), but the 

standard errors are different. Note that, if 𝛽𝑤 = 𝛽𝐵, we refer to the simple model 

express in equation 5.1. 

Here, 𝐸(𝑌𝑖1) is related to not only 𝑋𝑖1 (the twin’s own exposure value) but also the co-

twin’s exposure value 𝑋𝑖2. The 𝐸(𝑌𝑖𝑗) may depend on whether we are comparing (i) 

siblings with each other within-pair; or (ii) unrelated siblings between pairs. In this 

model, the expected value of 𝑦𝑖1 not just depends on 𝑥𝑖1 (the sib’s own exposure value) 

but also to their sibling’s exposure value 𝑥𝑖2.  

If we re-express the multivariable model as 

𝐸(𝑦𝑖1) =  𝛽0 + 𝛽𝑝𝑥𝑖1 +  𝛽𝑠𝑥𝑖2 

𝐸(𝑦𝑖2) =  𝛽0 + 𝛽𝑝𝑥𝑖2 +  𝛽𝑠𝑥𝑖1 

Where 𝛽𝑝 =  (𝛽𝑤 + 𝛽𝑏)/2         and      𝛽𝑠 =  (𝛽𝑤 − 𝛽𝑏)/2  

We can see that 𝛽𝑠 = 0 (in which case 𝐸(𝑦𝑖1) does not depend on 𝑥𝑖2 and vice versa) is 

equivalent to 𝛽𝑤 =  𝛽𝐵 (between- & within-pair regression effect is the same). 
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If the multivariable between- and within-pair regression model is the correct model in 

the sense that the between- and within-pair regression coefficients are not the same, 

then fitting the individual-level regression (by either OLS or GLS) produces an estimate 

of the parameter 𝛽 that is a weighted average of the corresponding estimates of 𝛽𝑤 

and 𝛽𝐵 with weights that depend on the observed within-pair correlation of 𝑥 and 𝑦 

respectively [236, 238-240, 248]. 

5.3.2 Multivariable between- and within-pair (B-W) regression for dichotomous 

outcome 

Let 𝑌𝑖𝑗and 𝑋𝑖𝑗 represent, respectively, binary outcome and exposure values for the 𝑗th 

twin of the 𝑖th pair. 𝑋𝑖1 − �̅�𝑖. =
𝑋𝑖1− 𝑋𝑖2

2
 and   𝑋𝑖2 −  �̅�𝑖. = −

𝑋𝑖1− 𝑋𝑖2

2
 can take values 

−1/2, 0 and 1/2. �̅�𝑖. can take values 0, 1/2 and 1. A pair is exposure-concordant if 𝑋𝑖1 =

 𝑋𝑖2 otherwise it is exposure-discordant. A pair is outcome-concordant if 𝑌𝑖1 = 𝑌𝑖2, 

otherwise it is outcome-discordant. 

With 𝑋 and 𝑌 are binary, the corresponding logistic regression equation modelling 𝑌 as 

the outcome becomes  

log (
𝑝𝑖𝑗

1 − 𝑝𝑖𝑗
) =  𝛽0 + 𝛽𝑤(𝑋𝑖𝑗 −  �̅�𝑖.) +  𝛽𝐵�̅�𝑖. 

logit(Pr(𝑌𝑖𝑗 = 1|𝑋𝑖1, 𝑋𝑖2)) = 𝛽0 + 𝛽𝑤(𝑋𝑖𝑗) +  𝛽𝐵
′ �̅�𝑖.  

An ordinary logistic regression model implies 

log (
𝑝𝑖𝑗

1 − 𝑝𝑖𝑗
) =  𝛽0 + 𝛽𝑋𝑖𝑗 

 For each twin in a pair, we have 

log (
𝑝𝑖1

1 − 𝑝𝑖1
) =  𝛽0 + 𝛽𝑋𝑖1 

log (
𝑝𝑖2

1 − 𝑝𝑖2
) =  𝛽0 + 𝛽𝑋𝑖2 
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The within-pair difference in the two regression equations is 

                     log (
𝑝𝑖1

1 − 𝑝𝑖1
−

𝑝𝑖2

1 − 𝑝𝑖2
) =  𝛽(𝑋𝑖1 − 𝑋𝑖2) 

and the average of the two regression equations is 

                ½ [log (
𝑝𝑖1

1−𝑝𝑖1
)+ log (

𝑝𝑖2

1−𝑝𝑖2
)]=𝛽0 + 𝛽�̅�𝑖. 

The model is then derived as 

log (
𝑝𝑖𝑗

1 − 𝑝𝑖𝑗
) =  𝛽0 + 𝛽𝑤(𝑋𝑖𝑗 −  �̅�𝑖.) +  𝛽𝐵�̅�𝑖.  

We can also write 

log (
𝑝𝑖𝑗

1 − 𝑝𝑖𝑗
) =  𝛽0 + 𝛽𝑤(𝑋𝑖𝑗 − 𝑋𝑖𝑘) +  𝛽𝐵�̅�𝑖. 

where 𝑘 = (3 −  𝑗),  indicting that this model has terms for both between- and within-

pair regression effects. 

5.4 Difference between CLR and B-W 

Here I describe the distinction between CLR and B-W ordinary regression models. Firstly, 

the conditional likelihood approach does not necessarily use all data from a sample of 

sibling pairs in the estimation of the within-pair effect, since only pairs that are 

discordant for both the exposure and the outcome contribute to the conditional 

likelihood function. When the correlation between pairs is strong, as is often the case in 

twin and sibling studies, then these doubly-discordant pairs may constitute only a small 

fraction of the data. In contrast, the likelihood function based on the B-W model 

depends on the outcome-concordant pairs as well, while still requiring that pairs be 

exposure discordant, so it makes use of all exposure-discordant pairs regardless of the 

concordance or discordance of their outcomes. The additional data used in B-W 

regression has the potential to generate lower standard errors for the estimate of 

within-pair effect compared to the corresponding estimate from CLR. This can be 

examined empirically by fitting both CLR and B-W regression models to the dataset. 
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Secondly, the two models do not estimate the same population parameter. The 

distinction between these parameters is, however, subtle and requires an explanation 

of the difference between conditioning a statistical analysis on observed data (B-W) and 

conditioning on unknown parameters (CLR) [243, 244]; the result of conditioning on the 

data is that the B-W has an interpretation restricted to changes in the exposure values 

for pairs that are exposure discordant. In practice, the estimated regression coefficient 

 𝛽𝐶𝐿𝑅 is usually numerically similar to the within-pair effect 𝛽𝑤 from B-W regression. The 

between-pair effect, 𝛽𝐵, is not of interest since it represents the effect across the sample 

of pairs of a covariate that is common to both individuals within a pair, so acts as a 

stratum-specific parameter to adjust for confounding by shared factors related to the 

exposure 𝑋. It is this series of pair-specific parameters shared within a pair (but without 

the restriction that they depend on the pair’s mean exposure value) that are 

“conditioned out” in the CLR procedure. 

If the CLR and B-W regression standard errors are the same, the CLR estimates are 

preferred since they are from a more general model for paired data. But, if standard 

error from B-W regression model is smaller, then B-W is preferred over CLR since it will 

produce more precise estimates while retaining a similar interpretation. 

5.5 Extension from cross-sectional to longitudinal B-W regression 

If we have familial data at two time-point with repeated measurements on both 

exposure and outcome, an extension of B-W regression model will be a more 

appropriate choice for data analysis. Although, the application of such model was 

beyond the scope of my PhD, some of the details of the models I have initially developed 

is attached in Appendix 4 - Extension of existing B-W regression models.  
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CHAPTER 6 

Childhood eczema and asthma incidence and persistence: A sibling study 

from childhood to middle age using sib-paired data 

 

This chapter presents results from an analysis that investigated the association between 

the presence of childhood eczema and asthma incidence and persistence from the 

sibship study of Tasmanian Longitudinal Health Study (TAHS). This chapter provides 

evidence that one aspect of the hypothesis atopic march continues beyond childhood, 

that is, individuals with childhood eczema is still at increased risk of developing asthma 

at middle age even if they did not develop it as a child.  

6.1. Research questions and objectives 

6.1.1 Research questions 

The overall research question: To investigate if there is an association between 

childhood eczema and asthma incidence at middle age for those without childhood 

asthma and between childhood eczema and asthma persisting at middle age for those 

with childhood asthma using family (sibship) data. 

Specific research questions: 

▪ Is childhood eczema associated with incident asthma at middle age among those 

without childhood asthma? 

▪ Is childhood eczema associated with persistent asthma at middle age among 

those with childhood asthma? 

6.1.2 Research objectives 

1. To investigate the association between childhood eczema and asthma incidence at 

middle age using conditional logistic regression and between-within (B-W) 

regression modelling of sibling data. 
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2. To investigate associations between childhood eczema and asthma persisting at 

middle age using conditional logistic regression and between-within (B-W) 

regression modelling of sibship data. 

6.2 Chapter introduction 

Atopic dermatitis (AD), also known as eczema, is a skin disease with chronically relapsing 

symptoms with no known cure [249]. Even for cases that remit in childhood, childhood 

eczema can be a heavy burden for the affected child and the family [250]. The 

prevalence of this disease is high, and the prevalence has increased over recent decades 

[251]. An association between childhood atopic eczema and asthma is well established 

based on the results of cross-sectional and longitudinal studies over many years, 

although most of these studies use data from unrelated individuals (“singletons”) and 

not from twins, siblings or families. [168, 172, 177]. The eczema/asthma association has 

been explained by studying the atopic march [108, 252] whereby children with eczema 

have a higher risk of developing asthma and/or hay fever later in childhood since 

eczema, hay fever, and childhood asthma may be co-manifestations of diseases with a 

common atopic background [180].  

Whereas the association between childhood eczema and childhood asthma is well 

explored, only a few studies have explored the relationship between childhood eczema 

and incident asthma in adult life [9]. Only a few family studies have performed 

quantitative data analysis and reported measure of associations between eczema and 

asthma such as relative risk or odds ratio. The availability of such measures could have 

been used to indicate increased or decreased risk of disease among members of the 

same family and estimate the magnitude of associations with risk factors free of 

confounding by familial shared factors.  

Moreover, eczema, asthma, and related allergic diseases are highly heritable diseases 

with genetic factors accounting for 75% for eczema, 70%-91% for asthma and 72%-84% 

for hay fever with the remaining variance in underlying liabilities due to nongenetic 

factors [108]. Therefore, if family data can be used to explain the association between 

childhood eczema and asthma in later life, it may help us to explain previous associations 
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that are a result of confounding by shared genetic factors and shared early-life shared 

environment. In this study, data from a large number of sibling pairs from the Tasmanian 

Longitudinal Health Study (TAHS) will be used to examine the association between (1) 

childhood eczema (without childhood asthma) and incident asthma in later life; and (2) 

childhood eczema (coincident with childhood asthma) and asthma that persisted to 

adult life around the age of 45 years. 

6.3 Methods 

6.3.1 Study design and data collection  

The TAHS sibship study is based on the Tasmanian Longitudinal Health Study (TAHS) that 

started in 1968 as a cohort of 8,583 Tasmanian schoolchildren born in 1961 (known as 

probands), their parents (16,267) and existing (but not future) siblings (21,044) [7]. This 

recruitment process is illustrated in Figure 6.1. The study participants were those who 

attended the questionnaire study of the follow-up of the TAHS in 1968 (25–28). 

Questionnaires were completed by parents detailing each child’s history of asthma, hay 

fever, eczema, food or medicine allergy, and urticaria in 1968. Subsequent follow-up 

studies focused on re-surveying probands over the next few decades, but a 

comprehensive follow-up study was conducted targeting all the probands and their 

siblings in 2004 - 2007 while they were in the fifth decade of life, that is, in their mid-

forties.  

 

Figure 6. 1: Study design  
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6.3.2 Study population selection criterion  

The study population and corresponding sample from which data were assembled for 

analysis was constructed by applying two primary criteria (a) a restriction on the 

difference between the sibling’s age and the proband’s age; and (b) the requirement 

that every sib-pair formed within the restricted age range should contain proband, that 

is, sib-sib pairs formed from families with three or more children were excluded.  The 

distribution of the difference in age between proband and sibling ranges from an age 

gap 8 years younger to 27 years older. To create individually-matched sib-pairs who have 

similar exposure values due to sharing the same environment at a similar point in life, a 

limit of 6 years was placed on the difference between the sibling’s age and the proband’s 

age. This ensures that all participants who contribute to the paired analysis have ages 

that fall within the range of 1 – 13 years, that is, a period of pre-adolescence. Even if the 

first primary restriction is retained, removing the second primary restriction (that each 

pair contains a proband) has the potential to generate sib-sib pairs in which both siblings 

are much older than the proband, and could contribute data to the analysis that is not 

representative of the age of the siblings at recruitment and subsequent follow-ups. 

In the sibling data set, there were 49,914 pairs of siblings which include both proband-

sib pairs and sib-sib pairs. Once I apply the age restriction of no more than a 6-year age 

gap between sibling and proband, a sample of 27,369 pairs remains. This number of 

pairs reduces further when analyses are restricted to “complete cases” for whom there 

are no missing data values for variables to be included in regression analyses. I then 

stratify the data based on childhood asthma status. 
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Figure 6. 2: Identification and selection of sib-pairs  

 

6.3.3 Definitions: Exposures and Outcomes 

Infantile eczema and flexural eczema. These were defined in the 1968 questionnaire by 

affirmative responses to the questions, ‘‘Did he/she have infantile (baby) eczema?’’ and 

‘‘Has he/she ever had eczema in the creases (bends) of the elbows, wrists or knees?’’.  

Conjoint eczema. This was a variable generated to describe those participants in 1968 

with either infantile or flexural eczema or both. 

Childhood asthma. Asthma in childhood was defined in the 1968 questionnaires by an 

affirmative response to the question, ‘‘Has your child ever suffered from attacks of 

asthma or wheezy breathing’’?  

Adult incident asthma. Asthma by average age 45 years was defined, by combining 

asthma ever and asthma age of onset, as an affirmative answer to the question in the 
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2004-07 questionnaire, ‘‘Have you ever in your life suffered from attacks of asthma or 

wheezy breathing’’? with no history of childhood asthma and self-reported age of onset 

in the 2004-07 questionnaire greater than 20 years.  

Persisting and remitting asthma. Remitting asthma was defined as asthma ever in the 

2004-07 survey with a history of childhood asthma, and no asthma attack within the 

previous one years. Those with asthma ever in the 2004-07 survey with a history of 

childhood asthma and an attack within the previous one years were regarded as having 

persisting asthma. 

The participants’ responses in the 2004-07 questionnaire were compared with their 

parents’ prospectively gathered responses in 1968. Where there was disagreement, the 

prospectively collected history in childhood was used in preference to retrospective 

responses in adulthood from the probands and their siblings [253, 254].  

6.3.4 Definitions: Covariates 

Allergic rhinitis was defined in the 1968 questionnaire by an affirmative answer to the 

question, ‘‘Does he/she get attacks of hay fever (that is, sneezing, running or blocked 

nose, sometimes with itchy eyes or nose)?’’ and in the 2004-07 questionnaire by an 

affirmative answer to the question, ‘‘Have you ever had hay fever (that is, sneezing, 

running or blocked nose when you do not have a cold or the flu)?’’ 

Socioeconomic status in 1968 was classified by the occupation of the father of the 

participant and divided into five categories according to the Australian Standard 

Classification of Occupations.  

Socioeconomic status in 2004-07 was classified by the occupation of the participant and 

divided into the same five categories as in 2004 and 2007.  

Current smoker status of the participants was categorized as current, past and never-

smokers. A current smoker was defined as someone who reported having smoked in the 

last four weeks.  
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Parental history of asthma which was defined as 1 or both parents responding 

affirmatively to the following question: ‘‘Have you ever had asthma or attacks of 

wheezing like asthma?’’ 

Maternal smoking and paternal history of smoking was self-reported in 1968.  

6.3.5 Analytic methods 

Categorical data were expressed as counts and proportions and compared using the 

Pearson 𝜒2 test. Asthma incidence to average age 45 years was computed stratified by 

childhood eczema. CLR and B-W regression (see a full description in (CHAPTER 5) were 

used to quantify the association between childhood eczema and the risk of asthma 

incidence or persistence/remission in later life. This association was adjusted using 

covariates like gender, smoking status, SES 1968, SES 2004, mother’s and father’s 

smoking in 1968, mother’s and father’s asthma history in 1968. All the results from the 

paired analysis were compared with the results from the analysis on individuals using 

logistic regression with the log link function. All data manipulation and analysis were 

performed using Stata statistical software version 15.0 (Stata Corp, College Station, Tex). 

6.4 Results 

6.4.1 Prevalence of eczema and other allergic disorders 

Within the selected probands and their siblings (n=16,407), the prevalence of ‘‘asthma 

ever’’ was 24.5% (n=4,027). A response to the infantile eczema question was obtained 

for 16,716 individuals. Of these, 10.23% (95% CI: 9.7% to 10.7%; n=1,713) had infantile 

eczema, which was significantly more common in boys (11.2% vs 9.2%, χ2=15.2, P < 

0.001). Of this sample with infantile eczema, hay fever was reported by the parents in 

20.9% (95% CI: 18.9% to 22.8%; n=355). In 1968, 10.1% (95% CI: 9.6% to 10.5%; n=1,684) 

had flexural eczema, which was significantly more common in boys (10.7% vs 9.4%, 

χ2=15.5, P < 0.001). Of this sample with flexural eczema, hay fever was reported by the 

parents in 20.7% (95% CI: 18.7% to 22.8%; n=347). 
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Of the 14,224 respondents in the 2004-07 survey, 33.6% (95% CI: 31.0% to 35.2%; n= 

5,607) reported eczema, which was significantly more common in women (37.9% vs 

29.6%, χ2=24.2, P < 0.001).  

Of the 16,407 respondents with a response to the ever asthma question, 21.5% 

(n=3,788) reported a history of having ‘‘asthma ever.’’ When these were compared with 

the parents’ responses in 1968, it was found that 2,071 individuals disagreed with the 

parents’ response. The prevalence of asthma ever by the average age of 45 years was 

24.5%.  

The distribution of conjoint eczema phenotypes and asthma at different life stage is 

displayed in Table 6.1. 

Table 6. 1: Conjoint eczema phenotypes and different number with asthma at different 

age of onset 

 

6.4.2 Study characteristics 

For the analysis of data from sib-pair analysis, data from the 791 (9.2%) probands who 

did not have any siblings in 1968 were excluded from further calculations. Table 6.1 

represents the study characteristics of all individuals included in the study. The mean 

age in 2006 of both probands and siblings was 45 and 44.9 years respectively, where the 

age distribution of the siblings has a standard deviation of 3.35 years. The size of the 

age-restricted sample of siblings is almost double the sample size of the corresponding 

probands which shows that, on average, each proband contributing data to our sib-pair 

analysis is matched with two siblings within the appropriate age range. The proportion 

of male participants in this study is 51%. About 26% of the proband sample had a history 

In 2004-07, n=16,663 Age of onset of “Asthma ever” 

Conjoint eczema 
phenotype 

Childhood asthma (%) Adult asthma (%) Never (%) Missing (%) 

Childhood eczema  
(n = 2,132) 

582 (27.3)   313 (14.7) 1,191 (58.9)   46 (2.1) 

Later-onset eczema  
(n = 3,475) 

456 (13.1)   724 (20.8) 2,286 (65.8)     9 (0.3) 

Never eczema 
 (n = 11,056) 

904 (8.2) 1,030 (9.3) 8,802 (79.6) 320 (2.9) 



142 

 

of asthma in their lifetime with 13.79% having childhood asthma. The lifetime 

prevalence of asthma was less for siblings (about 24%) and only 11.76% had childhood 

asthma. For probands, about 31% reported having a history of lifetime eczema of which 

11.80% had child eczema. For siblings, the eczema prevalence was greater than for 

probands (about 35%) with 13.56% of the sibling’s sample reporting childhood eczema. 

About 12% of probands had hay fever as compared to 5.34% of siblings with hay fever. 

The parental history of asthma was close to 20%, and about 70% of parents had a 

smoking habit in 1968. 

Table 6. 2: Study characteristics of the participants included in the analysis (sample 

size in each category do not necessarily add to the total sample size due to missing 

data) 

 

Study 
Characteristics 

Probands included in the paired 
analysis N (%) / Mean (SD) 

Siblings included in the paired 
analysis N (%) / Mean (SD) 

Total Sample 7,401 (86.22) 16,199 (76.97) 

Age in 2006 45 (SD = 0.40) 44.96 (SD = 3.35) 

Gender         

         Male 3,771 (5.95) 8,380 (51.74) 

         Female 3,631 (49.05) 7,819 (48.26) 

Asthma 

         Never asthma  5,190 (73.77) 7,190 (76.81) 

         Child asthma 970 (13.79) 1,101 (11.76) 

         Adult asthma 875 (12.48) 1,070 (11.43) 

Eczema 

         Never eczema 5,020 (69.15) 6,036 (64.19) 

         Child eczema 857 (11.80) 1,275 (13.56) 

         Adult eczema 1,383 (19.05) 2,092 (22.25) 

Hay fever in 1968 

         Yes 910 (12.40) 528 (5.63) 

         No 6,426 (87.60) 8,852 (94.37) 

Food allergy Ever 

         Yes 552 (10.94) 894 (9.49) 

         No 4,492 (89.06) 8,523 (90.51) 

Parental asthma 

         Yes 1,443 (19.74) 3,201 (19.98) 

         No 5,867 (80.26) 12,825 (80.02) 

Passive smoking 

         Yes 5,061 (68.89) 11,297 (70.10) 

         No 2,285 (31.05) 4,817 (29.90) 
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6.4.3 Concordant and discordant pairs 

Analyses of the association between childhood eczema and the risk of asthma in adult 

life were stratified according to the childhood asthma status of each proband-sibling 

pairs, which was itself based on the childhood asthma status of the individual 

participants. The stratum in which neither the proband nor the sibling had a history of 

childhood asthma can be used to produce estimates of the incidence rate of adult-onset 

asthma and to study the association between childhood eczema and the risk of onset of 

asthma in adult life. 

For those proband-sibling pairs where both individual reported childhood asthma, it is 

possible to quantify the magnitude of the association between the presence of 

childhood eczema and the increased or decreased risk of asthma persisting or remitting 

asthma following the presence of childhood asthma. For this paired analysis, data on 

childhood asthma status were available for 6,364 proband-sib pairs. There were 6,024 

sib-pairs in which neither individual had childhood asthma, and 340 pairs where both 

individuals had childhood asthma. Proband-sibling pairs for which the childhood asthma 

status of the individuals was not the same did not contribute to subsequent analyses. 

Then I needed to know within each stratum, From Table 6.3 and Table 6.4 show how 

many childhood asthma-concordant pairs are discordant in exposure (eczema) and will 

therefore contribute data to the conditional and B-W logistic regression analysis. There 

are 1,311 pairs discordant in exposure (childhood eczema) with no childhood asthma 

history, but only 131 pairs discordant in exposure with childhood asthma history. It is 

these sets of 1,311 and 131 pairs that will contribute to the within-pair logistic 

regression analysis. 

Table 6. 3: Adult asthma status of participants in eczema-discordant proband-sibling 

pairs WITHOUT a history of childhood asthma. 

 
 
 
Yes eczema as a 
child 

                                 No eczema as a child 

                                  Adult asthma status 

Adult asthma Status Yes No Total 

Yes 35 352 387 

No 232 692 924 

Total 267 1,044 1,311 

 



144 

 

Table 6. 4: Adult asthma status of participants in eczema-discordant proband-sibling 

pairs WITH a history of childhood asthma. 

 
 
 
Yes eczema as a 
child 

                                 No eczema as a child 

                                   Adult asthma status 

Adult asthma Status Yes No Total 

Yes 97 18 115 

No 15 1 16 

Total 112 19 131 

 

6.4.4 Childhood eczema and asthma incidence 

The paired analysis showed reasonable evidence against the null hypothesis of no 

association between childhood eczema and adult asthma (Table 6.5). Asthma odds 

between pre-adolescence (age 1-13 years) and middle age (mean age 45) was 1.60 time 

larger (95% CI: 1.21 – 2.11) for infantile eczema, 1.40 time larger (95% CI: 1.05 – 1.85) 

for flexural eczema and 1.37 times larger (95% CI: 1.07 - 1.76) for conjoint eczema 

compared to those with no history of eczema (Table 6.5). The model that examined 

incident asthma was adjusted for active and passive smoking and socioeconomic status 

in childhood and adult life, mother’s and father’s asthma history in 1968 and sex. All 

these results were compared with simple ordinary logistic regression model (OLR) which 

only includes each individual’s own eczema status as a covariate and does not attempt 

to distinguish between- and within-pair regression effects. 

Childhood eczema was associated with a significantly increased risk of incident asthma 

in pre-adolescence and adult life. The estimates from conditional logistic regression 

(CLR) and between-within (B-W) regression both indicated that the risk of incident 

asthma over time from age childhood to age 45 years, dependent on childhood eczema, 

was significantly increased.  

Table 6. 5: Results of paired analysis from CLR and B-W regression 

Paired analysis 

Participants with the history of no childhood asthma 

 CLR OR (95% CI) B-W regression OR (95% CI) OLR OR (95%CI) 

Exposure Variable 𝜷𝑪𝑳𝑹 𝜷𝒘 𝜷𝑩 𝜷𝑶𝑳𝑹 

Infantile eczema 1.61 (1.18 – 2.22) 1.60 (1.21 – 2.11) 1.83 (1.49 – 2.25) 1.54 (1.34 – 1.95) 
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Flexural Eczema 1.55 (1.13 – 2.15) 1.40 (1.05 – 1.85) 1.55 (1.25 – 1.92) 1.35 (1.08 – 1.67) 

Conjoint eczema 1.51 (1.14 - 2.02) 1.37 (1.07 - 1.76) 1.72 (1.43 – 2.08) 1.37 (1.12 – 1.67) 

Adjusted for gender, SES 1968, SES 2004-07, mother's and father’s smoking in 1968, mother’s and father’s asthma history in 1968. 

