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Thesis abstract

Background: Chronic Obstructive Pulmonary Disease (COPD) contributes
significantly to the global burden of disease. COPD is characterized by the presence of
fixed airflow obstruction (AO) as measured by spirometry and defined by irreversible
reduction in the post-bronchodilator (BD) ratio between the forced expiratory volume in
one second and forced vital capacity (FEV1/FVC). Chronic bronchitis, chronic respiratory
symptoms and lung function decline over time are also significant predictors of COPD.
However, they are also considered separate conditions as these may exist with normal
lung function. Smoking is the main risk factor for COPD but a large number of people
with COPD are never smokers, so other factors are contributing to the disease burden.
Occupational exposure is one of the known important preventable risk factor for this
disease. Understanding how occupational exposures contribute to the overall risk of
COPD in the general population is essential to be able to gain a greater understanding of
COPD etiology and to be able to identify high-risk occupational groups. Population-based
studies have found evidence of a relationship between some occupational exposures and
COPD. However, a critical review of literature presented in Chapter 2, identified that
studies to date investigating these relationships have had some significant limitations
including lack of post-BD measurement, limited use of lifetime work history and
cumulative exposure assessment. Furthermore, some common occupational exposures
with known respiratory impacts have not been investigated in relation to fixed AO with
adequate consideration of asthma and lung function decline. Therefore, the aim of my
doctoral work was to investigate the effects of occupational exposures on COPD using
robust definitions of COPD, chronic bronchitis, and lung function decline and to explore
if any effect modification existed.

My systematic review and meta-analyses (Chapter 3) identified an association
between low exposure to mineral dust and high exposure to gases/fumes and COPD, and
both low and high exposure to biological dust and mineral dust were associated with



chronic bronchitis. This work further helped to identify some of the major gaps in the

literature that | have addressed in my subsequent analysis.

Methods: In Chapter 4, | used data from the population-based Tasmanian
Longitudinal Health Study (TAHS). Lifetime work history calendars were collected at age
45 years, and occupational exposures were assigned using the ALOHA plus Job Exposure
Matrix and defined as ever exposed and cumulative exposure-unit years. Multivariable
linear and logistic regressions were used to investigate the associations adjusting for

possible confounders.

Results: In Chapter 5, | examined the associations between occupational exposure
and COPD defined by fixed AO, chronic bronchitis, and respiratory symptoms. | found
consistent significant associations between ever exposure and cumulative exposure-unit
years to pesticides and herbicides and fixed AO, chronic bronchitis, and respiratory
symptoms. | also found evidence of effect modification by current asthma for the

association between biological dust, mineral dust, and gases/fumes and fixed AO.

In Chapter 6, | examined the association between exposure to solvents and metals
and COPD as defined by fixed AO and gas transfer factor. | found an association between
ever exposure to metals and fixed AO. Interestingly I also found an association between
increasing cumulative exposure-unit years to chlorinated solvents and fixed AO and fixed

AO plus low Drco but only in women, not in men.

In Chapter 7, | investigated the association between occupational exposures and
lung function decline between age 45 and 50 years. | found an association between both
ever exposure and cumulative exposure-unit years to aromatic solvents and a greater
decline in lung function. I also found that increasing cumulative exposure-unit years to
aromatic solvents were associated with a greater lung function decline in women, but not

in men.
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Conclusions: Collectively these findings have strengthened and have filled some
major gaps in our understanding of the links between overall occupational exposure and
the development of COPD in an adult population. I have confirmed in my study that
exposure to pesticides is a risk factor for COPD with solvents and metals exposure also
linked to an increased risk of COPD. Importantly, my findings suggest that women are at
a greater risk of COPD when exposed to solvents. These findings lead me to make several
important public health recommendations. Firstly, workplaces need to be monitored to
ensure exposure to pesticides and solvents is reduced via adequate ventilation, storage,
and usage solutions. Secondly, occupational groups with regular and high exposure to
these chemicals need to be encouraged to utilize personal protective equipment, together
with routine monitoring. By implementation of these control measures, the burden of

COPD caused by occupational exposures has the potential to be reduced.
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Chapter 1  Introduction






1.1  Rationale

In my doctoral work, | have investigated the association between occupational
exposure and Chronic Obstructive Pulmonary Disease (COPD), chronic bronchitis, and lung
function decline in middle-aged adults. | also examined if these relationships were modified

by smoking, sex, and asthma.

COPD is a collective term affecting the lungs and their structures. COPD is
characterized by fixed airflow obstruction (AQ) as measured by spirometry and defined by a
reduction in the post-bronchodilator (BD) ratio between the forced expiratory volume in one
second and forced vital capacity (FEV1/FVC) (1). Chronic bronchitis and chronic respiratory
symptoms may precede the development of fixed AO. However, they are also considered as
separate conditions as not all patients with chronic bronchitis, and chronic respiratory
symptoms have or will develop COPD (2, 3). Changes in lung function over time is another
significant predictor of COPD and are therefore of interest for better identification of the
disease (4). COPD is one of the most prevalent health care problems worldwide and
constitutes one of the leading causes of chronic morbidity and mortality (5). It is now ranked
as the third leading cause of death worldwide and is expected to continue to rise in coming
decades (6, 7). COPD is the main contributor to the overall global disease burden (8) and is
the leading disease burden in Australia (9). An estimated 460,400 Australians suffered COPD
between 2014 to 2015 (10) and currently, it is the fifth leading cause of death nationwide that
affects nearly 7.5% of those aged in their forties (11).

Personal tobacco smoking remains the predominant risk factor universally, but it is
now well established that personal tobacco smoking is not the only risk factor for COPD
(12). Occupational exposure is one of the important non-smoking related risk factors for
COPD that accounts for 15-20% of COPD (13). Inhalation of small fragments of dust
particles or gases in the workplace may initiate airway inflammatory processes by activating
alveolar macrophages, leukocytes and by releasing reactive oxygen species in the airways,
which could eventually lead to the development of lung function decline, which may in turn
lead to fixed AO (14).



Studies that have investigated the role of occupational exposure in the development
of COPD can be divided into those examining particular workforces or industries and those
examining the general population (15). Workforce based studies often utilize direct exposure
assessment to investigate the associations, whereas population-based studies usually
retrospectively collect exposure information through questionnaires because direct exposure
assessment in the workplace is challenging and sometimes not feasible in large-scale
population-based studies (12). Studies based on the general population have examined the
impact of particular occupational exposures that are derived from either self-reported or
expert evaluation or by application of a Job Exposure Matrix (JEM). A JEM is a systematic
computerized method for assigning exposures based on the cross-classification of job titles
with a broad range of occupational exposures (16, 17). This approach has the advantage of
consistently assigning the exposures, irrespective of the disease status, thus reducing the

chance of differential exposure misclassification (18).

Population-based studies have suggested that occupational exposure to dust, gases or
fumes increase the risk of COPD (19-22). However, these studies have had significant
limitations including lack of post-BD spirometry, limited use of lifetime occupational history
and cumulative exposure assessments. Furthermore, some occupational exposures with
known respiratory effects (dust, gases/fumes, pesticides, and solvents) (23, 24), have not been
investigated in relation to lung function decline over time in the general population. Previous
studies were also limited to investigating the impact of asthma on this relationship, despite

its well-recognised sequel in the causal pathway of COPD (25).

Growing evidence suggests that the prevalence of COPD is increasing in women, but
the reason for this increase is not known (26, 27). Some studies have suggested that
occupational exposure might be different for men and women (28) however the evidence is

unclear and inconclusive.

1.1.1 Overall context of my doctoral work
For this doctoral work, | have investigated the association between occupational

exposure and COPD with the aim to address some of the issues stated in the previous



paragraph. | have used data from one of the world’s largest and longest running respiratory
cohort studies, known as the Tasmanian Longitudinal Health Study (TAHS). This landmark
study was initiated in 1968 by recruiting all seven years old school children born in Tasmania
for a longitudinal study of asthma. Subsequent follow-up surveys were completed in 1974,
1979, 1991, 2002, and 2010 at the ages of 12, 18, 30, 45, and 50 years (29). From the postal
survey in 2002 to 2008 follow-up, a subset of the population was selected based on a history
of asthma and chronic bronchitis. This group was re-invited for laboratory investigation
including lung function testing. These laboratory participants also completed lifetime work
history calendars that included all jobs held during their entire working life. I performed
occupational coding of 8,500 jobs in the TAHS work history calendar datasets according to
the International Standard Classification of Occupations (ISCO-88) four-digit classification
(30). The detailed structure, laboratory study, work history calendar, and occupational coding
are described in the method section in Chapter 4. Overall, this large population-based cohort
with multiple follow-ups along with spirometrically-define COPD and lifetime work
histories is an ideal platform to investigate the association between occupational exposure
and COPD in middle-aged adults.

1.2 Main Objectives

The overall objective of this thesis was to investigate the association between
occupational exposure and COPD, using several different definitions to fully explore the
relationship. The specific objectives were to:

1) Systematically examine the literature on the association between occupational
exposure and risk of COPD and chronic bronchitis.

2) Investigate the association between occupational exposure and COPD defined as
fixed AO, as well as chronic bronchitis and other respiratory symptoms. | also
explored if these associations were modified by any factors.

3) Investigate the association between occupational exposure to solvents and metals
and COPD defined by fixed AO and gas transfer factor and explore any effect
modification.

4) Explore the role of occupational exposures on lung function decline and to

examine any effect modification of these associations.



1.2.1 Thesis statement
This thesis is based on original research conducted throughout my PhD candidature.

The longitudinal TAHS dataset has been used to examine the relationship as stated above.

1.2.2 Thesis overview

This thesis has nine chapters. The introductory chapter (Chapter 1) summarizes the
rationale and objectives of my PhD project. Chapter 2 summarizes the literature related to
my thesis. In Chapter 3 a published systematic review and meta-analysis titled,
“Occupational exposure and risk of Chronic Obstructive Pulmonary Disease: a systematic
review and meta-analysis” is presented. Chapter 4, provides a detailed description of the
TAHS cohort including data cleaning, occupational coding, exposure and outcome
definitions, confounding selection and statistical analysis. The findings from my original
work on the TAHS are published as a paper and presented in Chapter 5 along with an online
data supplement entitled “Occupational exposure to pesticides are associated with fixed
airflow obstruction in middle-age.” Chapter 6, is a published paper titled “Occupational
exposure to solvents and metals are associated with fixed airflow obstruction.” Chapter 7,
is a traditional thesis chapter titled “Occupational exposures and lung function decline”.
Chapter 8 provides an overall discussion, an overview of the key findings of my PhD thesis,
strengths, and limitations of my doctoral work. Finally, in Chapter 9, is presented with

recommendations, future research directions and overall conclusions.



Chapter 2 Literature review






In this chapter, | review the burden of, definitions relating to, and risk factors for
developing COPD. I then specifically discuss occupational exposures as potential risk factors
for COPD; the possible biological mechanisms associated with occupational exposure; and
methods of occupational exposure assessment in general population-based studies. Next, |
appraise the studies that investigated occupational exposures and COPD using different
definitions, respiratory symptoms, and lung function change. Finally, | explore the possibility
of effect modifications of these associations by smoking, sex and asthma.

2.1  Global burden of COPD

Globally, COPD is a leading contributor to the health burden (31). Prevalence and
burden of COPD is expected to continue to rise in the coming decades due to increasing
global exposure to COPD risk factors, such as smoking, occupational exposures, increasing
levels of air pollution, and aging of world population (32). COPD is often under diagnosed
by healthcare professional because it is often unidentified until it is clinically apparent and
moderately advanced, leading to an underestimation of the overall morbidity and mortality
(32).

2.1.1 Global prevalence of COPD

Existing data on the prevalence of COPD shows remarkable variation due to
differences in study designs, definitions of COPD, and analytic approaches. Comparison
between studies investigating the prevalence of COPD is complicated by the variable use of
a range of COPD definitions (e.g. physicians diagnosis, self-report or objective spirometry)
and differences in the demographic characteristics of the study population (33). Different
spirometric cut-off criteria and the use of pre-BD or post-BD spirometry to define COPD is
also responsible for some of the variation in the estimated prevalence of COPD in the general
population (33, 34). A recent meta-analysis estimated the global prevalence of COPD using
stricter criteria for the included studies (35). They included studies that defined COPD using
spirometry only and were published between 1990 to 2014 (35). This meta-analysis estimated
that COPD prevalence increased from 10.7% in 1990 to 11.7% in 2010 (35). However, they
included both pre-BD and post-BD spirometry to define COPD, which may have
overestimated or underestimated the overall prevalence (35). In another meta-analysis of



COPD prevalence the pooled analysis estimated the prevalence of COPD to be between 4%
and 10% (36). When they restricted the analysis to adults aged more than 40 years the
prevalence of COPD was found to be between 9% and 10% (36). The variations among
different studies in the prevalence estimates may be attributable to the inclusion of

physician’s diagnosis, self-reported and spirometry criteria to define COPD (3, 36).

The two large multi-center studies, the Burden of Obstructive Lung Disease (BOLD)
study (26) and the Latin American Project for the Investigation of Obstructive Lung Disease
(PLATINO) study (37) have used gold-standard post-BD spirometry to investigate risk
factors for COPD. The BOLD study was conducted in 12 sites across the world including
Australia and estimated the prevalence of COPD in men to be 11.8% and in women to be
8.5% (26). However, significant heterogeneity in the prevalence of COPD was observed
across all study sites in the BOLD study. The PLATINO study investigated COPD among
people aged more than 40 years in five major cities in Latin America. The estimated
prevalence ranged between 7.8% and 19.7% (37). As expected COPD prevalence increased
with increasing age with the highest prevalence in those people aged more than 60 years. The
estimates in these two studies, even with identical methodologies, show a large variability in
the prevalence of COPD. This variation could be related to study locations, for example, the
BOLD study was mainly conducted in the Western world, whereas the PLATINO study was
entirely conducted in Latin America (5).

In summary, different study locations and study designs have been used to estimate
COPD prevalence, and not surprisingly, these have reported different estimates. Prevalence
of COPD also depends on demographics (age or sex) and history of individual exposure to
smoking, certain environmental agents, and occupational exposures. The key to reducing the

overall COPD prevalence lies in reducing exposures to those agents.

2.1.2 Global COPD mortality
Currently COPD ranks as the third leading cause of death worldwide (7, 31).
Globally, nearly 3 million deaths were caused by COPD in 2015, which accounted for almost

5% of all global deaths in that year (6). In recent decades, there has been a reduction in age
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and sex specific COPD mortality rates for almost all age groups, with the greatest decline
among younger people, nearly in all regions (6, 38). These improvements are associated with
improvement in gross national incomes (6). However, the total number of global deaths due
to COPD is projected to rise by one-third over the next decade (39), due to increasing
exposure to risk factors. Overall, mortality from COPD is constantly seen to be higher in
older age groups, and in men compared to women (6). The death rate in women is increasing,
and for middle-aged people, the mortality in women is almost equal to men (Figure 2.1) (6).
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Figure 2.1 COPD mortality rate ratios for 2010:1990 according to age and sex;
source: Burney et al. 2015(6)

2.1.3 Burden of COPD in Australia

In Australia COPD imposes a substantial healthcare burden and is a significant public
health problem (11). The prevalence of COPD in Australia is higher among those aged older
than 45 years (10). In 2014-15, the Australian National Health Survey (NHS) estimated
460,400 (5.1%) Australians aged 45 years and over had self-reported, or physicians
diagnosed COPD with no significant difference between men (5.2%) and women (4.9%) (10)
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(Figure 2.2). In 2011-12 the BOLD study estimated the overall prevalence of COPD in
Australia to be 14.5% in those over 40 years of age and 40% in those over 75 years old (11).
There were 7,025 deaths (4.6% of all deaths) attributed to COPD in 2014 making it the fifth
leading cause of death in Australia. The mortality rate due to COPD in Australia is gradually
declining and currently lower than that seen in the other developed countries such as the
United States of America, the United Kingdom, and New Zealand but higher than France,
Sweden, Japan and Finland (10).

Per cent
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Figure 2.2 Prevalence of COPD in Australia, ages 45 and over, 2014-15 (10)

2.2  Definitions of COPD

Post-BD lung function measurement of forced expiratory volume in 1 second (FEV1)
and forced vital capacity (FVC) (FEV1/FVC) ratio has been described as fundamental in
defining COPD (1). This section addresses different lung function criteria that have been

used to define COPD in epidemiological studies.

2.2.1 Spirometry and FEV: cut-off point to define COPD
Spirometry provides simple, non-invasive, and objective measurements of lung

function. FEV1and FVC are common measures of spirometry. The risk of misdiagnosis of
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COPD is less when spirometry is used because this is one of the key parameter required to
confirm the COPD (40). This objective definition, based on the easily measured

physiological variables, is also robust for epidemiological studies.

COPD is defined by the American Thoracic Society (ATS) and European Respiratory
Society (ERS) as a common disease, characterized by persistent airflow obstruction that is
not fully reversible, with respiratory symptoms and accelerated and progressive loss of lung
function associated with a chronic inflammatory response in the airways due to inhaled
particles or gases (1, 2). Airflow obstruction that is not fully reversible or fixed airflow
obstruction (fixed AQ) is defined by a reduction of the post-BD FEV1/FVC ratio as measured
by spirometry, is the hallmark feature of COPD (1, 41). The use of post-BD spirometry to
define COPD is critical because it ensures a more valid diagnosis of COPD in the general
population (34) by excluding those with a history of asthma (42). Post-BD spirometry is used
by many international prevalence studies (1, 11, 26, 37), while few population-based
prevalence studies have used pre-BD spirometry to define COPD (43, 44).

The cut-off values of FEV1/FVC ratio that should be used to confirm an airflow
obstruction has been debated (1). Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines defined COPD as post-BD fixed ratio of FEV1/FVC less than 0.7 (2).
Another definition, Lower Limit of Normal (LLN) defines COPD as an FEV1/FVC value
below the lower fifth percentile of a large healthy reference population (45). However, the
GOLD cut-off may result in more frequent identification of fixed AO in elderly (46, 47) and
less frequent diagnosis in younger adults aged less than 45 years (2, 46), compared with LLN
cut-off values (48). The Third National Health and Nutrition Examination Survey (NHANES
I11) has used both GOLD and LLN definition and identified that GOLD-defined fixed ratio
produced higher estimates than those of LLN estimates, particularly for older individuals
(34).The Global Lung Initiative (GLI) statistical reference equation-based LLN criteria are
particularly effective for epidemiological studies (48) and used in many studies to define and
estimate the prevalence of COPD (47, 49).

13



Both of these criteria have some limitations (50). The GOLD cut-off criteria is
independent of population-specific reference values and normal age-related physiological
lung function decline (51, 52), which may account for more frequent diagnosis in older age.
However, the GOLD-defined fixed cut-off values less than 0.7 is particularly effective and
easy to use for non-epidemiologists and clinicians and therefore widely used in primary
health care (34) . Several limitations occur when using LLN as the diagnostic criteria to
define fixed type of AO (1, 2). LLN criteria is known to fail to identify some patients with
significant pulmonary pathology and respiratory morbidity, and it is dependent on the choice
of reference equations (53). In addition, LLN has not been validated using longitudinal
studies (2).

Therefore, the ATS/ERS task force recently recommended using post-BD spirometry
based GOLD-defined fixed ratio and GLI-based LLN criteria to define COPD and to compare

the outcome, particularly when conducting large-scale population-based studies (1).

2.3 Risk factors for COPD

Although personal cigarette smoking is the predominant risk factor for fixed AO (3),
it is not the only risk factor for COPD. This is evident by the fact that not all smokers develop
fixed AO and not all people with fixed AO have been smokers (12). Therefore, other risk
factors besides smoking are likely to be involved, and these risk factors may be broadly

divided into extrinsic and intrinsic risk factors as described below (12, 54).

2.3.1 Extrinsic risk factors
2.3.1.1 Tobacco smoke

Around the world, personal tobacco smoking is the best-known risk factor for the
development of fixed AO and subsequent COPD (5). Smokers have a moderately higher
prevalence of respiratory symptoms and fixed AO, a greater annual lung function decline,
and a higher COPD mortality rate compared to non-smokers (55). World Health Organization
(WHO) estimates that 73% of COPD cases in high-income countries and 40% in low and
middle-income countries are due to smoking (56). However, as this relationship was highly

variable across the world and is affected by other risk factors such as occupational exposures,
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air pollution, genetic effect, sex, and asthma; because not all smokers go on to develop
COPD. Passive smoking exposure or environmental tobacco smoke (ETS) may also
contribute to the development or COPD by increasing the inhaled particles or gases. Smoking

during pregnancy may also pose a risk to fetal the lung growth and development (55).

2.3.1.2 Occupational exposures
Occupational exposures are the primary focus of my thesis, and it is a major risk
factors for the development of fixed AO or COPD. | have described the effect of occupational

exposure in section 2.4.

2.3.1.3 Socioeconomic status

Low socioeconomic status has been shown to be a risk factor for COPD, however, it
has not yet been established which component contribute to this relationship (5). It could be
due to air pollution, occupational exposures, higher rates of smoking, living or working in
crowded environment, poorer nutrition, or increase risk of infection (55), with poverty

regarded as a surrogate measure of these factors (5).

2.3.2 Intrinsic risk factors
2.3.2.1 Genetic factors

COPD may also develop due to the interaction between specific genes and the
environment. There is evidence that genetic factors influence the development of COPD, not
only in smokers but also in nonsmokers. The most common genetic factor linked to fixed AO
is al antitrypsin deficiency, which is found in 3% of patients with AO (5). Growth factor B1,
tumor necrosis factor o, Hedgehog-interacting protein (HHIP), interleukin 6 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
(57).

2.3.2.2 Sex
The role of sex in the development and progression of COPD is unclear and has been

a topic of much research. Traditionally, COPD has been regarded as a disease of men, related
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to their patterns of smoking and occupational exposures. However, growing evidence
suggests that COPD is now affecting women with a severity that is equal to or even greater
than that of men (58). Whether women are more susceptible to the development of COPD
than men continue to be a topic of investigation, but some evidence lends support to this
hypothesis (26). The effect of sex 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 (5).

2.3.3 Other risk factors
2.3.3.1 Air pollution

Exposure to ambient air pollution has been hypothesized to be associated with
increasing trend of COPD as defined by fixed AO around the world. High levels of urban
traffic-related air pollution are also harmful to individuals with chronic health conditions
such as heart and lung disease (55). WHO estimates that urban traffic-related air pollution
maybe responsible for 1% of COPD cases in high-income and 2% in low and middle-income
countries (56). A recent review from ATS also 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 (12).

2.3.3.2 Asthma

Bronchial hyperresponsiveness (BHR), a hallmark of asthma has been considered as
a risk factor for COPD (5). Findings from a cross-sectional study have shown an overlap
between COPD and asthma of up to 30% (59). It has also been reported (in a longitudinal
study) that people with asthma lose lung function more rapidly compared to people without
asthma (60). Another longitudinal study found that 20% of people with asthma and BHR
may develop irreversible fixed AO and lung function decline compared to non-asthmatics
(61). BHR may also exist without asthma and has been found to be associated with COPD
(62) and an excess decline in lung function (63).
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2.4 Occupational exposures as a risk factor for COPD

Occupational exposures to dust, chemicals, vapors, gases, and fumes also
significantly contribute to the development of fixed AO or COPD. It has been estimated that
19% of COPD cases in the United States of America (USA) were attributed to occupational
exposures, with 31% being in people who have never-smoked. These estimates are consistent
with ATS that concluded that workplace exposure contributed to 15% to 20% of all cases of
airflow obstruction (13). Occupational exposure in less regulated areas of the world is likely
to be higher than that reported in studies from developed countries with well-developed
occupational health and safety surveillance and disease prevention systems. To date,
however, work done to investigate specific workplace exposure for the development of
COPD has been, limited and inconsistent.

2.4.1 Biological impact of occupational exposure on the respiratory tract

Exposure to occupational agents leads to inhalation of the gases or particles into the
respiratory tract through the nose or mouth, primarily causing airway blockage. Upon
inhalation, particles are first deposited and remain in the respiratory tract according to their
size, and shape (64). The deposition pattern of particles differs, depending on the route of
inhalation and the size of particles. For example, fine particles, such as dust generated by fine
sanding, may travel beyond the nasal cavities and into the lungs. Deposition of large numbers
of foreign particles in the alveoli leads to macrophage overloading and impaired
phagocytosis, and results in interstitial accumulation of particles that leads to inflammation
(64). The inflammatory mediators such as cytokines that are released from the overloaded
macrophages primarily initiate the inflammation. During the inflammatory process,
leucocytes create a communication between the infiltrating cells and the affected tissue
through cytokines. Cytokines binds to the membrane receptors causing excess mucus
secretion and smooth muscle contraction in the airways, which leads to breathlessness,

cough, and wheeze.

Inhalation of vapors, dust, chemicals, gases or fumes can adversely affect any part of
the respiratory tract. The part of the respiratory tract affected depends on the immune status

of the individual and the nature and properties of the inhaled particles or gases. Acute
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inhalation of an occupational exposure can cause injury to the respiratory tract which may
result in breathlessness, cough, phlegm production and chest tightness. This usually requires
immediate medical treatment. The extent of damage to the respiratory tract depends on the
cumulative dose of exposure and may lead to prolonged symptoms. Long latency periods
may exist between the acute inhalation exposure and subsequent development of the chronic
airway disease. This latency period may be from years to decades and may cause long-term
diseases such as fixed AO that leads to COPD (14).

2.4.2 Population-based versus workplace-based studies

The health effect of occupational exposures can be explored either in workplace
settings or in the general population (65). Studies in workplace settings are usually more
specific to the hazards present in the workplace and the degree of risk at various exposure
levels (66). They also offer an opportunity to obtain high-quality exposure information for
the period of the study or across the working life of the participants. However, occupational
cross-sectional studies are prone to survivor bias or the healthy worker effect because
workers who have left their jobs because of previous respiratory problems may not be
included in the study. In occupational cohort studies, there may be loss to follow-up, thereby
once again underestimating the true impact of the exposure (12). They are also designed to
identify specific diseases among the exposed workers, for which, the results may not be
generalizable to the broader population. Despite these limitations, over the past two decades
several workplace-based studies among cement workers (67), construction workers (68),
farmers (69), and textile workers (70) have shown a clear association between occupational

exposure and COPD.

Although workplace based studies have provided evidence that occupational
exposure is associated with AQ, it has also been suggested that this link could be established
using population-based studies (12). Population-based studies involves both cross-sectional
and longitudinal follow-up of members of the general population for a certain period to
observe exposure-outcome relationships (71). In population-based studies, the source
population is the general population, and they may or may not be exposed to certain

occupational agents whose level of intensity may have changed over time (16). The external

18



validity of the population based study design is considered enhanced because of its source
population and the applicability of its results to the general population (71). A major
advantage of population-based studies is that the problem of healthy worker effect can be
avoided to a large extent (12, 13, 65). Furthermore, although the population-based study
design is not typically intended to examine the relationship between occupational exposure
and airflow obstruction; they nonetheless can provide the strongest evidence for an
association (12).

2.4.3 Assessment of occupational exposure in the general population

In general population-based studies, people tend to work in a wide range of
occupations during their working lives. Therefore, assessment of occupational exposure is
often challenging (65). Great reliance is placed on participants to accurately recall their past
work histories and duration of employment. Participants may have been previously exposed
to several chemicals, biological and physical agents with the level of intensity of exposure
changing over time. Quantitative measurements of individuals” exposure are rarely available
so it is not possible and often does not allow for estimation exposure retrospectively.
Therefore, studies in general populations need to utilize retrospectively collected lifelong
historical occupational exposures data. This is because there may be a long latency period
between occupational exposure and COPD occurrence.

Assessment of retrospective exposure in various occupations is often complicated due
to task changes and the mix of work tasks within the same jobs. Workplace conditions can
also change in response to new technologies, new regulations, product demand fluctuations,
or product formulation variations. Employees may also perform multiple tasks at the same
time and be rotated between jobs as production demand changes. All these workplace
changes make the identification of occupational exposures in general population-based

studies complex.

Several methods have been used to assess occupational exposures in population-
based studies. Two common approaches used to collect the information from questionnaires

are, when job title is used as a proxy for exposure assessment, and when information on

19



occupational exposures are gathered from self-reported occupational histories. These two
methods can be integrated by expert evaluation, or by the occupational hygienist, or by the
application of Job Exposure Matrices (JEMSs) to the self-reported work histories (72).

The basic principles of each of these methods along with their advantages and

disadvantages are discussed next.

2.4.3.1 Job title

The complete lifetime work history calendar is the basic information that is usually
collected in the questionnaire. It contains information on detailed job histories including a
list of all jobs held throughout the person’s working life, nature of employment, name, and
description of the industry, starting and ending date or year. In some cases, to minimize both
time and cost, information on only the last or the most recent job held or the longest duration
job is collected. The job title method is relatively inexpensive, is an easy way to collect the
information, and facilitates large-scale analyses (16). It is also useful for epidemiological
surveillance of occupational risks. It has frequently been used as an exploratory tools for

identifying jobs at high risk of morbidity and mortality (73).

The job title based occupational information does not guarantee data quality. Even, if
the job is well described and the participants’ have provided detailed information, the job and
activity sector may affect the exposure assessment. Therefore, it is important to collect the
information related to subjects’ job history and task activity (if possible) to assign the most
appropriate job coding. However, additional information on job activity may complicate the
questionnaire and may be not feasible due to time constraints. Participants may have moved
between many activities within a given job and, therefore, capturing this information in a
useful and reliable way may be difficult and may result in misclassification. In addition, the
coding procedure requires special training, knowledge of the job or activities in the sector,
and the ability to use several different coding guidelines. Hence it is important to check the

quality of coding to ensure proper job classification and to reduce bias (73).

20



2.4.3.2 Self-reported exposure

The self-reported exposure assessment method involves collecting information on
occupational exposures directly from participants using a questionnaire. This is often in the
form of multiple-choice questions regarding substances used by employees in their
workplace. However, in general, the ability to report individual chemical substances requires
the subject to recall whether they were exposed, and/or actually know that they were exposed.
Some occupations such as gardeners or farmers who use pesticides may be exceptions
because they need to keep the purchase records and use personal protective equipment (PPE)
(16). One limitation of this method is reporting bias that may result in differential
misclassification of self-reported exposures (74). To reduce this misclassification bias, self-
reports obtained from questionnaires should not be used on their own to assess occupational
exposure, but should be integrated with other workplace information, such as tasks
undertaken and other detailed features of their occupational history. However, a major
disadvantage of job-specific questionnaires or interviews compared to the simple self-
reported questionnaire is their high cost; they also involve labor-intensive processes (72).

In order to collect a complete occupational history with a self-reported questionnaire,
a detailed job-specific questionnaire along with a checklist of tasks performed can be
developed (72). This type of questionnaire allows the filtering of the most appropriate
questions for the participants. In addition, self-reported exposure information can be
collected via face-to-face interview or telephone questionnaire. A face-to-face interview
allows collection of detailed data with completeness. This method generally results in higher
response rates and the lower incidence of missing data. In the case of telephone interviews,
trained interviewers can collect information that is more complex, but the response rate is

often lower compared to face-to-face interviews.

2.4.3.3 Expert assessment

The expert evaluation by either an industrial hygienist, a panel of industrial hygienists
or a toxicologist is considered to be the gold standard method. It has been shown to provide
the most accurate means of measuring occupational exposure in population-based case-

control studies (16, 75). It is a lengthy procedure that requires a structured questionnaire
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along with knowledge and expertise of one or more experts. After each job history has been
obtained via interview using a structured questionnaire, the experts first review the data to
assess whether the individual has been exposed to each occupational agent of interest, then
rate the intensity of exposure on a scaling system to classify the subjects (16). This method
is usually applied at the individual level and therefore considers case-by-case evaluation that

also takes into account the subjects’ tasks and exposure conditions at the workplaces.

There are several concerns when using expert opinions to assess occupational
exposures (16). It depends on the quality of the questionnaire and the training of interviewers.
Hence, questionnaire responses can be affected by differential and non-differential reporting
bias. Therefore, overall validity partly depends on the validity of the subject reporting and
partly on the experts’ judgments. Other concerns are the high cost of using experts to assess
occupational exposure; it is a time-consuming procedure; and therefore may not be practical
in large-scale studies (16). | If the assessment is undertaken over a number of years then the
knowledge and expertise of the expert may change during the evaluation process, therefore
the classification of subjects at the beginning and at the end of the study may not be the same.
Expert evaluation also requires experts to be have a broad knowledge of both small and large
enterprises (72). The validity of the expert assessment method also depends on the quality of
the available data which may vary in quality (76). Finally, qualified experts are scarce and

have other professional commitments.

2.4.3.4 Job Exposure Matrices (JEMSs)

To improve exposure assessment by the use of job title only, in the late 1970s,
occupational epidemiology started to develop the first computerized Job Exposure Matrices
(JEMSs) to assess occupational carcinogen exposures (17, 18). The JEM is a systematic tool
for assigning exposure based on the cross-classification of a list of job titles with a list of
agents (16, 17). The JEM can be seen as a cross table, which lists a broad range of exposure
agents on one axis, called the “exposure axis”; and a range of occupational classifications
based on job title on the other axis, called the “job axis.” The job axis includes job titles of a
general classification of employment, and the exposure axis can vary from categorical

grouping of exposures (for example, dust exposure—yes/no) to detailed individual exposures
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(18). Exposure can be automatically linked to subjects, based on the job title (77). The
assessment of exposures in JEMs can be either dichotomous (for example, exposed/non-
exposed) or ordinal (for example, no, low or high) exposure variables (16). Recent
developments have also introduced semi-quantitative indexes, such as calendar time and
gender, that often allow a third axis to account for change in exposure over time and increase
their validity (18).

Different types of JEMs were developed according to their context of use, such as
general population-based JEMs (GPJEMSs), agent-specific or disease-specific JEMs and
industry-specific JEMs (ISJEMs) (18). Population-based JEMs cover all jobs or occupations
of a general (nationwide) classification, whereas agent-specific JEMs may have a matrix
restricted to job titles occurring within the industry, or even within one facility (78).
However, regardless of the types of JEMSs, it is necessary to choose a standard job
classification system. The choice of job classification system could be either national job
classification or international job classification. The use of a national classification can be
limiting. , This matrix can be difficult for researchers in other countries to use, as it is time
consuming and expensive to recode or translate the job titles. Additionally, it could lead to
loss of information if the job title cannot be translated, or it can be affected by
misclassification due to differences between coders and differences in translation of codes
(65). Therefore, it necessary that well-trained coders with basic knowledge of jobs performed
in the different industries, undertake the job coding. A consensus exists for the use of
international coding systems for industries (International Standard Industrial Classification,
ISIC) (79) and the general population (International Standard Classification of Occupations,
ISCO) (30). Other than these classifications, some countries have their own job classification
systems that are more or less similar to the international classifications. One example is the
Finnish Job Exposure Matrix (FINJEM), designed by the Finnish Institute of Occupational
Health (FIOH) in 1990, based on the Finnish occupational coding system (74). FINJEM is
also a general population-based JEM that provides quantitative information on exposure to
different agents (80). Recently, researchers have been trying to develop a new JEM based on

national occupational coding classifications (80). Australia has been in the process of
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formulating a new JEM, AusJEM, since 2010 based on Australian Standardized Coding of
Occupations (ASCO) (81).

JEMs have been used for many years in occupational epidemiology and have been
proven useful for management, surveillance, and intervention purposes in the occupational
health sector (82). They are an efficient, cost-effective, and reliable way to evaluate the link
between occupational exposure and disease in population-based studies allowing for more
accurate analysis of exposure-outcome relationship rather than looking at the job title alone
(18). They also overcome the shortage of qualified experts in a wide range of exposures.
Furthermore, they can be used where traditional exposure assessment methods may not be
applicable, such as in large-scale studies. A further advantage of JEMs is that they
consistently assign exposures, irrespective of the disease status of the subject, ultimately
eliminating differential information bias, since exposure allocation is blinded to case status
(18).

Unfortunately, a major limitation of JEMs is that they cannot take into account the
variability of exposure within the same job categories or same occupational classifications.
JEMs may misclassify participants into the exposed group when they are not truly exposed
because they are only using job title to assign exposure. However, this misclassification is
likely to be non-differential on a participant’s disease status (18). To minimize
misclassification, the best method to assess exposure is to collect lifetime work histories (78).
A recent review of the methodology of JEMs demonstrated the need for further research
using JEMs along with lifetime work histories to reduce exposure misclassification (16).
JEMs also allow the study of occupational exposures in population-based longitudinal studies
that is less affected by the healthy worker effect or the survivor effect (16).

Overall, JEMs are useful tools to describe exposures in general population studies as
they are assigned exposures based on job title and self-reported lifetime work history
calendar. They are limited by possible misclassification of exposure due to variation in

exposure levels with different tasks within the same job title or within different companies
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or industries. The development of matrices based on job tasks rather than job titles would

advance the area, however, they are not currently available.

2.4.3.4.1 JEMs applied in the general population

Based on the early JEMs developed for carcinogen exposures in the early 1980s,
researchers from the Netherlands, Professor Hans Kromhout and Associate Professor Roel
Vermeulen, developed a modified version of a population-specific JEM for the ECRHS-I
study in 1998. This was based on the Population Census and Surveys (OPCS) classification
of occupations (83). This JEM was named the Ad hoc JEM, and was used to examine the
association between occupational exposures and airflow obstruction. Subsequently, the
Spanish site of the ECRHS-II study, changed and coded JEM according to International
Standard Classification of Occupation (ISCO-88) (84). This JEM was later re-named the
ALOHA JEM (A Lot of Occupational Hygiene Assumptions). ALOHA JEM was first applied
in an Australian study that investigated occupational exposures and airflow obstruction (19).
In the first version of the ALOHA JEM exposures were classified into biological dust,
mineral dust, gases/fumes and a combined measure of vapor, gases. dust, and fumes (VGDF).
The later version of the ALOHA JEM includes exposures to pesticides, organic solvents, and
metals and has been renamed the ALOHA plus JEM (85). Both of these JEMs were designed
according to the ISCO-88 classification and used work history calendars to assign exposures.
Based on job title and ISCO-88 classifications, the ALOHA plus JEM assigned exposures
into high or low exposures to biological dust, mineral dust, and gases/fumes, VGDF,
pesticides, herbicides, insecticides, aromatic solvents, chlorinated solvents, other solvents,
and metals (85).

2.5  Lifetime occupational exposure versus current job exposure

Precise and valid retrospective work history collection is the primary challenge in
occupational epidemiological studies. A variety of methodological techniques have been
used in occupational studies to collect accurate retrospective work histories (86). Collection
of lifetime work history calendars are critical to complete retrospective exposure assessment
(87). Lifetime work history calendars provide an ideal opportunity to capture the length of

jobs and changes of exposure through the jobs over time in the working population.
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Lifetime work history calendars collect information about previous work histories
using a general questionnaire on the duration of employment, and therefore, it is possible to
calculate cumulative duration of exposure from lifetime work history calendars (87).
Cumulative exposure is a multiplicative product of exposure level and duration of
employment that indicates total amount of exposure that workers have been exposed over
time. Assessment of cumulative exposure also indicates any dose-response relationship
between exposure level and outcome of interest. Using lifetime work history calendars also
helps to minimize survivor bias or healthy worker effect. Individuals most affected by
respiratory symptoms at the time of their working life may change jobs or alter their working
environment to reduce the level of exposure. Lifetime work history calendars allows
capturing all past exposures even in those who have moved from a highly exposed job into

low exposed or not exposed job.

Several studies have assessed the methodological approaches of lifetime work history
calendars. Engle et al. used a calendar-based questionnaire and compared the traditional
occupational questionnaire among the farmworkers to capture the length of jobs and
concluded that the calendar-based technique is more effective for collecting a complete
picture of a person’s work history rather than the traditional questionnaire-based method (88).
Zahm et al. also used a lifetime work history technique using a calendar-based method and
demonstrated that this technique was effective for collecting complex work histories and
related risk factor data among farmworkers (89). Hoppin et al. also described the
appropriateness of lifetime work history calendars to recall and collect previous work
histories by the worker (86). This study also concluded that use of lifetime work history
calendars was useful for understanding the nature of the exposure-outcome relationship and
effective for collecting information on time-varying exposures, duration, and intensity of

exposures to reduced potential measurement error.

Numerous studies have used current or most recent job exposure instead of lifetime
work history calendars (20, 83-85, 90). Current or most recent job does not adequately

account for previous exposures, and the analyses can be erroneously based only on most
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recent or current job exposure. Using a current job may increase the chance of missing an
important previous exposure. In current job analysis, it is also not possible to identify healthy
worker bias that may also affect the association. Therefore, it is likely that current job
exposure may underestimate or overestimate the true impact of occupational exposure on
lung health (91, 92). In occupational epidemiological studies of the fixed nature of AO, it is
essential to focus on previous exposure as well as cumulative exposure due to the long latency

period that may exist between occupational exposure and the development of COPD.

In the next section, | will explain the respiratory health effect of occupational
exposures with the particular focus on respiratory symptoms, chronic bronchitis, and COPD
as defined by fixed AO. I will also summarize the epidemiological literature related to the

effect of occupational exposures on lung function decline.
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2.6 The association between occupational exposures, and respiratory symptoms,

chronic bronchitis, and COPD

In this thesis, | have focused on the occupational exposure defined in the ALOHA
plus JEM that includes exposures to biological dust, mineral dust, gases/fumes, combined
exposures to VGDF, all pesticides, herbicides, insecticides, aromatic solvents, chlorinated
solvents, other solvents, and metals. In this section, | will discuss the literature that has
specifically evaluated the effect of each of these exposures and their relationship with
respiratory symptoms, chronic bronchitis, COPD defined by fixed AO, and lung function

decline over time.

2.6.1 Biological dust exposure
2.6.1.1 General overview

Biological dust usually includes substances of microbial, plant, or animal origins such
as pathogenic or non-pathogenic bacteria, viruses, fungi, toxins, spores, allergens,
peptidoglycans, glucans, pollens, and plant fibers. In general, biological dust is a complex
mixture of one or more of these substances (93). The interest in biological dust exposure has
increased over the last few decades, because it has been recognized that exposure to
biological dust in the workplace is associated with a wide range of adverse health effects,
including respiratory diseases. Respiratory symptoms due to occupational exposure to
biological dust can range from acute inflammation by toxins to chronic severe inflammatory
response within the lungs (93). Respiratory symptoms and airflow obstruction are t common

health effects that are associated with biological dust exposure.

There are a huge range of occupations that are exposed to biological dust. These
occupations include, but are not limited to, workers in animal husbandry, plant agriculture,
forestry, health care, textiles, paper production, fishery and aquacultures, food production
and processing (94, 95). Some common occupations related to biological dust exposure are
listed in Table 2.1 (below).
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Table 2.1 Industries with biological dust inhalation hazards

Occupations/Industry

Types of biological dust

Tasks associated with exposure

Agriculture

Allergenic and toxinogenic
bacteria, fungi, mites etc

Breeding animals, cultivating plants,
gardeners

Animal husbandry

Zoonotic bacteria, viruses,
fungi, parasitic worms etc

Work activities where there is contact
with animals or products of animal
origin (or both)

Biotechnology

Endotoxin of Gram-negative
bacteria, zoonotic viruses and
bacteria

Production of single cell protein,
snow inducer, detergent factories,
cooks

Clinical, veterinary and
diagnostic laboratories

Zoonotic bacteria, viruses,
fungi, parasites

Veterinarians, workers in the zoos,
museums, taxidermists

Health care

Infectious agents of human
origin, hepatitis B virus,
adenovirus, mumps virus,
rubella virus etc

Isolation and post mortem units,
funeral and cremation undertakings.

Pharmacists

Pharmaceutical powders,
allergenic drugs of microbial
origin

Production of pharmaceutical
products

Sewage, compost solid,
agriculture waste
workers

Enteric bacteria, viruses,
hepatitis A virus, fungi

Handling, moving, transporting of
waste

2.6.1.2 Association between biological dust exposure and respiratory symptoms, and

chronic bronchitis

Several industry-based studies have demonstrated that biological dust exposure
resulting from agriculture work is associated with chronic bronchitis, and respiratory
symptoms. Dalphin et al. studied the effect of biological dust exposure in France and found
increased prevalence of chronic bronchitis (96). Eduard et al. compared the likelihood of
chronic bronchitis and COPD among crop and livestock farmers (69). This study also
demonstrated that livestock farmers were more likely to develop chronic bronchitis than crop
farmers due to biological dust exposure, although the effects of specific biological substances
could not be assessed (69). Monso et al. conducted a study among non-smoking European
animal farmers working inside confined buildings and suggested that there was a 17% higher
risk of developing reversible AO (97). Furthermore, they also observed a dose-response
relationship with a greater risk of COPD in those with higher biological dust, and endotoxin

exposure (97).
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Most studies that evaluated biological dust exposure were conducted in a specific
workplace environment. However, several population-based studies have also explored the
relationship between biological dust exposure and respiratory symptoms and
chronic bronchitis (Table 2.2). Of the 13 studies that investigated the association between
biological dust exposure and respiratory symptoms, two studies reported a significant
association between biological dust exposure and symptoms of cough, phlegm, and
dyspnea (98, 99). Nine studies investigated the association between any biological dust
exposure and chronic bronchitis; of them, three studies reported significant associations
(100-102). The other six studies, however, found no association between biological
dust exposures with chronic bronchitis (19, 23, 103-106). The two studies that found the
association with chronic bronchitis used a questionnaire-based self-reported method to
assess biological dust exposure (100, 101), which may have introduced differential
misclassification bias. In addition, both studies assessed dust exposure in cotton,
wood, metal, minerals, asbestos, and grain dust in agricultural workers, which further
indicates that a large number of participants from specific occupational groups influenced
the association. One study from the Netherlands found a significant association between
biological dust exposure and chronic bronchitis using a JEM based exposure assessment
(102). There were inconsistencies in the definition of chronic bronchitis. Only three
studies used a combination of cough and phlegm that was present for more than 3 months
for the last 2 years; whereas the other studies used the last 1-year to define chronic
bronchitis, which may have underestimated the overall effect. Three studies investigated
cumulative biological dust exposure, but none found a significant association with
chronic bronchitis (19, 103, 105).

In summary, the evidence for an association between biological dust and chronic
bronchitis and respiratory symptoms are inconsistent. However, inconsistent findings were
mainly due to differences in the exposure assessment method and lack of
standardized definition of symptoms or diagnosis. Detailed information on the studies that
assessed this relationship are presented in Table 2.2 (below).

30



Table 2.2: Population-based studies investigating the association between biological dust exposure and respiratory symptoms and chronic bronchitis

First author (year) Location Sample | Methods of Duration of Definitions used Any exposure OR(95%CI) Cumulative
size exposure job exposure (years)
assessment OR(95%Cl)
Cross-sectional studies
Hansell et al.(2014) (103) New Zealand 1,017 ALOHA JEM Lifetime CB:cough,sputum> H=1.08(0.51-2.28) 1.34(0.65-2.76)
WHC 3months/yr>1 yr L=1.61(0.92-2.83)
Dijkstra et al. (2014) (104) | The Netherlands | 10,008 ALOHA plus Current job CMH:sputum>3months/yr>1yr | H=0.86(0.48-1.55) N/A
JEM L=1.19(0.91-1.56)
Lam et al. (2012)(98) China 8,216 SR Cough H=1.76(1.23-2.53) N/A
L=10.77(0.48-1.23)
Dyspnea H=1.4(1.19-1.64)
L=1.13(0.96-1.33)
Skorge et al. (2009) (107) Norway 2,312 ALOHA JEM 11 years job Cough H=2.48(1.2-5.2) N/A
Dyspnea H=1.44(0.7-3.0)
Krstev et al. (2008) (105) China 14,500 SR Lifetime CB: doctor diagnose 1.09(1.00-1.18) 1.06(0.96-.17)
WHC
LeVan et al. (2006) (100) Singapore 52,325 SR Current and CB:Cough,phlegm>3months/yr | 1.26 (1.01-1.57) N/A
previous job >2yrs
CMH: cough/phlegm 1.08 (0.95-1.22)
Matheson et al. (2005) (19) | Australia 1,213 ALOHA JEM Lifetime CB: phlegm>3months/yr>2 yrs, | CB=1.74(0.97-3.11) CB in men
WHC 1.38(0.26-7.30)
Cough Cough=1.25(0.80-1.94) CB in women
Dyspnea Dyspnea= 1.35(1.01-1.79) 4.65(0.83-26.0)
de Meer et al. (2004)(106) The Netherlands | 1,906 JEM Current job CB: cough and CB=0.89(0.56-1.42) N/A
phlegm>3months/yr>1 yr
Wheeze Wheeze= 1.06(0.79-1.42)
Suadicani et al. (2001) Denmark 3,331 SR >5 years job CB: cough and 1.5(1.1-2.1) N/A
(101) phlegm>3months/yr>2 yrs
Sunyer et al.(1998) (83) Spain 1,735 ALOHA JEM Current job Cough H=1.9(0.9-3.7); L=1.5(1.0-2.3) | N/A
Phlegm H=1.6(0.8-3.3); L=1.2(0.8-1.7)
Heederik et al. (1989) (102) | The Netherlands | 828 JEM Longest job CB: doctors’ diagnosis, OR=0.89 for dyspnea and 2.46 N/A
Dyspnea for CB
Korn et al. (1987) (99) USA 8,515 SR Lifetime Cough Cough=1.32(1.14-1.52) N/A
WHC Dyspnea Dyspnea= 1.6(1.35-1.91)
Cohort study
Heederik et al. (1990) (23) | The Netherlands | 804 | JEM | Longestjob | CNSLD: doctors’ diagnosis | 1.16(0.74-2.86) [ N/A

Definition of abbreviations: CB= Chronic Bronchitis; CNSLD= Chronic Nonspecific Lung Disease; CMH= Chronic Mucus Hypersecretion; WHC= Work History Calendar; USA=United States
of America; N/A= Not Available; H=High Exposure; L=Low Exposure; OR=0dds Ratio; Cl= Confidence Interval; SR=Self-Reported Exposure
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2.6.1.3 Association between biological dust exposure and COPD

Population-based studies suggest an association between biological dust exposure
and COPD defined by fixed AO (summarized in Table 2.3). Of the 12 studies presented in
Table 2.3, 10 studies investigated prevalence (19, 83, 85, 98, 99, 103, 104, 108-110), while
two studies investigated incidence (20, 84). Most studies used the ALOHA JEM to assess the
exposure, and of those, only two studies used lifetime occupational history (19, 103), while
others used most recent or current job. Only two studies used post-BD spirometry to define
COPD (103, 110). In terms of spirometric cut-off criteria, five studies used FEV1/FVC<0.7
(19, 83-85, 104) and five studies used FEV1/FVC<LLN (98, 103, 108-110) and one cohort
study used both to define COPD or fixed AO (20).

Two recent studies from a Danish population-based cohort, conducted two separate
cross-sectional analyses (108, 109). One including the whole cohort (109), and the other
focussed on never-smokers only (108). Both analyses produced very similar results and found
significant associations between any exposure to organic dust with airflow obstruction.
However, both analyses used a self-administered questionnaire, where the participants were
asked about their exposure to biological and inorganic dust during the previous 5-years. Four
cross-sectional (83, 85, 103, 104) and two cohort studies (20, 84) used the ALOHA JEM to
assess occupational exposure, but these studies did not find significant associations between
biological dust exposure and airflow obstruction. Only one study from New Zealand (103)
used post-BD spirometry to define COPD, whereas all other studies used pre-BD spirometry,
that does not allow for the assessment of fixed AO or COPD. One Australian study that
assessed exposure using the ALOHA JEM found that any biological dust exposure was
associated with COPD, where COPD was defined using a combination of spirometry, carbon
monoxide lung transfer factor (Tico), and respiratory symptoms of cough, sputum and
dyspnea (19). This study, however, did not find a significant association with airflow
obstruction when the definition of pre-BD FEV1/FVC<0.7 was used. This study also
investigated association between cumulative biological dust exposure and COPD, and found
that cumulative exposure to biological dust was associated with COPD in women but not in
men. One large European cohort study also examined cumulative exposure and found an

association between biological dust exposure and AO as defined by pre-BD spirometry (20).
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In summary, the evidence for an association between biological dust and COPD in
the general population remains unclear. A number of studies used pre-BD to assess this
relationship, which does not allow for the assessment of fixed AO or COPD. The null
findings reported in some studies may be due to the use of pre-BD spirometry, use of current
job rather than lifetime occupational history, and lack of statistical adjustment for asthma
These factors may have underestimated the true impact of biological dust on COPD in
general population studies. Further information regarding the association between biological
dust and COPD is presented in Table 2.3 (below) and Chapter 3.
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Table 2.3: Population-based studies investigating the association between biological dust exposure and COPD

First author (year) Location Sample size Methods of Duration of job | Definitions used BD Any exposure Cumulative
exposure OR(95%Cl) exposure (yrs)
assessment OR(95%CI)

Cross-sectional studies

Tagiyeva et al. (2016) UK 328 JEM Lifetime WHC | FEV1/FVC<LLN Post 1.07(0.58-1.99) No association

(110)

Wiirtz et al. (2015) (108) | Denmark 1,575 (Never | SR NM FEVY/FVC<LLN | Pre 2.94(1.05-8.22) N/A

smokers only)

Wirtz et al. (2014) (109) Denmark 4,717 (Whole | SR NM FEV1/FVC< LLN Pre 1.56(1.09-2.24) N/A

sample)

Hansell et al.(2014) (103) | New 1,017 ALOHA JEM Lifetime WHC | FEV1/FVC<LLN Post H=0.96(0.43-2.13) | 0.93(0.43-2.04)

Zealand L=0.95(0.50-1.83)

de Jong et al. (2014)(85) The 11,851 ALOHA plus Current job FEV1/FVC< 0.7 Pre H=1.04(0.92-1.18) | N/A
Netherlands JEM L=0.91(0.66-1.25)

Dijkstra et al. (2014) (104) | The 10,008 ALOHA plus Current job FEV./FVC< 0.7 Pre H=0.86(0.33-2.25) | N/A
Netherlands JEM L=1.14(0.74-1.74)

Lam et al. (2012)(98) China 8,216 SR Longest job FEV1/FVC< LLN NM H=1.36(0.99-1.88) | N/A
L=0.92(0.64-1.32)

Matheson et al. (2005)(19) | Australia 1,213 ALOHA JEM Lifetime WHC | FEV1/FVC<0.7 Pre-men | 1.49(0.63-3.51) 0.81(0.22-2.94)

women 7.43(2.07-26.7) 6.9(1.75-27.2)

Sunyer et al.(1998)(83) Spain 1,735 ALOHA JEM Current job FEV1/FVC<0.7 Pre H=1.7(0.3-8.2) N/A

L=1.6(0.6-3.9)

Korn et al. (1987)(99) USA 8,515 SR Lifetime WHC | FEV1/FVC<0.6 Pre 1.53(1.17-2.00) N/A

Cohort studies

Mehta et al. (2012) (20) Switzerland | 4,267 ALOHA JEM Current job FEV1/FVC<0.7 Pre H=0.93(0.63-1.44) | 1.15(1.04-.26)

L=1.00(0.81-1.24)
FEV1/FVC< LLN H=0.94(0.46-1.95) | 1.11(0.99-1.24)
L=1.09(0.80-1.50)
Sunyer et al. (2005)(84) Spain 6,481 ALOHA JEM Current job FEV1/FVC<0.7 Pre-men | H=1.34(0.17-10.3) | N/A
L= 0.39(0.05-2.99)
women H=2.91(0.37-22.86)
L=0.55(0.16-1.91)

Definition of abbreviations: BD= Bronchodilator; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; NM=Not Mentioned; N/A= Not
Available; OR=0dds Ratio; SR = Self-Reported Exposure; USA=United States of America; UK= United Kingdom;; WHC= Work History Calendar
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2.6.2 Mineral dust exposure
2.6.2.1 General overview

Mineral dust is an airborne aerosol emitted from the suspension of minerals from the
tiny soil particles that are not always visible and contains various oxides and carbonates
(111). Crystalline silica, mainly in the form of quartz, is one of the common natural mineral
dusts that forms the major component of hard rocks (for example, granite), soft rock (for
example, sand, gravel), and soil (111). Therefore, stonework and grinding related industries
involve workers potentially exposed to different types of mineral dusts which include gold
mining, concrete production, construction work, tunnel work, cement production industry,
brick manufacturing industry, quarry workers, underground mineworkers, ceramic industry,
and iron, and steel manufacturing industry (112, 113). Inhalation of mineral dust, such as
coal, silica and other finely powdered materials may initiate fibrotic changes in the lung
parenchyma followed by gradual damage to respiratory health (114). Larger dust particles
that are visible to the naked eye usually deposit in the nose and respiratory tract but the tiny
particles <10 pum in diameter (respirable particles) can easily be inhaled deep into the lungs
(112).

Long-term exposure to inhalable mineral dust can lead to serious respiratory issues
including silicosis, coal workers’ pneumoconiosis, COPD, and cancer (112). Mining,
maintenance and processing activities, were the first occupations that were associated with
severe parenchymal lung abnormalities or pneumoconiosis and significant reduction of lung
function (112). Studies to date have shown that mineral dust exposure is an independent
predictor for developing pneumoconiosis, chronic bronchitis, COPD, fibrosis, and
emphysema (115-117). Sometimes, the feature is correlated with emphysema or parenchymal
destruction independent of cigarette smoking among coal miners and hard-rock miners (116-
118). Besides coal mining, several other occupational mining works such as gold, copper,
iron, talc, potash, kaolin have also been found to be associated with chronic bronchitis (119).
Studies on rescue workers, residents, cleaners, and volunteers exposed to multiple specks of
dust following exposure during the 2001 World Trade Center incident suggest an increased

incidence of bronchial hyperresponsiveness, cough, and phlegm (120). Another study on
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residents exposed to World Trade Centre dust demonstrated emphysematous and small
airway changes and macrophages containing silica, aluminum, titanium dioxide, talc, and
metals (121). Findings from this study also suggested that workers exposed to mineral or
inorganic dust particles following the World Trade Centre exposure may have a higher risk

of developing fixed airflow obstruction. Some common respiratory health effects associated

with mineral dust exposure are listed below in Table 2.4.

