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

literature that I have addressed in my subsequent analysis. 

 

Methods: In Chapter 4, I 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, I examined the associations between occupational exposure 

and COPD defined by fixed AO, chronic bronchitis, and respiratory symptoms. I found 

consistent significant associations between ever exposure and cumulative exposure-unit 

years to pesticides and herbicides and fixed AO, chronic bronchitis, and respiratory 

symptoms. I 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, I examined the association between exposure to solvents and metals 

and COPD as defined by fixed AO and gas transfer factor. I 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 DLco but only in women, not in men.  

 

In Chapter 7, I investigated the association between occupational exposures and 

lung function decline between age 45 and 50 years. I 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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1.1 Rationale  

In my doctoral work, I have investigated the association between occupational 

exposure and Chronic Obstructive Pulmonary Disease (COPD), chronic bronchitis, and lung 

function decline in middle-aged adults. I 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 (AO) 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).  
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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, I have investigated the association between occupational 

exposure and COPD with the aim to address some of the issues stated in the previous 
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paragraph. I 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. I 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. 
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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. 
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In this chapter, I 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, I 

appraise the studies that investigated occupational exposures and COPD using different 

definitions, respiratory symptoms, and lung function change. Finally, I 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 
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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). 

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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). 

 

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 FEV1 cut-off point to define COPD 

Spirometry provides simple, non-invasive, and objective measurements of lung 

function. FEV1 and 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 AO) 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 

III) 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).  
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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. I 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 α1 antitrypsin deficiency, which is found in 3% of patients with AO (5). Growth factor β1, 

tumor necrosis factor α, 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 AO, 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 
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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 
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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 (JEMs) 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).   
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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). I 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 (JEMs) 

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 

(JEMs) 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 (GPJEMs), 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 JEMs, 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, I 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, I 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, I 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 

 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  

 

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

First author (year) Location Sample 

size 

Methods of 

exposure 

assessment 

Duration of 

job 

Definitions used Any exposure OR(95%CI)  

 

Cumulative 

exposure (years) 

OR(95%CI) 

Cross-sectional studies  

Hansell et al.(2014) (103) New Zealand  1,017 ALOHA JEM Lifetime 

WHC 

CB:cough,sputum≥ 

3months/yr≥1 yr 

H= 1.08(0.51-2.28)  

L= 1.61(0.92-2.83)  

1.34(0.65-2.76) 

Dijkstra et al. (2014) (104) The Netherlands 10,008 ALOHA plus 

JEM  

 

Current job CMH:sputum≥3months/yr≥1yr H= 0.86(0.48-1.55)  

L= 1.19(0.91-1.56)  

N/A 

Lam et al. (2012)(98) China 8,216 SR  Cough  H= 1.76(1.23-2.53) 

L= 0.77(0.48-1.23)  

N/A 

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 

WHC 

CB: doctor diagnose  1.09(1.00-1.18) 1.06(0.96-.17) 

LeVan et al. (2006) (100) Singapore  

 

52,325 SR Current and 

previous job 

CB:Cough,phlegm≥3months/yr

≥2yrs   

1.26 (1.01-1.57)  

 

N/A 

CMH: cough/phlegm 1.08 (0.95-1.22) 

Matheson et al. (2005) (19) Australia 1,213 ALOHA JEM  

 

Lifetime 

WHC 

CB: phlegm≥3months/yr≥2 yrs,  CB= 1.74(0.97-3.11) 

 

CB in men  

1.38(0.26-7.30) 

Cough  Cough= 1.25(0.80-1.94) CB in women 

4.65(0.83-26.0)  Dyspnea Dyspnea= 1.35(1.01-1.79)  

de Meer et al. (2004)(106) The Netherlands 1,906 JEM  Current job CB: cough and 

phlegm≥3months/yr≥1 yr  

CB= 0.89(0.56-1.42) 

 

N/A 

Wheeze Wheeze= 1.06(0.79-1.42) 

Suadicani et al. (2001) 

(101) 

Denmark 3,331 SR >5 years job CB: cough and 

phlegm≥3months/yr≥2 yrs 

1.5(1.1-2.1) N/A 

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, 

Dyspnea 

OR=0.89 for dyspnea and 2.46 

for CB 

N/A 

Korn et al. (1987) (99) USA 8,515 SR Lifetime 

WHC 

Cough   Cough= 1.32(1.14-1.52) N/A 

Dyspnea Dyspnea= 1.6(1.35-1.91) 

Cohort study  

Heederik et al. (1990) (23) The Netherlands 804 JEM Longest job 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=Odds Ratio; CI= Confidence Interval; SR=Self-Reported Exposure 
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 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 (TLCO), 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 

exposure 

assessment 

Duration of job Definitions used BD Any exposure   

OR(95%CI)  

 

Cumulative 

exposure (yrs) 

OR(95%CI) 

Cross-sectional studies 

Tagiyeva et al. (2016) 

(110) 

UK 328 JEM  Lifetime WHC FEV1/FVC< LLN Post 1.07(0.58-1.99) No association 

Würtz et al. (2015) (108) Denmark 1,575 (Never 

smokers only) 