𝛽𝐶𝐿𝑅=conditional logistic regression estimate, 𝛽𝑤 = within-pair estimate; 𝛽𝐵 = between-pair estimate; 𝛽𝑂𝐿𝑅 =ordinary logistic 

regression estimate. 

 

6.4.5 Childhood eczema and persisting asthma to middle age  

Childhood eczema was associated with asthma persisting from childhood to middle age 

with an adjusted odds ratio of 1.22; 95% CI: 0.53 – 2.78 from CLR compared with 1.38; 

95% CI: 0.87 – 2.18 from B-W regression. Since B-W regression uses more pairs in the 

analysis, it should produce more precise odds ratio and we do indeed see slightly 

narrower confidence intervals in Table 6.6. There is only weak evidence against the null 

of no association between childhood eczema and persistent asthma at middle age. The 

wide confidence intervals may be a result of a limited number of paired involved in the 

analysis. 

Table 6. 6: Results of paired analysis from CLR and B-W regression 

Paired analysis 

Participants with the history of childhood asthma 

 CLR OR (95% CI) B-W regression OR (95% CI) OLR OR (95%CI) 

Exposure Variable 𝜷𝑪𝑳𝑹 𝜷𝒘 𝜷𝑩 𝜷𝑶𝑳𝑹 

Infantile eczema 2.03 (0.91 -4.85) 1.44 (0.89 – 2.32) 1.68 (1.17 – 2.43) 1.62 (1.30 -2.02) 

Flexural Eczema 1.16 (0.52 – 2.70) 1.30 (0.80 – 2.08) 1.30 (0.80 – 2.08) 1.70 (1.35 – 2.14) 

Conjoint eczema 1.22 (0.53 – 2.78) 1.38(0.87 – 2.18) 1.80 (1.28 -2.53) 1.61 (1.30 – 1.98) 

Adjusted for gender, smoking status, SES 1968, SES 2004, mother’s and father’s smoking in 1968, mother’s and father’s asthma 

history in 1968. 𝛽𝐶𝐿𝑅=conditional logistic regression estimate, 𝛽𝑤 = within-pair estimate; 𝛽𝐵 = between-pair estimate; 

𝛽𝑂𝐿𝑅 =ordinary logistic regression estimate. 

6.4.6 Comparison with Individual only analysis 

Since TAHS targeted probands as a birth cohort from the beginning, the results from the 

paired analysis presented above were compared with the result of previously published 

analysis that included data from only the probands. These analyses were performed in 

two steps. Firstly, I analyse with all 5,674 probands participated in the 2004 



146 

 

questionnaire study and secondly, only those probands (n=4,890) who were selected for 

the pair analysis. Calculations on siblings were done similarly. 

Table 6. 7: Individual analysis on incident asthma and persistent and remittent asthma 

at adult life 

Individual analysis 

Childhood eczema & asthma incidence at average age 45 

Burgess et al. 
OR (95% CI) 

All probands 
OR (95% CI) 

Probands in paired analysis 
OR (95% CI) 

Siblings in paired analysis 
OR (95% CI) 

1.98 (1.63 – 2.40) 2.15(1.74 – 2.67) 2.16 (1.75 – 2.67) 2.09 (1.65-2.66) 
 

 

Childhood eczema & asthma persistent and remittent at average age 45 

1.54 (1.16-2.04) 1.80 (1.19,2.11) 
 

1.66 (1.45-1.92) 1.83 (1.68,1.99)  
 

    
Adjusted for gender, smoking status, SES 1968, SES 2004, mother’s and father’s smoking in 1968, mother’s and father’s asthma 

history in 1968. 𝛽𝐶𝐿𝑅=conditional logistic regression estimate, 𝛽𝑤 = within-pair estimate; 𝛽𝐵 = between-pair estimate; 

𝛽𝑂𝐿𝑅 =ordinary logistic regression estimate. 

Ordinary Logistic Regression was used to evaluate the combined association between 

childhood eczema and incident asthma separately on those probands who participated 

in the study and also those only who were chosen for the sib-pair analysis. Similar 

estimates were derived for siblings. The presence of childhood eczema increases the risk 

of asthma incidence although for the paired analysis, the magnitude of the estimated 

effects is reduced substantially.  The odds were comparatively similar among the siblings 

whose age varies between 42 to 49 years on average. The estimates from the paired 

analysis should give a weighted estimate approximately between these two estimates, 

which is consistent with my findings from CLR and B-W.  

From the individual analysis with all probands, I observed that childhood eczema was 

associated with an increased risk of more than two times for developing asthma in adult 

life. With the restricted sample, the risk remained the same (OR=2.6 (1.75-2.67)). 

For persistent asthma after applying the restriction, I observed that childhood eczema 

was associated with an increased risk of 66% among probands and 83% among the 

siblings for persisting asthma in adult life. From the paired analysis, the magnitude of 
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association is observed to be reduced and less strong with wider confidence intervals 

(Table 6.5-Table 6.7). Detailed of these calculations are included in appendix 1. 

6.5 Discussion 

To our knowledge, only four sib-studies examined the association between eczema and 

asthma [4, 8, 22, 26, 108]. Most of the studies were in mid-childhood (5-9-year-olds), 

and only one longitudinal study comprised participants aged 12-41 years. Studies on 

individuals have explored the childhood eczema and asthma development and 

persistence from childhood to middle age [9], but no sibship studies have explored the 

similar association from childhood to middle-age. My primary findings suggest that the 

effect of childhood eczema on asthma risk continues to adulthood. Even though the 

majority of the eczematic children will not develop childhood asthma, these results 

suggest that childhood eczema in children who are asthma-free may progress to incident 

asthma in adult life.  

For comparing statistical methods CLR, B-W regression and OLR, the results on incidence 

asthma illustrate that ignoring the paired-structure of the dataset and the possibility of 

distinct between- and within-pair effects underestimates the within-pair odds ratio. 

Also, since the CLR and B-W regression standard errors are the same, the CLR estimates 

are preferred since they are from a more general model for paired data.  

The prevalence of asthma (30.3%) in subjects with childhood eczema in the study was 

almost identical to estimates of the prevalence reported in other studies [9, 173] 

Flexural eczema is considered to be a marker of atopy [255] which is also a predictor of 

childhood asthma [163]. Similar odds ratios of childhood asthma between flexural 

eczema only, infantile eczema only, and conjoint eczema groups were observed in this 

study which suggests that nonatopic skin factors such as the extent of skin involvement 

or age at eczema onset may contribute to asthma risk. These findings were consistent 

with the analysis of singletons in the TAHS by Burgess et al. [9]  

In this study, infantile eczema preceded asthma in childhood and was found to be 

associated with incident asthma in later life stage. This temporality supports a possible 

causal relationship. The findings of this study support the atopic march hypothesis that 
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asserts the sequential development of eczema, allergic rhinitis, and asthma. Although 

multiple studies have supported the sequential association between eczema and 

asthma in childhood, one study found no sequential evidence [180].  The results from 

this study support atopic march, that is, the effects of the atopic march continue past 

childhood and increase the risk of developing asthma for the first time in later life 

following much earlier childhood eczema.  

This analysis has found childhood asthma to increase the risk of developing adult 

asthma. Previous studies on TAHS cohort calculated a population attributable risk of 

12% for incidence asthma the population from childhood eczema and 22% for incident 

asthma after the age of 7 from childhood hay fever [7]. Those estimates indicate the 

importance of childhood allergic disorders in the development of later-life asthma if it 

is subsequently shown that the associations reflect causality. 

Childhood eczema is associated with persistent asthma at middle age, but the 

association was weak, most likely as a result of a small number of exposure-discordant 

and outcome-concordant pairs. A stronger association on childhood eczema and 

persisted asthma in adult life was observed in another Australian population-based 

cohort [9, 256]. But the association was confounded by hay fever, atopy, impaired lung 

function in childhood, and female sex. Results from this study presented in next 

(CHAPTER 7) demonstrated an association between childhood hay fever and incident 

asthma which was consistent with another study [7]. The results suggest that among 

childhood allergic disorders, hay fever is a more potent risk factor for later-life incident 

and persisting asthma than is eczema. 

This study has multiple strengths and limitations. The major strengths of this study are 

the longitudinal nature of the data collected from a large sibship data over 40 years, 

modest loss to follow-up, and the availability of parent-reported data on asthma in early 

life. All the parent-reported data was compared with the participant-reported data that 

reduced the response bias related to this significantly. Since TAHS was initially 

implemented with a view to recruiting probands, some data items were collected only 

on probands leaving some information on their siblings, such as lung function data, 

missing. On the follow-up studies conducted in 2000, both questionnaires on probands 
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and siblings were matched. Being able to use sibling data at two time-points allowed us 

to adjust for unknown or unmeasured confounders at baseline that might aid my results 

to be more precise. 

The previous study on TAHS found that if the child developed a serious lung infection 

before the age of 7 years or had impaired lung function at that age, the association 

between childhood eczema and childhood asthma was stronger [9]. It was suspected 

that smaller or damaged airways by early-life lower respiratory infection might be more 

susceptible to allergen sensitization introduced via the skin, and hence might be at 

greater risk of asthma [253]. Due to the limitation of not having sibling data on lung 

function at early life prevented us from looking into this matter.  

One other limitation of the study was parent-defined childhood eczema. It is possible 

that parents might misclassify eczema. Also, childhood asthma defined by the parent 

would have included non-asthmatic wheeze. Studies have found that parent-defined 

childhood asthma compares well with the definition including bronchial 

hyperresponsiveness [257, 258] and a less precise definition would shift estimates 

toward the null [258]. Using ‘‘doctor-diagnosed asthma’’ may result in underdiagnoses. 

In any case, the asthma question in the 1968 TAHS questionnaire has been validated 

against a respiratory physician’s diagnosis [259]. This study did not include an objective 

assessment of childhood atopy, which would have been useful in assessing the nature 

of the relationship between childhood eczema and asthma.  

Overall, concerning the causality within this sibship study after adjusting for a wide 

range of confounding factors from childhood to adulthood, there was consistent strong 

association which supports most of the Bradford Hill’s criteria [260] to conclude that 

there is a causal relationship between childhood eczema and asthma incidence but not 

persistent asthma risk at middle age. Suggestions can be made for trials of aggressive 

therapy for eczema directed at childhood. 
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CHAPTER 7 

Childhood Hay fever and asthma incidence and persistence: A sibling 

study from childhood to middle age using sib-paired data 

 

This chapter presents results from an analysis that investigated the association between 

childhood hay fever and asthma incidence and persistence from the sibship study of 

Tasmanian Longitudinal Health Study (TAHS). This chapter provides evidence that 

individuals with childhood hay fever remain at risk of adult onset asthma even if they 

were not diagnosed with asthma as a child.  

7.1. Research questions and objectives 

7.1.1 Research questions 

The overall research question: To investigate if there is an association between 

childhood hay fever and asthma incidence at middle age and between childhood hay 

fever and asthma persisting at middle age using family (sibling) data. 

Specific research questions: 

▪ Is childhood hay fever associated with an increased risk of incident asthma at middle 

age for those who did not receive a diagnosis of asthma in childhood? 

▪ Is childhood hay fever associated with persistent asthma at middle age for those 

diagnosed with asthma in childhood? 

7.1.2 Research objectives 

1. To investigate an association between childhood hay fever and asthma incidence at 

middle age using conditional logistic regression and between-within (B-W) 

regression models using sibling data. 
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2. To investigate associations between childhood hay fever and asthma persisting at 

middle age using conditional logistic regression and between-within (B-W) 

regression model using sibship data. 

7.2 Chapter introduction 

Hay fever, also known as allergic rhinitis, is a highly prevalent allergic disease that 

creates a substantial burden for the individual and their family and can affect not only 

the physical health of the sufferer but their broader quality of life as well. Like asthma, 

symptoms can manifest at any age, and there is a wide variation in prevalence 

worldwide with some evidence that the prevalence in some countries is gradually 

increasing. According to the Phase III International Study of Asthma and Allergies in 

Childhood (ISAAC), the prevalence of hay fever varied between 0.8% to 14.9% in 6-

7 years old and 1.4% to 39.7% in 13-14 years old worldwide [261]. In Asia, this disease 

affects a large proportion of population, ranging from 27% in South Korea [262] to 32% 

in the United Arab Emirates [263]. Hay fever and asthma commonly occur in the same 

individual at the same time [264] for which clinical research has found shared 

pathogenic mechanisms. Combining this information with correlations at the population 

level between the presence of these two diseases suggest that these conditions reflect 

long-term physical consequences of a pre-disposition in allergic individuals [265]. 

Asthmatic symptoms are reported to be more severe in individuals with hay fever 

compared with those without hay fever [266]. Various studies that have analysed data 

from samples of unrelated individuals have found an association between hay fever and 

asthma, but limited information is available on childhood hay fever and the extent to 

which this increases the risk of adult-onset asthma for people who did not have asthma 

diagnosed in childhood.  

Most studies on hay fever and asthma have explored the comorbidity and severity of 

the two diseases. As previously mentioned, asthma and related allergic diseases are 

highly heritable diseases with genetic factors accounting for 75% for eczema, 70%-91% 

for asthma and 72%-84% for hay fever with the remaining variance in underlying 

liabilities due to non-genetic factors. Therefore, if family data can be used to explain the 

association between childhood hay fever and asthma in later life, it may also help us 
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explain the extent to which associations observed in sample of unrelated individuals are 

confounded by shared genetic factors and a common early-life environment. In this 

study, familial data from sibling pairs participating the Tasmanian Longitudinal Health 

Study (TAHS) were used to examine the associations between childhood hay fever and 

incident asthma in later life for those participants who were asthma-free in childhood. 

The association between childhood hay fever and childhood asthma that persisted to 

the age of around 45 years were also examined in the sample of children who reported 

being diagnosed with asthma in childhood. 

7.3 Methods 

7.3.1 Study design and data collection  

The study participants were those who attended the questionnaire study of the follow-

up of the TAHS (25–28). The TAHS sibship study is based on the Tasmanian Longitudinal 

Health Study (TAHS), which started in 1968 when a cohort of 8583 Tasmanian 

schoolchildren born in 1961 (otherwise known as probands), their parents (16,267) and 

siblings (2,1044) [7]. This is summarized in Figure 7.1. Questionnaires were completed 

by parents detailing each child’s history of asthma, hay fever, eczema, food or medicine 

allergy, and urticaria in 1968. Subsequent follow-up studies have been performed 

focusing on probands over the next few decades, but a comprehensive follow-up study 

was conducted targeting all the probands and their siblings in 2004-2007 while they 

were at their mid-forties of age.  

Figure 7. 1: Study design 
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7.3.2 Study population selection criterion  

I selected the study population by applying mainly two criteria. (a) Restriction on 

sibling’s age and (b) every sib-pair formed within the restricted age range should contain 

Proband.  The age distribution of siblings was scattered from an age gap from 8 years 

younger to 27 years older than the probands in the study in 1968. Therefore, to create 

matched sib-pairs who have similar exposure levels, I put a limit on the sibling’s age to 

+/- 6 years of the proband’s age which essentially ensures that all participants who 

contribute to the paired analysis fall within a known age range of, say, 1 – 13 years, that 

is, pre-adolescent. If I would have removed the 2nd restriction that each pair contains a 

proband, then potentially sib-sib pairs in which both siblings are much older than the 

proband could contribute data to the analysis which also creates the possibilities of 

recall bias.  

In the sib data set, there were 49,914 pairs of siblings which include both proband-sib 

pairs and sib-sib pairs. Once I apply the age restriction of 6-year age gap from the 

proband in, either way, I end up with 27,369 pairs. This number of pairs reduces when I 

look for complete cases on my desired variables. I then stratify the data based on 

childhood asthma status. 
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Figure 7. 2: Identification and selection of sib-pairs  

 

7.3.3 Definitions 

Allergic rhinitis was defined in the 1968 questionnaire by an affirmative answer to the 

question, ‘‘Does he/she get attacks of _hay fever_ (that is, sneezing, running or blocked 

nose, sometimes with itchy eyes or nose)?’’ and in the 2004-07 questionnaire by an 

affirmative answer to the question, ‘‘Have you ever had hay fever (that is, sneezing, 

running or blocked nose when you do not have a cold or the flu)?’’. Allergic rhinitis was 

grouped as a 3-level variable: childhood, onset by age 13 years; later onset, onset after 

age 13 years; and never. 

Childhood asthma. Asthma by ages 13 years was defined in the 1968 questionnaires by 

an affirmative response to the question, ‘‘Has your child ever suffered from attacks of 

asthma or wheezy breathing’’?  
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Adult incident asthma, i.e., Asthma by average age 45 years was defined, combining 

asthma ever and asthma age of onset, by an affirmative answer to the question in the 

2004-07 questionnaire, ‘‘Have you ever in your life suffered from attacks of asthma or 

wheezy breathing’’? with no history of childhood asthma and self-reported age of onset 

in the 2004-07 questionnaire.  

Persisting and remitting asthma. Remitting asthma was defined as asthma ever in the 

2004-07 survey with a history of childhood asthma, and no asthma attack within the 

previous one years. Those with asthma ever in the 2004-07 survey with a history of 

childhood asthma and an attack within the previous one years were regarded as having 

persisting asthma. 

The participants’ responses in the 2004-07 questionnaire were compared with their 

parents’ prospectively gathered responses in 1968. Where there was disagreement, the 

prospectively collected history in childhood was used preferentially to retrospective 

recall in adulthood [253, 254].  

7.3.4 Covariates 

Infantile eczema and flexural eczema. These were defined in the 1968 questionnaire by 

affirmative responses to the questions, ‘‘Did he/she have infantile (baby) eczema?’’ and 

‘‘Has he/she ever had eczema in the creases (bends) of the elbows, wrists or knees?’’.  

Socioeconomic status in 1968 was classified by the occupation of the father of the 

participant and divided into five categories according to the Australian Standard 

Classification of Occupations[267]. 

Socioeconomic status in 2004-07 was classified by the occupation of the participant and 

divided into the same five categories as in 2004 and 2007.  

Current smoker status of the participants was categorized as current, past and never-

smokers. A current smoker was defined as having smoked in the last four weeks.  
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Parental history of asthma which was defined as 1 or both parents responding 

affirmatively to the following question: ‘‘Have you ever had asthma or attacks of 

wheezing like asthma?’’ 

Maternal smoking and paternal history of smoking was self-reported in 1968.  

7.3.5 Analytic methods 

Categorical data were expressed as counts and proportions and compared using the 

Pearson 𝜒2 test. Asthma incidence to average age 45 years was computed, dependent 

on childhood eczema. Asthma incidence to mid-forty years was computed, dependent 

on childhood hay fever. Conditional logistic regression (CLR) and between-within (B-W) 

regression were used to find an association between childhood hay fever and asthma 

incidence at later life. The association was adjusted using covariates like gender, 

childhood eczema, smoking status, SES 1968, SES 2004, mother’s and father’s smoking 

in 1968, mother’s and father’s asthma history in 1968. All the results from the paired 

analysis were compared with the results from the analysis on individuals using logistic 

regression with the log link function was used to examine childhood hay fever and 

asthma incidence and persisting from childhood to middle age. A 2-sided p-value<0.05 

was taken to indicate statistical significance for all estimates. The analysis was 

performed using Stata statistical software version 15.0 (Stata Corp, College Station, Tex). 

7.4 Results 

7.4.1 Prevalence of allergic disorders 

Within the sibling study population (n=16,507), the prevalence of ‘‘asthma ever’’ was 

24.5% (n=4,027). A response to the Hay fever question was obtained for 16,716 

individuals. Of these, 8.6% (95% CI: 8.2% to 9.0%; n=1,438) had hay fever, which was 

significantly more common in boys (9.5% vs 7.7%, χ2=16.4, P=.000). Of this sample with 

hay fever, infantile or flexural eczema was reported by the parents in 30.3% (95% CI: 

27.8% to 32.7%; n=428). Of the 14,224 respondents in the 2004-07 survey, 42.8% (95% 

CI, 42.0% to 43.6%; n= 7,191) reported hay fever, which was significantly more common 

in women (46.4% vs 39.4%, χ2=28.2, P < 0.001). Of this 7191, 20.1% (n=1,438) had hay 
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fever by the age of 13 years. The prevalence of hay fever in 1968 and 2004-07 is shown 

in Figure 7.3. 

 

 

Figure 7. 3: The prevalence of hay fever in 1968 and 2004-07 

The distribution of hay fever phenotypes and asthma at different life stage. 

Table 7. 1: Hay fever Phenotypes and different number with asthma at different age 

of onset 

In 2004-07, n=16,716 Age of onset of “Asthma ever 

Hay fever phenotype Childhood asthma Adult asthma Never Missing 

Childhood Hay fever  
(n = 1,438) 

490 169 662 117 

Later-onset Hay fever  
(n = 5,718) 

771 1,302 3,632 13 

Never Hay fever  
(n = 9,560) 

656 591 8,031 282 

Participants (age 1-13) in 1968, n = 29615  
  

Data available on hay fever in 
1968 (n = 16,716) 

Hay fever in 2004-07 “Yes” 
n = 863 

Childhood Hay fever “Yes” 
n = 1,438 

 

Childhood Hay fever “No” 
n = 15,278 

Withdraw or loss to follow-up 
Withdraw or loss to follow-up 

Hay fever in 2004-07 “No” 
n = 7,325 

Hay fever in 2004-07 “Yes” 
n = 5,718 
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7.4.2 Study characteristics 

For my sib-pair analysis, I had to discard all those 791 (9.2%) probands who did not have 

any siblings in 1968. Table 7.2 represents the study characteristics of all individuals 

included in the study. The mean age in 2006 of both probands and siblings are 45 years 

with a larger SD of 3.35 years within the siblings. The size of the age-restricted sample 

of is almost double the sample size of the corresponding probands which shows on 

average each proband contributing data to our sib-pair analysis is matched with two 

siblings within the appropriate age range. There were 51% of male participants in the 

study. About 26% had a history of asthma in their lifetime among the probands with 

13.79% of having childhood asthma and less prevalence (about 24%) among the siblings 

with 11.76% of childhood asthma. About 12% of probands had hay fever as compared 

to 5.34% of siblings with hay fever. The parental history of asthma was close to 20%, and 

about 70% of parents had a smoking habit in 1968. 

Table 7. 2: Study characteristics of the participants (sample size in each category do 

not necessarily add to the total sample size due to missing data) 

Study Characteristics Probands included in the paired 
analysis N (%) / Mean (SD) 

Siblings included in the paired 
analysis   N (%) / Mean (SD) 

Total Sample 7,401 (86.22) 16,199 (76.97) 

Age in 2006 45 (SD = 0.40) 44.96 (SD = 3.35) 

Gender         

                          Male 3,771 (5.95) 8,380 (51.74) 

                      Female 3,631 (49.05) 7,819 (48.26) 

Asthma 

          Never asthma  5,190 (73.77) 7,190 (76.81) 

            Child asthma 970 (13.79) 1,101 (11.76) 

           Adult asthma 875 (12.48) 1,070 (11.43) 

Hay fever in 1968 

                            Yes 910 (12.40) 528 (5.63) 

                             No 6,426 (87.60) 8,852 (94.37) 

Infantile Eczema in 1968 

                            Yes 741 (10.05) 972 (10.37) 

                             No 6,630 (89.95) 8,403 (89.63) 

Flexural eczema in 1968 

                            Yes 718 (9.80) 966 (10.31) 

                             No 6,605 (90.20) 8,405 (89.69) 

Food allergy Ever 

                           Yes 552 (10.94) 894 (9.49) 

                            No 4,492 (89.06) 8,523 (90.51) 

Parental asthma 
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                           Yes 1,443 (19.74) 3,201 (19.98) 

                            No 5,867 (80.26) 12,825 (80.02) 

Passive smoking 

                           Yes 5,061 (68.89) 11,297 (70.10) 

                            No 2,285 (31.05) 4,817 (29.90) 

 

7.4.3 Concordant and discordant pairs 

From table 7.3 and 7.4, there are 1,090 pairs are discordant in exposure (childhood hay 

fever) with no childhood asthma history and only 136 pairs are discordant in exposure 

(childhood hay fever) with childhood asthma history. These are the only proband-sibling 

pairs that will only contribute to the sib-pair analysis. 

Table 7. 3: Adult asthma status of participants in hay fever-discordant proband-sibling 

pairs WITHOUT a history of childhood asthma. 

 
 
 
Yes Hay fever 
as a child 

                                       No Hay fever as a child 

                                         Adult asthma status 

Adult asthma Status Yes No Total 

Yes 17 148 1,165 

No 77 848 925 

Total 94 996 1,090 

 

Table 7. 4: Adult asthma status of participants in hay fever-discordant proband-sibling 

pairs WITH a history of childhood asthma. 

 
 
 
Yes Hay fever 
as a child 

                                       No Hay fever as a child 

                                         Adult asthma status 

Adult asthma Status Yes No Total 

Yes 96 20 116 

No 18 2 20 

Total 114 22 136 

 

7.4.4 Childhood allergic rhinitis and childhood asthma 

Of the 1,438 participants in 1968 with hay fever, 42.2% (n=606) had asthma by age 13 

years. Of the 15,278 participants in 1968 without hay fever, 11.1% (n=1,691) had asthma 

by age 13 years. Childhood hay fever was strongly associated with asthma by age 13 

years (adjusted odds ratio, 4.60; 95% CI: 3.5 - 6.05). This estimate is from a conditional 
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logistic model adjusted for eczema, gender, passive smoking, parental history of asthma 

and socioeconomic status of the family in 1968. Similar results were found from the B-

W regression model (adjusted OR=4.02; 95% CI: 3.17 - 5.09). 