Table 2.4: Industries with mineral dust exposure

Occupations/Industry

Types of mineral dust

Respiratory health effect

Construction workers

Lead, manganese,
cadmium, silica, and
zinc

Systematic toxic effect on
absorption, silicosis

Timber/sawmill

Woods, organic and
inorganic chemicals

Allergic reactions, respiratory
symptoms

Concrete production

Asbestos, crystalline
silica, chromates

Lung fibrosis and cancer

Cement production

Acid, alkali

Mucous membrane irritation

Mining

Coal dust

Respiratory diseases including coal
workers’ pneumoconiosis, fixed
airflow obstruction, bronchitis,
emphysema and silicosis
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2.6.2.2 Association between mineral dust exposure and respiratory symptoms, and

chronic bronchitis

Few population-based studies have assessed the association between occupational
exposure to mineral dust and respiratory symptoms and chronic bronchitis (summarized in
Table 2.5). Of the nine studies presented in Table 2.5, eight studies examined mineral dust
using the JEM based exposure assessment, and of those, only two studies (19, 103) used
lifetime work history calendars. The other studies used most recent or current job to assign
exposure. All studies investigated any exposure to mineral dust with respiratory symptoms
and chronic bronchitis, whilst only two studies also assessed cumulative exposure to mineral
dust (19, 103). Definition of chronic bronchitis also varied between studies, only one study
(100) used a combination of cough and phlegm symptoms of more than three months in the
last two years, while other studies defined chronic bronchitis as either cough or phlegm in

the last 1-year.

Three studies assessed symptoms of a cough, phlegm, and dyspnea but did not find a
significant association with mineral dust exposure (19, 83, 107). Six studies found a
significant association with any exposure to mineral dust and chronic bronchitis (23, 100,
102-104, 106) but one Australian study did not detect any association (19). The study that
did not find an overall significant association, however, found an increased risk of chronic
bronchitis due to mineral dust exposure in women. This study also investigated the weighted
cumulative exposure duration and found a dose-response relationship between cumulative
exposure to mineral dust and chronic bronchitis, again in women but not in men. In contrast,
a recent study from New Zealand also investigated the effect of weighted cumulative
exposure and found no relationship between cumulative exposure to mineral dust and chronic
bronchitis (103).

Overall, no clear evidence was found to support an association between mineral dust
exposure and respiratory symptoms. There was better evidence for an association with
chronic bronchitis, however, these studies also had limitations. They used an inconsistent
definition of chronic bronchitis, and except for one study, all studies used the current job to

assign exposure. The null association with respiratory symptoms may be associated with self-
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reported outcomes and use of current job rather than lifetime work history to investigate

occupational exposure.
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Table 2.5: Population-based studies investigating the association between mineral dust and respiratory symptoms and chronic bronchitis

(1990) (23)

diagnosis

First author (year) | Location Sample | Methods of Duration of | Definition used Any exposure Cumulative
size exposure job OR(95%Cl) exposure (years)
assessment OR(95%CI)
Cross-sectional studies
Hansell et al.(2014) | New Zealand 1,017 ALOHA JEM | Lifetime CB:cough & H=1.87(0.91-3.80) 1.87(0.84-4.20)
(103) WHC sputum>3months/yr>1 yr L=2.04(1.06-3.93)
Dijkstra et al. (2014) | The Netherlands | 10,008 | ALOHA plus | Currentjob | CMH:sputum>3months/yr | H=1.60(1.02-2.52) N/A
(104) JEM >lyr 1.=1.39(1.04-1.87)
Skorge et al. (2009) | Norway 2,312 ALOHA JEM | Last 11 Cough H=1.06(0.5-2.1) N/A
(107) years L=0.93(0.5-1.7)
Phlegm H=0.55(0.3-1.0) N/A
L=0.64(0.4-1.0)
Dyspnea H=1.11(0.6-2.1) N/A
L=1.21(0.7-2.1)
LeVan etal. (2006) | Singapore 52,325 | SR Currentand | CB: chronic cough, 1.26 (1.01-1.57) N/A
(100) previous job | phlegm>3months/yr>2yrs
CMH: cough/phlegm 1.08 (0.95-1.22)
Matheson et al. Australia 1,213 ALOHA JEM | Lifetime CB:phlegm>3months/yr>2 | 0.59 (0.17-2.08) men 1.48(0.41-5.26)
(2005)(19) WHC yrs
CcB 3.6(1.06-12.3) women | 4.23(1.13-15.8)
Cough 1.08(0.71-1.65) N/A
Dyspnea 1.22(0.89-1.67) N/A
de Meer et al. The Netherlands | 1,906 JEM Current job | CB: cough & 2.22(1.16-4.23) N/A
(2004)(106) phlegm>3months/yr>1 yr
Wheeze 1.29(0.95-1.75)
Sunyer et al.(1998) Spain 1,735 ALOHA JEM | Currentjob | Cough H=1.4(0.8-2.5) N/A
(83) L=1.2(0.8-1.9)
Phlegm H=1.0(0.6-1.7) N/A
L=0.8(0.5-1.1)
Heederik et al. The Netherlands | 828 JEM Longest job | CB: doctors’ diagnosis OR=1.38 for CB N/A
(1989) (102) Dyspnea OR=1.35 for dyspnea
Cohort study
Heederik et al. The Netherlands | 804 JEM Longest job | CNSLD: doctors’ 1.58(1.01-2.49) N/A

Definition of abbreviations: CB= Chronic Bronchitis; Cl= Confidence Interval; CMH= Chronic Mucus Hypersecretion; CNSLD= Chronic Non Specific Lung Disease;
H=High Exposure; L=Low Exposure; N/A= Not Available; OR=0dds Ratio; WHC= Work History Calendar; SR=Self-Reported
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2.6.2.3 Association between mineral dust exposure and COPD

Eight studies have assessed the association between mineral dust exposure and
airflow obstruction and they are summarized in Table 2.6. Six studies were cross-sectional
(19, 83, 85, 103, 104, 110) and two were cohort studies (20, 84). The findings from the
population-based studies were inconsistent. Only three studies (19, 103, 110) used lifetime
work history, and two studies used post-BD spirometry to measure fixed AO and to define
COPD (103, 110).

The recent Dutch study comparing two cohorts found a significant association with
both high and low exposure to mineral dust and AO in the LifeLines cohort, but no
association was observed in the Vlagtwedde-Vlaardingen verification cohort (85). The
reason for this inconsistent finding in this Dutch study could be related to the smaller sample
size in the Vlagtwedde-Vlaardingen cohort (n=2,364), compared with LifeLines cohort
(n=11,851). Another Dutch study reported no association with mineral dust exposure in
participants with AO; however, they have found an association with mineral dust exposure
in participants without AO (104). Surprisingly, the association found in this study between
mineral dust exposure and participants without AO only present in people aged less than 50
years but no association was detected in people aged more than 50 years. A Swiss cohort
study, however, found no association between high and low exposure to mineral dust and
COPD but found a significant association with more severe AO (FEV1/FVC<0.7 and
predicted FEV1<80%) (20). Three studies found no association between cumulative exposure
to mineral dust and AO (19, 103, 110), while one cohort study observed a significant
association between cumulative years of exposure to mineral dust with AO (20).

Overall, findings from studies that investigated the association between mineral dust
exposure and COPD remains unclear. Most studies reported no association between mineral
dust and AO, where most of the studies used current job to assign exposure and pre-BD to
define AO rather than fixed type of AO. The use of current job and pre-BD may be

underestimating the overall effect of mineral dust exposure on AO.
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Table 2.6: Population-based studies investigating the association between mineral dust exposure and COPD

First author (year) Location Sample Methods of Duration of | Definitions used | BD Any exposure Cumulative
size exposure job OR(95%Cl) exposure (years)
assessment OR(95%CI)
Cross-sectional studies
Tagiyeva et al. (2016) UK 328 JEM Lifetime FEV1/FVC< LLN | Post 1.45(0.74-2.81) No association
(110) WHC
Hansell et al.(2014) (103) | New Zealand | 1,017 ALOHA JEM Lifetime FEV1/FVC<LLN | Post H=0.96(0.43-2.16) | 1.11(0.46-2.65)
WHC L=1.38(0.68-2.80)
de Jong et al. (2014) (85) | The 11,851 ALOHA plus Current job FEV1/FVC<0.7 Pre H=1.46(1.11-1.92) | N/A
Netherlands JEM L=1.19(1.03-1.37)
Dijkstra et al. (2014) (104) | The 10,008 ALOHA plus Current job FEV1/FVC<0.7 Pre H=1.01(0.47-2.17) | N/A
Netherlands JEM L=1.18(0.75-1.85)
Matheson et al. (2005)(19) | Australia 1,213 ALOHA JEM Lifetime FEV1/FVC<0.7 Pre-men | 0.88(0.37-2.06) 0.71(0.24-2.10)
WHC women 1.79(0.60-5.29) 1.16(0.14-9.44)
Sunyer et al.(1998)(83) Spain 1,735 ALOHA JEM Current job FEV1/FVC<0.7 Pre H=3.0(1.0-9.4) N/A
L=1.4(0.5-3.5)
Cohort studies
Mehta et al. (2012) (20) Switzerland 4,267 ALOHA JEM | Currentjob | FEV1/FVC<0.7 Pre H=0.91(0.62-1.32) | 1.10(1.01-1.20)
FEV./FVC<LLN L=1.19(0.96-1.49) | 1.08(0.98-1.19)
Sunyer et al. (2005)(84) Spain 6,481 ALOHA JEM Current job FEV1/FVC<0.7 Pre -men | H=0.66(0.08-5.31) | N/A
L=1.71(0.52-5.62)
women H=2.86(0.38-21.55)
L=0.51(0.07-3.86)

Definition of abbreviations: BD= Bronchodilator; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; N/A= Not Available;
OR=0dds Ratio; UK=United Kingdom; WHC= Work History Calendar
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2.6.3 Gases/fumes exposure
2.6.3.1 General overview

Exposure to gases and fumes given off by welding and hot surface cutting processes
can be found in many occupations. The diverse mixture of gases such as ammonia, chlorine,
phosgene, sulfur dioxide, and hydrogen sulfide are released in many industrial processes and
can act as a hazardous respiratory irritants (122). Chlorine and ammonia gases dissolve
immediately in the mouth, nose, and throat. The inhalation of these gases is easily transferred
to the peripheral respiratory tract via alveoli and prolonged exposure may cause several
respiratory diseases including bronchitis, fixed AO, and emphysema (123). Some gases and
fumes such as nitrogen dioxide do not dissolve quickly and therefore prolonged exposure
may cause inflammation to the small airways or lead to fluid accumulation into the lungs
(124). Inhalation of certain gases in small amounts for a prolonged period may also initiate
chronic bronchitis, COPD, and emphysema (125). Workers in smelting industries
particularly those working in the furnace house, are also exposed to varying degree of
respiratory irritants. These include gases such as, nitrogen dioxide, sulfur dioxide, and carbon
monoxide. Inhalation exposure to these gases is emitted during the handling, smelting,
tapping, and crushing of raw materials. The workers involve in the production, transportation,

or storage processes may also be expose to hazardous dusts, gases, or fumes (126).

2.6.3.2 Association between gases/fumes and respiratory symptoms, and chronic

bronchitis

Several population-based studies have been conducted to investigate the association
between occupational exposure to gases/fumes and respiratory symptoms, and chronic
bronchitis (Table 2.7). Of the 15 cross-sectional studies that have investigated these
associations, nine studies investigated gases/fumes using JEM based exposure assessment,
and of those, only two studies used lifetime work history calendars (19, 103). All studies
examined any exposure (low or high) to gases/fumes and only three studies examined the
effect of cumulative duration of exposure (19, 103, 105). In terms of the definition of chronic
bronchitis, only one study used the gold-standard definition of a combination of a cough and
phlegm symptoms for more than three months in the last two consecutive years (100). Other

studies used alternative definitions such as either cough or phlegm in the last one year.
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Two studies found significant associations between any exposure to gases/fumes and
symptom of cough (98, 99) and four studies reported significant associations with dyspnea
(98, 99, 127, 128). Six studies found significant associations between gases/fumes exposure
and chronic bronchitis, and of them, only three studies assigned exposure using the JEM
(103, 104, 129). In contrast, one Australian study did not find any significant association
between gases/fumes and respiratory symptoms and chronic bronchitis (19). However, they
found an association between exposure to gases/fumes and chronic bronchitis in women only
but not in men. Similarly, a Spanish ECRHS-I study reported no association between
gases/fumes exposure and respiratory symptoms and chronic bronchitis (83). The null
association reported in this ECRHS-I study could be related to the relatively younger age of
the study population (20 to 44 years) and exposure assignment using the current job rather

than lifetime work history calendar.

In summary, there is considerable evidence for an association between occupational
exposure to gases/fumes and chronic bronchitis, but the association with respiratory
symptoms remains unclear. This inconsistency in the associations with respiratory symptoms
may be due to the heterogeneity of self-reported definitions of symptoms. Furthermore, most
of the studies used the current job to assign exposure rather than lifetime work history that
highlighted further limitations that studies might have been missed previous exposures and
therefore, may be affected by healthy worker effect.
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Table 2.7: Population-based studies investigating the association between gases/fumes exposure with respiratory symptoms and chronic bronchitis

First author (year) Location Sample | Methods of Duration of Definitions used Any exposure OR(95%CI) Cumulative
size exposure job exposure (yrs)
assessment OR(95%Cl)
Cross-sectional studies
Hansell et al.(2014)(103) New Zealand | 1,017 ALOHA JEM Lifetime CB:cough,sputum>3months/yr> | H=2.1(1.11-3.98) L=1.21(0.69-2.13) 1.78(0.92-3.44)
WHC lyr
Dijkstra et al. (2014) (104) The 10,008 ALOHA plus Current job CMH:sputum>3months/yr>lyr | H=2.19(1.49-3.22) L=1.13(0.87-1.47) N/A
Netherlands JEM
Lam et al. (2012)(98) China 8,216 SR Longest job Dyspnea H=1.31(1.09-1.58) L=1.15(0.95-1.41) N/A
Cough H=1.56(1.02-2.37) L=0.86(0.49-1.51)
Darby et al. (2012)(129) UK 2,061 JEM Current job CB: doctor’s diagnosis 2.20 (1.45-3.35) N/A
Skorge et al. (2009) (107) Norway 2,312 ALOHA JEM Last 11 yrs Cough H=0.99(0.5-1.9) N/A
Phlegm H=0.67(0.4-1.1)
Dyspnea H=1.47(0.8-2.6)
Krstev et al. (2008) (105) China 14,500 SR Job > lyear CB: doctor’s diagnosis 1.39(0.87-2.24) 1.18(0.52-2.68)
LeVan et al. (2006) (100) Singapore 52,325 SR Job > lyear CB: cough, phlegm >3months 1.26 (1.01-1.57) N/A
/yr >2yrs
CMH: cough/phlegm 1.08 (0.95-1.22) N/A
Matheson et al. (2005)(19) Australia 1,213 ALOHA JEM Lifetime CB: phlegm >3months /yr>2 1.62(0.42-6.26) 1.93(0.42-8.89)
WHC yrs, - men
women 4.85(1.03-22.9) 5.6(1.10-28.4)
Cough 1.16(0.79-1.72) N/A
Dyspnea 1.09(0.82-1.45) N/A
de Meer et al. (2004)(106) The 1,906 JEM Current job CB: cough, phlegm 0.67(0.36-1.26) N/A
Netherlands >3months/yr>1 yr
wheeze 1.14(0.86-1.68)
Lange et al(2003) (130) Denmark 3,736 SR Current job CMH: phlegm >3 months /yr >2 | 2.2(1.7-2.7) N/A
yrs
Zock et.al. (2001) (131) Multi-center 12,154 JEM Current job CB:cough,phlegm>3months 1.5(0.9-2.6) N/A
Sunyer et al.(1998) (83) Spain 1,735 ALOHA JEM Current job Cough, H=0.9(0.5-1.5) L=1.1(0.8-1.6) N/A
Phlegm H=1.7(1.0-2.9) L=1.1(0.8-1.6)
Fishwick et al. (1997) (127) | New Zealand | 1,609 JEM Current job CB: phlegm in the morning 1.2(0.9-1.7) N/A
Dyspnea 1.16(1.07-1.27)
Xu et al. (1992) (128) China 3,606 SR NM CB: cough and phlegm 1.12(1.01-1.23) N/A
Korn et al. (1987)(99) USA 8,515 SR Lifetime WH | Cough, Phlegm 1.36(1.17-1.57), 1.27(1.10-1.47) N/A

Wheeze, Dyspnea

1.29(1.08-1.55), 1.43(1.19-1.72)

Definition of abbreviations: BD= Bronchodilator; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; N/A= Not Available; OR=0dds
Ratio; SR=Self-Reported; UK=United Kingdom; USA=United States of America; WHC= Work History Calendar
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2.6.3.3 Association between gases/fumes exposure and COPD

Several population-based studies have been conducted to investigate the association
between occupational exposure to gases/fumes and COPD. Of the 19 studies presented in
Table 2.8, 17 studies assessed prevalence and two studies assessed incidence (20, 84). Only
two studies collected lifetime occupational history from the participants and therefore,
examined the association with cumulative exposure along with any exposure to gases/fumes
(19, 103). An acceptable universal definition of COPD is still debated and therefore, of the
19 studies, only two studies (103, 132) used post-BD spirometry to define COPD based fixed
AO. In terms of spirometric cut-off criteria, seven studies used GOLD criteria, four studies
used the LLN criteria and two studies (20, 132) used both criteria to define fixed AO. Other
studies used either physicians’ diagnosis (22, 129), a combination of respiratory symptoms
(106, 128) and lung function (133) to define AO.

Of the 19 studies, six studies found that any (either high or low or combined) exposure
to gases/fumes was associated with increased risk of COPD as most of them used pre-BD
spirometry for the definition of COPD. The two studies that used post-BD spirometry to
define fixed nature of AO concluded with very different results (103, 132). The study from
Sweden found an association between fixed AO and any exposure to gases, or fumes (132),
while the study from New Zealand did not find significant association (103). The inconsistent
findings were probably the result of the different exposure assessment methods used in these
studies. The Swedish study used self-reported exposure, while the study from New Zealand
used the ALOHA JEM to assign exposures. Another reason for the inconsistent findings may
be associated with the sampling technique used, as the Swedish study was an enriched sample
of asthma participants that may have influence the overall association found in this study
(132). Two cohorts from Switzerland (20) and the ECRHS (84) that investigated the
incidence of COPD with gases/fumes exposure did not find any significant association.
However, the Swiss study found an association between high exposure to gases/fumes and
more severe COPD. This study also found relationship between cumulative exposure to
gases/fumes and COPD (20).
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In summary, cross-sectional studies provide adequate evidence that occupational
exposure to gases/fumes may increase the risk of AO, but the results from cohort studies did
not find any evidence for an association. However, these inconsistencies may be due to the
differences in the spirometric definition of COPD (pre-BD vs. post-BD) and the differences
in the age of the study populations.
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Table 2.8: Population-based studies investigating the association between gases/fumes exposure and COPD

First author (year) Location Sample Methods of Duration of Definitions used | BD Any exposure Cumulative
size exposure jobs OR(95%Cl) exposure (years)
assessment OR(95%CI)
Cross-sectional studies
Wiirtz et al. (2015) (108) Denmark 1,575 SR NM FEV./FVC<LLN | Pre 3.69(1.36-10.04) N/A
Hagstad et al.(2015) (132) Sweden 1,604 SR Current job FEV1/FVC<0.7 Post 1.85(1.03-3.33) N/A
Wirtz et al. (2014) (109) Denmark 4,717 SR NM FEV1/FVC<LLN | Pre H=1.38(0.99-1.93) | N/A
L=1.05(0.61-1.80)
Hansell et al.(2014)(103) New Zealand | 1,017 ALOHA JEM Lifetime WHC | FEV1/FVC<LLN | Post H=0.85(0.39-1.85) | 0.93(0.43-1.88)
L=1.01(0.56-1.81)
de Jong et al. (2014) (85) The 11,851 ALOHA plus Current job FEV1/FVC<0.7 Pre H=1.44(1.16-1.80) | N/A
Netherlands JEM L=1.10(0.98-1.24)
Dijkstra et al. (2014) (104) | The 10,008 ALOHA plus Current job FEV1/FVC<0.7 Pre H=0.98(0.49-1.94) | N/A
Netherlands JEM L=1.04(0.70-1.54)
Lam et al. (2012) (98) China 8,216 SR Longest job FEV1/FVC<LLN | NM H=1.48(1.03-2.12) | N/A
L=1.41(0.95-2.10)
Darby et al. (2012) (129) UK 2,061 JEM Current job Doc diagnosis NM 0.88(0.58-1.34) N/A
Jaén et al. (2006) (133) Spain 576 SR Lifetime WHC FEV./FVC (%) Pre -1.1(-2.3100.1) -1.7(-3.310-0.2)
Matheson et al. (2005)(19) | Australia 1,213 ALOHA JEM Lifetime WHC | FEVY/FVC<0.7 Pre - men | 1.19(0.49-2.92) 1.03(0.37-2.92)
women 2.37(0.85-6.60) 1.39(0.49-3.94)
de Meer et al. (2004)(106) The 1,906 JEM Current job Symptoms NM N/A N/A
Netherlands
Trupin et al. (2003) (22) USA 2,061 JEM Current job Physicians NM H=1.6(1.1-2.5) N/A
diagnosis L=1.4(1.1-1.9)
Zock et.al. (2001) (131) Multi-center 12,154 JEM Current job Not defined NM 1.0(0.8-1.3) in N/A
current smoker
Sunyer et al.(1998) (83) Spain 1,735 ALOHA JEM Current job FEV1/FVC<0.7 Pre H=0.8(0.2-3.0) N/A
L=1.5(0.6-3.5)
Fishwick et al. (1997) (127) | New Zealand | 1,609 JEM Current job FEV1/FVC<0.75 | Pre 1.2(0.7-1.8) N/A
Xu et al. (1992) (128) China 3,606 SR NM Symptoms NM 1.12(1.01-1.23) N/A
Korn et al. (1987)(99) USA 8,515 SR Lifetime WHC | FEV1/FVC<0.6 Pre 1.15(0.87-1.51) N/A
Cohort studies
Mehta et al. (2012) (20) Switzer-land 4,267 ALOHA JEM Current job FEV1/FVC<0.7 Pre H=1.00(0.70-1.42) | 1.10(1.02-1.19)
FEV./FVC<LLN L=1.05(0.88-1.26) 1.06(0.98-1.15)
Sunyer et al. (2005)(84) Spain 6,481 ALOHA JEM Current job FEV1/FVC<0.7 Pre-men H=0.44(0.05-3.50) | N/A
L=0.83(0.25-2.77)
women L=1.00(0.35-2.83)

Definition of abbreviations: BD= Bronchodilator; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; N/A= Not Available
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2.6.4 Pesticides exposure
2.6.4.1 General overview

Pesticides is the term used to describe a range of chemicals including insecticides,
fungicides, herbicides, and rodenticides. Pesticides are widely used chemical substances in
the occupational setting as well as in household work. Pesticides are mainly used in
agriculture, forestry, fishery and food industry to control the pests and pest-induced diseases.
Occupational exposure to pesticides depends on their application, intensity, frequency,
duration of use and implementation, use of safety barriers and the physiochemical and
toxicological properties of the pesticides. Additionally, accidental spills or incorrect use of
pesticides, leakages, non-compliance with safety guidelines can lead to pesticide exposure
(134).

Inhalation is the main route of entry for pesticides to the respiratory tract, in particular
for those working without respiratory protection. Subjects can be exposed to pesticides
during mixing, preparation, fumigation, and application to crops. However, depending upon
the industry, exposure can also occur during manufacture, storage, or transport (135, 136).
Long-term exposure to organophosphate pesticides inhibits acetylcholinesterase synthesis
leading to mucus hypersecretion and airway smooth muscle contraction causing

breathlessness, cough, and wheeze (136).

2.6.4.2 Different types of pesticides

Based on the target, pesticides are mainly categorized into herbicides, insecticides,
fungicides, bactericides, rodenticides, nematicide, acaricide, and fumigants (135). Pesticides
can also be classified into organochlorines, organophosphates, carbamates, dithiocarbamates,
pyrethroids, phenoxyl, triazine, amide, and coumadin compounds based on their chemical
properties. Other substances such as urea derivatives, sulfur fumigants and even several
biological products have also been used as pesticides (134). Organophosphate insecticides
are used on a variety of crops and also used around the home and garden to control insects.
Pyrethrums and synthetic pyrethroids are usually less toxic pesticides that have replaced

many of the old commonly used organophosphates. Pesticides can be classify based on their
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mechanism of action. Organochlorines, organophosphates are recognized as neurotoxins,
while phenoxyl herbicides are planting hormone analogs. Some forms of pesticides such as
triazine and urea herbicides interact with the metabolic and physiological process of plants.
Amide herbicides disrupt energy production from the body and act as an inducer of oxidative

stress (134). Some common types of pesticides are listed below in Table 2.9.

Table 2.9: Commonly used pesticides and their chemical name

Types of pesticides | Chemicals

Herbicides Chlorophenoxyl, urea derivatives, triazines, amide, bipyridils
(paraquat), glyphosate
Insecticides Organochlorines, chlorinated cyclohexanes and benzenes,

cyclodienes and chlordecone, organophosphates, carbamates,
pyrethroids, rotenone, Bacillus thuringiensis

Fungicides and Dithiocarbamate, captan, captofol, pentachlorophenol, iprodione,

bactericides sulphur

Rodenticides Coumadin and derivatives, anticoagulants, strychnine, sodium
fluoroacetate

Fumigants Methyl bromide, aluminum/zinc phosphide, sulfur

2.6.4.3 Pesticides exposure in Australia

Since 1950, organochlorine insecticides were commonly used in Australia and were
subsequently replaced by the organophosphate insecticides during the 1970s and 1980s.
Pesticides and pesticide related products have increased in usage in Australia by 7 to 30%
since 2000 (137). Increased use of herbicides, insecticides, and fungicides in agriculture and
farming has led to both occupational as well as environmental exposure (137). The recent
Australian Work Exposures Study reported that around 4% of Australian male workers were
exposed to pesticides (137). In this study, workers were mainly involved with mixing and the
application of pesticides. The increased prevalence of pesticides exposure was mainly
associated with agriculture, animal husbandry, horticulture, and forestry (137). Another
Nationwide cross-sectional survey of 1,197 Australian female veterinarians found that 54%
of the workers exposed to pesticides were working at least 45 hours per week (138). This
study also found that 43% of veterinarians were exposed to pesticides on either a weekly or
a daily basis. However, this study was conducted among a selective working population and

used self-reported exposure that may lead to differential exposure misclassification.
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2.6.4.4 Association between pesticides and respiratory symptoms, and chronic
bronchitis
The evidence for the association between occupational exposure to pesticides and
respiratory symptoms and chronic bronchitis have been derived from workplace-based
studies. To date, no population-based studies have been conducted so far to investigate this
association, which is a major limitation in the current literature exploring the relationship
between occupational exposure to pesticides and respiratory symptoms and chronic

bronchitis.

Workplace studies have reported a higher prevalence of respiratory symptoms among
workers exposed to pesticides (summarized in Table 2.10). Cough, phlegm, wheeze,
dyspnea, chest tightness are common respiratory symptoms found to be associated with
pesticide exposure (134). A cross-sectional study in a bottling plant reported that, in
comparison to controls, pesticide workers had an increased risk of developing respiratory
symptoms, including a chronic cough, dyspnea, throat irritation, and nasal dryness.
Additionally, cough, wheezing, chest tightness, and dyspnea were increased across the work-
shift among pesticide workers (139). Another study of livestock farmers demonstrated that
pesticide exposures were associated with an increased risk of phlegm and wheeze, after
controlling for age and smoking. The results of this study may have been affected by
concurrent exposures to other environmental agents (140). An Iranian workplace-based study
reported that sheep farmers had an increased risk of wheezing and phlegm compared to
agriculture farmers (141). Another study from the Farm Family Health and Hazard
Surveillance Program (FFHHSP) among grain farmers in the US reported that chronic cough
was significantly associated with pesticide exposure (142). A recent study among
commercial farmers also concluded that workers exposed to pesticides were at risk of
developing respiratory symptoms and lower lung function (143). Workforce based studies
have also found significant associations with poor lung function and respiratory symptoms
in occupations exposed to pesticides such as agriculture workers (131, 144) and farmers (145,
146). Evidence from a recently conducted systematic review suggested an association

between pesticide exposure and respiratory symptoms (135).
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However, all of these studies were solely based on specific occupational groups, some
of them were in developing countries and, therefore, results may not be generalizable to the

general population.
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Table 2.10: Workplace-based studies investigating the association between pesticides

exposure and respiratory symptoms and chronic bronchitis

First author Location | Methods of exposure Outcomes | Findings
(year) assessment OR (95% Cl)
Negatu et al. Ethiopia | Questionnaire Cough 3.15(1.56-6.36)
(2016) (143) Phlegm 2.02(0.58-7.01)
Wheeze 3.16(0.96-10.47)
Dyspnea 6.67(2.60-17.58)
Chakraborty et India Questionnaire, workers CB 4.1(2.2-6.3)
al. (2009) (144) exposed to at least one hour | Cough 3.2(2.4-4.3)
a day five days a month for Dyspnea 3.7(2.7-4.8)
past five years Wheeze 2.9(2.1-4.2)
Zuskin et al. Croatia Questionnaire Cough 0.98(0.86-1.11) men
(2008) (139) 1.29(1.15-15.84) women
Dyspnea 2.35(1.50-4.10) men
1.11(1.06-1.97) women
Hoppin et al. USA Questionnaire on lifetime CB CB=1.85(1.51-2.25)
(2007) (146) job
Hashemi et al. Iran Questionnaire Cough 1.6(0.7-3.9)
(2006) (141) Phlegm 2.2(0.5-10.5)
Wheeze 2.6(0.6-12.2)
Dyspnea 3.5(1.2-9.98)
Faria et al. Brazil Questionnaire and pesticide | Asthma Not reported
(2005) (145) application >2 days/month
VErsus no exposure
Sprince et al. USA Questionnaire Cough p=0.000
(2000) (140) Phlegm p=0.29
Dyspnea p=0.001
CB p=0.001
Wilkins et al. USA Questionnaire Cough 0.75(0.28-2.04)
(1999) (142) Phlegm 0.65(0.29-1.45)
Dyspnea 0.93(0.43-2.03)
CB 0.87(0.29-2.64)

Definition of abbreviations: CB= Chronic Bronchitis; Cl= Confidence Interval; OR=0dds Ratio; USA=United

States of America
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2.6.4.5 Association between pesticide exposures and COPD

Workplace-based studies also suggest an association between pesticide exposure and
COPD (144, 147) but the evidence from the population-based studies is scant. To date, only
one population-based study has investigated the association between pesticide exposure and
AO using two similar types of cohorts in the Netherlands but the results were largely
inconsistent across the subcategories of pesticides exposure and between the two cohorts as
well (85) (Table 2.11). This study used the ALOHA plus JEM to assign exposure and
categorized the exposures into all pesticides, herbicides, and insecticides. In this Dutch cohort
study, high exposure to pesticides was significantly associated with AO in the Vlagtwedde-
Vlaardingen cohort and high exposure to herbicides was associated with AO in the LifeLines
cohort. They found consistent associations between all subgroups of all pesticides and poorer
lung function (FEV1) in the LifeLines cohort (85). The magnitude of the association in this
study, particularly with herbicides exposure, was of greater or similar magnitude to that
observed for dusts, gases, and fumes and suggested a dose-response relationship, but no

information on cumulative exposure was reported.

Pre-BD spirometry was used in this study to define AO, which may have
overestimated the risk observed in this study (34). Furthermore, it did not allow for the
assessment of fixed AO. Survivor bias may have affected the results since participants
already affected by respiratory symptoms at the time of their job may have changed jobs or
changed their work environment to reduce their level of exposure. Therefore, those
participants would not be classified as having had pesticide exposure. By using, most recent
or current job, the authors would have missed previous occupational exposures, which may

have influence the overall risk of AO (91).

Despite the challenges and limitations, this study provides some evidence that
occupational exposure to the pesticide was associated with AO defined by pre-BD spirometry
and lung function. However, above results suggests that more population-based studies with
phenotype assessment of COPD particularly fixed nature of AO, are needed to clarify the

role of pesticides exposure on respiratory health.
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Table 2.11: Population-based studies investigating the association between pesticide exposures and COPD

First author | Location Sample | Methods of Duration of | Definition used | BD | Exposures OR(95%Cl) B (95%Cl) with
(year) size exposure jobs FEV1 (mL)
assessment
Cross-sectional study
de Jongetal. | The 11,851 | ALOHA plus Current job FEV1/FVC<0.7 | Pre | Pesticides LifeLines cohort
(2014) (85) Netherlands JEM H=1.28(0.79-2.09) H=-113(-201,-25)
L=0.83(0.60-1.14) L=-51(-102,0)
Vlagtwedde-Vlaardingen cohort
H=1.48(1.04-2.10) N/A
L=1.33(0.87-2.01)
Herbicides LifeLines cohort
H=2.11(1.03-4.30) H=-204(-350,-58)
L=1.04(0.65-1.67) L=-59(-140, 22)
Vlagtwedde-Vlaardingen cohort
H=1.36(0.93-2.00) N/A
L=1.29(0.85-1.98)
Insecticides LifeLines cohort

H=1.32(0.81-2.16)
L=0.81(0.58-1.15)

H= -109(-197, -21)
L= -50(-105, 5)

Vlagtwedde-Vlaardingen cohort

H=1.39(0.98-1.98)
L=1.04(0.64-1.70)

N/A

Definition of abbreviations: Cl= Confidence Interval; H=High Exposure; L=Low Exposure; JEM=Job Exposure Matrix; p= Linear coefficient, OR=0dds Ratio; N/A=Not

Available
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2.6.5 Solvents exposure
2.6.5.1 General overview

Solvents (organic) are defined by the presence of hydrocarbon (at least one carbon
atom and one hydrogen atom) in their molecular structure and are characterized by their low
molecular weight, high volatility and lipophilic nature (148). As most solvents are highly
volatile they rapidly evaporate into the workers breathing zone where they enter the
respiratory tract through inhalation. Inhalation of solvents (organic) has been shown to slowly
damage the central and peripheral airways causing mucus hypersecretion primarily in the
large airways and gradually involving the small airways in the later stages resulting in COPD
(104).

Solvents are commonly used in industrial processes, in homes, or in offices. They are
used for extraction of fats and oils, degreasing, dry cleaning, and the manufacturing of a wide
range of products including printing inks, paints and cleaning products (148, 149). Although
solvents have been used effectively in many different workplaces, they have, however, many
adverse health effects. The main health effects that have been well documented in the
literature are central nervous system toxicity, dermatitis, liver, renal damages, respiratory
effects, and cancer (150). Workers exposed to solvents, often complain of respiratory
symptoms including cough, phlegm, chest tightness, and shortness of breath that may lead to
the subsequent development of COPD and lung function decline. However, surprisingly there
is very little evidence from population-based studies on solvents exposure and their
relationship with COPD and lung function decline despite findings from workplace-based

studies that these exposures may be a causal relationship with COPD and lung function (150).

2.6.5.2 Categories of solvents

Solvents (organic) are categorized according to their chemical structure. The common
classes of organic solvents are aliphatic, cyclic, aromatic, and halogenated hydrocarbons.
Aliphatic hydrocarbons may contain either one or more saturated or unsaturated
hydrocarbons that contain one or more double (alkenes) or triple (alkynes) bonds. Cyclic
hydrocarbons are saturated or unsaturated hydrocarbon rings that contain three or more atoms

in their molecular structure. Petroleum solvents usually contain cyclic compounds and also
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include gasoline, diesel fuel, mineral spirits and kerosene. Aromatic solvents include coal-
derived hydrocarbon that is characterized by one or more benzene rings (six-carbon ring) in
their molecular structure. Halogenated hydrocarbons are usually saturated and unsaturated
hydrocarbons that contain one or more halogen compound such as chlorine, fluorine,

bromine, or iodine in their molecular structure (150).

Chlorinated solvents use halogenated hydrocarbons containing chlorine atoms in their
molecular structure that belong to the halogenated hydrocarbons family (150, 151). They are
commonly used for commercial purposes due to their excellent ability to dissolve oils
together with non-flammable characteristics. They are also used in different commercial
processes including cleaning products and degreasers for textiles and metals. Chlorinated
solvents are considered highly toxic substances, as long-term inhalation of chlorinated
solvents may cause depression of central nervous system, damage to the lungs, heart, kidney,
or liver as well as skin irritation (151). However, the health effect due to exposure to
chlorinated solvents depends on the level of exposure and on the specific type of the solvent.

In addition to the main solvents described above, there are other types of solvents
containing oxygen atoms in their molecular structure. These are commonly derived from the
fermentation of agricultural products, such as ethanol and esters. These oxygenated solvents
are also classified into several families based on their chemical structure, as is shown below
in Table 2.12.
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Table 2.12: Solvents (organic) families

Types of solvents

Example

Aliphatic hydrocarbons

Methane, ethane, propane, butane, etc

Cyclic hydrocarbons

Gasoline, cyclohexane

Aromatic hydrocarbons

Benzene, toluene, polycyclic aromatic hydrocarbons

Halogenated hydrocarbons

Chlorinated solvents
e Chlorinated methanes (chloromethane,
dichloromethane, trichloromethane,
tetrachloromethane)
e Chlorinated ethanes (trichloroethane)
e Perchloroethylene, trichloroethylene,
chloroform, carbon tetrachloride

Alcohols Ethanol, methanol, isopropanol, n-butanol

Ketones Acetone, methyl ethyl ketone, methyl isobutyl ketone
Esters Ethyl acetate, n-propyl acetate, n-butyl acetate
Ethers Diethyl ether, tetrahydrofuran (THF)

Glycols Ethers

Ethylene glycol
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2.6.5.3 Association between solvents and respiratory symptoms, and chronic bronchitis

Evidence from population-based studies has suggested that occupational exposure to
solvents (organic) may be associated with respiratory symptoms and chronic bronchitis
(summarized in Table 2.13). Most population-based studies examined this association using
self-reported questionnaire-based exposure assessment and few studies used JEM to assess
exposure. Of the eight published studies that assessed the relationship between organic
solvents and chronic bronchitis, six were cross-sectional (100-102, 104, 152, 153) and two
were cohort studies (23, 24). More than half of the studies used self-reported or doctors’
diagnosis to define chronic bronchitis, but none of the studies used lifetime work history.
Therefore, none could establish any relationship between cumulative solvents exposure and
respiratory symptoms and chronic bronchitis.

A recent cross-sectional study from the Netherlands investigated the possible
association using the ALOHA plus JEM and solvents categorized into aromatic solvents,
chlorinated solvents, and other solvents (104). This is the only study that specifically
examined different types of solvents in a population-based study. In this study, high exposure
to aromatic solvents and chlorinated solvents were significantly associated with chronic
mucus hypersecretion which was defined as the presence of sputum for more than three
months for more than one-year. However, the association reported in this study was only
present in participants without COPD. A limitation of this study was the use of most recent
or current job to assign exposures and did not examine cumulative exposure effect. Another
study from the Netherlands examined the incidence of chronic nonspecific lung disease using
a JEM along with lifetime work history and found a significant association with overall
solvents (24). Two other major European studies reported a significant association between
overall solvents exposure and chronic bronchitis, although both of these studies used a self-
reported questionnaire to assign exposure (101, 152). In contrast, two cross-sectional (100,
102) and one cohort study (23) did not find a significant association between exposure to
solvents and chronic bronchitis. The reason for the null association in these studies could be

related to their smaller sample size that limits the ability to detect an association.
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In general, solvents (organic) have been found to be associated with chronic
bronchitis, but studies of respiratory symptoms have been limited and inconsistent. There is
also limited evidence for an association between subgroups of solvents, such as aromatic
solvents and chlorinated solvents, and respiratory symptoms and chronic bronchitis. Further
research is needed to clarify the role of these solvents on respiratory symptoms and chronic

bronchitis.
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Table 2.13: Population-based studies investigating the association between solvents (organic) exposure and respiratory symptoms and

chronic bronchitis

First author (year) Location Sample | Methods of Duration of Definitions used Solvents assessed Any exposure
size exposure jobs OR(95%Cl)
assessment
Cross-sectional studies
Dijkstra et al. (2014) (104) The 10,008 | ALOHA plus | Current job CMH:sputum>3months/yr | Aromatic solvents H=1.43(1.00-2.07)
Netherlands JEM >1yr L=1.68(0.65-4.30)
Chlorinated solvents | H=1.98(1.00-3.90)
L-1.46(0.96-2.22)
Other solvents H=1.29(0.26-6.5)
L=0.58(0.27-1.27)
Ebbehoj et al. (2008) (152) Denmark 3,387 SR Jobs>5 years CB: chronic cough, Overall solvents 1.6(1.1-2.5)
phlegm>3months/yr>2yrs
LeVan et al. (2006) (100) Singapore 52,325 | SR Jobs>1 year CB: chronic cough, Chemical solvents CB: 1.02(0.71-1.45)
phlegm>3months/yr>2yrs Cough:1.63(1.17-2.27)
CMH: cough/phlegm Phlegm:1.20(1.05-1.37)
Suadicani et al. (2001) (101) | Denmark 3,387 SR Jobs>5 years CB: chronic cough, Overall solvents 1.5(1.1-2.1)
phlegm=>3months/yr>2yrs
Heederik et al. (1989) (102) | The 828 JEM Longest job CB: doctors’ diagnosis Overall solvents OR=0.82 for CB
Netherlands CNSLD OR=2.72 for CNSLD
Lebowitz et al. (1977) (153) | USA 1,195 SR Jobs>6 months | Cough, wheeze Overall solvents PRR=18.6 cough
PRR=11.8 wheeze
Cohort studies
Heederik et al. (1990) (23) The 804 SR Longest job CB: doctors’ diagnosis Overall solvents 1.16(0.7-1.94)
Netherlands
Post et al. (1994) (24) The 804 JEM Lifetime WHC | CNSLD:doctors’ diagnosis | Overall solvents 1.73(1.14-2.62)

Netherlands

Definition of abbreviations: CB= Chronic Bronchitis; CMH= Chronic Mucus Hypersecretion; CNSLD=Chronic Non Specific Lung Disease; Cl= Confidence Interval
H=High Exposure; L=Low Exposure; OR=0dds Ratio; PRR=Prevalence Rate Ratio; SR=Self-Reported; USA=United States of America; WHC= Work History Calendar




2.6.5.4 Association between exposure to solvents (organic) and COPD

As described in the previous section, specific solvents were found to be associated
with AO in several workplace-based studies, but there is limited and inconsistent evidence
from population-based studies (presented in Table 2.14). The reason for the inconsistency
between studies may be related to the exposure assessment method used and the lack of use
of a standardized definition of COPD using post-BD spirometry. All studies that investigated
the association with solvents (organic) and COPD used pre-BD spirometry and none

examined the effect of cumulative exposure.

The Dutch LifeLines cohort study reported that low exposure to aromatic solvents
and chlorinated solvents were significantly associated with AO and poor lung function (85).
However, this study was conducted in a rural region of the Netherlands where the majority
of participants were involved in blue-collar jobs that may influence the association found in
this study. Another study conducted within the same cohort did not find a significant
association, but they reported an interaction effect between aromatic solvents and chlorinated
solvents with COPD when they stratified the results based on cases of COPD (104). The null
association in this study could be related to the small number of participants with COPD that
may have limited the power to detect an association, and the results were very different from
the previous Dutch study. Another two studies reported an increased risk of COPD due to

solvents exposure (153, 154).

Overall, the evidence for an association between solvents and COPD is limited and
inconsistent. Furthermore, few studies have been conducted to date, and none of the studies
have used lifetime occupational history with post-BD spirometry to assess this relationship,

which is a major limitation in the current literature.
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Table 2.14: Population-based studies investigating the association between solvents (organic) exposure and COPD

First author (year) Location Sample | Methods of Duration of Definitions BD | Solvents assessed Any exposure
size exposure jobs used OR(95%CI)
assessment
Cross-sectional studies
de Jong et al. (2014) (85) The 11,851 | ALOHA plus | Current job FEV1/FVC<0.7 | Pre | Aromatic solvents H=0.92(0.48-1.75)
Netherlands JEM L=126(1.04-1.52)
Chlorinated solvents H=1.38(0.91-2.10)
L=1.09(0.87-1.36)
Other solvents H=0.99(0.65-1.50)
L=1.04(0.91-1.18)
Dijkstra et al. (2014) (104) | The 10,008 | ALOHA plus | Current job FEV1/FVC<0.7 | Pre | Aromatic solvents H=0.75(0.09-6.47)
Netherlands JEM L=0.69(0.36-1.33)
Chlorinated solvents H=0.44(0.10-2.03)
L=0.94(0.45-1.96)
Other solvents H=1.78(0.61-5.23)
L=1.10(0.61-5.23)
Le Moual et al. (1994) France 10,046 | JEM Current job Lung function Pre | Overall organic solvents | P<0.01
(154)
Lebowitz et al. (1977) USA 1,195 SR Jobs>6 months | Lung function Pre | Overall organic solvents | PRR=11.3
(153)

Definition of abbreviations: BD=Bronchodilator; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; JEM= Job Exposure Matrix; OR=0dds Ratio;
PRR=Prevalence Rate Ratio; SR=Self-Reported; USA=United States of America
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2.6.6 Metals exposure
2.6.6.1 General overview

Metals are widely used in industrial processes and represent an important hazardous
respiratory irritant in the workplace (155). Steelworkers, automobile workers, tunnel
workers, hard rock miners, and welders in the steel, petrochemical, or mining industries are
potentially exposed to heavy metals. Previous workplace based studies have also
demonstrated that steel workers (155), tunnel workers (156), welders (113) and hard metal
workers (157) are occupationally exposed to metals. A recent systematic review also
suggested that welding fumes exposure was associated with accelerated decline in lung
function (158). The highly volatile and toxic compound “osmium” may result in severe acute
lung inflammation following inhalation exposure (159). Another lung irritant, “vanadium”
that is released during oil and coal combustion and from metallurgic work is also a hazardous
substance to the lungs (160). A workplace based study found that vanadium pentoxide is
associated with increased incidence of chronic bronchitis (161). Cadmium is a by-product of
zinc production that is usually used for electroplating and battery production. Common
occupational exposure to cadmium may result from mining, metallurgy, fossil fuel
combustion, and from iron, steel and cement production (162). Inhalation of cadmium may
be responsible for alveolar cell damage that leads to the development of emphysema (163).
Metals recognized as toxic to humans include lead, mercury, arsenic, and cadmium. Some
metals are essential for human biochemical processes and act as important cofactors for
several enzymatic processes. Vitamin B-12 contains cobalt atom in its core; and hemoglobin
contains iron. These are essential trace elements in the human body. Copper, manganese, and
chromium are also essential trace elements in the human diet (164). The toxicity of metals
depends on the dose absorbed, and whether the exposure was acute or chronic. The age of
individuals also influences the metal toxicity, for example, lead toxicity is common in
children; while mercury, cadmium and arsenic toxicity are usually chronic and mostly affect
adults. Exposure to metals may also occur through the diet, medications, occupation, and
from the environmental exposure. For that reason, a full occupational, dietary and lifestyle

history need to be considered to diagnose hidden source of metal exposure (164).
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2.6.6.2 Association between metals and respiratory symptoms, and chronic bronchitis

Although there is some evidence from population-based studies that occupational
exposure to metals is associated with respiratory symptoms and chronic bronchitis, the
current literature is limited by using self-reported exposure assessment and differences in the
definition of chronic bronchitis. Three cross-sectional studies (100, 102, 104) and one cohort
study (23) investigated the relationship between metals exposure with chronic bronchitis
(Table 2.15). All studies assessed exposure using the metric “any” exposure to metals, but
no studies assessed cumulative exposure. A recent Dutch cohort study used ALOHA plus
JEM to assign exposure and examined the relationship with chronic mucus hypersecretion.
They reported an association with high exposure to metals, in participants without AO (104).
Another study from the Netherlands found a similar association with heavy metals exposure,
although they relied on doctors’ diagnosis to define chronic nonspecific lung disease (23). In
contrast, two studies from the Netherlands (102) and Singapore (100) did not find a
significant association between metals exposure and chronic bronchitis. However, the lack
of a positive finding in these two studies may be due to the self-reported occupational
exposure. One study used JEM (102) and defined chronic bronchitis based on doctors’
diagnosis, while the other study used a self-reported method to assign occupational exposure
(100).

Overall, findings from the studies summarized above suggest a link between metals
exposure and chronic bronchitis. However, further studies are necessary using lifetime work

history to clarify the role of metal exposure in chronic bronchitis and respiratory symptoms.
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Table 2.15: Population-based studies investigated the association between metals exposure with respiratory

symptoms and chronic bronchitis

First author (year) Location Sample | Methods of Duration Definitions used Any exposure
size exposure of jobs OR(95%Cl)
assessment
Cross-sectional studies
Dijkstra et al. (2014) (104) | The 10,008 | ALOHA plus | Current job | CMH:sputum=3m | H=2.26(1.30-3.94)
Netherlands JEM Onths/yr)lyr L:107065-l76)
LeVan et al. (2006) (100) Singapore 52,325 | SR Jobs>1 CB: chronic cough, | 1.04(0.74-1.45)
year phlegm>3months/yr
=2yrs
CMH: 1.09(0.95-1.25)
cough/phlegm
Heederik et al. (1989) The 828 JEM Longest CB: doctors’ OR=1.65
(102) Netherlands job diagnosis
Cohort study
Heederik et al. (1990) (23) | The 804 JEM Longest CNSLD: doctors’ 2.15(1.23-3.77)
Netherlands job diagnosis

Definition of abbreviations: CB= Chronic Bronchitis; CMH= Chronic Mucus Hypersecretion; CNSLD=Chronic Non Specific Lung
Disease; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; JEM= Job Exposure Matrix; OR=0dds Ratio; SR=Self-

Reported
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2.6.6.3 Association between exposure to metals and COPD

Epidemiological studies that have investigated the effect of occupational exposure to
metals on COPD have produced inconsistent results (summarized in Table 2.16). Only two
cross-sectional studies have reported this relationship. The Dutch cohort study assessed this
association in participants with COPD but did not find any significant associations between
high and low exposure to metals and airflow obstruction (104). In this study, current job was
used to assign exposures, and it is likely that this study may have underestimated the true
impact of metals exposure on COPD. Survivor bias may have affected these results as
participants already affected by respiratory symptoms at the time of this study may have
changed jobs or changed their work environment to reduce their exposure to metals.
Therefore, those participants would not be had been classified as metals exposure (104).
Thus, by using, most recent or current job, the authors may have missed previous metals
exposures, which may have influenced the overall null association found in this study.
Another study from France, however, found that occupational exposure to metals was
associated with reduced lung function in men and women (154). This study again limited by
the use of most recent job to assess exposure and it is likely that the association observed in

this study may have been affected by healthy worker effect.

Overall, findings from above mentioned studies are scant and inconsistent.
Furthermore, very few studies were conducted, and none of the studies have used lifetime
occupational history along with post-BD spirometry to assess this relationship, which is a

major limitation in the current literature.
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Table 2.16: Population-based studies investigating the association between metals exposure and COPD

First author (year) Location Sample | Methods of | Duration BD | Definitions Any exposure
size exposure of jobs used OR(95%Cl)
assessment
Cross-sectional studies
Dijkstra et al. (2014) The 10,008 | ALOHA Currentjob | Pre | FEV1/FVC<0.7 | H=0.92(0.33-2.56)
(104) Netherlands plus JEM L=1.06(0.50-2.25)
Le Moual et al. (1994) France 10,046 | JEM Current job | Pre | Lung function Men: mean FEV;

(154)

H=-0.03
L=-0.03

Women: mean
FEV:

H=-0.01
L=+0.31

Definition of abbreviations: BD=Bronchodilator; Cl= Confidence Interval; H=High Exposure; L=Low Exposure; JEM=Job Exposure
Matrix; OR=0dds Ratio
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2.7  Association between occupational exposures and lung function decline

There is limited evidence from population-based longitudinal studies that
occupational exposures may be associated with accelerated decline in lung function
(summarized in Table 2.17). Of the eight studies presented in Table 2.17, most of the studies
examined a possible association with dust, gases, and fumes or combined exposure to VGDF
using self-reported exposure data. Three studies used the ALOHA JEM to assign exposure
(84, 90, 165). Of these, one study reported an association with biological dust, mineral dust,
gases/fumes (84); one study reported an association with VGDF and pesticide exposure (90);
and one study reported that SERPINA1 PiMZ genotype, in combination with smoking,
significantly modified the association between occupational exposure to VGDF and lung
function change (165). No studies investigated the effect of solvents and metals exposure

with lung function decline.

A study from the USA investigated occupational dust exposure and reported a
significant association with accelerated decline in FEV1 but not FEV1/FVC (166). However,
this study used a modified version of the COPD JEM and a questionnaire to assign exposure
and participants were asked whether they were more likely or less likely to be exposed to
dust. Another study from the Netherlands used the ALOHA plus JEM and reported a
significant association between both high and low exposure to pesticide and accelerated
decline in FEV1 and FEV1/VC (vital capacity) (90). This study also found an association
between cumulative exposure to the pesticide and accelerated decline in FEV:1 and a
significant association between combined exposures to VGDF and accelerated decline in
FEV1(90). However, they used the current job to assign exposure (90), and due to the effect
of survivor bias, lack of information of exposures in early working life may have been missed
(92). Three studies found a significant association between self-reported exposure to dust,
gases, and fumes exposure with lung function decline (167-169). In contrast, the multi-centre
ECRHS study did not find a significant association between the ALOHA JEM based
biological dust, mineral dust, and gases/fumes exposures and lung function decline (84). The
null finding in this study may have been due to the relatively younger age of the study

population (20 to 44 years) and relatively short follow-up time of the cohort. Furthermore,
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this study was also limited by the use of current job and did not report the association with

cumulative exposure.

In summary, the evidence from population-based longitudinal studies on the
association between occupational exposures and lung function decline is limited and
contradictory. Studies that found an association may be affected by the healthy worker effect
due to the use of current job and self-reported exposure. Furthermore, most of the studies
assessed this association with dust, gases, and fumes exposure, but to date, no longitudinal
studies have been conducted with solvents and metals exposure. A limited number of
population-based longitudinal studies also reported the cumulative duration of exposure,
which is an important predictor to make a robust conclusion in this relationship.
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Table 2.17: Longitudinal population-based

studies investigating the

association between occupational exposure and lung function

decline

First author Location Sample | Duration of | Methods of | Duration Exposure category | Measure of lung | Main results Cumulative
(year) size follow-up exposure of jobs function decline exposure

assessment (years)
Liao et al. USA 1,332 17 years Mini JEM Longest More likely/less FEV1(mL), Dust exposure was N/A
(2015) (166) job likely dust exposure | FEV,/FVC ratio associated with

the LF decline
de Jong et al. The 2,527 25 years ALOHA Current job | High/low exposure | FEVi(mL/yr), Pesticide was associated | Association
(2014) (90) Netherlands plus JEM to VGDF and FEV1%VC with LF decline with VGDF
pesticide and pesticide
Mehta et al. Switzerland | 3,739 10 years ALOHA Current job | VGDF exposure FEV1(mL), Association was Association
(2014) (165) JEM FEV:1/FVC ratio modified by SERPINA1 | present
PiMZ genotype
Harber et al. USA and 5,724 5 years SR Current job | Dust and fumes FEV1(% Fumes exposure was N/A
(2007) (167) Canada predicted), associated with LF
FEV1/FVC ratio decline
Sunyer et al. Multicenter | 8,263 8.9 years ALOHA Current job | Biological dust, FEVi(mL/yr), No association N/A
(2005) (84) (ECRHS) JEM mineral dust, FEV1/FVC ratio
gases/fumes
Lindberg etal. | Sweden 1,655 10 years SR NA No category FEV1 (% No association 10-year
(2005) (170) predicted), cumulative
FEV1/FVC ratio incidence was
13.5% for
COPD

Humerfelt et Norway 951 20-25 years | SR NA Mineral dust, gases, | FEV1(mL/yr) Gases and fumes was N/A
al. (1993) vapor and fumes associated with LF
(168) decline
Krzyzanowski | Poland 1,824 13 years SR Last5 Dust and fumes FEV1 (mL/yr) Men exposed to dustand | N/A
et al. (1986) years chemicals were
(169) associated with LF

decline

Definition of abbreviations: ECRHS=European Community Respiratory Health Survey; JEM=Job Exposure Matrix; N/A= Not Available; SR=Self-Reported;
VC= Vital Capacity; USA=United States of America; VGDF=Vapor, Gases, Dust, Fumes
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2.8 Influence of sex on occupational exposure and COPD

In the past decades, COPD as defined by fixed AO has been considered a disease that
mainly affects men, reflecting the higher prevalence of smoking among men compared to
women. However, growing evidence suggests that COPD affects the sexes differently and in
some cases exclusively in women (171). The reasons for greater susceptibility of women to
airflow obstruction are largely unknown (27), but may be related to occupational exposures
in non-male dominated occupations, such as nursing, cleaning or farming; increased
exposure to residential inhaled pollutants compared to men; or may be associated with
hormonal differences (171, 172).

A recent study from New Zealand reported that women had higher occupational
exposures compared to men as women are mostly involved in non-male dominated
occupations that involve exposure to chemicals such as hair dyes, textile dust, household
dust, and cleaning occupations (28). This study also reported that women were also involved
in traditionally male dominated work such as painting, printing, handling chemicals, and they
were more likely to perform repetitive tasks compared to men in the same occupation (28).
A similar sex difference was observed in an Australian study, which found that jobs with
exposure to biological dust was a significant contributor to the development of airflow
obstruction in women compared to men (19). A study from the USA also investigated the
effect of sex and found a higher prevalence of occupational exposure in women compared to
men in several job categories including agriculture, textiles, rubber, and plastics industries
(173). Another study from France demonstrated that the association between FEV1 and self-
reported exposure to dust, gases, and fumes was slightly higher in women than men (174).
However, in the same study when exposure was classified using the JEM, again similar trends
of association were observed in women. In contrast, some previous studies that assessed
occupational exposure in men and women, did not find any difference between the groups
(20, 84, 85).

In summary, these results provide evidence that occupational exposure may
contribute to the development of COPD differently in women and men. Although there were

some contradictory findings, the majority of studies did find a significant difference between
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men and women. There is suggestive evidence that women may have slightly different
susceptibility to the effects of biological dust exposure. These preliminary findings require
further investigation to better understand and quantify the potential role of a range of

occupational exposures in contributing to the growing prevalence of COPD among women.