SR NM FEV1/FVC< LLN Pre 2.94(1.05-8.22) N/A 

Würtz et al. (2014) (109) Denmark 4,717 (Whole 

sample) 

SR NM FEV1/FVC< LLN Pre 1.56(1.09–2.24) N/A 

Hansell et al.(2014) (103) New 

Zealand  

1,017 ALOHA JEM  

 

Lifetime WHC FEV1/FVC< LLN Post H= 0.96(0.43-2.13)  

L= 0.95(0.50-1.83)  

0.93(0.43-2.04) 

de Jong et al. (2014)(85) The 

Netherlands 

11,851 ALOHA plus 

JEM  

Current job FEV1/FVC< 0.7 Pre H= 1.04(0.92-1.18)  

L= 0.91(0.66-1.25)  

N/A 

Dijkstra et al. (2014) (104) The 

Netherlands 

10,008 ALOHA plus 

JEM  

Current job FEV1/FVC< 0.7 Pre H= 0.86(0.33-2.25)  

L=1.14(0.74-1.74)  

N/A 

Lam et al. (2012)(98) China 8,216 SR Longest job FEV1/FVC< LLN NM  H=1.36(0.99-1.88)  

L= 0.92(0.64-1.32) 

N/A 

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) 

L= 1.6(0.6-3.9) 

N/A 

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) 

L= 1.00(0.81-1.24)  

1.15(1.04-.26) 

 

FEV1/FVC< LLN H=0.94(0.46-1.95) 

L=1.09(0.80-1.50) 

1.11(0.99-1.24) 

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) 

L= 0.39(0.05-2.99) 

N/A 

women H=2.91(0.37-22.86) 

L=0.55(0.16-1.91) 

Definition of abbreviations:  BD= Bronchodilator; CI= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; NM=Not Mentioned; N/A= Not 

Available; OR=Odds 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  

 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 µm 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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 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  

First author (year) Location Sample 

size 

Methods of 

exposure 

assessment 

Duration of 

job  

Definition used Any exposure   

OR(95%CI)  

 

Cumulative 

exposure (years) 

OR(95%CI) 

Cross-sectional studies  

Hansell et al.(2014) 

(103) 

New Zealand  1,017 ALOHA JEM  Lifetime 

WHC 

CB:cough & 

sputum≥3months/yr≥1 yr 

H=1.87(0.91-3.80)  

L=2.04(1.06-3.93)  

1.87(0.84-4.20) 

Dijkstra et al. (2014) 

(104) 

The Netherlands 10,008 ALOHA plus 

JEM  

Current job CMH:sputum≥3months/yr

≥1yr 

H=1.60(1.02-2.52)  

L=1.39(1.04-1.87)  

N/A 

Skorge et al. (2009) 

(107) 

Norway 2,312 ALOHA JEM  Last 11 

years 

Cough H=1.06(0.5-2.1) 

L=0.93(0.5-1.7)  

N/A 

Phlegm H=0.55(0.3-1.0) 

L=0.64(0.4-1.0) 

N/A 

Dyspnea H=1.11(0.6-2.1) 

L=1.21(0.7-2.1) 

N/A 

LeVan et al. (2006) 

(100) 

Singapore  

 

52,325 SR Current and 

previous job 

CB: chronic cough, 

phlegm≥3months/yr≥2yrs  

1.26 (1.01-1.57)  N/A 

CMH: cough/phlegm 1.08 (0.95-1.22) 

Matheson et al. 

(2005)(19) 

Australia 1,213 ALOHA JEM  Lifetime 

WHC 

CB:phlegm≥3months/yr≥2 

yrs 

0.59 (0.17-2.08) men  

 

1.48(0.41-5.26)  

CB 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. 

(2004)(106) 

The Netherlands 1,906 JEM  Current job CB: cough & 

phlegm≥3months/yr≥1 yr 

2.22(1.16-4.23) 

 

N/A 

Wheeze 1.29(0.95-1.75) 

Sunyer et al.(1998) 

(83) 

Spain 1,735 ALOHA JEM  Current job Cough H=1.4(0.8-2.5) 

L=1.2(0.8-1.9) 

N/A 

Phlegm H=1.0(0.6-1.7) 

L=0.8(0.5-1.1) 

N/A 

Heederik et al. 

(1989) (102) 

The Netherlands 828 JEM Longest job CB: doctors’ diagnosis OR=1.38 for CB N/A 

Dyspnea OR=1.35 for dyspnea 

Cohort study  

Heederik et al. 