7.4.5 Childhood hay fever and asthma incidence 

The paired analysis showed moderately strong evidence against the null hypothesis of 

no association between childhood hay fever and the risk of adult asthma for children 

who had not been previously diagnosed with asthma. Over the time between pre-

adolescence (age 1-13 years) and middle age (average age 45), asthma incidence was 

almost twice (1.84 (95% CI: 1.33 – 2.55) B-W vs. 1.90 (95% CI: 1.31 – 2.74) CLR) as high 

in those with childhood hay fever compared to those with no history of Hay fever (Table 

7.5). The model that examined adult-onset asthma was adjusted for childhood allergy 

(eczema), active and passive smoking and socioeconomic status in childhood and adult 

life, mother’s and father’s asthma history in 1968 and sex. All of these results were 

compared with the corresponding estimates from a “simple” or “ordinary” logistic 

regression model in which only the individual’s eczema status in included as a covariate, 

not their siblings as well, to illustrate that ignoring the family structure of the dataset is 

likely to provide underestimates the target odds ratio.  

Childhood hay fever was associated with an increased risk of incident asthma in 

preadolescence and adult life. The estimates from conditional logistic regression (CLR) 

and between-within (B-W) regression both indicated that the odds of incident asthma 

over time from age childhood to age 45 years, dependent on childhood hay fever, was 

substantially increased.  

Table 7. 5: Results of paired analysis from CLR and B-W regression 

Paired analysis 

Participants with the history of no childhood asthma 

 CLR OR (95% CI) B-W regression OR (95% CI) OLR OR (95%CI) 

Exposure Variable 𝜷𝑪𝑳𝑹 𝜷𝒘 𝜷𝑩 𝜷𝑶𝑳𝑹 

Childhood hay fever 1.90 (1.31 – 2.74) 1.84 (1.33 – 2.55) 1.40 (1.07 – 1.83) 1.53 (1.20 – 1.96) 
Adjusted for gender, SES 1968, SES 2004-07, mother’s and father’s smoking in 1968, mother’s and father’s asthma history in 1968 
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7.4.6 Childhood hay fever and persisting asthma to middle age  

Childhood hay fever was associated with asthma persisting from childhood to middle 

age with an adjusted Odds ratio, 1.13; 95% CI: 0.43 – 2.95 from CLR compared with 1.14; 

95% CI: 0.52 – 2.47 from B-W regression. Although there is some association, the 

evidence against the null of no association between childhood hay fever and the risk of 

persistent asthma at middle age is weak.  

Table 7. 6: Results of paired analysis from CLR and B-W regression 

Paired analysis 

Participants with the history of childhood asthma 

 CLR OR (95% CI) B-W regression OR (95% CI) OLR OR (95%CI) 

Exposure Variable 𝜷𝑪𝑳𝑹 𝜷𝒘 𝜷𝑩 𝜷𝑶𝑳𝑹 

Childhood Hay fever 1.13 (0.43 – 2.95) 1.14 (0.52 - 2.47) 1.44 (0.74 - 2.81) 1.4 (1.06 -1.96) 
Adjusted for gender, smoking status, SES 1968, SES 2004, mother’s and father’s smoking in 1968, mother’s and father’s asthma 

history in 1968. 𝛽𝐶𝐿𝑅=conditional logistic regression estimate, 𝛽𝑤 = within-pair estimate; 𝛽𝐵 = between-pair estimate; 

𝛽𝑂𝐿𝑅 =ordinary logistic regression estimate. 

7.5 Discussion 

From the sib-pair analysis presented above, it is evident that childhood hay fever and 

childhood asthma are strongly associated, and that this association is apparently 

independent of childhood eczema, parental history of asthma and socioeconomic 

status. Childhood hay fever was associated with almost a two-fold increase in the risk of 

onset of asthma in adult life, independent of those same covariates. Incident asthma 

risk in adult life is also apparently independent of active and passive smoking. 

Comparing the statistical models CLR and B-W regression, since the Standard errors 

were smaller from the B-W regression, these estimates were preferred over CLR 

estimates since it will produce more precise estimates despite the interpretations being 

similar. Also, the results on incidence asthma illustrate that ignoring the paired-structure 

of the dataset and the possibility of distinct between- and within-pair effects 

underestimates the within-pair odds ratio. 

Asthma and hay fever are closely linked, and often occur together with other 

comorbidities [268]. The nature of their relationship remains uncertain, and it is not 

always the case that the onset of hay fever occurs prior to a diagnosis with asthma. 
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Patients with hay fever and allergic asthma demonstrate comparable local and systemic 

eosinophil inflammation, although these two diseases have associated with distinct 

clinical presentations. An accepted explanation of the relationship is that the two 

diseases are different occurrences on a common atopic pathway [7]. There is, however, 

some evidence of a strong association between hay fever and asthma among non-atopic 

individuals [135, 269]. 

Studies on unrelated individuals have demonstrated an association between hay fever 

and incident asthma using a range of different study designs [7, 135] which suggests a 

possible causal link between these two diseases. The results of the paired analysis above 

support this conclusion, since there is a strong association between the sequence of 

events that feature childhood hay fever and incident asthma in adult life. The data from 

1968 did not include a measure of severity of hay fever, so it was not possible for me to 

examine any possible dose-response effect that may have assisted any causal 

interpretation. 

The prevalence of hay fever by age 13 in the dataset used for analysis was high: about 

8.6% of individuals reported symptoms in childhood. By the middle age, the prevalence 

raised to 42.8%. Thus, hay fever is a highly prevalent disorder.  Also, although the 

prevalence was more common in boys in childhood, females were observed to have 

more hay fever than males in adult life. Similar results were obtained in another large 

Australian study [270]. Whether or not the association is truly causal, this magnitude of 

association points to the potential importance of early interventions in lessening the 

burden of asthma in later life. 

The analyses presented in CHAPTER 6 demonstrated an association between childhood 

eczema and incident asthma. Taken together with my finds here, the result suggests that 

among the childhood allergic disorders, allergic rhinitis is a more potent risk factor for 

later-life incident asthma than is eczema among individuals who did not have asthma as 

a child. 

The major strengths of this study are the use of family data from a longitudinal study 

collected for over 5-decades, modest loss to follow-up, and the availability of parent-
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reported data on asthma history and age at asthma onset. All the estimates are from 

sib-pair analysis which is essentially free from confounding that was shared, both 

genetic and environmental factors, in early life and also some unmeasured factors. 

The study has some limitation too. The childhood asthma defined by the parent may 

include some instances of non-asthmatic wheeze. Such a mis-classification could be 

serious if it were to lead to difficulty differentiating between hay fever and asthma cases.  

Others have found that this parent-reported information compares well with one 

including bronchial hyperresponsiveness [257, 259] [258]. Although the use of physician-

diagnosed asthma can result in underdiagnosis, the asthma question in the 1968 TAS 

questionnaire was a valid measure of asthma in the previous 12 months when compared 

with a respiratory physician’s diagnosis [259]. 

Since TAHS is mainly a population-based study which included siblings in 1968, the 

questionnaire for siblings was not as comprehensive as for the probands. Data on lung 

function was not available for siblings. It was not possible to explore any effect 

modification with breastfeeding as it is well established that breastfeeding has a 

protective effect on childhood allergic diseases [7, 271]. 

In conclusion, this study provides evidence for an association between childhood hay 

fever and incident asthma at middle age. The finding of a temporal relationship between 

childhood hay fever and later-life incident asthma raises the possibility that the 

association might be causal.  
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CHAPTER 8 

An application of Conditional Logistic Regression and Between-within 

regression to explore the association between childhood asthma and 

chronic obstructive pulmonary disease (COPD)  using sib-paired data 

 

This chapter presents the results of a statistical analysis that investigated the association 

between childhood asthma and COPD in later life from the sibship study of Tasmanian 

Longitudinal Health Study (TAHS). The main goal was to investigate the influence of 

childhood asthma on COPD in middle age. Two distinct definitions of COPD were used 

to examine whether the estimated magnitude of the exposure-outcome association was 

robust to the specification of the criteria determining the disease outcome. 

8.1 Introduction 

Asthma is one of the most widespread long-term illnesses in children, affecting about 1 

in 9 children [272] in Australia. Chronic Obstructive Pulmonary Disease (COPD) is a 

leading cause of disability and death in adults. COPD that is characterized by fixed post-

bronchodilator (BD) airflow obstruction (AO) is currently the fourth leading cause of 

death worldwide (2). Death due to asthma is rare, but it contributes substantially to 

morbidity and health care expenditure (2, 3). Asthma is a known to be associated with 

reversible airflow obstruction with growing body of evidence linking it to COPD [273-

276]. While smoking is still the biggest risk factor for COPD at later life, studies suggest 

that childhood respiratory diseases such as asthma, bronchitis, pneumonia, allergic 

rhinitis and eczema might be linked to the development and progression of the disease 

[277].  

Childhood asthma is strongly influenced by genetic factors and, if longstanding and/or 

severe, is a risk factor for chronic obstructive pulmonary disease (COPD) in adults [42]. 

Many longitudinal studies have shown that poorer lung function in early life “tracks” to 

early adulthood lung diseases along a pre-determined lung function trajectory [278, 

279]. People who reach adulthood with incomplete lung growth are at increased risk of 

COPD, even in the absence of rapid decline in lung function during late adult life [54, 

https://www.webmd.com/lung/copd/ss/slideshow-copd-overview
https://www.webmd.com/asthma/ss/slideshow-asthma-overview
https://www.webmd.com/lung/copd/ss/slideshow-copd-overview
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280-282]. Studies [282, 283] showed that children with severe asthma are at increased 

risk of developing adult COPD, in part due to the early onset and long duration of 

asthma, whereas children with intermittent or remitted asthma are not at increased risk 

of developing adult COPD. Doctor-diagnosed asthma with current symptoms in adult life 

has been linked to reduced post-BD FEV1/FVC levels in early adulthood [208]. 

Conversely, active cigarette smoking is well known cause of COPD in individuals and can 

predispose those with asthma to more severe symptoms and poorer control of their 

asthma (11). A  review study [274] showed that although childhood asthma accompanies 

a lung function deficit which is likely to persist throughout adulthood, and that can, in 

turn, result in early or more severe COPD, it remained unclear whether asthma causes 

lower lung function, is a symptom of it, or just merely co-occurs.  

There have been many longitudinal studies of lung function, including many population 

studies, that have shown a relationship between childhood asthma and low lung 

function which then predisposes the individual to COPD. There are, however, few 

longitudinal studies that have been able to capture data on children and then identify 

the COPD status of these same individuals much later in life.  That is, there have been 

few studies that have targeted subjects long enough to observe childhood asthma and 

adult COPD in the same patients. There have so far been no family-based studies that 

have examined the measure of association between childhood asthma and COPD 

directly. This type of study design with a within-pair comparison allows for the 

estimation of the exposure-outcome association largely free from confounding by 

shared genetic and early life environmental factors; the availability of such data can 

potentially generate a more precise estimate of the changed risk of COPD conferred by 

the presence or absence of allergic diseases in early life.    

The analyses reported here investigate the association between childhood asthma and 

COPD at middle age and any potential interactions with (or effect modification by) 

current asthma on these relationships. As described below, COPD status in the study 

sample has been generated using two definitions; (1) LLN COPD: the post-bronchodilator 

FEV1/FVC ratio less than the fifth percentile and (2) spirometrically defined COPD 

(GOLD). Two statistical methods will be used to explore these associations: (1) the 
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conditional logistic regression model (CLR) and 2) the between-within (B-W) regression 

model.  

8.2 Methods 

8.2.1 Study Design and Population 

Study participants were those who attended the laboratory study of the follow-up of 

the TAHS around middle-age (25–28). Details are summarized in Figure 8.1.  

 

Figure 8. 1: Study population 
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8.2.2 Study population selection criterion  

I had lab-study reports on 1,403 probands and 1,650 of the siblings in TAHS between 

2006-2010. For paired analysis, I had 1,049 pairs of sibling data for the analysis. I could 

not include some individuals whose siblings hadn’t participated in this lab study, and 

ages of siblings were restricted to a 6-year age gap from probands. The number of 

siblings per proband appeared in the analysis depends on the number of siblings also 

participated in this study. I had 753 probands with their 1,020 siblings as follows: 

Table 8. 1: Individuals participated in the analysis 

 

8.2.3 Data Collection Method 

Lung function tests that included pre- and post-BD spirometry were conducted in 

accordance with the joint American Thoracic Society and European Respiratory Society 

guidelines [284, 285]. For calculating z-scores, they were derived by the reference values 

of the Global Lung Initiative 2012 [286]. 

8.2.4 Clinical definitions 

The outcome variable COPD was defined using the LLN and GOLD criteria:  

LLN-COPD was defined by using the lower limit of normal (LLN) criterion, defined as the 

post-bronchodilator FEV1/FVC ratio less than the fifth percentile of the normal predicted 

value.  The LLN was calculated as the predicted value minus 1.645 times the standard 

deviation of the predicted value defining   COPD as  Post-BD FEV1/FVC < LLN.  

No of Siblings per proband Probands Siblings  

0 750 - 

Don’t satisfy Age restriction - 530 

Total discarded from the analysis = 1280 

1 512 488 

2 176 334 

3 56 164 

4 6 24 

5 2 10 

 753 1,020 

Total Individuals included in the study = 1,773 
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GOLD-COPD was defined by using the “Global Initiative for Chronic Obstructive Lung 

Disease (GOLD)” fixed cut-off criterion:  Post BD FEV1/FVC < 70%.    

Childhood asthma was an affirmative response by parents or guardians to the following 

question in the 1968 questionnaire: ‘‘Has he/she at any time in his / her life suffered 

from attacks of asthma or of wheezy breathing?’’. The parent’s answer was used 

preferentially to the answer provided by the participants in the 2006 to 2010 surveys. 

Current clinical asthma was defined by asthma-related symptoms and/or healthcare 

access for asthma within the last 12 months.  

8.2.5 Potential confounders 

Parental history of asthma, maternal smoking and paternal history of smoking, rural 

living in childhood, socioeconomic status in 1968, smoking status and conjoint eczema 

was considered to be potential confounders for the association between childhood 

asthma and COPD which are defined in similar manner in CHAPTER 6 and CHAPTER 7. 

8.2.6 Statistical Analysis 

Many adults feature both asthma and COPD, commonly known as asthma-COPD 

overlap. Asthma-COPD overlap is not a single disease and likely to have many underlying 

causes. It can develop in individuals with or without their history of smoking behavior. 

For this analysis, attempts were made to generate a definition of COPD that combined 

data from LLN5 and GOLD criteria with current asthma, but this proved challenging 

because of the large number of categories and small samples that result in each 

category.   

There were several options for the paired data analysis accommodating current asthma 

and current smokers for the purpose of determining whether these exposures are 

effect-modifiers of the childhood asthma – COPD association: 

1. Stratify on current asthma and exclude proband-sibling pairs who are discordant for 

current asthma; or 
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2. Include individual-level current asthma as a main effect only in the CLR and B-W pair 

analysis of child asthma and COPD. That is, “adjust” for the effect of current asthma 

status on the risk of COPD, but assume that the effect of childhood asthma on COPD 

does not depend on current asthma and that the effect of current asthma on COPD 

does not depend on child asthma; or 

3. Include individual-level current asthma as an interaction with childhood asthma in 

the CLR and B-W pair analysis of child asthma and COPD. This allows us to examine 

whether the effect of childhood asthma on COPD depends on the current asthma 

status. 

Option 3 was the most appealing although the interpretation of the estimated 

regression coefficients can be tricky in an analysis that accommodates the paired nature 

of the data but in which individuals with pairs can have different values of covariates 

other than the primary exposure and where those covariates interact with the primary 

exposure. The results of the likelihood ratio test (LRT) was χ² (1) = 2,14, p = 0.1439, for 

testing interaction with current asthma, therefore there was little evidence against the 

null hypothesis that the magnitude of the association between childhood asthma and 

the risk of COPD is the same for those with and without current asthma. Since option 3 

yielded no evidence against the null hypothesis of homogeneity of effect (no 

interaction), consideration was then given to choose Option 2, Option 1 (losing current 

asthma-discordant pairs) or to ignore current asthma altogether. 

Option 1 is not very appealing if there is no evidence against the null hypothesis of no 

interaction, since we lose current asthma-discordant pairs needlessly when, for the child 

asthma-COPD association, it appears not to matter what their current asthma status is. 

So, without an interaction term, the decision was to include current asthma as a main 

effect or not. This inevitably brings us to mediation analysis. 

With the simplest causal diagram with child asthma as exposure E, current asthma as 

mediator M, and COPD as outcome Y, there are two causal paths from E to Y – one 

through M (the so-called “indirect” path) and the other “direct” path from E to Y. Current 

asthma is on one of these causal paths. Adjusting for it in any analysis will generate an 
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estimate of the effect of E on Y through the direct path, that is, child asthma on COPD 

that is not mediated by current asthma, the so-called “direct” effect, provided there is 

no unmeasured confounding of any of the associations between exposures, mediators 

and the outcome. If current asthma is ignored in the analysis, the estimated effect is 

that of E on Y through both the direct and indirect paths, which is called the total effect. 

All three of these effects (direct, indirect and total) are well-defined and, therefore, have 

a legitimate existence. Importantly, adjusting and not adjusting for current asthma both 

produce useful analyses and useful estimates of (different) causal effects. A similar 

decision was made regarding the current smoking status. 

Considering all the above 3 options, since there was no evidence against the null 

hypothesis of no interaction between childhood asthma and current asthma on COPD 

and since the estimated regression coefficient of child asthma requires a “mediational” 

interpretation if current asthma remains in the model, I have decided to concentrate on 

the (total) effect of child asthma on COPD. 

8.2.7 Ethics 

The study was approved by the Human Ethics Review Committees at the Universities of 

Melbourne, Tasmania, and New South Wales, the Alfred Hospital, and Royal Brisbane 

and Women’s Hospital Health Service District. Written informed consent was obtained 

from all participants. 

8.3 Results 

8.3.1 Demographic, Clinical, and Lung Function Features 

The clinical and lung function data of the 1,773 who were chosen for paired analysis and 

participated in the laboratory study are summarized in Table 8.2: 

Table 8. 2: Clinical characteristics and lung function data from the laboratory study 

(2006- 2010) 

 Probands Siblings 

 Men (N=376) Women (N=377) Men (N=511) Women (N=508) 

Age, yr 44.9 (0.3) 44.9 (0.3) 46.3 (3.5) 46.4 (3.6) 
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Bronchitis, n % 236 (62.8) 185 (51.7) 93 (18.3) 47 (9.27) 

Parental asthma, n %     

    Mother, in 1968 62 (16.6) 47 (12.5) 81 (15.9) 69 (13.6) 

    Father, in 1968 60 (16.2) 56 (15.0) 84 (16.7) 63 (12.7) 

Parental smoking, n %     

    Mother, in 1968 122 (32.5) 140 (37.2) 170 (33.3) 181 (35.7) 

    Father, in 1968 196 (53.3) 219 (58.9) 274 (502) 269 (54.1) 

Smoking history      

Never, n % 144 (38.3) 136 (36.3) 343 (67.7) 348 (68.8) 

    Former, n % 120 (31.9) 109 (29.1) 173 (34.1) 176 (34.9) 

    Current, n % 110 (29.3) 90 (24.1) 109 (21.5) 89 (17.7) 

Lifetime asthma, n %     

  Never 226 (60.1) 260 (68.9) 392 (77) 435 (86.2) 

  Childhood 150 (39.9) 117 (31.1) 117 (23) 70 (13.8) 

     Current clinical 82 (54.7) 66 (56.4) 76 (65) 44 (62.8) 

     Remitted 68 (45.3) 51 (43.6) 41 (35) 26 (37.2) 

Post-BD-spirometry     

     n (%) 376 (49.9) 377 (50.1) 511 (49.8) 508 (50.2) 

𝑭𝑬𝑽𝟏, L 3.9 (0.6) 2.9 (0.4) 3.8 (0.6) 2.8 (0.5) 

     % Predicted 98 (13) 99.9 (12.6) 96 (14) 99.8 (13.5) 

FVC, L 5 (0.7) 3.7 (0.5) 4.8 (0.7) 3.5 (0.5) 

     % Predicted 100 (12) 101 (11.8) 97 (12.3) 101 (12.5) 

𝑭𝑬𝑽𝟏/FVC 0.78 (0.07) 0.8 (0.06) 0.78 (0.07) 0.79 (0.06) 

     % Predicted 99 (7.6) 99 (7.6) 98 (8.9) 98 (8.9) 

     Predicted LLN 0.69 (0.004) 0.70 (0.003) 0.69 (0.008) 0.7 (0.007) 

 

Seven hundred ninety-four (45%) participants (both probands and siblings) reported 

ever having asthma, of whom 450 (57%) had childhood asthma. Of these 450 with 

childhood asthma, 268 (59%) had current clinical asthma in middle-age. The mean age 

for the probands was 44.9 (SD=0.3) and for siblings was 46.3 (SD=3.5). There was a male 

predominance in the childhood asthma group which diminished in the current adult 

asthma.  

More than one-half (55%) of those attending were ever smokers, and 22.6% (n = 399) 

were current smokers (smoked in the last four weeks), and 33% (n=578) didn’t smoke in 

the last four weeks.  
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Acceptable post-BD spirometry was obtained from 1,753 participants. The mean FEV1 

was 99.6 (12.3) % predicted, whereas the FVC was 100 (12.15) % predicted with the 

mean (SD) FEV1/FVC was 0.79 (0.07). Using LLN criteria, 132 (7.45%) had fixed AO, and 

145 (8.8%) had fixed AO using GOLD criteria. 

8.3.2 Concordant and discordant Pairs 

The total number of pairs reported to have COPD status (using both definitions) is 1049. 

Among those, there were 892 concordant pairs who did not have COPD, 15 concordant 

pairs who had COPD and 142 pairs who were discordant for COPD status. If COPD is 

defined using LLN, we get a slightly different number of pairs. We have 899 concordant 

pairs who do not have COPD, 11 concordant pairs who have COPD and 139 pairs who 

are discordant in COPD status. 

Table 8. 3: Concordant and discordant pairs for LLN and GOLD-COPD definitions 

 GOLD COPD LLN COPD 

Concordant No 892 899 

Concordant Yes 15 11 

Discordant 142 139 

 

 

8.3.3 Association between childhood asthma and COPD (LLN) and COPD (GOLD) from 

Conditional Logistic Regression Model 

In the univariable (unadjusted) analysis using LLN definition, the estimated magnitude 

of the association between childhood asthma and COPD LLN was an odds ratio of 1.57 

with 95% CI: 0.8 – 3.1) (model 1, Table 8.4). The effect of childhood asthma on COPD 

was reduced to OR=1.28 (95% CI: 0.58 - 2.80) when adjusted for the presence or absence 

of current asthma, current smoking status, and childhood eczema. These results are 

from the main effects model (model 2). The results show that current asthma is 

associated with COPD with or without adjusting for childhood asthma, although there is 

little evidence against the null hypothesis of no association. The odds of COPD in later 

life is more than three times (OR=2.81; 95% CI: 1.50 – 5.24) greater among those with 

current asthma with no childhood asthma compared with those without current 

asthma. Similarly, a strong association of a similar magnitude is observed among 
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smokers. The risk is increased about 1.8 times (OR=1.96; 95% CI:  0.95 – 4.02) among 

the smokers who did not smoke in the last four weeks. The risk is even higher for current 

smokers (OR=3.36; 95% CI: 1.69 – 6.68).  

Table 8. 4: Association between childhood asthma and COPD from conditional logistic 

(CLR)regression 

Paired analysis with outcome COPD and exposure variable childhood asthma 

 CLR (LLN) OLR CLR (GOLD) OLR 

Models 𝜷𝑪𝑳𝑹 𝜷𝑶𝑳𝑹 𝜷𝑪𝑳𝑹 𝜷𝑶𝑳𝑹 

Model 1* 
Child Asthma 

 
1.57 (0.80 - 3.1) 

 
2.24 (1.61 - 3.11) 

 
1.11 (0.59- 2.1) 

 
1.92 (1.39 - 2.66) 

Model 2** 
Child Asthma 
Current asthma 
Current smoker 

 
1.28 (0.58 - 2.80) 
2.81 (1.50 - 5.24) 
3.36 (1.69 – 6.68) 

 
1.28 (0.86 – 1.90) 
2.79 (1.90 – 4.09) 
3.85 (2.43 – 6.10) 

 
0.76 (0.34 – 1.71) 
2.33 (1.17 – 4.63) 
3.23 (1.50 – 6.97) 

 
1.17 (0.80- 1.72) 
2.34 (1.63 - 3.35) 
3.77 (2.43 - 5.86) 

* unadjusted model, ** adjusted for active and passive smoking and socioeconomic status in childhood, childhood eczema, mother’s 

and father’s asthma history in 1968, rural status. 𝛽𝐶𝐿𝑅=conditional logistic regression estimate,  𝛽𝑂𝐿𝑅 =ordinary logistic regression 

estimate. 

From the univariate (unadjusted) analysis while using the GOLD definition, the 

estimated odds ratio for developing COPD having had childhood asthma compared to 

no childhood asthma was 1.11 with 95% CI (0.59, 2.1) (model 1) which is similar to the 

results from LLN definition. The estimated effect of childhood asthma on COPD is 

reduced to OR = 0.76 (95%CI: 0.34 – 1.71) when adjusted for the presence or absence 

of current asthma, current smoking status and childhood eczema showing a protective 

effect of childhood asthma on COPD on later life. Current asthma, as well as current 

smoking, is strongly associated with COPD with or without adjusting for childhood 

asthma. The risk of developing COPD in later life is OR=2.33; 95%CI: 1.17 – 4.63) among 

those with current asthma with no childhood asthma compared with those without 

current asthma. Similar high odds are observed among smokers. The odds are increased 

about two times (OR=2.04; 95%CI: 1.04 – 4.03) among the smokers who did not smoke 

in the last four weeks. And three times higher among current smokers (OR=3.23; 95%CI: 

1.50 – 6.97). 

Even though COPD status based on the two definitions is highly correlated, there were 

25 cases classified differently for the two definitions of COPD, which affects the results 
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from CLR model. Although the magnitude of the associations was higher for LLN than 

for GOLD, the confidence intervals were similar in both univariate and multivariable 

analyses.   