2.9  Summary of knowledge gaps in the current literature

This literature review shows mounting evidence; that occupational exposures are
associated with respiratory symptoms, chronic bronchitis, COPD, and lung function.
However, some major gaps in our knowledge clearly indicate the need for further
investigation of occupational exposures and their relationship with these outcomes to
advance the current knowledge in this field of research.

The association between occupational exposures and COPD has been predominately
examined in cross-sectional studies. Findings from these studies are mixed and share some
limitations which include lack of use of lifetime work history calendars for exposure
assessment; lack of cumulative exposure assessment; and use of pre-BD spirometry rather
than post-BD spirometry to define fixed type of AO. Importantly there have been a limited
number of longitudinal studies which are important for determining a causal role of
occupational exposures in disease risk. Furthermore, some important exposures (for example
pesticides, solvents, and metals) have only recently been identified as having a role in

respiratory symptoms and COPD.

Most studies used different exposure assessment methods that make it difficult to
draw robust conclusions. Studies using job titles and the ALOHA JEM found some
associations but were still limited by the use of current or most recent job to assign the
exposures rather than lifetime work history. It is likely that the use of current jobs may
underestimate the true impact of occupational exposures, because participants affected by
respiratory symptoms at the time of an earlier job may have changed their job to reduce their
exposure. Thus, these participants would not be classified as exposed and the healthy worker
effect may have biased the results. In a JEM-based exposure assessment, it is possible to

assign exposures based on lifetime occupational history that also allows for the calculation
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of cumulative duration of exposure. Cumulative exposure is important in chronic disease
assessment as it indicates total duration of exposure and it can then be related to the outcome
of interest. A major limitation of the literature to date is that no studies have reported
cumulative exposure to pesticides, solvents or metals and their relationship with COPD,

respiratory symptoms, and lung function decline.

Very few studies have used post-BD spirometry to define fixed AO and those who
used post-BD spirometry have reported inconsistent results. This is a major limitation of the
current literature exploring the association between occupational exposure and COPD. In
addition, there are inconsistencies in the definition of airflow obstruction, some studies used
GOLD, some studies used LLN, and some studies used both. There is controversy over which
definition is best to define fixed AO. Both the GOLD and LLN criteria recommend the use
of post-BD spirometry to distinguish reversible (asthma) from irreversible (COPD)
obstruction, particularly in younger adults (42, 175). Previous studies also highlighted the
importance of post-BD spirometry, because it is essential to establish a temporal relationship

between occupational exposure and risk of COPD in the general population.

Longitudinal studies can provide the strongest evidence for an association between
occupational exposures and COPD and lung function decline. Longitudinal studies minimize
the possibility of recall and other biases found in case-control studies, and survivor bias found
in cross-sectional studies. The use of JEMs, along with lifetime occupational histories, in
population-based studies also allows more precise quantification of risk estimates, as shown
by different studies (19, 103). Furthermore, the potential effect modification by sex on the
relationship between occupational exposures and COPD and lung function decline, is not yet
established. Nor is it understood whether the effect of sex on these exposures is multiplicative

or just additive.

My doctoral work aims to address some of the major gaps in knowledge identified in
this literature review, with a particular focus on specific exposure to biological dust, mineral
dust, gases/fumes, pesticides, solvents, and metals on COPD, respiratory symptoms and lung

function decline.
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Chapter 3 Occupational exposure and risk of
Chronic Obstructive Pulmonary Disease: a

systematic review and meta-analysis
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3.1  Chapter introduction

This chapter includes my published systematic review and meta-analyses
investigating the association between occupational exposure and risk of COPD (54). This
systematic review was set as an aim of my PhD project. As this chapter is more relevant to
the current literature exploring the relationship between occupational exposure and airflow

obstruction, it is included following the literature review of my thesis.

This publication is the first systematic review and meta-analysis investigating this
association using an objective measurement of spirometry and uniform measure of

occupational exposure using the ALOHA JEM.

I was the first author of this manuscript, and the abstract of this paper has been
presented at the 2014 Thoracic Society of Australia and New Zealand (TSANZ) annual

conference held at the Gold Coast in Queensland, Australia (176).

3.2 Research questions and aims
3.2.1 Research question
1. What is the relationship between occupational exposure to biological dust, mineral
dust, and gases/fumes assessed by the ALOHA JEM and COPD and chronic

bronchitis?

3.2.2 Research aims
1. To systematically synthesize and meta-analyse the association between occupational
exposure to biological dust, mineral dust, and gases/fumes assessed by the ALOHA
JEM and COPD.
2. To systematically synthesize and meta-analyse the association between occupational
exposure to biological dust, mineral dust, and gases/fumes assessed by the ALOHA

JEM and chronic bronchitis.

3.3 Publication

3.3.1 Main document

7



Alif S, Dharmage S, Bowatte G, Karahalios A, Benke G, Dennekamp M, Mehta A, Miedinger
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Pulmonary Disease: a systematic review and meta-analysis. Expert Rev Respir Med. 2016;
10: 861-872.
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Introduction: Due to contradictory literature we have performed a systematic review and meta-analyse
of population-based studies that have used Job Exposure Matrices to assess occupational exposure and
risk of Chronic Obstructive Pulmonary Disease (COPD).

Areas covered: Two researchers independently searched databases for published articles using pre-
defined inclusion criteria. Study quality was assessed, and results pooled for COPD and chronic
bronchitis for exposure to biological dust, mineral dust, and gases/fumes using a fixed and random
effect model. Five studies met predetermined inclusion criteria. The meta-analysis showed low exposure
to mineral dust, and high exposure to gases/fumes were associated with an increased risk of COPD. We
also found significantly increased the risk of chronic bronchitis for low and high exposure to biological
dust and mineral dust.

Expert commentary: The relationship between occupational exposure assessed by the JEM and the risk
of COPD and chronic bronchitis shows significant association with occupational exposure. However, the
heterogeneity of the meta-analyses suggests more wide population-based studies with older age
groups and longitudinal phenotype assessment of COPD to clarify the role of occupational exposure
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to COPD risk.

1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a chronic
respiratory condition characterized by airflow limitation that is
not fully reversible [1]. The irreversible component of airflow
limitation is the end result of airway inflammation (resulting in
chronic bronchitis) and parenchymal tissue destruction (result-
ing in emphysema) [2]. COPD is the fourth leading cause of
death worldwide and mortality from COPD is expected to
continue to rise as the worlds’ population continues to age
[3,4]. The major risk factor for COPD is exposure to tobacco
smoke [5]. Tobacco smoking accounts for 54% of the COPD-
related mortality for men aged between 30 and 69 years [5].
Despite the strong link between COPD and smoking, not all
smokers develop COPD and not all people with COPD have
been smokers [5]. Occupational exposure to dusts, gases, and
fumes can also contribute to COPD independently of smoking
[6]. Occupational exposure to irritant dusts, gases, and fumes
when inhaled usually activate alveolar macrophages and leu-
kocytes, causing release of reactive oxygen species that lead
to inflammatory changes in the airways [7].

Several studies in different occupational groups such as
farmers [8], bakers, and workers in the timber [9], cotton
textile [10], manufacturing [11], and construction industries
[12] had higher risk of COPD even after adjustment for impor-
tant potential confounders such as cigarette smoking. Despite
the clear links in industry-specific studies between occupa-
tional exposure and COPD, it is important to establish occupa-
tional exposure and COPD risk using population-based study
[5]. In population-based studies, the source population is
usually a general population, and they tend to work in a
wide variety of jobs over their lifetime. A major advantage of
population-based studies is that the problem of survivor bias
and healthy worker effect is to some degree avoided [5,14].
Studies of the general population have reported inconsistent
associations between COPD risk and occupational exposures,
with some studies finding an association [15-18] while others
reported no association [19-21]. These inconsistencies may be
due to differences in the exposures measured (e.g. source and
composition), the exposure assessment methods, the defini-
tions of COPD, the study design, and the age of the study
population [5,14,22].

CONTACT Melanie C. Matheson @ mcmat@unimelb.edu.au @ Allergy and Lung Health Unit, Centre for Epidemiology and Biostatistics, School of Population
and Global Health, Faculty of Medicine, Dentistry and Health Sciences, The University of Melbourne, Level 3, 207 Bouverie St, Carlton 3053
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Direct assessment of occupational exposure is difficult in
population-based studies. Several different methods have
been used including general questionnaires on job character-
istics, self-reported exposure via questionnaires, expert evalua-
tion by an occupational hygienist, and the application of a Job
Exposure Matrix (JEM) to self-reported work histories [14,23]. A
JEM is a systematic tool for assigning exposure based on the
cross-classification of occupational titles with agents [13,24].
The first JEM was developed for carcinogen exposures in the
1980s [24]. Since this original JEM, several disease-specific
JEMs have been developed including a JEM for COPD called
the ALOHA JEM [21]. This JEM identified exposures to biologi-
cal dust, mineral dust, and gases/fumes as relevant for COPD
and classified the subjects into no exposure, low-exposure,
and high-exposure categories [18]. JEMs are categorized into
general population-based JEMs, agent-specific JEMs, disease-
specific JEMs, and industry-specific JEMs [25]. Population-
based JEMs cover all jobs or occupations of a general (nation-
wide) classification, whereas agent-specific JEMs may have a
matrix restricted to job titles occurring within the industry, or
even within one facility [26]. JEMs are a useful method of
occupational exposure assessment because they allow the
study of exposure in a population-based sample that will be
less affected by the healthy worker effect or the survivor effect
commonly seen in occupational cohorts [23,27]. A further
advantage of JEMs is that they consistently assign exposures,
irrespective of the disease status of an individual, ultimately
reducing differential information bias [25].

Several reviews have been conducted to synthesize the
evidence for the relationship between occupational exposure
and COPD [22,28-31]. A recent meta-analysis [22] found that
exposure to vapors, dust, gases, or fumes (VGDF) was asso-
ciated with higher risk of COPD; however, they combined all
definitions of COPD, which varied between physician’s diag-
nosed and objectively measured definitions. Furthermore, they
used ‘any exposure’ as their measure of occupational exposure
to VGDF and combined several different exposure assessment
tools including self-reported exposure, expert evaluation of
exposure, and JEM. They also did not include two important
large European studies [17,21]. Due to these limitations, we
have undertaken a systematic review and meta-analysis with
the specific objective of examining the association between
occupational exposure and COPD, using only studies that have
used the ALOHA JEM to assess occupational exposure. We
have also restricted our review to studies that have used
objective definitions of COPD.

2. Materials and methods

We performed a systematic review and a meta-analysis of
published population-based studies according to MOOSE [32]
guideline.

2.1. Search strategy and terms

PubMed, Medline (Web of Science), Embase, and Scopus were
searched for English-language peer-reviewed publications
from January 1970 to April 2015 by combining two sets of
keywords. One set of keywords included terms related to

exposures, and another set included terms related to out-
come(s). The following two sets of Medical Subject Headings
(MeSH) and text words were used to identify publications.

(1) ‘COPD’ (MeSH) OR ‘COAD’ (MeSH) OR ‘Chronic Obstructive
Airway Disease’ (MeSH) OR ‘Chronic Obstructive
Pulmonary Disease’ (MeSH) OR ‘Pulmonary Disease’
(MeSH) OR ‘Chronic Obstructive’ (MeSH) OR ‘Airway
obstruction’ (MeSH).

And

‘JEM’ (text word) OR ‘Job Exposure Matrix’ (text word)
OR “Job Exposure Matrices’ (text word) OR ‘ALOHA JEM'
(text word) OR ‘ALOHA Job Exposure Matrix’ (text word)
OR ‘ALOHA Job Exposure Matrices’ (text word) OR
‘Occupational exposures’ (MeSH).

)

2.2. Selection criteria

We included only population-based studies that examined the
association between occupational exposures assessed by the
ALOHA JEM and risk of COPD defined using lung function
measurements. The exposures were biological dust, mineral
dust, and gases/fumes and exposures were further subdivided
into no-, low-, and high-exposure group. The primary outcome
was COPD while chronic bronchitis was considered as a sec-
ondary outcome.

2.3. Definitions

Studies were included if they defined COPD using lung func-
tion measurements. In all studies, COPD was defined accord-
ing to either: (1) a forced expiratory volume in 1 s over forced
vital capacity [FEV,/FVC] ratio less than 70% or (2) the lower
limit of normal (LLN) criterion, defined as FEV;/FVC ratio less
than the fifth percentile. The LLN is calculated by the pre-
dicted value minus 1.645 the standard deviation of the pre-
dicted value [33]. We considered pre-bronchodilator
spirometric values to define COPD in both definitions because
only one of our included study [19] used post-bronchodilator
spirometry.

Chronic bronchitis was defined as a self-reported cough or
phlegm for at least 3 months during two consecutive years [6].

2.4. Relevant studies

Using predefined selection criteria, the eligibility of the studies
generated by the search strategy were evaluated by two
researchers. Occupational exposures, definitions of COPD,
adjustment for possible confounders, and presented effect
estimate with 95% confidence intervals (Cl) were considered
when pooling the data.

2.5. Data extraction and quality assessment of included
studies

Study characteristics described in Table 1 were extracted from
each article along with adjusted odds ratios (OR) and 95% Cl.
The quality of the included studies was assessed using the
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Newcastle-Ottawa Quality Assessment Scale [34] for cohort
and cross-sectional studies [35,36] (Table 2). Authors of two
of the selected published articles [17,18] were contacted for
further data analysis so that all estimates were comparable.

2.6. Statistical analysis

All studies reported OR and 95% Cl for the low and high
exposure to biological dust, mineral dust, and gases/fumes.
Studies with similar type of exposures and uniform pattern of
outcome assessment were combined for meta-analysis. The first
phase of meta-analyses included studies that investigated low-
and high-exposure to biological dust, mineral dust, gases/fumes,
and risk of COPD, and the second phase of meta-analysis inves-
tigated low and high exposure to biological dust, mineral dust,
gases/fumes, and risk of chronic bronchitis. Separate meta-ana-
lysis was conducted for FEV,/FVC < 70% and FEV,/FVC < LLN.
The extracted estimates were stratified according to low- and
high- exposure to biological dust, mineral dust, and gases/
fumes. Heterogeneity between studies was assessed using
Higgins ? statistic [37]. Fixed and random-effect meta-analyses
were performed as the heterogeneity between studies varied.
Publication bias of included studies was assessed by Egger’s test
[38] and funnel plot (data not shown) [39]. Stata 13.1 (Stata
Corporation, College Station, Texas, USA) was used for the sta-
tistical analyses.

3. Results
3.1. Study selection

A total of 972 studies were identified after removing dupli-
cates. Of these, 909 studies were eliminated after reading the
abstracts and applying inclusion criteria, leaving 63 articles for
full-text review. Among these 63 articles, only 5 studies met
the inclusion criteria, 1 cohort [17] and 4 cross-sectional stu-
dies (Figure 1) [16,18,19,21]. Details of the reasons for exclu-
sion are presented in Figure 1.

3.2. Study characteristics

Table 1 lists the features of the included studies. All five
studies were conducted in Western countries. Of the included
studies, four reported outcome data as prevalence
[16,18,19,21] while one reported outcome data as incidence
[17]. The sample sizes ranged from 1017 to 4267. The age at
which the outcome of COPD was measured ranged from 18 to
89 years. Exposure assessment was performed using self-
reported lifetime work history calendar [18,19], or self-
reported current job title [16,17,21] at baseline and the
ALOHA JEM.

3.3. Outcome measures

All studies used either the FEV,/FVC < 70% or FEV,/FVC < LLN,
and three studies reported results using both definitions. The
studies used different prediction equations, utilizing either the
Quanijer prediction reference equation for ‘Caucasians’ derived

from the European Coal and Steel Community reference popu-
lation [40-42], or the third National Health and Nutrition
Examination Survey (NHANES-III) study population [43]. Only
one study reported the outcome using diagnosis made by
post-bronchodilator spirometric measurement of FEV,/FVC
[19], all other studies used the pre-bronchodilator spirometry.

3.4. Occupational exposure and risk of COPD

3.4.1. Biological dust exposure
Figure 2 presents the associations from the studies that have
examined the relationship between biological dust exposure
and COPD, stratified by high or low biological dust exposure.
Overall, there was little evidence of heterogeneity between the
studies included in the meta-analysis, so fixed effects estimates
are reported (see forest plots for I? values). For the studies that
defined COPD by FEV,/FVC < 70%, there was no evidence of an
increased risk of COPD associated with low biological dust
exposure (OR = 1.06, 95% Cl 0.96-1.17) or high biological dust
exposure (OR = 0.98, 95% Cl 0.79-1.21). The combined estimate
for low or high biological dust exposure was also not associated
with COPD (OR = 1.04, 95% Cl 0.95-1.14, * = 19.1%) (Figure 2).
For studies that used the FEV,/FVC < LLN definition of
COPD, there was no increased risk of COPD associated with
low (OR = 1.18, 95%Cl 0.95-1.48) or high biological dust
exposure. The combination of low or high biological dust
exposure was also not associated with an increased risk of
COPD using the FEV,/FVC < LLN definition (Figure 2).

3.4.2. Mineral dust exposure

The pooled estimates from the studies that examined the
association between mineral dust exposure and COPD risk
are presented in Figure 3. Studies that defined COPD by
FEV,/FVC < 70% showed a significantly increased risk of
COPD for low exposure to mineral dust (OR = 1.17, 95% ClI
1.04-1.31), but not for high exposure. The combined effect
estimate for low or high mineral dust exposure was statisti-
cally significant (OR = 1.15, 95% ClI 1.04-1.27). We did not
observe any significant association between mineral dust
exposure and COPD risk defined by FEV,/FVC < LLN
(Figure 3).

3.4.3. Gases/fumes exposure

The meta-analysis for the association between gases/fumes
exposure and COPD is presented in Figure 4. For studies that
defined COPD by FEV,/FVC < 70%, there was no association
between low exposure to gases/fumes (OR = 1.07, 95% Cl 0.98-
1.18) and COPD. For high exposure to gases/fumes, there was
significant heterogeneity between studies ( = 59.4%, P = 0.04)
and no association with COPD for the random-effect estimate
(OR = 1.03, 95% Cl 0.73-1.45). The combined estimate for low or
high gases/fumes exposure was statistically not significant (ran-
dom effect OR = 1.08, 95% Cl 0.95, 1.23, Figure 4). We also did
not observe any significant association between low or high
exposure to gases/fumes and risk of COPD defined by FEV,/
FVC < LLN (Figure 4).
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Table 2. Methodological quality score of included studies based on Newcastle-Ottawa Quality Assessment Score.

Total score

Outcome

Comparability

Selection

First author (year)

Cross-sectional studies

Sufficiently long

Assessment

Based on design and

Ascertainment

Selection of never

Representative of

of outcome exposure for outcomes

statistical analysis

of exposure

exposed group

the exposed group

5/7
5/7
5/7
5/7

——— —

——— —

[=NeNe N}

Hansell et al. (2014)
de Jong et al. (2014)

Matheson et al. (2005)
Sunyer et al. (1998)

Cohort studies

Adequacy of follow-up

Selection of Ascertainment Outcome not present Based on design and Assessment Long enough

non-exposed cohort

Representative of the

of cohorts

at start of study statistical analysis of outcome follow-up

of exposure

exposed cohort

8/9

Mehta et al. (2012)
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3.5. Occupational exposure and risk of chronic
bronchitis

Three of our included studies assessed the association
between occupational exposure measured by the ALOHA
JEM and risk of chronic bronchitis. Two studies [18,19] defined
chronic bronchitis as a self-reported cough and phlegm for
3 months during 2 consecutive years, and one study [21]
defined as either a self-reported cough or phlegm for 3 months
during 2 consecutive years.

The meta-analysis showed a significantly increased risk of
chronic bronchitis separately for low and high exposure to
biological dust and mineral dust. Overall estimates for low
and high biological dust and mineral dust exposure were
also significant (Figure 5). There was no significant association
between gases/fumes exposure and risk of chronic bronchitis
in fixed or random-effect methods.

4. Discussion

This is the first systematic review and meta-analysis to inves-
tigate the association between occupational exposure and risk
of COPD in population-based studies using robust measure-
ment of both outcome and exposure. Five studies used the
lung function to define COPD and the ALOHA JEM to assign
exposure. Our meta-analysis of the three exposure categories
of biological dust, mineral dust, and gases/fumes found that
exposure to mineral dust and gases/fumes was associated
with an increased risk of COPD defined by FEV,/FVC < 70%;
while for COPD defined by FEV;/FVC < LLN, there was no
statistical significant association with biological dust exposure.
Furthermore, we also found that chronic bronchitis symptoms
were significantly associated with exposure to biological and
mineral dust and a borderline association with gases/fumes.

Our findings support existing literature suggesting that
occupational exposure is a significant contributor to risk of
COPD. A recent review and meta-analysis found that any VGDF
exposure was associated with an increased risk of COPD [22].
They included studies with all different methods of exposure
assessment (expert assessment, self-report, and JEMs) and
combined several different definitions of COPD (FEV,/
FVC < 70%, FEV,/FVC < LLN, self-reported symptoms, and
doctors diagnosis). Age and study type were found to signifi-
cantly affect the heterogeneity in the review by Ryu et al. [22],
specifically finding that studies with participants less than
40 years did not show any association and case-control
study designs showing the greater risk of COPD. We elected
to have strict inclusion criteria for our exposure and outcome
definitions and, therefore, had very little heterogeneity in our
study estimates. We also observed smaller effect sizes than
those found by Ryu et al. [22], possible due to the population-
based study design inclusion criteria and because we exam-
ined the independent effects of biological dust, mineral dust,
and gases/fumes exposure rather than combining all expo-
sures together.

One of the main strengths of this review is the inclusion of
population-based studies with objective measurement of lung
function and a uniform measure of occupational exposure. We
restricted our analysis to COPD based on spirometric criteria,

83



866 (&) S.M.ALIF ET AL

\
J

searching

1569 records identified through database

A 4

972 records after duplicates removed

\4

{ Screening J t Identification

[ 972 records screened

fulfilling inclusion criteria

A 4

1

909 records excluded for not J

>
=
£
20
=
=

for eligibility

63 full-text articles assessed

/58 Full text articles were excluded fo)

following reasons:

A 4

22 studies- Not used used ALOHA
JEM

17 studies- COPD definition did not
meet inclusion criteria

14 studies- Work-place based

4 studies- On COPD patients only

1 study-Inappropriate result for meta-

\ana]ysis (male vs. female) /

synthesis

Included

n= 5 studies included in the
qualitative and quantitative

Figure 1. Diagrammatic presentation of study selection process.

but we were unable to define COPD based on post-broncho-
dilator measurements as only one study used post-broncho-
dilator spirometry [19]. This is a major limitation of the current
literature exploring the relationship between occupational
exposure and COPD. Post-bronchodilator spirometry is crucial
to distinguish reversible (asthma) from irreversible (COPD)
obstruction, particularly in younger adults [4,44]. Of the five
studies included in this meta-analysis, two excluded partici-
pants with asthma [17,21] and two performed sensitivity ana-
lysis excluding asthmatics. Of the two studies that performed
sensitivity analysis, one found no difference to the findings
when excluding asthmatics [18] and the other found that they
lost too many subjects for a reliable analysis but this was the
one study that used post-bronchodilator spirometry [19]. Only
one study in our review did not appear to make any adjust-
ment for asthmatic subjects [16].

There is still debate over the best definition for COPD.
Spirometry is the gold standard diagnostic procedure to
define COPD but the degree of obstruction that establishes
a diagnosis is still a matter of debate [45]. The Global
Initiative for Obstructive Lung Disease (GOLD) defined
COPD as a FEV,/FVC ratio less than 70% [6] which has
been widely utilized because of its practical application in
clinical practice and in large-scale population-based studies.

More recently, LLN has been recommended as better way to
diagnosis COPD due to the more rapid decrease in FEV,
than FVC with aging, causing over-diagnosis of COPD in
older age groups [46]. Only three of our included studies
[17-19] used both FEV,/FVC < 70% and FEV,;/FVC < LLN to
define COPD. Our meta-analyses using the two different
definitions did produce different results with the FEV,/
FVC < LLN definition finding no significant association
with biological dust, mineral dust or gases, and fumes
exposure. The reason for this discrepancy is most likely
due to reduced power in LLN analysis due to fewer cases
of COPD.

Along with COPD defined by spirometry, we also explored
the association between occupational exposure and chronic
bronchitis defined by a productive cough and sputum. We
found that biological and mineral dust exposures are both
associated with increased risk of chronic bronchitis. Several
other studies that have used other methods of occupational
exposure assessment, such as self-reported exposure, have
also shown an increased risk of chronic bronchitis due to
dust exposure [47-51]. Population-based studies have also
shown that certain occupation groups with known biological
dust exposure such as farmers [52] and food industry workers
[50] have a greater risk of chronic bronchitis.
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Figure 2. Association between biological dust exposure and COPD.

Strengths of our review include the strict inclusion and
exclusion criteria. The use of the ALOHA JEM to define occupa-
tional exposure enabled us to examine the effects of the three
exposure categories separately. JEMs are also less affected by
recall bias and differential misclassification of exposure when
compared with self-reported exposure [53]. The strength of our
study is the use of spirometrically defined COPD, which is the
gold-standard for the definition of COPD. However, the small
number of studies meeting these criteria created some limita-
tions including reduced statistical power for the pooled esti-
mate and inability to assess quantitative estimates of
publication bias. We assessed publication bias by visual inspec-
tion of funnel plots and did not observe any clear trends of bias
(data not shown). We were also unable to perform any sub-
group analysis because the studies did not consistently provide
results stratified by factors of interest (e.g. age and sex). All

except one of the study [17] included in this review did not
differentiate between the stages of COPD; this is due to the
young age of participants in most of the studies and, therefore,
the lack of sufficient cases with more severe COPD.

In summary, we observed an increased risk of COPD asso-
ciated with exposure to low levels of mineral dust and high
levels of gases/fumes. The lack of association with high exposure
is likely due to the relatively younger age of study subjects in
most cohorts. Along with the associations with COPD, we also
demonstrated that chronic bronchitis is associated with low and
high exposure to biological and mineral dust. This is an impor-
tant study with significant implications for public health as we
have confirmed with a rigorous review with strict inclusion
criteria that occupational exposure plays a significant role in
COPD in the general population, not just people in high-risk
occupations. Our review strengthens and highlights the need for
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Figure 3. Association between mineral dust exposure and COPD.

strict ventilation and personal protective equipment policies in
relation to occupations with even low-level exposure.

5. Expert commentary

Traditionally, in epidemiological research of COPD, post-
bronchodilator FEV,/FVC ratio has been used to define cases
using either the GOLD criteria or the LLN cutoff value. These
definitions do not take into account any symptoms; the indi-
vidual may be experiencing. Utilizing these objective measure-
ment thresholds is important for population-based studies
allowing greater consistency and providing better comparabil-
ity of results across studies, but it fails to take into account the

individual variability of symptoms. Individuals with the same
FEV,/FVC measurement may experience vastly different
impacts on their daily functioning and quality of life. Future
research into COPD and occupational exposure would benefit
from additional clinical objective measurements such as
X-rays, CT scans, or other lung function measurements. This
will enable to disease process in relation to occupational
exposure to be characterized more accurately.

In population-based studies, JEMs are useful tools to quan-
tify in a large number of individuals’ occupational exposure in
a systematic objective manner. However, JEMs have their
limitations and improvements such as the inclusion of more
specific agents, a quantitative measurement of exposure, time
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Figure 4. Association between gases/fumes exposure and COPD.

periods with variable quantitative exposure assessment, and
country specification would all improve their utility.

There is an emerging trend of combining large multi-
cohort data set to increase sample size and obtain greater
statistical power for all types of studies including investiga-
tion of occupational exposure and respiratory diseases.
Combining multiple cohorts has limitations, but importantly,
it does enable greater power to examine important research
questions that are nearly impossible in smaller individual
cohorts such as studies of COPD incidence, COPD persis-
tence, more severe COPD, and decline in lung function.
While much research is needed to advance our knowledge

in this field, there is sufficient evidence thus far on the link
between occupational exposures and COPD that warrants
educating the general public and implementing safe prac-
tices at the work place.

6. Five-year view

Population-based studies enable the risk in the broader com-
munity to be assessed, and tools such as the ALOHA are vital
in estimating exposure in large-scale population studies.
Future studies would benefit from further development of
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Figure 5. Association between biological dust, mineral dust and gases/fumes exposure and chronic bronchitis.

occupational assessment tools including further refinement of
exposure to give a more quantitative estimates like that in for
example FINJEM (Finnish Job Exposure Matrix). Long-term
follow-up of population-based cohorts including repeated
spirometry assessments to objectively define COPD incidence
and assess lung function are needed.

Key issues

e Post-bronchodilator spirometry definition of COPD is essen-
tial to establish a temporal relationship between occupa-
tional exposure and risk of COPD and subtypes in the
general population.

e It is important to assess the occupational contribution of
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COPD in the early middle age adult population using life-
time work history calendar in a longitudinal study, to date,
very few literature summarize this evidence.

Despite the inconsistency between definitions, study
design, the inclusion of young adult in the literature, this
meta-analysis found that occupational exposure may
increase the risk of COPD and chronic bronchitis in the
general population.

However, there was also conflicting evidence whether sex and
smoking modified the association or confounded by the pre-
vious history of asthma or socioeconomic status that usually
influences people’s job choice.
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The research findings presented in this thesis is
based on the Tasmanian Longitudinal Health Study
(TAHS), previously known as Tasmanian Asthma Survey. : »
. . . Tasmanian Longitudinal
The TAHS is a general population-based longitudinal study Health Study
from early childhood to middle age. Comprehensively documented data collected within
TAHS cohort provide a unique opportunity to investigate the role of occupational exposure
using lifetime work history calendar with the outcome of Chronic Obstructive Pulmonary

Disease (COPD).

4.1  Study design

TAHS was initiated in 1968 in Tasmania, a smallest isolated island state of the
Commonwealth of Australia located in the southern part of the Australian mainland. The
TAHS is now regarded as worlds’ largest and longest-running cohort study that were
exclusively investigating respiratory and allergic outcomes. Methodological details of TAHS
cohort has been published over the decades (29, 177, 178).

In 1968, TAHS began with the enrollment of all seven-year-old children (n=8,583)
who were attending school in Tasmania. This baseline cohort was known as “probands” in
the subsequent follow-up. At the baseline survey, the parents of the probands completed a
respiratory health questionnaire for their child, and then the children underwent a clinical
examination and pre-bronchodilator lung function measurements. Subsequent follow-up
surveys were completed in 1974, 1979, 1991, 2002 and 2010 at the ages of 12, 18, 30, 45 and
50 years. In 2002 and 2005, when the probands were in their fifth decade of life, 7,562
(88.1%) of the original 1968 probands were retraced to a residential address and achieved a
response of 5,729 (78.4%) to a postal survey. A subgroup of these respondents, selected from
their participation in previous follow-ups, was invited to participate in a more detailed
laboratory study and information was collected using questionnaire, pre, and post-
bronchodilator lung function test, skin prick testing, lung volumes, diffusing capacity and
lifetime work history calendar. Of 2,387 probands invited (at age 45 years), 1,599 completed

work history calendar during laboratory visit or through telephone interview, 1,397 (58.6%)
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took part in a full laboratory study, 354 (14.8%) completed the laboratory questionnaire over
the phone, and 636 (26.7%) declined to participate. In the 2010 to 2012 period, when the
probands were at 50 years of age, participants of 2002 clinical study were re-invited to
participate in another laboratory study that includes pre-bronchodilator spirometry and
bronchial hyperresponsiveness (BHR) testing. Of the 1,375 eligible participants from the
2002 clinical study, 840 (61.1%) took part in a full laboratory visit, 286 (20.8%) declined to
participate, and 249 (18.1%) were not traced. Figure 4.1 describes major follow-ups and
laboratory studies within the TAHS cohort. In the following section, I will explain detail
methods of TAHS follow-ups that used in my PhD thesis.
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Figure 4.1 The TAHS flow diagram and follow-ups
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4.2  Study sample and data collection
4.2.1 The TAHS baseline study in 1968
4.2.1.1 Study sample

As mentioned above, all school children born in 1961 in Tasmania (seven-year-old at
the time of survey) were enrolled in TAHS cohort, termed as probands. 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 born in
1961. Seven-year-old school children were chosen to ensure that the child could perform
spirometry adequately and to prevent attrition of cohort for several years through the school

enrollment system.

4.2.1.2 Data collection

At the beginning of 1968, a set of a questionnaire including a cover letter explaining
the aim of the study and consent form were provided to the parents of the probands through
the school nurse (Appendix 1). Of the total 8,683 parents of eligible probands to participate
in the survey, 8,583 (98.8%) returned a completed questionnaire. Initially, total 273 parents
of eligible probands refused to take part in the survey were subsequently re-approached in
the same year by the original investigators to reconsider. Children who entered Tasmania
after June 1968 were not included in this study.

After the completed questionnaire had been returned, the probands were invited to
participate in a detailed laboratory testing that includes complete medical examination and
clinical lung function testing. The school medical officer was trained in epidemiological
principles, interview technique, and method of objective assessment and also instructed on
how to use Vitalograph spirometer. School nurses in Tasmania were also involved in this

process under the supervision of the school medical officer.

Each barefooted probands height was measured using a set square and steel measure
attached to a wall. The weight of the probands was measured using a reliable set of bathroom

scales that calibrated three times daily. Both height and weight were cross-checked by a
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second observer to ensure accuracy and validity of the measurements. Total seven
Vitalograph spirometers were used to measure lung function, without the inhalation of
bronchodilator. The Vitalograph spirometers were regularly calibrated by having an expert
normal subject record his/her own ventilatory capacity at regular intervals (178). Two
independent observers read the resulted spirograms. The school medical officers also
conducted a routine medical examination of the children with particular emphasis on
clinical findings in upper airways, chest, and lungs and on evidence of eczema in the flexures
of the elbows, wrists, and knees. Of the 8,583 probands who returned completed
questionnaires 331 (3.8%) did not attend the laboratory study and 8,022 (93.5%) had

complete lung function tests (29).

4.2.2 The TAHS 1974 follow-up study
4.2.2.1 Study sample

The members of 1968 baseline cohort who are still attending school in Tasmania were
included in another follow-up study in 1974 at the age of 12 years.

4.2.2.2 Data collection

Total 7,380 (87.2%) participants were retraced and responded to a postal survey
questionnaire (Appendix 2). Of these 7,380, a stratified random sample of 851 was selected
according to the presence of symptoms of cough only, wheeze only, both cough and wheeze,
and neither symptoms in 1968 and 1974 for a clinical follow-up including spirometry. Of
these selected 851, almost 98% (837) were attended to a laboratory study to complete

spirometry (29).

4.2.3 Proband 2002 to 2008 follow-up study
4.2.3.1 Study sample

This follow-up was conducted between the 2002 to 2008 period when the participants
were in their fifth decade of life (Figure 4.1). This follow-up was initially aimed to re-trace
the residential addresses of the baseline 1968 cohort and to conduct a postal survey. As the
current addresses were last recorded during 1968 baseline survey and the entire cohort had

not been followed up since 1968, re-tracing of the original participants in 2002 were
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conducted using computerized record linkage. Name, sex and date of birth of the participants
were used to identify current address via National Death Index (NDI); the Commonwealth
Electoral Roll; the Medicare database; the Tasmanian marriage records; and Twin Research
Australia (TRA) (177). In brief, Australian Institute of Health and Welfare (AIHW) assisted
TAHS probands data linkage with NDI. Three rounds of data matching were performed using
the Commonwealth Electoral Roll database for the probands. TAHS female participants not
traced in the previous round of electoral roll was linked to the Tasmanian marriage records
to identify a change in surname. Then female participants with the new surname again linked
to the electoral roll. A linkage of TAHS probands was conducted using the Health Insurance
Commission (HIC), who contacted and agreed to send out mails on behalf of TAHS to
identified addresses of the probands. ATR that stores data on 30,000 twin pairs was contacted
to identify twins of TAHS cohort using the name and date of birth collected at 1968 baseline
survey. Finally, those participants were not found using the above methods; the addresses
collected during 1991-93 follow-up survey were checked against the National Electronic
White Pages to determine if they were current address.

This follow-up study includes a postal survey of all traced participants from 1968
cohort (mean age 42.8 years) and a laboratory study from a selected subsample of participants
(mean age 45 years). From the original 1968 cohort, 7,562 (88.1%) were traced to an address
and 5,729 (78.4%) responded (67% from the original 1968 cohort) to a detailed respiratory
postal survey questionnaire (Appendix 2). A subgroup of these probands (n=2,387) was
selected based on their participation in previous follow-ups and enriched for asthma and
cough reported at 1968 or in 2004 postal survey were invited to participate in a more detailed
laboratory study conducted between October 2006 to September 2008. Of the 2,387 invited,
1,599 completed work history calendar during laboratory visit or through telephone
interview, 1,405 (58.9%) took part in a full laboratory visit (Appendix 3), 346 (14.5%)
completed a telephone-administered questionnaire, and 636 (26.6%) withdrew from the
study. The mean age of the participants during the laboratory visit was 45 years, and the

follow-up was defined as 45-year follow-up study.
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4.2.3.2 Data collection-clinical study

Skin prick testing (SPTs) were completed for 1,396 (97.5%) for eight aeroallergens.
A wheal size of >3mm to a specific allergen more than the negative control was regarded as
an indication of sensitization. Blood samples were also drawn for genetic testing. Details of

SPT and genetic analysis have been published elsewhere (179).

Of the 1,405 (58.9%) participants attended the laboratory visit, 1,397 (97.7%) had
lung function testing. Lung function tests were conducted between 2006 to 2008 under the
guidance of A/Prof David Johns, and same protocols (same as 1968 baseline survey) were
used across the Australian testing states of Tasmania (81%), Victoria, New South Wales and
Queensland. These lung function tests include pre- bronchodilator and post-bronchodilator
spirometry, measurement of single breath DLco, and static lung volume measurements, and
were conducted according to the joint American Thoracic Society (ATS) and European
Respiratory Society (ERS) guidelines (40, 180, 181). Details of lung function testing have
been described in section 4.4.

4.2.4 Proband 2010 to 2012 follow-up study
4.2.4.1 Study sample

This follow-up was conducted between the 2010 to 2012 by re-inviting the
participants from the laboratory study of 45-year follow-up to take part another clinical study
that included positive bronchial challenge test. Of the 1,397 eligible participants from the
previous follow-up, 840 (61.1%) participated in a laboratory study, 286 (18.1%) declined to
participate, and 249 (18.1%) were not located. A small number of participants had died
(n=12, 0.9%) or withdrawn (n=18, 1.3%) from the TAHS cohort before the study
commenced. The mean age of the participants during the laboratory visit was 49.6 years, and

the follow-up was defined as BHR follow-up study.
4.2.4.2 Data collection

The probands who participated in the laboratory study completed a detailed

respiratory questionnaire (Appendix 4) and lung function testing including Methacholine
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challenge test. Methacholine challenge test was completed by 697 participants. Detailed of

lung function testing was described in section 4.3.

4.3  Lung function measurements
4.3.1 Lung function in proband 2002 to 2008 clinical study

Pre and post-bronchodilator spirometry was measured with the EasyOne ultrasonic
spirometer (ndd, Medizintechnik, AG, Switzerland). Each of the probands was required to
perform at least three pre- and post-bronchodilator spirometry measurements according to
the joint ATS and ERS acceptability and repeatability criteria (40, 181). Probands were asked
not to smoke for 4-6 hours before testing. Spirometry was repeated 10-15 minutes after short-
acting bronchodilator (200ug salbutamol) administration via a spacer. The highest readings
for forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were
obtained from three acceptable and repeatable tests (40). Each barefooted probands height
was recorded to the 0.1 millimeters accuracy at the testing.

Single breath diffusion capacity of the lung for carbon monoxide (DLco) was
measured post-bronchodilator according to international guidelines and adjusted to a
standard hemoglobin concentration and corrected for the presence of carboxyhemoglobin
(180). The average of two acceptable tests that agreed to within 10% was recorded. Predicted
values of Drco for 1,200 subjects were calculated using the prediction equations of Roca and
colleagues (182) for age, sex, height and weight covariates for women and by the equations

of Thompson and colleagues (183) for an additional former smoker covariates for men.

Z-score values for FEV1, FVC, and FEV1/FVC ratio were calculated from the Global
Lung Function Initiative (GLI-2012) regression equations (48). A z-score is the deviation
from the mean predicted value, where 95% of normally distributed population mean lies
between —1.96 standard deviation (SD) to +1.96 SD. In other words, a positive z-score
indicates the data point is above the population mean whereas a negative z-score indicates
the data point is below the population mean. For example, if the z-score of the FEV1=-1.0,

that signifies that the FEV1is less than the mean of the reference population (184).
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4.3.2 Lung function and methacholine challenge test in proband 2010 to 2012 clinical

study

Methacholine challenge test was completed by 697 participants in this follow-up. For
the methacholine challenge test (Mch), methacholine chloride (Provocholine®, USP
Methapharm Inc, Brantford, Ontario, Canada) was administered via a Mefar MB3 inhalation
dosimeter (Mefar SRL, Bovezzi, Italy) until FEV1 fell to less than 80% of the baseline FEV1
or the maximum cumulative dose of 2mg inhaled. Spirometry in both follow-ups and
methacholine challenge test were completed by 797 and 697 subjects, respectively. Log
Dose-Response Slope (Log DRSIlope) was calculated by log transformation of dose response
slope calculated as fall of FEV:1 from baseline of >20% divided by maximum dose of
methacholine administered (umol). Due to the Methacholine challenge test only pre-
bronchodilator spirometry was performed at the proband 2010 follow-up study. Lung

function measurement was performed using the same methods described in section 4.3.

4.4  TAHS Lifetime Work History Calendars data and occupational exposure
4.4.1 Lifetime Work History Calendars

Probands who attended in the laboratory visit of 2002 to 2008 follow-up study also
completed a lifetime work history calendar (WHC) (Appendix 5). A total of 1,599 probands
provided complete work histories either during laboratory visit or through telephone
questionnaire (Figure 4.2). In the WHC, participants were asked to list all the jobs they had
held in their lifetime including job held for at least one month from the beginning of the
working life up to the date of interview. All different activities held during professional life
were also listed, such as unpaid jobs, unemployed, pensioner, homemaker, student, and
volunteer work. For each of the job episodes the WHC collected information about (I) job
title (e.g., teacher, nurse, manager, student, accountant, chef, engineer, etc.), (1) industry
description (e.g., education, retail, mining, health, food, public service, banking, etc.), (111)
name of employer, (IV) number of days worked per week, (V) number of hours worked per
day, (V1) year work started, and (VI1) year work ended. Any changes during working life
including any inactivity period were also listed. Around 8,500 jobs from the probands dataset

were coded.
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1,599 completed telephone questionnaire and work
history calendar at 2002-2008 follow-up i

~—> 8,500 jobs were coded

b

1,405 attended laboratory study, completed lung 194 completed work history

function testing and work history calendar ' calendars via telephone
: i questionnaire

; 264 excluded due to missing
i orincomplete work histories

Y

1,335 included with complete spirometry and work
history calendar

Figure 4.2 Work History Calendar in TAHS proband in 2002 to 2008 follow-up
study

4.4.2 Job coding

For each participant, all jobs held during the entire working life were coded according
to the International Standard Classification of Occupations (ISCO-88) four-digit
classification (30). I performed job coding of the proband dataset under the supervision of
Dr Geza Benke. Before starting the job coding, | received special training from Dr Geza
Benke and Associate Professor Melanie C Matheson to ensure standardized occupational

coding, and | was blind to case status of TAHS dataset before and at the time of coding.

International Standard Classification of Occupations (ISCO-88) of International
Labour Organization (ILO) provides a systematic classification and aggregation of
occupational information covering the entire working population. ISCO-88 is a revision of
ISCO-68 version, which it supersedes and it is one of the standard skill based occupational
models of ILO. The design of ISCO-88 was based on two major components; (I) Job- defined

as a set of task or duties executed or meant to be executed by a person, and (1) skill- defined
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as the ability to carry out the tasks and duties of a given job. On the basis of skill and
educational categories from the International Standard Classification of Education (ISCED),
four subjective skill levels (first ISCO skill level, second ISCO skill level, third ISCO skill
level and fourth ISCO skill level) were defined. Based on the skill levels of technical
criterion, codes were established that allows a hierarchical occupational classification that
consists of ten major groups that further subdivided into 28 sub-major groups, 116 minor
groups, and 390-unit groups. The first one-digit code represents the major group that includes
all possible occupations from the general population (Table 4.1). Sub-major groups are two-
digit codes, where first digit represents the major group where the 28 sub-major group falls.
Minor groups are identified by three-digit codes, where the first two digits indicate the major
group where the minor group falls. These minor groups take into account workers tasks, kinds
of goods and service produced and differ according to the technical level required. The 390-
unit groups represent more detailed groups of occupations that are similar to the job
characteristics. They are identified by code numbers of four-digits, where the first two
represent the minor group to which the unit group belongs.
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Table 4.1 1ISCO-88 occupational classifications

Major groups Summary of major groups Sub- Minor | Unit
major | groups | groups
groups

1. Legislators, Determining and formulating government | 3 8 33

senior officials, and | policies, laws, and public regulations

managers

2. Professionals High level of professional knowledge and | 4 18 55

experience in life sciences, social
sciences, and humanities

3. Technicians and | Technical knowledge and experience in 4 21 73

associate life sciences, social sciences and

professionals humanities

4, Clerks To organize, store, compute and retrieve 2 7 23

information for secretarial duties, word
processing, office machines or computing
numerical data

5. Service workers To provide personal protective services, 2 9 23

and shop and and to sell goods to shops, markets, travel

market sales agencies, housekeeping, catering and

workers personal care

6. Skilled To produce farm, forestry and fishery 2 6 17

agricultural and products including growing crops,

fishery workers breeding or hunting animals, catching or

cultivating fish, conserving, exploiting
forests, selling agriculture or fishery
products

7. Craft and related | Extracting raw materials, constructing 4 16 70

trade workers buildings and making various handicraft

goods

8. Plant and To operate and monitor large scale, highly | 3 20 70

machine operators | automated, industrial machinery and

and assemblers equipment

9. Elementary To use hand-held tools, selling goods in 3 10 25

occupations streets, doorkeeping, cleaning, washing,

pressing, laborers in mining, agriculture,
fishery, construction, and manufacturing

0. Armed forces A person currently servicing armed forces, | 1 1 1

including auxiliary services, voluntary or
compulsory basis and not free to accept
civilian employment. Included regular
members of army, navy, air forces and
other military services
Totals 28 116 390
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4.4.3 Occupational exposure assessment

Each of the ISCO-88 coded jobs was linked to general population-based Job Exposure
Matrix (JEM) to assess occupational exposure (65). These codes were then used to establish
occupational exposures to biological dust, mineral dust, gases/fumes, VGDF (vapors, gases,
dusts, or fumes), all pesticides, herbicides, insecticides, aromatic solvents, chlorinated
solvents, other solvents and metals using a modified version of the ALOHA JEM for COPD
called the ALOHA plus JEM (Table 4.2) (85). The ALOHA plus JEM assigned exposure
based on four-digit unit groups of ISCO-88. Each of the coded jobs were classified into no
(0), low (1), or high (2) exposure categories based on ALOHA plus JEM (19). In this thesis,
a subject was considered occupationally exposed to a substance if at least one of his/her jobs
was defined as either low (1) or high (2) exposure by the JEM, by combining low and high
exposure categories. Similarly, a subject was defined as non-exposed if none of his/her jobs
was ever exposed to any of the occupational agents. Any lifetime exposure was calculated

by summing exposures over all job for each participant.
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Table 4.2 An example of ALOHA plus JEM based occupational classification

4-digit Job ALOHA plus JEM occupational exposures

unit codes | descriptions

of ISCO- Biological | Mineral | Gases/ [VGDF |Pesticides [Solvents

88 dust dust fumes

2222 Dentist 1 0 0 1 0 0

2422 Judge 0 0 0 0 0 0

6111 Field crop and 1 2 1 2 2 1
vegetable
growers

6112 Tree and shrub | 1 2 1 2 2 0
Crop growers

7121 Builders 2 0 0 2 0 0

7136 Plumbers and 0 1 2 2 0 1
pipe fitters

7212 Welders and 0 2 2 2 0 0
flame cutters

8324 Heavy truck 0 1 2 2 0 0
and lorry
drivers

*0=no exposure, 1=low exposure and 2=high exposure

4.4.3.1 Missing job histories

If the participants did not complete the work history calendar, this was counted as

missing job history during the preparation of the dataset. This missing information includes

missing job title, industry description or name of the company, year work started or ended.

These missing job histories were analyzed in different ways during data analysis. If

participants job title or industry description was missing, this was initially marked as “no

exposure” to any of the occupational agents. Later, a sensitivity analysis was conducted by

including these missing job title. In the case of participants having missing information in

year work started or ended, this was excluded from the cumulative exposure analysis. This

was necessary because cumulative exposure was calculated using year work ended and
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started and if any of this information is missing, it was not possible to calculate year of
exposure from a particular job. Overall, 120 participants with 314 jobs were found with
missing job histories out of a total 1,599 participants over 8,000 jobs.

4.4.3.2 Overlapping jobs

In the case of participants that had two different jobs exist in the same time frame, for
example if “job A” was started in 2002 and finished in 2004 and “job B” was started in 2004
and finished in 2006, then the exposures from both job A and job B were averaged and
allocated half of the exposure (for low exposure, it was 0.5=1, and for high exposure, it was
1.5=2). However, checks were done to ensure that the hours and days per week for that
particular year, between all the jobs, did not exceed the maximum cut-off which was 12 hours

per day, 84 hours per week.

4.4.3.3 Years worked in a job

The years worked by the participants in a particular job was calculated by using the
year started and year ended provided in the work history calendar. The year started was
deducted from the year ended and then “1” was added with that results to calculate years
worked in a particular job. For example, if a participant has a job which started in 1980 and
then ended in the same year (1980) then the years worked in that job would be 1. Similarly,
if a participant was involved in a job from 1980 to 1983, this was counted as four years. This
is because it is unknown when a job starts and another one ends in a particular year. The
following formula was used to calculate years worked:

Years worked = ( year ended — year started) + 1

4.4.3.4 Cumulative exposure-unit years calculation

The ALOHA plus JEM was also used to calculate cumulative exposures in years by
multiplying the number of years worked (y) multiplied by the exposure intensity (i) (i.e. low
or high exposure) for each job period (i) and then summed for each participant over the entire
job history. To allow for the combination of low and high exposure groups, years of exposure
were weighted by 4 (exposure intensity) for high exposure and 1 for low exposure (19, 103).

Cumulative exposure-unit years was calculated by using following formula:
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Cumulative exposure — unit years for high biological dust exposure = Z y X4

l

Cumulative exposure — unit years for low biological dust exposure = Z y X1

L

45  Definitions of the main outcomes
4.5.1 Categorical lung function and respiratory symptoms

Fixed airflow obstruction (AO) was defined according to (1) the Global Initiative

for Chronic Obstructive Lung Disease (GOLD) fixed cut-off criterion (post-bronchodilator
forced expiratory volume in 1 s over forced vital capacity [FEV1/FVC] < 0.70) (55) and (2)
according to the fifth percentile of the FEV1/FVC (FEV1/FVC<lower limit of normal [LLN])
on the basis of prediction equation by Quanjer and colleagues (z-score<-1.64) (48).

Fixed AO plus low D, co was defined as post-BD FEV1/FVC<0.7 and DLco <80%
of predicted value (19).

Chronic cough was defined by an affirmative response to the question “Do you have

cough without a cold on most days for at least three months for at least two years”?

Chronic phlegm was defined by an affirmative response to the question “Do you

have phlegm without a cold on most days for at least three months for at least two years”?

Chronic bronchitis was defined by an affirmative response to the question “Do you

have cough with phlegm on most days for at least three months of each year for two
successive years (55)”?
Dyspnea was defined by an affirmative response to the question “Do you feel

shortness of breath when hurrying on level ground or walking up a slight hill”’?

4.5.2 Continuous lung function

The rate of pre-BD lung function decline was calculated as FEV1 (AFEV1), FVC
(AFVC) and FEV1/FVC (AFEV1/FVC) divided by the time interval (age in years) between
follow-ups in 767 participants who completed lung function measurements in both the 2002
to 2008 and 2010 to 2012 follow-up surveys and who completed a WHC in 2002 to 2008
follow-up survey (Additional details in Chapter 7).
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Decline in FEV1 (AFEV1) was defined as a decrease in the pre-BD FEV1 (mL/year),

compared with the reference group.
Decline in FVC (AFVC) was defined as a decrease in the pre-BD FVC (mL/year),

compared with the reference group.
Decline_in FEV1/FVC (AFEV1/FVC) was defined as a decrease in the pre-BD

FEV1/FVC (%lyear), compared with the reference group.

45.3 Confounders
4.5.3.1 Directed Acyclic Graph (DAG)

Confounders for the association between occupational exposure and outcomes were
selected based on Directed Acyclic Graph (DAG) (Figure 4.3) using DAGitty software (185).
DAG 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 effect modifiers were selected, either from current literature or from the DAG
model below.
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Figure 4.3 DAG for the association between occupational exposure and fixed airflow
obstruction (Chapter 5) and (Chapter 6)
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4.5.3.2 Definitions of confounders
Asthma was defined by an affirmative response to the question “Have you ever had
asthma?”

Current_asthma at age 45 years was based on self-reported symptoms in the

morning, daytime and nighttime or flare-ups in the last 12 months.

Childhood asthma was defined as asthma reported at age 7 and 12 by an affirmative

response by the parents to the question “Has he/she at any time of his/her life suffered from
attacks of asthma or wheezy breathing?”

Smoking status of the participants at age 45 and 50 years were categorized as current,
past and never-smokers. A current smoker was defined as having smoked in the last four
weeks.

Pack-years at age 45 and 50 years were calculated as the number of cigarettes
smoked per day divided by 20 multiplied by the number of years of smoking (19).

Socioeconomic status Childhood and adulthood socioeconomic status were defined

using Australian census data of Socio-Economic Indexes for Areas (SEIFA indexes) (186).
Index of Education and Occupation (IEO) variables that focused on the skills of the people
required in different occupations were used to define socioeconomic status at age 7, 12 and
45 years. A high IEO score indicated that people who lived in that area had high qualifications
and highly skilled jobs.

Sampling weight The sampling weight variable was derived from the unweighted

prevalence of asthma and chronic bronchitis from the 1968 baseline and proband 2002 to
2008 follow-up survey. This variable was used to calculate prevalence and adjusted for the

enriched sample of the laboratory study for the regression analysis.

4.6  Statistical analyses

All the statistical analyses were performed using Stata 13.1 (Stata Corporation,
College Station, Texas, USA) statistical software. The population prevalences of categorical
outcomes and exposures were estimated as observed proportions with 95% confidence
intervals (CI) based on the binomial distribution. The associations between categorical
outcomes and occupational exposure variables were estimated using multinomial logistic

regression models. Occupational exposures and its association with continuous lung function
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were analyzed using multivariable linear regression models. For multinomial logistic
regression models, sex, smoking, pack-years, asthma in childhood and adulthood, and
socioeconomic status in childhood and adulthood were included as a priori confounders. For
longitudinal analysis using multivariable linear regression models as reported in Chapter 7,
height was considered as an additional confounder. Models that included VGDF,
gases/fumes, mineral dust and biological dust as exposure variables were also adjusted for
all pesticides as an additional exposure variable. Similarly, models that included all
pesticides, herbicides, and insecticides were also adjusted for VGDF exposure due to the
presence of co-exposure effect between specific group of exposures. Both the estimated
prevalences and the effect estimates from the linear (co-efficient) and logistic regression
(relative risk) models were calculated using inverse-probability-of-inclusion weights to
adjust for the stratified sampling of the 2002 to 2008 follow-up.

Potential effect measure modification were also investigated based on the biological
plausibility of the associations and results were stratified if the effect modification was
present. The effect modification was assessed with sex, smoking, and current asthma status
by including interaction terms (occupational exposurexsex, occupational exposurexsmoking,
occupational exposurexcurrent asthma) in the models. A test of effect modification further
requires comparing two models, the first (Model 1) with variables A and B entered as main
effects but no effect modification, and the second (Model 2) first with variables A and B
entered as main effects with the AxB effect modification. Both models were also compared
using likelihood ratio test and bayesian information criterion. Some of the analysis were
stratified by sex, because of sex-related differences between occupational exposures and lung
function. A p-value<0.05 was considered statistically significant. Specific details of

individual analyses have been described in the separate result chapters.

4.7  Ethics

The 2002 to 2008 and 2010 to 2012 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
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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  Occupational exposure to pesticides are
associated with fixed airflow obstruction in middle-

age
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5.1  Chapter introduction

This publication with additional data supplement investigated the association
between occupational exposure assessed by the ALOHA plus JEM and COPD as defined by
fixed AO in the middle-aged adult (187). This paper provides evidence that both ever and
cumulative exposure to pesticides and herbicides were significantly associated with fixed
AO, chronic bronchitis, and respiratory symptoms. In addition, I also found a significant
association between ever exposure to mineral dust, gases/fumes and VGDF and fixed AO

but only in non-asthmatics but not in asthmatics.

I was the first author for this manuscript. The abstract of this paper has been presented at the
American Thoracic Society (ATS) 2016 International conference at San Francisco, United
States (188). This paper was also selected as a highlight in the “health article” section of the
“Reuters Health” online media (189).

5.2  Research questions and aims
5.2.1 Research questions
1. What is the association between occupational exposure and COPD as defined by post-
BD spirometry, chronic bronchitis and respiratory symptoms?
2. s the effect of occupational exposure and COPD have been modified by sex,

smoking, and asthma?

522 Aims
1. To investigate the relationship between occupational exposure and fixed AO.
2. To study the relationship between occupational exposure and chronic bronchitis, and
respiratory symptoms.
3. To examine the potential effect modification by sex, smoking, and asthma on these

associations.

5.3  Publication
5.3.1 Main document and online data supplement
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ORIGINAL ARTICLE

Occupational exposure to pesticides are associated
with fixed airflow obstruction in middle-age

Sheikh M Alif,' Shyamali C Dharmage, " Geza Benke,® Martine Dennekamp,**

John A Burgess,' Jennifer L Perret," Caroline J Lodge," Stephen Morrison,®

David Peter Johns,” Graham G Giles,"*® Lyle C Gurrin," Paul S Thomas,’

John Llewelyn Hopper,' Richard Wood-Baker,” Bruce R Thompson, ' lain H Feather,'"'?
Roel Vermeulen, " Hans Kromhout,” E Haydn Walters,"*” Michael J Abramson,’

Melanie Claire Matheson'?