(1990) (23) 

The Netherlands 804 JEM Longest job CNSLD: doctors’ 

diagnosis 

1.58(1.01-2.49) N/A 

Definition of abbreviations:  CB= Chronic Bronchitis; CI= Confidence Interval; CMH= Chronic Mucus Hypersecretion; CNSLD= Chronic Non Specific Lung Disease; 

H=High Exposure; L=Low Exposure; N/A= Not Available; OR=Odds Ratio; WHC= Work History Calendar; SR=Self-Reported
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  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 

size 

Methods of 

exposure 

assessment 

Duration of 

job  

Definitions used BD Any exposure   

OR(95%CI)  

 

Cumulative 

exposure (years) 

OR(95%CI) 

Cross-sectional studies  

Tagiyeva et al. (2016) 

(110) 

UK 328 JEM  Lifetime 

WHC 

FEV1/FVC< LLN Post 1.45(0.74-2.81) No association 

Hansell et al.(2014) (103) New Zealand  1,017 ALOHA JEM 

 

Lifetime 

WHC 

FEV1/FVC<LLN Post H=0.96(0.43-2.16)  

L=1.38(0.68-2.80)  

1.11(0.46-2.65) 

de Jong et al. (2014) (85) The 

Netherlands 

11,851 ALOHA plus 

JEM  

 

Current job FEV1/FVC<0.7 Pre H=1.46(1.11-1.92) 

L=1.19(1.03-1.37)  

N/A 

Dijkstra et al. (2014) (104) The 

Netherlands 

10,008 ALOHA plus 

JEM  

 

Current job FEV1/FVC<0.7 Pre H=1.01(0.47-2.17) 

L= 1.18(0.75-1.85)  

N/A 

Matheson et al. (2005)(19) Australia 1,213 ALOHA JEM  

 

Lifetime 

WHC 

FEV1/FVC<0.7 Pre-men 0.88(0.37-2.06) 0.71(0.24-2.10) 

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) 

L=1.4(0.5-3.5) 

N/A 

Cohort studies 

Mehta et al. (2012) (20) Switzerland 4,267 ALOHA JEM  Current job FEV1/FVC<0.7 Pre H=0.91(0.62-1.32) 

L=1.19(0.96-1.49)  

1.10(1.01-1.20) 

1.08(0.98-1.19) FEV1/FVC<LLN 

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) 

L=1.71(0.52-5.62)  

N/A 

women H=2.86(0.38-21.55) 

L=0.51(0.07-3.86) 

Definition of abbreviations:  BD= Bronchodilator; CI= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; N/A= Not Available; 

OR=Odds Ratio; UK=United Kingdom; WHC= Work History Calendar
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2.6.3 Gases/fumes exposure  

 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).  

 

 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 

size 

Methods of 

exposure 

assessment 

Duration of 

job 

Definitions used Any exposure OR(95%CI)  

 

Cumulative 

exposure (yrs) 

OR(95%CI) 

Cross-sectional studies  

Hansell et al.(2014)(103) New Zealand  1,017 ALOHA JEM  

 

Lifetime 

WHC 

CB:cough,sputum≥3months/yr≥

1 yr 

H=2.1(1.11-3.98) L=1.21(0.69-2.13) 1.78(0.92-3.44) 

Dijkstra et al. (2014) (104) The 

Netherlands 

10,008 ALOHA plus 

JEM  

 

Current job CMH:sputum≥3months/yr≥1yr H=2.19(1.49-3.22) L=1.13(0.87-1.47)  N/A 

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 > 1year 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 > 1year CB: cough, phlegm ≥3months 

/yr ≥2yrs 

1.26 (1.01-1.57)  N/A 

CMH: cough/phlegm 1.08 (0.95-1.22) N/A 

Matheson et al. (2005)(19) Australia 1,213 ALOHA JEM  Lifetime 

WHC 

CB: phlegm ≥3months /yr≥2 

yrs, - men 

1.62(0.42-6.26) 

 

1.93(0.42-8.89)  

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 

Netherlands 

1,906 JEM  Current job CB: cough, phlegm 

≥3months/yr≥1 yr 

0.67(0.36-1.26) 

 

N/A 

wheeze 1.14(0.86-1.68) 

Lange et al(2003) (130) Denmark  

 

3,736 SR Current job  CMH: phlegm ≥3 months /yr ≥2 

yrs  

2.2(1.7-2.7) N/A 

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; CI= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; N/A= Not Available; OR=Odds 

Ratio; SR=Self-Reported; UK=United Kingdom; USA=United States of America; WHC= Work History Calendar
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 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 

size 

Methods of 

exposure 

assessment 

Duration of 

jobs  

Definitions used BD Any exposure   

OR(95%CI)  

 

Cumulative 

exposure (years) 

OR(95%CI) 

Cross-sectional studies  

Würtz et al. (2015) (108) Denmark 1,575  SR NM FEV1/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 

Würtz et al. (2014) (109) Denmark 4,717 SR NM FEV1/FVC<LLN Pre H=1.38(0.99-1.93) 

L=1.05(0.61-1.80) 

N/A 

Hansell et al.(2014)(103) New Zealand  1,017 ALOHA JEM  Lifetime WHC FEV1/FVC<LLN Post H=0.85(0.39-1.85) 

L=1.01(0.56-1.81)  

0.93(0.43-1.88) 

de Jong et al. (2014) (85) The 

Netherlands 

11,851 ALOHA plus 

JEM  

Current job FEV1/FVC<0.7 Pre H=1.44(1.16-1.80) 

L=1.10(0.98-1.24)  

N/A 

Dijkstra et al. (2014) (104) The 

Netherlands 

10,008 ALOHA plus 

JEM 

Current job FEV1/FVC<0.7 Pre H=0.98(0.49-1.94) 