Analyzing singleton data and ignoring the family structure would have generated the an 

estimated OR that would potentially have overestimated the magnitude of the 

association. But all the estimates are very similar for LLN COPD definition, parental 

smoking and childhood eczema were found to be significantly increasing the odds of 

developing COPD at later life without the history of childhood asthma. 

8.3.4 Association between childhood asthma and COPD (LLN) and COPD (GOLD) from 

Between-Within Regression (B-W) Model 

The within-pair effect 𝛽𝑤 from the B-W regression model gives the effect of having COPD 

in adult life on childhood asthma status, controlling for all exposure variables, both 

observed and unobserved. Childhood asthma was associated with an increased odd of 

more than 40% (95% CI: 0.82 - 2.37) from model 1 for developing COPD in adult life. 

Comparing the estimates from CLR (57% 95%CI: 0.8 – 3.1), both indicated that the odds 

of developing COPD over time from age childhood to age 45 years, dependent on 

childhood asthma, was increased.  

The effect of childhood asthma on COPD is reduced to OR = 0.92 95%CI 0.50 – 1.67 for 

model 2. Like the CLR results, current asthma and current smoking is strongly associated 

with COPD with or without adjusting for childhood asthma.  

Table 8. 5: Association between childhood asthma and COPD from Between-within 

Regression model 

 Paired analysis with outcome COPD and exposure variable childhood asthma 

 OLR B-W (LLN) OLR B-W (GOLD) 

Models 𝜷𝑶𝑳𝑹 𝜷𝒘 𝜷𝑩 𝜷𝑶𝑳𝑹 𝜷𝒘 𝜷𝑩 

Model 1* 
Child Asthma 

 
2.24(1.61 - 3.11) 

 
1.40 (0.82 - 2.37) 

 
2.90 (0.64 – 1.82) 

 
1.92 (1.39 - 2.66) 

 
1.08 (0.64 – 1.82) 

 
2.64 (1.54 – 4.50) 

Model 2** 
Child Asthma 
Current asthma 
Current smoker 

 
1.28 (0.86 – 1.90) 
2.79 (1.90 – 4.09) 
3.85 (2.43 – 6.10) 

 
0.92 (0.50 – 1.67) 

 
1.63 (0.84-318) 

 
1.17(0.80- 1.72) 
2.34(1.63 - 3.35) 
3.77(2.43 - 5.86) 

 
0.74(0.42- 1.28) 

 
1.65 (0.85 – 3.17) 

                    2.87 (1.79 – 4.57) 
                    3.81 (2.16 – 6.71) 

                       2.42(1.59 - 3.68) 
                       3.74(2.22 - 6.31) 
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* unadjusted model, ** adjusted for active and passive smoking and socioeconomic status in childhood, childhood eczema, mother’s 

and father’s asthma history in 1968, rural status. 𝛽𝐶𝐿𝑅=conditional logistic regression estimate, 𝛽𝑤 = within-pair estimate; 𝛽𝐵 =

 between-pair estimate; 𝛽𝑂𝐿𝑅 =ordinary logistic regression estimate. 

8.3.5 Comparison between LLN and GOLD with Conditional logistic regression  

Among the 1049 pairs, only 296 pairs were discordant in exposure, that is, for childhood 

asthma. Following are the number of outcome-concordant and outcome-discordant 

pairs contributing to the paired analysis. 

Table 8. 6: The exact number of outcome-concordant and outcome-discordant pairs 

among exposure-discordant pairs using LLN and GOLD definition  

  

Since the paired analysis only uses discordant pairs, there were only a small number of 

outcome-discordant pairs. And it is evident from the analysis that only a few pair 

classification difference affects the resulting association to be quite different (OR=1.57 

vs. OR=1.11, unadjusted) from CLR.  

8.3.6 Comparing CLR and B-W regression 

Technically, the CLR estimate and the within-pair effect from B-W regression estimate 

different population parameters [38, 235, 243]. They potentially use different sets of 

records from the data sample: CLR uses only doubly discordant exposure and outcome 

pairs, but B-W regression also uses outcome-concordant pairs. Nevertheless, the 

numerical values of the estimates are usually similar. 

 

 

 

LLN COPD GOLD COPD 

Exposed member  
(x1 = 1) 

Exposed member 
(x2 = 0) 

Exposed member  
(x1 = 1) 

Exposed member  
(x2 = 0) 

  Event (y2 = 1) Event (y2 = 0)  Event (y2 = 1) Event (y2 = 0) 

Event (y1 = 1) 3 22 Event (y1 = 1) 4 20 

Event (y1 = 0) 14 255 Event (y1 = 0) 18 253 
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Table 8. 7: Comparing CLR and B-W estimates 

Childhood asthma LLN COPD GOLD COPD 

 𝜷𝑪𝑳𝑹 𝜷𝒘 𝜷𝑪𝑳𝑹 𝜷𝒘 

unadjusted 1.57 (0.80 - 3.1)  1.40 (0.82 - 2.37) 1.11 (0.59- 2.1) 1.08 (0.64 – 1.82) 

Adjusted 1.28 (0.58 - 2.80) 0.92 (0.50 – 1.67) 0.76 (0.34 – 1.71) 0.74 (0.42- 1.28) 

 

Comparing the ORs from CLR and B-W, the unadjusted estimates OR=1.57 (0.80 - 3.1) vs 

OR=1.40 (0.82 - 2.37) for LLN and OR= 1.11 (0.59 - 2.1) vs 1.08 (0.64 – 1.82) for GOLD are 

quite similar. The adjusted OR’s also have wide confidence intervals and so in most 

instances there is little evidence against the null hypothesis of no association between 

childhood asthma and the risk of COPD in later life. 

8.3.7 Comparison with Individual only analysis 

Since TAHS targeted probands as a birth cohort from the beginning, the results from the 

paired analysis presented above were compared with the result of previously published 

analysis that included data from only the probands. These analyses were performed in 

two steps. Firstly, I analyse with all 1,389 probands participated in the 2006 lab study 

and secondly, only those probands who were selected for the pair analysis. Calculations 

on siblings were done similarly. 

Table 8. 8: Individual analysis of probands and siblings 

Proband only  Restricted Proband only Siblings only Restricted siblings only 

𝜷𝑶𝑳𝑹 𝜷𝑶𝑳𝑹 𝜷𝑶𝑳𝑹 𝜷𝑶𝑳𝑹 

LLN defined COPD (n=139 pairs) 

1.34(0.84 – 2.23) 1.17 (0.63 – 2.17) 2.64 (1.63 – 4.24) 1.78 (0.92 -3.42) 

GOLD defined COPD (n=142 pairs) 

1.40 (.84 -2.32) 1.22 (.65 -2.26) 2.01 (1.37 -2.95) 1.45 (0.82 – 2.56) 

All estimates are adjusted for active and passive smoking and socioeconomic status in childhood, childhood eczema, mother’s and 

father’s asthma history in 1968, rural status 

 

Ordinary Logistic Regression was used to evaluate the combined association between 

COPD and childhood asthma separately on those probands who participated in the lab 

study and also those only who were chosen for the sib-pair analysis (Table 8.8). Similar 
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estimates were derived for siblings. The presence of childhood asthma increases the risk 

of COPD although for the paired analysis, the magnitude of the estimated effects is 

reduced substantially.  The odds were comparatively higher among the siblings whose 

age varies between 42 to 49 years on average. The estimates from the paired analysis 

should give a weighted estimate approximately between these two estimates, which is 

consistent with my findings from CLR (1.28 (95% CI: 0.86 – 1.90)).  

From the individual analysis with all probands, I observed that childhood asthma was 

associated with an increased risk of more than 34% (from CLR) and 40% (from B-W OLR) 

for developing COPD in adult life. With our restricted sample, the risk is reduced by 17%. 

The association is stronger (OR=3.19 (95% CI: 1.77 -7.75)) for those who are current 

smokers as compared to never smokers. The association is also strong (OR=2.22 (95% 

CI: 1.36 -3.62)) among those who have current clinical asthma. 

8.4 Discussion 

From the sib-study, childhood asthma is found to be associated with an increased risk 

of COPD by middle age, but evidence against the null hypothesis of no association was 

weak and the effect of childhood asthma on COPD is substantially reduced when 

adjusted for current asthma, current smoking status, and childhood eczema and other 

childhood environmental factors (although the primary motivation for this was the study 

of effect modification). LLN classified more COPD cases as compared to GOLD for some 

sib-pairs with age range between 42 and 49. Both statistical models gave similar 

estimates of the magnitude of association between childhood asthma and the risk of 

satisfying criteria for COPD in later life. 

Comparison of spirometrically defined COPD with GOLD and LLN criteria  

In this study, the GOLD criterion was used as one of the two definitions of COPD. 

According to GOLD guidelines for COPD [287], key indicators for considering a diagnosis 

of COPD include: dyspnoea, chronic cough, family history of COPD, chronic sputum 

production, and a history of exposure to risk factors for the disease (tobacco smoke, 

smoke from cooking and heating fuels, or occupational dusts and chemicals). An 
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individual over 40 years of age with any of the key indicators should be diagnosed as 

COPD if spirometry confirms the presence of persistent airflow limitation.    

Comparison Between LLN and GOLD outcomes 

The results from the statistical analysis using the two definitions are different. In the 

literature, it is reported that post-bronchodilator (BD) airflow obstruction is 

underestimated for those aged less than 45 and overestimated for those aged more 

than 45 due to the fixed cut-off. It may be as a result of using different criteria for LLN 

and GOLD definitions. LLN uses the lower limit of normal (LLN) criterion to define COPD 

as the post-bronchodilator FEV1/FVC ratio less than the fifth percentile.  The normal 

predicted values are individualized based on age, sex, height, ethnicity. The use of z-

scores minimizes bias from these characteristics but if the normality assumption is 

wrong, LLN will misdiagnose COPD status whereas GOLD COPD use cut-off points that 

do not account for age, sex, height, ethnic variability between individuals. Thus, the 

results from LLN COPD should be more precise to depict the association. The findings 

here suggest prioritizing the LLN results over GOLD for these age-group. 

Also, since the normal predicted FEV1 value decreases more quickly with age than FVC, 

the GOLD definition (FEV1/FVC criterion of <0.7) tends to over-diagnose COPD in the 

elderly [288, 289]. This is represented by studies that show more frequent identification 

of fixed airflow (AO) in elderly [98, 100] and less frequent diagnosis in younger adults 

aged less than 45 years [90, 100], compared with LLN cut-off values [97, 288, 290, 291]. 

The population in my study was middle aged. Both definitions were highly correlated, 

and only 25 cases were mismatched in terms of classification with two definitions. In my 

data set, LLN criteria identified more COPD cases as compared to GOLD criteria 

supporting the less frequent diagnosis within the younger age group.  

Power 

The relatively small samples with the COPD outcome are a limitation. Lung function data 

was not available for all the sibling participants in 1968. More data on lung function at 

childhood for both probands and siblings could have contributed to more extensive 

analysis of the association between poor lung function and COPD. The lack of power was 
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observed when the adjusted OR’s from both statistical analyses have wide confidence 

intervals indicating little evidence against the null hypothesis of no association between 

childhood asthma and the risk of COPD in later life. 

Prevalence of COPD 

Using the LLN for the post-BD FEV1/FVC ratio, the prevalence of COPD was estimated to 

be 7.45%. For sib-pairs who were in their mid-forties with average height, the cut-off 

approximated the FEV1/FVC ratio < 0.70 used by the GOLD guidelines to define COPD 

[290, 292]. Using the GOLD criteria, the prevalence of COPD is 8.18%, which is similar in 

the Latin American Project for investigating Obstructive Lung Disease (PLATINO) which 

also used the GOLD criterion [293]. The Burden of Lung Disease (BOLD) study described 

age and sex-specific estimates for 12 international sites using the GOLD stages II to IV 

definition where the FEV1 was specified to be <80% of the predicted value [55]. The 

prevalence estimates from their study were comparable with those for the 40- to 49-

year-old age group in this study. 

Childhood asthma and COPD and current asthma status 

The findings on the association between childhood asthma and COPD in adulthood are 

mostly related to the presence of current asthma defined by asthma symptoms, 

healthcare use and/or medication use in the last 12 months, which is consistent with 

the Tucson Children’s Respiratory Study [294]. This would imply that having asthma in 

childhood is not as important for adult lung disease as the persistence of active asthma. 

This is consistent with the finding of Perret et. al. [208] who studied the multiplicative 

association between childhood-onset asthma, smoking, and atopy with only proband 

data in 2006 from TAHS. The sibship study still supports the findings of the persistence 

of asthma into middle-age is important. This study was able to adjust for the observes 

and unobserved genetic and environmental confounding effects because of the paired 

nature of the data. 
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COPD and age 

Mild COPD was predominant in this study, with 70% of the COPD alone group having 

FEV1 ≥80% of predicted values, which is substantially higher than reported elsewhere 

[295, 296]. The age of the participants in this study was young compared to most clinical 

trials of COPD. The participants may represent an early form/stage of COPD with a 

relatively low prevalence. Moreover, participants with COPD did not report any 

medication used for breathing problems in the prior year which essentially reflect under-

diagnosis and under-treatment, which is common in early COPD [296-298].  

Strength and limitations  

This study has both strengths and limitations. Since it is a prospective study, childhood 

asthma could be classifying more accurately than those studies that depended on 

retrospective recall or self-reported history in adulthood [200, 280, 292, 299]. This study 

showed that young adults can be easily forgetful about their childhood asthma history, 

and the recall bias was particularly relevant to women [254].  

Using the post-BD spirometry to define COPD at age 45 years is also a strength of this 

study compared to the use of pre-BD spirometry by other studies [300]. 

The relatively small sample with the COPD outcome is a limitation. Lung function data 

was not available for all the sibling participants in 1968. More data on lung function at 

childhood for both probands and siblings could have contributed to more extensive 

analysis of the association between poor lung function and COPD. 

Conclusion 

This prospective sib-study has used comprehensive clinical details and lung function 

measurements to investigate the presence of COPD in mid-adult life. This study shows 

that childhood asthma has long term consequences for the development of COPD by 

middle age. With the presence of current asthma or current smoking, the association 

between childhood asthma and COPD reduces substantially, which is suggestive of less 

importance of childhood asthma status for adult lung function. Also, the diagnosis of 

COPD is highly depending on which guidelines are used for defining the disease. The 
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study suggests that LLN defined COPD ha some advantages over the use of GOLD COPD 

for individuals at age 45.  

 

 

 

 

 

 

 

 

 

 

 

 

 



184 

 

 

 

 

 

 

Chapter 9 

  



185 

 

CHAPTER 9 

Overall summary, conclusions and recommendations 

 

9.1 Summary of main findings and contribution to the literature 

In this chapter, I summarise the main findings for each of the research aims 1- 4 and 

describe the contributions that they make to the research literature. This is followed by 

clinical and public health recommendations, suggested directions for future research 

and further scope for statistical methods for longitudinal family data.  

9.1.1 CHAPTER 3:  Are the associations in the atopic march due to confounding by 

genetics and early life environment? A systematic review of sibship and twin data. 

9.1.1.1 Main findings 

My aim for the systematic review was to review all twin and sibling studies that 

examined the allergic phenotypes that form the atopic march from infantile eczema to 

hay fever and asthma. I also wanted to synthesise systematically the evidence from 

these studies while noting which studies having have adjusted for known, measured 

environmental and genetic influences when estimating the magnitude of associations 

between multiple phenotypes. My study was the first review to assess systematically 

these relationships using studies that generated family data. Only those articles that 

examined associations between allergic outcomes using siblings and twins and reported 

any of the atopic march diseases as either an exposure or an outcome were included.  

I found only four studies of twins/sibship [4, 8, 22, 26] that examined the association 

between eczema and asthma. Most of these studies reported phenotypic and genetic 

correlations and the relative contributions of genetic and environmental factors to these 

correlations.  A phenotypic correlation is correlation between records of two traits on 

the same individual and usually measured by the product-moment statistical 

correlation. A genetic correlation is the correlation between an individual’s genetic value 
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of one trait and same individual’s genetic value of the other trait.  The genetic 

correlation between two traits can contribute to the observed (phenotypic) correlation 

between two traits, but genetic correlations can oppose observed phenotypic 

correlations if the environment correlation is sufficiently strong in the other direction. 

My findings on eczema-asthma association mainly reported (a) a phenotypic correlation 

between eczema and asthma which varied between 0.30-0.55; (b) the contribution of 

genetic and environmental factors to the proportion of correlation which varied 

between 81-85% and 15-19% respectively; (c) only one sibling study [22] reported an 

odds ratio of 2.39 (95% CI 1.96 – 2.92) between eczema in infancy and asthma among 

children aged 7-9 years and one study reported an odds ratio of 1.96 (95% CI 1.02 – 3.78) 

among adult DZ twins; and (d) only one study had used data from an adult population.  

Only 3 studies [8, 22, 26] examined the association between eczema and hay fever. The 

main results were (a) a phenotypic correlation between eczema and hay fever which 

varied between 0.49-0.62; (b) the contribution of genetic factors to the proportion of 

correlation which varied between 88-96%; (c) only one study [22] reported an 

association, an estimated odds ratio of 1.77 (95% CI 1.31 – 2.40); and (d) no studies 

sampled data from an adult population for this association.  

Five studies [4, 8, 10, 26, 129] examined the association between asthma and hay fever. 

Again, the main findings focused on reporting (a) a phenotypic correlation which varied 

between 0.47-0.54; (b) the contribution of genetic factors to the proportion of 

correlation which varied between 75-100%, (c) only one study reported an association, 

an estimated odds ratio of 2.44 (95% CI 1.44 – 4.13); and (d) the age of the study 

population varies between 5-41 years.  

In summary, the studies included in the review have shown strong genetic pleiotropy, 

which might partially explain the association between eczema, hay fever and asthma. 

There was some evidence that eczema in infancy is associated with hay fever in children 

with or without asthma. The contribution of shared environmental factors to the atopic 

march was found to be relatively small. Genetics play a bigger role than environmental 

factors to predisposing children with eczema to hay fever and/or asthma; and the link 

https://en.wikipedia.org/wiki/Phenotypic
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between eczema, hay fever and asthma appears to be independent of shared early life 

environmental factors. 

9.1.1.2 Contributions 

Most studies reported only summary measures of prevalence, incidence, heritability, 

concordance rate and intraclass correlation between asthma and its phenotypes 

without synthesizing the evidence on existing or previous associations between asthma 

phenotypes. Although there exist clear sequential and plausible biological mechanisms 

to explain such associations, these phenomena were only studied in children. Whether 

such associations continue into adult life was not explored. My review confirmed the 

need for more sibship and or twin studies to investigate potential relationships between 

these phenotypes from childhood to adulthood. 

9.1.2 CHAPTER 6: Childhood eczema and asthma incidence and persistence: A sibling 

study from childhood to middle age using sibling-pair data 

9.1.2.1 Main findings 

In this chapter, I examined the association between childhood eczema and asthma in 

adult life using data from sibling pairs. Since the aetiology of adult asthma differs based 

on whether he/she had a history of childhood asthma, I stratified the dataset into three 

categories based on the childhood asthma status of the participants in each sib-pair; (1) 

participants where neither the proband nor the sibling in a pair had any history of 

childhood asthma; (2) participants where both proband and sibling within a pair had a 

history of childhood asthma; and (3) participants with discordant childhood asthma 

status. The first two strata were used for the final sibling analysis. The first stratum 

produces incident asthma cases; and the 2nd stratum gives us the persistent and 

remitted asthma cases. The last stratum could not contribute to the final paired analysis 

since the outcomes are different for different exposure and discordant pairs of this 

stratum are not exchangeable on age.  
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In my data set, between the proband-sib pairs, all probands were born in 1961, but the 

age of siblings varied greatly. So, a restriction was incorporated on all the siblings age 

without losing much data.  The age gap of siblings from their proband was chosen to be 

6 years either side, resulting the age range of siblings from 1-13, that is, preadolescent 

which we hope would have captured all childhood phenotypes.  

For the exposure-outcome association in paired data, I have used the traditional 

conditional logistic regression (CLR) and also the Between-Within (B-W) regression. CLR 

only used doubly discordant pairs, that is, exposure-discordant and outcome-discordant 

pairs. In addition to these pairs, B-W uses outcome-concordant pairs. Thus, by using 

more data, B-W regression should produce more precise estimates compared to CLR. All 

the results were compared with the simple ordinary logistic regression model (OLR) 

which only includes each individual’s own eczema status (not their sibling’s) as a 

covariate and ignores the family structure of the dataset. 

My results showed that incident asthma odds between pre-adolescence (age 1-13 years) 

and middle age (mean age 45) was 1.60 time larger (95% CI: 1.21 – 2.11) for infantile 

eczema, 1.40 time larger (95% CI: 1.05 – 1.85) for flexural eczema and 1.37 times larger 

(95% CI: 1.07 - 1.76) for conjoint eczema compared to those with no history of eczema. 

The estimates from conditional logistic regression (CLR) and between-within (B-W) 

regression both indicated that the risk of incident asthma over time from age childhood 

to age 45 years, dependent on childhood eczema, was increased. If the OLR were used 

with my data ignoring the familial correlation, it underestimates the true population 

odds ratio. The model was adjusted for active and passive smoking and socioeconomic 

status in childhood and adult life, mother’s and father’s asthma history in 1968 and sex. 

Childhood eczema was associated with asthma persisting from childhood to middle age 

with an adjusted odds ratio. Although there is some association, the evidence against 

the null of no association between childhood eczema and persistent asthma at middle 

age was weak.  
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9.1.2.2 Contributions 

The sib-studies that examined eczema-asthma association mostly included children (5-

9-year-olds) in their study; only one longitudinal study comprised participants aged 12-

41 years. My results suggest that although most children with eczema will not develop 

childhood asthma, those who have childhood eczema may continue to develop asthma 

in adult life.  

In my study, infantile eczema preceded asthma in childhood and was found to be 

associated with incident asthma in later life stage. This temporality supports a possible 

causal relationship. The findings of this study may support the atopic march hypothesis 

that asserts the sequential development of eczema, allergic rhinitis, and asthma and 

suggests atopic march, that is, the atopic march continues past childhood of developing 

asthma preceding childhood eczema.  

Although there is some evidence of an association between childhood eczema and 

adult-onset asthma in previous studies of unrelated individuals, these usually cannot 

accommodate confounding by shared genetics and early life environmental risk factors 

between these phenotypes. My study supports the existing understanding of this 

relationship by producing more precise estimates because of the associated study 

design and statistical methods employed. 

9.1.3 CHAPTER 7: Childhood hay fever and asthma incidence and persistence: A sibling 

study from childhood to middle age using sibling pair data 

9.1.3.1 Main Findings 

In this chapter, I examined the association between childhood hay fever and asthma in 

adult life using sib-paired data. A similar strategy to the previous analysis was adopted 

for this analysis. Data was stratified based on the childhood asthma status of the 

participants in each sib-pair, which produced strata of concordant pairs with no history 

of asthma and concordant pairs with a history of childhood asthma. Both the CLR and B-
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W regression model have been used and compared with OLR results. Similar age-

restrictions were implemented for creating the final sibling pair data structure. 

Childhood hay fever was strongly associated with asthma by the age of 13 years. 

Childhood hay fever was associated with 4.60-fold (95% CI: 3.5 - 6.05) (from CLR), and 

4.02-fold (95% CI: 3.17 - 5.09) (from B-W regression) increased in risk of childhood 

asthma. The model was adjusted for eczema, gender, passive smoking, parental history 

of asthma, and the socioeconomic status of the family in 1968. The findings were 

consistent with those from previously published reports [22]. 

Childhood hay fever was associated with 1.90-fold (95% CI: 1.31 – 2.74) (CLR), and 1.84-

fold (95% CI: 1.33 – 2.55) (B-W) increased in risk of incident asthma from preadolescence 

to adult life. 

Childhood hay fever was associated with asthma persisting from childhood to middle 

age with a 1.13-fold increase in the risk of persistent asthma at adult life. Although there 

was some association, the evidence against the null of no association between 

childhood hay fever and persistent asthma at middle age was weak.  

9.1.3.2 Contributions 

Like the studies on eczema-asthma association, the sib-studies that examined hay fever-

asthma association mostly included children (5-9-year-olds). My results suggest that 

childhood hay fever and childhood asthma were strongly associated, which supports the 

atopic march continues past childhood. Childhood hay fever was also associated with 

almost a 2-fold increased risk in Incident asthma in adult. My findings also suggest the 

sequential occurrence of these events. Taken together from chapter 6 and 7, the result 

suggests that among the childhood allergic disorders, allergic rhinitis is a more potent 

risk factor for later-life incident asthma than is eczema. 

Hay fever is a highly prevalent disorder.  Although the prevalence was more common in 

boys in childhood, females were observed to have more hay fever than males in adult 

life. Similar results were obtained in another large Australian study [270].  
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Sibling studies have rarely assessed the association between childhood hay fever and 

adult-onset asthma. From this analysis, the results still support the existing 

understanding of this relationship, and due to the study design and the statistical model 

applied, these estimates are more precise and more likely to free from confounding by 

shared genetic or environmental factors.  

9.1.4 CHAPTER 8:  An application of Conditional Logistic Regression (CLR) and 

Between-Within (B-W) regression to explore the association between childhood 

asthma and chronic obstructive pulmonary disease (COPD) using sib-paired data 

9.1.4.1 Main Findings 

In this chapter, I investigated the influence of childhood asthma on COPD in middle age 

among sibling pairs. Also, I used two definitions of COPD to see whether the use of two 

different definitions were reflected in different estimates of the magnitude of the 

exposure-outcome association. 