ABSTRACT

Rationale Population-based studies have found evi-
dence of a relationship between occupational exposures
and Chronic Obstructive Pulmonary Disease (COPD), but
these studies are limited by the use of prebronchodilator
spirometry. Establishing this link using postbronchodi-
lator is critical, because occupational exposures are a
modifiable risk factor for COPD.

Objectives To investigate the associations between
occupational exposures and fixed airflow obstruction
using postbronchodilator spirometry.

Methods One thousand three hundred and thirty-five
participants were included from 2002 to 2008 follow-
up of the Tasmanian Longitudinal Health Study (TAHS).
Spirometry was performed and lifetime work history
calendars were used to collect occupational history.
ALOHA plus Job Exposure Matrix was used to assign
occupational exposure, and defined as ever exposed
and cumulative exposure unit (EU)-years. Fixed airflow
obstruction was defined by postbronchodilator FEV /FVC
<0.7 and the lower limit of normal (LLN). Multinomial
logistic regressions were used to investigate potential
associations while controlling for possible confounders.
Results Ever exposure to biological dust (relative

risk (RR)=1.58, 95% Cl 1.01 to 2.48), pesticides
(RR=1.74,95% CI 1.00 to 3.07) and herbicides
(RR=2.09,95% CI 1.18 to 3.70) were associated with
fixed airflow obstruction. Cumulative EU-years to all
pesticides (RR=1.11,95% Cl 1.00 to 1.25) and herbicides
(RR=1.15,95% CI 1.00 to 1.32) were also associated
with fixed airflow obstruction. In addition, all pesticides
exposure was consistently associated with chronic
bronchitis and symptoms that are consistent with airflow
obstruction. Ever exposure to mineral dust, gases/fumes
and vapours, gases, dust or fumes were only associated
with fixed airflow obstruction in non-asthmatics only.
Conclusions Pesticides and herbicides exposures were
associated with fixed airflow obstruction and chronic
bronchitis. Biological dust exposure was also associated
with fixed airflow obstruction in non-asthmatics.
Minimising occupational exposure to these agents may
help to reduce the burden of COPD.

INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD)
characterised by postbronchodilator (BD) fixed

What is the key question?
» What are the associations between occupa-
tional exposure and fixed airflow obstruction?

What is the bottom line?

» This study has shown that pesticides and
herbicides exposures were associated with
fixed airflow obstruction, chronic bronchitis
and respiratory symptoms.

Why read on?

» This study is the first to describe an asso-
ciation between all pesticides exposure
and fixed airflow obstruction, and certain
exposures were only associated with fixed
airflow obstruction in non-asthmatics but not
in asthmatics.

airflow obstruction (AO) is a chronic debilitating
respiratory condition and a growing cause of mortality
and morbidity worldwide.' Tobacco smoking remains
the predominant risk factor for COPD.” However, it
is now well established that non-smokers also develop
COPD and the interest in non-smoking-related risk
factors for COPD have exponentially increased in the
recent past.’ Occupational exposures are an important
potentially modifiable risk factor for COPD, and
while the population-based studies conducted to date
have provided valuable information about the impor-
tance of these exposures in COPD they have had
some important limitations.

We recently performed a systematic review assessing
the association between occupational exposure to
dusts, gases and fumes, and COPD in population-based
studies that used job exposure matrices.* Our review
found an overall association between occupational
exposures to mineral dust and gases/fumes and COPD.
However, the results varied by definitions of COPD
and only one study to date had used post-BD spirom-
etry to define COPD.’ This is an important limitation
in the current literature as the post-BD measurement
of AO is the gold standard to define fixed AO,® which
is the hallmark feature of COPD." The one study
that did use post-BD to define AO did not find any
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association between dust, gases/fumes and fixed AO.” However, the
age range of this cohort was very broad and more than a quarter
of the cohort were younger than 45 years. This highlights a further
limitation of the existing studies in this area; they are relatively
young cohorts who are not likely to have developed significant fixed
AO. Furthermore, only few population-based studies have investi-
gated the effects of lifetime occupational exposures assessed over an
individual’s complete working life,” " * which allows for assessment
of cumulative exposure.” Our systematic review concluded that the
combination of young cohorts with pre-BD lung function and the
lack of assessment of lifetime occupational exposures highlight the
need for further studies in this area addressing these issues.

Another limitation of the existing literature around occupa-
tional exposures and COPD is the lack of studies examining
pesticide exposures. There is increasing evidence that pesticide
exposure is associated with respiratory symptoms and diseases,
with the strongest evidence for asthma.'’ '! Recent studies from
the Netherlands have found an association between pesticide and
COPD, " and lung function decline.”” However, these studies are
again limited by the use of pre-BD spirometry, which does not
allow for the identification of fixed AO.

Given the limitations in the studies conducted to date, we
investigated the association between occupational exposure
and COPD using post-BD spirometry in a general population.
We explored both ever exposure and cumulative exposure unit
(EU)-years of occupational exposure. Some of the results of this
study have been previously published in the form of an abstract."*

s A
8583 Tasmanian school children enrolled in 1968,
cohort born in 1961
. J
{ )
Multiple follow up conducted in 1974, 1979 and
1991
. J

A
[ 7562 traced in 2002 to 2008 follow up ]
[ 5729 responded to a postal survey ]
A 4

2387 invited for laboratory visit based on previous
participation and history of asthma and chronic
bronchitis

1397 attended laboratory visit and completed lung
function testing, 354 completed a telephone
interview and 636 did not participate

METHODS

Study design and participants

We included participants from the 2002 to 2008 follow-up of
the population-based Tasmanian Longitudinal Health Study
(TAHS), details of which have been reported elsewhere,"” and
are summarised in figure 1. Briefly, TAHS started in 1968 when
all children aged 7 years (n=8583) attending school in Tasmania
were enrolled in a study of asthma. Their parents completed
a respiratory health questionnaire, and the children under-
went a clinical examination and lung function measurements.
Follow-up surveys were conducted in 1974, 1979 and 1991 at
the ages of 12, 18 and 30 years, respectively. The 2002-2008
follow-up started in 2002 when participants were in their fifth
decade of life. We traced 7562 (88.1%) of the original 1968
cohort to a residential address and achieved a response of 5729
(78.4%) to a postal survey. A subgroup of these respondents,
selected from their participation in previous follow-ups and
enriched for participants with a history of asthma and bron-
chitis, were invited to participate in a more detailed labora-
tory study and information was collected using questionnaire,
pre-BD and post-BD lung function test, skin prick testing, lung
volumes and diffusing capacity. Of 2387 invited, 1397 (58.6%)
took part in full laboratory testing, 354 (14.8%) completed
a telephone questionnaire only and 636 (26.7%) withdrew
from the study. The 2002 to 2008 follow-up was approved
by the Human Research Ethics Committee of the University

1599 completed work history
calendar via either laboratory visit or
telephone interview

202 participants excluded from work
history calendar for not completing
lung function testing

A

u( Another 62 participants excluded

1335 included in this analysis with completed
spirometry and work history calendar

Figure 1 Tasmanian Longitudinal Health Study flow diagram.

from work history calendar due to
missing or incomplete information in
the work history calendar

2
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of Melbourne (HREC no. 040375). All participants provided
written informed consent.

Data collection

Pre-BD and post-BD lung function was measured with the Easyone
Ultrasonic spirometer (ndd, Medizintechnik, AG, Switzerland).
Participants were asked not to smoke for 4-6hours before testing.
FEV, and FVC were measured according to international guide-
lines and the highest value for FEV, and FVC obtained from three
acceptable and repeatable tests was recorded.'® Spirometry was
repeated 10-15min after short-acting bronchodilator (200ug
salbutamol) administration via a spacer.

Outcome definitions

Fixed AO was defined according to Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria: ratio of post-BD
FEV, and FVC (FEV /FVC) <0.70."” We also used the lower
limit of normal (LLN) to define fixed AO, on the basis of Global
Lung Function Initiative 2012 regression equations.'®

» Chronic bronchitis was defined as a cough with phlegm on
most days for at least 3 months of each year for 2 successive
years.'”

» Chronic cough was defined as usually cough without a cold
on most days for at least 3 months for at least 2 years.

» Chronic phlegm was defined as usually phlegm without a
cold on most days for at least 3 months for at least 2 years.

» Dyspnoea was defined as shortness of breath when hurrying

on level ground or walking up a slight hill.

Occupational exposures

Occupational exposures were classified using the lifetime work
history calendar that was collected from participants during the
laboratory visit or telephone interview. A total of 1599 participants
provided complete work histories, but this analysis was restricted
to 1335 participants who completed both spirometry testing
at the 2002 to 2008 follow-up and the work history calendar.
Participants were asked to list all the jobs they had held in their
lifetime including job title, industry name, employer name, year
work started and ended. The job titles reported by the participants
were coded according to the International Standard Classification
of Occupations-88 four-digit classification.'” These codes were
then used to establish occupational exposures to biological dust,
mineral dust, gases/fumes, vapours, gases, dust or fumes (VGDF),
all pesticides, herbicides and insecticides using a modified version
of the ALOHA Job Exposure Matrix called the ALOHA plus Job
Exposure Matrix.'> The ALOHA plus Job Exposure Matrix classi-
fied participants based on job codes into no, low, or high exposure
categories. For this analysis, we combined low and high exposure
categories because of a small number of participants in the low
exposed group limited the statistical analysis. Ever exposure was
calculated by summing exposures over all jobs for each participant.
In case of participants having two different jobs at the same time,
exposures from both jobs were averaged and rounded up to the
nearest integer (0.5=1and 1.5 =2).

The ALOHA plus Job Exposure Matrix was also used to calculate
cumulative EU- years by multiplying the number of years worked
multiplied by the exposure intensity (ie, low or high exposure) for
each job and then summed for each participant over the entire job
history. To allow for the combination of low and high exposure
groups, years of exposure were weighted by four for high expo-
sure and one for low exposure.’ ” This cumulative EU-years was
calculated for each of the exposure types and scaled continuous

variable of cumulative exposure per 10 years. Participants missing
any years in the lifetime work history calendar were excluded from
the cumulative EU-years analysis and so 1255 participants were
included in the unadjusted analysis.

Statistical analysis

All the statistical analyses were conducted using Stata V.13.1
(StataCorp, College Station, Texas, USA). The population prev-
alence of the outcomes were estimated as observed proportions
with 95% CI based on the binomial distribution. The estimate
prevalences was calculated using inverse-probability-of-inclusion
weights to adjust for the enriched sample of the 2002 to 2008
follow-up. The associations between outcomes and occupational
exposures were estimated using multinomial logistic regression
models. We adjusted for sex, smoking, pack-years, asthma in
childhood and adulthood, and socioeconomic status in child-
hood and adulthood. Due to the correlation between any VGDF
exposure and all pesticides exposure (see online supplementary
table 6) all models that examined biological dust, mineral dust,
gases/fumes or VGDF exposures were additionally adjusted for
ever exposure to all pesticides. Similarly, models examining all
pesticides, herbicides or insecticides exposure were additionally
adjusted for VGDF exposure.

Effect modification by sex, smoking and current asthma was
assessed by including interaction terms (occupational expo-
sure X sex, occupational exposure X smoking, occupational expo-
sureXcurrent asthma) in the models. We performed a multiple
imputation analysis to impute the values of missing confounders
and compared this analysis with the complete-case analysis. The
results of the imputed analysis did not differ from the complete-
case analysis and the results of the imputation analysis are
presented in online supplementary tables 3, 4 and 5). A p value
<0.05 was considered to be statistically significant.

RESULTS

Characteristics of study population

A comparison of responders and non-responders to the labora-
tory study and postal survey for selected characteristics can be
found in the online supplementary table 1. Briefly selected char-
acteristics of the participants those who did and did not attend
the laboratory study were similar. Table 1 shows the characteristics
of included study participants. The mean age of the participants
was 44.8 years (£0.8SD), over half (51.6%) were men, 87.4%
were currently employed and 25.1% were current smokers, with
a median smoking history of 21 pack-years (Table 1). There was
very little difference in the prevalence of fixed AO when using the
GOLD (6% 95%CI 4.8 to 7.6) or LLN (6%; 95%CI 4.8 to 7.5)
criteria. The prevalence of chronic bronchitis was 8.6% (95% CI
7.6 t0 9.9) and dyspnoea 12.1% (95% CI 10.4 to 14.1). Over 28%
of all participants had ever reported asthma.

Ever exposure

Table 2 shows the association between ever exposure and fixed
AOQ, chronic bronchitis and respiratory symptoms. Ever exposed
to biological dust was associated with fixed AO (relative risk
(RR)=1.58, 95%CI 1.01 to 2.48), while mineral dust was asso-
ciated with symptoms. Ever exposed to gases/fumes was not
associated with fixed AO or symptoms.

Ever exposure to all pesticides was associated with GOLD-de-
fined fixed AO, chronic bronchitis and also with all respiratory
symptoms (table 2). Ever exposed to herbicides was also associ-
ated with fixed AO, chronic bronchitis and chronic cough. Ever
exposed to insecticides was associated with chronic bronchitis and
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Table 1 Characteristic of the population
Study characteristics n (%)* 95%Cl
Age, years (mean, SD) (n=1334) 44.8 (0.8) 44.7 to 44.9
Sex, % (n=1335)
Men 684 (51.6) 48.5t0 54.9
Women 651 (48.3) 45.0t051.5
Smoking history (n=1330)
Never, n (%) 566 (45.3) 42.1 10 48.6
Past, n (%) 394 (29.6) 26.7 t0 32.6
Pack-years, median (IQR) (n=1292) 7.5 (2-17)
Current, n (%) 370 (25.1) 22.41027.9
Pack-years, median (IQR) (n=1292) 21 (10-30)
Currently employed, n (%) (n=1332) 1136 (87.4) 85.210 89.3
Fixed airflow obstruction (AO)
Fixed AO-GOLD (n=1335) 113 (6.0) 48107.6
Stage I: FEV,/FVC <0.7and 62 (3.7) 2.7t05.1
FEV, >80%
Stage II: FEV,/FVC <0.7 and 51(2.3) 1.7t03.2
FEV, <80%
Fixed AO-LLN (n=1335) 112 (6.0) 481075
Chronic bronchitis (n=1322) 246 (8.7) 7.6109.9
Respiratory symptoms
Chronic cough (n=1316) 185 (8.8) 7.41010.3
Chronic phlegm (n=1317) 171 (6.8) 5.8 10 8.1
Dyspnoea (n=1334) 227 (12.1) 10.4 to 14.1

*The estimated prevalences were calculated using inverse-probability-of-inclusion
weights to adjust for the enriched sample of the fifth decade follow-up survey.

AQ, airflow obstruction; GOLD, Global Obstructive Lung Disease; LLN, lower limit of
normal.

chronic cough. Using LLN definition of fixed AO (table 2), we
found a significant association between ever exposure to herbicides
and fixed AO and a trend of association between all pesticides and
insecticides and fixed AO. In general, using both definitions, we
found both all pesticides and herbicides were associated with fixed
AO.

Cumulative EU-years

For every 10-year increase in cumulative EU-years of exposure
to biological dust, there was a 7% increase of chronic cough
(RR=1.07, 95%CI 1.00 to 1.15). Cumulative EU-years of expo-
sure to mineral dust and gases and fumes were associated with a
5% increase of dyspnoea (table 3). Cumulative EU-years of expo-
sure to all pesticides was consistently associated with both defini-
tions of fixed AO, chronic bronchitis, chronic cough and chronic
phlegm. Cumulative EU-years of exposure to herbicides was asso-
ciated with fixed AO and chronic bronchitis. Cumulative EU-years
of exposure to insecticides was associated with 15% increase of
chronic bronchitis (RR=1.15, 95% CI 1.02 to 1.29).

Interactions with sex, smoking and current asthma

We explored the potential interactions between occupational
exposures and sex, smoking and current asthma. We did not find
any interactions with sex or smoking (data not shown). However,
we found significant interactions between ever exposure and
current asthma. We found a significant interaction between
current asthma and biological dust (interaction p=0.003),
mineral dust (interaction p=0.03), gases/fumes (interaction
p=0.005) and VGDF (interaction p=0.01) for GOLD-defined

fixed AO (table 4). For all of these occupational exposures, there
was association with fixed AO in the non-asthmatic group but
not in the asthmatic group.

DISCUSSION

This is the first study to examine fixed AO using the gold stan-
dard measurement of post-BD spirometry and two measures of
occupational exposure, ever exposure and lifetime cumulative
EU-years. Using these robust measures, we have demonstrated
significant and consistent associations between all pesticides
exposure, fixed AO, chronic bronchitis and chronic cough. We
are the first to show that ever exposure to pesticides is associated
with fixed AO and increasing cumulative EU-years to pesticides
are associated with fixed AO.

A number of previous workplace-based studies have reported
increased prevalence of respiratory symptoms and reduced lung
function among farmers or agriculture workers exposed to pesti-
cides.”** However, there has only been one population-based
study published in relation to pesticides exposure and AO.
This study examined two Dutch cohorts and found an associ-
ation between pre-BD AO in people exposed to pesticides in
one cohort, and a trend towards an association in the other for
moderate/severe AO (defined as pre-BD FEV /FVC <70%and
FEV, <809)."* Both cohorts in this study used pre-BD spirom-
etry to define AO, which may have overestimated the prevalence
of AO. They also used current or last held job and the results
may have been confounded by past exposure. We have demon-
strated, in a similarly aged population, an association between
ever exposure and cumulative EU-years to all pesticides and
fixed AO confirming that minimising exposure to all pesticides
may help to reduce the burden of COPD.

We also observed significant association between chronic bron-
chitis, chronic cough and chronic phlegm with both ever exposure
and cumulative EU-years to pesticides. We are first to show cumu-
lative EU-years to pesticides is associated with chronic respiratory
symptoms in a population-based study. Recent systematic reviews
found chronic bronchitis was associated with pesticides expo-
sure'’?* and a study of the US farmers found association between
exposure to pesticides and chronic bronchitis.”” Similar to our find-
ings, a study from Latin America also found an association between
pesticides exposure and respiratory symptoms.”' However, all these
studies were conducted in specific occupational groups making the
results not applicable to the broader general population, unlike the
results from our study.

Pesticides can be classified according to their targets into three
main areas: insecticides, herbicides and fungicides. Insecticides
include organochlorines, organophosphates and carbamates.
Herbicides include phenoxy herbicides and fungicides include
dithiocarbamates, and all have been used extensively in agri-
culture to control pests and weeds.'’ Pesticides can enter the
body through inhalation into the respiratory tract and absorp-
tion through the skin during use for fumigation, preparation
and spraying or during manufacture, storage or transport.'’ **
Long-term exposure to organophosphate and carbamate pesti-
cides has been shown to lead to inhibition of acetylcholinesterase
synthesis from M2 muscarinic receptors that results in mucus
hypersecretion and airway smooth muscle contraction causing
breathlessness, cough and wheeze.'” >* The inactive acetylcho-
linesterase is also responsible for thickening of alveolar-capillary
membrane leading to reduced level of lung function.”

The ALOHA plus Job Exposure Matrix assigned exposure to
pesticides as ever exposure to all pesticides and then also had
subcategories of specific herbicides and insecticides exposures.
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Table 4 Association between ever exposure to biological dust, mineral dust, gases/fumes and VGDF stratified by current asthma

Current asthmatics

Non-asthmatics

Fixed AO-GOLD

Fixed AO-GOLD

No Yes No Interaction

Exposures % (n/N) % (n/N) RR (95% CI) % (n/N) Yes % (n/N) RR (95% CI) p Value*

Biological dust 63% 55.6% 0.68 (0.35 to 1.34) 53.6% 75% 2.80(1.48 t0 5.27) 0.003
(167/265) (25/45) (512/955) (51/68)

Mineral dust 56.% 53.3% 0.70 (0.35 t0 1.38) 50.9% 69.1% 1.80 (0.98 t0 3.32) 0.03
(149/266) (24/45) (486/955) (47/68)

Gases/fumes 76.3% 71.1% 0.61 (0.29 to 1.29) 69.6% 86.8% 2.92 (1.27 to 6.67) 0.005
(203/266) (32/45) (665/955) (59/68)

VGDF 79.7% 73.3% 0.57 (0.26 to 1.22) 74.1% 86.8% 2.33(1.01 to 5.34) 0.01
(212/266) (33/45) (708/955) (59/68)

The bolded text identifies results reaching statistical significance (p<0.05).
*p=<0.05 for the interaction between exposure and current asthma.

tAdjusted for sex, smoking, pack-years, childhood and adulthood socioeconomic status, and all pesticides as coexposure.
No interaction was observed with exposure to all pesticides, herbicides and insecticides (results not shown).
AQ, airflow obstruction; GOLD, Global Obstructive Lung Disease; RR, relative risk; VGDF, vapour, gases, dust and fumes.

Both GOLD and LLN definitions of fixed AO in our study
produced similar effect estimates with most of the exposures
except all pesticides exposure, where we found a significant asso-
ciation using GOLD definition, but when we used the LLN defini-
tion the association with all pesticides did not quite reach statistical
significance. The previous study on occupational exposure and
COPD in Switzerland also found similar to our results, although
they used pre-BD to define COPD." Post-BD is essential to define
fixed AO, but there is still debate over the best cut-off values to
define fixed AO.”” The GOLD definition of fixed ratio (FEV//
FVC <0.7) has been widely used for clinical application as well as
large-scale population-based studies.’® *' More recently, statistical
reference equation-based LLN definition also provide an opportu-
nity to overcome age-related overestimation of the total effect by
GOLD.?" We observed very little variation between the two defini-
tions of fixed AO, with only one person being classified as having
fixed AO by the GOLD and not the LLN definition. This person
was on the borderline of being categorised as having fixed AO
by the LLN definition. Other data from this individual (ie, heavy
personal smoking history and occupational history with high like-
lihood of occupational exposure to herbicides and all pesticides)
and the relatively small change in the estimates between the two
definitions we would not regard this person as an extreme outlier
or having undue influence and so he has not been removed from
the analysis.

The availability of post-BD data was a major strength of our
study. The availability of work history calendars for the partici-
pants’ entire working life was also a major strength and enabled
the calculation of ever exposure and cumulative EU-years. We
have attempted to minimise any bias related to recalling of work
exposures by using standardised lifetime work history calen-
dars and then assigning exposure via the use of a Job Exposure
Matrix to estimate cumulative EU-years across all jobs. Job
Exposure Matrices are affected by non-differential misclassifi-
cation of exposure, which occurs when there is heterogeneity of
exposure in a given job or occupation. However, this generally
results in misclassification towards the null, leading to an under-
estimation of the effect of the exposure on risk of the disease.
Multiple comparisons were performed but the associations,
particularly with all pesticides and herbicides exposure, were
consistent across several outcomes, suggesting genuine asso-
ciations rather than chance findings. However, our laboratory
attendees, enriched for asthma and chronic bronchitis and had
similar clinical profiles despite the lung function testing.

In conclusion, our study has shown that both ever and cumu-
lative EU-years to pesticides are associated with fixed AO and
respiratory symptoms. We have also shown this effect of pesti-
cides is independent of asthma. For other occupational expo-
sures to VDGF, we found an association with fixed AO only in
those without current asthma. However, we did not find any
significant association between fixed AO, and chronic bron-
chitis with exposure to mineral dust, gases/fumes and VGDEF.
Future population-based studies need to use post-BD to define
fixed AO, which allows asthma to be adequately taken into
account. Our study has shown even in a middle-aged group of
people, a significant proportion of fixed AO is associated with
occupational exposures. Our findings highlight the need to
reduce workplace exposure to pesticides by improving adher-
ence to use of recommended protective equipment, and work-
place monitoring of exposure levels could be implemented.
By enhanced monitoring and use of protective equipment, the
burden of COPD caused by occupational exposures has the
potential to be substantially reduced.

Author affiliations

"Allergy and Lung Health Unit, Centre for Epidemiology and Biostatistics, School

of Population and Global Health, The University of Melbourne, Melbourne, Victoria,
Australia

Murdoch Childrens Research Institute, Melbourne, Victoria, Australia

*Department of Epidemiology and Preventive Medicine, School of Public Health and
Preventive Medicine, Monash University, Melbourne, Victoria, Australia

*Graduate Entry Medical School, University of Limerick, Limerick, Ireland
>Department of Respiratory and Sleep Medicine, Austin Hospital, Melbourne, Victoria,
Australia

®Department of Medicine, University of Queensland, Brisbane, Queensland, Australia
’School of Medicine, University of Tasmania, Hobart, Tasmania, Australia

8Cancer Epidemiology and Intelligence Division, Cancer Council Victoria, Melbourne,
Victoria, Australia

°Faculty of Medicine, University of New South Wales, Sydney, New South Wales,
Australia

"Allergy Immunology and Respiratory Medicine, The Alfred Hospital, Melbourne,
Victoria, Australia

"Gold Coast University Hospital, Southport, Queensland, Australia

"2Bond University, Robina, Queensland, Australia

"Environmental Epidemiology Division, Institute for Risk Assessment Sciences,
Utrecht University, Utrecht, The Netherlands

Acknowledgements We acknowledge the Tasmanian Longitudinal Health Study
(TAHS) participants and previous investigators. We thank Professor Mark Jenkins,
PhD, Centre Director, Centre for Epidemiology and Biostatistics, School of Population
and Global Health, The University of Melbourne, Victoria, who is a TAHS investigator
but not a coauthor of this manuscript, for his assistance with obtaining funds and
data collection. Furthermore, we acknowledge all the respiratory scientists who

Alif SM, et al. Thorax 2017;0:1-8. doi:10.1136/thoraxjnl-2016-209665

123


http://thorax.bmj.com/
http://group.bmj.com

Chronic obstructive pulmonary disease

collected data in the lung function laboratories of Tasmania, Victoria, Queensland,
and New South Wales; the research interviewers and data entry operators and the
organisational roles of Ms Cathryn Wharton and Dr Desiree Mészaros.

Contributors Study concept and design: SMA, SCD, GB, RV, HK, EHW, MJA, MCM.
Acquisition of data: SMA, SCD, JLP, PST, RWB, BRT, IHF, RV, HK, EHW, MJA, MCM.
Analysis and interpretation of data: SMA, SCD, GB, MD, LCG, RV, HK, MJA, MCM.
Drafting of the manuscript: SMA, SCD, GB, MD, MCM. Critical revision of the
manuscript for important intellectual content: All Authors. Statistical analysis: SMA,
LCG, MCM. Obtained funding: SCD, GB, DPJ, LCG, PST, JLH, RWB, BRT, IHF, EHW,
MJA, MCM. Study supervision: SMA, SCD, GB, MD, MCM. SMA and MCM had full
access to all the data in the study and take responsibility for the integrity of the data
and the accuracy of the data analysis.

Funding Supported by the National Health and Medical Research Council of
Australia; Clifford Craig Medical Research Trust of Tasmania; Victorian, Queensland,
and Tasmanian Asthma Foundations; and the Australian Lung Foundation. SCD is
supported by the NHMRC.

Competing interests None declared.
Patient consent Obtained.
Provenance and peer review Not commissioned; externally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Celli BR, Decramer M, Wedzicha JA, et al. An official American Thoracic Society/
European Respiratory Society statement: research questions in COPD. Eur Respir J
2015;45:879-905.

2 Balmes J, Becklake M, Blanc P, et al. American Thoracic Society Statement:
occupational contribution to the burden of airway disease. Am J Respir Crit Care Med
2003;167:787-97.

3 Eisner MD, Anthonisen N, Coultas D, et al. An official American Thoracic Society public
policy statement: Novel risk factors and the global burden of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2010;182:693-718.

4 Alif SM, Dharmage SC, Bowatte G, et al. Occupational exposure and risk of chronic
obstructive pulmonary disease: a systematic review and meta-analysis. Expert Rev
Respir Med 2016;10:861-72.

5 Hansell A, Ghosh RE, Poole S, et al. Occupational risk factors for chronic respiratory
disease in a New Zealand population using lifetime occupational history. J Occup
Environ Med 2014:56:270-80.

6 Sterk PJ. Let's not forget: the GOLD criteria for COPD are based on post-
bronchodilator FEV1. Eur Respir / 2004;23:497-8.

7 Matheson MC, Benke G, Raven J, et al. Biological dust exposure in the workplace is a
risk factor for chronic obstructive pulmonary disease. Thorax 2005;60:645-51.

8 Wiirtz ET, Schliinssen V, Malling TH, et al. Occupational chronic obstructive pulmonary
disease in a danish Population-Based study. COPD 2015;12:435-43.

9 Lilley RC, Cryer PC, Firth HM, et al. Ascertainment of occupational histories in the
working population: the occupational history calendar approach. Am J Ind Med
2011;54:21-31.

Mamane A, Baldi |, Tessier JF, et al. Occupational exposure to pesticides and
respiratory health. Eur Respir Rev 2015;24:306—19.

"

12

20

21

22

23

24

25

26

27

28

29

30

31

Hernandez AF, Parron T, Alarcon R. Pesticides and asthma. Curr Opin Allergy Clin
Immunol 2011;11:90-6.

de Jong K, Boezen HM, Kromhout H, et a/. Pesticides and other occupational
exposures are associated with airway obstruction: the LifeLines cohort study. Occup
Environ Med 2014:71:88-96.

de Jong K, Boezen HM, Kromhout H, et a/. Association of occupational pesticide
exposure with accelerated longitudinal decline in lung function. Am J Epidemiol
2014;179:1323-30.

Alif SM, Dharmage SC, Benke G, et al. Lifetime Occupational exposure to Vapor,
gases/Fumes, dust and risk of COPD at 45 years: the Tasmanian Longitudinal Health
Study (TAHS) (abstract). Am J Resp Crit Care Med 2016;193:A2989.

Matheson MC, Abramson MJ, Allen K, et al. TAHS investigator group. Cohort Profile:
The Tasmanian Longitudinal Health STUDY (TAHS). Int J Epidemiol 2017;46:407-408i.
Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spirometry. Eur Respir J
2005;26:319-38.

Vestbo J, Hurd SS, Aqusti AG, et al. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary disease: GOLD executive summary.
Am J Respir Crit Care Med 2013;187:347-65.

Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry
for the 3-95-yr age range: the global lung function 2012 equations. £ur Respir J
2012;40:1324-43.

Mehta A, Miedinger D, Keidel D, et al. Occupational exposure to dusts, gases, and
fumes and incidence of chronic obstructive pulmonary disease in the Swiss Cohort
Study on Air Pollution and Lung and Heart Diseases in Adults. Am J Respir Crit Care
Med 2012;185:1292-300.

Hoppin JA, Valcin M, Henneberger PK, et al. Pesticide use and chronic bronchitis
among farmers in the Agricultural Health Study. Am J Ind Med 2007;50:969-79.
Fieten KB, Kromhout H, Heederik D, et al. Pesticide exposure and respiratory health of
indigenous women in Costa Rica. Am J Epidemiol 2009;169:1500-6.

Faria NM, Facchini LA, Fassa AG, et al. Pesticides and respiratory symptoms among
farmers. Rev Saude Publica 2005;39:973-81.

Sham'a FA, Skogstad M, Nijem K, et a/. Cross-Shift changes in lung function

among palestinian farmers during high- and Low-Exposure periods to Pesticides: a
longitudinal study. Arch Environ Occup Health 2015;70:218-24.

Doust E, Ayres JG, Devereux G, et a/. Is pesticide exposure a cause of obstructive
airways disease? Eur Respir Rev 2014,23:180-92.

Peiris-John RJ, Ruberu DK, Wickremasinghe AR, et al. Low-level exposure to
organophosphate pesticides leads to restrictive lung dysfunction. Respir Med
2005;99:1319-24.

Marchetti N, Garshick E, Kinney GL, et al. Association between occupational exposure
and lung function, respiratory symptoms, and high-resolution computed tomography
imaging in COPDGene. Am J Respir Crit Care Med 2014;190:756-62.

Lam KB, Yin P, Jiang CQ, et al. Past dust and GAS/FUME exposure and COPD in
Chinese: the Guangzhou Biobank Cohort Study. Respir Med 2012;106:1421-8.
Sunyer J, Kogevinas M, Kromhout H, et al. Pulmonary ventilatory defects and
Occupational exposures in a Population-based study in Spain. Am J Respir Crit Care
Med 1998;157:512-7.

Swanney MP, Ruppel G, Enright PL, et al. Using the lower limit of normal for

the FEV1/FVC ratio reduces the misclassification of airway obstruction. Thorax
2008;63:1046-51.

Cerveri |, Corsico AG, Accordini S, et al. Underestimation of airflow obstruction among
young adults using FEV1/FVC <70% as a fixed cut-off: a longitudinal evaluation of
clinical and functional outcomes. Thorax 2008;63:1040-5.

Roberts SD, Farber MO, Knox KS, et al. FEV1/FVC ratio of 70% misclassifies patients
with obstruction at the extremes of age. Chest 2006;130:200—6.

124

Alif SM, et al. Thorax 2017;0:1-8. doi:10.1136/thoraxjnl-2016-209665


http://dx.doi.org/10.1183/09031936.00009015
http://dx.doi.org/10.1164/rccm.167.5.787
http://dx.doi.org/10.1164/rccm.200811-1757ST
http://dx.doi.org/10.1080/17476348.2016.1190274
http://dx.doi.org/10.1080/17476348.2016.1190274
http://dx.doi.org/10.1097/01.jom.0000438382.33221.dc
http://dx.doi.org/10.1097/01.jom.0000438382.33221.dc
http://dx.doi.org/10.1183/09031936.04.00017104
http://dx.doi.org/10.1136/thx.2004.035170
http://dx.doi.org/10.3109/15412555.2014.974739
http://dx.doi.org/10.1002/ajim.20903
http://dx.doi.org/10.1183/16000617.00006014
http://dx.doi.org/10.1097/ACI.0b013e3283445939
http://dx.doi.org/10.1097/ACI.0b013e3283445939
http://dx.doi.org/10.1136/oemed-2013-101639
http://dx.doi.org/10.1136/oemed-2013-101639
http://dx.doi.org/10.1093/aje/kwu053
http://dx.doi.org/10.1093/ije/dyw028
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1164/rccm.201204-0596PP
http://dx.doi.org/10.1183/09031936.00080312
http://dx.doi.org/10.1164/rccm.201110-1917OC
http://dx.doi.org/10.1164/rccm.201110-1917OC
http://dx.doi.org/10.1002/ajim.20523
http://dx.doi.org/10.1093/aje/kwp060
http://dx.doi.org/10.1590/S0034-89102005000600016
http://dx.doi.org/10.1080/19338244.2013.859122
http://dx.doi.org/10.1183/09059180.00005113
http://dx.doi.org/10.1016/j.rmed.2005.02.001
http://dx.doi.org/10.1164/rccm.201403-0493OC
http://dx.doi.org/10.1016/j.rmed.2012.05.009
http://dx.doi.org/10.1164/ajrccm.157.2.9705029
http://dx.doi.org/10.1164/ajrccm.157.2.9705029
http://dx.doi.org/10.1136/thx.2008.098483
http://dx.doi.org/10.1136/thx.2008.095554
http://dx.doi.org/10.1378/chest.130.1.200
http://thorax.bmj.com/
http://group.bmj.com

SUPPLEMENTARY MATERIAL

Occupational exposure to pesticides are associated with fixed airflow obstruction in middle-

age

Authors

Sheikh M. Alif 1, Shyamali C. Dharmage ' 2, Geza Benke 3, Martine Dennekamp 3%, John A.
Burgess !, Jennifer L. Perret ¥ 3, Caroline J. Lodge !, Stephen Morrison ®,David P. Johns 7,
Graham G. Giles ¥ %8, Lyle C. Gurrin* 2, Paul S. Thomas ?, John L. Hopper 1, Richard Wood-
Baker 7, Bruce R Thompson 19, lain H. Feather!!?, Roel Vermeulen '3, Hans Kromhout 3, E

Haydn Walters >3 7, Michael J. Abramson 2, Melanie C. Matheson -2

125



SUPPLEMENTARY METHODS

Definitions of confounders

Having had asthma was defined by an affirmative response to the question “Have you ever
had asthma?” Current asthma was based on self-reported symptoms in the morning, day-time
and night-time or flare-ups in the last 12 months. Childhood asthma was defined as asthma
reported at age 7 and 12 by an affirmative response by the parents to the question “Has
hefshe at any time of his/her life suffered from attacks of asthma or wheezy breathing?”
Smoking status of the participants was categorised as current, past and never-smokers. A
current smoker was defined as smoking status within last four weeks. Pack-years were
calculated as the number of cigarettes smoked per day divided by 20 multiplied by the number
of years of smoking.(1) Childhood and adulthood socioeconomic status were defined using
Australian census data of Socio-Economic Indexes for Areas (SEIFA indexes).(2) We used the
Index of Education and Occupation {IEO) variables that focused on the skills of the people
required in different occupations. A high IEO score indicated that individuals who lived in that

area had high qualifications and highly skilled jobs.

Additional statistical analysis

We included 1,335 participants in the ever exposure analysis, but the participants with missing
or incomplete job history (n=80) were excluded in cumulative EU-years analysis (N=1,255).
Furthermore, we compared our complete-case analysis with multiple imputation by imputing
the missing confounding variables (Supplementary Table S3, S4, and S5). The missing data
ranged from 3% for pack-years to 0.3% for smoking, asthma, and socioeconomic status.
Multiple imputation method in two-stages was used as a sensitivity analysis. In the first stage,
the missing values were imputed by using chained equations {“mi impute chained” command)
for 20 imputations in stata. In the second phase, the logistic regression analyses were
performedin the imputed model including the same confounding variables that were included
in the main complete-case analyses. We also tested Spearman rank correlation matrix
between the exposures and the co-exposures were adjusted due to the presence of

correlation.
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SUPPLEMENTARY RESULTS

The prevalence of occupational exposures to biological dust, mineral dust, gases/fumes,

VGDF, all pesticides, herbicides, and insecticides are presented in Supplementary Table S2.

The most common exposure was the combined measure to VDGF with 75% of participants

having exposure at some point in their working life. Exposure to gases/fumes was also high at

71%, followed by bioclogical dust (55%), mineral dust exposure (52%), and the all pesticides

(15.8%).

Table S1: Comparisons of characteristics between responders and non-responders

at of 2002-2008 follow-up study

o Laboratory Laboratory p-value* | Completed | p-value
Study characteristics non- Postal R
attendees
attendees survey only
Sample size N=1,397 N=990 N=3,350
Sex, % 0.03 0.92
Men 684 (51.6) 509 (54.3) 1,574 (50.6)
Women 651 (48.3) 417 (45.6) 1,558 (49.3)
Smoking history
Never, n (%) 586 (44.6) 323 (36.8) 1,366 (41.0)
Past, n (%) 413 (29.6) 259 (27.3) 1,037 (30.9)
Pack-years, median ' 11[2.3-22.5] | <0.000 | 8[2-18.8] 0.71
7.5[2-17.4]
[1QR]
Current, n (%) 395 (35.8) 933 (28.0)
Pack-years, median 32[29%53?] 23.3[13.5- 19.5[10-
[IQR] 33.7] 29.4]
:iz;'rently employed, n 1,182 (87.0) 802 (84.4) 0.16 2,868 (85.9) | 0.28
Chronic bronchitis 256 (12.4) 204 (14.8) 0.03 35 (4.8) <0.000
Chronic cough 191 (8.7) 176 (11.2) 0.004 131 (3.2) <0.000
Chronic phlegm 174 (6.6) 139 (7.9) <0.000 | 84(1.9) <0.000
Dyspnoea 242 (12.2) 207 (14.6) 0.01 283 (7.2) <0.000
Asthma 929 (39.8) 686 (44.2) <0.000 | 710(11.7) <0.000
Child asthma 401 (15.2) 282 (15.3) <0.000 112 (1.3) <0.000

Definitions of abbreviations: SD, Standard Deviation; IQR, Interquartile Range;
tThe estimate prevalences were calculated using inverse-probability-of-inclusion weights to adjust
for the enriched sample of the fifth decade follow-up survey
*compare lab attendees to non-attendees
** compared postal survey participants to lab attendees
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Table S$2: Adjusted prevalence of occupational exposures in the study population (n=1,335)

duration (years)

Study Biological Mineral Gases/ VGDF All Herbicides | Insecticides
characteristics dust dust fumes n(%) pesticides n(%) n{%)
n(%) n(%) n(%) n{%)

No exposure 579 628 (47.7) 375(28.8) 322 (24.9) 1,109 (84.2) 1,148 (86.9) 1,151

(44.9) (87.6)
Ever {low/high) 756 707 (52.2) 960 (71.2) 1,013 226 187 184
exposure (55.0) (75.1) (15.8) (13.0) {12.3)
Median [IQR] 16.5 22 21.5 28 14.5 12 17.8
cumulative (6-30) (8-48) (9-38.5) (12-76) (4-28) (6-27) (8-34.5)
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Table S3: Associations between ever exposures and
cumulative EU-years and fixed AO -LLN using complete case
analysis and multiple imputation

Exposures

Fixed AQ-LLN

Complete case
RR (95%Cl)

Imputed
RR (95%Cl)

Biological dust

Not exposed

Ref.

Ref.

Exposed

1.56 (1.00-2.45)

1.56 (1.00-2.45)

Cumulative EU-years

1.03 (0.96-1.12)

1.05 (0.97-1.13)

Mineral dust

Not exposed

Ref.

Ref.

Exposed 1.29(0.81-2.04) 1.29 (0.81-2.04)
Cumulative EU-years 1.03(0.97-1.11) | 1.05(0.97-1.11)
Gases/fumes

Not exposed Ref. Ref.

Exposed 1.47 (0.87-2.51) | 1.48 (0.87-2.53)

Cumulative EU-years

1.02 (0.96-1.09)

1.02 (0.95-1.08)

VGDF

Not exposed

Ref.

Ref.

Exposed

1.25(0.72-2.15)

1.26 (0.73-2.17)

Cumulative EU-years

1.03 (0.97-1.08)

1.02 (0.97-1.08)

All pesticides

Not exposed Ref. Ref.

Exposed 1.63(0.91-3.07) | 1.61 (0.91-2.87)
Cumulative EU-years 1.13 (1.00-1.29) | 1.12 (0.99-1.24)
Herbicides

Not exposed Ref. Ref.

Exposed 1.95 (1.08-3.49) | 1.92 (1.08-3.44)

Cumulative EU-years

1.15 {1.00-1.36)

1.13 (0.98-1.31)

Insecticides

Not exposed

Ref.

Ref.

Exposed

1.56 {0.84-2.90)

1.53 (0.83-2.84)

Cumulative EU-years

1.10(0.96-1.26)

1.10 (0.97-1.24)

T Complete case-analysis; * Multiple imputation

*Adjusted for sex, smoking, pack-years, childhood and adulthood
socioeconomic status, childhood and adulthood asthma and
sampling weights. The analyses with biological dust, mineral dust,
gases/fumes, and VGDF were additionally adjusted for all
pesticides, whereas the analyses with all pesticides, herbicides,
and insecticides were additionally adjusted for VGDF exposure.
The bolded text identifies results reaching statistical significance
(p=<0.05)
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Table 54: Association between Ever Exposure and Fixed Airflow Obstruction, Chronic Bronchitis and Respiratory Symptoms using complete case analysis and

multiple imputation

Fixed AO-GOLD Chronic bronchitis Chronic cough Chronic phlegm Dyspnoea
Exposures Complete case Imputed Complete case Imputed Complete case Imputed Complete case Imputed Complete case Imputed

RR {95%Cl) RR (95%CI) RR (95%CI) RR (95%CI) RR (95%Cl) RR (95%CI) RR (95%Cl) RR {95%Cl) RR (95%Cl) RR {95%Cl)
Biological
dust
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 1,58 (1.01-2.48) | 1.57(1.00-2.48) | 0.99(0.67-1.48) | 0.92(0.61-1.38) | 1.24(0.83-1.84) | 1.24(0.83-1.85) | 0.98 (0.66-1.46) | 0.99 (0.66-1.47) | 1.32{0.95-1.85) | 1.32(0.94-1.86)
Mineral dust
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 1.29(0.81-2.04) | 1.30(0.82-2.06) | 1.10(0.72-1.67) | 1.06{0.68-1.64) | 1.62 (1.06-2.48) | 1.66 (1.09-2.51) | 1.51(1.00-2.30) | 1.58 (1.03-2.40) | 1.57 (1.10-2.23} | 1.55(1.08-2.21)
Gases/fumes
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 1.50 (0.88-2.54) | 1.49(0.88-2.55) | 0.91(0.58-1.45) | 0.88 (0.55-1.40) | 1.25(0.80-1.98) | 1.27(0.81-2.01) | 1.20(0.76-1.90) | 1.23(0.78-1.95) | 1.31{0.89-1.91) | 1.31(0.90-1.92}
VGDF
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 1.29(0.73-2.17) | 1.27(0.74-2.19) | 0.95 (0.58-1.55) | 0.91{0.55-1.50) | 1.69 (1.01-2.84) | 1.72 (1.03-2.87) | 1.31(0.80-2.17)} | 1.34(0.82-2.22) | 1.29{0.86-1.93) | 1.29(0.86-1.92)
All pesticides
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 1.74 (1.00-3.07) | 1.72(0.99-3.04) | 1.81(1.12-2.93) | 1.76 (0.99-3.14) | 1.77(1.04-3.01) | 1.86(1.09-3.13) | 2.06(1.23-3.47) | 2.18(1.30-3.66) | 1.95(1.23-3.09) | 2.01(1.27-3.18)
Herbicides
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 2.09(1.18-3.70) | 2.06 (1.16-3.64) | 1.81(1.08-3.02) | 1.71(0.96-3.05) | 1.79(1.04-3.09) | 1.89(1.10-3.25) | 1.62(0.93-2.83) | 1.74 (1.01-3.03) | 1.44{0.89-2.34) | 1.49(0.92-2.42}
Insecticides
Not exposed Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Exposed 1.70(0.93-3.10) | 1.66(0.91-3.03) | 1.64 (1.00-2.72) | 1.51(0.83-2.76) | 1.74(1.00-3.05) | 1.84 (1.05-3.18) | 1.62 (0.93-2.84) | 1.73(1.00-3.00) | 1.58{0.97-2.57) | 1.64{1.01-2.68)

Definitions of abbreviations: GOLD, Global Obstructive Lung Disease; AQ, Airflow Obstruction; RR, Relative Risk; Cl, Confidence Interval; VGDF, Vapour, Gases, Dust and Fumes
" Adjusted for sex, smoking, pack-years, childhood and adulthood socioeconemic status, childhood and adulthood asthma and sampling weights. The analyses with biological dust, mineral dust, gases/fumes, and
VGDF were additionally adjusted for all pesticides, whereas the analyses with all pesticides, herbicides, and insecticides were additionally adjusted for VGDF exposure.
The bolded text identifies results reaching statistical significance (p<0.05)
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Table S5: Association between Cumulative EU-years and Fixed Airflow Obstruction, Chronic Bronchitis and Respiratory Symptoms using complete-case

analysis and multiple imputation

Cumulative
exposures*

Fixed AO-GOLD Chronic bronchitis Chronic cough Chronic phlegm Dyspnoea
Complete case | Imputed Complete case | Imputed Complete case | Imputed Complete case | Imputed Completecase | Imputed
RR {95%C1) RR {95%Cl) RR (95%C1) RR (95%Cl) RR (95%C1) RR (95%CI) RR {95%Cl) RR {95%C1) RR (95%Cl) RR {95%Cl)

Biological dust

1.05 (0.97-1.13)

1.05(0.97-1.13)

1.06 (0.99-1.13)

1.00 {0.92-1.07)

1.07 {1.00-1.15)

1.05 {0.99-1.13)

1.01(0.94-1.09

0.98(0.91-1.06)

0.99 (0.92-1.05)

0.99 (0.93-1.06)

Mineral dust

1.03(0.97-1.10)

1.04 (0.97-1.11)

1.04 (0.98-1.11)

0.99 {0.92-1.06)

1.00 (0.93-1.07)

1.00 {0.94-1.08)

1.03(0.96-1.10

1.04(0.98-1.12)

1.05 (1.00-1.11)

1.06 {1.00-1.12)

Gases/fumes

1.02 (0.96-1.09)

1.03 (0.96-1.10)

1.03 {(0.97-1.09)

0.97(0.91-1.04)

0.97(0.91-1.04)

0.98(0.91-1.04)

1.05(0.99-1.12)

1.05 (1.00-1,10)

1.05(0.99-1.11)

VGDF

1.02 (0.97-1.08)

1.03 (0.97-1.09)

1.05 {1.00-1.10)

0.99 (0.93-1.04)

1.03 (0.97-1.08)

1.03 {0.97-1.08)

)
)
1.03 (0.98-1.10})
1.03 (0.98-1.08}

1.04 (0.99-1.09)

1.02 (0.98-1.07)

1.03 (0.98-1.08)

All pesticides

1.12 (1.00-1.25)

1.13 (1.01-1.26)

1.16 {1.10-1.30)

1.07{0.95-1.20)

1.12 {1.00-1.28)

1.09 {1.00-1.22)

1.13 {1.00-1.30)

1.03(0.92-1.16)

0.94 (0.82-1.08)

0.97 (0.86-1.09)

Herbicides

1.16 (1.00-1.32)

1.16 (1.00-1.32)

1.22 (1.05-1.41)

1.08 {0.93-1.25)

1.12 (0.97-1.30)

1.09 {0.96-1.24)

1.10(0.93-1.31)

1.00 (0.86-1.16)

0.91(0.77-1.09)

0.97 (0.83-1.12)

Insecticides

1.10(0.98-1.24)

1.12 (0.99-1.26)

1.15(1.02-1.29)

1.06 {0.93-1.20)

1.06(0.92-1.22)

1.05(0.92-1.18)

1.13(0.99-1.30}

1.05(0.93-1.19)

0.94 (0.83-1.09}

0.97 (0.85-1.10)

Definitions of abbreviations: GOLD, Global Obstructive Lung Disease; AQ, Airflow Obstruction; RR, Relative Risk; Cl, Confidence Interval; VGDF, Vapour, Gases, Dust and Fumes

t Adjusted for sex, smoking, pack-years, childhood and adulthood socioeconomic status, childhood and adulthood asthma and sampling weights. The analyses with biological dust, mineral dust, gases/fumes,
and VGDF were additionally adjusted for all pesticides, whereas the analyses with all pesticides, herbicides, and insecticides were additionally adjusted for VGDF exposure.
The bolded text identifies results reaching statistical significance {p<0.05}
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Table S6: Correlations between the exposures as no, low, and high

exposure (0/1/2) in the TAHS cohort

Dusts Pesticides
- ]
L] el [2])

. 5 7] E @ w 4
Correlation o a 2 w = o T
S| ® T S - S =
— - L0 Q
2| 2| & C =

(U]
Biological Dust 047 |05 |064 |039 (035 |034
Mineral Dust 0.61 0.59 0.40 0.37 0.37
Gases and Fumes 0.80 0.28 0.25 0.24
VGDF 0.25 0.22 0.22
All pesticides 0.88 | 0.87
Herbicides 0.84

Table S7: Overview of number of workers with high exposure to all pesticides

ISCO-88 job description ISCO-88 ‘ n (%)
High exposure to all pesticides (n=151)

Farm-hands and labourers 9211 37 (24.5%)
Gardeners, horticultural and nursery growers 6113 31 (20.5%)
Market oriented crop and animal producer 6130 29 (19.2%)
Forestry labourers 9212 27 (17.8%)
Mixed crop growers 9322 27 (17.8%)
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Table $8: Association between Ever {low and high) Exposure and Fixed Airflow Obstruction, Chronic Brenchitis and Respiratory Symptoms

Fixed AO-GOLD Chronic bronchitis Chronic cough Chronic phlegm Dyspnoea
Exposure No Yes RR {95%CI) No Yes RR (95%Cl) No Yes RR (95%Cl) No Yes RR {95%Cl) No Yes RR {95%Cl}
1,222 113 1,075 246 1,131 185 1,146 171 1,107 226
Biological dust
No exposure 541 37 Ref. 484 87 Ref 516 53 Ref. 507 60 Ref. 504 75 Ref.
Low exposure 434 46 1.63 (1.01-2.65) 396 82 0.73 (0.46-1.14) 414 60 1.20 (0.78-1.84) 425 51 0.83 (0.53-1.29) 389 90 1.24 (0.86-1.78)
High exposure 247 30 1.47 (0.81-2.69) 196 77 1.59 {0.96-2.64) 227 44 1.35(0.79-2.31) 226 44 1.35 (0.80-2.27) 214 62 1.56 (1.00-2.48)
Mineral dust
No exposure 585 42 Ref. 522 98 Ref 564 54 Ref. 565 54 Ref. 544 84 Ref.
Low exposure 287 24 1.01 (0.57-1.79) 251 58 1.11 {0.67-1.83) 254 53 2.08 (1.32-3.29) 264 43 1.49 (0.92-2.41) 256 55 1.27 (0.84-1.93)
High exposure 350 47 1.60 (0.94-2.72) 303 90 1.08 {0.66-1.77) 339 50 1.13 (0.67-1.90) 329 58 1.54 (0.93-2.55) 307 88 2.05 (1.33-3.15)
Gases/ffumes
No exposure 352 22 Ref. 314 57 Ref 336 32 Ref. 335 33 Ref. 327 48 Ref.
Low exposure 515 46 | 1.47(0.83-2.58) | 454 101 | 0.88 (0.54-1.44) 479 76 1.42 (0.88-2.28) | 485 69 1.22 (0.75-1.98) 465 95 1.21(0.81-1.82)
High exposure 355 45 1,53 (0.82-2.84) 308 38 0.97 (0.56-1.70) 342 49 0.95 (0.54-1.69) 338 53 1,16 (0.66-2.03) 315 84 1.55 (0.97-2.46)
VGDF
No exposure 300 21 Ref. 273 45 Ref 294 22 Ref. 289 26 Ref. 281 41 Ref.
Low exposure 411 32 1.20 (0.65-2.22) 363 76 0.38 {0.51-1.52) 379 58 1.90 (1.09-3.29) 387 42 1.34(0.78-2.32) 371 72 1.05 (0.67-1.63)
High exposure 511 60 1.31(0.71-2.41} 440 125 1.03 {0.60-1.78) 484 77 1.48 (0.83-2.65) 482 77 1.29 (0.73-2.26) 455 114 1.72 (1.08-2.75)
All pesticides
No exposure 1,024 | 85 Ref. 916 183 | Ref 977 116 | Ref. 977 116 Ref. 940 169 | Ref.
Low exposure 68 7 0.92 (0.35-2.44) 58 17 1.61 (0.72-3.57) 62 13 1.95 (0.92-4.16) 59 15 2.41 (1.11-5.17) 55 20 2.41 (1.27-4.56)
High exposure 130 21 1.78 (1.01-3.27) 102 46 1.82 (1.08-3.07) 118 28 1.68 (0.92-3.09) 122 24 1.81 (1.04-3.15) 112 38 1.75 (1.03-2,95)
Herbicides
No exposure 1,061 87 Ref. 947 191 Ref 1,011 121 Ref. 1,008 124 Ref. 966 182 Ref.
Low exposure 66 11 2.02 (0.95-4.28) 57 20 1.62 {0.76-3.44) 59 17 2.37(1.19-4.71) 63 13 1.58 (0.74-3.34) 60 17 1.65 (0.86-3.10)
High exposure 95 15 2.15 (1.05-4.42) 72 35 1.95 {1.03-3.72) 87 19 1.35 (0.66-2.78) 87 18 1.68 (0.83-3.39) 81 28 1.29 (0.70-2.36)
Insecticides
No exposure 1,060 91 Ref. 947 194 Ref 1,012 123 Ref. 1,009 125 Ref. 970 181 Ref.
Low exposure 34 2 0.65 (0.14-2,90} 28 8 1.07 (0.38-3.02) 28 8 2.48 (0.97-6.33) 30 6 1,77 (0.64-4.92) 26 10 1.91 (0.82-4.41)
High exposure 128 20 | 2.02(1.07-3.79) 101 44 1.83 (1.04-3.19) 117 26 1.59 (0.87-2.90) 119 24 1.60 (0.87-2.90) 111 36 1.50 (0.88-2.54)

«  Adjusted for sex, smoking, pack-years, adult and childhood socio economic status, adult and child asthma and sampling weight. Additionally, all pesticides was adjusted for the analysis with

biological dust, mineral dust, gases/fumes, VGDF while VGDF was adjusted for all pesticides, herbicides and insecticides
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Chapter 6  Occupational exposure to solvents and

metals are associated with fixed airflow obstruction
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6.1 Chapter introduction

This chapter includes a published paper with additional data supplement that
investigated the association between occupational exposure to solvents and metals and fixed
AO as defined by post-BD spirometry using a general population based ALOHA plus JEM
(190). This paper provides evidence for the first time that sex significantly modified the
association between workplace exposure to chlorinated solvents and fixed AO. Women in
my sample have increased the risk of fixed AO with increasing cumulative exposure-unit
years to chlorinated solvents, despite women have fewer years of exposure than men have.
In addition, I also found a significant association between ever exposure to metal and fixed
AO and lung function.

I was the first author for this publication.

6.2  Research questions and aims
6.2.1 Research questions
1. What is the relationship between occupational exposure to solvents and metals and
fixed AO as defined by post-BD spirometry and gas transfer factor?
2. s the effect of occupational exposure to solvents and metals and fixed AO and lung

function have been modified by sex, smoking, and asthma?

6.2.2 Aims
1. To investigate the relationship between occupational exposure to solvents and metals and
fixed AO and fixed AO plus low D,co.
2. To examine how sex, smoking, and asthma modified the associations of exposure to

solvents and metals and fixed AO.

6.3  Publication
6.3.1 Main document and online data supplement

Alif S, Dharmage S, Benke G, Dennekamp M, Burgess J, Perret J, Lodge C, Morrison
S, Johns D, Giles G, Gurrin L, Thomas P, Hopper J, Baker R, Thompson B, Feather I,
Vermeulen R, Kromhout H, Walters H, Abramson M, Matheson M. Occupational exposures
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Objectives This study investigated the associations between occupational exposures to solvents and metals and
fixed airflow obstruction (AO) using post-bronchodilator spirometry.