L= 1.04(0.70-1.54)  

N/A 

Lam et al. (2012) (98) China 8,216 SR Longest job  FEV1/FVC<LLN NM  H=1.48(1.03-2.12) 

L=1.41(0.95-2.10) 

N/A 

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 FEV1/FVC (%) Pre -1.1(-2.3 to 0.1) -1.7(-3.3 to -0.2) 

Matheson et al. (2005)(19) Australia 1,213 ALOHA JEM Lifetime WHC FEV1/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 

Netherlands 

1,906 JEM  Current job Symptoms NM  N/A N/A 

Trupin et al. (2003) (22) USA 2,061 JEM  Current job Physicians 

diagnosis 

NM  H=1.6(1.1-2.5) 

L=1.4(1.1-1.9) 

N/A 

Zock et.al. (2001) (131) Multi-center 12,154 JEM  Current job Not defined NM  1.0(0.8-1.3) in 

current smoker  

N/A 

Sunyer et al.(1998) (83) Spain 1,735 ALOHA JEM  Current job FEV1/FVC<0.7 Pre H=0.8(0.2-3.0) 

L=1.5(0.6-3.5) 

N/A 

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) 

L=1.05(0.88-1.26)  

1.10(1.02-1.19) 

1.06(0.98-1.15) FEV1/FVC<LLN 

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) 

L=0.83(0.25-2.77) 

N/A 

women L=1.00(0.35-2.83) 

Definition of abbreviations: BD= Bronchodilator; CI= Confidence Interval; H=High Exposure; L=Low Exposure; LLN= Lower Limit of Normal; N/A= Not Available



48 

 

 

2.6.4 Pesticides exposure 

 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). 

 

 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 

bactericides  

Dithiocarbamate, captan, captofol, pentachlorophenol, iprodione, 

sulphur 

Rodenticides Coumadin and derivatives, anticoagulants, strychnine, sodium 

fluoroacetate 

Fumigants Methyl bromide, aluminum/zinc phosphide, sulfur 

 

 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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 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 

(year) 

Location Methods of exposure 

assessment 

Outcomes Findings  

OR (95% CI) 

Negatu et al. 

(2016) (143) 

Ethiopia Questionnaire Cough  3.15(1.56-6.36) 

Phlegm 2.02(0.58-7.01) 

Wheeze  3.16(0.96-10.47) 

Dyspnea 6.67(2.60-17.58) 

Chakraborty et 

al. (2009) (144)  

India  Questionnaire, workers 

exposed to at least one hour 

a day five days a month for 

past five years  

CB 4.1(2.2-6.3) 

Cough 3.2(2.4-4.3) 

Dyspnea 3.7(2.7-4.8) 

Wheeze 2.9(2.1-4.2) 

Zuskin et al. 

(2008) (139) 

Croatia Questionnaire  

 

Cough 0.98(0.86-1.11) men 

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. 

(2007) (146) 

USA Questionnaire on lifetime 

job 

CB CB=1.85(1.51-2.25)  

Hashemi et al. 

(2006) (141) 

Iran Questionnaire Cough 1.6(0.7-3.9) 

Phlegm 2.2(0.5-10.5) 

Wheeze 2.6(0.6-12.2) 

Dyspnea 3.5(1.2-9.98) 

Faria et al. 

(2005) (145) 

Brazil Questionnaire and pesticide 

application >2 days/month 

versus no exposure  

Asthma  Not reported 

Sprince et al. 

(2000) (140) 

USA Questionnaire Cough p=0.000  

Phlegm p=0.29   

Dyspnea p=0.001  

CB p=0.001 

Wilkins et al. 

(1999) (142) 

USA Questionnaire Cough 0.75(0.28-2.04) 

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; CI= Confidence Interval; OR=Odds Ratio; USA=United 

States of America 

  



53 

 

 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 

(year) 

Location Sample 

size 

Methods of 

exposure 

assessment 

Duration of 

jobs  

Definition used BD Exposures OR(95%CI)  β (95%CI) with 

FEV1 (mL)   

Cross-sectional study 

de Jong et al. 

(2014) (85) 

The 

Netherlands 

11,851 ALOHA plus 

JEM  

Current job  FEV1/FVC<0.7 Pre Pesticides LifeLines cohort 

H=1.28(0.79-2.09) 

L=0.83(0.60-1.14)   

H= -113(-201,-25) 

L= -51(-102,0)  

Vlagtwedde-Vlaardingen cohort 

H=1.48(1.04-2.10) 

L=1.33(0.87-2.01) 

N/A 

Herbicides LifeLines cohort 

H=2.11(1.03-4.30) 

L=1.04(0.65-1.67) 

H= -204(-350,-58) 

L= -59(-140, 22)  

Vlagtwedde-Vlaardingen cohort 

H=1.36(0.93-2.00) 

L=1.29(0.85-1.98)  

N/A 

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: CI= Confidence Interval; H=High Exposure; L=Low Exposure; JEM=Job Exposure Matrix; β= Linear coefficient, OR=Odds Ratio; N/A=Not 

Available  
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2.6.5 Solvents exposure 

 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). 