There were several options for the paired data analysis accommodating current asthma 

and current smokers to determine whether these exposures are effect-modifiers of the 

childhood asthma – COPD association. The most appealing was to include individual-

level current asthma as an interaction with childhood asthma in the CLR and B-W pair 

analysis of childhood asthma and COPD. The interpretation of the estimated regression 

coefficients can be tricky since individuals within pairs may have different values of 

covariates other than the primary exposure and those covariates may interact with the 

primary exposure. The results of the likelihood ratio test (LRT) was χ²(1) = 2.14, p = 

0.1439, for testing interaction with current asthma. Since this option yielded no 

evidence against the null hypothesis of homogeneity of effect (no interaction), my other 

options were to (a) include individual-level current asthma as a main effect only in the 

CLR and B-W pair analysis of child asthma and COPD, that is, to “adjust” for the effect of 

current asthma status on the risk of COPD, but assume that the effect of childhood 

asthma on COPD does not depend on current asthma and that the effect of current 

asthma on COPD does not depend on childhood asthma; (b) stratify on current asthma 

and exclude proband-sibling pairs who are discordant for current asthma; or (c) to ignore 

current asthma altogether. 
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Option (b) was not very appealing if there was no evidence against the null hypothesis 

of no interaction since all the current asthma-discordant pairs would be lost in the 

process needlessly when, for the childhood asthma-COPD association, it appeared not 

to matter what their current asthma status is. So, without an interaction term, a decision 

was made to include current asthma as a main effect. This brings us to an example of 

what is known as mediation analysis.  

With the simplest causal diagram with child asthma as exposure E, current asthma as 

mediator M, and COPD as outcome Y, there are two causal paths from E to Y – one 

through M (the so-called “indirect” path) and the other “direct” path from E to Y. Current 

asthma is on one of these causal paths. Adjusting for it in any analysis will generate an 

estimate of the effect of E on Y through the direct path, that is, child asthma on COPD 

that is not mediated by current asthma, the so-called “direct” effect, provided there is 

no unmeasured confounding of any of the associations between exposures, mediators 

and the outcome. If current asthma is ignored in the analysis, the estimated effect is 

that of E on Y through both the direct and indirect paths, which is called the total effect. 

All three of these effects (direct, indirect, and total) are well-defined and, therefore, 

have a legitimate existence. Importantly, adjusting and not adjusting for current asthma 

both produce useful analyses and useful estimates of (different) causal effects. A similar 

decision was made regarding the current smoking status.  

Considering all the above options, since there was no evidence against the null 

hypothesis of no interaction between childhood asthma and current asthma on COPD 

and since the estimated regression coefficient of child asthma requires a “mediational” 

interpretation if current asthma remains in the model, I decide to concentrate on the 

(total) effect of child asthma on COPD. 

From the sib-study, childhood asthma is found to be associated with an increased risk 

of COPD by middle age, but the magnitude of the association was weak and reduced 

further when adjusted for the confounding effects. In the univariable (unadjusted) 

analysis using LLN definition, childhood asthma was associated with an increase in odds 

of more than 40% (95% CI: 0.82 - 2.37) for developing COPD in adult life. Comparing the 

estimates from CLR (57% 95% CI: 0.8 – 3.1), both indicated that the odds of developing 
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COPD over time from age childhood to age 45 years, dependent on childhood asthma, 

was increased. The estimated effect of childhood asthma on COPD is reduced to OR = 

0.76 (95%CI: 0.34 – 1.71) The effect of childhood asthma on COPD was reduced to 

OR=1.28 (95% CI: 0.58 - 2.80) when adjusted for the presence or absence of current 

asthma, current smoking status, and childhood eczema. These results are from the main 

effects model. The results show that current asthma is associated with COPD with or 

without adjusting for childhood asthma, although there is little evidence against the null 

hypothesis of no association. The odds of COPD in later life is more than three times 

(OR=2.81; 95% CI: 1.50 – 5.24) greater among those with current asthma with no 

childhood asthma compared with those without current asthma. Similarly, a strong 

association of a similar magnitude is observed among smokers. The risk is increased 

about 1.8 times (OR=1.96; 95% CI:  0.95 – 4.02) among the smokers who did not smoke 

in the last four weeks. The risk is even higher for current smokers (OR=3.36; 95% CI: 1.69 

– 6.68).  

Using the GOLD definition, the estimated odds ratio was 1.11, with 95% CI (0.59, 2.1), 

which is similar in magnitude to the results from the LLN definition. The estimated effect 

of childhood asthma on COPD is reduced to OR = 0.76 (95%CI: 0.34 – 1.71) when 

adjusted. 

LLN definition classified more COPD cases as compared to GOLD definition for some sib-

pairs with age range between 42 and 49.  Both the CLR and B-W regression model found 

a similar magnitude of association with a wide confidence interval for childhood asthma 

and COPD.  

9.1.4.2 Contributions 

A multifaceted relationship exists between asthma, lung function and COPD. Childhood 

asthma has been found to be associated with impaired childhood lung function [301], 

adult-onset asthma and COPD at later life [282]. Poor lung function can be a marker of 

asthma severity and more severe asthma was strongly associated with COPD [283]. On 

the other hand, both childhood asthma [302, 303] and poor childhood lung function 

[279] may result from impaired lung function at birth. Thus, a synergistic effect between 

poor childhood lung function and early life asthma history or predisposing asthma 

factors may also contribute to COPD development. My findings of a weak association 
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between childhood asthma and COPD at middle age somewhat contradicts the existing 

findings. The findings on the association are mostly related to the presence of current 

asthma which would imply that having asthma in childhood is not as important for 

obstructed lung function in middle-age as the persistence of active asthma which is 

supported by a study only on probands within TAHS [208]. 

The results from LLN COPD and GOLD COPD varied somewhat, which may be due to the 

use of different cut-off criteria. LLN is standardized on age, sex, height, ethnicity which 

effectively minimizes bias from these characteristics, whereas GOLD COPD use cut-off 

points that do not account for age, sex, height, ethnic variability between individuals. In 

my study, LLN identified more COPD cases; the results from LLN COPD should be a better 

reflection of the association, which is consistent with the findings in the literature for 

this age group.   

9.2 Study strengths and limitations 

9.2.1 Study design  

The main strength of my PhD project is that I used sibling data from the TAHS, one of 

the world’s longest-running family studies of respiratory health. As siblings and twins 

are naturally matched pairs for early life shared genetic and environmental factors, use 

of sibling data for analysis essentially corrects for potential confounding effect while 

estimating the magnitude of any association between an exposure and an outcome. 

Even self-reported parental history of asthma and smoking were available in TAHS, 

strengthening further confounding effect adjustment. Since I did not have clinical data 

or perinatal characteristics data for sibling in 1968, it was not possible to explore the 

association between middle age asthma and eczema/ hay fever more thoroughly. Also, 

environmental data was limited which could essentially control for some confounding 

effect. 

Another strength of the TAHS is the longitudinal follow-up starting from early life into 

middle age from 1968 to 2004-07. The TAHS has prospectively collected questionnaire 

data from childhood and continuing to do so on a wide range of risk factors and potential 

confounders. TAHS has measures of lung function, post-BD spirometry at mean age 45 

years. The tracing back of all individual participants and the responses from them were, 
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on the whole, excellent [304]. All participants were recruited from Tasmania, Australia, 

which has a homogenous ethnic structure over 95% of the TAHS participants are 

Caucasian – reducing any possible ethnic-related biases. 

As with all longitudinal studies, TAHS has faced challenges over time regarding 

participant retention, but overall, the response rates to the surveys have been very high 

[304]. The focus of my work was the 2006-2010 follow-up study for outcome variables 

and 1968 study for exposure variables which attempted to survey all siblings from the 

first time since 1968 (baseline study). An excellent response rate to the postal survey 

was achieved due to the detailed and careful follow-up [304, 305] which has been 

presented in details in the data management section of this thesis (CHAPTER 4). Overall, 

in the 2004-2010 follow-up, the response rate was 78% in the postal survey for 

probands, and 72% for their siblings, the sample size (n=3053) were much smaller for 

laboratory studies. The percentage of non-responders was 27% as participants withdrew 

from the laboratory study but did participate in the postal survey.  

9.2.2 Definition of asthma, eczema and hay fever 

One of the major strengths of my study is the availability of parent-reported data on 

asthma, eczema and hay fever in early life which was used preferentially to responses 

by retrospective recall in adulthood from 2004-2010 which effectively reduced for 

possible response bias [253, 254]. Despite their strengths, parent defined childhood 

eczema can misclassify eczema with other skin disorders. Also, childhood asthma 

defined by the parent would have included non-asthmatic wheeze. Studies[259] have 

found that parent-defined childhood asthma compares well with the definition including 

bronchial hyperresponsiveness [257, 258] and a less precise definition would shift 

estimates toward the null [258]. In comparison, using ‘‘doctor-diagnosed asthma’’ may 

result in underdiagnoses. In any case, the asthma question in the 1968 TAHS 

questionnaire has been validated against a respiratory physician’s diagnosis and BHR 

[259]. This study did not include an objective assessment of childhood atopy, which 

would have been useful in assessing the nature of the relationship between childhood 

eczema and asthma. 
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Also, since TAHS is a population-based study which included siblings in 1968, the 

questionnaire for siblings was not as comprehensive as for the probands. Siblings did 

not have detailed lung function data in their childhood, which limited the scope of any 

exploration of childhood asthma severity, current childhood asthma, and effect 

modification of certain variables for my analyses. 

9.2.3 Definitions of COPD and lung function  

For my last and 4th aim the outcome was COPD, which was defined based on spirometric 

criteria. As recommended by GOLD guidelines, I used post-BD lung function 

measurements to define COPD. The use of these definitions was recommended by the 

ATS/ERS guideline [87]. In my thesis, I used both LLN [97] and GOLD [205] definition to 

define COPD. Both these criteria recommend using post-BD spirometry, which is one of 

the major methodological strengths in my PhD.   

Along with the clinical lab data which is essential for COPD diagnosis, I also used 

questionnaire-based self-reported respiratory symptoms such as asthma status from 

both timeline (1968 and 2004-07), other allergic disorders and other environmental 

factors for exposure variables. There is a chance of some degree of information bias as 

all these questionnaire data are self-reported. Questionnaire-based responses at least 

for asthma and eczema definitions are, however, well accepted for use in 

epidemiological studies for accessibility and feasibility. The definitions used in the TAHS 

that included wheezing breathing has been validated from several other long-running 

international cohorts such as ECRHS [306] and BOLD [55] studies, especially for 

respiratory studies [307-309].  

The analysis presented in CHAPTER 8 on asthma-COPD association used data from the 50-

year follow-up studies where the mean age of all participants was 45. COPD may 

manifest in individuals aged in their forties, and the prevalence increases with increasing 

age. If further analyses can be performed using a sample with a higher mean age for the 

sibling pairs to address the same research question, the likelihood is that more cases of 

COPD will be observed, and the analysis could generate more precise estimates and thus 

stronger evidence against the null hypothesis if the magnitude of the association 

remains the same. 
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9.2.4 Confounding variables 

The TAHS dataset includes a wide range of variables that may be associated with 

exposure and outcome variables and could be treated as potential confounders and 

effect modifiers in the regression models. From the longitudinal data from TAHS, I could 

study the temporal relationship between early life factors and later onset respiratory 

diseases. I could use a rural living area and socio-economic status [310] as potential 

confounders in my studies. I used the Socio-Economic Indexes for Areas (SEIFA indexes) 

from the Australian census data to adjust for childhood and adult socioeconomic status 

[311]. In contrast, not all previous studies could adjust for all the identified confounding 

variables for the lack of early life exposure data [307, 312-315].  

9.3 Association or causation 

The aim of my doctoral work was to investigate the association between early life 

exposures (such as eczema, hay fever) and asthma in middle-age and childhood asthma 

to COPD in middle-aged adults. The ultimate goal of my research was to identify factors 

that are causally associated with the development of that disease. Although 

epidemiological studies cannot directly prove causation, they can provide evidence that 

collectively suggests the strong likelihood that causality exists. Bradford Hill [260] 

proposed a set of considerations that if met could demonstrate that causation exists 

between exposure and the disease outcome. These guidelines are (1) sufficient strength 

of association; (2) temporal relationship between exposure and outcome; (3) dose-

response relationship; (4) consistency or reproducibility; (5) biological plausibility; (6) 

coherence; (7) specificity of the effect; and (8) analogy. Table 9.1 explores how the main 

results of my thesis (CHAPTER 6, CHAPTER 7 and CHAPTER 8) meet these criteria. 
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Table 9. 1: The results of my thesis by the Bradford Hill guideline to illustrate a possible causal effect relationship 

Criteria Childhood eczema and incident asthma Childhood hay fever and incident asthma Childhood asthma and COPD 

Strength of association 

 

The association between childhood eczema 

and adult-onset asthma was strong in the 

range of OR=1.37 to OR=1.61  

The association between childhood hay 

fever and adult-onset asthma was strong in 

the range of OR=1.84 to OR=1.90 

There was a weak association between 

childhood asthma to COPD (OR=0.74 to 

1.28). 

Temporal relationship  In my study, the exposure was recorded in 

1968, and the outcome was recorded in 

2004-07, so I can conclude that there exists 

a temporal relationship.  

In my study, the exposure was recorded in 

1968, and the outcome was recorded in 

2004-07, so I can conclude that there exists 

a temporal relationship. 

In my study, the exposure was recorded 

in 1968, and the outcome was recorded 

in 2004-07, so I can conclude that there 

exists a temporal relationship. 

Dose-response 

relationship 

 

Due to insufficient data in 1968, which did 

not include any measure of severity on 

eczema, I was unable to explore any dose-

response relationship between my exposure 

and outcome. 

Due to insufficient data in 1968 that did not 

include any measure of severity on hay 

fever, I was unable to explore any dose-

response relationship between my 

exposure and outcome. 

Since the data in 1968 did not include 

lung function measurement on all 

siblings, I was unable to explore any 

dose-response relationship between my 

exposure and outcome. 

Consistency or 

reproducibility 

 

Infantile eczema and flexural eczema in 

childhood have been associated with adult 

asthma in population-based studies in 

different countries [9, 163].    

Childhood hay fever has been associated 

with adult asthma in other studies [191]. 

Childhood asthma and COPD has been 

associated in other studies [42, 226].  
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Biological plausibility and 

coherence between 

epidemiological and 

experimental evidence 

The association of childhood eczema and 

adult asthma is biologically plausible and 

consistent with previous knowledge from 

many studies [4, 22, 26, 108].  

My findings, together with all the genetic 

association studies between hay fever and 

asthma [4, 8, 22, 129], is consistent and 

suggests biological plausibility.  

A complex relationship exists between 

asthma, lung function, and COPD and 

childhood asthma has been found to 

have an association with impaired 

childhood lung function [301], adult 

asthma, and COPD [282].  

The specificity of the effect  

 

 

Both atopic and non-atopic childhood 

eczema has been linked with a high risk of 

developing asthma in later life [160, 168, 

316].  

The asthma severity is much greater 

among those having hay fever as compared 

to those without hay fever, suggesting 

consequence of exposure on outcome.    

Childhood asthma has been found to 

have an association with impaired 

childhood lung function [301], adult 

asthma, and COPD [282]. 

Analogy  Among many triggers and risk factors for 

asthma attack and development, having 

early life eczema can be associated with 

asthma in later life thorough atopic march 

and continues on adult life.  

Co-morbidity of hay fever and asthma in 

childhood is well documented. My results 

show that even without having childhood 

asthma, childhood hay fever can develop 

asthma in later life. 

Childhood asthma may or may not lead 

to COPD at later life. 
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Overall, concerning the causality within this study after adjusting for a wide range of 

confounding factors from childhood to adulthood, I found consistent significant association 

which supports most of the Bradford Hill’s criteria to conclude that there is a causal 

relationship between childhood eczema and adult asthma and childhood hay fever and adult 

asthma. Thus, the atopic march continues to adulthood. There is little evidence against the 

null hypothesis of no association between childhood asthma and COPD. 

9.4 Future recommendations 

9.4.1 Clinical and public health recommendation 

As children with eczema may follow to develop asthma in adult life, it is important that health 

care professionals are aware of the increased predisposition to other allergic respiratory 

diseases and enquire about respiratory symptoms at each review appointment to facilitate 

the diagnosis of hay fever and/or asthma at the earliest stages.  

Regarding the effective management of eczema, Parents can educate their children about 

how to avoid environmental aggravators and foods such as citrus fruits, dairy, eggs, gluten or 

wheat, soy, spices, such as vanilla, cloves, and cinnamon, tomatoes, some types of nuts and 

ensure regular and ongoing use of moisturisers and eczema baths. Regular follow-up should 

be maintained with an up-to-date treatment plan for optimal management for improving 

eczema. Parents of those eczematic children need to be informed and implement early 

treatment, understand when to start treatment for flaring, and when to stop as the symptoms 

decreases. Wet dressings are essential in controlling a flare and promoting sleep and should 

be applied if the other treatments have not cleared eczema within 24 hours [317]. 

For hay fever in childhood, which can develop to adult asthma, although there are no cures 

for hay fever, symptoms can be effectively prevented or treated. Doctors and health care 

professionals need to educate the parents and the children about the allergic triggers and if 

possible, how to avoid those allergic triggers, how to use the medication to control and be 

aware of any non-medicated treatment and immunotherapy. In children with a strong family 

history of allergies, it is suggested to infants as breastfeeding has been found to reduce 

allergies in early life [7, 271], avoid exposure to environmental factors such as smoking, delay 

introduction of allergenic foods and minimize exposure to dust mites. 
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Also, asthma that originates in childhood may not have long-lasting effect on developing 

COPD at later life. Children with severe asthma usually have low lung function and should be 

followed regularly with repeated spirometry tests. Lung function monitoring throughout life 

may also be important to detect and manage initial COPD. Parents should maintain tobacco-

smoke free environments, to maintain treatment all management plan for asthma. 

9.4.2 Recommendation for future research 

While effectively minimizing risk factors would almost certainly reduce the burden of asthma 

and COPD in adult life, a small improvement in eczema and hay fever management at the 

population level may have a significant impact on overall outcomes. It is also important to 

understand why the majority of individuals with eczema and hay fever in childhood does not 

develop asthma in later. There is also an urgent need to better understand the underlying 

biological mechanisms/processes, for both asthma and COPD, which may help guide 

interventions to mitigate adverse outcomes with aging. 

Given the lack of family studies, the field would benefit from conducting more family studies 

to explore the associations. This TAHS study with longitudinal data and information from 

multiple related individuals within the same family unit generate correlated data structures 

that allowed us to investigate the underlying unobserved aetiological determinants of the 

disease. Also, a longitudinal family data can be used to resolve both phenotypic and genotypic 

determinants of traits associated with the complex, familiarly-aggregated diseases like 

Asthma and COPD and will provide a powerful and flexible resource to identify risk factors the 

influence of which potentially changes over time.  

In order to provide an optimal combination of the features of cross-sectional family data and 

longitudinal data from the individual participants in these families, special methods of 

statistical analysis are required. These methods must account for the within-subject 

correlation in exposures and outcomes over time from the longitudinal settings and the 

within-family correlations from cross-sectional settings.  It may produce increased statistical 

power for tests of null hypotheses, or greater precision of estimates. 
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9.5 Conclusion 

Overall, my findings in the results chapters add to the existing literature that has reported 

associations between atopic march features and childhood asthma towards COPD. The 

resulting estimates should be more precise estimates due to the study design. The estimates 

on incidence asthma for childhood eczema and hay fever as exposure shows a 23% in reduced 

increased risk as compared to the previously published estimates [9]. Both designs estimate 

increased risk, so the policy is still valid and need not to be changed. The existing measure of 

association may have shown much stronger associated risk but may be confounded by many 

early life unmeasured factors, thus overestimated. The estimates from the sib-ship studies 

provided a more precise estimation of the respective exposure-outcome association free of 

confounding. My finding through the sibship design has corrected for all those confounding 

effects and theoretically produced a more precise estimate of these associations.   
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Appendices  

Appendix 1 - Comparison analysis: Childhood eczema and asthma incidence and persistence 

 

Comparison analysis 

The research question with eczema-asthma that I have addressed using proband-sibling pairs 

has previously been studied using only the probands by Burgess et al. In their paper, they 

explored whether there is an association between childhood eczema and asthma incidence 

and persistence. I took those results as a reference and used my age-restricted data set which 

is essentially a subset of all probands to explore the association between childhood eczema 

and adult on-set asthma 

The rationale behind the comparison analysis was that this will provide a substantial quality 

check of the data and the results. To compare, I wanted to obtain a dataset as close as possible 

to the data used by Burgess et al. Also, wanted to use similar analytical methods using same 

outcome variables and similar stratification. Thus, to make valid comparisons between 

results, I prepare our data sets in 3 different ways: Individual analysis includes 3 parts (i) Part 

1: Full proband analysis (ignoring the Siblings); (ii) Part 2: Probands only included in the Sib 

analysis (Restriction applied); (iii) Part 3: Siblings only included in the Sib analysis (Restriction 

applied);  

Analysis by Burgess et. al. New analyses 

Individual Analysis Individual Analysis 

Full proband analysis Full proband 
analysis 
(ignoring the 
Siblings) 

Probands only 
included in the Sib 
analysis 
(Restriction 
applied) 

Siblings only 
included in the Sib 
analysis 
(Restriction applied) 

Previous results Part 1 Part 2 Part 3 
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Analysis on individuals 

Part 1: Full proband analysis (ignoring the Siblings)  

The full data set includes records on 29,615 individuals including 8585 probands and 21030 

siblings. Burgess et al. used all 8585 probands to explore the eczema-asthma association. my 

analysis begins by attempting to reproduce the results by Burgess et al. on all 8585 probands, 

ignoring their siblings if they have any. We do this to ensure that we get similar results to 

Burgess et al. when our sample of proband-sibling pairs is reduced to probands only, so that 

we may place the results of our analysis of paired data alongside the results of the proband-

only analysis published by Burgess et al. as a “like for like” comparison.   

 

The number of probands with information on all relevant variables was a little bit smaller in 

our data set - there are 50 probands for whom complete information is not available in our 

dataset compared with the previous analysis performed by Burgess et al. It may be the result 

of using the data from 1974, the very next follow-up study on probands, to validate 

misreporting on disease status while defining variables. Parents response from 1968 was 

matched to the response from 1978 data. All the counts on eczema status, which are very 

similar to those in Burgess et al., are presented in Table A1. 

Table A 1: Comparing counts between Burgess et. Al. and our findings 

 Burgess’s count My count on original data 

Never eczema 3346 / 5729 3296 / 5674 

Lifetime eczema 2383 / 5729 2378 / 5674 

             Childhood eczema   796 / 5729   791 / 5674 

             Later-onset eczema 1587 / 5729  1587 / 2378 

 

Probands

N=8585

Siblings

N=21030
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Since probands are more thoroughly followed up and examined on every decade since 1968, 

Burgess et al. were able to use data from 1978 to define and check some of the variables used 

in their study. They also explored the risk of asthma incidence at three different life stages 

depending on childhood eczema using those data collected in between 1968 and 2004-07. 

Necessarily some of the variable definitions will be different in my analyses than they were in 

Burgess et al. since I was restricted to using information that is available on both probands 

and siblings, not just probands alone. A summary of the differences between the analysis of 

Burgess et al. and our proposed analysis are presented in Table A2: 

Table A 2: Similarity and dissimilarity between Burgess et al. analysis and our analysis: 

 Burgess’s analysis Khan’s analysis 

Data Only on probands Only on probands 
Both probands and their siblings 

Year 1968, 1974, 2004 Only 1968 and 2004-07 

Age  No age restrictions are applied 6-year age restriction to be applied 
on sibling’s age to maintain 
exposure similarity 

Exposure Child eczema (if a child has 
infantile and/or flexural eczema in 
1968) 
Infantile eczema 
Flexural eczema 
 

Child eczema (if a child has 
infantile and flexural eczema in 
1968) 
Infantile eczema 
Flexural eczema 
 

Outcome Incidence asthma 
Persisting and remitting asthma 
Based on 2004 
No last attack in 2 years 

Incidence asthma 
 
Based on 2004 
No last attack in 1 years 

Statistical Methods Multivariable logistic regression 
Cox proportional hazards 
regression 

Multivariable logistic regression 
 
 
Conditional logistic regression 
Between-within regression 

   

Covariates Hay fever68 
Hay fever 2004 
Food allergy in 1968 
Smoking at 45 (5 levels) 
passive smoking at age 44 
SES 1968 
SES 2004 
Lung function in childhood 
Impaired lung function at 7 
Hives in 1968 
N/A 

Hay fever68 
Hay fever 2004-07       
Food allergy in 1968 
Smoking at 45+ (4 levels) 
passive smoking at age 44-71 
SES 1968 
SES 2004 
N\A 
N\A 
N\A 
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N/A 

Mother’s and father’s smoking in 
1968 
Mother’s and father’s asthma 
history in 1968 
 
 

 

Burgess et al. reported the asthma incidence between age 8 years and age 44 years to be 

nearly twice as high in those with childhood eczema, compared to those with no history of 

eczema (Table A3). The estimates are from mutually adjusted models that included as 

covariates the presence of allergic rhinitis, food or medicine allergy, and urticaria, all by age 

7 years; impaired lung function at age 7 years; and sex of the participant. I adjusted for slightly 

fewer variables in order to be able to compare this result to the findings from the subsequent 

analysis of sibship data. The estimated incidence using our data is more than two times higher 

in those with childhood eczema, compared to those with no history of eczema. Clearly 

childhood eczema remains associated with an increased risk of incident asthma in adult life 

even following the restrictions we have placed on our data structure.  

Table A 3: Childhood eczema and asthma incidence after age 7 to age 44 years 

 Burgess’s result 
OR (95% CI) 

Model adjusted for Our result on original 
data OR (95% CI) 

Model adjusted 
for 

Childhood 
eczema 
& 
Asthma incidence 

1.98 (1.63 – 
2.40) 

allergic rhinitis 
food allergy  
urticaria 
sex 
childhood lung 
infection 
impaired lung 
function at age 7 
years 

2.15 (1.74, 2.67) Allergic rhinitis 
food allergy  
sex 
 

The number of persistent and remittent asthma are very close to those reported by Burgess 

et al. as the same criterion was used to define these variables. The distribution of childhood 

eczema and persisting or remitting asthma from both studies to age 44 years that began 

before age 7 years is shown in Table A4. 
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Table A 4: Eczema and childhood-onset asthma persisting and remitting by middle age 

 

Childhood eczema was associated with asthma persisting from childhood to middle age 

compared with childhood asthma that remitted by middle age, with unadjusted estimated 

relative risk of 1.80 and 95% CI (1.19, 2.11). The association was, however, attenuated (i.e. 

the magnitude was made smaller) when allergic rhinitis was added to the model (adjusted 

relative risk, 1.48; 95% CI, 1.27 -1.70). These results are very similar to those of Burgess et al. 