Methods We included 1335 participants from the 2002-2008 follow-up of the Tasmanian Longitudinal Health
Study. Ever-exposure and cumulative exposure-unit (EU) years were calculated using the ALOHA plus job
exposure matrix (JEM). Fixed AO was defined as post-bronchodilator forced expiratory volume in one second
(FEV,)/forced vital capacity (FVC) <0.7 and FEV,/FVC<lower limit of normal. Diffusing capacity of the lung
for carbon monoxide (D; ;) was combined with FEV,/FVC<0.7 to define fixed AO plus low D, .. Multinomial
regressions were used to estimate associations adjusting for possible confounders.

Results Ever-exposure to metals was associated with fixed AO [relative risk (RR) 1.71, 95% CI 1.03-2.85]
and fixed AO lower limit of normal (RR 1.67, 95% CI 1.00-2.78). Women had lower cumulative EU years to
chlorinated solvents [mean 20.9, standard deviation (SD) 13.4] than men (mean 28.6, SD 36.9). However, the risk
of developing fixed AO and fixed AO plus low D, ., associated with each cumulative EU year of chlorinated sol-
vents were higher among women than men (RR 1.08 versus 0.99, P-value for effect measure modification=0.006;
RR 1.08 versus 1.00, P-value for effect measure modification=0.02).

Conclusions We have shown ever-exposure to metals and chlorinated solvents are important risk factors for
fixed AO. The effects for solvents were strongest among women. Preventive strategies need to be followed to
reduce these exposures at the workplace.

Key terms ALOHA,; chlorinated solvent; chronic obstructive pulmonary disease; COPD; JEM; job exposure
matrix.
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Exposure to solvents and metals and fixed airflow obstruction

A number of studies have identified that exposures to
solvents (1-4) and metals (5) can influence respiratory
symptoms. However, only a few have investigated these
exposures in relation to fixed airflow obstruction (AO)
that is used to define chronic obstructive pulmonary
disease (COPD) in epidemiological literature (6, 7).

Solvents are routinely used in industry and are pres-
ent in products such as fuels, paints, printing, degreas-
ing metal parts, and cleaning products (8, 9). Solvents
can be further divided into “aromatic solvents” such as
benzene and “chlorinated solvents” including trichloro-
ethylene, and tetrachloroethylene (4, 9). On inhalation,
solvents slowly damage the airways causing mucus
hypersecretion and may subsequently lead to airflow
obstruction (10). Population-based studies have sug-
gested a link between occupational exposure to solvents
and chronic nonspecific lung disease (1-3, 11) and
reduced lung function using pre-bronchodilator (BD)
spirometry (4, 11). However, their findings are limited
by their reliance on self-reported exposure and the use
of physician’s diagnosis to define chronic nonspecific
lung disease. The Dutch Life Lines Cohort Study found
an association between chlorinated solvents and chronic
mucus hypersecretion in participants without AO (7),
but no association between chlorinated solvents and
lower lung function and AO (6). Limitations of these
studies included the use of pre-BD to define AO when
the recommended criterion is post-BD (12) and the use
of current job rather than a complete job history which
allows assessment of cumulative exposure (13).

Metals are also commonly used in a variety of
industrial processes (14) and, via the manipulation of
metal products, metal form aerosols can be inhaled (15).
Population-based studies have suggested an association
between occupational exposure to metals and chronic
nonspecific lung disease (1, 7). Only two population-
based studies have assessed the relationship between
metals exposure and AO defined using lung function
measurements, and neither found a significant associa-
tion (4, 7). However, these studies were again limited by
the use of pre-BD spirometry to define AO.

We investigated the associations between exposures
to solvents and metals and fixed AO defined by post-
BD spirometry and used a general population-based job
exposure matrix (JEM) to calculate ever-exposure and
cumulative exposure-unit (EU) years.

Methods

Data collection

Our study included participants from the most recent
laboratory phase of the Tasmanian Longitudinal Health

2 Scand J Work Environ Health — online first

Study (TAHS) for which the methodology has been
reported previously (16). In brief, the TAHS began in
1968 when 8583 Tasmanian children born in 1961 and
attending school in Tasmania were enrolled by their par-
ents who completed a respiratory health questionnaire
for the child, who then underwent clinical examinations
and lung function measurements. Data for the current
analysis were collected at the follow-up survey started
in 2002. The follow-up began with tracing 7562 (88.1%)
of the original 1968 cohort to an address and achieving
a response of 5729 (78.4%) to a postal survey (16). A
subgroup of these respondents, selected on the basis of
their participation in previous follow-ups, and an enriched
sample with a history of asthma and chronic bronchitis
were invited to participate in a detailed laboratory study
between 2005 and 2008. Of the 2387 individuals invited,
1397 (58.6%) attended the laboratory and completed
lung-function testing, 354 (14.8%) completed a telephone
questionnaire including lifetime work history calendar
but did not attended the laboratory to complete lung-
function testing and remaining 636 (26.7%) withdrew.
At the laboratory visit, participants completed a detailed
interviewer-administered respiratory health questionnaire,
completed a lifetime work history calendar, performed
pre- and post-BD lung-function tests, skin-prick testing,
lung volumes, and diffusing capacity test.

Lung-function testing

Pre and post-BD lung function were measured using the
Easyone Pro® ultrasonic spirometer (ndd, Medizintech-
nik, AG, Switzerland). Participants were asked not to
smoke for 4-6 hours before testing. Forced expiratory
volume in one second (FEV,) and forced vital capacity
(FVC) were measured according to the American Tho-
racic Society (ATS) and European Respiratory Society
(ERS) joint statement (17) and the highest value for
FEV, and FVC was recorded from three acceptable and
repeatable tests. Spirometry was repeated 10—15 minutes
after short-acting bronchodilator (200 pg salbutamol)
administered via a spacer.

Single breath diffusing capacity of the lung for
carbon monoxide (D,,) was measured according to
international guidelines and adjusted to a standard
haemoglobin concentration of 14.6 g/dL in men and
13.4 g/dL in women and corrected for the presence of
carboxyhemoglobin (18). The average of two acceptable
tests that agreed to within 10% was recorded. Predicted
values of D,, were calculated using the prediction
equations of Thompson and colleagues (19).

Lung-function definitions

Fixed AO was defined in two ways: first, according to
the Global Initiative for Chronic Obstructive Lung Dis-
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ease (GOLD) fixed cut-off criterion (FEV,/FVC<0.7)
(20) and second using FEV /FVC<lower limit of normal
(LLN) as based on the Global Lung Initiative (GLI)
2012 reference equations (21).

Fixed AO plus low D, was defined by FEV,/
FVC<0.7 and D, o, <80% of predicted value (22).

Occupational exposures

Occupational exposure were classified based on a full
job history that was completed during the laboratory
visit or telephone interview. Participants were asked to
list all the jobs held over their lifetime. We collected
data including job title, industry type, company name,
the year when job started and ended from 1599 par-
ticipants. In this analysis, we included 1335 participants
those have both work history calendar and completed
lung-function testing at the 2002—-2008 follow-up. The
jobs reported in the calendars were coded according to
the International Standard Classification of Occupa-
tions (ISCO-88) four- digit classification (23). These
codes were then used to assign occupational exposures
to solvents (three categories: aromatic solvents, chlori-
nated solvents, and other solvents) and metals using the
ALOHA plus JEM (6, 24). The JEM classified subjects
based on job code into no, low and high exposure.

Ever-exposure. We combined low and high exposure
categories because the small number of participants in
the high-exposed group limited the statistical analysis
and assigned people as "ever exposure", if they had
occupational exposure for any job over their working
life (25).

Cumulative EU years. We estimated this by the number
of years worked in a given job multiplied by the expo-
sure intensity for the given job and summed for each
individual and each exposure across all jobs performed.
To allow for the combination of low and high exposure
categories, years of exposure was weighted by four for
high exposure and one by low exposure to calculate
cumulative EU years (24).

Statistical methods

All the statistical analyses were performed using Stata
13.1 (Stata Corporation, College Station, TX, USA)
statistical package. Multinomial logistic and linear regres-
sion models were used to analyzed the associations
between occupational exposures and fixed AO (categori-
cal) and lung-function measures (continuous). The lung
function variables were normally distributed. The final
multinomial model was adjusted for sex, smoking, pack-
years, asthma in childhood and adulthood, and socio-
economic status in childhood and adulthood (see online
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supplementary material for details, www.sjweh.fi/index.
php?page=data-repository). Sampling weights were
derived by calculating the inverse probability of selection
for the enriched sample of the 2002 to 2008 follow-up.

To investigate potential effect measure modification
by sex, smoking, and current asthma, additive log risk
model were compared with multiplicative risk ratio
model using likelihood ratio test and Bayesian infor-
mation criterion. We did not identify any effect mea-
sure modification between occupational exposure and
smoking or current asthma status (results not shown).
However, we did observe some effect measure modi-
fication with sex so results for the association between
cumulative EU years and fixed AO are stratified by sex.
We excluded the participants with missing or incomplete
years started or ended (N=80) from the cumulative EU
years analysis. All complete case analysis were addition-
ally compared with multiple imputation for dealing with
missing data (data not shown). A cut-off of P<0.05 was
considered as statistically significant.

We examined the correlation between solvents and
metals exposure with other exposures from the ALOHA
plus JEM; vapors, gases, dust, and fumes (VGDF) and
all pesticides exposures and did not see a strong corre-
lation between any of these variables (data not shown).
Additionally, in our final adjusted regression model, we
included VGDF, and pesticides exposures as an addi-
tional confounder to observe if they changed the effect
estimates. As the addition of these variables into the
models did not change in the effect estimates by 10%
or more (data not shown), we did not adjust our final
models for these factors.

Results

The characteristics of the study population are presented
in table 1. The mean age of participants was 44.8 years,
and more than half (51.6%) were men. Men had a higher
median smoking pack-years than women (table 1) and
25% men were current smokers, compared with 18% of
women. A comparison of non-responders to different
parts of the 2002 to 2008 follow-up study is shown in
supplementary table S1. Briefly selected characteristics
of the participants who did and did not attend labora-
tory were similar. Men were more likely to have had
ever occupational exposure to solvents and metals than
women (supplementary table S2).

Ever-exposure

Ever-exposure to chlorinated solvents was associated
with an increased risk of fixed AO [relative risk (RR)
1.45, 95% CI 0.91-2.34] and fixed AO plus low D, o
3
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Exposure to solvents and metals and fixed airflow obstruction

(RR 2.19, 95% CI 0.98-4.91) with both approachings
but not quite reaching statistical significance (table 2).
Ever-exposure to metals was also significantly associ-
ated with an increased risk of fixed AO (RR 1.71, 95%
CI 1.03-2.85) but the evidence for its association with
of fixed AO plus low D, -, was modest (RR 2.04, 95%
CI 0.83-5.04).

We also investigated the association between ever-
exposure to aromatic solvents, chlorinated solvents,
other solvents, metals and lung function measures
(FEV,, FVC, FEV,/FVC, and D, (supplementary
table S3). We found significant association with lower
FEV,/FVC ratio for those with ever-exposure to metals
(z-score FEV /FVC ratio; -0.17, 95%CI -0.33— -0.02),
but we found no other significant associations (supple-
mentary table S4).

We found the similar association between ever
exposed to metals and pre-BD FEV,/FVC<0.7 (RR
1.47, 95% CI 1.00-2.21) and FEV,/FVC<LLN (RR
1.57, 95% CI 1.04-2.39) (supplementary table S5).
Additionally, we found a significant association with
other solvents (RR 1.39, 95% CI 1.00-1.93) and pre-BD

airflow obstruction.

Effect measure modification and cumulative EU-years

We examined effect measure modification by sex, asthma
status, and smoking status. We presented the associations
between cumulative EU years and fixed AO and fixed
AO plus low D, , stratified by sex in table 3. We found a
significant effect measure modification between sex and
cumulative EU years to chlorinated solvents on the risk
of fixed AO-GOLD and fixed AO-LLN. We found women
have less cumulative EU years to chlorinated solvents
[mean 20.9, standard deviation (SD) 13.4] compared to
men (mean 28.6, SD 36.9), but women have modified
the association between cumulative EU years to chlori-
nated solvents and fixed AO-GOLD and fixed AO-LLN
(RR 1.08, 95% CI 1.03—1.15) than men. Figures 1 and
2 displays the predicted probabilities of fixed AO that
were computed using the estimates from the multivariate
regression models. In this model, women with increasing
chlorinated solvent EU years had a significantly increased
risk of fixed AO. However, for men, we did not observe
any such relationship. We observed a similar effect mea-
sure modification by sex for fixed AO plus low D,
(P-value for effect measure modification=0.02, figure 3).

Table 1. Study characteristics stratified by sex. [SD=standard deviation; IQR=interquartile range; GOLD=global initiative for chronic
obstructive lung disease; LLN=lower limit of normal; D ¢,diffusing capacity of the lung for carbon monoxide.]

Study characteristics Total (N=1335) Men (N=684) Women (N=651) P-value

N % Mean  SD Pack-years N % Pack-years N % Pack-years

Median  1QR Median 1QR Median 1QR

Age 44.8 0.8 0.01
Never smokers 566  45.2 292 444 274 463
Past smokers 395 297 7.7 2-17.3 189 284 98 21-19 205 309 55 15-15 (47
Current smokers 370 21 25.0 22.4-279 202 25 25 13.8-35 168 18 18 7.8-27
Fixed AO-GOLD 113 6.0 70 7.2 43 438 0.01
Fixed AO-LLN 112 6.0 69 741 43 4.8 0.02
Fixed AO plus low D¢ 35 1.7 19 1.9 16 15 0.76
Adult asthma 649 289 313 26.0 336 321 0.03
Child asthma 382 153 221 172 161 133 0.01

Table 2. Associations between ever-exposures, fixed airflow obstruction (AO) and fixed AQ plus low diffusing capacity of the lung for
carbon monoxide (D, ). [GOLD=global initiative for chronic obstructive lung disease; LLN=lower limit of normal; RR=relative risk.]

Exposure Fixed AO-GOLD Fixed AO-LLN Fixed AO plus low D¢
No Yes RR2  95% ClI No Yes RR 95% Cl No Yes RR 95% Cl
(N=1222) (N=113) (N=1223) (N=112) (N=1164) (N=35)

Aromatic solvents

Not exposed 873 70 Ref. 873 70 Ref. 827 24 Ref.

Exposed 349 43 121 0.76-1.93 350 42 118 0.74-1.88 338 11 091 0.39-2.12
Chlorinated solvents

Not exposed 964 78 Ref. 964 78 Ref. 914 23 Ref.

Exposed 258 35 145 091234 259 34 140 0.87-2.28 251 12 219 0.98-4.91
Other solvents

Not exposed 749 58 Ref. 749 58 Ref. 710 19 Ref.

Exposed 473 55 1.34 0.89-2.06 474 54 1.32 0.87-2.02 455 16 1.24 0.60-2.57
Metals

Not exposed 948 72 Ref. 948 72 Ref. 898 22 Ref.

Exposed 274 41 171 1.03-2.85 275 40 1.67 1.00-2.78 267 13 2.04 0.83-5.04

a2 Adjusted for sex, smoking, pack-years, childhood and adulthood socioeconomic status, and childhood and adulthood asthma .
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We did not observe that sex modifed the effect of other
exposures or any effect modification by sex, smoking
or asthma status for exposures to either solvents or met-
als and fixed AO. Sex did not modify any associations
between any of the solvents or metals and AO when
defined using pre-BD lung function (data not shown).

Discussion

Our study is the first to assess occupational exposures
to solvents and metals examining both ever-exposure

Alif et al

and cumulative EU years in this cohort. The major new
finding is that increasing cumulative EU years to chlori-
nated solvents is significantly associated with increased
risks of fixed AO for women but not men although mean
cumulative EU years to chlorinated solvents was less
among women. The observed associations with fixed
AO were restricted to the cumulative EU years and not
ever being exposed to aromatic, chlorinated, and other
solvents. However, we did find that ever-exposure to
metals was associated with fixed AO and a lower FEV,/
FVC ratio, but no association was observed with cumu-
lative EU-years to metals.

To our knowledge, ours is the first study to show

Table 3. The association between cumulative exposure-unit (EU) years and fixed airflow obstruction (AO) and fixed AO plus low diffusing
capacity of the lung for carbon monoxide (D). stratified by sex and adjusted for smoking, pack-years, childhood and adulthood socio-
economic status, and childhood and adulthood asthma. [GOLD=global initiative for chronic obstructive lung disease; LLN=lower limit of

normal; RR=relative risk; SD=standard deviation.]

Exposure Women Men P-value @

N _Cumulative EUyears ~ RR  95%Cl N _Cumulative EUyears ~ RR  95%Cl
Mean SD Mean SD

Aromatic solvents

Fixed-AO-GOLD

No 559 71 6.9 Ref 589 17.4 16.6 Ref

Yes 39 38.3 571 1.02 0.98-1.07 68 134 11.2 099 0.97-1.01 017

Fixed-AO-LLN

No 559 7.1 6.9 Ref 590 17.5 16.6 Ref

Yes 39 38.3 57.0 1.03 0.99-1.07 67 12.7 10.5 099  0.97-1.01 0.14

Fixed AO + low Dy

No 514 6.6 6.1 Ref 579 171 16.5 Ref

Yes 14 38.3 57.0 1.05 0.98-1.14 18 17.5 10.9 099  0.95-1.03 0.05

Chlorinated solvents

Fixed-AO-GOLD

No 559 8.1 6.7 Ref 589 40.9 404 Ref

Yes 39 20.9 13.4 1.08 1.03-1.15 68 28.6 36.9 099  0.98-1.00 0.006

Fixed-AO-LLN

No 559 8.1 6.7 Ref 590 40.7 40.4 Ref

Yes 39 20.9 13.4 1.08 1.03-1.15 67 29.3 37.4 099  0.98-1.00 0.006

Fixed AO + low D¢,

No 514 8.8 8.2 Ref 579 38.4 39.5 Ref

Yes 14 23.7 5.3 1.08 1.01-1.17 18 47.3 47.7 1.00  0.99-1.02 0.02

Other solvents

Fixed-AO-GOLD

No 559 16.5 17.2 Ref 589 17.8 18.0 Ref

Yes 39 19.1 19.9 1.01 0.99-1.03 68 12.5 10.0 0.99 0.97-1.01 0.17

Fixed-AO-LLN

No 559 16.6 17.2 Ref 590 18.1 18.4 Ref

Yes 39 18.9 19.2 1.01 0.99-1.03 67 11.6 9.2 0.98  0.96-1.00 0.12

Fixed AQ + low D ¢

No 514 17.0 17.6 Ref 579 17.5 17.9 Ref

Yes 14 21.0 27.3 1.02 0.99-1.04 18 17.6 10.1 099  0.96-1.02 0.27

Metals

Fixed-AQ-GOLD

No 559 9.3 115 Ref 589 34.4 38.3 Ref

Yes 39 27.0 225 1.05 0.98-1.12 68 241 334 0.99  0.99-1.00 0.17

Fixed-AQO-LLN

No 559 9.3 115 Ref 590 34.3 38.3 Ref

Yes 39 27.0 22.5 1.05 0.98-1.13 67 24.4 33.8 099  0.99-1.00 017

Fixed AO + low D,

No 514 12.1 14.3 Ref 579 321 371 Ref

Yes 14 20.5 27.6 0.87 0.39-1.94 18 38.7 46.8 1.00 0.99-1.02 0.58

a Likelihood ratio P-value for risk ratio modification between cumulative EU-years and sex.
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Figure 1. The associations between years of chlorinated solvents
exposure and probability of fixed AO-GOLD, stratified by sex. Circles
represent the probability of the outcome (fixed AQ), and the bars rep-
resent the 95% confidence interval of that probability.
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Figure 2. The association betweenyears of chlorinated solvents exposure
and probability of fixed AO-LLN, stratified by sex. Circles represent the
probability of the outcome (fixed AO), and the bars represent the 95%
confidence interval of that probability.
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Figure 3. The association between years of chlorinated solvents expo-
sure and probability of fixed AO plus low DLco, stratified by sex. Circles
represent the probability of the outcome (fixed AO plus low DLco),
and the bars represent the 95% confidence interval of that probability.
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that cumulative EU years to chlorinated solvents is
associated with fixed AO and fixed AO plus low D,
in women. The only study that assessed the association
between ever- (low or high) exposure to chlorinated
solvents and AO was limited to pre-BD lung function
measures, which do not allow for clarifying the fixed
nature of the airflow obstruction (6). However, similar
to the LifeLines Cohort Study, we did not find any asso-
ciation between chlorinated solvents and AO defined
using pre-BD airflow obstruction (6) nor any an effect
modification by sex.

The different job distribution between men and
women in our study may be another reason for increased
risk among women. In our study, women exposed to
chlorinated solvents worked as dry cleaners, laundry
pressers, sculptors, painters, decorators and commer-
cial designers, chemist, hairdresser or beauticians and
chemical laboratory science technicians, while men were
mostly metal, rubber, plastic product assemblers, glass,
ceramics painters, mechanical and electrical technicians,
painters, and sheet metal workers. Exposure to specific
types of chlorinated solvents has been associated with
symptoms of cough and phlegm in female laundry
employees and dry cleaners (26). One might speculate
that the increased risk of airflow obstruction among
women who had occupational exposure to chlorinated
solvents in our study might be related to an increased
number for women to work in jobs with exposure to
chlorinated solvents such as in the dry-cleaning or paint-
ing or pharmaceuticals industries. However, we actually
found the women in our study had a lower prevalence of
exposure and had fewer years of cumulative exposure to
chlorinated solvents than men had. This raises the pos-
sibilities that the observed association could be related
to the different types of chlorinated solvents used in
different jobs undertaken by men and women, or alter-
natively, a greater degree of susceptibility to chlorinated
solvents in women.

A greater susceptibility for women to develop
fixed AO from inhaling respiratory pollutants has been
debated over past decades (27). Postulated mechanisms
include more toxin being deposited per surface area of
the lungs, impaired clearance of the toxin substance
or a modified biological response to the inhaled toxin
(27, 28). Evidence from studies of smoking has shown
that women receive a greater dose of toxin for the same
amount of inhaled smoke because of their smaller air-
way size (29). Toxins in the airways are metabolized
via the cytochrome P450 pathway (27). The female sex
hormone estrogen can influence this pathway by causing
the up-regulation of the CYP1A1, CYP1A2, CYP2AG,
CYP3A4, and CYP1BI1 cytochromes (28, 30). The role
of these enzymes in the toxin metabolism pathway leads
to increased oxidation of inhalation leading to increased
oxidative stress in the airways and greater risk of airflow
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obstruction in women (28). A recent in vivo animal study
in mice suggested that female mice were more suscep-
tible to airway remodeling with narrowed airway lumens
and thickened airway walls compared to men, which
they hypothesized was due to a greater susceptibility
to oxidative stress due to the presence of the female
sex hormone, estrogen (31). Studies among humans
conflict with one study by Matheson et al (24) that
found an increased risk of airflow obstruction among
women exposed to biological dust but no increased risk
among men. In contrast, some previous studies have
assessed occupational exposure among men and women
separately and have not observed any differences by
sex (32, 33). A possible reason for this difference could
that the latter two studies used pre-BD spirometry, and
their study participants were younger and therefore less
likely to have developed fixed AO. Importantly, none of
these studies investigated chlorinated solvents exposure,
and it may be that the chemical structure of chlorinated
solvents increases the risk among women but not men.
Overall, our findings add to the limited body of evidence
that supports women as being more susceptible to the
adverse lung function effect from specific occupational
exposures.

Along with fixed AO, we also found an increased
risk of fixed AO plus low D, ¢, with increasing cumula-
tive EU years to chlorinated solvents. Coexistent low
D, ¢, indicates the presence of emphysema as a diagnosis
of emphysema requires either radiological evidence on
computed tomography scan or a reduced gas transfer
factor in the presence of chronic airflow obstruction
(22). Others have also shown that some other occupa-
tional exposures have been associated with pulmonary
emphysema at autopsy (34) or detected by computed
tomography imaging (35). To our knowledge, no previ-
ous study has assessed the association between chlo-
rinated solvents and emphysema. One previous study
that used this definition of asymptomatic emphysema
(airflow obstruction plus low D, ) found women with
biological dust exposure were at an increased risk of
emphysema (24). However, as we combined the defini-
tion of fixed AO with low D), there is a chance that
the participants with fixed AO may have influenced or
contributed in the combination of the two outcomes
rather than gas transfer factor itself.

Ever-exposure to metals was associated with lower
level of FEV,/FVC and a greater risk of fixed AO in
our study, and this is consistent with previous studies
that found an increased risk of respiratory symptoms
(7) and lung function decline (5, 36, 37) with exposure
to metals in welders. For steelworkers, cumulative
respirable metal dust exposure may cause pulmonary
surfactant impairment resulting in lung function decline
and chronic respiratory diseases (5). Subjects exposed
to metals in our study were mainly working in metal or
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steel industries such as motor vehicle mechanics and
fitters, sheet metal worker, welders and flame cutters
and agriculture or industrial machinery mechanics. Our
observation of an association between ever-exposure
to metals was similar to previous studies that found
an association between any exposure (high or low) to
metals with lung function and chronic lung disease (1,
4, 7). However, due to lack of lifetime work history cal-
endar, previous studies were unable to assess cumulative
exposure (1, 4, 7).

The major strengths of our study include the use
of post-BD spirometry to define fixed AO, the avail-
ability of lifetime work histories for the participants’
entire working life, the use of a general population
-based ALOHA plus JEM and adjustment for important
potential confounding factors collected prospectively
over time. The lifetime work histories allowed us to
calculate ever and cumulative EU years and reduces the
chance of recall bias as the participant is asked to recall
their entire work history not just jobs they may recall as
having high exposure to a possible causative agent. The
main limitations of our study include possible sources
of information bias, including recall and misclassifica-
tion bias, and selection bias such as non-response bias.
There is the possibility of recall or "exposure suspi-
cion" bias caused by the participant’s selective recall
of exposures. We have at least reduced the possibility
of this type of bias using a JEM based on lifetime work
history calendars that collected information on all jobs
the participant has ever held irrespective of the possi-
bility of exposure. JEM themselves may be affected by
non-differential misclassification bias of the exposure
due to the heterogeneity of exposure within a given job
title or occupation, but, if present, such non-differential
misclassification would be expected to underestimate the
true effects of exposure. Furthermore, the interviewing
staff and participants were blinded to the occupational
exposure hypothesis reducing the possibility of informa-
tion biases. The next possible type of bias in our study
is selection or non-response bias or "healthy volunteer"
bias, caused by the participants choosing to participate
in the laboratory study. Participants who self-select to
participate in a study have in general better health than
those who do not. We cannot fully exclude this type of
bias however we did adjust all analysis for factors found
to differ between those who attended the laboratory
and those who did not. Based on these limitations, we
suggest that our results should be viewed as hypothesis-
generating rather than proof that these exposures are
causal and replication in another cohort is needed.

In conclusion, our study has shown that cumulative
EU years to chlorinated solvents is associated with
increased risk of post-BD fixed AO among women but
not men. We have also shown that this association is not
due to greater exposure of women and suggest that this
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may be due to their greater susceptibility. We also found
that ever-exposure to metals was associated with fixed
AO. Our study emphasizes the need to utilize post-BD
spirometry to define fixed AO which allows adequate
consideration of asthma, especially for a middle-aged
population. Our findings highlight the need to reduce
workplace exposure to solvents and metals by eliminat-
ing the source of exposure origin, improving adher-
ence to use of recommended protective equipment,
and workplace monitoring of exposure levels could be
implemented. Preventive measures and exposure control
strategies could be linked to periodic workplace risk
assessment of the exposure in the relevant industries.
By enhanced follow-up to and use of protective equip-
ment, the burden of fixed AO caused by occupational
exposures has the potential to be substantially reduced.
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METHODS

Quality and Calibration measures for lung function

All participant testing was performed in accredited lung function laboratories with trained
staff and strictly followed ATS/ERS guidelines. Briefly, the accuracy of spirometer was
checked regularly at the study site per the manufacturer’s guideline with a 3L calibration
syringe (15 mL volume calibration was used). The calibrated syringe was stored at the same
temperature, maintained at the same humidity, kept away from sunlight and heat sources.

Spirometers were also checked regularly to identify any leakages or mechanical errors.

Z-score conversion of lung function
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We also calculated z-score values for post-bronchodilator FEV1, FVC, and FEV1/FVC from the
Global Lung Initiative {GLI-2012) regression equations (1) which have been validated in an
Australian population (2) and Dico from the reference equation by Thompson and
colleagues (3). A z-score is the deviation from the mean predicted value, where 95% of the
normally distributed population mean lies between —-1.96 standard deviation (SD) to +1.96
SD. In other words, a positive z-score indicates the data point is above the population mean
whereas a negative z-score indicates the data point is below the population mean. For
example, if the z-score of the FEV; = -1.0, that signifies that the FEV; is less than the mean
of the reference population {4). We also used pre-BD lung function to define airflow

obstruction (AQ) and compare the effect estimates observed with fixed nature of AQ.

Definitions of confounding variables

Current asthma was defined by an affirmative response to the question “Have you, at any
time in your life, suffered from attacks of asthma or wheezy breathing?” and having the last
attack of asthma within last 12 months. Childhood asthma was defined as asthma reported
at age 7 and 13 by an affirmative response by the parents to the question “Has he/she at
any time of his/her life suffered from attacks of asthma or wheezy breathing?” Smoking
status of the participants was categorized as current, past and never-smokers. Current
smoker was defined as smoking status within last four weeks. Pack-years were calculated
as the number of cigarettes smoked per day divided by 20 multiplied by the number of
years of smoking {5). Childhood and adulthood socioeconomic status were defined using

Australian census data of Socio-Economic Indexes for Areas (SEIFA indexes) (6). We used
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the Index of Education and Occupation {IEQ) variables that focused on the skills of the
people required in different occupations. A high IEO score indicated that individuals who

lived in that area had high qualifications and highly skilled jobs.

RESULTS

A comparison of non-responders to different parts of the 2002 to 2008 follow-up study is
shown in Supplementary material (Supplementary Table S1). We had a higher proportion
of men in our “laboratory invitees but non-attenders” group, and our “laboratory invitees
but non-attenders” were also more likely to be current and heavier smokers. Current
employment status (employed or not) was not significantly different between the groups.
Overall, 29.4% were exposed to aromatic solvents, 23.6% exposed to metals, 21.9%
exposed to chlorinated solvents and 39.6% of participants were exposed to other solvents.
Men were more likely to have had any exposure and to have had greater cumulative-EU-

years to both solvents and metals than women (Supplementary Table 52).

Supplementary Table 51: Comparisons of characteristics between responders and non-
responders at of 2002 to 2008 follow-up study
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Study characteristics Laboratory Laboratory p- Completed Postal | p-value
attendees non-attendees | value* | survey only Rt
Sample size N=1,397 N=990 N=3,350
Sex, % 0.03 0.92
Men 684 (51.6) 509 (54.3) 1,574 (50.6)
Women 651 (48.3) 417 (45.6) 1,558 (49.3)
Smoking history
Never, n (%) 586 {44.6) 323 (36.8) 1,366 (41.0)
Past, n (%) 413 (29.6) 259 (27.3) 1,037 (30.9)
Pack-years, median[IQR] 7.5[2-17.4] 11[2.3-22.5] <0.001 | 8[2-18.8] 0.71
Current, n (%) 392 (25.7) 395 (35.8) 933 (28.0)
Pack-years, median[IQR] 21[9.5-30] 23.3[13.5-33.7] 19.5[10-29.4]
Currently employed, n (%) | 1,182 (87.0) | 802 (84.4) 0.16 2,868 (85.9) 0.28
Ever asthma 929 (39.8) 636 (44.2) <0.001 | 710(11.7) <0.001
Child asthma 401 (15.2) 282 (15.3) <0.001 | 112 (1.3) <0.001
Definitions of abbreviations: SD, Standard Deviation; IQR, Interquartile Range;
t The estimate prevalences were calculated using inverse-probability-of-inclusion weights to
adjust for the enriched sample of the 2002 to 2008 follow-up survey
* comparing laboratory attendees to non-attendees
** compared postal survey participants to laboratory attendees
Supplementary Table $2: Descriptions of occupational exposures
Exposures Both (n=1335) Men (n=684) Women (n=651)
Aromatic solvents n % Median IQR n % Median IQR n % Median IQR
Not expased 943 706 369 | 53.9 574 88.2
Exposed 392 29.4 315 | 46.1 77 11.8
Cumulative exposure 11 4,5-23 13 5-25.5 5 2-10
Chlorinated solvents
Not expased 1,042 | 78.1 446 | 65.2 596 91.6
Exposed 293 219 238 | 34.8 55 8.5
Cumulative exposure 18.5 6.5-45 23 8.5-56 8 2-135
Other solvents
Not exposed 807 60.5 352 | 51.5 455 69.9
Exposed 528 29.6 332 | 435 196 301
Cumulative exposure 13 5-24.5 13 B-25 13 4-24.5
Metals
Not exposed 1,020 | 76.4 388 | 56.7 632 97.1
Exposed 315 236 2056 | 433 19 2.9
Cumulative exposure 17 6-42 18 6.5-46 5.5 1.5-26
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Supplementary Table $3: Associations between ever exposures and lung functions (n=1335)

Exposures Z-score FEVy Z-score FVC Z-score FEV1/FVC Z-score Dico
N B 95%C| P- B 95%C| P- B 95%Cl P- B 95%Cl P-
value value value value
Aromatic solvents
Not exposed 942 Ref. Ref. Ref. Ref.
Exposed 392 0.05 -0.08t0 0.18 0.44 0.10 | -0.02 10 0.22 0.09 -0.05 -0.17 to 0.08 0.47 0.02 -0.09 to 0.15 0.64
Chlorinated solvents
Not exposed 1,041 | Ref. Ref. Ref. Ref.
Exposed 293 002 |-01l1to017 | 0.68 0.10 | -0.02t00.23 | 0.11 -0.07 | -0.21to0 0.06 0.29 -0.02 |-015t00.11 | 077
Other solvents
Not exposed 806 Ref. Ref. Ref. Ref.
Exposed 528 -0.06 | -0.18t00.05 | 0.29 0.01 | -0.09t00.12 | 0.79 -0.08 | -0.20t0 0.03 0.12 0.02 -0.08t00.13 | 0.63
Metals
Not exposed 1,019 | Ref. Ref. Ref. Ref.
Exposed 315 -0.05 | -0.20t00.09 | 0.48 0.08 | 0.05t00.22 | 0.21 -0.17 | -0.33 to -0.02 0.01 -0.04 |-019t00.08 | 049
T Adjusted for sex, smoking, pack-years, childhoed and adulthood sociceconomic status, and childhood and adulthood asthma
Supplementary Table S4: Associations between cumulative-EU-years and lung functions (n=1201)
Exposures Z-score FEV1 Z-score FVC Z-score FEV1/FVC Z-score Dico
B 95%Cl pP- B 95%ClI P- B 95%ClI P- B 95%Cl P-value
value value value
Aromatic solvents -0.01 | -0.06tc0.04 | 0.84 0.02 -0.02t0 0.06 | 0.42 -0.03 | -0.08t00.02 | 0.23 -0.02 | -0.06tc0.03 | 0.47
Chlorinated solvents -0.01 | -0.03tc0.02 | 0.64 -0.01 | -0.02t00.02 | 0.93 0.0 -0.02t0 0.02 | 0.75 -0.02 | -0.04tc0.01 | 0.16
Other solvents -0.01 | -0.05t0c0.03 | 0.71 -0.01 | -0.04t00.03 | 0.74 0.0 -0.04 to 0.04 | 0.86 -0.02 | -0.05t0 0.02 | 0.39
Metals -0.01 | -0.03tc0.02 | 0.52 -0.00 | -0.02t00.02 | 0.73 0.0 -0.02t00.03 | 0.71 -0.01 | -0.04tc0.01 | 0.38
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Supplementary Table S5: Associations between ever exposures, and airflow obstruction using pre-BD lung

function measures

Pre-BD FEV:/FVC<0.7 Pre-BD FEV:/FVC<LLN

No Yes | RR 95%Cl No Yes | RR 95%ClI
Exposure 1,138 | 197 1,143 | 192
Aromatic solvents
Not exposed 816 127 | Ref. 819 124 | Ref.
Exposed 322 70 1.21 0.84-1.74 | 324 68 1.23 0.85-1.78
Chlorinated solvents
Not exposed 896 146 | Ref. 899 143 | Ref.
Exposed 242 51 1.12 0.76-1.65 | 244 49 1.12 0.75-1.65
Other solvents
Not exposed 705 102 | Ref. 709 98 Ref.
Exposed 433 95 1.39 1.00-1.93 | 434 94 1.46 | 1.05-2.05
Metals
Not exposed 886 134 | Ref. 890 130 | Ref.
Exposed 252 63 1.47 1.00-2.21 | 253 62 1.57 1.04-2.39

T Adjusted for sex, smoking, pack-years, childhood and adulthood socioceconomic status, and
childhood and adulthood asthma .

Supplementary Table S6: Association between cumulative EU-years, and airflow obstruction using pre-BD

lung function measures

Pre-BD FEV./FVC<0.7 Pre-BD FEV:/FVC<LLN
0, - 0, -
Cumulative EU-years RR 3% cl P RR 95% cl P
value value
Aromatic solvents 1.00 [ 0.98-1.01 | 0.82 1.00 |0.98-1.01 | 0.87

Chlorinated solvents 0.99 |[0.98-1.00 | 0.31 0.99 | 0.99-1.00 | 0.59

Other solvents 0.99 | 0.98-1.01 | 0.69 0.99 | 0.98-1.01 | 0.80

Metals 0.99 |[0.98-1.00 | 0.29 0.99 |0.98-1.00 | 0.58

T Adjusted for sex, smoking, pack-years, childhood and adulthood socioeconomic status, and
childhood and adulthood asthma .
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Supplementary Table S7: Associations between ever exposures, fixed airflow obstruction-GOLD and fixed airflow obstruction-LLN

stratified by sex

Fixed AC -GOLD Fixed AO -LLN
Men Women Men Women
Exposure No Yes | RR | 95%Cl No Yes | RR 95%Cl No Yes | RR 95%Cl No Yes | RR 95%CI|
614 70 608 43 615 69 608 43
Aromatic solvents
Not exposed 338 31 Ref. 535 39 Ref. 338 31 Ref. 535 33 Ref.
Exposed 276 39 1.43 | 0.83-2.44 73 4 0.53 0.15-1.91 277 38 1.39 0.81-2.38 73 4 0.53 | 0.15-1.91
Chlorinated solvents
Not exposed 405 41 Ref. 559 37 Ref. 405 41 Ref, 559 37 Ref.
Exposed 209 29 1.29 | 0.75-2.22 49 6 2.03 0.78-5.30 210 28 1.25 0.72-2.15 49 6 2.03 | 0.78-5.30
QOther solvents
Not exposed 321 31 Ref, 428 27 Ref, 321 31 Ref, 428 27 Ref,
Exposed 293 39 1.25 | 0.74-2.14 180 16 1.49 | 0.74-3.01 294 38 1.23 0.72-2.08 180 16 1.49 | 0.74-3.01
Metals
Not exposed 356 32 Ref. 562 40 Ref. 356 32 Ref. 552 40 Ref.
Exposed 258 38 1.63 | 0.95-2.80 16 3 1.88 0.40-8.95 259 37 1.58 0.92-2.73 16 3 1.88 | 0.40-8.95

Supplementary Table $8: Job distribution of number of participants exposed to chlorinated solvents

Job title description 1SCO-88 Number of
participants

Women exposed to chlorinated solvents
Hand-launderers and pressers 9133 12
Sculptors, painters and related artists 2452 11
Decorators and commercial designers 3471 9
Chemist 2113 9
Hairdresser or beauticians 5141 7
Chemical and physical science technicians 3111 5
Precision, handicraft, printing and related trades 7300 2
workers

Total 55
Men exposed to chlorinated solvents
Metal-, rubber- and plastic-products assemblers 8284 46
Glass, ceramics and related decorative painters 7324 38
Mechanical engineering technicians 3115 32
Electrical and electronic equipment mechanics and 7240 27
fitters
Sheet metal workers 7213 27
Painters, building structure cleaners and related 7140 25
trades workers
Blacksmiths, tool-makers and related trades workers | 7220 18
Wood treaters, cabinet-makers and related trades 7420 13
workers
Metal finishing-, plating- and coating-machine 8223 12
operators
Ships' engineers 3141 6

Total 238
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Chapter 7 Occupational exposures and lung

function decline
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7.1  Chapter abstract

People occupationally exposed to dusts, gases, fumes, and pesticides are at a greater
risk of lung function decline and increased risk of COPD in their later life. Cross-sectional
studies have shown an association between these occupational exposures and lower level of
lung function. However, longitudinal analysis using a general population-based sample for
the association between occupational exposures and lung function decline is very limited.
Furthermore, occupational exposure to solvents, which has known respiratory health effects,
have not been widely investigated in longitudinal analysis. The aim of this study was to
investigate the association between occupational exposure and longitudinal lung function

decline.

Decline in lung function between age 45 and 50 years was assessed using 767
participants from the Tasmanian Longitudinal Health Study. Lifetime work history calendars
were recorded at age 45 years, and occupational exposure was assigned using the ALOHA
plus JEM and defined as ever exposure and cumulative exposure-unit-years. | tested effect

modification by sex, smoking and asthma status.

Ever exposure to aromatic solvents and metals were associated with a greater decline
in FEV1 (aromatic solvents -15.53mL/year [95%ClI; -24.78, -6.28]; metals -11.31mL/year [-
21.92, -0.69]) and FVC (aromatic solvents -14.06mL/year [-28.76, -0.65]; metals -
17.54mL/year [-34.32, -0.76]). Cumulative exposure-unit-years to aromatic solvents were
also associated with greater decline in FEV1 and FVC. Women had lower cumulative
exposure-unit-years to aromatic solvents than men (mean[SD] 9.6[15.5] vs 16.6[14.6]) but
women had greater lung function decline than men. We also found an association between

ever exposure to gases/fumes and mineral dust with greater decline in lung function.

In this longitudinal analysis, 1 found associations between different classes of
occupational exposures and a greater lung function decline between the ages of 45 and 50
years. In particular, both aromatic solvents and metals exposure were associated with greater

lung function decline. I also found women had a greater lung function decline compared to
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men even with fewer years of exposure to aromatic solvents. This highlights the need for

greater preventive strategies aimed at reducing exposure to solvents at the workplace.

7.2  Chapter introduction

Adult lung function decline is a normal feature of aging, but an excess decline during
adulthood can result in COPD, and is a predictor of higher overall mortality and morbidity
(4). ldentification of modifiable risk factors for early lung function decline therefore has
important broad health implications. However, the evidence on such factors is scarce due to

a limited number of studies with repeated lung function measurements over time.

Occupational exposures, mainly VGDF (90, 166, 168, 169) and pesticides, (90) have
been investigated as risk factors for lung function decline in previous studies. While some
have observed these exposures to have a detrimental effect on lung function decline. others
have contradicted these findings (84, 170). Two common exposures gaining increasing
recognition as having an impact on lung function are solvents and metals exposures (24, 153).
Cross-sectional studies have suggested that exposure to solvents (153, 154) and metals (154)
are associated with lower levels of lung function but these studies have been unable to

establish a temporal relationships.

A major limitation of some of the previous population-based studies of lung function
decline have been the use of self-reported data on occupational exposure and/or current or
most recent job to define occupational exposure, which is subject to information and selection
bias (167-169). JEMs provide some protection from these types of bias because they are
applied consistently to reported job title and do not rely on self-exposure assessment and
therefore the use of lifetime WHC enables cumulative exposures to be calculated (54).
However, few population-based studies have used JEMs to investigate the association
between occupational exposures and lung function change, but none have investigated
exposures to solvents and metals (84, 90, 165) using JEM. Another limitation is the lack of
investigation into effect modification by sex given some studies have shown women having

a higher susceptibility to occupational exposures (171, 172).
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Given the discrepancies with and limitations of the occupational studies conducted to
date, in this chapter, my aim was to investigate the association between occupational
exposure and lung function decline using a general population-based cohort. | also
investigated potential effect modification on the relationship by sex, asthma and smoking

status.

7.3  Research questions and aims

7.3.1 Research questions
1. What is the association between occupational exposures and lung function decline?
2. Is the effect of occupational exposure and lung function decline have been modified

by sex, smoking, and asthma?

7.3.2 Aims
1. To investigate the relationship between occupational exposures and lung function
decline.
2. To examine the potential effect modification by sex, smoking, and asthma on these

relationships.

7.4 Methods
7.4.1 Study design

The study consisted of participants from the 2002 to 2008 and 2010 to 2012 follow-
up surveys of the TAHS for which methodology and previous results have been published
elsewhere (29). Briefly, TAHS began in 1968 by recruiting essentially all 8583 school
children born in 1961 (98.9% response rate) in Tasmania. In 2002 to 2008 follow-up, 7562
(88.1%) participants were traced to a residential address, and 5,729 (78.4%) responded to a
postal survey. Starting in 2004 a subsample (n=2387) of these participants, selected on the
basis of participation in previous follow-ups and enriched for participants with a history of
asthma and bronchitis were invited to take part in a detailed clinical study. Of those 2004
clinical study participants invited, 1397 (58.6%) participated and 354 (14.8%) completed a
telephone questionnaire only. In 2010, a new follow-up was conducted on the laboratory
attendees from the 2004 clinical study participants. Of 1397 who were eligible, a small
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number of participants had died or had withdrawn from the cohort (29). Therefore, of the
remaining 1375 were re-invited, 840 (61.1%) took part in a full laboratory visit, 286 (20.8%)
declined to participate and 249 (18.1%) could not be located. (Figure 7.1). In this analysis, |
included 767 participants who completed lung function testing at both follow-ups and

lifetime work history calendar during 2002 to 2008 follow-up studly.

................................................................................................

2002 to 2008 follow-up 2010 to 2012 follow-up
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8583 Tasmanian school children enrolled in
1968. cohort born in 1961

4

7562 traced to an address and 5729
responded to a postal survey in 2002 to
2008 follow-up

i /

2387 invited for laboratory study based on
earlier participation and symptoms of asthma
and chronic bronchitis

Y

1397 attended laboratory and completed 1375 re-invited for laboratory
spirometry and 1599 completed lifetime "1 study in 2010 to 2012 follow-up |

work history calendars in 2002 to 2008

follow-up '

840 attended the laboratory study,
286 declined to participate and 249
were not located

J— \ - .

767 participants were included in this
longitudinal analysis, who completed spirometry
in both follow-up and completed lifetime work

history calendars in 2002 to 2008 follow-up

Figure 7.1 Flow chart illustrating study design in two follow-ups
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7.4.2 Lung function measurements

Both pre-and post- BD spirometry was collected in first follow-up (2002 to 2008) but
only pre-BD spirometry was conducted in 2010 to 2012 follow-up. Therefore, this analysis
was able to investigate only the pre-BD lung function decline. During the follow-up, FEV1
and FVC were measured using the EasyOne Pro® Ultrasonic Spirometer (ndd,
Medizintechnik, AG, Switzerland) according to the American Thoracic Society (ATS) and
European Respiratory Society (ERS) joint statement (40). Pre-BD lung function decline was
calculated as FEV1 (mL/year) (AFEV1), FVC (mL/year) (AFVC) and FEV1/FVC (%l/year)
(AFEV1/FVC) divided by the time interval (in years).

7.4.3 Occupational exposures

Occupational exposure was classified using the lifetime work history calendars that
were collected from the participants from the 2002 to 2008 follow-up. Details of occupational
exposure assessment were reported in the Chapter 4, section 4.4 in this thesis. | used general
population-based JEM called the ALOHA plus JEM (85) and assigned exposures into
biological dust, mineral dust, gases/fumes, VGDF, all pesticides, herbicides, insecticides,
aromatic solvents, chlorinated solvents, other solvents and metals. In case participants had
two different jobs at the same time, exposures of both jobs were averaged and allocated half
of the exposure. | defined people as having ever exposure if they had exposure for any job
over their working life. | also combined low and high exposure categories to define as ever
exposure because of the small number of participants in the high exposure group limiting the
statistical analysis. Cumulative exposure-unit (EU)-years were calculated by multiplying the

number of years worked in a given job and exposure intensity squared for the given job (19).

7.4.4 Definitions of confounders

Having had asthma was defined by an affirmative response to the question “Have you
ever had asthma?”” Current asthma was based on self-reported symptoms in the morning, day-
time and night-time or flare-ups in the last 12 months. Childhood asthma was defined as
asthma reported at age 7 and 13 by an affirmative response by the parents to the question
“Has he/she at any time of his/her life suffered from attacks of asthma or wheezy breathing?”

Smoking status of the participants was categorised as current, past and never-smokers.
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Current smoker was defined as smoking status within last four weeks. Pack-years were
calculated as the number of cigarettes smoked per day divided by 20 multiplied by the
number of years of smoking (19). Childhood and adulthood socioeconomic status were
defined using Australian census data of Socio-Economic Indexes for Areas (SEIFA indexes)
(186). | used the Index of Education and Occupation (IEO) variables that focused on the
skills of the people required in different occupations. A high IEO score indicated that people
who lived in that area had high qualifications and highly skilled jobs.

7.4.5 Statistical analyses

Stata 13.1 (Stata Corporation, College Station, Texas, USA) was used for all analysis.
The association between occupational exposure and spirometric indices was investigated
using multiple linear regression. The estimates were calculated using inverse-probability-of-
inclusion weights to adjust for the enriched sample of the 2002 to 2008 follow-up. The
regression models were adjusted for sex, height, smoking status, pack-years, childhood
asthma, current asthma in both follow-up, and socioeconomic status in both childhood and
adulthood (186).

Effect modification by sex, smoking, and asthma on the association between
occupational exposure and lung function decline was also assessed. | compared the model
with or without effect modification, and the p-value was reported using likelihood ratio test.
I did not find any effect modification by smoking and asthma, but | did observe effect
modification with sex, and therefore, the association between cumulative EU-years and lung
function decline was further stratified by sex. A p-value<0.05 was considered as statistically

significant.

The final models of biological dust, mineral dust, gases/fumes, and VGDF were
additionally adjusted for pesticides, the models of pesticides, were adjusted for VGDF and
models analysing solvents, and metals were additionally adjusted for both VGDF and
pesticides due to the presence of correlation (Table E4). Furthermore, three categories of
solvents (aromatic, chlorinated and other solvents) were included one by one as an additional

confounder in the adjusted regression model with another solvents exposure (for example;
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chlorinated and other solvents were added to the model with aromatic solvents) to observe
the change in the effect estimates. As this model does not alter the effect estimated by 10%
or more, additionally confounders were not included in the final model. Participants with

missing work history calendar (n=44) were excluded in cumulative EU-years analysis.

7.5  Results
7.5.1 Population characteristics

Table 7.1 presents the characteristics of study participants. Virtually half of the 767
participants who took part in both the clinical follow-ups were men (49.97%). The average
follow-up time was six years. Between the follow-up visits, the percentage of active smokers
decreased from 20% to 15% (Table 1). The estimated mean lung function decline for all
participants was -27.75 mL/year for FEV1 (95% CI -31.32, -24.19), -33.37 mL/year for FVC
(95% CI -39.02, -27.74), and -0.63 %/year for FEV1/FVC ratio (95% CI -0.69, -0.56).

Table 7.1 Study characteristic and lung function

Study characteristics 2002 to 2008 2010 to 2012
follow-up follow-up
Age, year (mean, SD) 44.84 (0.82) 49.61 (0.61)
Sex, n (%)
Men 382 (49.97)
Women 385 (50.0)
Height, cm (mean, SD) 170.36 (8.67)
Smoking history
Never, n (%) 345 (47.07) 345 (46.21)
Past, n (%) 243 (32.68) 284 (38.92)
Pack-years, median [IQR] 6.3[1.8-17.8] 6.3 [1.4-18]
Current, n (%) 179 (20.24) 138 (14.86)
Pack-years, median [IQR] 21 [7.5-30] 24.5[12.6-33]
Pre-bronchodilator lung function (mean, SD)
FEV1, mean decline (mL/year, 95% CI) -27.75 (-31.32, -24.19)
FVC, mean decline (mL/year, 95% CI) -33.37 (-39.02, -27.74)
FEV1/FVC, mean decline (%/year, 95% CI) -0.63 (-0.69, -0.56)
Current asthma, n (%) 203 (17.51) 177 (14.91)
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7.5.2 Prevalence of occupational exposures

The prevalence of occupational exposures is presented in Table 7.2. The most
common exposure was the combined measure to VDGF with 75% of participants having
exposure at some point in their working life. Exposure to gases/fumes was also high at 71%,
followed by biological dust (53%), mineral dust exposure (50%), aromatic solvents (29%)
and metals (22%).

Table 7.2 Prevalence of occupational exposures

Exposures Not exposed n Exposed n Cumulative EU- years
(%) (%) (IQR)
Biological dust 350 (47.1) 417 (52.8) 16 (6-29.5)
Mineral dust 379 (49.9) 388 (50.1) 17.5 (6-44)
Gases/fumes 223 (29.4) 544 (70.5) 19 (8-33)
VGDF 193 (25.6) 574 (74.3) 25 (10.5-64)
Aromatic solvents 550 (71.5) 217 (28.5) 10.5(4.5-23)
Chlorinated solvents 616 (79.5) 151 (20.4) 19.5 (7.5-52)
Other solvents 471 (61.2) 296 (38.7) 14(5-26)
Metals 606 (78.1) 161 (21.8) 19 (6-48.5)
All pesticides 646 (86.0) 121 (13.9) 16 (6-31.5)
Herbicides 665 (87.9) 102 (12.0) 10 (4-24)
Insecticides 672 (89.0) 95 (10.9) 16 6-33.5)

7.5.3 Ever exposure to occupational exposures and lung function decline

Table 7.3 shows the association between ever exposure to dust, gases/fumes, solvents
and metals and lung function decline. Those who were ever exposed to gases/fumes had a
significant greater decline in FEV1 of -11.7 mL/year (95%Cl; -19.51, -3.9) compared to those

not exposed to gases/fumes.