 

 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  

• Chlorinated methanes (chloromethane, 

dichloromethane, trichloromethane, 

tetrachloromethane)  

• Chlorinated ethanes (trichloroethane)  

• 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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 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 

size 

Methods of 

exposure 

assessment 

Duration of 

jobs 

Definitions used Solvents assessed Any exposure 

OR(95%CI)  

 

Cross-sectional studies  

Dijkstra et al. (2014) (104) The 

Netherlands 

10,008 ALOHA plus 

JEM  

Current job CMH:sputum≥3months/yr

≥1 yr 

Aromatic solvents H=1.43(1.00-2.07) 

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, 

phlegm≥3months/yr≥2yrs 

Overall solvents 1.6(1.1-2.5) 

LeVan et al. (2006) (100) Singapore  

 

52,325 SR Jobs>1 year CB: chronic cough, 

phlegm≥3months/yr≥2yrs   

CMH: cough/phlegm 

Chemical solvents CB: 1.02(0.71-1.45) 

Cough:1.63(1.17-2.27) 

Phlegm:1.20(1.05-1.37) 

Suadicani et al. (2001) (101) Denmark 3,387 SR Jobs>5 years CB: chronic cough, 

phlegm≥3months/yr≥2yrs   

Overall solvents  1.5(1.1-2.1) 

Heederik et al. (1989) (102) The 

Netherlands 

828 JEM Longest job CB: doctors’ diagnosis 

CNSLD 

Overall solvents OR=0.82 for CB 

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 

Netherlands 

804 SR Longest job CB: doctors’ diagnosis Overall solvents  1.16(0.7-1.94) 

Post et al. (1994) (24) The 

Netherlands 

804 JEM Lifetime WHC CNSLD:doctors’ diagnosis Overall solvents  1.73(1.14-2.62) 

Definition of abbreviations:  CB= Chronic Bronchitis; CMH= Chronic Mucus Hypersecretion; CNSLD=Chronic Non Specific Lung Disease; CI= Confidence Interval 

H=High Exposure; L=Low Exposure; OR=Odds Ratio; PRR=Prevalence Rate Ratio; SR=Self-Reported; USA=United States of America; WHC= Work History Calendar
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 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 

size 

Methods of 

exposure 

assessment 

Duration of 

jobs 

Definitions 

used 

BD Solvents assessed Any exposure   

OR(95%CI)  

 

Cross-sectional studies  

de Jong et al. (2014) (85) The 

Netherlands 

11,851 ALOHA plus 

JEM  

Current job FEV1/FVC<0.7 Pre Aromatic solvents H=0.92(0.48-1.75) 

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 

Netherlands 

10,008 ALOHA plus 

JEM  

Current job FEV1/FVC<0.7 Pre Aromatic solvents 

 

H=0.75(0.09-6.47) 

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) 

(154) 

France  10,046 JEM Current job Lung function  

 

Pre Overall organic solvents  P<0.01 

Lebowitz et al. (1977) 

(153) 

USA 1,195 SR Jobs>6 months Lung function  

 

Pre Overall organic solvents  PRR=11.3 

Definition of abbreviations: BD=Bronchodilator; CI= Confidence Interval; H=High Exposure; L=Low Exposure; JEM= Job Exposure Matrix; OR=Odds Ratio; 

PRR=Prevalence Rate Ratio; SR=Self-Reported; USA=United States of America
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2.6.6 Metals exposure 

 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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 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  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Definition of abbreviations: CB= Chronic Bronchitis; CMH= Chronic Mucus Hypersecretion; CNSLD=Chronic Non Specific Lung 

Disease; CI= Confidence Interval; H=High Exposure; L=Low Exposure; JEM= Job Exposure Matrix; OR=Odds Ratio; SR=Self-

Reported  

First author (year) Location Sample 

size 

Methods of 

exposure 

assessment 

Duration 

of jobs 

Definitions used Any exposure   

OR(95%CI)  

 

Cross-sectional studies  

Dijkstra et al. (2014) (104) The 

Netherlands 

10,008 ALOHA plus 

JEM  

Current job CMH:sputum≥3m

onths/yr≥1yr 

H=2.26(1.30-3.94)  

L=1.070.65-1.76)  

LeVan et al. (2006) (100) Singapore  

 

52,325 SR Jobs>1 

year 

CB: chronic cough, 

phlegm≥3months/yr

≥2yrs   

1.04(0.74-1.45) 

 

 

CMH: 

cough/phlegm  

1.09(0.95-1.25) 

 

Heederik et al. (1989) 

(102) 

The 

Netherlands 

828 JEM Longest 

job 

CB: doctors’ 

diagnosis 

OR=1.65  

Cohort study  

Heederik et al. (1990) (23) The 

Netherlands 

804 JEM Longest 

job 

CNSLD: doctors’ 

diagnosis 

2.15(1.23-3.77) 
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 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   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Definition of abbreviations: BD=Bronchodilator; CI= Confidence Interval; H=High Exposure; L=Low Exposure; JEM=Job Exposure 

Matrix; OR=Odds Ratio 

 