Table A 5: Eczema and childhood-onset asthma persisting and remitting by middle age 

 Results from Burgess et al 
crude relative risk (95% CI) 

Results from part 1 
crude relative risk (95% CI) 

Childhood eczema 
& 
Persistent asthma and  
Remittent Asthma 

1.54 (1.16, 2.04) 
 unadjusted 
 
1.29 (0.97, 1.70) 
Adjusted 

1.80 (1.19,2.11) 
unadjusted 
 
1.48 (1.27,1.73) 
Adjusted 

Part 2: Probands only included in the Sib analysis (Restriction applied) 

The second part of our analysis uses only a subset of all probands used in the part 1 of the 

analysis that was presented above. The probands we consider here are those who will be 

included in the final sib-pair analysis, namely those probands who satisfy the criterion of 

having at least one sibling whose age is not more than six years different to their own age at 

Burgess et al. Persistent 
asthma 

Remit 
asthma 

Part 1 Persistent 
asthma 

Remit 
asthma 

Eczema phenotype   Eczema phenotype   

Childhood eczema 
(n=796) 

73 193 Childhood eczema 
(n=791) 

73 190 

Later-onset eczema 
(n=1587) 

77 190 Later-onset eczema 
(n=1587) 

77 190 

Never Eczema  
(n= 3346) 

82 379 Never Eczema 
(n= 3296) 

80 375 

Total  
(n= 5729) 

232 762 Total  
(n= 5674) 

230 755 
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recruitment. In the final sib-pair analysis, those probands without siblings, or probands that 

only have siblings who are more than 6 years younger than them (very few, since the 

probands were aged seven in 1968, so their already-born siblings cannot be more than 7 years 

younger at the time of recruitment) or more than six years older than them will not be 

included in the analysis of paired data. This reduces by about 800 the number of probands 

contributing data to the paired analysis and, consequently, a smaller set of “active” probands 

than those featured in the analyses of Burgess et al. We attempted similar calculations and 

analyses on this reduced sample as reported by Burgess et al. for all probands. 

Table A 6: Comparing counts between Burgess et al and my findings 

Burgess’s count Count for part 1 Count for part 2 

Never eczema 3346 / 5729 3296 / 5674 2825 / 4890 

Lifetime eczema 2383 / 5729 2378 / 5674 1865 / 4890 

 Childhood eczema   796 / 2383   791 / 2378 710 / 1865 

 Later-onset eczema 1587 / 2383 1587 / 2378 1155 / 1865 

In the following table, the estimated adjusted incidence rate shows that the increased risk of 

getting asthma in adult life in those with childhood eczema is more than twice the 

corresponding risk for those with no history of eczema.  

Table A 7: Childhood eczema and asthma incidence after age 7 to age 44 years 

Part 1 
OR (95% CI) 

Model adjusted 
for 

Part 2 
OR (95% CI) 

Model adjusted for 

Childhood eczema 
& 
Asthma incidence 

2.15 (1.74, 2.67) allergic rhinitis 
sex 

2.16(1.76, 2.56) allergic rhinitis 
sex 

Probands 
N=8585

Probands 
N=7801

Siblings 

N=21030 
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The distribution of childhood eczema and persisting or remitting asthma to age 44 years that 

began before age 7 years from both Burgess et al.  and our own age-restricted data structure 

is shown in Table A7. 

Table A 8: Eczema and childhood-onset asthma persisting and remitting by middle age 

Childhood eczema was associated with asthma persisting from childhood to middle age 

compared with childhood asthma that remitted by middle age (unadjusted relative risk 1.66, 

95% C (1.45, 1.92)). The association was, however, no longer significant when allergic rhinitis 

was added to the model (adjusted relative risk, 1.48; 95% CI, 1.27-1.72).  

Table A 9: Eczema and childhood-onset asthma persisting and remitting by middle age 

 Part 1 
relative risk  
(95% CI) 

Results from Part 2 
relative risk  
(95% CI) 

Childhood eczema 
& 
Persistent asthma and Remittent Asthma 

1.80 (1.19,2.11) 
unadjusted 
 
1.48 (1.27,1.73) 
Adjusted 

1.66 (1.45,1.92) 
unadjusted 
 
1.48; (95% CI, 1.27-1.72) 
adjusted 

Part 3: Siblings only included in the Sib analysis (Restriction applied) 

Our third comparison uses only those siblings who will be included in the final sib-pair analysis 

after applying the age restriction. In other words, we work here with the age-restricted set of 

Part 1 Persistent 
asthma 

Remit. 
asthma 

Part 2 Persistent 
asthma 

Remit. 
asthma 

Eczema phenotype   Eczema phenotype   

Childhood eczema 
(n=791) 

73 190 Childhood eczema 
(n=791) 

61 166 

Later-onset eczema 
(n=1587) 

77 190 Later-onset eczema 
(n=1587) 

65 167 

Never Eczema 
(n= 3296) 

80 375 Never Eczema 
(n= 3296) 

70 318 

Total 
(n= 5674) 

230 755 Total 
(n= 5674) 

196 651 
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siblings who form pairs with the subset of probands in Part 2 above. Once again, we 

performed similar calculations and analyses using this sample of siblings for comparison to 

both the our own proband analyses above and those published previously by Burgess et al. 

Table A 10: Counts of Probands and their siblings  

 Proband Siblings 

Never eczema 2825 / 4890 5465 / 8650 

Lifetime eczema 1865 / 4890 3185 / 8650 

             Childhood eczema 710 / 1865 1211 / 3185 

             Later-onset eczema 1155 / 1865 1974 / 3185 

 

 

The size of the age-restricted sample of siblings with a recorded the history of eczema is 

almost double the sample size of the corresponding probands, that is, on average each 

proband contributing data to our sib-pair analysis is matched with two siblings within the 

appropriate age range. About 63% of the siblings had no history of eczema. Of the remaining 

37% with a lifetime history of eczema, 38% had eczema in childhood eczema 62% got eczema 

for the first time in adult life. 

In the following table, the adjusted estimated incidence rate shows there exists an increased 

risk of getting asthma in adult life for those with childhood eczema, compared to those with 

no history of eczema. The estimate is only adjusted for hay fever in 1968 and gender. 

Table A 11: Childhood eczema and asthma incidence after age 7 to age 44 years 

 Part 1 
OR (95% CI) 

Model 
adjusted for 

Part 2 
OR (95% CI) 

Model 
adjusted for 

Part 3 
OR (95% CI) 

Model 
adjusted for 

Childhood 
eczema 
& 
Asthma 
incidence 

2.15 
(1.74, 2.67) 

allergic rhinitis 
 
sex 
 

2.16 
(1.76, 2.56) 

allergic rhinitis 
 
sex 
 

2.09  
(1.65-2.66) 
 
 
 

Allergic rhinitis  
 
sex 
 

Probands 
N=8585

Probands 
N=7801

Siblingss 
N=21030

Siblings 
N= 15336 
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The distribution of childhood eczema and persisting or remitting asthma from both Burgess 

et al. and our own data to age 44 years that began before age 7 years is shown in Table 12. 

Table A 12: Eczema and childhood-onset asthma persisting and remitting by middle age 

compared with childhood asthma that remitted by middle age – the unadjusted estimated 

relative risk is 1.83, with 95% CI (1.83,1.99). The association was, however, somewhat smaller 

when allergic rhinitis was added to the model – the adjusted estimated relative risk is 1.68 

with 95% CI (1.53, 1.84). 

Table A 13: Eczema and childhood-onset asthma persisting and remitting by middle age 

 Part 2 
relative risk (95% CI) 

Part 3 
relative risk (95% CI) 

Childhood eczema 
& 
Persistent asthma and Remittent Asthma 

1.80 (1.45,1.92) 
unadjusted 
 
1.48 (1.27,1.72) 
Adjusted 

1.83 (1.68,1.99)  
unadjusted 
 
1.68 (1.53,1.84) 
adjusted 

Results from individual analysis: 

Table A 14: Individual analysis on incident asthma and persistent and remittent asthma at 

adult life 

Individual analysis 

Childhood eczema & asthma incidence at average age 45 

Burgess et al. 
OR (95% CI) 

All probands 
OR (95% CI) 

Probands in paired analysis 
OR (95% CI) 

Siblings in paired analysis 
OR (95% CI) 

1.98 (1.63 – 2.40) 2.15(1.74 – 2.67) 2.16 (1.75 – 2.67) 2.09 (1.65-2.66) 

Childhood eczema & asthma persistent and remittent at average age 45 

1.54 (1.16-2.04) 1.80 (1.19,2.11) 1.66 (1.45-1.92) 1.83 (1.68,1.99)  

Probands  Persistent 
asthma 

Remit asthma Siblings Persistent 
asthma 

Remit asthma 

Eczema phenotype   Eczema phenotype   

Childhood eczema 
(n=710) 

73 193 Childhood eczema  
(n =1211) 

105 227 

Later-onset eczema 
(n=1155) 

77 190 Later-onset eczema  
(n = 1974) 

67 138 

Never Eczema  
(n= 2825) 

82 379 Never Eczema 
(n = 5465) 

70 383 

Total  
(n= 4890) 

232 762 Total  
(n = 8650) 

242 748 
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Appendix 2 - Tables for choosing age gap  

 For 57 participants information is missing entirely with ten sibs who do not fall within the 

chosen age gap. With 5,846 probands, only probands fall within the specified one-year age 

gap; his/their 13,268 siblings do not fall within the age gap range. Two thousand two hundred 

fifty-seven probands have one sib within the one-year age gap range so that we can form at 

least 2,257 pairs of siblings including proband. Two hundred eighty-one probands can form 2 

sib-pairs, and six probands have three siblings within the age range.  

Table A 14: No. of siblings including probands within the one-year age gap 

Sib per family Proband Sib . Total 

0 0 10 57 67 

1 5,846 13,268 273 19,387 

2 2,257 6,543 35 8,835 

3 281 1,012 3 1,296 

4 6 24 0 30 

Total 8,390 20,857 368 29,615 

 

To identify unique proband-sib pair of a specific age range (−2 ≤ 𝑝𝑟𝑜𝑏𝑎𝑛𝑑 ≤ 2), we found 

out that for 60-person information is missing or does not fall within the age range entirely. 

Only 3,243 probands fall within the specified two-years age gap whose siblings are 

older/younger than the chosen age range. Three thousand six hundred three probands have 

one sib within the two-years age gap so that we can form 3,603 unique proband-sib pair. We 

can form at least 1,331 pairs of siblings including proband with two sibs, 196 probands can 

form 3 sib-pairs and 17, probands have four siblings within the age range.   

Table A15: No. of siblings including probands within the two-year age gap 

Sib per family Proband Sib . Total 

0 0 3 57 60 

1 3,243 6,314 252 9,809 

2 3,603 8,968 43 12,614 

3 1,331 4,560 15 5,906 

4 196 929 1 1,126 

5 17 83 0 100 

Total 8,390 20,857 368 29,615 
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Again, similar calculations were performed to create variables to identify unique proband-sib 

pair of a specific age range (−3 ≤ 𝑝𝑟𝑜𝑏𝑎𝑛𝑑 ≤ 3). The following table represents the number 

of siblings each family has with an age gap of 3 years with the proband.  The 2,097 probands 

fall within the specified three-years age gap whose siblings cannot be included here. Three 

thousand four hundred forty-three probands have one sib within the three-years age gap so 

that we can form 3,443 unique proband-sib pair. We can form at least 2,047 pairs of siblings 

including proband with two sibs, 646 probands can form 3 sib-pairs, 139 probands have four 

siblings within the age range, 17 probands have five sibs, and one proband has six sibs within 

the age range. 

Table A16 No. of siblings including probands within the three- year age gap 

Sib per family Proband Sib . Total 

0 0 0 57 57 

1 2,097 3,514 242 5,853 

2 3,443 7,456 39 10,938 

3 2,047 6,290 22 8,359 

4 646 2,746 6 3,398 

5 139 730 2 871 

6 17 113 0 130 

7 1 8 0 9 

Total 8,390 20,857 368 29,615 

 

The table represents the number of siblings each family has with an age gap of 4 years (−4 ≤

𝑝𝑟𝑜𝑏𝑎𝑛𝑑 ≤ 4) with the proband.  With 1,536 probands and their 3,514 siblings, only 

probands fall within the specified four-years age gap. Three thousand and one probands have 

one sib within the four-years age gap so that we can form 3,001 unique proband-sib pair. We 

can form at least 2,402 pairs of siblings including proband with two sibs, 1,037 probands can 

form 3 sib-pairs, 317 probands have four siblings within the age range, 86 probands have five 

sibs, eight probands have six sibs, and three probands have seven sibs within the age range. 

Table A17: No. of siblings including probands within the four-year age gap 

Sib per family Proband Sib . Total 

0 0 0 57 57 

1 1,536 2,136 237 3,909 

2 3,001 5,826 30 8,857 

3 2,402 6,677 25 9,104 

4 1,037 3,999 11 5,047 
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5 317 1,603 7 1,927 

6 86 533 1 620 

7 8 55 0 63 

8 3 28 0 31 

Total 8,390 20,857 368 29,615 

 

For unique proband-sib pairs of a specific age range (−5 ≤ 𝑝𝑟𝑜𝑏𝑎𝑛𝑑 ≤ 5), the table 

represents the number of siblings each family has with an age gap of 5 years with the proband.  

With 1,229 probands and their 1,394 siblings, only probands fall within the specified five-

years age gap. Two thousand five hundred eighty-five probands have one sib within the five-

years age gap so that we can form 2,585 unique proband-sib pair. We can form at least 2,571 

pairs of siblings including proband with two sibs, 1,304 probands can form 3 sib-pairs, 478 

probands have four siblings within the age range, 179 probands have 5 sibs, 36 proband have 

6 sibs, 7 probands have 7 sibs and 1 proband has 9 sibs within the age range. 

Table A18: No. of siblings including probands within the five-year age gap 

 Sib per family Proband Sib . Total 

0 0 0 57 57 

1 1,229 1,394 229 2,852 

2 2,585 4,456 37 7,078 

3 2,571 6,663 24 9,258 

4 1,304 4,694 8 6,006 

5 478 2,255 7 2,740 

6 179 1,070 6 1,255 

7 36 264 0 300 

8 7 49 0 56 

10 1 12 0 13 

Total 8,390 20,857 368 29,615 
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Appendix 3 - Computer codes  

Variable creation  
gen infantileEczema= babecz68 
replace infantileEczema = seczinf if idnumber > 8585 
label define infantileEczema  0 "No" 1 "Yes" 
label values infantileEczema infantileEczema  
 
** Creating variable "EverEczema" by combining variables "ps_2" and "sib2007_ps_11"  
**for proband and sibling based on question "Have you ever had eczema or any kind of skin allergy?" 
gen EverEczema= ps_2 
replace EverEczema = sib2007_ps_11 if idnumber > 8585 
replace EverEczema = 0 if EverEczema==. & infantileEczema==0 
replace EverEczema = 0 if EverEczema==. & FlexEczema==0 
replace EverEczema = 1 if EverEczema==0 & infantileEczema==1 
replace EverEczema = 1 if EverEczema==0 & FlexEczema==1 
label define EverEczema  0 "No" 1 "Yes" 
label values EverEczema EverEczema 
 
** Creating variable "FlexEczema" by combining variables "jntecz68" and "seczcre"  
**for proband and sibling based on question "has he/she had eczema in the creases......" 
 
gen FlexEczema= jntecz68 
replace FlexEczema = seczcre if idnumber > 8585 
label define FlexEczema  0 "No" 1 "Yes" 
label values FlexEczema FlexEczema  
 
** food allergy based on 2004-07 questionnaire 
 
gen foodallergy= ps_1a 
replace foodallergy = sib2007_ps_7a if idnumber > 8585  
label define foodallergy  0 "No" 1 "Yes" 
label values foodallergy foodallergy 
 
** asthma based on 1968 questionnaire 
gen Asthma68= asthma68 
replace Asthma68 = sasthma if idnumber > 8585  
label define Asthma68  0 "No" 1 "Yes" 
label values Asthma68 Asthma68 
 
** Everasthmawheeze based on 2004-07 questionnaire 
*gen Everasthmawheeze= ps_10 
*replace Everasthmawheeze = sib2007_ps_20 if idnumber > 8585  
*label define Everasthmawheeze  0 "No" 1 "Yes" 
*label values Everasthmawheeze Everasthmawheeze 
 
** Everasthma (doctor diagnosed for sib) based on 2004-07 questionnaire 
gen Everasthma= ps_10 
replace Everasthma = sib2007_ps_21 if idnumber > 8585 
replace Everasthma = 0 if Everasthma==. & Asthma68==0 
replace Everasthma = 1 if Everasthma==0 & Asthma68==1 
replace Everasthma=. if Everasthma==9999 
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label define Everasthma  0 "No" 1 "Yes" 
label values Everasthma Everasthma 
 
** Age onset of asthma based on 2004-07 questionnaire 
gen AgeonsetAsthma= ps_10_1 
replace AgeonsetAsthma = sib2007_ps_20_1 if idnumber > 8585 
 
 
** last attack of asthma within one year based on 2004-07 questionnaire 
gen last_attack_asthma= ps_10_2 
replace last_attack_asthma = sib2007_ps_20_3 if idnumber > 8585  
replace last_attack_asthma=0 if ps_10_2== 3 
replace last_attack_asthma=0 if ps_10_2== 2 
replace last_attack_asthma=. if sib2007_ps_20_3== 9999 
label define last_attack_asthma  0 "No" 1 "Yes" 
label values last_attack_asthma last_attack_asthma  
 
** Bronchitis based on 1968 questionnaire 
gen Bronchitis68= bcsatk68 
replace Bronchitis68 = sbronch if idnumber > 8585 
label define Bronchitis68  0 "No" 1 "Yes" 
label values Bronchitis68 Bronchitis68 
 
** doctordiagnosed bronchitis based on 2004-07 questionnaire 
gen DocBronchitis2004_7= ps_14a 
replace DocBronchitis2004_7 = sib2007_ps_22 if idnumber > 8585  
label define DocBronchitis2004_7  0 "No" 1 "Yes" 
label values DocBronchitis2004_7 DocBronchitis2004_7 
 
** Age onset Bronchitis based on 2004-07 questionnaire 
gen AgeonsetBronchitis= ps_14b 
replace AgeonsetBronchitis = sib2007_ps_22_1 if idnumber > 8585  
 
 
** Hay fever based on 1968 questionnaire 
gen Hayfever68= hayattk68 
replace Hayfever68 = shayfev  if idnumber > 8585  
label define Hayfever68  0 "No" 1 "Yes" 
label values Hayfever68 Hayfever68 
 
 
** Evere Hay fever based on 2004-07 questionnaire 
gen EverHayfever2004_07= ps_3 
replace EverHayfever2004_07 = sib2007_ps_8  if idnumber > 8585  
label define EverHayfever2004_07  0 "No" 1 "Yes" 
label values EverHayfever2004_07 EverHayfever2004_07 
 
 
** Cold head based on 1968 questionnaire 
gen Coldhead68= coldhed68 
replace Coldhead68 = scldhed  if idnumber > 8585  
label define Coldhead68  0 "No" 1 "Yes" 
label values Coldhead68 Coldhead68 
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** Wheeze or whistling based on 2004-07 
gen Wheeze= ps_17 
replace Wheeze = sib2007_ps_14  if idnumber > 8585  
label define Wheeze  0 "No" 1 "Yes" 
label values Wheeze Wheeze  
 
** Wheeze with breathlessness based on 2004-07 
gen Wheeze_brthlesnes= ps_17_1 
replace Wheeze_brthlesnes = sib2007_ps_14_1  if idnumber > 8585  
label define Wheeze_brthlesnes  0 "No" 1 "Yes" 
label values Wheeze_brthlesnes Wheeze_brthlesnes  
 
** Wheeze without cold based on 2004-07 
gen Wheeze_no_cold= ps_17_2 
replace Wheeze_no_cold = sib2007_ps_14_2  if idnumber > 8585  
label define Wheeze_no_cold  0 "No" 1 "Yes" 
label values Wheeze_no_cold Wheeze_no_cold 
 
 
** phlegm based on 2004-07 questionnaire 
*gen phlegm= ps_8 
*replace phlegm = sib2007_ps_18  if idnumber > 8585  
*label define phlegm  0 "No" 1 "Yes" 
*label values phlegm phlegm 
 
** cough with phlegm based on 2004-07 questionnaire 
*gen Coughphlegm= ps_9 
*replace Coughphlegm = sib2007_ps_19  if idnumber > 8585  
*label define Coughphlegm  0 "No" 1 "Yes" 
*label values Coughphlegm Coughphlegm 
 
gen Eversmoker= ps_20 
replace Eversmoker = sib2007_ps_27  if idnumber > 8585 
label define Eversmoker  0 "No" 1 "Yes" 
label values Eversmoker Eversmoker 
 
**  current smoker 
gen Currentsmoker= ps_20_2 
replace Currentsmoker = sib2007_ps_27_2  if idnumber > 8585  
label define Currentsmoker  0 "not at all" 1 "yes, daily" 2 "yes, at least weekly" 3 "yes, less than 
weekly" 
label values Currentsmoker Currentsmoker Currentsmoker Currentsmoker 
 
** smoking starting age 
gen Smoking_start_age= ps_20_1  
replace Smoking_start_age = sib2007_ps_27_1  if idnumber > 8585 
 
** smoking stopping age 
gen Smoking_stop_age= ps_20_3 
replace Smoking_stop_age = sib2007_ps_27_3  if idnumber > 8585 
 
** father's smoking from sib study 
 
*gen father_smoke_age1= sib2007_ps_38_1 
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*replace father_smoke_age1= sib2007_ps_38_1 if idnumber <= 8585 & familyid == 
 
* Highest education/ vocational qualification based on 2004-07 
gen High_education= ps_27 
replace High_education = sib2007_ps_4  if idnumber > 8585  
label define High_education  1 "grade 1-6" 2 "grade 7-9" 3 "grade 10-11" 4 "grade 12 or equiv" 5 
"Trade" 6 "certificate or diploma" 7 "univ degree" 8 "higher univ degree" 
label values High_education High_education High_education High_education High_education 
High_education High_education High_education 
 
* employment 
gen employment= ps_28 
replace employment = sib2007_ps_5  if idnumber > 8585 
replace employment = 2 if ps_28==3  
replace employment = 2 if ps_28==4 
replace employment = 2 if ps_28==5 
replace employment = 2 if ps_28==7 
replace employment = 3 if ps_28==2 
replace employment = 4 if ps_28==6 
replace employment = . if sib2007_ps_5==9999 
label define employment  1 "yes" 2 "no" 3 "no, studying" 4 "no, retired" 
label values employment employment employment employment 
* codebook ps_28 sib2007_ps_5 employment 
 
* main occupation 
gen Occupation= ps_29 
replace Occupation= sib2007_ps_6 if idnumber > 8585 
 
** Creating age variable 
sort idnumber 
** age is calculated using date of birth and keeping the 1st of July,1961 as a base year.  
** which will give approximately 0 value for all probands and ssibling's age  
** will be either positive or negative with the number of age gap from the probands 
gen age = ( td(1Jul1961)-DOB)/365.25 
hist age 
gen age_round =round(age) 
** check if all the age are correctly identified 
gen age_corrected= age_round 
list age_corrected if age_corrected == 0 & idnumber > 8585 
list age_corrected if age_corrected != 0 & idnumber <= 8585 
replace age_corrected= 0 if idnumber ==  541 
replace age_corrected= 0 if idnumber ==  1731 
replace age_corrected= 0 if idnumber ==  2116 
replace age_corrected= 0 if idnumber ==  2380 
replace age_corrected= 0 if idnumber ==  3195 
replace age_corrected= 0 if idnumber ==  4439 
replace age_corrected= 0 if idnumber ==  4641 
replace age_corrected= 0 if idnumber ==  5133 
replace age_corrected= 0 if idnumber ==  5808 
replace age_corrected= 0 if idnumber ==  5812 
replace age_corrected= 0 if idnumber ==  5997 
replace age_corrected= 0 if idnumber ==  6000 
replace age_corrected= 0 if idnumber ==  6168 
replace age_corrected= 0 if idnumber ==  6805 
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replace age_corrected= 0 if idnumber ==  7252 
replace age_corrected= 0 if idnumber ==  7665 
replace age_corrected= 0 if idnumber ==  7774 
replace age_corrected= 0 if idnumber ==  8340 
replace age_corrected= 0 if idnumber ==  8393 
 
list age_corrected if age_corrected != 0 & idnumber <= 8585 
tab age_corrected if idnumber<=8585, missing 
* 58 proband info is pending, so no data is available 
* we have data on 8583-58= 8527 probands   
 
list age_corrected if age_corrected == . & idnumber > 8585 
tab age_corrected if idnumber > 8585, missing 
replace age_corrected=. if age_corrected ==-60 
replace age_corrected=. if age_corrected ==-61 
tab age_corrected if idnumber > 8585, missing 
 
tab age_corrected, missing 
* 190 siblings don't have their birth information 
** Total of di 29615-248= 29367 data are available initially 
hist age_corrected,   xtitle("Age gap from Proband") width(2) col(blue)  
 
gen Age_all=age_corrected 
 
* scenerio where keeping only those who are 2 years younger or older than probands 
gen Age_gap_two= age_corrected 
replace Age_gap_two= . if age_corrected > 2  
replace Age_gap_two= . if age_corrected <- 2  
* checking any miss identified data 
list idnumber if birth68 != . & Age_gap_two ==1 
list idnumber if birth68 != . & Age_gap_two ==2 
list idnumber if birth68 != . & Age_gap_two ==-2 
list idnumber if birth68 != . & Age_gap_two ==-1 
 