Ever exposure to aromatic solvents was associated with a greater decline in FEV1 (-
15.53 mL/year, 95%Cl; -24.78, -6.28) and FVC (-14.06 mL/year, 95% CI; -28.76, -0.65) but
not with FEV1/FVC ratio. Ever exposure to metals was associated with a greater decline in
FEV1 (-11.31 mL/year, 95%Cl; -21.92, -0.69) and FVC (-17.54 mL/year, 95% ClI; -34.32, -
0.76). Ever exposure to chlorinated solvents was associated with greater decline in FEV1 (-
11.56 mL/year, 95%CIl; -21.54, -1.57) but not with FEV1/FVC ratio and FVC. Ever exposure
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to mineral dust (-0.17%/year, 95% ClI; -0.32, -0.02), and gases/fumes (-0.20%/year, 95% ClI;
-0.36, -0.05) were associated with a greater decline in FEV1/FVC ratio. No significant
association were found for any forms of pesticides with any of the outcome (Table 7.4).
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Table 7.3 Associations between ever exposures to dust and solvents and declines in lung

function
AFEV1 (mL/year) AFVC (mL/year) AFEV1/FVC (%lyear)

Exposure n B (95%CI) + P B (95%CI) P B (95%CI) P
Biological dust
Not exposed Mean (SE) 350 -26.94 (2.89) -26.24 (4.74) -0.69 (0.05)
Exposed Mean (SE) 417 -28.44 (2.29) -39.36 (3.45) -0.58 (0.04)
Unadjusted mean (95% ClI) -1.49 (-8.65, 5.65) 0.68 -13.11(-24.40,-1.83) 0.02 0.10(-0.02,-0.23) 0.12
Adjusted mean (95% CI) 0.47 (-7.72, 8.68) 0.91 -9.3(-22.23,3.62) 0.16 0.05(-0.09,0.20) 0.49
Mineral dust
Not exposed Mean (SE) 379 -25.37 (2.64) -31.47 (3.61) -0.64 (0.04)
Exposed Mean (SE) 388 -30.08 (2.49) -35.24 (4.44) -0.62 (0.05)
Unadjusted mean (95% ClI) -4.71 (-11.82, 2.41) 0.20 -3.76 (-15.04,7.51) 051 0.02(-0.12,0.14) 0.82
Adjusted mean (95% CI) -4.55 (-13.08, 3.96) 0.29 3.75(-9.72,17.22) 059 -0.17(-0.32,-0.02) 0.03
Gases/fumes
Not exposed Mean (SE) 223 -19.45 (3.71) -26.02 (4.81) -0.56 (0.06)
Exposed Mean (SE) 544 -31.16 (2.04) -36.39 (3.52) -0.66 (0.04)
Unadjusted mean (95% ClI) -11.7 (-19.51,-3.9)  0.003 -10.38 (-22.78,2.02) 0.10 -0.09(-0.23,0.04) 0.19
Adjusted mean (95% CI) -11.43 (-20.0,-2.86)  0.009  -4.96 (-18.55,8.62) 0.47 -0.20(-0.36,-0.05) 0.09
VGDF
Not exposed Mean (SE) 193 -21.08 (3.89) -24.9 (5.25) -0.55 (0.06)
Exposed Mean (SE) 574 -30.0 (2.03) -36.22 (3.4) -0.66 (0.03)
Unadjusted mean (95% ClI) -8.92 (-17.11,-0.73) 0.03 -11.32(-24.29,1.65) 0.08 -0.11(-0.26,0.04) 0.16
Adjusted mean (95% CI) -7.83 (-16.69, 1.02) 0.08 -5.75 (-19.76,8.25)  0.42 -0.22(-0.38,-0.06) 0.07
Aromatic solvents
Not exposed Mean (SE) 550 -23.87 (2.04) -29.08 (3.13) -0.64 (0.04)
Exposed Mean (SE) 217 -37.59 (3.7) -44.26 (6.27) -0.62 (0.06)
Unadjusted mean (95% Cl) -13.72 (-21.57,-5.86)  0.001 -15.18 (-27.65,-2.71) 0.02 0.01(-0.12,0.16) 0.81
Adjusted mean (95% CI) -15.53 (-24.78,-6.28)  0.001 -14.06 (-28.76,-0.65) 0.04 -0.05(-0.22,0.11) 0.54
Chlorinated solvents
Not exposed Mean (SE) 616 -25.61 (1.97) -32.19 (2.97) -0.62 (0.03)
Exposed Mean (SE) 151 -36.51 (4.38) -38.2 (8.11) -0.67 (0.08)
Unadjusted mean (95% CI) -10.89 (-19.82,-1.96) 0.01 -6.0 (-20.18, 8.17) 040 -0.05(-0.21,0.11) 0.54
Adjusted mean (95% CI) -11.56 (-21.54,-1.57)  0.02 -3.76 (-19.6,12.07) 0.64 -0.13(-0.31,0.04) 0.15
Other solvents
Not exposed Mean (SE) 471 -24.49 (2.33) -27.46 (3.26) -0.62 (0.04)
Exposed Mean (SE) 296 -32.95 (2.86) -42.78 (5.29) -0.64 (0.05)
Unadjusted mean (95% CI) -8.46 (-14.6, -1.17) 0.02 -13.21(-26.65,-0.24) 0.01 -0.01(-0.15,0.11) 0.81
Adjusted mean (95% CI) -6.08 (-14.6, 2.43) 0.16 -13.2(-26.6,0.24)  0.05 0.02(-0.12,0.18) 0.72
Metals
Not exposed Mean (SE) 606 -25.6 (1.95) -29.56 (2.86) -0.64 (0.03)
Exposed Mean (SE) 161 -35.87 (4.49) -47.75 (8.35) -0.59 (0.07)
Unadjusted mean (95% CI) -10.27 (-18.99,-1.55)  0.02  -18.20(-31.99,-4.41) 0.01  0.05(-0.10,0.21) 0.52
Adjusted mean (95% CI) -11.31(-21.92,-0.69) 0.04 -17.54(-34.32,-0.76) 0.04 -0.07(-0.26,0.11) 0.43

+ Adjusted for sex, height, smoking, pack-years, childhood and adulthood socioeconomic status, childhood and adulthood asthma and sampling weight, the models with

VGDF were additionally adjusted for pesticides and models with solvents and metals were additionally adjusted for both pesticides and VGDF
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Table 7.4 Associations between ever exposures to pesticides and decline in lung function

AFEV1 (mL/year) AFVC (mL/year) AFEV1/FVC (Yolyear)

Exposure n B (95%CI) P- B (95%CI) P- B (95%CI) P-
value value value

All pesticides
Not exposed Mean (SE) 646 -27.11 (1.94) -31.93 (3.03) -0.65 (0.03)
Exposed Mean (SE) 121 -31.22 (4.95) -41.1 (8.32) -0.57 (0.09)
Unadjusted mean (95% ClI) -4.11 (-13.89,5.65) 0.41 -9.17 (-24.63,6.28)  0.24  0.07 (-0.10,0.25)  0.39
Adjusted mean (95% CI) -2.14 (-12.61,8.32) 0.68  -3.50(-20.05,13.04) 0.68 0.06 (-0.12,0.25) 0.47
Herbicides
Not exposed Mean (SE) 665 -26.97 (1.93) -31.96 (2.97) -0.65 (0.03)
Exposed Mean (SE) 102 -32.85 (5.17) -42.62 (9.44) -0.54 (0.09)
Unadjusted mean (95% CI) -5.88 (-16.36,4.61) 0.27  -10.66 (-27.25,5.93) 0.21  0.11(-0.08,0.30) 0.25
Adjusted mean (95% CI) -4.86 (-16.0,6.26) 0.39 -6.51(24.12,11.09) 0.47  0.09 (-0.10,0.30) 0.33
Insecticides
Not exposed Mean (SE) 672 -27.22 (1.95) -32.09 (3.01) -0.65 (0.03)
Exposed Mean (SE) 95 -31.57 (4.88) -42.49 (9.23) -0.49 (0.09)
Unadjusted mean (95% CI) -4.35 (-15.16,6.46) 0.43 -10.4 (-27.51, 6.7) 0.23 0.15(-0.04,0.35) 0.12
Adjusted mean (95% CI) -2.83 (-14.26,8.59) 0.62 -6.5 (-24.57,11.57) 0.48 0.15(-0.05,0.35) 0.14

+ Adjusted for sex, height, smoking, pack-years, childhood and adulthood socioeconomic status, childhood and adulthood asthma and sampling weight, the models with

pesticides were additionally adjusted for VGDF

7.5.4 Cumulative exposure-unit-years and lung function decline

The associations between cumulative exposure-unit (EU)-years and lung function

decline are presented in Table 7.5. Per EU-years increase in cumulative exposure to aromatic

solvents, there was a -0.63 mL/year (95%CI; -1.02, -0.24) greater decline in FEV1 and a -
0.96 mL/year (95%Cl; -1.56, -0.36) greater decline in FVC. | found significant association

between cumulative EU-years to gases/fumes and decline in FEV1 but no associations were

observed with pesticides, herbicides, insecticides exposure and lung function decline.
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Table 7.5 Association between cumulative EU-years and declines in lung function

Cumulative AFEV1 (mL/year) AFVC (mL/year) AFEV1/FVC (Y%lyear)
Exposures-Unit B (95%CI) T P- B (95%CI) P- B (95%CI) P-value
years value value

Biological dust 0.13 (-0.04, 0.3) 0.14 0.14 (-0.12, 0.41) 0.29 -0.0 (-0.003, 0.003) 0.99
Mineral dust 0.09 (-0.05, 0.23) 0.21 0.19 (-0.03, 0.41) 0.09 -0.0 (0.003, 0.002) 0.62
Gases/fumes -0.14 (-0.28, -0.0) 0.04 -0.15 (-0.36, 0.06) 0.17 -0.0 (0.002, 0.002) 0.79
VGDF -0.03 (-0.14, 0.07) 0.54 0.02 (-0.14, 0.19) 0.81 -0.001 (0.002, 0.001) 0.46
Aromatic solvents -0.63 (-1.02,-0.24)  0.002  -0.96 (-1.56,-0.36)  0.002 0.003 (-0.004, 0.01) 0.38
Chlorinated solvents -0.12 (-0.29,0.05) 0.18 -0.09 (0.36, 0.17) 0.47 -0.001 (0.004, 0.001) 0.42
Other solvents -0.10 (0.39, 0.19) 0.49 -0.33 (-0.78, 0.12) 0.14 0.001 (0.003, 0.006) 0.65
Metals -0.04 (0.21, 0.13) 0.65 -0.10 (-0.27, 0.25) 0.93 -0.002 (-0.004, 0.001) 0.22
All pesticides 0.15 (-0.15, 0.46) 0.32 0.6 (0.13, 1.07) 0.01 -0.0 (0.006, 0.005) 0.86
Herbicides 0.33(-0.11, 0.77) 0.14 0.64 (-0.03, 1.32) 0.06 0.003 (-0.005, 0.1) 0.51
Insecticides 0.09 (-0.24, 0.43) 0.57 0.62 (0.09, 1.13) 0.01 -0.0 (-0.006, 0.005) 0.89

1 Adjusted for sex, height, smoking, pack-years, childhood and adulthood socioeconomic status, childhood and adulthood asthma and sampling weight, the models with
pesticides were additionally adjusted for VGDF, the models with VGDF were adjusted for pesticides and models with solvents and metals were additionally adjusted for
both pesticides and VGDF

7.5.5 Effect modification

I examined if the relationships between occupational exposures and lung function
decline were modified by sex, asthma and smoking. Neither asthma nor smoking modified
any associations. However, | observed a significant effect modification by sex and
cumulative EU-years to aromatic solvents (Table 7.6) for greater decline in FEV1 (p =0.02)
and FEV1/FVC ratio (p =0.01). Even so, | found that women had fewer cumulative EU-years
to aromatic solvents (mean+SD=9.6+15.5) compared to men (mean+SD=16.6+14.6). Figure
7.2 displayed the predicted decline in FEV1, FVC (Figure 7.3) and FEV1/FVC (Figure 7.4)
ratio that were calculated using the linear estimates from the multiple linear regression
models. In this model, women with increasing cumulative EU-years to aromatic solvents had
a greater lung function decline. However for men I did not observe any such relationship. |
did not observe that sex to modify the associations related to any of the other exposures.
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Table 7.6 Effect modification by sex on the relationship between cumulative EU-years to

solvents and lung function decline

Cumulative exposure- Women Men p-trend for

unit years B (95% CI) B (95% CI) effect
modification

Aromatic solvents

AFEV1 (mL/year) -1.44 (-2.26, -0.63) -0.37 (-0.81, 0.06) 0.02

AFVC (mLl/year) -1.8 (-3.05, -0.55) -0.73 (-1.4, -0.04) 0.14

AFEV1/FVC (%/year)  -0.013 (-0.027, -0.001) 0.008 (0.0, 0.02) 0.01

Chlorinated solvents

AFEV; (mL/year) -1.19 (-2.71, 0.33) -0.11 (-0.28, 0.07) 0.16

AFVC (mL/year) -1.73 (-4.06, 0.61) -0.08 (-0.35, 0.18) 0.17

AFEV1/FVC (Yo/year)  -0.013 (-0.039, 0.013) -0.001 (0.004, 0.002) 0.37

Other solvents

AFEV1 (mL/year) 0.09 (-0.33, 0.51) -0.23 (-0.63, 0.16) 0.25

AFVC (mL/year) -0.05 (-0.69, 0.59) -0.59 (-1.19, 0.007) 0.22

AFEV1/FVC (%/year)  -0.003 (-0.01, 0.004) 0.005 (-0.001, 0.012) 0.09

+ Adjusted for sex, height, smoking, pack-years, childhood and adulthood socioeconomic status, childhood and adulthood asthma

and sampling weight, the models with solvents were additionally adjusted for pesticides and VGDF
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Figure 7.2 The association between cumulative years of exposure to aromatic

solvents and linear predicted decline in FEV1, stratified by sex. Circles represent the decline

of the FEV1 and the bars represent the 95% confidence interval
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Figure 7.3 The association between cumulative years of exposure to aromatic
solvents and linear predicted decline in FVC, stratified by sex. Circles represent the decline

of the FVC and the bars represent the 95% confidence interval
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Figure 7.4 The association between cumulative years of exposure to aromatic
solvents and linear predicted decline in FEV1/FVC ratio, stratified by sex. Circles represent

the decline of the FEV1/FVC ratio and the bars represent the 95% confidence interval

7.6 Chapter discussion

This longitudinal study provides robust evidence that several different classes of
occupational exposure were associated with greater lung function decline between the ages
of 45 and 50 years. Importantly, I found consistently greater lung function decline, with ever
being exposed and cumulative EU-years to aromatic solvents. In particular, 1 observed

significant effect modification by sex of the association between cumulative-EU-years to
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aromatic solvents and lung function decline. Women had a greater decline in both FEV1 and
FEV1/FVC ratio compared to men. | also observed a greater decline in lung function between
the ages of 45 and 50 years for those with ever exposed to gases/ fumes, chlorinated solvents,

and metals.

Cross-sectional studies have provided some evidence for an association between
occupational exposure to solvents and cross-sectional lung function (85, 154), but the
findings are contradictory. A cross-sectional study from France found an association between
specific solvents (benzene, carbon tetrachloride, degreasing agents, other solvents and epoxy
resins) and lower level of lung function (154). Another cross-sectional study from the
Netherlands did not find any association between workplace exposure to solvents and lung
function (85). Several cross-sectional studies (100, 102, 113, 153) and longitudinal study (24)
suggested that solvents exposure was associated with self-reported respiratory symptoms and
chronic bronchitis. The longitudinal Zutphen cohort used lifetime work histories to assign
workplace exposure to solvents and showed that it is related to chronic non-specific lung
disease but no information was reported on lung function decline (24). In this longitudinal
analysis | adjusted for co-exposures including pesticides and/or VGDF and also other
solvents and chlorinated solvents exposures and found it did not effect the results. My study
provides evidence that exposure to solvents is an important risk factor for lung function
decline.

Cumulative EU-years to aromatic solvents was associated with greater decline in
FEV:1 and FVC, however | did not find the same effects for cumulative EU-years to
chlorinated or other solvents. The reason for this differences within the categories of solvents
in my study, or could be related with cumulative exposure to those agents, nature and
chemical structure of the solvents, the level of exposure and the duration of exposure. For
example, some aromatic solvents (e.g. benzene) are absorbed better than chlorinated solvents
depending on their composition and porosity, and the absorption is further influenced by
temperature and humidity (191). The different job distribution between aromatic and
chlorinated solvents in this study may be another explanation for slight variations in the

results. For example, a large proportion of my study population (both men and women)
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exposed to aromatic solvents but not chlorinated solvents are working in painting, electrical,
agriculture, mining, and construction industries, while participants exposed to chlorinated
solvents but not to aromatic solvents are working in hand-launderers, pressers, metal,
machinery and related trade industries. Slight different exposure to aromatic and chlorinated
solvents in different industries that may contain different chemicals resulting slightly
different responses (150). Exposure to solvents also depends on the vapor concentration in
the workplace and actual cumulative dose and the duration inhaled by the participants. The
complex interplay between these factors may also influence lung function decline to different

types of solvents (191).

Importantly, despite women reported a lower cumulative EU-years to aromatic
solvents compared with men (women median=5.5 EU-years, IQR; 2-12.5, men median=13
EU-years, IQR; 5.5-26), women had a greater decline in FEV1 and FEV1/FVC ratio with
increasing cumulative EU-years to aromatic solvents. The women in this study exposed to
aromatic solvents were field crop and vegetable growers, sculptors/painters/artists,
woodworkers, and life science technicians, while men were mostly painters, carpenters,
plumbers, pipe-fitters and fire-fighters. The reason women show a greater decline than men
remains unknown (27). Possible explanations include differences in the patterns of
occupational exposure (27, 28), or due to the presence of female sex hormones (192). Toxins
in the airways are metabolized via the cytochrome P450 pathway (27). The female sex
hormone estrogen can influence this pathway by causing the up-regulation of the CYP1A1,
CYP1A2, CYP2A6, CYP3A4, and CYP1B1 cytochromes. The role of these enzymes in the
toxin metabolism pathway leads to increased oxidation of inhaled substance leading to
increased oxidative stress in the airways and greater risk of airflow obstruction in females
(193). No previous longitudinal studies investigated the effect of lung function on men and
women when exposed to solvents. Few cross-sectional studies conducted on different
occupational exposures and reported significant association with airflow obstruction as
measured by lung function in women but not men (19, 173). The only study that examined
longitudinal lung function decline in the general population did not find any difference
between men and women when exposed to biological dust, mineral dust and gases or fumes

(84). In my study, I also did not find any difference between men and women with ever
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exposure to solvents, but | found association for women with increasing cumulative EU-
years. My findings also suggest that exposure to solvents largely depends on the cumulative

exposure rather than ever exposure.

My analysis shows association between ever exposure to gases/fumes and a greater
decline in FEV1. The European Community Respiratory Health Survey (ECRHS) (84) and
the Vlagtwedde-Vlaardingen cohort (90) studies used the ALOHA JEM to assess
occupational exposure, but they did not find an association between ever exposure (low or
high) to gases/fumes with lung function decline. The Vlagtwedde-Vlaardingen cohort study
found a borderline significant association with cumulative exposure to VGDF (90) but their
association with cumulative exposure to VGDF disappeared after adjustment for possible co-
exposure to pesticides. The Vlagtwedde-Vlaardingen study used the current job to assign
exposure, and there is a possibility that this study underestimated the true impact of
gases/fumes exposure on lung function decline. | used lifetime work history calendars up to
the age 45 years, and my observed association with workplace exposure to gases/fumes

remains even after adjustment for co-exposure to pesticides.

| found an association between ever exposure to metals with greater decline in FEV1
and FVC, and this is consistent with previous workplace based longitudinal study that found
an association with cobalt dust exposure and lung function decline (157). Subjects exposed
to metals in my study described themselves as working in metal or steel industries such as
motor vehicle mechanics and fitters, sheet metal workers, welders and flame cutters and
agriculture or industrial machinery mechanics. A recent meta-analysis included longitudinal
studies on welders also found an association between exposure to welding fumes and lung
function decline (158). This raises the possibilities that the observed association with ever
exposure to metals could be related to inhalation exposure that is, any amount of metal
inhalation may cause pulmonary surfactant impairment resulting in greater lung function

decline.

My study had several strengths including an extensive dataset that allowed for

adjustment for a wide range of confounders including childhood and adult asthma and
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socioeconomic status at both follow-up and co-exposures as indicated. Using lifetime work
history calendars and not just the current or most recent job facilitated the calculation of
cumulative-EU-years, which is critical to understanding the nature of exposure-outcome
relationship, particularly for chronic disease. My exposure was classified based on a JEM
that is less likely to be affected by recall bias but might result in non-differential
misclassification bias due to potential heterogeneity of exposure within a given job title.
However, this misclassification typically results in a bias towards the null resulting in an
underestimation of the true effect. Multiple comparisons were performed but the associations
were consistent across several lung function parameters, suggesting these findings are less
likely to be related chance. Furthermore, occupational history data were collected at 2002 to
2008 follow-up, and there is a chance that participants with respiratory or lung function
problems could have changed their occupations during the follow-up time from high exposed
to low exposed job or vice versa or changed their work environment to reduce the level of
exposure. This may result in underestimation of the observed associations between
occupational exposure and lung function. I used pre-BD lung function measurement, which
is one of the important limitation in my study. However, the correlated exposure between
three categories of solvents likely to affect the association observed in this study, however,

my stricter control of confounders and co-exposures may be helped to rule out this possibility.

In conclusion, my study provides evidence that ever exposure and cumulative-EU-
years to aromatic solvents is associated with greater decline in lung function in this general
Australian population. | also provide a novel insight of effect modification by sex on the
relationship between cumulative EU-years to aromatic solvents and greater lung function
decline. The effect of aromatic solvents is not due to greater exposure in women but due to
greater susceptibility. This greater lung function decline in women may subsequently
increase the risk of obstructive airway disease in their later life and therefore contribute to

the burden of morbidity and mortality associated with airway disease.
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Chapter 8  Overall discussion
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8.1 Thesis summary

COPD is an important cause of worldwide morbidity and mortality. For decades,
COPD has been characterised by fixed AO as measured by post-BD spirometry and defined
by reduction in the ratio of FEV1/FVC<0.7 and FEV1/FVC<LLN. Chronic bronchitis, and
respiratory symptoms are also considered as a predictor of COPD or associated with
abnormal lung function. Despite tobacco smoking being the major risk factor for COPD, it
is also suggested that occupational exposure to dusts, gases, and fumes are a risk factor for
developing COPD. However, population-based studies examining these associations are
limited and have had some significant limitations, including 1) use of pre-BD spirometry to
define COPD, 2) failure to investigate certain common occupational exposures; 3) the use of
various occupational exposure assessment tools causing significant heterogeneity between
studies; and 4) limited investigation of lifetime and cumulative occupational exposures,
which are important for investigating chronic diseases. These limitations led me to conduct
the following investigations in my thesis 1) perform a systematic review and meta-analysis
of the existing studies exploring the association between occupational exposures assessed by
a JEM and COPD (Chapter 3), 2) investigate the association between common exposures
with known impact of repiratory outcomes and COPD, specifically pesticides and herbicides
(Chapter 5) and solvents and metals (Chapter 6); and 3) explore the association between
occupational exposures and lung function decline (Chapter 7).

8.2  Chapter 3- summary

My systematic review and meta-analysis examined the association between
occupational exposure and COPD in population-based studies. It was the first study to assess
this relationship using robust measures of both exposure and outcome. 1 only included studies
that used the ALOHA JEM, which is specifically designed for COPD, and spirometry, which
is the gold standard to define COPD. My analysis revealed that occupational exposure was
significantly associated with an increased risk of COPD and chronic bronchitis. | found an
overall significant association between low exposure to mineral dust and high exposure to
gases/fumes and COPD. | also investigated the association between these exposures and

chronic bronchitis, finding that low and high exposure to biological dust and mineral dust
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was associated with chronic bronchitis. Most studies used one of two common definitions to
define COPD, either the GOLD fixed cut-off definition (FEV1/FVC<0.7) or the lower limit
of normal definition (FEV1/FVC<LLN). The effect estimates | found in my meta-analysis
differed according to which definition was used, with only significant associations being
observed with the FEV1/FVC<0.7 definition, not the FEV1/FVC<LLN definition.

The use of JEMs in population-based studies is ideal to assign exposures, as JEMs
are less affected by recall bias and differential misclassification of exposures because they
assigned exposures based on reported job title and do not rely on self-reported exposure
assessment (16). The outcome of COPD in all included studies in my review, with the
exception of one study (103), was defined by pre-BD spirometry, which I identified is a major
limitation of current literature exploring this relationship. The post-BD spirometry is
recommended by the International Guidelines to define COPD to overcome confounding
related biases (1, 12, 13). Overall, my systematic review and meta-analysis confirmed the
association between occupational exposure and COPD however it also highlighted several
limitations in the existing literature. These limitations include: 1) use of pre-BD spirometry;
2) inconsistent use of COPD definitions (either FEV1/FVC < 0.7 or FEV1/FVC <LLN or
both); 3) very few studies investigated this association; 4) the study age group containing a
large number of participants less than 40 years of age and therefore less likely to have
developed the chronic outcome; 5) failure to use lifetime work histories to assess all possible
occupational exposures; and 6) inadequate management of possible confounding. My review

confirmed the need for more population-based studies to address these issues.

8.3  Chapter 5- summary

My first original data analysis investigated the association between occupational
exposure and COPD as defined by fixed AO, chronic bronchitis, and respiratory symptoms.
My study used two measures of occupational exposure; ever exposure and cumulative EU-
years. Overall, | found a consistent significant association between ever exposure and
cumulative EU-years to all pesticides and herbicides and fixed AO. I also found significant

association between ever exposure to pesticides and herbicides with chronic bronchitis, and
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respiratory symptoms. In addition, ever exposure to biological dust, mineral dust,

gases/fumes, and VGDF were only associated with fixed AO in non-asthmatics.

A previous study examining the association between pesticides and AO was limited
by the used of pre-BD spirometry and using most recent or current job to assign occupational
exposure (85). My work has addressed these limitations by using post-BD spirometry and
lifetime work history calendars. My study added to the body of evidence describing an
association between pesticide exposure and COPD. | also observed effect modification by
asthma status on the association between fixed AO and biological dust, mineral dust and
gases/fumes, and VGDF exposure. Those without asthma have an increased risk of fixed AO
if exposed to biological dust, mineral dust, gases/fumes, and VGDF. Those with asthma did
not have an increased risk of fixed AO if exposed to any of these exposures. Overall, my
analyses have provided further evidence to suggest an association between pesticides and

fixed AO, chronic bronchitis, and respiratory symptoms.

8.4  Chapter 6- summary

My second original analysis investigated the association between COPD as defined
by fixed AO and occupational exposure to solvents and metals. | also explored fixed AO with
low Dvrco, which is an indicator for emphysema like COPD phenotype. Very few studies
have investigated the association between solvents (aromatic, chlorinated and other solvents)
and metal exposure in relation to fixed AO. In this analysis, | found a significant association
between fixed AO and ever exposure to metals. In the main analysis, | did not find any
association between fixed AO and ever exposure and cumulative EU-years to any types of
solvents. However, | identified effect modification by sex in the relationship between fixed
AO and cumulative EU-years to chlorinated solvents. For middle-aged women, | found that
increasing cumulative EU-years to chlorinated solvents was significantly associated with
fixed AO and fixed AO plus low Dcco.

There is limited and inconsistent evidence from population-based studies that
assessed the association between exposure to solvents and fixed AO. Those that have been

conducted, have some major limitations which were addressed in my current analysis. This
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analysis further advanced our understanding on the relationship between occupatonal
exposure to solvents and fixed AO. This is the first study to show that increasing cumulative
EU-years to chlorinated solvents increased the risk of fixed AO and fixed AO with low DLco
in women but not men although the mean cumulative exposure is less in women. My analysis
emphasizes the need to utilize post-BD spirometry to define COPD which allows adequate

consideration of all possible covariates, especially for the middle-age population.

8.5  Chapter 7- summary

In my thesis, | also investigated the association between occupational exposures and
lung function decline using the longitudinal follow-up data within the TAHS cohort. In this
study, I found that both ever and cumulative EU-years to aromatic solvents were associated
with a greater decline in lung function between 45 and 50 years of age. Ever exposure to
gases/fumes, chlorinated solvents, and metals were also associated with greater decline in
FEV1. Along with this main effect, | also found effect modification by sex in the relationship
between cumulative EU-years to aromatic solvents and lung function decline. Women in my
study had a greater decline in FEV1 and FEV1/FVC ratio with increasing cumulative EU-

years to aromatic solvents.

Only a few longitudinal population-based studies have investigated the association
between occupational exposure and lung function decline and those that have, have some
significant limitations. My work has addressed these limitations by adjusting for a wide range
of confounders including asthma at both follow-ups and co-exposures. Furthermore, none of
the previous studies have assessed separately aromatic solvents, chlorinated solvents, other
solvents, and metals. My study is the first to investigate this relationship in a population-
based sample, and I found a consistent association with lung function decline. This study
importantly clarified that middle-aged women exposed to aromatic solvents in this study have
a greater decline in their lung function despite having had fewer cumulative EU-years to
aromatic solvents compared to men. This finding also raises the possibility of greater

susceptibility in women exposed to aromatic solvents.

| found the effect of asthma status on the relationship between occupational exposure

and fixed AO varied depending on the occupational exposure. For example, | found an
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increased risk of fixed AO in those without current asthma when exposed to biological dust,
mineral dust or gases/fumes but no effect in those with current asthma. | did not observed the
same effect for pesticides or herbicides (Chapter 5), nor for solvents or metals exposure
(Chapter 6). This difference indicates that the association present with the exposure to
pesticides or herbicides, solvents, and metals were independent of current asthma. Whereas
the presence of effect modification by current asthma with dust group of exposure suggest
the presence of healthy worker effect, that is, asthmatics who remain in the study are
relatively unaffected by these occupational exposures. It also may suggest that asthma alone
is a significant risk factor for fixed AO in middle-age and additional occupational exposure

does not substantially increase the risk observed at this age.

| also found a slightly different association with chlorinated and aromatic solvents in
Chapter 6 and Chapter 7. The different job distribution between aromatic and chlorinated
solvents in our study may be the explanation for slight variation in the results. For example,
a large proportion of our population (both men and women) exposed to aromatic but not
chlorinated solvents were working in painting, electrical, mining, and construction industries.
While participants exposed to chlorinated but not aromatic solvents were working as hand-
launderers, pressers, metal, machinery and related trade industries. Slightly different
exposures to aromatic and chlorinated solvents in different industries that may contain
different chemicals may result in different responses (150). Exposures to solvents also
depends on the vapor concentration in the workplace and actual cumulative duration worked
by the participants. The complex interplay between these factors may also influence lung

function decline to different types of solvents (191).

My findings also suggest that sex modified the association between exposure to
solvents and fixed AO and lung function decline but not for other occupational exposures.
Interestingly, | found the women in my study had a lower prevalence and fewer years of
exposure to solvents than men, but had a greater risk of fixed AO than men. This
multiplicative interaction effect raises the possibility of a greater degree of susceptibility in
women as a result of inhaled solvents than men. The null effect with other occupational
exposures may be related to the job distribution and task difference between men and women
resulting in no effect modification, or the chemical structure of solvents that may increase

the risk in women but not in other exposures.
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I have discussed these findings in more detail in each of the results chapters and
summarized them in this chapter. In this overall discussion chapter, | have expanded on the
common issues associated with occupational exposure assessment, analytic issues, and
discuss the strengths and limitations of my doctoral work. The potential for the findings to

advance the knowledge in the field is also discussed.

8.6  Study strengths and limitations
8.6.1 Study design

The main strength of my doctoral work is that | used data from the TAHS, one of the
world’s longest-running general population-based cohort studies of respiratory health. The
main strength of the TAHS is the collection of lifetime work history calendar (WHC) and
longitudinal follow-up starting from early life into middle age. The TAHS has prospectively
collected questionnaire data from childhood into middle age on a wide range of risk factors
and possible confounders. Importantly, TAHS also has repeated measures of lung function
starting in childhood with the availability of post-BD spirometry at age 45 years. TAHS has
excellent tracing and postal survey response rates over time (29). Although not technically a
birth cohort since all participants were born in 1961, the participants were recruited into the
study at age 7 years and they are all within a narrow age range at each follow-up thereby
minimizing any age-related bias. Furthermore, all participants were recruited from the island
state of Australia called Tasmania and has a homogenous ethnic structure with over 95% of
the TAHS participants being of caucasian ethnicity reducing any possible ethnic related

biases.

As with all longitudinal studies, TAHS has had attrition over time but overall the
response rates to the surveys have been very high (29). The main focus of my work was the
2002-2008 follow-up study which attempted to survey all cohort members from the first time
since 1968 (baseline study). In this follow-up, an excellent response rate to the postal survey
was achieved due to the detailed and careful follow-up (29, 177). Details of which have been
described in the method section of this thesis (Chapter 4). Overall, in the 2002 to 2008 follow-
up, the response rate was 78% in the postal survey and 58% in the laboratory study. The

percentage of non-responders was 27% as participants withdrew from the laboratory study
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but did participate in the postal survey. In order to address any issues of possible non-
response bias in my analysis for Chapter 5 and Chapter 6, | compared the baseline
characteristics between responders and non-responders and included any factors that were
significantly different between the two groups in my statistical analysis. Additionally, I used
inverse-probability sampling weights as an additional variable in my models and observed if
the inclusion of these weights altered the estimates by more than 10%. Overall adjusting for
these weights did not alter estimates as presented in the analysis therefore the enrichment is

unlikely to have had an impact on my results.

8.6.2 Occupational exposure assessment

The strength and credibility of evidence from occupational studies depends on the
validity and precision with which the work history is reported and then the occupational
exposures assessed or assigned. In TAHS a lifetime WHC has been collected using a
standardized questionnaire recording the job description, job title, name of employer and
duration of employment. The work history calendar in TAHS was designed with the
collaboration of occupational epidemiologists and industrial hygienists. The collection of
complete lifetime work history is less prone to recall bias because all jobs are recorded
irrespective of any known or perceived hazardous exposure (16, 194). Collection of lifetime
work history also allows for examination of cumulative exposure which is important for
chronic disease and diseases with long lag periods from exposure to disease onset (194). In
this thesis, | used two measures of occupational exposure, ever exposure and lifetime
cumulative exposure. Ever exposure is likely to be accurate if collected from a reliable source
but may be subject to misclassification which if non-differential or random may result in a
reduced relative risk or an association being missed altogether. Cumulative exposure unit
years or any measure of duration of exposure is a surrogate for dose and can be used to

explore the possibility of a dose-response relationship.

Despite their strengths, the use of lifetime work history calendars as the occupational
data collection method does have some limitations (88). Incomplete, missing or poorly
completed work history calendars are an issue. In my WHC, | had some missing and

incomplete information including missing job title, industry description or duration of
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employment. | had participants who had part of their information missing in their WHC (e.g,
they had 10 jobs listed with five jobs missing information). | excluded participants who did
not report year started and ended in particular jobs from cumulative exposure analysis but
did include them in the ever exposure analysis. Details of the handling of the missing

information in the work history calendar is described in Chapter 4 section 4.4.1 in this thesis.

The use of WHC to collect lifetime work histories in a uniform and consistent manner
relatively free of recall bias is the first step in assigning occupational exposure (88). The
second step Is assigning exposure to a particular agent which in population-based studies is
most accurately done via a JEM to minimize exposure misclassification. JEMs provide a
rapid way to transform coded occupational titles into potential exposures (65). | completed
all job-coding to ensure consistency and my supervisor Dr Benke, an experienced

occupational hygienist checked the coding.

The limitations associated with JEMs include the potential for misclassification of
exposure by the inability of JEMs to take into account variability of actual exposure within
each job title (16). This is particularly an issue when the job title is composed of many tasks
with high variability in exposure between the different tasks (195). Avoiding this type of
misclassification is difficult but can be achieved via expert assessment of specific job
descriptions within a job category and the reassignment of exposure if required. We did not
do this in our study as we did not have detailed job descriptions. However, studies that have
performed this labour-intensive expert judgement step have found that substantial changes
were only made in a few categories and they had very little impact on the specific disease
risks associated with these exposures (196).

8.6.3 Definitions of COPD and lung function

The main outcome in my thesis, COPD was defined based on spirometric criteria. |
used post-BD lung function measurements to define fixed AO, which is recommended by the
ATS/ERS guideline (1). In my thesis, | used both GOLD (55) and LLN definition (48), to
define fixed AO. Both these criteria recommend using post-BD spirometry, which is one of

the major methodological strengths in my PhD.
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The TAHS lung function measurements also additionally measured gas transfer factor
such as Dcco. In my thesis, low DLco was analyzed in combination with post-BD fixed AO.
Reduced gas transfer factor (DLco) in combination with fixed AO suggests the presence of
an emphysematous-COPD phenotype (197). Low Drco in combination with fixed AO is not
a widely accepted definition to identify emphysema, which is frequently defined by high-
resolution computed tomography (CT) (198). However, CT scans are not feasible for large
scale epidemiological studies and so despite some limitations to using DLco in combination
with fixed AO to define emphysema, it has been used to define emphysematous related

changes in past large epidemiological studies (19, 199).

Along with the objective measurement of spirometry to define fixed AO, I also used
questionnaire-based self-reported chronic bronchitis and respiratory symptoms such as
cough, phlegm, and dyspnoea. All these definitions were solely based on participant’s
response, so, there is a chance that it may introduce some degree of information bias into the
analysis. However, it is also very common in epidemiological studies to rely on the
questionnaire-based responses due to accessibility and feasibility. The questions used in the
TAHS questionnaire were validated questions from several other long-running international
cohorts such as ECRHS (200) and BOLD (26) studies and have been widely used in
respiratory studies (19, 127, 131).

The analysis presented in Chapter 7 on lung function decline used data from the age
45 and 50-year follow-up studies. The main focus of the age 50 follow-up was a methacholine
challenge test and so only pre-BD spirometry was performed at this follow-up. Hence my
analysis of lung function decline presented in chapter 7 is based on pre-BD decline between
age 45 and 50 years. However evidence from the ECRHS suggests that in middle-aged adults,
pre-BD AO can correctly identified the large majority of subjects with fixed AO 9 years later
(201). This highlights the importance of repeated measurements over time and its ability to

be highly predictive of future fixed AQO risk.
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8.6.4 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. The prospectively collected data in TAHS from early
childhood to adulthood enabled me to take into account childhood asthma and childhood
socioeconomic status both at the age of 7 and 12 years. In contrast, no previous studies have
been able to adjust for all the identified confounding variables because of a relatively low

number of participants in the follow-up or lack of early life exposure data (19, 20, 83-85).

When investigating the association between occupational exposure and fixed AO the
potential confounding effect of asthma is an important factor to take into consideration. Most
of the international guidelines report that differentiating asthma from developing AO is
almost impossible in epidemiological studies (55). A history of adult asthma can lead to the
development of fixed AO (202), and asthma in early life can lead to the development of
COPD in later life (203). However, the presence of asthma either in early life or in adult life
may also lead to alterations in occupational exposure (204). Therefore, in my analysis |

included both childhood and adulthood asthma as a confounder in the regression models.

Adjustment of socioeconomic status (SES) in occupational studies is a matter of
debate. SES could be strongly associated with occupation and COPD is associated with low
SES (205). SES is a complex index that is also comprised of other elements such as
education, occupation, social class, smoking, housing conditions, diet, and ethnicity (206).
Adjustment for SES is sometimes performed to take into account some hidden occupational
confounding factors such as job-related stress or psychological factors(206). However, the
possibility of over adjustment with SES still exists, but it may lead to underestimating the
association (206). | used the Socio-Economic Indexes for Areas (SEIFA indexes) from the
Australian census data to adjust for childhood and adult socioeconomic status (186). | used
the Index of Education and Occupation (IEO) variables that focused on the skills of the
people required in different occupations. A high level of IEO score indicated that people who

lived in that area had high qualifications and were involved in highly skilled jobs.
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8.7  Association or causation

The aim of my doctoral work was to investigate the association between occupational
exposure and COPD as defined by fixed AO in middle-aged adults. The ultimate goal of my
research was to identify agents that are causally associated with the development of disease.
Although epidemiological studies cannot directly prove causation they can provide evidence
that collectively suggests the strong likelihood that causality exists. Bradford Hill (207)
proposed a set of criteria that if met could demonstrate that causation exists between an
exposure and the disease outcome. These criteria are (1) A sufficient strength of association;
(2) A temporal relationship between exposure and outcome; (3) A dose-response
relationship; (4) Consistency or reproducibility; (5) Biological plausibility; (6) Coherence;
(7) Specificity of the effect; and (8) Analogy. Table 8.1 explores how the main results of my
thesis (Chapter 5 and Chapter 6) meets these criteria.
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Table 8.1 The results of my thesis by the Bradford Hill criteria to illustrate a possible causal effect relationship

Criteria

Pesticides exposure and fixed AO

Solvents exposure and fixed AO

Strength of association

The association between ever exposure to pesticides and
herbicides and fixed AO was strong in the range of
RR=1.7 to RR=2.0

There was a weak to moderate association between
cumulative EU-years to chlorinated solvents and fixed
AO in women (RR=1.34).

Temporal relationship

My study was cross-sectional with both the exposure and

outcome recorded at the same time so | am unable to

determine when fixed AO started relative to occupational

exposure.

I assessed lifetime occupational exposure to age 45
years and its impact on lung function decline between
45-50 years of age.

Dose-response relationship

I observed increasing cumulative EU-years to pesticides
and herbicides was associated with fixed AO.

I observed increasing cumulative EU-years to
chlorinated solvents was associated with fixed AO in
women but not in men.

Consistency or reproducibility

Pesticide exposure has been associated with fixed AO in
another population based study in other country (85).

I was the first to investigate the effect of chlorinated
solvents with fixed AO and aromatic solvents with
lung function decline in population-based study.
However, previous studies have found associations
between overall solvent exposure and respiratory
symptoms (23, 24, 102).

Biological plausibility and
coherence between
epidemiological and
experimental evidence

The association of pesticides with respiratory diseases is
biologically plausible and consistent with previous
knowledge. This includes many studies that have
observed respiratory symptoms such as cough, phlegm,
asthma and chronic bronchitis in farmers and other
workers with known high pesticide exposure.

The association | have observed between exposure to
solvents and fixed AO and lung function decline is
biologically plausible. It is also consistent with
previous findings that have observed the association
with respiratory symptoms of chronic non-specific lung
disease.

Specificity of the effect Pesticide exposure is known to cause a variety of Solvents exposure may also cause respiratory effects.
systemic effects. A primary route of exposure is via On inhalation, the solvents may also cause chronic
inhalation and respiratory effects are a known airway disease as a consequence of chronic exposure.
conseguence of exposure.

Analogy The effect of pesticides on fixed AO is very similar to The solvents and fixed AO is similar to other solvents

other pesticide induced respiratory symptoms such as

chronic bronchitis. Furthermore, fixed AO can be caused

by other inhaled irritants such as dust, gases and fumes.

induced respiratory symptoms such as chronic non-
specific lung disease (CNSLD).
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Overall, concerning the causality within this population-based 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 occupational exposure to pesticides, and solvents and
fixed AO. Furthermore, the results with effect modification by sex in the relationship between
occupational exposure to solvents and fixed AO and lung function decline may indicate that
certain occupational exposures are influencing the risk and acting as a modifiable risk factor

in this middle-aged adult cohort.
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Chapter 9  Recommendations and conclusions
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In this chapter, | present recommendations based on my findings that can be
implemented to public health and future research activities, followed by overall concluding

remarks.

9.1 Recommendations

Although occupational exposure is often not recognized as a causative agent in
clinical practice, findings from this thesis highlighted that a substantial burden of fixed AO
Is associated with certain occupational exposures. The reason for lack of recognition of
occupational exposures in the aetiology of fixed AO by clinicians could be related to the
difficulty in diagnosing occupation related fixed AO at an individual level. Based on the
findings of this thesis, |1 have a few recommendations for clinicians to better identify

workplace exposure in symptomatic patients.

9.1.1 Clinical recommendations
In Australia, the current screening guidelines by the Lung Foundation Australia

(LFA) recommend the use of a screening symptom checklist that includes occupational
exposure as an important potential risk factor (208). The recommendation is that individuals
over 35 years of age without pre-existing COPD be screened using this checklist along with
a COPD screening device. Individuals with an FEV1/FEVs cut-off < 0.75 and with at least
one of the items on the screening checklist should be recommended for diagnostic spirometry
testing by their health care provider. The LFA checklist recommends that individuals aged
35 years or older who may be at risk of COPD and meet at least one of the following criteria
should undergo screening:

e Smoker or ex-smoker,

e Works or worked in a job where he / she is/was exposed to dust, gas, or fumes,

e Cough several times most days,

e Cough up phlegm or mucus most days,

e Out of breath more easily than others of a similar age,

e Experience chest tightness or wheeze,

e Have frequent chest infections.
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International GOLD guidelines (2) and the ATS/ERS Task force (1, 41) also
recommend considering COPD in any patient with above-mentioned respiratory symptoms
along with a history of exposure to risk factors, such as smoking and/or occupational
exposures to dust, gases or fumes. The results of my thesis provide further evidence to help
refine the screening symptom checklist. My findings of an increased risk of fixed AO in those
exposed to pesticides, herbicides and solvents suggest including these occupational
exposures in the checklist. It is important not only ascertain the information on the current
occupation, but also a full occupational history. Furthermore, periodic health surveillance by
occupational and other physicians needs to be conducted among exposed blue-collar workers,

regardless of sex.

My work has shown some important effect modification by sex and history of asthma
indicating that occupational exposure risk may vary in certain sub-groups in the general
population. These results also suggest that those with pre-existing asthma may not have
additional risks associated with certain occupational exposures in middle-age population.
This may be due to later job changes to reduce the level of exposure or may indicate a healthy
worker hire effect. Therefore, in clinical practice, it is important to collect occupational
histories for patients with a history of asthma, chronic bronchitis or existing COPD, and

patients with reduced lung function in spirometry.

9.1.2 Public health recommendations
9.1.2.1 Pesticide exposure control in the workplace

Findings from this work present strong public health messages for the population at
large, at-risk subgroups and implications on workplace policy and practices. On the basis of
these findings, a significant proportion of the Australian working population is still exposed
to pesticides and their subgroups despite strict pesticide, herbicide and insecticide control
guidelines in Australia (209). Australian state and territory guidelines for the safe use of
pesticides in workplaces recommend a risk management protocol to minimize occupational
exposure to pesticides (210). This includes, but is not limited to:

e ldentification of pesticide hazards in the workplace;

e Assessment of risk by pesticides, in storage and transport;
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e Determining and implementing proper measures to control the risk and improving
existing control measures;

e Appropriate supervision to control pesticide exposure;

e Recording work procedures set up for the workplace;

e Checking the success of control measures.

The control of pesticides should include pesticide processing and handling activities
such as manufacturing, production, import, transport, sale, supply, storage, application and
proper disposal of pesticides and their containers to ensure safety and to minimize the adverse
health effects associated with pesticides (211). For hazardous substances, such as pesticides
and herbicides, manufacturers, suppliers, and importers need to consider implementing the
following steps:

e Ensuring proper training and health information on pesticide exposure and safe
handling of pesticide should be established and strengthened.

e Legislation to control and regulate overall pesticide use by reducing the availability
of pesticides.

¢ Requirements to use comfortable personal protective equipment when handling and
applying pesticides.

e Ensuring proper labeling of pesticide containers using appropriate symbols and
pictograms, hazard signs, written instructions and warnings whenever possible.

e Undertaking, recording, reviewing and revising risk assessments in the workplace

(209).

Occupational health monitoring may be recommended in order to confirm pesticide
exposure control in the workplace. This includes atmospheric control, health surveillance or
both.

Personal protective equipment (PPE) is the last line of defence against occupational
exposure to pesticides. For controlling fixed AO and other respiratory diseases associated
with workplace exposure to pesticides, respiratory protective devices or respirators need to

be used correctly by the workers to ensure that the workers breathe air without contamination
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(209). For protection against organic vapors, the respirator needs to be fitted with an
appropriate gas filter. This will help to protect against the types of pesticides that generate
mists, dust particles or solvents that produce organic vapors (209, 210).

9.1.2.2 Solvent exposure control
My thesis identified exposure to solvents as a risk factor for fixed AO and decline in
lung function. | found women to have a greater risk than men, even with fewer years of
exposure to solvents. Jobs with exposure to chlorinated solvents included dry cleaners,
laundry pressers, sculptors, painters, decorators and commercial designers, chemists,
hairdresser, and beauticians. On the other hand, jobs with aromatic solvent exposure included
painters, electricians, agriculture workers, miners and construction workers. Therefore,
women handling chemicals and solvents in some of these typically small businesses need to
be trained in safe handling of hazardous chemicals and substances. Australian state and
territory guidelines for the safety of small businesses recommends a health and safety
assessment checklist to identify risks and control hazards at the workplace (212).
Furthermore, exposure control can be done by applying the basic principles of the “hierarchy
of control” for small industries (213). Hierarchy of control for small businesses is considered
the most effective and appropriate method to control hazardous occupational exposure. These
strategies include:
1) Elimination: Complete or partial removal of chemical/solvent exposures from
the workplace by using an alternative material or by using a physical method or by using a
non-hazardous substance instead of chemicals/solvents.
2) Substitution: Replace harmful chemical agent from the workplace or minimize
exposure. For example, use a water-based spray instead of an organic solvents-based spray.
3) Isolation: Separate people from the exposure by using a distance or barrier.
4) Engineering controls by using the total or partial enclosure with exhaust
ventilation or using downdraft ventilation for nail product application.
5) Administrative controls such as transfer or change job sites or rotation of
employees or change roster schedule, limit frequency of exposure and/or providing suitable

washing facilities.
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6) Personal protective equipment: It is also important to avoid handling harmful
chemicals or solvents by wearing personal protective clothing at the workplace, even for a
short duration of exposure. Protective clothing and equipment are recommended for
employers, employees, supervisors and visitors. These include masks, aprons, gloves, head
protection, safety glasses and respirators to avoid harmful exposure to solvents. It is also
important that employees have adequate knowledge of some of the risk-based approaches
such as methods of handling exhaust ventilation, or wet methods to suppress dust through air
filtration (213). However, in many small businesses, personal protective equipment may be
the only option. Therefore, training and use of the appropriate and most up to date equipment
is needed to properly select, fit-test, maintain, and wear whilst working, even in the phases
of processing, storage, handling, or maintenance of materials or chemicals. It should be noted
that failure to properly carry out any of these tasks may lead to failure of personal protective

equipment to prevent further exposure.

9.1.3 Research recommendations and future directions
My thesis has identified future research gaps on aspects of occupational exposure and
COPD. A summary of the research gaps including future research recommendations is

presented below.

9.1.3.1 Exposure assessment using JEMs

One of the biggest challenges in population-based studies is to investigate
occupational exposure adequately. Traditional approaches have been used for many years to
assess occupational exposure and modified tools such as the ALOHA JEM are vital in
estimating exposures for large-scale population-based studies. Future studies would benefit
from further refinement of exposure for more quantitative exposure assessment similar to
FINJEM (Finnish Job Exposure Matrix).

9.1.3.2 Lifetime work history calendar
The lifetime work history calendar including job title, job descriptions, and years
worked, and hours worked per week is critical in occupational health research to capture the

previous exposures as well as the length of employment. In my thesis, | used lifetime work
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history calendar, but I did not use working hours because there was no adequate information
on total working hours. Future health research with larger sample sizes should collect that
information more adequately from the start of the study to avoid recall related biases by the

participants.

9.1.3.3 Biological effects

Although there is an emerging body of literature suggesting an association between
occupational exposures and COPD, the exact mechanism behind this relationship is less clear
and has not yet been established. Therefore, future occupational health research targeted at
elucidating the biological mechanisms of occupational exposure is essential. Understanding
the biological mechanism will help to identify more accurate workplace exposure and

development of new therapeutic strategies to prevent fixed type of AO at an early stage.

9.1.3.4 Genetic and epigenetic variations

Genetic and epigenetic variations may play a significant role in occupational
exposure and subsequent development of COPD in offspring. Future research should focus
on this issue and may need to investigate the role of genetics and epigenetics in the

relationship between occupational exposure and COPD in offspring.

Finally, the age range in the TAHS cohort is the middle forties, and therefore they
may not yet have developed moderate to severe fixed AO at this age. The sixth-decade
follow-up of the TAHS cohort has just been completed and therefore the data are not
available for analysis as yet. For this reason, | was unable to estimate the relevant associations
for an older age group. Further investigation using the subsequent follow-up of this cohort
on the incidence of fixed AO would be helpful to assess the actual impact of occupation
related COPD within Australia.

9.2  Conclusions
During my doctoral work, | systematically synthesized and meta-analyzed the
existing evidence around occupational exposures and COPD and chronic bronchitis in

population-based studies. Subsequently using data from the TAHS, | attempted to address
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limitations identified in the studies conducted to date. I critically investigated the association
between occupational exposures and COPD as defined by fixed AO, chronic bronchitis,
respiratory symptoms, and lung function decline. | also investigated effect modification by
smoking, asthma and sex in these relationships. In summary, | have demonstrated the

following:

Occupational exposures to mineral dust and gases/fumes was associated with

COPD:; and mineral dust was associated with chronic bronchitis.

e Occupational exposures to pesticides and herbicides were associated with

fixed AO, chronic bronchitis, and respiratory symptoms.

e Occupational exposures to biological dust, mineral dust, gases/fumes and
VGDF were more significantly associated with fixed AO in non-asthmatics
than asthmatics.

e Increasing cumulative exposure-unit years of exposure to chlorinated solvents
were significantly associated with increased risks of fixed AO and gas transfer

factor in women, but not in men.

e Occupational exposure to aromatic solvents was significantly associated with

greater lung function decline.

Increasing cumulative EU-years of exposure to aromatic solvents was again

significantly associated with greater lung function decline in women, than in men.

These results have filled some major research gaps in our understanding of the links
between overall occupational exposures and COPD in the general population. The findings
from my doctoral work also emphasize the need for future research on occupational
exposures and lung health. | have confirmed in my study that occupational exposure to
pesticides is a risk factor for COPD and newly identified occupational exposures to solvents
and metals are also linked to increased risk of COPD. My finding of an association between
pesticides and respiratory symptoms, and solvents and lung function decline further

strengthens the assumption that occupational exposure is associated with an increased risk of
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COPD. I have uncovered significant effect modification by asthma that indicates asthma is a
major contributor to fixed AO at this age rather than particular occupational exposure. This
finding emphasizes the need to utilize post-BD spirometry to define fixed AO which allows
adequate consideration of asthma, especially for a middle-aged population. | also found
increased risk of COPD in women which may lead to several recommendations including
increased use of protective respiratory equipment, and workplace monitoring to reduce the
level of exposure. By enhanced monitoring and use of protective equipment, the burden of

COPD caused by occupational exposures has the potential to be substantially reduced.
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Appendix 1- The TAHS 1968 baseline study questionnaire

TAS. 10/P.1

TASMANIAN ASTHMA SURVEY
CHILD'S MEDICAL HISTORY — CONFIDENTIAL

THIS SECTION IS FOR OFFICE USE ONLY
Code

............... 1 voreenn.Survey Number

CHILD'S SURNAME CALLARY...

CHILD'S CHRISTIAN NAME.Bernadette. .. ....................... £y

SCHOOL HEALTH NUMBER ..
(not to be coded) .

[45 '
(68 94— . 1t88. Child’s School Number I

TO BE FILLED IN BY PARENT, GUARDIAN OR RELATIVE

Important t

(a) Before completing this form, please indicate your relationship to the child named in the panel above
by putting a cross in the appropriate square below:

STEP-PARENT OR
MOTHER FATHER ADOPTED PARENT LA e BT AT
OR GUARDIAN -

bd | B 5 TR i e i o 0 e
(b) Has the child named above got a. twin, or any brothers or sisters born in the same year

YES NO
(that is 1961)? (put a cross in the appropriate square) I:,

If the answer is YES, please give Christian names and the name of the school the
brother or sister attends:

(c) Please state the number of living full brothers and sisters in the family (excluding any, ,
born in 1961). I\ T

(d) If you do.not read English well and have difficulty understanding the' questions for this
reason, please put a cross here

(e) Please nan‘/u;);w

HOW TO ANSWER THE QUESTIONS:

In most cases, unless otherwise indicated, you- are asked to answer-YES or NO by putting a crossin the
appropriate square. Sometimes, if the answer is not simply YES or NO, there are more than two squares provided,
but you should still put a cross in only one of the several:squares. Only .three questions (relating to months of
the year) may need a cross in more than onesquare; but“these excepfions are specifically mentioned.

Please make sure that ALL questions are answered; please do not omit one, as this might mean we can
not use the other information you will have given us. We understand that the answers to some questions can
only be approximate, just as we understand that one’s memory cannot always be perfectly accurate. If you
wish to add more information or more details, please do so on a separate sheet of paper. Do NOT write extra
notes on the form, and always answer the question with a cross in the most appropriate square, even if you add
exfra notes on a separate piece of paper. . i %

Note that there are really four separate forms — the first deals with the health of the child named in the
panel above, the second deals with the health.of the mother, the third with the health of the father, and the
fourth with the health of brothers and sisters. All these are equally important in helping us to understand the
importance of the whole family in respiratory and ‘allergic illnesses.

e local doctor or hospital usually attended by this chiid for any ailment.
: : 2 - i

C/,.((.Q.C.(f:.‘..(i‘n(_

Office uso only

1. (a) Where was he/she born?
Tasmania

Other Australian State

United Kingdom, New Zealand, South Africa, Canaaa,
United States of America X

Other Overseas country
(Please Name..
(b) Date of birth

O 00O
N
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YES NO
2. Did he/she have infantile (baby) eczema? - ) ’ ' I:I E
3. Has he/she ever had eczema in the creases {bends) of elbows, wrists, D @

or knees?
4, How was he/she fed in the first three months of life?
Breast only '

]
Bottle only %

Breast and bottle

Does he/she have a stutter or stammer?

Has he/she a habit of biting the fingernails? D

7. During the first three years of life did you have to take the child to
the doctor because of difficulties with feeding?

Often
Occasionally v D
Never D

8. For how much time in the last twelve months has the child been
confined to the house because of chest ilinesses?

Not at all . D 3
One to seven days o D 7z
Eight to thirty days E 2
More than a month D L%
' . YES NO
Has hesshe had the tonsils removed? m I:]
10. Has he/she had more than two sore throats or attacks of tonsilitis in D
the past twelve months? T g
11. Have you ever been told by a doctor that he/she had: pneumonia_or
pleurisy? - %

No, Never ' N i

. 01
Yes, Once or twice D
' g

Yes, More than twice ~

|
>
—
12, Have you been told by a doctor that he/she is allergic to any foods YES NO
or medicines? E l:]
13. Does he/she get hives? ¢
Never I:] :
Once or twice a year [:l 2.
) More than twice a year E’ 3
14. Has he/she at any time in his/her life suffered from attacks of asthma
or of wheezy breathing?’ YES NO
(Note: Please regard “asthma® and “wheezy breathing’ as being much I:l E
the same thing for this survey; we do not ask you to try to tell "
the difference)

The following questions (Nos. 15 to 21) relate to tha detalls of these lilnosses, and nsed
to be answered if the answer te guestion 14 was YES. If the answer 1o question 14
was NO, omit these quastions, and go on to question Z1.

15. How long is it since the last attack? .
Less than a2 month ago l

Over one but less than three months ago 2.
Over three but less than six months ago r%
Over six but less than twelve months ago £l

Over one year but less than two years t—
ago /:"
Over two years ago N2
16. On the average (as near as you can say), how often do these attacks
tend to occur over the last two years or so?
About once in twenty-four hours J
About once a week 2

About once a fortnight

0000 0O0ooood

About once a month Z‘{
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TAS. 10/p.2

Office use only

BN|ERE

RERENE

About once every three monihs
About once every six months
About once a year (or less often)

No attacks at all in the last two years

17. On the average (as near as you can say), how long do these attacks
usually last {with usual treatment)?
Less than twelve hours

A day or 50
A week or so
A month or so

“Continuous” (never free of asthma or
wheezing for more than a day or two)

18. At what age did these attacks begin?
Under 1 year

Over 1 and under 2 years
Over 2 and under 3 years
Over 3 and under 4 years
Over 4 and under 5 years
Over 5 and under & years
Over & and under 7 years

Over 7 years

19. Since the attacks began, approximately how many has he/she had
altogether
One attack only

Two to five attacks

Six to ten attacks

Eleven to twenty attacks

Cver twenty attacks

20, If the attacks tend to be more frequent or more severe at any particu-

lar time of the year, indicate the "bad” months by putting a cross in
the appropriate square(s) (but DO NOT put a cross against more than
FOUR of the twelve months). If no month Is worse than the others,

leave all squares blank.
JAN. FEB. MCH. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.

Dogooooobooi

é 21. Has hefshe at any time in his/her life suffered from attacks of bron-
chitis or attacks of cough with sputum (phlegm} in the chest (“loose”
or "rattly” cough)?

(Note: Please regard “bronchitis” and “cough with sputum (phlegm)
in the chest,” and “loose or rattly cough” as being much the
same thing for this survey; we do not ask you fo fry to tell
the difference).

The follawing questions (Nos. 22-27) relate to the details of these illnesses, snd need
to be answered if the answer to question 21 was YES. If the answer to guestion 21
was NO, omit these questions and go on to question 28.

22, How long is it since the last aftack?
Less than a month ago

Over one but less than three months ago
Over three but less than six months ago
Over six but less than twelve months ago

Over one year but less than two years ago
Qver two years ago

23. On the average {as near as you can say) how often do these attacks
tend to occur over the last two years or so?

About once in twenty-four. hours
About once a week

About once a fortnight

About once a month

About once every three months
About once every six months

About once a year (or less often)
No attacks at all in the last two years
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-24. On the average (as near as you can say), how long do these attacks
usually last (with usual treatment)?

Less than twelve hours
A day or so

A week or so

A month or so

“Continuvous” (never free of locose cough
for more than a day or two)

25. At what age did these attacks begin?

Under one year

Over 1 and under 2 years
Over 2 and‘'under 3 years
Over 3 and under 4 years
Over 4 and under 5 years
Over 5 and under 6 years
Over 6 and under 7 years
Over 7 years

26. Since the sttacks began, approximately how many has he/she had
altogether?

One attack only
Two to five attacks
Six to ten attacks

Eleven to twenty attacks
Over twenty attacks ‘

27. If the attacks tend to be more frequent or more severe at any particular
time of the year, indicate the “bad” months by putting. a‘ cross in the 3
appropriate square(s). (but DO NOT put a cross against more than .-,
FOUR of the twelve months). If no month is worse than the others,
leave all squares blank. - S

JAN.  FEB.  MCH. APRIL MAY JUNES JULY © AUG. SEPT.. OCT. NOV.