 

First author (year) Location Sample 

size 

Methods of 

exposure 

assessment 

Duration 

of jobs 

BD Definitions 

used 

Any exposure   

OR(95%CI)  

 

Cross-sectional studies   

Dijkstra et al. (2014) 

(104) 

The 

Netherlands 

10,008 ALOHA 

plus JEM  

Current job Pre FEV1/FVC<0.7  

 

H=0.92(0.33-2.56) 

L=1.06(0.50-2.25) 

Le Moual et al. (1994) 

(154) 

France  10,046 JEM Current job Pre Lung function 

 

Men: mean FEV1 

H=-0.03 

L=-0.03 

Women: mean 

FEV1 

H=-0.01 

L=+0.31 
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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 FEV1 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 

(year) 

Location Sample 

size 

Duration of 

follow-up 

Methods of 

exposure 

assessment 

Duration 

of jobs  

Exposure category  Measure of lung 

function decline  

Main results 

 

Cumulative 

exposure 

(years) 

 

Liao et al. 

(2015) (166) 

USA 1,332 17 years Mini JEM   Longest 

job 

More likely/less 

likely dust exposure 

FEV1 (mL),  

FEV1 /FVC ratio 

Dust exposure was 

associated with 

the LF decline 

N/A 

de Jong et al. 

(2014) (90) 

The 

Netherlands 

2,527 25 years ALOHA 

plus JEM  

Current job  High/low exposure 

to VGDF and 

pesticide  

FEV1(mL/yr),  

FEV1 %VC 

Pesticide was associated 

with LF decline 

Association 

with VGDF 

and pesticide  

Mehta et al. 

(2014) (165) 

Switzerland 3,739 10 years ALOHA 

JEM 

Current job  VGDF exposure FEV1 (mL),  

FEV1 /FVC ratio 

Association was 

modified by SERPINA1 

PiMZ genotype 

Association 

present  

Harber et al. 

(2007) (167) 

USA and 

Canada 

5,724 5 years SR Current job  Dust and fumes FEV1 (% 

predicted),  

FEV1 /FVC ratio 

Fumes exposure was 

associated with LF 

decline 

N/A 

Sunyer et al. 

(2005) (84) 

Multicenter 

(ECRHS) 

8,263 8.9 years ALOHA 

JEM 

Current job Biological dust, 

mineral dust, 

gases/fumes  

FEV1(mL/yr),  

FEV1 /FVC ratio 

No association  N/A 

Lindberg et al. 

(2005) (170) 

Sweden  1,655 10 years SR NA No category  FEV1 (% 

predicted),  

FEV1 /FVC ratio 

No association 10-year 

cumulative 

incidence was 

13.5% for 

COPD 

Humerfelt et 

al. (1993) 

(168) 

Norway 951 20-25 years SR NA Mineral dust, gases, 

vapor and fumes 

FEV1 (mL/yr) Gases and fumes was 

associated with LF 

decline  

N/A 

Krzyzanowski 

et al. (1986) 

(169) 

Poland 1,824 13 years SR Last 5 

years 

Dust and fumes  FEV1 (mL/yr) Men exposed to dust and 

chemicals were 

associated with LF 

decline 

N/A 

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 

 

 

  



76 



 

77 

 

 

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  
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ABSTRACT
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
to COPD risk.
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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].
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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

(2) ‘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 [FEV1/FVC] ratio less than 70% or (2) the lower
limit of normal (LLN) criterion, defined as FEV1/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 (CI) 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% CI.
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% CI 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 FEV1/FVC < 70% and FEV1/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 I2 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 FEV1/FVC < 70% or FEV1/FVC < LLN,
and three studies reported results using both definitions. The
studies used different prediction equations, utilizing either the
Quanjer 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 FEV1/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 I2 values). For the studies that
defined COPD by FEV1/FVC < 70%, there was no evidence of an
increased risk of COPD associated with low biological dust
exposure (OR = 1.06, 95% CI 0.96–1.17) or high biological dust
exposure (OR = 0.98, 95% CI 0.79–1.21). The combined estimate
for low or high biological dust exposure was also not associated
with COPD (OR = 1.04, 95% CI 0.95–1.14, I2 = 19.1%) (Figure 2).

For studies that used the FEV1/FVC < LLN definition of
COPD, there was no increased risk of COPD associated with
low (OR = 1.18, 95%CI 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 FEV1/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
FEV1/FVC < 70% showed a significantly increased risk of
COPD for low exposure to mineral dust (OR = 1.17, 95% CI
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% CI 1.04–1.27). We did not
observe any significant association between mineral dust
exposure and COPD risk defined by FEV1/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 FEV1/FVC < 70%, there was no association
between low exposure to gases/fumes (OR = 1.07, 95% CI 0.98–
1.18) and COPD. For high exposure to gases/fumes, there was
significant heterogeneity between studies (I2 = 59.4%, P = 0.04)
and no association with COPD for the random-effect estimate
(OR = 1.03, 95% CI 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% CI 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 FEV1/
FVC < LLN (Figure 4).
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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 FEV1/FVC < 70%;
while for COPD defined by FEV1/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 (FEV1/
FVC < 70%, FEV1/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,Ta
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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 FEV1/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 FEV1
than FVC with aging, causing over-diagnosis of COPD in
older age groups [46]. Only three of our included studies
[17–19] used both FEV1/FVC < 70% and FEV1/FVC < LLN to
define COPD. Our meta-analyses using the two different
definitions did produce different results with the FEV1/
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.