** Creating Variable Proband ( proband==1, Sibling==2) 
gen Family= familyid 
gen Proband= idnumber 
replace Proband=1 if idnumber <= 8585 
replace Proband=2 if idnumber >8585 
replace Proband=. if mhyob68==. & idnumber <= 8585 
replace Proband=. if DOB==. & idnumber > 8585 
label define Proband  2 "Sib" 1 "Proband" 
label values Proband Proband 
 
** identifying those with 5 year age gap from the proband 
gen lesseq_five= age_corrected 
replace lesseq_five= 1 if age_corrected <= 5  
replace lesseq_five= 1 if age_corrected >= -5 
replace lesseq_five= 0 if age_corrected > 5  
replace lesseq_five= 0 if age_corrected < -5 
tab lesseq_five 
 
bysort familyid: egen famsize6= sum (lesseq_six) 
tab famsize6, missing 
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tab famsize6 Proband, missing 
tab famsize6 if famsize6==Proband 
 
** Creating variable twinproband which represents all the twin probands 
** Creating variable multi which represents all twins in the data set 
 
sort familyid DOB 
egen c = tag(familyid idnumber) 
replace c=. if Proband==. 
bysort familyid: egen fam1size = total(c) 
bysort familyid  DOB:  egen byte count = total(c) 
bysort familyid (DOB): generate byte r = sum(c) 
replace r =. if Proband==. 
bysort familyid  DOB:  egen byte rank = min(r) 
replace rank =. if Proband==. 
bysort familyid rank : gen multi = _N  
replace multi =. if Proband==. 
gen twinproband= multi 
replace twinproband= 0 if multi==1 
replace twinproband= 1 if multi== 2 
replace twinproband= 0 if Proband==2 
 
** Asthma  
gen asthma_status=Everasthma 
replace asthma_status =1  if Everasthma==0 & Asthma68==1 
tab asthma_status 
 
gen childasthma=asthma_status 
replace childasthma=-1  if asthma_status==1 & Asthma68==1 
replace childasthma=2  if asthma_status==1 & Asthma68==0 
replace childasthma=.  if childasthma==1 
replace childasthma=1  if childasthma==-1 
tab childasthma,missing 
tab childasthma 
 
gen incident_asthma=childasthma 
replace incident_asthma=. if childasthma==1 
tab incident_asthma 
 
gen asthma_status1= childasthma 
replace asthma_status1=3  if asthma_status1 == 1 &  last_attack_asthma== 1 
replace asthma_status1=3  if asthma_status1 == 1 &  last_attack_asthma== 2 
replace asthma_status1=4  if asthma_status1 == 1 &  last_attack_asthma== 3 
replace asthma_status1=4  if asthma_status1 == 1  
label values asthma_status1 asthma_status1 asthma_status1 asthma_status1 
tab asthma_status1 
 
gen persist_asthma= asthma_status1 
replace persist_asthma=1 if asthma_status1==3 
replace persist_asthma=. if asthma_status1==2 
replace persist_asthma=. if asthma_status1==4 
tab persist_asthma 
 
gen remit_asthma= asthma_status1 



235 

 

replace remit_asthma=1 if asthma_status1==4 
replace remit_asthma=. if asthma_status1==2 
replace remit_asthma=. if asthma_status1==3 
tab remit_asthma 
 
*** smoking daily 
gen Smoking_daily= ps_20_2_1a 
replace Smoking_daily = sib2007_ps_27_2_1a  if idnumber > 8585 
tab Smoking_daily 
 
** smoking at least weekly 
gen Smoking_least_weekly= ps_20_2_1b 
replace Smoking_least_weekly = sib2007_ps_27_2_1b  if idnumber > 8585 
tab Smoking_least_weekly 
 
 
** smoking less than weekly 
gen Smoking_less_than_weekly= ps_20_2_1c 
replace Smoking_less_than_weekly= sib2007_ps_27_2_1c  if idnumber > 8585 
tab Smoking_less_than_weekly 
 
gen smoking = Eversmoker 
replace smoking = 1 if Currentsmoker==0 & Eversmoker==1 
replace smoking = 1 if Smoking_stop_age~=. 
replace smoking = 2 if Currentsmoker~=0 & Currentsmoker~=. 
replace smoking = 2 if Smoking_daily~=. 
replace smoking = 2 if Smoking_least_weekly~=. 
replace smoking = 2 if Smoking_less_than_weekly~=. 
label variable smoking "Smoking status at postal survey (SK)" 
label define smoking 0"Never" 1"Past (not within 4 weeks)" 2"Current (last 4 weeks)" 
label values smoking smoking smoking 
tab smoking 
 
gen current_wheeze= Wheeze_no_cold 
replace current_wheeze=0 if Wheeze==0 
replace current_wheeze=0 if Wheeze==9999 
replace current_wheeze=0 if Wheeze_no_cold==9999 
tab current_wheeze 
 
tab current_asthma Wheeze_no_cold 
gen current_asthma_wheeze=current_asthma 
replace current_asthma_wheeze=1 if Wheeze_no_cold==1 & current_asthma==0 
tab current_asthma_wheeze 
 
***Parental smoking as a confounder 
egen parental_smoking=group(msmoke68 fsmoke68) 
recode parental_smoking 1=0 2=1 3=2 4=3 
label variable parental_smoking "Parental smoking status" 
label define parental_smoking 0 "Never" 1 "Father only" 2 "Mother only" 3 "Both" 
label values parental_smoking parental_smoking 
 
***Spirometrically defined COPD (TAHS-5 data) 
*LLN 
gen zfevfvc_post_LLN5 = zfevfvc_post 
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replace zfevfvc_post_LLN5=1 if zfevfvc_post<-1.645  
replace zfevfvc_post_LLN5=0 if zfevfvc_post>=-1.645  
label variable zfevfvc_post_LLN5 "Post-BD airflow obstruction TAHS-5 2006-2010" 
label define zfevfvc_post_LLN5 0"No" 1"Yes" 
label values zfevfvc_post_LLN5 zfevfvc_post_LLN5 
tab zfevfvc_post_LLN5 
 
*gen zfevfvc06_postLMS_LLN5 = zfevfvc_post<-1.645 if zfevfvc_post~=. 
*label variable zfevfvc06_postLMS_LLN5 "Post-BD airflow obstruction TAHS-5 2006-2008" 
*label define zfevfvc06_postLMS_LLN5 0"No" 1"Yes" 
*label values zfevfvc06_postLMS_LLN5 zfevfvc06_postLMS_LLN5 
*tab zfevfvc06_postLMS_LLN5 
 
*GOLD 
tab fevfvc_post 
gen fevfvc_post_GOLD = 0 if fevfvc_post>=0.70 & fevfvc_post~=. 
replace fevfvc_post_GOLD = 1 if fevfvc_post<0.70 
label variable fevfvc_post_GOLD "Spirometrically defined COPD (GOLD, from calculated fevfvc_post)" 
label define fevfvc_post_GOLD 0"Normal" 1"Post-BD AO" 
label values fevfvc_post_GOLD fevfvc_post_GOLD 
tab fevfvc_post_GOLD 
 
*current asthma 
*------------------------------- 
gen Q15= q15 
replace Q15 = sLQ15 if idnumber > 8585 
label define  Q15  0 "No" 1 "Yes" 
label values  Q15  Q15 
tab  Q15,m 
gen Q15_6_8a= q15_6_8a  
replace Q15_6_8a = sLQ15_6_8A if idnumber > 8585 
label define  Q15_6_8a  0 "No" 1 "Yes" 
label values  Q15_6_8a Q15_6_8a 
tab  Q15_6_8a,m 
*------current asthma clinical---------- 
gen asthma_symptoms_last_year =. 
 
replace asthma_symptoms_last_year = 0 if q15==0 
replace asthma_symptoms_last_year = 0 if sLQ15==0 
replace asthma_symptoms_last_year = 1 if q15_4a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_4A==1 
replace asthma_symptoms_last_year = 1 if q15_5a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_5A==1 
replace asthma_symptoms_last_year = 1 if q15_6_1a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_6_1A==1 
replace asthma_symptoms_last_year = 1 if q15_6_2a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_6_1B==1 
replace asthma_symptoms_last_year = 1 if q15_6_3a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_6_3A==1 
replace asthma_symptoms_last_year = 1 if q15_6_4a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_6_4A==1 
replace asthma_symptoms_last_year = 1 if q15_6_5a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_6_5A==1 
replace asthma_symptoms_last_year = 1 if q15_6_6a==1 
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replace asthma_symptoms_last_year = 1 if sLQ15_6_6A==1 
replace asthma_symptoms_last_year = 1 if q15_6_7a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_6_7A==1 
replace asthma_symptoms_last_year = 1 if q15_7==1 
replace asthma_symptoms_last_year = 1 if sLQ15_7==1 
replace asthma_symptoms_last_year = 1 if q15_8==1 
replace asthma_symptoms_last_year = 1 if sLQ15_8==1 
replace asthma_symptoms_last_year = 1 if q15_9a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_9A==1 
replace asthma_symptoms_last_year = 1 if q15_11a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_11A==1 
replace asthma_symptoms_last_year = 1 if q15_12a1==1 
replace asthma_symptoms_last_year = 1 if sLQ15_12A==1 
replace asthma_symptoms_last_year = 1 if q15_13a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_13A==1 
replace asthma_symptoms_last_year = 1 if q15_141==1 
replace asthma_symptoms_last_year = 1 if sLQ15_141==1 
replace asthma_symptoms_last_year = 0 if q15_6_8a==1 & asthma_symptoms_last_year==. 
replace asthma_symptoms_last_year = 0 if sLQ15_6_8A & asthma_symptoms_last_year==. 
replace asthma_symptoms_last_year = 0 if q15_10a==0 & asthma_symptoms_last_year==. 
replace asthma_symptoms_last_year = 0 if sLQ15_10A==0 & asthma_symptoms_last_year==. 
replace asthma_symptoms_last_year = 1 if q15_10a==1 
replace asthma_symptoms_last_year = 1 if sLQ15_10A==1 
replace asthma_symptoms_last_year = 1 if q15_10a==3 
replace asthma_symptoms_last_year = 1 if sLQ15_10A==3 
replace asthma_symptoms_last_year = 1 if q15_10a==4 
replace asthma_symptoms_last_year = 1 if sLQ15_10A==4 
*recode  asthma_symptoms_last_year (.=0) 
label define asthma_symptoms_last_year 1"Symptoms last 12m" 0"No symptoms last 12m" 
label values asthma_symptoms_last_year asthma_symptoms_last_year 
tab asthma_symptoms_last_year if AGE~=.,m 
tab asthma_symptoms_last_year if AGE~=. & Q15==1,m 
tab Q15_6_8a Q15 if AGE~=.,m 
*Add medication to asthma symptoms 
gen current_asthma_04 = asthma_symptoms_last_year 
replace current_asthma_04 = 1 if (q23==1) 
replace current_asthma_04 = 1 if (sLQ23==1) 
replace current_asthma_04 = 1 if (q24_2>=54 & q24_2~=.) 
replace current_asthma_04 = 1 if (sLQ24_2>=54 & sLQ24_2~=.) 
replace current_asthma_04 = 1 if (q25==1) 
replace current_asthma_04 = 1 if (sLQ25==1) 
lab define current_asthma_04 1"Yes" 0"No" 
lab values current_asthma_04 current_asthma_04 
tab current_asthma_04 if AGE~=. 
 
*rural 
gen rural_all= . 
replace rural_all= 1 if rural=="Inner Regional Australia" 
replace rural_all= 2 if rural=="Outer Regional Australia" 
replace rural_all= 3 if rural=="Remote Australia" 
replace rural_all= 4 if rural=="Very Remote Australia" 
tab rural_all 
 
***Paired data creation 
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** creating variables to exapnd the data to pair-up probands with their siblings 
 
sort familyid Proband 
bys familyid: gen ordered= _n 
*replace ordered= 1 if Proband==1  
 
* creating a variable representing twin1, twin2 and sib 
gen sibordered=ordered  
replace sibordered=. if Proband==1 
replace sibordered=. if ordered==. 
replace sibordered=1 if ordered==3 
replace sibordered=2 if ordered==4 
replace sibordered=3 if ordered==5 
replace sibordered=4 if ordered==6 
replace sibordered=5 if ordered==7 
replace sibordered=6 if ordered==8 
replace sibordered=7 if ordered==9 
replace sibordered=8 if ordered==10 
replace sibordered=9 if ordered==11 
replace sibordered=10 if ordered==12 
replace sibordered=11 if ordered==13 
replace sibordered=12 if ordered==14 
 
gen twinid=string(ordered) 
replace twinid=  "twin"+ twinid if Proband==1 
replace twinid= "sib"+ string(sibordered) if Proband==2 
replace twinid="." if Proband==. 
 
* creating variable to expand the probands and siblings (only sib of twins) separately  
bys familyid: gen famsize = _N 
bysort familyid: egen twinprofamtag =  max(twinproband) 
gen siboftwinpro=2 if twinprofamtag ==1 & twinproband==0 
replace siboftwinpro=1 if twinproband==1 
 
gen famsize_expand= famsize 
replace famsize_expand = 1 if ordered != 1 
replace famsize_expand = famsize-1 if ordered == 1 
replace famsize_expand = 2 if twinproband == 1 
replace famsize_expand = famsize-1 if twinproband == 1 
 
expand siboftwinpro 
sort familyid siboftwinpro 
expand famsize_expand 
sort familyid ordered 
 
keep if famsize >=2 
 
* arranging data without twin in a proaband-sib pair 
bys familyid(Proband): egen Proband_seq=seq() 
replace Proband_seq= . if Proband ==2 & siboftwinpro != . 
replace Proband_seq= . if Proband ==2 
replace Proband_seq= Proband_seq + 0.5  
replace Proband_seq= ordered if Proband==2 
sort familyid Proband_seq  
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br if siboftwinpro !=. 
sort familyid ordered  
gen Ordered=ordered 
bys familyid(ordered): egen Probandsib_seq=seq() 
replace Probandsib_seq=sibordered if Proband==2 
egen pairorder = seq(), f(0) t(1) 
bysort familyid: egen siborder =  max(sibordered) 
replace Probandsib_seq= sibordered+.5+ (pairorder)*(siborder+1) if Proband==2 
replace Probandsib_seq= siborder+1.5 if Probandsib_seq==2*(siborder+1) 
sort familyid Probandsib_seq 
 
keep if siboftwinpro ==. 
sort familyid Proband_seq  
 
keep if siboftwinpro !=. 
sort familyid Probandsib_seq 
 
** then append the two data set 
 
* Sorting ascending and descending order 
gen newid= _n 
gsort newid 
gsort familyid -newid 
 
**Analysis 1 
** checking for missingnerss in a pair and drop it 
sort pairidf 
quietly by pairidf:  gen dup7 = cond(_N==1,0,_n) 
tab dup7 
keep if dup7!=0 
drop dup7 
sort pairidf idnumber 
 
logit incident_asthma infantileEczema  Gender fasthma msmoke68 fsmoke68 socialclass2004 
socialclass1968 Eversmoker , vce(cluster familyid ) 
logit,or 
 
bys pairidf: egen incident_asthma_all=sum(incident_asthma) 
bys pairidf: replace incident_asthma_all=. if incident_asthma==. 
tab incident_asthma_all  
 
tab conjoint_eczema_all  incident_asthma_all 
 
*------------------clr------------ 
clogit incident_asthma  infantileEczema Gender masthma fasthma msmoke68 fsmoke68 
socialclass2004 socialclass1968 Eversmoker , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
clogit incident_asthma  FlexEczema Gender masthma fasthma msmoke68 fsmoke68 socialclass2004 
socialclass1968 Eversmoker , group(pairidf) vce (cluster familyid ) 
clogit,or 
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clogit incident_asthma   conjoint_eczema Gender masthma fasthma msmoke68 fsmoke68 
socialclass2004 socialclass1968 Eversmoker , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
*for infalntile eczema... 
*...........pair mean and difference for proband first....... 
gen infantileEczema_Proband= infantileEczema 
bys pairidf: egen pair_mean_pro= mean(infantileEczema_Proband) 
tab pair_mean_pro 
bys pairidf: gen pair_diff_pro= infantileEczema_Proband - pair_mean_pro 
 
logit incident_asthma  pair_diff_pro pair_mean_pro Gender masthma fasthma msmoke68 fsmoke68 
socialclass2004 socialclass1968 Eversmoker, vce(cluster idnumber) 
logit,or 
 
*...........pair mean and difference for proband first....... 
gen Flex_Proband= FlexEczema 
 
bys pairidf: egen pair_mean_pro1= mean(Flex_Proband) 
tab pair_mean_pro1 
bys pairidf: gen pair_diff_prof= Flex_Proband - pair_mean_pro1 
 
logit incident_asthma  pair_diff_prof pair_mean_pro1  Gender masthma fasthma msmoke68 fsmoke68  
socialclass2004 socialclass1968 Eversmoker, vce(cluster idnumber) 
logit,or 
 
*for conjoint 
gen conjoint_eczema_Proband= conjoint_eczema 
bys pairidf: egen pair_mean_pro2= mean(conjoint_eczema_Proband) 
tab pair_mean_pro2 
bys pairidf: gen pair_diff_proc= conjoint_eczema_Proband - pair_mean_pro2 
 
logit incident_asthma  pair_diff_proc pair_mean_pro2 Gender masthma fasthma msmoke68 fsmoke68 
socialclass2004 socialclass1968 Eversmoker, vce(cluster idnumber) 
logit,or 
 
*---------------------------------- 
logit persist_asthma  infantileEczema Gender masthma fasthma msmoke68 fsmoke68 socialclass2004 
socialclass1968 Eversmoker,vce(cluster familyid )  
logit,or 
 
di 4.229176/2.913242      3.359119/2.525681     5.32459/3.360274 
clogit persist_asthma  infantileEczema Gender masthma fasthma msmoke68 fsmoke68 socialclass2004 
socialclass1968 Eversmoker , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
di 3.55419 /2.807712   1.974963/1.814491           6.961879/3.991593 
*---------------------------Flex_------------------------ 
*---OLR--------- 
logit persist_asthma  FlexEczema Gender masthma fasthma msmoke68 fsmoke68 foodallergy 
socialclass2004 socialclass1968 Eversmoker  
logit,or 
*--------clr 
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clogit persist_asthma  FlexEczema Gender masthma fasthma msmoke68 fsmoke68 socialclass2004 
socialclass1968 Eversmoker , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
*..........pair mean and difference for proband first....... 
gen Flex_Proband= FlexEczema 
 
bys pairidf: egen pair_mean_pro1= mean(Flex_Proband) 
tab pair_mean_pro1 
bys pairidf: gen pair_diff_prof= Flex_Proband - pair_mean_pro1 
logit persist_asthma  pair_diff_prof pair_mean_pro1  Gender masthma fasthma msmoke68 fsmoke68 
foodallergy socialclass2004 socialclass1968 Eversmoker, vce(cluster idnumber) 
logit,or 
 
*----------------conjoint 
logit persist_asthma  conjoint_eczema  
logit,or 
 
clogit persist_asthma  conjoint_eczema , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
*for conjoint 
gen conjoint_eczema_Proband= conjoint_eczema 
bys pairidf: egen pair_mean_pro2= mean(conjoint_eczema_Proband) 
tab pair_mean_pro2 
bys pairidf: gen pair_diff_proc= conjoint_eczema_Proband - pair_mean_pro2 
 
logit persist_asthma  pair_diff_proc pair_mean_pro2 Hayfever Gender , vce(cluster idnumber) 
logit,or 
 
*----------------conjoint 
 
logit persist_asthma  conjoint_eczema Hayfever  
logit,or 
gen conjoint_eczema_Proband= conjoint_eczema 
bys pairidf: egen pair_mean_pro2= mean(conjoint_eczema_Proband) 
tab pair_mean_pro2 
bys pairidf: gen pair_diff_proc= conjoint_eczema_Proband - pair_mean_pro2 
 
logit persist_asthma  pair_diff_proc pair_mean_pro2 Hayfever Gender masthma fasthma msmoke68 
fsmoke68 foodallergy socialclass2004 socialclass1968 Eversmoker , vce(cluster idnumber) 
logit,or 
 
**Analysis 2 
paired analysis on childhood hay fever and childhood asthma 
 
clogit Asthma68 Hayfever68 infantileEczema FlexEczema Gender masthma fasthma msmoke68 
fsmoke68 socialclass1968, group(pairidf) vce(cluster familyid ) 
clogit,or 
 
bys pairidf: egen pair_mean_pro= mean(Hayfever68) 
tab pair_mean_pro 
bys pairidf: gen pair_diff_pro= Hayfever68 - pair_mean_pro 
tab pair_diff_pro 
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logit Asthma68  pair_diff_pro pair_mean_pro infantileEczema FlexEczema Gender masthma fasthma 
msmoke68 fsmoke68 socialclass1968 , vce(cluster idnumber) 
logit,or 
 
*paired analysis 
*....incident asthma.... 
logit incident_asthma  Hayfever68 infantileEczema FlexEczema Gender masthma fasthma msmoke68 
fsmoke68 socialclass2004 socialclass1968 Eversmoker , vce(cluster familyid ) 
logit,or 
 
clogit incident_asthma  Hayfever68 infantileEczema FlexEczema Gender masthma fasthma msmoke68 
fsmoke68 socialclass2004 socialclass1968 Eversmoker , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
logit incident_asthma  pair_diff_pro pair_mean_pro infantileEczema FlexEczema Gender masthma 
fasthma msmoke68 fsmoke68 socialclass2004 socialclass1968 Eversmoker, vce(cluster idnumber) 
logit,or 
 
*....persist asthma.... 
logit persist_asthma  Hayfever68 infantileEczema FlexEczema Gender masthma fasthma msmoke68 
fsmoke68 socialclass2004 socialclass1968 Eversmoker , vce(cluster familyid ) 
logit,or 
 
clogit persist_asthma  Hayfever68 infantileEczema FlexEczema Gender masthma fasthma msmoke68 
fsmoke68 socialclass2004 socialclass1968 Eversmoker , group(pairidf) vce(cluster familyid ) 
clogit,or 
 
logit persist_asthma pair_diff_pro pair_mean_pro infantileEczema FlexEczema Gender masthma 
fasthma msmoke68 fsmoke68 socialclass2004 socialclass1968 Eversmoker, vce(cluster idnumber) 
logit,or 
 
*Analysis 3 
bys pairidf: gen childasthma_sum=sum(Asthma68) 
bys pairidf: egen childasthma_max= max(childasthma_sum) 
bys pairidf: replace childasthma_sum=. if Asthma68==. 
tab childasthma_max 
keep if childasthma_max==1 
 
bys pairidf: gen current_asthma_04_sum=sum(current_asthma_04) 
bys pairidf: replace current_asthma_04_sum=. if current_asthma_04==. 
tab current_asthma_04_sum 
bys pairidf: egen current_asthma_04_all=max (current_asthma_04_sum) 
tab current_asthma_04_all 
 
bys pairidf: egen zfevfvc_post_LLN5_all=sum(zfevfvc_post_LLN5) 
tab zfevfvc_post_LLN5_all 
 
bys pairidf: egen fevfvc_post_GOLD_all=sum(fevfvc_post_GOLD) 
tab fevfvc_post_GOLD_all 
 
tab fevfvc_post_GOLD_all zfevfvc_post_LLN5_all 
 
keep if current_asthma_04_all==0 
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keep if current_asthma_04_all==2 
 
sort pairidf familyid idnumber 
sort familyid 
quietly by familyid:  gen dup7 = cond(_N==1,0,_n) 
tab dup7 
*bys familyid: egen dup1=max(dup7) 
*tab dup1 
keep if dup7!=0 
drop dup7 
sort familyid  pairidf idnumber 
 
*-----------------------correlation between GOLD and LLN 
correlate fevfvc_post_GOLD zfevfvc_post_LLN5 
tab fevfvc_post_GOLD zfevfvc_post_LLN5, all exact 
tab  zfevfvc_post_LLN5 fevfvc_post_GOLD if idnumber <8585, all exact 
tab  zfevfvc_post_LLN5 fevfvc_post_GOLD if idnumber>8585, all exact 
 
 *COPD and child asthma 
*--------clogit without confounder------------ 
 
clogit  zfevfvc_post_LLN5 Asthma68  ,group(pairidf) vce(robust)  
clogit,or 
clogit  zfevfvc_post_LLN5 Asthma68 current_asthma_04 ,group(pairidf) vce(robust) 
clogit,or 
 
clogit  zfevfvc_post_LLN5 Asthma68#current_asthma_04 parental_smoking conjoint_eczema 
socialclass1968 i.smoking masthma fasthma Rural ,group(pairidf) vce(robust) 
clogit,or 
 
clogit  zfevfvc_post_LLN5 Asthma68 i.smoking parental_smoking conjoint_eczema socialclass1968  
masthma fasthma Rural ,group(pairidf) vce(robust) 
clogit,or 
 
 
*------------clogit with counfounuder-------------- 
clogit  zfevfvc_post_LLN5 Asthma68  ,group(pairidf) vce(robust) 
clogit,or 
 
clogit  zfevfvc_post_LLN5 Asthma68 current_asthma_04 i.smoking ,group(pairidf) vce(robust) 
clogit,or 
 
di  3.744106/2.234984       1.378725/ 1.085985        10.16761/4.599655 
*1.6752272   1.2695617   2.2105158 
 
*Gold copd--------clogit------------ 
clogit  fevfvc_post_GOLD Asthma68 parental_smoking conjoint_eczema socialclass1968 masthma 
fasthma Rural,group(pairidf) vce(robust) 
clogit,or 
 
clogit  fevfvc_post_GOLD Asthma68 current_asthma_04 i.smoking,group(pairidf) vce(robust) 
clogit,or 
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clogit  fevfvc_post_GOLD Asthma68#current_asthma_04 i.smoking,group(pairidf) vce(robust) 
clogit,or 
 
clogit  fevfvc_post_GOLD Asthma68 ,group(pairidf) vce(robust) or 
clogit,or 
 
*---------B-W model-------------- 
gen Asthma68_Proband= Asthma68 
bys pairidf: egen copd_pair_mean= mean(Asthma68_Proband) 
tab copd_pair_mean 
bys pairidf: gen copd_pair_diff= Asthma68_Proband - copd_pair_mean 
tab copd_pair_diff 
gen copd_pair_diff_current= copd_pair_diff*current_asthma_04  
tab copd_pair_diff_current 
 