RN v : . R - FEE RN e L
NODoOoORXOOOO®X
— 28, Does he/she get attacks of “hay fever” (that is, sneezing, running or - - YES
blocked nose, sometimes with itchy eyes or nose)? ooy ey ST E’
If the answer to question 28 is NO, omit question 29, . . o : ER

29. If these hay fever attacks tend to be more frequent or more severe at ..
any particvlar time of the year, indicate the “bad” months.by putting . .
& cross in the appropriate square(s) (but DO NOT put & cross against
more than FOUR of the fwelve months). If ne month js worse than
another, leave all squares blank. v

JAN. FEB. MCH.  APRIL  MAY  JUNE  JuLy AUG. SEPT. ©OCT. NOV.  DEC.

E[E‘DD'D"DK]}Z]D'D

three colds: a year)?
IF the answer 1o question 30 is NO, omit question 31,

31. if these head colds tend to be more frequent or more severe at any

particular time of thei year, indicate the “bad"” months by putting a
cross In the appropriate square(s) (but DO NOT put a cross against
more than FOUR of the twelve months). If no month is worse than
another, leave all the squares blank, :

JAN.  FEB.  MCH. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.
N I e s Y e o Y o
32. Has he/she ever had a chest X-ray?

If the answer is -YES:

_ o .
Where was the X-ray taken?, (QO‘GDLK(/C:WA ﬁ(y}l”v&”{’

{Name eof hospital, dector or clinic)!

What year was it taken? 19[’)‘;},

ooy

Was it normal, as far as you know? ' K]

33. Has he/she ever attended a chest clinic as a contact of a person with D
tuberculosis? . . oot

Please chack your answers to all the questions: Thank you.

MERCURY 67-4866
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Appendix 2- The TAHS 2002 follow-up postal survey questionnaire

UNIVERSITY % MONASH
oF TASMANIA niversiy

WINDOW

THE UNIVERSITY OF

MELBOURNE

The Fourth Follow-up Study of the 1968 Tasmanian Asthma Survey

We would like to invite you to take part in a postal survey for a follow-up study of the 1968 Tasmanian Asthma Survey.
In 1968, as part of a statewide survey of all 7 year old children, your parents filled in a questionnaire about your health.
They also completed surveys for your brothers and sisters as well as for themselves. With 45,900 Tasmanians involved,
this research is the largest asthma study in the world.

This current follow-up study will look at the factors that affect respiratory health in adults. We have found your address
on the federal clectoral rolls (allowed under sections 91(4A)(e) and 91(2A)(¢) of the Commonwealth Electoral Acr 1918
and Regulation 10 of the Electoral and Referendum Regulations) or recently from your brothers or sisters.

We would be grateful if you could help us by completing this survey booklet and returning it in the reply paid
envelope provided. We’d like as many of you to complete the survey booklet as possible, even if you do not have any
asthma or any respiratory problems. This is so we can compare information from people with and without respiratory
illnesscs to identity the causes of these conditions, This survey booklet contains:

= Consent Form which you need to sign if you agree to fill in this survey booklet

* Respiratory Health Questionnaire

» Family Contact Details Form

We are asking lor the details of your lamily so we can also survey them with a similar questionnaire in the [uture.
Providing their details does not commit them to be involved in this study. You may wish to discuss this with them to
make sure they are happy for you to pass on their information. A lot of time has gone by since the original study and if
this letter happens to bring up memories of upsctting events that have occurred in your family, we sincerely apologise.

[f you have questions about this research or need help in completing the survey, please contact
Cathryn Wharton on 1800 110 711 (free call Australia wide) or email: ing-tas @unimelb.edu.au
Alternatively, you could contact the chiel investigator Dr Shyamali Dharmage on (03) 8344 0737.

Your participation in this survey is completely voluntary. If you do not wish to take part you are not obliged to, but
please let us know by ringing 1800 110 711 (free call) so we do not send you a reminder letter. All information you
provide is strictly confidential. Your Consent Form (page 2) and Family Contact Details Form (pages 11 and 12) which
have your identifying information will be removed from this booklet and stored scparately from your questionnaire. If
you have a complaint about this project or concerns about your rights as a research participant, you can contact the
Executive Officer, Human Research Ethics, The University of Melbourne on ((}3) 8344 4071.

Over the years this study has made many great contributions to the understanding of respiratory illnesses. Thank you for
your help with this rescarch so far and for taking the time to consider our request.

SSC"‘jag&A CUNGta

Sincere regards,

Dr Shyamali Dharmage, Senior Lecturer Cathryn Wharton, Senior Rescarch Assistant
Chiel Investigator of the T.A.S. Project Coordinator of the T.A.S.
HE - PAGE 1 - ]
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RESPIRATORY HEALTH QUESTIONNAIRE
TASMANIAN ASTHIMA STUDY 1968 - 2008/04

Please read these instructions & examples before you fill in the questionnaire.

e Please do not fold or bend this booklet.

~C_BUEORBUGRPEN ([ ) %

2B PENGIL M)

* Please use a blue or black pen or 2B pencil.

* Please mark your responses like this: OO O

e Ovals must be completely shaded in.

e Cross out any mistakes and shade

¢ Unless indicated, shade in only one oval

Example: To indicate “female”

() Male
2 Female

e Where a number is required,

write the number in the boxes
and shade in the ovals.

in the correct oval, e.g: Oi@‘o Example: To indicate “2” |0 2| Write number
AND
© -
« If you need help to answer any of the >|cr>| shade in ovals
questions please contact us on el
1800 110 711 (free call). ole
Doy e vear [FEALTH UES oS
Today's Date: g JFFE"; 8 iggi 1. Have you ever been allergic to any
of the following?
O MAR | O 2005 SHADE ALL THAT APPLY
O APR | (O 2006
DO May | O 2007 © Foods
) JUN O Medicine
O UL O Dust
O AUG © Animals
O sEP < Pollen, grass, trees or flowers
) OCcT
8 ECE’Z 2. Have you ever had eczema or any kind of
skin allergy?
© No
O Yes
Your date of birth:
3. Have you ever had hay fever (that is
sheezing, running or blocked nose when
o ?
If this is NOT CORRECT, please record you do nat have a cold or the flu)7
your date of birth below: © No
Day  Month Year O Yes
) JAN
) FEB ]. 9 Write number .
DI man S| AND 4. Have you had treatment for heart trouble in
- hade i [ ?
D @O arn o | Shade novass the past 10 years”
@O MAY @® O No
@|O JuN @ O Yes
OO JuL @®
®|O AUG [6]O)]
O sEP
@O ocT D@
@O Nov ®®
) DEC ®
HE -PAGE 3 - H
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RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

5. Are you disabled from walking by a condition
other than heart or lung disease?

O No
O Yes

6. Are you troubled by shortness of breath when
hurrying on level ground or walking up a slight
hill?

O No = gotoquestion7?
O Yes = continue

6.1 Do you have to walk slower than people
of your age because of breathlessness?

O No
O Yes

6.2 Do you have to stop for breath when
walking at your own pace on level
ground?

O No
O Yes

6.3 Do you ever get short of breath when
resting?

O No
O Yes

7. Do you usually cough when you do not
have a cold?

O No — goto question 8
O Yes — continue

7.1 Are there months in which you cough on
most days?

O No — goto question §
< Yes — continue

7.1.1 Do you cough on most days for at
least three months of each year?

O No
O Yes

7.1.2 For how many years have you had
this cough?

© Less than 2 years
O 2-5years
© More than 5 years

§. Do you usually have phlegm in your chest
when you do not have a cold?

O No — goto question 9
© Yes — continue

8.1 Are there months in which you have
phlegm in your chest on most days?

C No — gotoquestion9
C Yes — continue

6.1.1 Do you bring up this phlegm on
most days for at least three
months each year?

O No
O Yes

8.1.2 For how many years have you had
this phlegm?

©  Less than 2 years
O 2-5years
< More than 5 years

9. Have you, at any time in your life, suffered
from cough with phlegm in the chest (with
or without a cold)?

O No — gotoquestion 10
O Yes = continue

9.1 Have you had cough with phlegm on
most days for at least three months of
each year for two successive years?

 No
O Yes

10. Have you, at any time in your life, suffered
from attacks of asthma or wheezy breathing?
(Regard asthma and wheezy breathing as
being much the same for this question.)

O No — go toquestion13
O Yes — continue

10.1 At what age
did these Write number
attacks begin? AND
(age in years) shade in ovals

10.2  How long ago did you have the last
attack?

©  Within the last year

© Over 1 year but less
than 2 years ago

© Over 2 years ago

m “PAGE 4 - Bl
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RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

11. Are you: 12. Have you been pregnant since you first had
) asthma?
O Male — go to question 13
© Female — continue O No — go to question 13
O Yes — continue
11.1 Have you ever noticed that your
asthma changes with your monthly 12.1 What happened to your asthma during
menstrual period? your pregnancies?
SHADE ONE ONLY SHADE ONE ONLY
© No, my asthma does not change O Improved
when | have my period © Got worse
< Yes, my asthma gets worse when O Stayed the same
I have my period < Not the same for
O Yes, my asthma gets better when all pregnancies
| have my period © Don't know
O ldon't have perlods — go to quesﬁon 13
< Don't know
Please answer A, B and C for questions 13 to 16. | B. How old were you when | ¢, Have you taken
you were told you had this | any medicine
A. Has a doctor ever told you condition? (age in years) (including inhalers
that you have or had this Write number AND or tablets) for this
condition? shade In ovals condition in the last
Eg. 2 years three months?
O 2 BOOO®
“@@.@@@@@@@
13. Asthma? C No — go to question 14 ololololo) . No
O Yes— continue COEeEEROE®® " Yes
14. Chronic bronchitis? © No — go to question 15 olofololo) J < No
O Yes— continue elojololojelolelolo)] O Yes
15. Emphysema? O No — go to question 16 OO | < No
O Yes— continue olojojolololololole) O Yes
16. Chronic obstructive
pulmonary disease or
chronic obstructive © No — go to question 17 oloYelolo) J < No
airways disease? © Yes— continue olojololololclo]elo) O Yes

17.

Have you had wheezing or whistling in your
chest in the last 12 months? (wheezing
means a whistling sound, however high or
low pitched and however faint.)

O No — goto question 18
O Yes — continue

18.

Have you, at any time in the last 12
months, woken up with a feeling of
tightness in your chest?

© No
O Yes

17.1 Have you been at all breathless when 19.  Have you, at any time in the last 12
the wheezing noise was present? months, been woken at night by an attack
of shortness of breath?
O No
O Yes < No
© Yes
17.2 Have you had this wheezing or whistling
when you did not have a cold?
© No
O Yes
T | - PAGE5 - ]
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RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

YOURSELR, WO AN FIOE
Now, we are asking for some information about yourself, your work and home lo look at the
effect of these things on people’s respiratory health.

20.In your lifetime, have you smoked at least 100
cigarettes or equal amounts of cigars, pipes,
or any other tobacco product?

O No — goto question 21

O Yes — continue

20.1 How old were you
when you started

smoking?

(age

in years)

Write number
AND
shade in ovals

20.3 How old were you

when you stopped Write number
smoking? = AND
(age in years) o shade in ovals
©)]
@@
@
@
20.3.1 On average, during periods when

you smoked, how much did you
smoke (total number of cigarettes
or equivalent product)?

(Provide the average number per
day OR per week OR per month)

20.2 Do you currently smoke {(within the last 4
weeks)?

O Not at all — go to question 20.3
O Yes, daily ———— continue
© Yes, at least weekly — continue
O  Yes, less than weekly - continue

20.2.1 On average, how much do you

Write number
AND
shade in ovals

currently smoke (total number of
cigarettes or equivalent product)?
(Provide the average number per
day OR per week OR per month)

perday OR perweek OR per manth

OO ©OO® OO
OOD OOLO OO
elele) [Dlala] elele)
QO O®® lelele)
CO® OO CO®
OO®® [elele] OEe®
®®® ®O® ®E&®
QOO @lelo] Olol6)
®e® ®@®® ®e®
QOO OO® OO®

— go to question 21

perday OR perweek OR per month

counting yourself)?

< No
< Yes

Write number
shadeincﬁ):::; o® ol > o
OO ololo OO
O®® [elele) @O®
@OE @O @O
lololo) DO ololo]
lelale) 6l6l6) elel6]
OE® ®O® lolelo)
lolole) wlolo ololo)
®@E® ®e® ®E®E
QOO ejolo) QOO
21. Not counting yourself, how
many people in your household
currently smoke regularly (most
days of the week) inside the oK
house? Do
) @@
Write number OO
AND
shade in ovals ol
O
®®
DD
®®
@O

22.Do people smoke regularly (most days of the
week) in the room where you work (not

m “PAGE 6- =T |

237




RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

23. On average, how many hours
per day are you exposed to
other people’s tobacco
smoke (work and home)?

@

Write number
AND |7

shade in ovals

CHCECHCHCHONCHCHS

24. What is your height without shoes? (answer
either in feet and inches OR in centimetres.)

Feetand Inches OR Centimetres

Write number

T Bo ®®o| AND
shade in ovals

ola) OOO
lelale)
& @
@ @
& ®
D D
®®
®©®)

POEEEBO

CHCHCNCECRCHCEC

25. What is your weight? (answer either in
stone and pounds OR in pounds OR in

26. How many of your own
(biological) children

have you had?
©
Write number |(D @
_AND 5@
shade in ovals ®
®
®
@
@)

If you have not had children — go to question 27
If you have had children —— continue

26.1 How many of your own
(biological) children have
ever suffered from attacks
of asthma or wheezy
breathing?

Write number
AND
shade in ovals

00

P0RPPEREO6

3

27. What is the highest educational or
vocaticnal qualification that you have

kilograms)? completed?
Stone and Pounds OR Kilograms SHADE ONE ONLY
O Grade 1to6
Write number — Grade 7 to 9
o0 e OO AN s © Grade 10 or 11
ol ololo) ololo) © Grade 12 or equivalent (eg. Higher
@@ @@ lolole! School Cetrtificate)
@O @ O Trade / Apprenticeship
©) olo) O] (eg. Hairdresser, electrician, plumber etc)
® ®6 oo O Certificate or Diploma
® ®6® (eg. Child care, technician etc)
(@) @) QD © University degree (eg. Bachelor)
© © Higher University Degree
@ @@ @O (eg. Graduate Diploma, Masters, PhD)
)] - PAGE 7 - |
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RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

28. Are you currently employed or self-employed?
SHADE ONE ONLY

00 O © 000

Yes

No, | am currently studying.

No, unemployed for less than 6 months and
actively seeking work

No, unemployed for more than 8 months and
actively seeking work

No, | am not working due to health, family

or other reasons

No, retired

No, other

29.What is your main occupation?
SHADE ONE ONLY

O

0O 0 0 O

0

Manager or administrator (eg. magistrate,
general manager, school principal, director
of nursing, farm manager)

Professional (eg. scientist, doctor, nurse,
allied health professional, teacher, artist)
Associate professional (eg. technician,
manager, youth worker, police officer)
Tradesperson or related worker

(eg. hairdresser, gardener, florist)
Advanced clerical or service worker
(secretary,flight attendant, law clerk,
personal assistant)

Intermediate clerical, sales or service
worker (eg. typist, data entry operator,
recepticnist, child care worker, nursing
assistant, hospitality worker)

Intermediate production or transport
worker (eg. machine operator, bus driver,
sewing machinist)

Elementary clerical, sales or service
worker (eg. filing/mail clerk, parking
inspector, sales assistant, telemarketer,
housekeeper)

Labourer or related worker (cleaner,
factory worker, farm hand, kitchen hand)
House person

30. Which types of heating do you use at home?
SHADE ALL THAT APPLY

O

O
O
(@]
O
(@)
(@]

Gas ducted central heating

Coal or wood fire

Gas room heater

Electric heater (eg. radiator, fan or
Dimplex-type)

Other central heating (eg. electric,
hydronic, slab floor heating)
Reverse cycle air-conditioning
Other

31.What kind of stove do you mostly use for
cooking?
SHADE ONE ONLY

O Gas

O Electric

< Coal, coke or wood
< Qther

32.Do you have an exhaust fan over the stove?

O No — go to question 33
O Yes —— continue

32.1 When cooking how often do you use
the fan?

O All of the time
© Some of the time
© None of the time

32.2 Does the fan take the fumes outside the
house?

O No
O Yes
O Don't know

33.Has there ever been mould or mildew on any
surfaces, other than food, in your home?

O No = go to instructions on bottom of page

O Yes—continue

33.1 Which rooms have been affected?
SHADE ALL THAT APPLY

O Bathrooms
O Your bedroom
© Other bedrooms
O Living areas
O Kitchen

O Any other area/s

33.2 Has there been mould or mildew on any
surface, other than food, in your home
in the last 12 months?

O No
O Yes

If you are male, please make sure you have
signed the Consent Form (page 2) and
completed the Family Contact Details Form
(pages 11 & 12). Please return this whole
booklet in the reply paid envelope provided.
Thank you for your time and contribution fo
the T.A.S.

If you are female, please go fo the next page.

[ - PAGE 8 -
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RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

SUHPLEHENT Feet WeEn

Thank you for your help.

We are looking at the reasons why more women have asthma than men,especially since it is
more common in hoys than in gitls. This is why we are asking the following questions.

34. Have you ever had a menstrual period?

© No ———— goto question 35
O Yes ———— continue

34.1 What was the age of
your first period?

. O1O)]

{age in years) ol
Write number [ @

AND ®

shade inovals |@ @

PEOBE

35. Have you ever used birth control pills or
other hormonal contraceptives (implants
or injections)?

O NO —————— goto question 36
O Yes ———————— continue

35.1 At what age did you
first use birth control
pills or other hormonal
contraceptives?

({age in years)

QO
&0
©l©]

Write number &)
AND
shade in ovals

CHCHSHGNC]

35.2 Are you currently taking birth control
pills or other hormonal contraceptives?

© No
O Yes

35.3 Over your whole lifetime, in total how
many months or years have you taken
birth control pills or other hormonal
contraceptives? (answer in months OR
years.)

Months OR Years

Write number
shade in OAVE::; OO Q®
OO O (@)
[Olale) @@
@G e®
@O @@
elele] ®
@O
@ @) @®
@® @

36. Are you currently pregnant?

< No
< Yes
< Don’t know

37. Have you ever been pregnant in the past?

O No = go to instructions below
O Yes — go to question 38 (next page)

If No, please make sure that you have
signed the Consent Form (page 2) and
completed the Family Contact Details Form
(pages 11 and 12). Please refurn this
whaole booklet in the reply paid envelope
provided.

Thank you for your time and contribution to
the T.A.S.

..-PAGEQ- ||
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RESPIRATORY HEALTH QUESTIONNAIRE - TASMANIAN ASTHMA STUDY 1968 - 2003/04

38. For each of your past pregnancies (including live births, miscarriages, abortions or still births),
please fill in the following information going down the page. If more than 8 pregnancies, please
record the details on a separate piece of paper.

1st 2nd 3rd 4th 5th 6th 7th 8th
pregnancy | pregnancy | pregnancy | pregnancy | pregnancy | pregnancy | pregnancy | pregnancy

38.1 What was your
age when you
became @@ @@ @ ® @ @ (O1O] @® @ @ ©©
pregnant‘? D) OO (@1O)] (DD oD o@ (©I6)] (D1,
(ageinyears) @ @ @ @@ @@ (G16)] @@ ele)] eley

Write nimber ®® ®® @® ©® @®
AND @ o @@ @® @@ @® @ @ @ ®

shade in ovals
@) ® ®

@ @ @

@ ® [©)

O] ® [©] @ [©)

38.2 Taking 40
weeks as the
usual Iength, @ @ @ © @ @ O® @@ @@ Q@
howlongwas D D) (D16 (@1©)] D@ (@16)] OO @l©)] OO
this pregnancy @@ @@ @@ @@ @@ @@ @@ ale)
(counting from @@ O ® @® @1 @Q® @® @& QO
yourlast @ o @@ @@ @® @ ® @ ® @@
menstrual ® ® ® ® ®
period)? ® ® ® ® ® ® ®

) @ @ @ @ @ @ @ @

e nurser ® ® ®

shade in ovals < ® @ @
Don't © | Don't | Don't O | Don't © | Don't | Don't | Don't © | Don't O

know know know know know know know know

38.3 ‘li\ilr?ﬁ';?:seang\{i O No | © No| © No| © No | O No O No = No © No
misc.arri.age, O Yes| O Yes| O Yes| O Yes| O Yes| O Yes| C Yes| O Yes
abortion or
stillbirth?)

J8AIFLIVEBIRTH, | O No| O No| O No| ©No| ONo| O No| ©ONol| O No
did you breast- O Yes| O Yes| O Yes| © Yes| O Yes| © Yes| © Yes| O Yes
feed the baby or
express breast
milk for your
baby?

38.5 IF BREASTFED,
for how many
months did you
breastfeed or © @ © @ @ © © © © @ @@ @@ olo)
express breast (OO @@ OLO] D@ o @@ (@1} o
milk? @D @@ ele

&) (©1O)] (©] @] (©] ©16)] (©] O

Write number @ @) @@ @@ @ @ @@ @@ @ @@
AND & ® & ® & ® ® ® ® ®

shade in ovals ® ® ®® ®® ©® ®® ®® G ® ®®
@) (@16)] @ @] @ oo @ OO

@ 3 ® [©] & ®

(O] @ ® (©)] (@] ®® (€] QO

provided.

Thank you for your time and contribution o the T.A.S.

Now please make sure that you have signed the Consent Form (page 2} and completed the Family
Contact Details Form (pages 11 & 12). Please return this whole booklet in the reply paid envelope

“PAGE 10 mm
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The Fourth Follow-up Study of the 1968 Tasmanian Asthma Survey
FEAMILY CONTACT DETAILS FORIM
We would like to collect the contact details of your family so we can also survey them with a similar questionnaire in the
future. Providing their information does not commit them to be involved. You may wish to discuss this with them to
make sure they are happy with you passing on their information.
ALL NAMES AND ADDRESSES ARE KEPT STRICTLY CONFIDENTIAL
If you have any questions about this research, contact Cathryn Wharton on 1800 110 711. Please DO NOT separate this

page from your booklet. Thank you!

Main study participant details:

242

Farmily ID:
Your name: I I Y D
If this is net correct please provide your current name below: .
Current name: I I
Your address: I I
If this is nat correct please provide your correct address below:
Address: I I
Street number Street name Suburb Postcode
Home Ph: | | work Ph: | | Mobite Ph: | |
Details of your parents:
Name: I I ID:
If this is not correct please provide current name below:
Current name: I I
Address: I I
Street number Street naine Suburb Pastcode
Home Ph: | | work Ph: | | Mobite Ph: | |
Name: I 1D:
If this is not correct please provide current name below:
Current name: I I
Address: I I
Street number Street naine Suburb Pastcode
Home Ph: | | work Ph: | | Mobite Ph: | |
Details of your brothers and sisters:
Name: L I ID:
If this 1s not correct please provide current name below:
Current nanie: I I
Address: I I
Street mnber Street name Suburb Postcode
Home Ph: I I Work Ph: I I Mobile Ph: I I
Name: I I 1D:
If this 1s not correct please provide current name below:
Current Hdme., I I
Address: I I
Street number Street namne Suburb Postcode
Home Ph: I I Work Ph: I I Mobile Ph: I I
Name: I ID:
If this 1s not correct please provide current name below:
Current name: I I
Address: I I
Street number Street name Suburb Postcode
Home Ph: I I Work Ph: I I Mobile Ph: I I
HE - PAGE 11 - Bl Please contine to back page



Name: I

1D:

If this is not correct please provide current name below:

Currernit name: I

Address: I

Street number Street nanme

Suburk

Home Ph: | | work Ph: |

Postcode

| Mobite Ph: |

Name:

| | :

Iﬂthis is not correct please provide current name below:

Current name: I

Address: I

Street number Street name

Suburb

Home Ph: I I Work Ph: I

Postcode

| Mobile Ph: |

Name:

| | m:

If this is not corvect please provide current name below:

Current name: I

Address: I

Street number Street name

Suburh

Home Ph: | | work Ph: |

Postcode

| Mobite Ph: |

Name:

| | :

If this is not correct please provide current name below:

Current name: I

Address: I

Street number Street name

Suburh

Home Ph: I I Work Ph: I

Postcode

| Mobile Ph: |

Name:

| | m:

If this is not correct please provide current name below:

Current name: I

Address: I

Street number Street name

Suburb

Home Ph: I I Work Ph: I

Postcode

| Mobile Ph: |

Name:

| | 1o

If this is not correct please provide current name below:

Current name: I

Address: I

Street number Street name

Suburb

Home Ph: | | work Ph: |

Postcode

| Mobite Ph: |

Name:

| | p:

If this is not correct please provide current name below:

Current name: I

Address:

Street number Street name

Suburb

Home Ph: I I Work Ph: I

Postcode

| mobile Ph: |

Thank you for completing these details.

Do not fold this booklet or remove any of the pages.
Please post this completed booklet in the reply paid
envelope provided or mail to:

Tasmanian Asthma Study
Department of Public Health
The University of Mclbourne
Reply Paid 75370
CARLTON VIC 3053

[ ~PAGE 12-
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Appendix 3- The TAHS 2004 laboratory study questionnaire

‘ Version #3 09/11/2004 Tasmanian Health Study : Laboratory Questionnaire PAGE 1

Participant ID: Appcointment date:

day month  year

Participant initials: Centre number:

Participant DOB: Investigator initials:

day month year

Sample number: 1

(Centre number: Royal Hobart Hospital= 1, Northern Lung Function Service= 2, Burnie Physiclogy= 3, Alfred Hospital= 4)

For questions where the subject has to choose one answer, read out the question and all the categories before expecting
them o respond. Definitions of ambiguous terins are given in text boxes. To siandardise the questionnaire administration
across centres, avoid providing any further explanation other than what is given in the questionnaire.

HOME ENVIRONMENT
First I am going to ask few questions about your home and the area where you live.
1. For how many years have you lived in your present home? (<! year code as 1)
2, In which decade was your present home built? Tick one V]
O  Before 1940
O 1941-1960
O 1961-1970
O  1971-1980
O 1981-1990

O  1990- Present
O Don’t know

3. What is the base structure of your home? Tick one
O  Concrete slab
0  Stumps and wooden flooring
J  Combination of above
(J Don't know

4. How old is the mattress in your bed? Tick one
3  Less than 12 months old
O 1-5yearsold
O More than 5 years old
O Don’t know
J Not relevant (e.g. waterbed)
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5. Is there fitted carpet in the bedroom? 0 0
No Yes
If Yes™" 5.1 What is the age of the carpet?  Tickone
J  Less than 12 months old
(3 1-35yearsold
0 More than 5 years old
3  Don’t know

6. On average, how often is your bedroom vacuumed, or if it has a hard floor, how often is it
swept or mopped? Tick one
O 5 or more times each week

O 2 -4 times each week
3  Once a week

(3  Less than once a week but more than
once a month

(3  Once a month or less

7. On average, how often is your bedroom aired by opening windows for at least for 1-hour?

Tick one
3 5 or more times each week
(3 2-4 times each week
0  Once a week
(J  Less than once a week but more than
once a month
3  Once a month or less
8. Do you keep or own any cats? 0 0
No Yes
If no, go to Q9
Ifyes < 8.1 How many? Number
8.2 Are the cats allowed indoors? a a
No Yes
Ifno, goto Q10
Ifyes & 8.2.1 Are the cats allowed in the bedroom?  [J O
No Yes
Now go to Q10
9, Has there been a cat in the house in the last 12 months? 0 O d
No Yes Don’t

know
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AIR POLLUTION

10. During working days (Monday to Friday) is the traffic noise at home so intense that you would have to

close the windows so you are not disturbed? Tick one

0 Constantly
Frequently
Seldom

Never

o o

Don’t know (never at home during BH)

11. During working days (Monday to Friday), how often do heavy vehicles such as trucks or buses pass your

house?

Tick one

[  Constantly
Frequently
Seldom

0
0
(3 Never
0

Don’t know (never at home during BH)

12. On a scale of 0 to 10, how much is the area where you live subjected to woodsmoke in winter?

Zero means not at all and 10 means severely affected. Number

13. On a scale of 0 to 10, how much is the area where you live subjected to fog or smog in winter?

Zero means not at all and 10 means severely affected. Number

14. On a scale of 0 to 10, when you are at home, how much are you annoyed by outdoor

air pollution from traffic, industry, woodsmoke or other sources if you keep the windows open?

Zero means no annoyance and 10 means intolerable annoyance.  Number
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Definitions to be used when administering the questions below:

“Attack” or “flare up” of asthuma. is a period of time when asthma symptoms are worse or more frequent than

usual. One could have asthma sympfoms regularly or intermittently without getting attacks or flare-ups. The
attacks fend to occur after a cold/sore throat or during an ‘allergen season’.

Chronic Bronchitis/fCOPD/COAD/emphvsema: cough and sputum for at least 3 months for 2 successive years.

ASTHMA
Now I am going to ask few questions about few respiratory conditions that you may or may not have.
15. Have you ever had asthma? 0 0
No Yes
¥ If no, go to Q16 page 7
If ves continue
15.1 Was this confirmed by a doctor? 0 0
No Yes
If yes & 15.2 How old were you when this was confirmed? years old
15.3 How old were you when you had your most recent symptoms of asthma? years old
Symptom Severity
15.4. Have you been woken from your sleep by your asthma? last 12 months last I month
O 0O O 0O
No Yes No Yes
If Yes to last month:
15.4.1 How many nights were you woken from sleep by your asthma in the last week?
Number of nighis
15.5. Have you had asthma symptoms when you wake in the morning? last 12 months last 1 month
O 04 o 0O
No Yes No Yes
If Yes to last month:
15.5.1 How many mornings in the last week? Number of mornings

15.6 Have you been limited in any of the following activities because of asthma?

Tick the appropriate boxes in each category: last 12 months last I month
15.6.1  All activities O 0O O 0O
No Yes No Yes
15.6.2 When dressing 0 0 0 a
No Yes No Yes
15.6.3 Walking on level ground O ad a 04
No Yes No Yes
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15.6.4 Hurrying on level ground 0 ) O 0
No Yes No Yes
15.6.5 Walking up stairs or up hills o 04 o 0
No Yes No Yes
15.6.6  Active sports a 0 0 )
No Yes No Yes
15.6.7 Other (Specify) O ad g 4
Ne Yes No Yes

Y If Yes to any of 15.6.1 to 15.6.7, go to 15.7. If all were No, do 15.6.8 first.

15.6.8 Would you agree or disagree with the following statement:

“My asthma has not limited any of my activities.” last 12 months last month
agree disagree agree disagree

15.7. How frequent have your asthma symptoms (of any severity) been?

Tick one

0 No asthma in the past 12 months

d Asthma symptoms in the past 12 months but not in the last month

d Asthma symptems in the last month, but not frequent (less than once per week)
0 Frequent (once per week or more but not daily) in the last 1 month

a Persistent (daily)

% If ‘No asthma in the past 12 months’, go to Q15.14. If any asthma in last 12 months continue

15.8. How frequent have your asthma attacks/flare ups been over the past 12 months?
An “attack” or “flare up” of asthma is a period of time when asthma symptoms are worse or more frequent
than usual. One could have asthma symptoms regularly or intermittently without getting attacks or flare-ups.

Tick one

None in the past 12 months

3 or less in the past 12 months

4 or more but less than monthly

More than monthly in the last 12 months

More than weekly or persistent

o aoaoaaoada

Not sure

15.9. Have ycu had an episode of asthma which has made you unable to speak or severe enough to limit
your speech to only 1 or 2 words between breaths?

last 12 months last I month
O 0O O 0O
No Yes No Yes
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15.10. On average, how would you rate the severity of your asthma?

last 12 months last | month
tick one tick one
Not severe at all a O
Mild 0 a
Moderate ) 0
Severe a a
Not sure a a

Events

15.11. Have you lost any days from work, school or usual activities because of your asthma?

last 12 months last 1 month

g 3 g 4

No Yes No Yes
If yes =~ :15.11.1. How many?

last 12 months last 1 month

15.12. Have you had an attack or symptoms of asthma that was so bad, you needed to call your
general practitioner, ambulance, emergency locum or 24 hour clinic?

last 12 months last 1 month

a 0O a 0

No Yes No Yes
If yes <~ 15.12.1. How many?

last 12 months last 1 month

15.13. Have you had an attack or symptoms of asthma that was so bad you had to go to a hospital
emergency or casualty department?

last 12 months last 1 month

O 4d O 04

No Yes No Yes
If yes < 15.13.1. How many?

last 12 months last 1 month

15.14. Have you ever been admitted to a hospital because of your asthma? [

No Yes
% Ifno, go to Q16
Ifyes < 15.14.1 In the past 12 months? a a
No Yes
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If yes ¥~ 15.14.1.1 How many times in the last 12 months?

Number

15.14.1.2 How many times in the last 1 month?

Number

15.15. Have you ever had an attack or symptoms of asthma which resulted in an admission to a hospital
intensive care unit? O a
No Yes

COPD/COAD/Chronic Bronchitiss EMPHYSEMA

16. Have you ever had Chronic Obstructive Pulmonary Disease/Chronic Obstructive

Airways Disease/Chronic Bronchitis/Emphysema?
Signs of these illnesses are_cough and sputum for at least 3 months for 2 years in a row.

O a
No Yes
Ifno, goto Q17
If yes continue
16.1 Was this confirmed by a doctor? 0 0
No Yes
If yes =~ 16.2 How old were you when this was confirmed? vears old

FAMILY PREDISPOSITION

Interviewers note: Encourage respondents to give answers to the best of their knowledge. Don’t read
out the “Don’t Know’ option, and avoid using it whenever possible. If they don’t know the health status
of all of their siblings (or children), record their answers for the ones they do know about. If they
don’t know about any of their siblings (or children), then use ‘Don’t Know.’

I am now going to ask about the respiratory conditions of your family members. It is possible that

you are not aware of these details but respond according to what you know about your family.

17. Has your biological mother ever had self reported or doctor diagnosed:

17.1 Asthma? 0 0 0

No Yes Don’t know
17.2 COPD, COAD, chronic bronchitis or emphysema? a a a

No Yes Don’t know
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18. Has your biological father ever had self reported or doctor diagnosed:

18.1 Asthma? o ad 0O
No Yes Don’t know

18.2 COPD, COAD, chronic bronchitis or emphysema?  [J 0 ad
No Yes Don’t know

19. Do you, or did you, have any biological brothers or sisters? 0 0 0
This includes half-brothers and half-sisters, but not step-brothers or step-sisters. No Yes Don’t know

% 1f No, go to Q20  If Yes continue

19.1 How many? O

Number Don’t know

<~ How many of your biological brothers or sisters have ever had self reported or doctor diagnosed:

19.2 Asthma? ad
Number Don’t know
19.3 COPD, COAD, chronic bronchitis, emphysema? O
Number Don’t know
20. Do you, or did you, have any biological children? O 0
No Yes

% If No, go to Q21 If Yes continue

20.1 How many?

Number

20.2. How many of them have ever had self reported or doctor diagnosed asthma?

O

Number Don’t know

21. Has any member of your family or close relatives died from asthma? By family and close relatives 1
mean children, parents, siblings, nephews, nieces, grand parents, first cousins, uncles and aunts

0 0 0

No Yes Don’t know
If Yes: 21.1 How many?

Number

22, Has any member of your family or close relatives died from COPD/COAD/Chronic

Bronchitis/Emphysema?
o 0o a4
No Yes Don’t know
If Yes: 22.1 How many?
Number
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When administering O23 and O25:

First ask the main question as given below i.e. “Have you used any inhaled medicines to help your

breathing in the last 12 months?”

If the response is yes, get the participant to tell what medication/s he/she has used and find what group
of drugs the participant’s drug belongs to from the medication list provided with this questionnaire.
Then administer the sub questions under each medication (i.e. if a Short Acting beta-2-agonist

inhaler is used complete 23,1 to 23.1.2,3)

MEDICINES AND INHALERS
23. Have you used any inhaled medicines to help your breathing in the last 12 months? O 0
No Yes
¥ If No, go to Q24 page 18. If Yes, confinue
<= Which of the following have been used in the last 12 months?
23.1 Short Acting beta-2-agonist inhalers? 0 0
No Yes

If no go to Q 23.2. If Yes continue
‘Which one?

Which type of inhaler device do you use?

Strength/dose per puff (mcg)?

23.1.1 In the last 12 months, have you used them for any of the following circumstances?

23.1.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma ) d
No Yes

If Yes: Average number of puffs per month

23.1.1.2 For flare-ups or attacks 0 0

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups
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23.1.1.3 Regularly i.e daily {whether symptoms present or not) 0 0
No Yes

If Yes: Average number of puffs per day

23.1.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.1.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms
such as exercise induced asthma d d
No Yes

If Yes: Average number of puffs per month

23.1.2.2 For flare-ups or attacks 0 0

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.1.2.3 Regularly i.e daily (whether symptoms present or not) 0 0
No Yes

If Yes: Average number of puffs per day
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23.2 Long Acting beta-2-agonists? O 0
No Yes
Ifno goto Q 23.3. If Yes continue

‘Which one?

Which type of inhaler device do you use?

Strength/dose per puff (mcg)?

23.2.1 In the last 12 months, have you used them for any of the following circumstances?

23.2.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 m)
No Yes

If Yes: Average number of puffs per month

23.2.1.2 For flare-ups or attacks 0 a
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.2.1.3 Regularly i.e daily (whether symptoms present or not) 0 0
No Yes

If Yes: Average number of puffs per day

23.2.2 Specifically. in the last 1 month, have you used them for any of the following circumstances?

23.2.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 m)
No Yes

If Yes: Average number of puffs per month

23.2.2.2 For flare-ups or attacks 0 0
No Yes
If Yes: Number of flare ups for which this medication was

used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.2.2.3 Regularly i.e daily (whether symptoms present or not) a a
No Yes

If Yes: Average number of puffs per day
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23.3 Anticholinergic Inhalers? 0 )

If no go to Q 23.4 If Yes continue
Which one?

Which type of inhaler device do you use?

Strength/dose per puff (mcg)?

23.3.1 Tn the last 12 months, have you used them for any of the following circumstances?

23.3.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 0
No Yes

If Yes: Average number of puffs per month

23.3.1.2 For flare-ups or attacks a a
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.3.1.3 Regularly i.e daily (whether symptoms present or not) 0 a
No Yes

If Yes: Average number of puffs per day

23.3.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.3.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma ) a
No Yes

If Yes: Average number of puffs per month

23.3.2.2 For flare-ups or attacks 0 a
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.3.2.3 Regularly i.e daily (whether symptoms present or not) a a
No Yes

If Yes: Average number of puffs per day
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23.4 Inhaled Steroids? 0 0
No Yes

Ifno go to Q 23.5 If Yes continue
Which one?

Which type of inhaler device do you use?

Strength/dose per puff (mcg)?

23.4.1 In the last 12 months, have you used them for any of the following circumstances?

23.4.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma

If Yes: Average number of puffs per month

23.4.1.2 For flare-ups or attacks

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.4.1.3 Regularly i.e daily (whether symptoms present or not)

If Yes: Average number of puffs per day

O 0
No Yes
a a
No Yes
a a
No Yes

23.4.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.4.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma
If Yes: Average number of puffs per month

23.4.2.2 For flare-ups or attacks

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.4.2.3 Regularly i.e daily (whether symptoms present or not)

If Yes: Average number of puffs per day
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23.5 Inhaled cromoglycate/nedocromil? d d
No Yes
If no go to Q 23.6 If Yes continue

Which one?

Which type of inhaler device do you use?

Strength/dose per puff (meg)?

23.5.1 In the last 12 months, have you used them for any of the following circumstances?

23.5.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma a a
No Yes

If Yes: Average number of puffs per month

23.5.1.2 For flare-ups or attacks 0 a
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.5.1.3 Regularly i.e daily (whether symptoms present or not) a 0
No Yes

If Yes: Average number of puffs per day

23.5.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.5.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma m a
No Yes

If Yes: Average number of puffs per month

23.5.2.2 For flare-ups or attacks 0 d
No Yes
If Yes: Number of flare ups for which this medication was

used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.5.2.3 Regularly i.e daily (whether symptoms present or not) a a
No Yes

If Yes: Average number of puffs per day
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23.6 Inhaled Compound Bronchodilators? a a

If no go to Q 23.7 If Yes continue
‘Which one?

Which type of inhaler device do you use?

Strength/dose per puff (mcg)?

23.6.1 In the last 12 months, have you used them for any of the following circumstances?

23.6.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 0
No Yes

If Yes: Average number of puffs per month

23.6.1.2 For flare-ups or attacks a a
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.6.1.3 Regularly i.e daily (whether symptoms present or not) a a
No Yes

If Yes: Average number of puffs per day

23.6.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.6.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma d a
No Yes

If Yes: Average number of puffs per month

23.6.2.2 For flare-ups or attacks a a

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.6.2.3 Regularly i.e daily (whether symptoms present or not) a a
No Yes

If Yes: Average number of puffs per day
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23.7 Inhaled combination of steroids and long acting beta 2 agonist? a d
No Yes
If ro go to Q 23.8 If Yes continue

Which one?

Which type of inhaler device do you use?

Strength/dose per puft (mcg)?

23.7.1 In the last 12 months, have you used them for any of the following circumstances?

23.7.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms
such as exercise induced asthma 0 0

If Yes: Average number of puffs per month

23.7.1.2 For flare-ups or attacks a a
No Yes

If Yes: Number of tlare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.7.1.3 Regularly i.e daily (whether symptoms present or not) a a
No Yes

If Yes: Average number of puffs per day

23.7.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.7.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 0
No Yes

If Yes: Average number of puffs per month

23.7.2.2 For flare-ups or attacks 0 0
No Yes
If Yes: Number of flare ups for which this medication was

used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of pufts per day during flare ups

23.7.2.3 Regularly i.e daily (whether symptoms present or not) d d
No Yes

If Yes: Average number of puffs per day
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23.8 Other inhaled medication? 0 0
No Yes
If no go to Q 24 page 18. If Yes continue

Which one?

Which type of inhaler device do you use?

Strength/dose per puff (mcg)?

23.8.1 In the last 12 months, have you used them for any of the following circumstances?

23.8.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma a a
No Yes

If Yes: Average number of puffs per month

23.8.1.2 For flare-ups or attacks 0 0

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.8.1.3 Regularly i.e daily (whether symptoms present or not) 0 a

If Yes: Average number of puffs per day

23.8.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

23.8.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma ) )
No Yes

If Yes: Average number of puffs per month

23.8.2.2 For flare-ups or attacks 0 )
No Yes
If Yes: Number of flare ups for which this medication was

used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of puffs per day during flare ups

23.8.2.3 Regularly i.e daily (whether symptoms present or not) 0 0
No Yes

If Yes: Average number of puffs per day
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24. Have you ever used inhaled steroids to help your breathing? 0 0
No Yes
% If No go to Q 235, if Yes continue

24.1 At what age did you start using inhaled steroids? years

24.2 In the past 5 years, how many months would you have used inhaled

steroids on most days? months

25. Have you used any pills, capsules, tablets or medicines, other than inhaled medicines to help your
breathing at any time in the last 12 months? 0 0

No Yes
% If No go to Q 26 page 22, if Yes continue
Which of the following have been used in the last 12 months?
25.1 Oral theophyllines 0 a
If no go to Q25.2 If Yes continue
Which one?

Strength/dose per tablet (mg)?

25.1.1 In the last 12 months, have you used them for any of the following circumstances?

25.1.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 )
No Yes

If Yes: Average number of tablets per month

25.1.1.2 For flare-ups or attacks 0 0
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of tablets per day during flare ups

25.1.1.3 Regularly i.e daily (whether symptoms present or not) 0 0
No Yes

If Yes: Average number of tablets per day
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25.1.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

25.1.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma 0 0
No Yes

If Yes: Average number of tablets per month

25.1.2.2 For flare-ups or attacks a d
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of tablets per day during flare ups

25.1.2.3 Regularly i.e daily (whether symptoms present or not) 0 a
No Yes

If Yes: Average number of tablets per day
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PAGE 20 Tasmanian Health Study : Laboratory Questionnaire Version #3 09/11/2004 |

25.2 Oral Steroids? d d

Ifno go to Q25.3 If Yes continue
Which one?

Strength/dose per tablet (mg)?

25.2.1 In the last 12 months, have you used them for any of the following circumstances?

25.2.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma O )
No Yes

If Yes: Average number of tablets per month

25.2.1.2 For flare-ups or attacks d d
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of tablets per day during flare ups

25.2.1.3 Regularly i.e daily (whether symptoms present or not) 0 d
No Yes

If Yes: Average number of tablets per day

25.2.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

25.2.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma d a
No Yes

If Yes: Average number of tablets per month

25.2.2.2 For flare-ups or attacks 0 )
No Yes
If Yes: Number of flare ups for which this medication was

used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of tablets per day during flare ups

25.2.2.3 Regularly i.e daily (whether symptoms present or not) 0 d
No Yes

If Yes: Average number of tablets per day
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25.3 Oral Anti-leukotrienes? a a

If no go to 025.4 If Yes continue
Which one?

Strength/dose per tablet (mg)?

25.3.1 In the last 12 months, have you used them for any of the following circumstances?

25.3.1.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma d a
No Yes

If Yes: Average number of tablets per month

25.3.1.2 For flare-ups or attacks a a
No Yes

If Yes: Number of flare ups for which this medication was
used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of tablets per day during flare ups

25.3.1.3 Regularly i.e daily (whether symptoms present or not) a d
No Yes

If Yes: Average number of tablets per day

25.3.2 Specifically, in the last 1 month, have you used them for any of the following circumstances?

25.3.2.1 For relief of symptoms and/or as needed to prevent predictable symptoms

such as exercise induced asthma d a
No Yes

If Yes: Average number of tablets per month

25.3.2.2 For flare-ups or attacks a d
No Yes
If Yes: Number of flare ups for which this medication was

used in last 12 months

Average number of days for which this medication was
used at each flareup

Average number of tablets per day during flare ups

25.3.2.3 Regularly i.e daily (whether symptoms present or not) a 0
No Yes

If Yes: Average number of tablets per day
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25.4 Other Oral Medications?

25.4.1 List

26. Have you ever been prescribed home oxygen therapy?
% If no go to Q27 If Yes continue

26.1 Are you currently using oxygen therapy at home?

26.2 For how many years have you been using oxygen therapy at home?

26.3 How have you used oxygen therapy during the last month?
26.3.1 For relief of symptoms or when needed
26.3.2 For flare-ups or attacks

26.3.3 Regularly, on a daily basis

27. Have you ever had an influenza vaccination?

Ifves 27.1 Have you been vaccinated for influenza in the last 12months?

28. Have you ever had a pneumonia vaccination?

Ifyes: 28.1 Have you been vaccinated for pneumonia in the last 5 years?

29. Have you ever been vaccinated or desensitised for allergy?

Ifves: 29.1 Have you been vaccinated for allergy in the last 12 months?

30. Have you had any other injections to help your breathing at any time in the last 12 months?

Ifyes:  30.1 What injections?

0

No

¢0z0z0

No

0

No

0

No

a

No

0

No

0

No

0

No

Yes

Yes

years

Thank you for completing this questionnaire as part of the Tasmanian Asthma Study 36 year follow-up study.
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Appendix 4- The TAHS 2005 laboratory follow-up clinical testing

0
S BATVIT

UNIVERSITY THE UNIVERSITY OF

or TASMANITA MELBOURNE

TASMANIAN HEALTH STUDY: LABORATORY PHASE

LAB BOOKLET

TASMANIAN TESTING CENTRES

Research Investigators:

Dr Shyamali Dharmage, The University of Melbourne
Professor E. Haydn Walters, University of Tasmania
Professor Michael Abramson, Monash University

Associate Professor David Johns, The University of Tasmania
Professor John Hopper, The University of Melbourne

Dr Mark Jenkins, The University of Melbourne

Dr Geza Benke, Monash University

Participant ID: Appointment date:
day month  year
Participant initials: Centre number:
Participant DOB: Scientist initials:
day month  year
Sample number: o)
(Centre number: Royal Hobart Hospital= 1, Northern Lung Function Service= 2, Burnie Physiology= 3, Alfred Hospital= 4}
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Created by cwharton, Version 2. 9" Feb 2005

PARTICIPANT CONTACT DETAILS

Participant ID:

Please record your full name and contact details below:

Full name:

Street address:
Suburb: State: Postcode:
Home phone:

Work phone:

Mobile phone:

Email address:

A lot of money and staff time goes into just trying to locate participants for follow-up
research studies. It would be appreciated if you could provide the name and contact details
of one person who is not part of your immediate family and who will know your whereabouts
in future years (and lives at a different address to you). We would only contact this person if
another follow-up study is done in future and we can’t locate you through other means.
These details will be kept confidential.

Person’s name:

Relationship:

Street address:
Suburb: State: Postcode:
Home phone:

Work phone:

Mobile phone:

FAmILY CONTACT DETAILS

You are probably aware that in 1968 a short health survey was also done on your parents
and brothers and sisters. We hope to receive funding in the future to do a follow-up postal

survey on the health of these family members.
Yes No

Can we contact you in future so that we
can update your family’s contact details?

We would use these details to send them a voluntary health survey. Providing your family’'s
contact details does not commit them to take part in the survey- they can still choose whether
they want to participate or not.

Page 2 of 9
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Created by cwharton. Version 2. 9% Feb 2005

PARTICIPANT CONSENT FORM

Participant ID:

Thank you for participating in this medical research project. Signing this form simply means that you
have agreed to take part in all or some of the laboratory phase of the Tasmanian Health Study. It does
not remove any of your rights as a research participant.

The testing will take about one and a half hours of your time and it involves:

1. completing a guestionnaire about your respiratory health

2. provide information about your employment and residence history so we can examine your
exposure to dust and fumes.

3. having a skin prick test to determine if you have any sensitivity to some common allergens

4. participating in 3 breathing tests (spirometry, a lung volume test and a gas transfer test); and

5. giving a blood sample of 30mls.

If you have any questions or concerns about these tests please discuss them with the scientist.
A report of the main results will be posted to all lab participants at the end of the study.

Scientist comments:

| have been informed that the general purpose of this medical research is to identify the risks
for respiratory health problems in adults. The tests and any foreseeable effects of my
participation have been explained to me.

| understand that my involvement in this research is voluntary and that | am free to withdraw at
anytime without giving a reason. | know that | can also withdraw any information that | have
previously supplied. | understand that by law my personal information and the results of my
tests must be stored securely for at least 5 years and will be kept confidential within the limits
of the law. My identity will not be revealed in the results as only group information will be used
in publications.

| am aware that there is no direct benefit to me from being involved in this research except for
the provision of information about sensitivity that | might have to the allergens and comment
about the results of my breathing tests. | understand that with my consent this information can
be sent to my own doctor. Information sent to my doctor will not be taken to provide a specific
diagnosis of any condition or illness.

| agree to participate in all or part of this research testing.

Participant’s name (printed):

Participant’s signature: Date:

Yes No
Depending on the results of this research, we may wish to test the

sensitivity of airways in some participants. Would you be willing to do
another short breathing test in 2 to 3 years time, if you are selected?

Page 3 of 9
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Created by cwharton, Version 2, 9% Feb 2005

CONSENT TO PROVIDE TEST RESULTS TO YOUR DOCTOR

This section is only to be completed if the participant’s results are to be sent to their doctor.

Participant ID:

If the scientist feels it would be beneficial for you and if you agree by signing below, we can send ycur
test results to your doctor. This may be recommended if you are found to have allergies or if your
breathing tests are substantially below the predicted values.

We can also send your test results to your doctor to be added to your medical file at your request.

Signing below means you are providing consent for us to release your test result information to your
doctor.

Participant name (printed):

Participant’s signature: Date:

Please provide your doctor's details below:

Your doctor’'s name:

The clinic name:

The clinic address:

Doctor’s phone number:

Page 4 of 9
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Created by ewharton. Version 2. 9" Feb 2005

SKIN PRICK TEST FORM

-ve confrol Dustmite

Cat Hormodendrum
Alternaria Penicillium
Aspergillus Rye grass

Mixed grasses +ve control

Participant ID:

NEGATIVE CONTROL

1st diam  2nd diam
CAT

1stdiam 2nd diam
ALTERNARIA

1st diam 2nd diam

ASPERGILLUS
1stdiam 2nd diam

MIXED GRASSES
1stdiam 2nd diam

Page 5 of 9
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1st diam  2nd diam
HORMODENDRUM
1stdiam 2nd diam
PENICILLIUM
istdiam  2nd diam
RYE GRASS
1stdiam  2nd diam
POSITIVE CONTROL
1stdiam  2nd diam




Created by ewharton. Version 2. 9 Feb 2005

LUNG FUNCTION QUESTIONNAIRE

Participant ID:

1. Participant's height

cm

2. Participant’s weight

. kg

3. Have you used a puffer or inhaler in the last 24 hours?
If yes: 3.1 What inhaler(s) did you use and how many
hours ago was the last dose taken?

4. Have you taken any medication for breathing (other than inhalers)
in the last 24 hours?
If yes: 4.1 Which medication(s) did you take and how many
hours ago was the last dose taken?

5. Have you had a cigarette (or any other tobacco product) in the last 24 hours?
If yes: 5.1 How many hours ago was your last smoke?

6. Have you taken an antihistamine {(a medication for allergy including hay fever)
or cough medicine in the last 72 hours?
If yes: 6.1 What medicine(s) did you use and how many
hours ago was the last dose taken?

7. Have you taken any medication for high blood pressure or a heart condition,
or used eye drops to treat glaucoma in the last 72 hours?
If yes: 7.1 Which medication(s) did you take and how many
hours ago was the last dose taken?

8. Have you had a respiratory infection in the last 3 weeks?

If yes: 8.1 How many days ago did it end?

9. How many hours ago did you have your last meal?

10. If female: what was the date of your last menstrual period (first day of period)?

DNO

D Yes

D Yes

I:“:I Days
[ ] Hous

/1

Tick if pregnant [_| or have no periods [ |

Page 7 of 9
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Created by cwharton. Version 2. 9" Feb 2005

11. SPIROMETRY Pre-BD

Post-BD

FEV, (litres) |:| ) |:| |:|

HENIN

FVC (litres) |:| ) |:| |:|

(1L

FEV/FVC (%) 10 ]-0 0]

(O] 0

FEF,5 75 (litres/second) I:I . |:| I:'

(1- L]

PEF (litres/second) |:| I:l . |:| I:I

LI LI

FEFsqe. (litres/second) I:l . |:|

(1 L0

FlFsy, (litres/second) |:| |:| ] |:| |:|

- O]

Shape of flow volume loop pre-BD only (to be assessed by DJ):

12. SINGLE BREATH TLco (post-BD)

Post-BD

TLco (ml/min/mmHg) (uncorrected)

Hpupun

VA (litres)

HENIn

TLco/VA (ml/min/mmHg/litre)

L)L

Inspiratory VC (litres)

L]-L L]

13. LUNG VOLUMES AND CAPACITIES (post-BD)

Post-BD

TLC (litres) HEREE
FRC (litres) 0] -0
RV (litres) |:| |:| |:|
VC (litres) -]
IC (litres) (1.0 ]
RV/TLC (%)

[ JLT-LIL]

14. 29ML OF BLOOD TO BE COLLECTED

1% tube- ACD tube (yellow top), 2" tube- Serum tube (red top), 3 tube- EDTA tube (purple top)

15. HB AND COHB

Post-BD

Hb g/dl

Hinp.

COHb % (or ppm for expired CO)

L

Additional comments:

Page 8 of 9
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Created by cwharton. Version 2. 9™ Feb 2005

CHECK LisT

Participant ID:

Yes No Comments:

1. Has the work history calendar & residence |:| |:|
history form been collected & checked?

2. Has the family contact details form been I:' I:‘

checked for completeness and collected?

3. Has the participant read the plain language
statement and had the opportunity to discuss

any concerns?

4. Has the participant signed the consent form?

5. Has the gkin prick test been performed?

6. Have the lung function tests been
carried out?

Pre- bronchodilator spirometry?

Post- bronchodilator spirometry?

Tlco test (post BD)?

Lung volumes and capacities test (post BD)?

Is the lung function questionnaire complete?

Have the lung function results been printed

and attached to the lab booklet?

7. Has the 29 ml blood sample been collected?

1% tube- ACD tube- yellow top (9ml)?

2" tube- Serum tube- red top {10ml)?

3" tube- EDTA tube- purple top (10ml)?

000 Oopooog Ud
Qo0 Jooopoo Dd g

Date and time blood collected / / am

from participant: pm

8. Has the haemoglobin been measured and I:I I:I
recorded on page 87
9. Has carboxyhaemoglobin been measured I:l I:l
and recorded on page 87
10. Has Hb and CoHb been measured using I:l I:l
venous blood or from a finger prick? Venoms  Fineer
Page 9 of 9
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Appendix 5- The TAHS 2002-2008 follow-up lifetime work history calendar

WORK HISTORY CALENDAR & RESIDENCE HISTORY FORM

Tasmanian Health Study

Participant name: ID number: Appt Date:

Thank you for volunteering for this study. To ensure that your lab visit is as quick as
possible it would be appreciated if you could take a few mintues to complete the “Work
History Calendar” and “Residence History Form”, which are on the centre and back
pages. The instructions for each form are below.

All information you provide for this research will be kept strictly confidential and only
group data will be used in reports so no individuals can be identified.

If you have booked a lab appointment please bring this form with you and give it
to the scientist. Otherwise please post it in the envelope provided.

If you have any problems or questions about either of these two forms please call us.
Tasmanian participants can call Dr Desiree Mesaros on 1800 207 765

Victorian participants can call Billy Skoric on (03) 9276 3476

WORK HISTORY CALENDAR INSTRUCTIONS (centre page)

The information you provide in the work history calendar will help to determine if work
place exposures to dust and fumes contribute to respiratory illness.

To fill in the calendar you will need to think about jobs you have done over your lifetime.
Please list the jobs you have held over your working life starting with your most recent or
current position.

For each job you have had, please list the job title, the type of industry in which you were
employed, and the name of your employer. Please also record the number of days per
week usually worked for each job. If a job did not follow a weekly cycle then please
explain by writing a brief explanation, such as “four days on and four days off” for
example. Please also record the number of hours per day that you were usually at work.
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WORK HISTORY CALENDAR

Please start with your current or most recent job and fill in as many jobs

as you can over your entire working life. Thank you!