1569 records identified through database 
searching 

972 records after duplicates removed  

972 records screened  

63 full-text articles assessed 
for eligibility  58 Full text articles were excluded for 

following reasons: 
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-
analysis (male vs. female) 

n= 5 studies included in the 
qualitative and quantitative 

synthesis

909 records excluded for not 
fulfilling inclusion criteria 
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Figure 1. Diagrammatic presentation of study selection process.
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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

Figure 2. Association between biological dust exposure and COPD.
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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 FEV1/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
FEV1/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

Figure 3. Association between mineral dust exposure and COPD.
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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

Figure 4. Association between gases/fumes exposure and COPD.
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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

● 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.

● It is important to assess the occupational contribution of
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.

Figure 5. Association between biological dust, mineral dust and gases/fumes exposure and chronic bronchitis.
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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. 

The TAHS is a general population-based longitudinal 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 (200μg 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 DLco 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 FEV1 is 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 DRSlope) was calculated by log transformation of dose response 

slope calculated as fall of FEV1 from baseline of ≥20% divided by maximum dose of 

methacholine administered (μmol). 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.), (II) industry 

description (e.g., education, retail, mining, health, food, public service, banking, etc.), (III) 

name of employer, (IV) number of days worked per week, (V) number of hours worked per 

day, (VI) year work started, and (VII) 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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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, I received special training from Dr Geza 

Benke and Associate Professor Melanie C Matheson to ensure standardized occupational 

coding, and I 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 (II) skill- defined 

1,335 included with complete spirometry and work 

history calendar  

 

264 excluded due to missing 

or incomplete work histories 

 

1,599 completed telephone questionnaire and work 

history calendar at 2002-2008 follow-up 

  

1,405 attended laboratory study, completed lung 

function testing and work history calendar 

 

  

194 completed work history 

calendars via telephone 

questionnaire 
  

8,500 jobs were coded 
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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 ISCO-88 occupational classifications 

 
Major groups Summary of major groups Sub-

major 

groups 

Minor 

groups 

Unit 

groups  

1. Legislators, 

senior officials, and 

managers 

Determining and formulating government 

policies, laws, and public regulations 

3 8 33 

2. Professionals High level of professional knowledge and 

experience in life sciences, social 

sciences, and humanities 

4 18 55 

3. Technicians and 

associate 

professionals 

Technical knowledge and experience in 

life sciences, social sciences and 

humanities 

4 21 73 

4. Clerks To organize, store, compute and retrieve 

information for secretarial duties, word 

processing, office machines or computing 

numerical data 

2 7 23 

5. Service workers 

and shop and 

market sales 

workers 

To provide personal protective services, 

and to sell goods to shops, markets, travel 

agencies, housekeeping, catering and 

personal care 

2 9 23 

6. Skilled 

agricultural and 

fishery workers 

To produce farm, forestry and fishery 

products including growing crops, 

breeding or hunting animals, catching or 

cultivating fish, conserving, exploiting 

forests, selling agriculture or fishery 

products 

2 6 17 

7. Craft and related 

trade workers 

Extracting raw materials, constructing 

buildings and making various handicraft 

goods 

4 16 70 

8. Plant and 

machine operators 

and assemblers 

To operate and monitor large scale, highly 

automated, industrial machinery and 

equipment 

3 20 70 

9. Elementary 

occupations 

To use hand-held tools, selling goods in 

streets, doorkeeping, cleaning, washing, 

pressing, laborers in mining, agriculture, 

fishery, construction, and manufacturing 

3 10 25 

0. Armed forces A person currently servicing armed forces, 

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 

1 1 1 

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 

unit codes 

of ISCO- 

88  

Job 

descriptions 

ALOHA plus JEM occupational exposures 

Biological 

dust 

Mineral 

dust 

Gases/ 

fumes 

VGDF Pesticides Solvents 

2222 Dentist 1 0 0 1 0 0 

2422 Judge 0 0 0 0 0 0 

6111 Field crop and 

vegetable 

growers 

1 2 1 2 2 1 

6112 Tree and shrub 

crop growers 

1 2 1 2 2 0 

7121 Builders 2 0 0 2 0 0 

7136 Plumbers and 

pipe fitters 

0 1 2 2 0 1 

7212 Welders and 

flame cutters 

0 2 2 2 0 0 

8324 Heavy truck 

and lorry 

drivers 

0 1 2 2 0 0 

*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 = ∑ 𝑦 × 4

𝑖

 

Cumulative exposure − unit years for 𝐥𝐨𝐰 𝐛𝐢𝐨𝐥𝐨𝐠𝐢𝐜𝐚𝐥 𝐝𝐮𝐬𝐭 𝐞𝐱𝐩𝐨𝐬𝐮𝐫𝐞 = ∑ 𝑦 × 1

𝑖

 

4.5 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 DLco 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 (∆FEV1), FVC 

(∆FVC) and FEV1/FVC (∆FEV1/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 (∆FEV1) was defined as a decrease in the pre-BD FEV1 (mL/year), 

compared with the reference group. 