*---B-W LLN--------- 
logit zfevfvc_post_LLN5  copd_pair_diff copd_pair_mean parental_smoking conjoint_eczema 
socialclass1968 masthma fasthma Rural , vce(cluster familyid) 
logit,or 
 
logit zfevfvc_post_LLN5  copd_pair_diff_current copd_pair_mean copd_pair_diff parental_smoking 
i.smoking conjoint_eczema socialclass1968 masthma fasthma Rural , vce(cluster familyid) 
logit,or 
 
logit zfevfvc_post_LLN5  copd_pair_diff_pro copd_pair_mean_pro parental_smoking conjoint_eczema 
socialclass1968 i.smoking masthma fasthma Rural, vce(cluster familyid) 
logit,or 
 
logit zfevfvc_post_LLN5  copd_pair_diff_pro copd_pair_mean_pro  current_asthma_04 
parental_smoking conjoint_eczema socialclass1968 i.smoking masthma fasthma Rural, vce(cluster 
familyid) 
logit,or 
logit zfevfvc_post_LLN5  copd_pair_diff_pro11#current_asthma_04 copd_pair_mean_pro  
parental_smoking i.smoking , vce(cluster familyid) 
logit,or 
 
logit zfevfvc_post_LLN5  copd_pair_diff_pro11#i.current_asthma_04  copd_pair_mean_pro  
parental_smoking i.smoking , vce(cluster familyid) 
logit,or 
 
 
*----------- 
logit  zfevfvc_post_LLN5 Asthma68 current_asthma_04 parental_smoking i.smoking masthma fasthma 
parental_smoking conjoint_eczema socialclass1968 Rural , vce(cluster familyid ) 
logit,or 
 
logit  zfevfvc_post_LLN5 Asthma68 i.smoking current_asthma_04 parental_smoking masthma fasthma  
Rural, vce(cluster familyid ) 
logit,or 
 
*----------------------- 
logit fevfvc_post_GOLD  copd_pair_diff copd_pair_mean parental_smoking masthma fasthma  Rural 
conjoint_eczema socialclass1968, vce(cluster familyid) 
logit,or 
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logit fevfvc_post_GOLD  copd_pair_diff_pro copd_pair_mean_pro parental_smoking conjoint_eczema 
socialclass1968 masthma fasthma Rural, vce(cluster familyid) 
logit,or 
 
logit fevfvc_post_GOLD  copd_pair_diff_pro copd_pair_mean_pro conjoint_eczema parental_smoking 
i.smoking masthma fasthma socialclass1968 Rural, vce(cluster idnumber) 
logit,or 
*----------- 
logit  fevfvc_post_GOLD Asthma68  i.smoking , vce(cluster familyid ) 
logit,or 
 
logit  fevfvc_post_GOLD Asthma68   , vce(cluster familyid ) 
logit,or 
 
*---------------LR test 
 
clogit  zfevfvc_post_LLN5 Asthma68 current_asthma_04 conjoint_eczema parental_smoking i.smoking 
masthma fasthma socialclass1968 Rural ,group(pairidf)  
clogit,or 
 
est store m1 
 
clogit  zfevfvc_post_LLN5 Asthma68#current_asthma_04 conjoint_eczema parental_smoking 
i.smoking masthma fasthma socialclass1968 Rural,group(pairidf)  
clogit,or 
 
est store m2 
lrtest m1 m2, stats 
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Appendix 4 - Extension of existing B-W regression models 

Cross-sectional B-W regression model for multiple-time points 

When I have repeated measurements on twins, I need to extend the B-W regression model 

for a twin/sib pair from a single time-point to multiple-time points. I will initially extend the 

B-W model to the two-time-point. I introduce the notation 𝑘 = 1,2 for indexing time and use 

𝑌𝑗𝑘 and 𝑋𝑗𝑘 for data on outcome and exposure on twin 𝑗 and twin 𝑘. 

The cross-sectional models for twin one at time 1 and time 2 are- 

 𝐸(𝑌11) =  𝛽0 + 𝛽𝑠1𝑋11 + 𝛽𝑐1𝑋21                     (𝐴. 1)       

                                     𝐸(𝑌12) =  𝛽0 + 𝛽𝑠2𝑋12 + 𝛽𝑐2𝑋22                         (𝐴. 2) 

Here 𝑌11 represents the outcome value for twin one at time 1 and 𝑌12 Represents the 

outcome value for twin one at time 2. It is expected that the magnitude of the association 

between the outcome of interest and exposure will vary over time, and our model allows for 

a time-dependent effect of 𝑋11 and 𝑋21  on 𝑌11and a time-dependent effect of 𝑋12 and 𝑋22  

on 𝑌12. But they are the coefficients from the cross-sectional models. If the association 

between outcome and exposure are time homogeneous or exchangeable in time, we, 

however, expect the coefficients to be equal,  𝛽𝑠1 =  𝛽𝑠2 = 𝛽𝑠 and 𝛽𝑐1 = 𝛽𝑐2 = 𝛽𝑐. 

Effectively, the extension will then collapse to a realization of the same between-within model 

for individual twins with multiple time-point data. 

Extension from cross-sectional to longitudinal (for two-time points) 

Since the above cross-section model for 𝑌12 (A.2) Only depends on data from one-time point, 

we want to extend that model where the regression model includes terms for the covariate 

at the previous time point as well as current time point. This extends the regression model 

from cross-sectional (data from one time point) to a novel longitudinal model (outcome 

modelled on current and earlier exposure values) with allowing the exposure-outcome 

association to depend on time and we will later show that this extension is equivalent to 

including change in exposure (between time and between twin) as predictors. 
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We can add the same twin’s exposure and also co-twin’s exposure at time 1 to model as an 

extension. At time 2, the simple linear regression model becomes- 

 

𝐸(𝑌12) =  𝛽02 + 𝛽𝑠1
∗ 𝑋11 + 𝛽𝑐1

∗ 𝑋21 + 𝛽𝑠2
∗ 𝑋12 + 𝛽𝑐2

∗ 𝑋22                              (𝐴. 3) 

𝐸(𝑌22) =  𝛽02 + 𝛽𝑠1
∗ 𝑋21 + 𝛽𝑐1

∗ 𝑋11 + 𝛽𝑠2
∗ 𝑋22 + 𝛽𝑐2

∗ 𝑋12                              (𝐴. 4) 

 

Here                𝛽𝑠1
∗ , 𝛽𝑠2

∗ = Regression coefficients for self (twin 1) at time 2 

           𝛽𝑐1
∗ , 𝛽𝑐2

∗ = Regression coefficients for co-twin (twin 2) at time 2 

 

Alternative expression 1 

The proposed model (A.5 and A.6) can be re-expressed as a between- and within-pair model 

where there are between- and within-pair terms for both time 1 and for time 2. This model 

in terms of Between (B) and Within (W) takes the form- 

 

𝐸(𝑌12) = 𝛽02 + 𝑊1(𝑋11 − 𝑋21) + 𝑊2( 𝑋12 − 𝑋22) + 𝐵1(𝑋11 + 𝑋21) + 𝐵2(𝑋12 + 𝑋22)   (9.5) 

𝐸(𝑌22) = 𝛽02 + 𝑊1(𝑋21 − 𝑋11) + 𝑊2( 𝑋22 − 𝑋12) + 𝐵1(𝑋21 + 𝑋11) + 𝐵2(𝑋22 + 𝑋12)   (9.6) 

 

Where considering equations 9.5 and 9.6, we can observe that-                        

          𝑊1 =
(𝛽𝑠1

∗ −𝛽𝑐1
∗ )

2
  𝐵1 =

(𝛽𝑠1
∗ +𝛽𝑐1

∗ )

2
   

               𝑊2 =
(𝛽𝑠2

∗ −𝛽𝑐2
∗ )

2
  𝐵2 =

(𝛽𝑠2
∗ +𝛽𝑐2

∗ )

2
  

 

And also           𝛽𝑠1
∗ = 𝐵1 + 𝑊1  𝛽𝑠2

∗ = 𝐵2 + 𝑊2 

                      𝛽𝑐1
∗ = 𝐵1 − 𝑊1  𝛽𝑐2

∗ = 𝐵2 − 𝑊2 
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Alternative expression 2  

Another way to express the longitudinal between-within regression model is the model which 

has terms for the difference in exposure within the same individual twin over time 

(𝑋11 − 𝑋12) for twin 1 and (𝑋21 − 𝑋22) for twin 2 rather than the difference in exposure 

within a twin pair at a given time (𝑋11 − 𝑋21) and  (𝑋12 − 𝑋22) from (9.5), and the definition 

of the between-pair exposure term is changed for time 1 as (𝑋11 + 𝑋21) and time 2 as 

(𝑋12 + 𝑋22), although the latter two can be re-written as a term for twin one as (𝑋11 + 𝑋12) 

and twin 2 as (𝑋21 + 𝑋22). The coefficients in this alternative model, which has exposure 

terms for the difference in exposure between time 1 and time 2 for the self / same individual 

twin 𝑇1 and the other / co-twin 𝑇2, and mean exposure for the self / same individual twin 𝐷1, 

and  𝐷2 respectively are simple differences and sums of the regression coefficients in the 

previously proposed model (A.5 and A.6). 

 

𝐸(𝑌12) =  𝛽02 + 𝑇1(𝑋11 − 𝑋12) + 𝑇2(𝑋21 − 𝑋22) + 𝐷1(𝑋11 + 𝑋12) + 𝐷2(𝑋21 + 𝑋22)      (A.7) 

𝐸(𝑌22) =  𝛽02 + 𝑇1(𝑋12 − 𝑋11) + 𝑇2(𝑋22 − 𝑋21) + 𝐷1(𝑋12 + 𝑋11) + 𝐷2(𝑋22 + 𝑋21)      (A.8) 

 

From A.3 and A.4 and the results from the B-W model, we see that  

                                 𝑇1 =
(𝛽𝑠1

∗ −𝛽𝑠2
∗ )

2
  𝐷1 =

(𝛽𝑠1
∗ +𝛽𝑠1

∗ )

2
   

               𝑇2 =
(𝛽𝑐1

∗ −𝛽𝑐2
∗ )

2
  𝐷2 =

(𝛽𝑐1
∗ +𝛽𝑐2

∗ )

2
  

 

And    𝛽𝑠1
∗ = 𝐷1 + 𝑇1              𝛽𝑠2

∗ = 𝐷1 − 𝑇1 

              𝛽𝑐1
∗ = 𝐷2 + 𝑇2                         𝛽𝑐2

∗ = 𝐷2 − 𝑇2 

We can now relate the parameters 𝑇 and 𝐷 to the parameters 𝐵 and 𝑊 from the two 

alternative models. 

 

(𝛽𝑠1
∗ − 𝛽𝑠2

∗ )

2
=

(𝐵1 + 𝑊1) − (𝐵2 + 𝑊2)

2
=

(𝐵1 − 𝐵2) + (𝑊1 − 𝑊2)

2
= 𝑇1 
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(𝛽𝑠1
∗ + 𝛽𝑠2

∗ )

2
=

(𝐵1 + 𝑊1) + (𝐵2 + 𝑊2)

2
=

(𝐵1 + 𝐵2) + (𝑊1 + 𝑊2)

2
= 𝐷1 

(𝛽𝑐1
∗ − 𝛽𝑐2

∗ )

2
=

(𝐵1 − 𝑊1) − (𝐵2 − 𝑊2)

2
=

(𝐵1 − 𝐵2) − (𝑊1 − 𝑊2)

2
= 𝑇2 

(𝛽𝑐1
∗ + 𝛽𝑐2

∗ )

2
=

(𝐵1 − 𝑊1) + (𝐵2 − 𝑊2)

2
=

(𝐵1 + 𝐵2) − (𝑊1 + 𝑊2)

2
= 𝐷2 

The regression coefficient of twin1’s outcome at time 2, 𝑌12 on the difference over time on 

twin 1’s exposure (𝑋11 − 𝑋12) is 
(𝐵1−𝐵2)+(𝑊1−𝑊2)

2
 ; the average of the differences in “between 

pair” and differences in “within-pair” regression coefficients. 

The regression coefficient of twin1’s outcome at time 2, 𝑌12 on the difference over time on 

twin 1’s exposure (𝑋11 + 𝑋12) is 
(𝐵1+𝐵2)+(𝑊1+𝑊2)

2
 ; the average of the “between pair” and the 

“within-pair” regression coefficients. 

The regression coefficient of twin1’s outcome at time 2, 𝑌12 on the difference over time on 

twin 1’s exposure (𝑋21 − 𝑋22) is 
(𝐵1−𝐵2)−(𝑊1−𝑊2)

2
 ; half of the difference of the differences in 

“between pair” and differences in “within-pair” regression coefficients. 

The regression coefficient of twin1’s outcome at time 2, 𝑌12 on the difference over time on 

twin 1’s exposure (𝑋21 + 𝑋22) is  
(𝐵1+𝐵2)−(𝑊1+𝑊2)

2
; the difference of the average “between 

pair” and average “within-pair” regression coefficients. 

Extension to three or more-time point 

We can extend to three or more time-points by adding additional self & co-twin (S&C) or 

between- and within-pair (B-W) exposure terms with an additional two time-specific 

regression coefficients. Differences in adjacent / successive regression coefficients have an 

interpretation as regression coefficient for a change in exposure over two time-points, but it 

will require a new model specification to capture regression effects for (average) exposure 

changes over three or more time-points. The cross-sectional models are- 
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𝐸(𝑌13) =  𝛽03 + 𝛽𝑠1
∗∗𝑋11 + 𝛽𝑐1

∗∗𝑋21 + 𝛽𝑠2
∗∗𝑋12 + 𝛽𝑐2

∗∗𝑋22 + 𝛽𝑠3
∗∗𝑋13 + 𝛽𝑐3

∗∗𝑋23           (A.9) 

𝐸(𝑌23) =  𝛽03 + 𝛽𝑠1
∗∗𝑋21 + 𝛽𝑐1

∗∗𝑋11 + 𝛽𝑠2
∗∗𝑋22 + 𝛽𝑐2

∗∗𝑋12 + 𝛽𝑠3
∗∗𝑋23 + 𝛽𝑐3

∗∗𝑋13           (A.10)   

 

All the regression coefficients from models A.9 and A.10 will be different from the cross-

sectional regression model at time 1, 2 and 3 i.e. 𝛽𝑠1
∗∗ = 𝛽𝑠1, 𝛽𝑐1

∗∗ = 𝛽𝑐1 and 𝛽𝑠2
∗∗ = 𝛽𝑠2, 𝛽𝑐2

∗∗ =

𝛽𝑐2 and 𝛽𝑠3
∗∗ = 𝛽𝐴3, 𝛽𝑐3

∗∗ = 𝛽𝑐3. 

 

The between-within regression models are- 

 

𝐸(𝑌13) = 𝛽03 + 𝑊1(𝑋11 − 𝑋21) + 𝑊2( 𝑋12 − 𝑋22) + 𝑊3( 𝑋13 − 𝑋23) 

                                                +𝐵1(𝑋11 + 𝑋21) + 𝐵2(𝑋12 + 𝑋22)+𝐵3(𝑋13 + 𝑋23)            (𝐴. 10.1)                                   

𝐸(𝑌23) = 𝛽03 + 𝑊1(𝑋21 − 𝑋11) + 𝑊2( 𝑋22 − 𝑋12) + 𝑊3( 𝑋23 − 𝑋13) 

                                                +𝐵1(𝑋11 + 𝑋21) + 𝐵2(𝑋12 + 𝑋22) + 𝐵3(𝑋13 + 𝑋23)          (𝐴. 10.2)         

 

with 𝑊1 =
(𝛽𝑠1

∗∗−𝛽𝑐1
∗∗ )

2
         𝐵1 =

(𝛽𝑠1
∗∗+𝛽𝑐1

∗∗ )

2
     

 𝑊2 =
(𝛽𝑠2

∗∗−𝛽𝑐2
∗∗ )

2
   𝐵2 =

(𝛽𝑠2
∗∗+𝛽𝑐2

∗∗ )

2
 

            𝑊3 =
(𝛽𝑠3

∗∗−𝛽𝑐3
∗∗)

2
     𝐵3 =

(𝛽𝑠3
∗∗+𝛽𝑐3

∗∗ )

2
 

 

Model comparison 

In observational studies, it is resourceful for researchers to obtain measurements on subjects 

at the beginning of a study and then later to answer various research questions regarding the 

existence of an association between outcome and exposure and also to capture the change 

in outcome-exposure association over time.  
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One can employ regression analysis to model the relationship of 𝑌2 on 𝑋1 and 𝑋2 . Five 

possible between-within regression models for the Y –X relationship are described in Table I. 

We can introduce five possible sets of models based on five different scenarios and compare 

them with each other.  

Table A.1: All possible sets of models for a twin pair at time 1 and time 2                                                                                                                        

Model 1 

Twin1 + time1 

Twin 2+ time1 

Twin1 + time2 

Twin 2+ time2 

Outcome 

ℎ(𝐸(𝑌11|𝑋)) =  𝛽01 + 𝛽𝑠1
∗ 𝑋11 + 𝛽𝑐1

∗ 𝑋21 

ℎ(𝐸(𝑌21|𝑋)) =  𝛽01 + 𝛽𝑠1
∗ 𝑋21 + 𝛽𝑐1

∗ 𝑋22 

ℎ(𝐸(𝑌12|𝑋)) =  𝛽02 + 𝛽𝑠2
∗ 𝑋12 + 𝛽𝑐2

∗ 𝑋22 

ℎ(𝐸(𝑌22|𝑋)) =  𝛽02 + 𝛽𝑠2
∗ 𝑋22 + 𝛽𝑐2

∗ 𝑋12 

𝑋11 

 

 

𝑋21 

 

 

 

𝑋12 

 

 

 

 

𝑋22 

 

 

 

 

𝑌11 

 

𝑌21 

 

𝑌12 

 

𝑌22 

Model 2 

Twin1 + time1 

Twin 2+ time1 

Twin1 + time2 

Twin 2+ time2 

 

ℎ(𝐸(𝑌11|𝑋)) =   

ℎ(𝐸(𝑌21|𝑋)) =  𝛽01 + 𝛽𝑠1
∗ 𝑋21 + 𝛽𝑐1

∗ 𝑋22 

ℎ(𝐸(𝑌12|𝑋)) =  𝛽02 + 𝛽𝑠1
∗ 𝑋11 + 𝛽𝑐1

∗ 𝑋21 

ℎ(𝐸(𝑌22|𝑋)) =  𝛽02 + 𝛽𝑠1
∗ 𝑋21 + 𝛽𝑐1

∗ 𝑋11 

 

 

 

 

 

 

 

 

 

 

  

 ? 

  ? 

 

 

  ? 

  ? 

 

    

Model 3 

Twin1 + time1 

 

Twin 2+ time1 

 

Twin1 + time2 

 

Twin 2+ time2 

 

ℎ(𝐸(𝑌11|𝑋)) =  𝛽011 + 𝛽𝑠1
∗ 𝑋11 + 𝛽𝑐1

∗ 𝑋21

+ 𝛽𝑠2
∗ 𝑋12 + 𝛽𝑐2

∗ 𝑋22 

ℎ(𝐸(𝑌21|𝑋)) =  𝛽021 + 𝛽𝑠1
∗ 𝑋21 + 𝛽𝑐1

∗ 𝑋11

+ 𝛽𝑠2
∗ 𝑋22 + 𝛽𝑐2

∗ 𝑋12 

ℎ(𝐸(𝑌12|𝑋)) =  𝛽012 + 𝛽𝑠1
∗∗𝑋11 + 𝛽𝑐1

∗∗𝑋21

+ 𝛽𝑠2
∗∗𝑋12 + 𝛽𝑐2

∗∗𝑋22 

ℎ(𝐸(𝑌22|𝑋)) =  𝛽022 + 𝛽𝑠1
∗∗𝑋21 + 𝛽𝑐1

∗∗𝑋11

+ 𝛽𝑠2
∗∗𝑋22 + 𝛽𝑐2

∗∗𝑋12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

\ 

 

 

  

  ? 

  

   ? 

 

 

 

  ? 

 

  ? 

 

 

    

Model 4 

 

Twin1 + time2 

Twin 2+ time2 

 

 

ℎ(𝐸(𝑌12|𝑋)) =  𝛽02 + 𝛽𝑠2
∗ 𝑋12 + 𝛽𝑐2

∗ 𝑋22

+ 𝛽𝑠
∗∗𝑌11 

ℎ(𝐸(𝑌22|𝑋)) =  𝛽02 + 𝛽𝑐2
∗ 𝑋12 + 𝛽𝑠2

∗ 𝑋22

+ 𝛽𝑠
∗∗𝑌21 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Model 5 
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Twin1 + time2 

 

Twin 2+ time2 

ℎ(𝐸(𝑌12|𝑋)) =  𝛽02 + 𝛽𝑠2
∗ 𝑋12 + 𝛽𝑐2

∗ 𝑋22

+ 𝛽𝑠
∗∗𝑌11 + 𝛽𝑠

∗∗𝑌21 

ℎ(𝐸(𝑌22|𝑋)) =  𝛽02 + 𝛽𝑠2
∗ 𝑋22 + 𝛽𝑐2

∗ 𝑋12

+ 𝛽𝑠
∗∗𝑌21 + 𝛽𝑠

∗∗𝑌11 

 

 

 

 

 

 

  

 

 

To begin with, The simplest model is the cross-sectional between-within regression model for 

twin pair that specifies the expected value of 𝑌𝑗𝑘  ; 𝑗 = 1,2 𝑎𝑛𝑑 𝑘 = 1,2 (or some function, ℎ, 

of its expected value) as a linear function of the covariates 𝑋11, 𝑋21, 𝑋12 and 𝑋22 which is 

specified by model 1 in the table. We fit a set of models at time 1 and another set of models 

at time 2. Although we have measurements on the same covariate of the same individual at 

both time points, our model does not include anything to capture the outcome-exposure 

association over time. That is, at time 2, Model 1 does not take into account the contribution 

of exposures from time 1. 

For Model 2, we assume that the outcome-exposure association strongly depends on time 1 

exposures. Therefore, it only uses exposures from time 1 as predictors for finding an 

association between outcome-exposure at time 2, ignoring the effects of time 2 exposures on 

the outcome. If we want to model outcomes for time 1, is it feasible to model time reversal 

outcome 𝑇1 on exposure 𝑇2? Both Model 1 and 2 are cross-sectional regression models where 

the outcome is regressed on exposure variables for both twins/sibs.  

Model 3 builds on model 1 and model 2 by including exposures from both time points. It is a 

longitudinal model.  At each time point (either time 1 or 2), the outcome-exposure association 

relies on exposure from both time points. Modelling 𝑌𝑗𝑘; 𝑗 = 1,2 and 𝑘 = 1,2 and includes all 

exposures 𝑋11, 𝑋21, 𝑋12  and 𝑋22 as predictors assuming that the contribution of concurrent -

time exposures are more prominent than the preceding/successive time exposures and also 

self-twin exposures are more contributing than co-twin exposures.  Here, models for 𝑌11 and 

𝑌21 includes time 2 exposures 𝑋12  and 𝑋22 as predictors which can actually pre-predict the 

outcome-exposure association at time 1. 

Model 4 is only for the later time-period. To capture the longitudinal effect, it includes 

previous time outcome as a predictor.  Therefore, we have a model for each twin at time 2 
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with time 2 exposures from both twins and self-twin outcome from the previous time point 

as exposures. 

Model 5 is just an extension of model 4 by adding both twins’ outcomes ( 𝑌11 and 𝑌21) from 

previous time point to the model.  Model 4 and 5 are to be considered as regression to the 

mean. 

Compare Model 1 and Model 3                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Model 3 is an extension of model 1. 𝑌12 represents the outcome value for twin 1 at time 2. It 

is expected that the magnitude of the association between the outcome of interest and 

exposure will vary over time, and model 3 allows for a time-dependent effect of 𝑋11 and 𝑋21 , 

𝑋12 and 𝑋22  on 𝑌12. If the association between outcome and exposure are time homogeneous 

or exchangeable in time, we, however, expect the coefficients to be equal. Effectively, the 

extension will then collapse to a realization of the same between-within model for individual 

twins with multiple time-point data. 

Compare Model 2 and Model 3 

Model 2 assumes a strong relationship between time 2 outcome and time 1 exposures rather 

than time 2 exposures. Model 2 and model 3 might not produce any desired comparison. 

Compare Model 4/5 and Model 3 

In Model 4, the outcome from the previous time point (𝑌1) is considered as one of the 

exposures for assessing the outcome-exposure association at later time point. This model will 

essentially produce the association between change in outcome over time (𝑌2 − 𝑌1) and time 

2 exposures. On the other hand, model 3 gives us the change in 𝑌2 directly by time 1 and time 

2 exposure variables. Model 4 is preferable when a pre-post change in outcome is desirable. 

If we choose model 5 instead of model 4, the estimates will be similar and very close to model 

4 and can easily be compared with model 3 estimates. 

 

 



254 

 

Appendix 5 - The TAHS 1968 baseline study questionnaire on Probands 
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Appendix 6 - The TAHS 1968 baseline study questionnaire on siblings 
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Appendix 7 - The TAHS 1968 baseline study questionnaire on parents 
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Appendix 8 - The TAHS 2002 follow-up postal survey questionnaire on Probands 
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Appendix 9 - The TAHS 2004 laboratory study questionnaire on Probands 
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Appendix 10 - The TAHS 2005 laboratory follow-up clinical testing  
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Appendix 11 - The TAHS 2007 follow-up postal survey questionnaire on Siblings 
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Appendix 12 - The TAHS 2010 Lab questionnaire on Siblings 
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