Job title
(e.g.: teacher, nurse,
secretary, manager,
student, accountant,

clerk, engineer,
walitress)

Industry
(e.g.: education, retail,
health, mining, focd,
hospitality, transport
manufacturing, public
service, insurance,
banking, advertising)

Name of
employer

Number
of days
per
week

Hours
pet
day

Year
job
started

Year job
ended

10

11

12

13

14

15

16

17

18

19

20
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Appendix 6- The TAHS 2010 follow-up postal survey questionnaire

276

|
Tasmanian Longitudinal
Health Study
Parents Follow-up Study
Thank you for your help with this medical research.
All information you provide is kept strictly confidential.
If you have any questions please call 1800 110 711 {free call in Australia)
INSTRUCTIONS
-3 2B PENCIL M)
<___mweonstekpen |[[ D
® Please use a blue or black ballpoint pen or a 2B pencil
® DO NOT USE red or felt-tip pens
® Erase mistakes fully
o Make no stray marks
PLEASE MARK LIKE THIS: © @ O O
NOT LIKE THIS: © O & ®
|
Your date of birth: ID Number:
-
Family ID:
Current contact details: -
|
Current name:
|
Current address:
|
Please provide your phone numbers:
-
Home:
|
Work:
-
Mobile: Today’s date:
\_ -
EEN =



IN

THE TASMANIAN LONGITUDINAL HEALTH STUDY

GENERAL DEMOGRAPHIC INFORMATION

1. What is your height without shoes? (Answer either in feet & inches OR centimeters.)

feet and inches OR centimeters

2. What is your weight? (Answer either in stone & pounds OR in kilograms.}

stone and pounds OR kilograms

3. What is the highest educational or vocational qualification that you have completed? (mark one only)

O Gradeltob (O Trade/ Apprenticeship (eg. Hairdresser, electrician, plumber)
O Grade7t09 (O Certificate or Diploma (eg. Child care, technician etc}

O Grade 100r11 (O University degree (eg. Bachelor)

O Grade 12 or equivalent (O Higher University degree (eg. Graduate diploma, masters, PhD)

(eg. Higher School Certificate)

4. Are you currently employed {including self-employed)? (mark one only)

O Yes O No O No, studying O No, retired

5. What is/was your main occupation? (mark one only)

Manager or administrator (eg. Magistrate, general manager, school principal, director of nursing)
Professional (eg. Scientist, nurse, allied health professional, teacher, artist)

Associate professional {(eg. Technician, manager, police officer, small business owner)
Tradesperson or related worker {eg. Hairdresser, gardener, florist)

Advanced clerical or service worker {eg. Secretary, flight attendant, law clerk, personal assistant)
Intermediate clerical/sales/service worker (eg. Administration worker, child care or hospitality worker)
Intermediate production or transport worker (eg. Machine operator, bus driver, sewing machinist)
Elementary clerical/sales/service worker {eg. Filing/mail clerk, parking inspector, sales assistant)
Labourer or related worker (eg. Cleaner, factory worker, farm hand, kitchen hand)

House person

0000000000

6. What is your marital status? (mark one only)

O Never married (O Separated but not divorced
O Widowed O Defacto
O Divorced C Married

GENERAL HEALTH

7. Have you ever been allergic to any of the following? (tick all that apply)

O Foods O Animals
O Medicine O Pollen, grass, trees or flowers
(O Dust (O None of the above

HEN
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THE TASMANIAN LONGITUDINAL HEALTH STUDY

8.

10.

11.
12,

13.

Have you ever had hayfever or nasal allergies (that is sneezing, running or blocked nose when you do
not have a cold or flu)?
O Yes = CONTINUE C No—>GOTO Q%

8.1 Have you had this problem in the last 12 months? O No O Yes

8.2 Was this problem accompanied by itchy or watery eyes? O No O Yes

8.3 How old were you when you first had hayfever or nasal allergies? (age in years)
. When you are near animals, such as cats, dogs, or horses; near feathers, including pillows, quilts or

doonas; or in a dusty part of the house, do you ever: {mark all that apply)

(O Startto cough? (O Start to feel short of breath?

() Startto wheeze? () Get a runny or stuffy nose or start to sneeze?

O Get a feeling of tightness in the chest? O Get itchy or watery eyes?

O None of the above

When you are near trees, grass or flowers, or when there is a lot of pollen about, do you ever:
(mark all that apply)

) Startto cough? (O Start to feel short of breath?

(O Startto wheeze? (O Get arunny or stuffy nose or start to sneeze?
(O Get a feeling of tightness in the chest? (O Get itchy or watery eyes?

(O None of the above

—>CONTINUE TO Q10.1
10.1 If yes, which time of the year does this happen? {(mark all that apply)

O Winter O Spring O Summer O Autumn
Have you ever had eczema or any kind of skin allergy? O No O Yes
Have you ever had an itchy rash that was coming and going for at least 6 months?
O Yes = CONTINUE O No—>GOTO Q13
12.1 How old were you when you first had this itchy rash? (age in years)
12.2 Have you had this itchy rash in the last 12 months? ) No O Yes

12.3 Has this rash at any time affected any of the following places: {mark all that apply)

(O Fold of the elbows O In front of the ankles (O Around the neck, ears or eyes
O Behind the knees O Under the buttocks O None of the above

Have you ever had any food allergies?
O Yes > CONTINUE O No—>GOTO Q14

13.1 To what food are you allergic? (mark all that apply)

Parents Follow-up Study

O Peanut O Soy O Sesame () Fish
O Egg O Milk O Wheat (O Other (please specify)

13.2 Who diagnosed these food allergies? O Doctor
{mark one) O Self-diagnosis
(O Other health professional

13.3 Have you ever had a skin prick test (SPT) to confirm this food allergy? O No O Yes

13.4 Have you ever had a food challenge at an allergy clinic to confirm this

food allergy? O No O Yes

EEN
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THE TASMANIAN LONGITUDINAL HEALTH STUDY Parents Follow-up Study

RESPIRATORY SYMPTOMS

14. Are you troubled by shortness of breath?
O Yes > CONTINUE O No—>GO TO Q15
14.1 Do you get shortness of breath only with strenuous exercise? O No O Yes

14.2 Do you get shart of breath when hurrying on level ground or walking
up a slight hill? O No O Yes

14.3 Do you have to walk slower than other people of your age because
of breathlessness? O No ) Yes

14.4 Do you have to stop for breath when walking at your own pace on

level ground? O No O Yes

14.5 Do you ever get short of breath when resting? ) No ) Yes

15. Have you had wheezing or whistling in your chest in the last 12 months? {Wheezing means a
whistling sound, however high or low pitched and however faint).

O Yes > CONTINUE O No—>GO TO Q16

15.1 Have you been at all breathless when the wheezing noise was present? (O No O Yes
15.2 Have you had this wheezing or whistling when you did not have a cold? O No O Yes

16. Have you, at any time in the last 12 months, woken up with a feeling of tightness in your chest?
O No O Yes

17. Have you, at any time in the last 12 menths, been woken at night by an attack of shortness of breath?
O No O Yes

18. Have you, at any time in the last 12 menths, had an attack of shortness of breath at rest?
O No O Yes

19. Have you, at any time in the last 12 months, had an attack of shortness of breath after exercise?
O No O Yes

SNORING
20. During the last month, do you or have you been told you snore loudly in sleep?
O Yes >CONTINUE O Ne—>GOTO Q21 O Don'tknow —> GO TO Q21

20.1 On average, how oftendo (O Rarely, less than once aweek (O 5-7 times per week
you snore loudly in sleep? (O 1-2 times per week (> Don’t know
O 3-4 times per week

21. During the last month, do you or have you been told you snort or gasp in sleep?
O Yes > CONTINUE O Noe—>GOTO Q22 O Don'tknow — GO TO Q22

21.1 On average, how oftendo (O Rarely, less than once aweek (O 5-7 times per week
you snort or gasp in sleep? (O 1-2 times per week C Don’t know
O 3-4 times per week

EEN
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THE TASMANIAN LONGITUDINAL HEALTH STUDY Parents Follow-up Study

22. During the last month, do you or have you been told you choke or stop breathing in sleep?
O Yes = CONTINUE O No—>GOTO Q23 () Don'tknow — GO TO Q23

22.1 On average, howoftendo O Rarely, less than once aweek (& 5-7 times per week

you chaoke or stop O 1-2 times per week > Don't know
breathing in sleep? O 3-4 times per week
23. During the last manth, have you had excessive sleepiness during the day? O No O Yes

COUGH & PHLEGM

24, Do you usually cough when you do not have a cold?
(O Yes = CONTINUE > No—> GO TO Q25
24.1 Are there months in which you cough on most days?
O Yes > CONTINUE O No—>GO TO Q25

24.1.1 Do you cough on most days for at least three months of each year? O No O Yes

24.1.2 For how many years have you had this cough?
() Less than 2 years () 2-5years () More than 5 years

25. Do you usually have phlegm in your chest when you do not have a cold?
O Yes = CONTINUE O No—>GOTO Q26

25.1 Are there months in which you have phlegm in your chest on most days?
O Yes = CONTINUE O No—> GO TO Q26

25.1.1 Do you bring up this phlegm on most days for at least three

months of each year? O No O Yes

25.1.2 How many years have you had this phlegm?
O Less than 2 years O 2-5years (O More than 5 years

26. Have you, at any time in your life, suffered from cough with phlegm in the chest (with or without a cold)?
(O Yes =>CONTINUE C No—=>GOTO Q27

26.1 Have you had cough with phlegm on most days for at least three months
and for two years in a row? O No O Yes

RESPIRATORY CONDITIONS

27. Have you, at any time in your life, suffered from attacks of asthma or wheezy breathing? (Regard
asthma and wheezy breathing as being much the same for this question.)

O Yes—>CONTINUE O No—>GOTO Q28

27.1 How old were you when you had your first attack of asthma or wheezy

breathing? {age in years)

27.2 How old were you when you had your most recent attack of asthma
or wheezy breathing?

(age in years)

27.3 Have you had an attack of asthma or wheezy breathing in the last 12 months? (O No O Yes

27.4 Have you taken any medicines including inhalers or tablets for asthma
or wheezy breathing, in the last 12 months? ) No O Yes
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THE TASMANIAN LONGITUDINAL HEALTH STUDY

28.

29,

30.

31,

32.

Parents Follow-up Study

Has a doctor ever said that you have or have had asthma?
O Yes = CONTINUE O No—=>GOTO Q29

28.1 How old were you when you were told you had this condition? |:|:| {age in years)

28.2 Have you taken any medicine {including inhalers or tablets) for this
condition in the last three months? O No ) Yes

Has a doctor ever said that you have or have had chronic bronchitis?
O Yes > CONTINUE O No—>GO TO Q30

29.1 How old were you when you were told you had this condition? {age in years)

29.2 Have you taken any medicine {including inhalers or tablets) for this
condition in the last three months? 2 No 2 Yes

Has a doctor ever said that you have or have had emphysema?
O Yes > CONTINUE C No—>G0O TO Q31
30.1 How old were you when you were told you had this condition? (age in years)

30.2 Have you taken any medicine {including inhalers or tablets) for this
condition in the last three months? O No O Yes

Has a doctor ever said that you have or have had chronic chstructive
pulmonary disease (COPD) or chronic obstructive airways disease?

O Yes > CONTINUE O No—>GO TO Q32

31.1 How old were you when you were told you had this condition? (age in years)

31.2 Have you taken any medicine {including inhalers or tablets) for this
condition in the last three months? O No O Yes

Has your doctor ever told you that you have or had obstructive sleep apnoea?
O Yes = CONTINUE O No—=> GO TO Q33

32.1 How old were you when you were told you had this condition? I:I:I {age in years)

32.2 Are you currently being treated for obstructive sleep apnoea with
CPAP, surgery, adequate weight loss or other device? O No O Yes

CHEST COLDS & CHEST ILLNESSES

33,

34.

If you get a cold, does it usually go to your chest? (Usually means more than half of the time)
) No ) Yes ) Don’t know

During the past 3 years, have you had any chest ilinesses that have kept you
off work, indoors at home, or in bed?
O Yes =2 CONTINUE O No—>GO TO Q35

34.1 Did you produce phlegm with any of the chest ilinesses? O No O Yes

34.2 In the last 3 years, how many such illnesses, with increased
phlegm, did you have which lasted a week or more? I:I:I Number of illnesses

(if none enter zero)

281



THE TASMANIAN LONGITUDINAL HEALTH STUDY Parents Follow-up Study

35. Have you ever had Pneumonia? O Yes=>CONTINUE O No=>GOTO Q36

35.1 Was this confirmed by a doctor? O No O Yes
35.2 At what age did you first have it? {age in years}
35.3 How many times have you had it? (number of times)
35.4 Have you ever been hospitalised for Pneumonia? O No O Yes

36. Have you ever been hospitalised for any other chest illness?
C Yes = CONTINUE O No—>GO TO Q37 Age at first  Number of
Diagnosis occurrence  occurrences

MEDICAL CONDITIONS

37. Has a doctor ever told you that you have/had any of the following conditions? (mark all that apply)

(O Angina, heart attack or myocardial infarction (O Rheumatoid arthritis
(O Transient ischaemic attack (TIA) or a stroke (O Psychiatric/mental health problem
(O High bload pressure or Hypertension (O Multiple Sclerosis
(O High levels of cholesterol/high triglycerides (O Thyroid problems
(O Diabetes or high sugar levels in the blood or urine O Lupus/Systemic Lupus Erythematosus
(O Cancer

SMOKING

38. In your lifetime, have you smoked at least 100 cigarettes or equal amount of cigars, pipes, or any
other tobacco product?

O Yes >CONTINUE O No—>GOTO Q39

38.1 How old were you when you started smoking? (age in years)

38.2 Do you currently smoke (within the last 4 weeks)?
) Yes, daily =——————> CONTINUE (D Yes, at least weekly —> CONTINUE
O Yes, less than weekly —> CONTINUE O Notatall — > GO TO 038.2.2

38.2.1 On average, how much do you smoke (total number of cigarettes or equivalent product)?
(Provide the average number per day OR per week OR per month.)

perday OR per week OR per month
—> GO TO Q39 —>» GO TO Q39 —> GO TO Q39
38.2.2 How old were you when you last stopped smoking? {age in years)

38.2.3 On average, during periods when you smoked, how much did you smoke (total number
of cigarettes or equivalent product)? {Provide the average number per day OR per week
OR per month.)

perday OR per week OR per month
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39. Not counting yourself, how many people in your household currently
smoke regularly (most days of the week} inside the house? Number of people
(If none, enter zero)

40. On average, how many hours per day are you exposed to other
people’s tobacco smoke (work and/or home)?

Number of hours

CHILDHOOD ENVIRONMENT

41. What term best describes the place you lived most of the time when you were under the age of five
years? (mark one box only)

O Farm O Countrytown (O Suburb of a city O Inner city O Don't know

42. How many of your brothers, sisters or other children regularly slept in

your bedroom before you were five years old, not including yourself? Numberof children

43. Did you have a serious respiratory infection before the age of five years?
O No O Yes O Don't know

44. Did you go to school, pre-school, kindergarten, or a day care centre before the age of five years?
O Yes =>CONTINUE C No=—>GO TO Q45 O Don’t know = GO TO Q45

44.1 At what age did you first attend a school, pre-school,

kindergarten, or day care? age Inyears

45. Did your father smoke...

45.1 When you were less than 5 years? O No O Yes O Don’t know

45.2 When you were aged 5-15 years? O No O Yes O Don't know
46. Did your mother smoke...

46.1 When you were less than 5 years? O No O Yes O Don’t know

46.2 When you were aged 5-15 years? O No O Yes O Don’t know
47. Was there a cat in your home...

47.1 When you were less than 5 years? ) No ) Yes O Don’t know

47.2 When you were aged 5-15 years? O No O Yes O Don’t know
48. Did you have carpet (or a rug) covering the floor in your bedroom...

48.1 When you were less than 5 years? O No O Yes O Don’t know

48.2 When you were aged 5-15 years? O No O Yes O Don’t know

49. What was the main type of heating your home had when you were under the age of five years?
(mark one only)

(O Gas ducted central heating

O Coal or wood fire

(O Gas room heater

O Electric heater (eg. Radiator, fan or dimplex-type)

(O Other central heating (eg. Electric, hydronic, slab floor)
(O Reverse cycle air-conditioning

O Other

(O No heating

If you are female, please continue. If you are male, thank you for your time and contribution to the TAHS

L] ]
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SUPPLEMENT FOR WOMEN

50.

51.

52.

53.

54,

55.

56.

Have you ever had a menstrual period?
O Yes=>CONTINUE O No—>GO TO Q51

50.1 What was your age when you had your first period? (age in years)

50.2 Have you had a menstrual period in the last 12 months?
O No—=>GOTOQ50.3 O Yes =GO TO Q51 (O Don't know —> GO TO Q51

50.3 Have your menstrual periods stopped permanently or only temporarily due to pregnancy, breast
feeding or other condition?

(2 Stopped permanently = CONTINUE () Stopped temporarily = GO TO Q51

50.4 How old were you when your periods stopped permanently? (age in years)

Have you ever used birth control pills or other hormonal contraceptives (implants or injections)?
O Yes =>CONTINUE O No=>GO TO Q52

51.1 At what age did you first use birth control pills or cther hormonal
contraceptives?

(age in years)

51.2 Over your whole lifetime, in total how many months or years have you taken birth control pills
or other hormonal contraceptives?

months OR years

Have you ever been pregnant in the past?
O Yes > CONTINUE O No—>GOTO Q55

How many live births have you had? (if none, please enter ‘0’)
How many miscarriages, abortions or stillbirths have you had? (if none, please enter '0’)
Have you ever had a mammogram? O No O Yes

Have you ever taken oestrogen, progesterone or other female hormones for menopause (that is,
prescription hormaone replacement therapy or HRT)? The preparation may be pills, injections or
skin patches. This question does not include birth control pill or hormonal contraceptives.

O No O Yes
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Parents Follow-up Study

For each of your children, please answer the following questions about your pregnancy and their

early life. If more than 8 children, please recerd the details on a separate piece of paper.

Child’s name and date of birth:

57.

What was your age when you became
pregnant? {(age in years)

58. What city did you spend the majority
of your pregnancy with this child?
59. Were you working indoors during O No O No O No
your pregnancy with this child? O Full time O Full time O Full time
O Part time O Parttime O Parttime
O Casual O Casual  Casual
60, What was this child’s birth weight?
61. How long were you pregnant before
delivery of this child (in weeks)?
62. Did you get this birth information from the | O Yes O Yes O Yes
child’s maternal & child health booklet? O No O No O No
63, What term best describes the place O Farm O Farm O Farm
you lived most of the time when this  Rural town (O Rural town O Rural town
child was under the age of five years? O Suburbs ) Suburbs O Suburbs
O Inner city O Inner city O Inner city
64. Did this child sleep in a bed
id this child sleep in a bedroom O Yes O Yes O Yes
with his/her brothers and sisters o O O
before the age of five years? No No No
65. Did this child have a serious respiratory O Yes O Yes O Yes
infection before the age of five years? O No O No O No
66. D.Id this child go to school, pre-school, O Yes O Yes O Yes
kindergarten, or a day care centre
. O No O No O No
before the age of five years?
67. Did the child’s father smoke during O Yes O Yes O Yes
your pregnancy with this child? O No O No O No
68. Did you smoke during your pregnancy O Yes O Yes O Yes
with this child?  No O No O No
69. Did you keep cats in your home O Yes O Yes O Yes
before this child was 5 years old? C No O No O No
70. Was this child exposed to swimming O Yes O Yes O Yes
pools in the first 2 years of life? O No O No O No
71. Was this child bathed with soap in O Always O Always O Always
the first 1 year of life? O Sometimes (O Sometimes O Sometimes
O Never O Never O Never
72. Has this child at any time before the age
of 7 years, suf‘feredyfrom attacks of ; O Yes Q Yes O Yes
O No O No O No

asthma or wheezy breathing?
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[ ]

[ ]

1]

[ ]

[ ]

O No

O Full time
O Part time
(O Casual

O No

O Full ime
O Part time
O Casual

O No

O Full time
O Part time
O Casual

O No

O Full ime
O Parttime
O Casual

) No

O Full time
O Parttime
O Casual

-
-
-
-
-

O Yes O Yes O Yes O Yes O Yes

O No O No O No O No O No

O Farm O Farm O Farm O Farm O Farm

(O Rural town (O Rural town (O Rural town (> Rural town (O Rural town

O Suburbs O Suburbs O Suburbs (O Suburbs (O Suburbs

O Inner city O Inner city O Inner city 2 Inner city O Inner city

O Yes O Yes O Yes O Yes O Yes

O No O No O No O No ) No

O Yes O Yes O Yes O Yes O Yes

O No O No O No O No O No

) Yes D Yes 2 Yes ) Yes ) Yes

) No 2 No 2 No 2 No ) No

O Yes O Yes O Yes O Yes O Yes

O No O No O No O No ) No

O Yes O Yes O Yes O Yes O Yes

O No ) No O No O No 0 No

O Yes O Yes O Yes O Yes O Yes

O No O No O No O No O No

O Yes O Yes O Yes O Yes O Yes

O No O No O No O No O No

O Always O Always O Always O Always O Always

O Sometimes O Sometimes O Sometimes O Sometimes O Sometimes

O Never O Never (O Never O Never O Never

) Yes O Yes O Yes ) Yes O Yes

) No O No O No ) No ) No
HER
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Appendix 7- The TAHS 2010 follow-up laboratory questionnaire

Thank you for your help with this medical research.
All information you provide is kept strictly confidential.
If you have any questions please call 1800 110 711 (free call in Australia)

Current name:
DOB:

IDnumber:
Current address:

FamilyID:
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For questions where the subject has to choose one answer, read out the question and all
the categories before expecting them to respond. Definitions of ambiguous terms are
given in text boxes. To standardise the questionnaire administration across centres, avoid
providing any further explanation other than what is given in the questionnaire

‘ GENERAL DEMOGRAPHIC INFORMATION

A. What is your height without shoes?

{Answer either in feet & inches OR centimeters.)

D D feet and D inches
D D D Centimeters

B. What is your weight?

(Answer either in stone & pounds OR in kilograms.)

L1 L] stone and L] pounds
LI kilograms

C. What is the highest educational or vocational qualification that you
have completed? (tick one only)

Grade 110 6

Grade 7t0 9

Grade 10 or 11

Grade 12 or equivalent (eg. Higher School Certificate)
Trade/ Apprenticeship (eg. Hairdresser, electrician, plumber)
Certificate or Diploma (eg. Child care, technician etc)
University degree (eg. Bachelor)

Higher University degree (eg. Graduate diploma, masters,
PhD)

OR

OR

D. Are you currently employed (including self-employed)?

{tick one only)

Yes

No

No, studying
No, retired
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E. What is/was your main occupation? (tick one only)

Manager or administrator ...
(eg. Magistrate, general manager, school principal,
director of nursing)

Professional .......cooriiiii
(eg. Scientist, nurse, allied health professional, teacher, artist)

Associate professional ...
(eg. Technician, manager, police officer, small business owner)

Tradesperson or related Worker ..........coovveiiiiiiiiiiiiiiiciee
(eg. Hairdresser, gardener, florist)

Advanced clerical or service Worker .........c.ovvveeiiiiiiininiiieannns
(eg. Secretary, flight attendant, law clerk, personal assistant)

Intermediate clerical, sales, service Worker .......cooeevvvvvevvnneennn.
{eg. Administration worker, child care worker, nursing assistant,
hospitality worker)

Intermediate production or transport worker .........coceveiiiiinnn.
(eg. Machine operator, bus driver, sewing machinist)

Elementary clerical, sales or service worker ..........................
{(eg. Filing/mail clerk, parking inspector, sales assistant,
housekeeper)

Labourer orrelated worker ...
(eg. Cleaner, factory worker, farm hand, kitchen hand)

HOUSE PEISON. .. e

F. What is your martial status? (tick one oniy)

Never married = 1

Widowed = 2

| Divorced =3

| Separated but not divorced = 4
Defacto=5

Married = 6
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HOME ENVIRONMENT
First | am going to ask few questions about your home and the area where you
live.

1a. What is your current postcode?

1. Have you changed residence from when we last interviewed you (interviews
were between 2004 and 2008)7 ad 3d
No Yes
Ifno, go to Q2

If Yes< 1.1 For how many years have you lived in your present home?
(<tyear code as 1)

1.2 In which decade was your present home built?  Tick one
Before 1940

1941-1960

1961-1970

1971-1980

1981-1990

1990- Present

Don’t know

Qaaoaaan

1.3 What is the base structure of your home?  Tick one ¥
O Concrete slab
O Stumps and wooden flooring
O Combination of above
O Don't know

2. How old is the mattress in your bed? Tick one M

Less than 12 months old
1-5 years old

More than 5 years old

Don’t know

Not relevant (e.g. waterbed)

a

Yes

If Yes== 3.1 What is the age of the carpet? Tick one
O Lessthan 12 months old
O 1-5yearsold
O More than 5 years old
O Don't know

3. Is there fitted carpet in the bedroom?

Z0Q 0Q0ad4daoaaQ
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4. On average, how often is your bedroom vacuumed, or if it has a hard floor, how
often is it swept or mopped? (Tick one)

3 5 or more times each week

3 2-4 times each week

3 Once a week

3 Less than once a week but more than once a month

3 Once a month or less

5. On average, how often is your bedroom aired by opening windows for at least
for 1-hour? (Tick one)

3 5 or more times each week

[ 2-4 times each week

[ Once a week

O Less than once a week but more than once a month

3 Once a month or less

6. Which types of heating do you use at home? (Tick all that apply)
O Gas ducted central heating
O Coal or wood fire
O Gas room heater
3 Electric heater (eg: radiator, fan or Dimplex type)
3 Other central heating (eg: electric hydronic, slab floor)
3 Reverse cycle air-conditioning
3 Other? Specify

7. What kind of stove do you mostly use for cooking?
O Gas 3 Electric
3 Coal, coke orwood O Other? Specify

7.1 Do you have an exhaust fan overthe stove? O O
No Yes

If no, go to Q8

If yes = 7.2 When cooking how often do you use the fan?
3 All of the time
3 Some of the time
3 None of the time

7.3 Does the fan take the fumes outside the house? O 0
No Yes
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8. Has there ever been mould or mildew on any surface, other than food, in your
home? ad a
No Yes
If no, go to Q9
If yes <~ 8.1 Which rooms have been affected?
3 Bathrooms
3 Living rooms
O Your bedroom
3 Kitchen
0O Other bedrooms
O Any other area’s

8.2 Has there ever been mould or mildew on any surface, other

than food, in your home in the last 12 months? a a4
No Yes

9. Do you keep or own any cats? o 0
No Yes

If no, go to Q10

If yes = 9.1 How many? Number

9.2 Are the cats allowed indoors? a 0

If no, go to Q10

If yes = 9.2.1 Are the cats allowed in the bedroom? O a
No Yes

10. Has there been a cat in the house in the last 12 months? O a a
No Yes DK

11. Do you keep or own any dogs”? ad a
No Yes
Ifno, goto Q12

If yes = 11.1 How many? Number

11.2 Are the dogs allowed indoors? A 0
No Yes
If no, goto Q12

If yes = 11.2.1 Are the dogs allowed in the bedroom?0d a
No Yes

12. Has there been a dog in the house in the last 12 months? O a ad
No Yes DK
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CHILDHOOD ENVIRONMENT

13. What term best describes the place you lived most of the time when you were
under the age of five years? Tick one

O Farm

O Country town

O Suburb of a city

0 Inner city

03 Don't know

14. How many of your brothers, sisters or other children regularly slept in your
bedroom before you were five years old, not including yourself?

D:I (number of sibs)

15. Did you have a serious respiratory infection before the age of five years?
0 a

No Yes
16. Did you go to school, pre-school, kindergarten, or a day care centre before the
age of five years? a 0

No Yes

17. At what age did you first attend a school, pre-school, kindergarten, or day

care?
Dj (age in years)

18. Did your father smoke:
During the first year of your life? O No OYes ODK
When you were aged 1-4 years? O No OYes ODK
When you were aged 5-15 years”? @ No OYes ODK

19. Did your mother smoke:
During the first year of your life? A No OYes ODK
When you were aged 1-4 years? A No OYes ODK
When you were aged 5-15 years? ONo OYes ODK

20. Was there a cat in your home:
During the first year of your life? O No OYes ODK
When you were aged 1-4 years? O No OYes ODK
When you were aged 5-15years? O No OYes ODK

21. Did you have carpet (or a rug) covering the floor in your bedroom:
During the first year of your life? 0 No OYes ODK
When you were aged 1-4 years? 0 No OYes ODK
When you were aged 5-15years? O No OYes ODK
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22. What was the main type of heating your home had when you were under the
age of five years? (tick all that apply)

O Gas ducted central heating

A Coal or wood fire

O Gas room heater

O Electric heater {eg. Radiator, fan or dimplex-type)

A Other central heating (eg. Electric, hydronic, slab floor)

O Reverse cycle air-conditioning

3 Other

3 No heating

SMOKING

23. In your lifetime, have you smoked at least 100 cigarettes or equal amounts of
cigars, pipes or any tobacco product?

g 0
No Yes

% If no, go to Q24

If yes<  23.1 How old were you when you started smoking?
(Age in years)

23.2 Do you currently smoke (within the last 4 weeks)?
O Notatall < GotoQ23.4
0 Yes, daily < GotoQ23.3
O Yes, at least weekly < GotoQ23.3
O Yes, less than weekly < Goto Q 23.3

23.3 On average. how much do you currently smoke (total

number of cigarettes or equivalent product)? Provide the
average number per day or per week or per month

perday < Goto Q24
or

perweek = Goto Q24
or

per month <= Go to Q24

23.4 How old were you when you stopped smoking?
(Age in years)
23.5 On average, during periods when you smoked, how much
did you smoke (total number of cigarettes or equivalent
product ? Provide the average number per day or per week or per month

per day

or
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per week
L1 per
per month

24. Not counting yourself, how many people in your household currently smoke
regularly (most days of the week) inside the house? (number) Dj

25. On average, how many hours per day are you exposed to other people's
tobacco smoke (work and home)? (hours per day)

| RESPIRATORY AND ALLERGY SYMPTOMS |

| ECZEMA |

26. Have you ever had eczema or any kind of skin allergy? a a4d
No  Yes

27. Have you ever had an itchy rash that was coming and going for at least 6

months? a a4
No Yes

Ifyes <  27.1 How old were you when you first had this itchy rash?
(Age in years)
27.2 Have you had this itchy rash in the last 12 months?

a a4
No Yes

27.3 Has this rash at any time affected any of the following
places: (tick all that apply)

3 Folds of the elbows

O Behind the knees

3 In front of the ankles

3 Under the buttocks

3 Around the neck, ears or eyes

O None of the above

| HAY FEVER |
28. Have you ever had hay fever or nasal allergies (that is sneezing, running or
blocked nose when you do not have a cold or the flu)? J a
No  Yes

If yes <~ 28.1 Have you had this problem in the last 12 months?
a a4
No  Yes
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28.2 Was this problem accompanied by itchy or watery eyes?

J 4d
No Yes

28.3 How old were you when you first had hayfever or nasal
allergies?

(Age in years)

29. When you are near animals, such as cats, dogs, or horses; near feathers,
including pillows, quilts or doonas; or in a dusty part of the house, do you ever:
(tick all that apply)

0 Start to cough?

O Start to wheeze?

O Get a feeling of tightness in the chest?

O Start to feel short of breath?

O Get a runny or stuffy nose or start to sneeze?

O Get itchy or watery eyes?

30. When you are near trees, grass or flowers, or when there is a lot of pollen
about, do you ever:

O Start to cough?

0 Start to wheeze?

O Get a feeling of tightness in the chest?

O Start to feel short of breath?

O Get a runny or stuffy nose or start to sneeze?

O Get itchy or watery eyes?

If yes to any of the above= 30.1 At which time of the year does this
happen? O Winter
3 Spring
a3 Summer
O Autumn

296



| FOOD ALLERGY

31. Have you ever had any food allergies? a0
No  Yes
If yes =
What food?
Was it confirmed by a doctor? 0 Yes O Yes 0 Yes O Yes 0 Yes O Yes O Yes 0 Yes O Yes

O No O No 0 No O Mo 0 No O No O No O No C'No
What age did you develop it? (years)

Are you sill aIIergiC toit? 0 Yes 0 Yes 0 Yes [ Yes 0 Yes O Yes 0 Yes 0 Yes O Yes

O No O No O No O No O No O No O No O No O Ne
Have you been pl’eSCFibEd an O Yes O Yes O Yes O Yes O Yes T Yes O Yes O Yes O Yes
Epipen? Ow  OW  OM O ON O O O Ohe

Specify the name/s of Tree Nut or
other food if relevant
*include Cogliac disease
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| RESPIRATORY AND SLEEP CONDITIONS

32. Have you, at anytime in your life, suffered from attacks of asthma of wheezy
breathing? (Regard asthma and wheezy breathing as being much the same thing for this question.)
g a
No Yes

If yes = 32.1 How old were you when you had your first attack of asthma or
wheezy breathing?

(age in years)

32.2 How old were you when you had your most recent attack of
asthma or wheezy breathing?

(age in years)

32.3 Have you had an attack of asthma or wheezy breathing in

the last 12 months? 0 0
No Yes

32.4 Have you taken any medicines including inhalers or tablets for
asthma or wheezy breathing in the last 12 months?

g a4
No Yes

33. Have you had wheezing or whistling in your chest in the last 12 months?
(Wheezing means a whistling sound, however high or low pitched and however faint.)
a
No  Yes

If yes <= 33.1 Have you been at all breathless when the wheezing noise was

present? a ad
No Yes

33.2 Have you had this wheezing or whistling when you did not

have a cold? d d
No Yes

34. Have you, at any time in the last 12 months, had an attack of shortness of

breath at rest? O 0O
No Yes

35. Have you, at any time in the last 12 months, had an attack of shorthess of

breath after exercise? o a4d
No Yes

36. Have you, at any time in the last 12 months, woken due to a feeling of

tightness in your chest? a a4d
No Yes
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36.1 During the last month, do you or have you been told you snore loudly in
sleep? O O 0O

No Yes Don’t know

If yes = 36.1.1 On average, how often? Tick onelv

Rarely, less than once a week
1 — 2 times per week

3 — 4 times per week

5 — 7 times per week

Don’t know

aaada

36.2 During the last month, do you or have you been told you snort or gasp in
sleep? O 0o 0

No Yes Don't know

If yes <~ 36.2.1 On average, how often? Tick onel]

Rarely, less than once a week
1 — 2 times per week

3 — 4 times per week

5 — 7 times per week

Don’t know

aaaad

36.3 During the last month, do you or have you been told you choke or stop
breathing in sleep? O 0O 0

No Yes Don't know

If yes =~ 36.3.1 On average, how often? Tick onels

Rarely, less than once a week
1 — 2 times per week

3 — 4 times per week

5 — 7 times per week

Don’t know

aaaad

36.4 During the last month, have you had excessive sleepiness during the day?

a 04
No Yes

37. Have you, at any time in the last 12 months, been woken at night by an attack

of shortness of breath? O 0O
No Yes
38. Do you usually cough when you do not have a cold?
m
No Yes

If yes == 38.1 Are there months in which you cough on most days?
O ad
No Yes

299



If yes <= 38.1.1 Do you cough on most days for at least three months

_of each year? o o
No Yes

38.1.2 For how many years have you had this cough?
O Less than 2 years
O 2-5years
A More than 5 years

39. Do you usually have phlegm in your chest when you do not have a cold?
O 0
No  Yes

If yes == 39.1 Are there months in which you have phlegm in your chest on
o ad

most days?
No Yes

If yes <= 39.1.1 Do you bring up this phlegm on most days
for at least three months of each year?
g ad
No Yes

39.1.2 For how many years have you had this
phlegm?
3 Lessthan 2 years
d 2-5years
A More than 5 years

40. Have you, at anytime in your life, suffered from cough with phlegm in the chest

(with or without a cold)? g 0a
No  Yes

If yes = 40.1 Have you had this cough with phlegm on most days for at
least three months and for two years in a row?
g a4
No Yes

41. Have you at any time in your life suffered from attacks of bronchitis or attacks
of cough with sputum (phlegm) in the chest (“loose” or “rattly” cough)?

0 0

No Yes

If yes <= 41.1 How long is it since the last attack
O<=6months
O<=1 year but > 6 months
O<=2 years but > 1 year
0> 2 years
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41.2 At what age did these attacks begin? D] (age in years)

42. Has your doctor ever told you that you have or had chronic bronchitis?
O a4
No Yes

If yes = 42.1 How old were you when you were told you had chrenic
bronchitis? (age in years)

42.2 Have you taken any medicine (including inhalers or tablets) for
chronic bronchitis in the last three months?

g a4
No Yes

43. Has your doctor ever told you that you have or had emphysema?

g a4
No Yes

If yes = 43.1 How old were you when you were told you had
emphysema? D] (age in years)

43.2 Have you taken any medicine (including inhalers or tablets) for
emphysema in the last three months?

a a
No Yes

44. Has your doctor ever told you that you have or had chronic_obstructive
pulmonary disease (COPD) or chronic obstructive airways disease (COAD)?

0 0

No Yes

If yes <~ 44 1 How old were you when you were told you had chronic
obstructive pulmonary disease?

(age in years)

44 2 Have you taken any medicine (including inhalers or tablets) for
chronic obstructive pulmonary disease in the last three

months? 0 0
No Yes

45. Has your doctor ever told you that you have or had obstructive sleep apnoea?

g 0d
No Yes

If yes = 45.1 How old were you when you were told you had obstructive
sleep apnoea?
D:I (age in years)
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45.2 Are you currently being treated for obstructive sleep apnoea
with CPAP, surgery, adequate weight loss or other device?

a
No Yes

‘ CHEST COLDS AND CHEST ILLNESSES

46. If you get a cold, does it usually go to your chest? (Usually means more than
half of the time) o 0o 0

No  Yes Do not get colds

47. During the past 3 years, have you had any chest illnesses that have kept you

off work, indoors at hame, or in bed? O 0
No Yes

If yes = 47.1 Did you produce phlegm with any of the chest illnesses?

m) 0
No Yes

47.2. In the last 3 years, how many such ilinesses, with increased
phlegm, did you have which lasted a week or more? (if none
enter zero)

Number of illnesses

48. Have you ever had Pneumonia? o 0
No  Yes
If yes <= 48.1 Was this confirmed by a doctor? o 0
No  Yes
48.2 At what age did you first have it? Age in years
48.3 How many times have you had it? number

48.4 Have you ever been hospitalised for

Pneumonia? ad 0
No Yes
49. Have you ever been hospitalised for any other chestillness? O 0
No Yes
If yes < please specify
Diagnosis Age at first occurrence | No. occurrences
1
2
3
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ASTHMA

Now | am going to ask few detailed questions about asthma that you may or may
not have.

50. Have you ever had asthma ? a0 ad
¥ If no, go to Q51

If yes continue
50.1 How old were you when you had your first symptoms of asthma? (Age in
years)

50.2 Was this confirmed by a doctor? a a
No Yes

If yes = 50.2 How old were you when this was confirmed?
years old

50.3 How old were you when you had your most recent symptoms of asthma?
years old

Symptom Severity

50.4. Have you been woken from your sleep by your asthma?
last 12 months  last 1 month

O 0 A 0

No  Yes No  Yes
If Yes to last month:
49.4.1 How many nights were you woken from sleep by your asthma
the last week?

No. of nights

50.5. Have you had asthma symptoms when you wake in the morning?
last 12 months  last 1 month

a 0 d 0O
No  Yes No  Yes

If Yes to last month:
50.5.1 How many mornings in the last week? No. of mornings
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50.6 Have you been limited in any of the following activities because of asthma?

Tick the appropriate boxes in each category.
last 12 months  last 1 month

50.6.1 All activities a ad a 04d
No Yes No Yes
50.6.2 When dressing a ad ada 0a4d
No Yes No Yes
50.6.3 Walking on level ground a 0O a 0
No Yes No Yes
50.6.4 Hurrying on level ground a ad d 4d
No Yes No Yes
50.6.5 Walking up stairs or up hills o 0d a 0
No Yes No Yes
50.6.6 Active sports a a4d a 04
No Yes No Yes
50.6.7 Other (Specify) O ad a 4d

No Yes No Yes

% If Yes to any 0f50.6.1 t0 50.6.7, go to 50.7.
If all were No, answer 50.6.8 first.

50.6.8 Would you agree or disagree with the following statement:

“My asthma has not limited any of my activities.”
last 12 months  last month

a 0 O 0

agree disagree agree disagree

50.7. How frequent have your asthma symptoms (of any severity) been?
Tick one
a No asthma in the past 12 months
0 Asthma symptoms in the past 12 months but not in the last month
a Asthma symptoms in the last month, but not frequent (less than

once per week)

a Frequent (once per week or more but not daily) in the last 1 month
d Persistent (daily)

™ If ‘No asthma in the past 12 months’, go to 50.14. if any asthma in last 12
months continue

50.8. How frequent have your asthma attacks/flare ups been over the past 12
months?

An “attack” or “flare up” of asthma is a period of time when asthma symptoms

are worse or more frequent than usual. One could have asthma symptoms
regularly or intermittently without getting attacks or flare-ups.
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Tick one

None in the past 12 months

3 or less in the past 12 months

4 or more but less than monthly

More than monthly in the last 12 months
More than weekly or persistent

Not sure

aaaaoaan

50.9. Have you had an episode of asthma which has made you unable to speak or
severe enough to limit your speech to only 1 or 2 words between breaths?
last 12 months last 1 month

a a4 a a4
No Yes No Yes

50.10. On average, how would you rate the severity of your asthma?
last 12 monthslast 1 month

tick one tick one
Not severe at all a a
Mild 0 0
Moderate a a
Severe a a
Not sure a a

\ Events

50.11. Have you lost any days from work, school or usual activities because of
your asthma®? last 12 months last 1 month

a 04 g ad
No Yes No Yes

If yes <=: 50.11.1. How many?

last 12 months last 1 month

50.12. Have you had an attack or symptoms of asthma that was so bad, you
needed to call your general practitioner, ambulance, emergency locum or 24 hour
clinic? last 12 months last 1 month

O 04 g a4
No Yes No Yes

If yes <= 50.12.1. How many?

fast 12 months last 1 month

50.13. Have you had an attack or symptoms of asthma that was so bad you
had to go to a hospital emergency or casualty department?
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last 12 months last 1 month

g 04 g 0
No Yes No Yes

If yes = 50.13.1. How many?

last 12 months last 1 month

50.14. Have you ever been admitted to a hospital because of your asthma?d O

No Yes
% If no, go to Q50.15
If yes <= 50.14.1 In the past 12 months? o d
No Yes
If yes <= 50.14.1.1 How many times in the last 12 months?
Number
50.14.1.2 How many times in the last 1 month?
Number

50.15. Have you ever had an attack or symptoms of asthma that resulted in an

admission to a hospital intensive care unit? A 0
No Yes

50.15a How frequently have you seen the following health professionals tor your
asthma in the last 12 months? (enter zero if not at all)

1) General Practitioner (No. of times last 12 months)

Number
2) Respiratory specialist (No. of times last 12 months)

Number
3) Nurse/Asthma educator (No. of times last 12 months)

Number
4) Pharmacist (No. of times last 12 months)

Number

50.16 Have you ever been given a demonstration on the correct use of your
metered dose inhaler? ad m
No Yes
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If yes 50.16.1 In the last 12 months? ... 0 0

No Yes

50.17 Has your doctor ever checked your inhaler technique? 0 0
No Yes

If yes 50.17.1 In the last 12 months? ........ccooovviiiiennnn, 0 0
No Yes

50.18 Do you have written instructions from your doctor on how to manage your
asthma if it gets worse or if you have an attack?

................................................................................ 0 0
No Yes

If yes 50.18.1 In the last 12 months? ... 0 0
No Yes

50.19 Has your doctor given you a verbal plan telling you how to manage your
asthma if it gets worse or if you have an attack?

................................................................................ | 0
No Yes
If yes 50.19.1 In the last 12 months? ..........ocoiiiiiiinnnn. 0 0
No Yes
50.20 Do you have a peak flow meter of your own? ......... a a
No Yes
If yes 50.20.1 How often have you used it in the last 3 months?
A) Never 0
B) Some days 0
C) Most days 0
50.21 Has your doctor ever measured your breathing in his/her surgery (including
peak flows/spirometry/bronchodilator response)? ............ 0
No Yes
If yes 50.21.1 Inthe last 12 months? ..............cooiieenn. 0 0

No Yes

\ FAMILY PREDISPOSITION

| am now going to ask about the respiratory conditions of your family members. It
is possible that you are not aware of these details but respond according to what
you know about your family.

51. Has your biological mother ever had self reported or doctor diagnosed:

51.1 Asthma? a 3d 3d

No Yes Don't know
51.2 COPD, COAD, chronic bronchitis or emphysema?

a 3 d
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No Yes Don't know

52. Has your biological father ever had self reported or doctor diagnosed:

52.1 Asthma? 0 0 0

No Yes Don’t know
52.2 COPD, COAD, chronic bronchitis or emphysema?

0 0 0

No Yes Don’t know

53. Do you, or did you, have any biological brothers or sisters? This includes half-
brothers and half-sisters, but not step-brothers or step-sisters.

a 4 a
No Yes Don’t know
% If No, go to Q54
If yes = 53.1 How many? 0
Number Don't know

53.2 How many of your biological brothers or sisters have ever had
self reported or doctor diagnosed:

53.2.1 Asthma? 0

Number Don't know

53.2.2 COPD, COAD, chronic bronchitis, emphysema?

d
Number Don’t know
54. Do you, or did you, have any biological children? 0 0
No Yes

t If No, go to Q54  If Yes continue
53.1 How many?

Number
53.2. How many of them have ever had self reported or doctor
diagnosed asthma?

0

Number Don't know

55. Has any member of your family or close relatives died from asthma? By family
and close relatives | mean children, parents, siblings, nephews, nieces, grand
parents, first cousins, uncles and aunts

0 0 0

No Yes Don'’t know
If Yes: 55.1 How many?

Number
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56. Has any member of your family or close relatives died from

COPD/COAD/Chronic Bronchitis/Emphysema?
O 0O 0

No Yes Don't know

If Yes: 56.1 How many?
Number

When administering Q57 and Q58:

First ask the main question as given below ie. “Have you used any inhaled
medicines to help your breathing in the last 12 months?”

If the response is yes, get the participant to tell what medication/s he/she has
used and find what group of drugs the participant’s drug belongs to from the
medication list provided with this questionnaire.

Then administer the sub questions under each medication (i.e. if a Short Acting
beta-2-agonist inhaler is used complete 57.1 to 57.1.2)
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MEDICINES AND INHALERS

57. Have you used any inhaled medicines to help your breathing in the last 12 months? ONo [ Yes
% If No, go to Q58. If Yes, continue - Which have been used in the last 12 months?

Medication 1 Medication2 ~ Medication 3 Medication 4
57.1 Which one?
57.2 Which type of inhaler device?
57.3 Strength/dose per puff (mcg)?
57.4Are you currently using this medication? o Yes o No o Yes oNo oYesoNo £ Yes oNo
57.5 how Iong have you been USing this med? _ __ _ DaysMthe’Yrs  _ _ _ _ DaysMihs’Ys  _ _ _ _ DaysiMihsiYrs _ _ __ Days/Mthsvrs
57.6 Last 12mths, how have you used them:
57.6a} when needed L (puftmi) C (pulimin oty o (pufimin)
- Average numbsr of puffs per menth
57-6b) in shart courses _ _ _ __ inumber) _ _ _ _ (number) _ __ _ (number) — — _ _ (number)
MNumber of courses in last 12 months
-Average number of puffs per day during flare-up ____ lpuftiday) ___ _puiiday) ____ lpuftiday) ___ _ lpulfiday)
-Average number of days of flare-up s i L w L
57 6¢) continuously iy g iy iy
- Average number of puffs per day
57.6d) not at all O O 0 C
57.7 Last 1mth, how have you used them:
57-73) when needed — {pufifmih) —pitfmn} —_ _ {pufiimth} — — _ {puitimth}
- Average number of puffs per menth
57.7b} in short courses o (umper] C {number} ~ number} o {umker)
-Numbser of courses in last 12 months )
-Average number of puffs per day during flase-up ___ _ loufiiday) _ _ _ [pufiday) _ __ _ lpuftday) _ _{puffiday)
-Average number of days of flare-up iy el o )
57.7¢) continucusly iy iy ) iy
- Average number of puffs per day
57.7d) not at all O 0 0 O

57.8) Is this mecication the same type as 0 YesoNoo DK oYesoNooDK oYesoNooDK oYesoNooDK
prescribed by your doctor?

57.9) Are you taking this medication at the pYesoNooDK oYesoNooDK oYesoNooDK  oYesoNonoDK
same dose as prescribed by your doctor?

57.98) If no to Q57.8 or Q57.9 why not the o Cost =Side effects 0 Gost 0Side effects ¢ Cost 0Side effects 1 Cost nSide effects
) 1 Symptoms resclved 11 Symptoms resalved L Symptams resclved 1 Symptoms resolved
same: {lick all that apply) n forget to take nforgetto take r forget to take ~forgetto take
1 Other?Specify 0 Cther?Specify © Other?Speciy 1 Other?Specify
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58. Have you used any pills, capsules, tablets or medicines, other than inhaled medicines to help your breathing at any time

in the last 12 months?

# If No go to Q 59, if Yes continue - Which have been used in the last 12 months?

Medication 1

58.1 Which one?
58.2 Strength/dose per tablet (mg)?

58.3 Are you currently using this medication? o Yes oNo

58.4 how long have you been using this med?
58.5 Last 12mths, how have you used them:
58.5a) when needed
- Average number of tableis per month

58.5b) in short courses
- Number of courses in last 12 months
- Number of tablets per day during flare-up
- Average number of days of flare-up

58.5¢) continuously
- Average number of pufis per day

58.5d) not at all 0
58.6 Last 1mth, how have you used them:
58.6a) when needed
- Average number of pulfs per month

58.6b) in short courses
- Number of courses in last 12 months
- Average number of tablets per day during flare-up
- Average number of days of flare-up

58.6¢) continuously

- Average number of puffs per day

58.6d) not at all 0

ONo O0VYes

Medication 2 Medication 3

cYesoNo oYesaoNo
Days/Mths:Yis __ DaysiMihs'Yrs _ DaysiMthsiYrs
(puffmth} _ __ puffimthj _ __ (puffmth}
(number} ___inumber) _ __ {number}
(tabletsiday) __ [tabletsiday} _ (tabletsiday)
(days) _ _ ldays) _ __ _ [(days)
(puffs) ___lpuffs) __ (puffs)

O O
{puffimth} _ __puffimthj _ _ _ _ puffimthy
{number} __(numbex) _ _ {number}
(tabletsiday) _ _ [abletsiday} __ ltabletsiday)
(days) _ _ [days) _ _ _ (days)
(puffs) __ lpuffs) __ (puffs)

O u]

58.7) Is this medication the same type a8 oYesoNooDK oYesoNooDK oYesaNooDK

prescribed by your doctor?

58.8) Are you taking this medication al the pYesoNooDK oYesoNooDK oYesoNooDK

same dose as prescribed by your doctor?

58.8a) If no to Q58.7 or (458.8 why not the - Cost uside effects

. © Symptoms resolved
same: (tick all that apply) = forget o take
Other?Spacify

1 Cost uSide effects
1 Symptoms resolved
1 forget to take

1 Other?Specity
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r forget to take
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Medication 4

o Yes oNo
__ DaysiMthsiYrs

(pufffmth}

{number)

__ (tabletsiday)
__ (days)

(pufis)

(puffimth}

__ (number}

__ (tablets/day)
__ (days)

(pufis)

a]
oYesoNooDK

o Yes o No o DK

_ Cost uSide effects

= Symptoms resolved

= forget to take
Other?Specify



59. Have you ever used inhaled steroids to help your breathing? a 0
No Yes

™ If No go to Q 59, if Yes continue

59.1 At what age did you start using inhaled steroids? years

59.2 In the past 5 years, how many months would you have used inhaled

steroids on most days? months
60. Have you ever been prescribed home oxygen therapy? a m
No Yes

% If no go to Q60. If Yes continue

60.1 Are you currently using oxygen therapy at home? a a
No Yes

80.2 For how many years have you been using oxygen therapy at home?

Years
60.3 How have you used oxygen therapy during the last month?
60.3.1 For relief of symptoms or when needed a a
No Yes
60.3.2 For flare-ups or attacks 0 0
No Yes
60.3.3 Regularly, on a daily basis a a
No Yes
61. Have you ever had an influenza vaccination? a 0
No Yes

Ifyes: 61.1 Have you been vaccinated for influenza in the last 12months?

a 0

No Yes
62. Have you ever had a pneumonia vaccination? a a

No Yes

If yes: 62.1 Have you been vaccinated for pneumonia in the last 5 years?

O 0

No Yes
63. Have you ever been vaccinated or desensitised for allergy? A 0

No Yes

Ifyes: 63.1 Have you been vaccinated for allergy in the last 12 months?

d a
No Yes
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64. Have you had any other injections to help your breathing at any time in the last

12 months? 0 0
No Yes

If yes: 64.1 what injections?

OTHER CONDITIONS

65. Has a doctor ever told you that you have/had any of the following conditions?
O Angina, heart attack or myocardial infarction
O Transient ischaemic attack (TIA) or a stroke
0 High blood pressure or Hypertension
0 High levels of cholesterol/ triglycerides
O Diabetes or high sugar levels in the blood or urine
3 Cancer
0O Rheumatoid arthritis
O Psychiatric/ mental health problem
O Multiple Sclerosis
O Thyroid Problems
O Lupus/ Systemic Lupus Erythematosus

If FEMALE please continue ......
If MALE thank you for your assistance with this Questionnaire
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FEMALES ONLY

66. Have you ever had a menstrual period? g a4
No Yes

If yes: 66.1 What was your age when you had your first period?
(age in years)

66.2 Have you had a menstrual period in the last 12 months?
O No = (Got066.3
O Yes = Goto 67
3 Don’t know = Go to 67

66.3 Have your menstrual periods stopped permanently or only
temporarily due to pregnancy, breast feeding or other condition?
0 Stopped permanently = continue
0O Stopped temporarily @ Goto 67

66.4 How old were you when your periods stopped permanently?
(age in years)

67. Have you ever used birth control pills or other hormonal contraceptives
(implants or injections)? 0 0
No Yes

If yes: 67.1 At what age did you first use birth control pills or other hormonal
contraceptives? (age in years)

67.2 Are you currently taking birth control pills or other hormonal
contraceptives”? a O
No Yes

67.3 Over your whole lifetime, in total how many months or years have
you taken birth control pills or other hormonal contraceptives?

OR
Months Years
68. Are you currently pregnant? a a
No Yes
69. Have you ever been pregnant in the past? 0 a
No Yes

70. How many live births have you had?

71. How many miscarriages or abortions have you had?
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72. Have you ever had a mammogram? O 0

73. Have you ever taken oestrogen, progesterone or other female hormones for

menopause (that is, prescription hormone replacement therapy or HRT)?
The preparation may be pills, injections or skin patches. This question does not include birth control pill or

hormonal contraceptives. ad a
No Yes

If yes, complete HRT section

Thank you for your assistance with this Questionnaire
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Appendix 8- Reports on Reuters Health

REUTERS HTrump #China #Energy&Environment #Russia

#HEALTH NEWS JULY 29, 2017 / 6:29 AM / 13 DAYS AGO

Occupational pesticide and herbicide
exposure tied to lung disease

Lisa Rapaport 4 MIN READ

(Reuters Health) - Workers exposed to pesticides and herbicides on the job may be
more likely than other people to develop chronic obstructive pulmonary disease
(COPD), bronchitis and other breathing problems, an Australian study suggests.

With any herbicide exposure at work, people were more than twice as likely to develop
COPD by middle age, and workplace pesticide exposure was associated with 74 percent

higher odds of the common lung disease, researchers report in Thorax.

Over a lifetime, pesticides and herbicides may pose an even bigger added risk for

breathing disorders, the study also found.

Each ten-year increase in occupational exposure to pesticides carried a 12 percent
increased risk of COPD and a 16 percent higher risk of developing chronic bronchitis.
Every extra decade of herbicide exposure, meanwhile, carried a 22 percent increased
risk of bronchitis, while each ten years of insecticide exposure was associated with 15

percent higher odds of bronchitis.

“Our study looked at long-term exposure to pesticides, and it is thought that long-term
exposure to pesticides increases mucus secretion and muscle contraction in the lungs,
causing breathlessness, cough and wheeze,” lead study author Dr. Sheikh Alif of the
University of Melbourne in Australia said by email.

Globally, more than 65 million people have moderate to severe COPD, and the

condition causes about 5 percent of all deaths, according to the World Health
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Organization (WHO).

Most cases are caused by smoking or exposure to second-hand smoke, but working or
cooking around certain toxic dusts, chemicals and fuels can also contribute, as can

frequent respiratory infections during childhood.

For the current study, researchers examined data collected on 1,335 workers from
2002 to 2008, including information on workplace exposure to pollutants as well as
results from breathing tests to detect COPD and other respiratory issues.

Study participants were 45 year old on average, 87 percent were currently employed
and 25 percent were current smokers.

Overall, 6 percent of them had COPD, 8.6 percent had chronic bronchitis, and more
than 28 percent reported having asthma currently or previously.

In addition to risks associated with pesticides and herbicides, the study also found
workers who didn’t have asthma had an increased risk of COPD when they had any
exposure to toxic mineral dust, gases, fumes and vapors. There didn’t appear to be an
association between exposure to these pollutants and COPD in people with asthma,

however.

The study wasn’t a controlled experiment designed to prove whether or how exposure
to pollutants at work might contribute to COPD, bronchitis or other breathing

problems.

“We can not make firm conclusions about the extent of exposure needed to cause
changes in lung function,” said Dr. Steve Georas, an environmental health researcher

at the University of Rochester in New York who wasn’t involved in the study.

“We know that single exposures to high levels of some toxicants can cause long lasting
changes in airway function (i.e. chlorine gas),” Georas said by email. “I suspect that
for pesticides and herbicides, long-term low level exposure may be more important,

but this is speculation.”

SOURCE: bit.ly/2eUSS9j Thorax, online July 7, 2017.
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