Decline in FVC (∆FVC) was defined as a decrease in the pre-BD FVC (mL/year), 

compared with the reference group. 

Decline in FEV1/FVC (∆FEV1/FVC) was defined as a decrease in the pre-BD 

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

4.5.3 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. 

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 exposure×sex, occupational exposure×smoking, 

occupational exposure×current 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 A×B 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. Is the effect of occupational exposure and COPD have been modified by sex,

smoking, and asthma?

5.2.2 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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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 exposure 

to pesticides are associated with fixed airflow obstruction in middle age. Thorax 2017 doi: 

10.1136/thoraxjnl-2016-209665 (In press) 
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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 T o 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 FEV1/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 E ver exposure to biological dust (relative 
risk (RR)=1.58, 95% CI 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% CI 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 

airflow obstruction (AO) is a chronic debilitating 
respiratory condition and a growing cause of mortality 
and morbidity worldwide.1 Tobacco smoking remains 
the predominant risk factor for COPD.2 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.3 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.4 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.5 This is an important limitation 
in the current literature as the post-BD measurement 
of AO is the gold standard to define fixed AO,6 which 
is the hallmark feature of COPD.1 The one study 
that did use post-BD to define AO did not find any 

Key messages

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.
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association between dust, gases/fumes and fixed AO.5 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,5 7 8 which allows for assessment 
of cumulative exposure.9 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.10 11 Recent studies from 
the Netherlands have found an association between pesticide and 
COPD,12 and lung function decline.13 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.14

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,15 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 

Figure 1  Tasmanian Longitudinal Health Study flow diagram.
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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 4–6 hours before testing. 
FEV1 and FVC were measured according to international guide-
lines and the highest value for FEV1 and FVC obtained from three 
acceptable and repeatable tests was recorded.16 Spirometry was 
repeated 10–15 min after short-acting bronchodilator (200 µg 
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 
FEV1 and FVC (FEV1/FVC) <0.70.17 We also used the lower
limit of normal (LLN) to define fixed AO, on the basis of Global 
Lung Function Initiative 2012 regression equations.18

► Chronic bronchitis was defined as a cough with phlegm on
most days for at least 3 months of each year for 2 successive
years.17

► 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.19 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.12 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=1 and 1.5=2).12

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.5 7 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×sex, occupational exposure×smoking, occupational expo-
sure×current 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 (±0.8 SD), 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 to 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 
AO, 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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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.20–23 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 FEV1/FVC <70% and 
FEV1 <80%).12 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-
sure10 24 and a study of the US farmers found association between 
exposure to pesticides and chronic bronchitis.20 Similar to our find-
ings, a study from Latin America also found an association between 
pesticides exposure and respiratory symptoms.21 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.10 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.10 24 
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.10 24 The inactive acetylcho-
linesterase is also responsible for thickening of alveolar-capillary 
membrane leading to reduced level of lung function.25

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. 

Table 1  Characteristic of the population

Study characteristics n (%)* 95% CI

Age, years (mean, SD) (n=1334) 44.8 (0.8) 44.7 to 44.9

Sex, % (n=1335)

 �Men 684 (51.6) 48.5 to 54.9

 �Women 651 (48.3) 45.0 to 51.5

Smoking history (n=1330)

 �Never, n (%) 566 (45.3) 42.1 to 48.6

 �Past, n (%)
 �Pack-years, median (IQR) (n=1292)

394 (29.6)
7.5 (2–17)

26.7 to 32.6

 �Current, n (%)
 �Pack-years, median (IQR) (n=1292)

370 (25.1)
21 (10–30)

22.4 to 27.9

Currently employed, n (%) (n=1332) 1136 (87.4) 85.2 to 89.3

Fixed airflow obstruction (AO)

 �Fixed AO-GOLD (n=1335) 113 (6.0) 4.8 to 7.6

 � �Stage I: FEV1/FVC <0.7 and 
FEV1 ≥80%

62 (3.7) 2.7 to 5.1

 � �Stage II: FEV1/FVC <0.7 and 
FEV1 <80%

51 (2.3) 1.7 to 3.2

 �Fixed AO-LLN (n=1335) 112 (6.0) 4.8 to 7.5

 �Chronic bronchitis (n=1322) 246 (8.7) 7.6 to 9.9

Respiratory symptoms

 �Chronic cough (n=1316) 185 (8.8) 7.4 to 10.3

 �Chronic phlegm (n=1317) 171 (6.8) 5.8 to 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.
AO, airflow obstruction; GOLD, Global Obstructive Lung Disease; LLN, lower limit of 
normal.
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The associations observed in this study were largely consistent 
across all three categories, with some not quite reaching statis-
tical significance for some symptoms. The possible explanation 
for this slight variation across the subcategories of all pesticides 
exposure is differences in exposures between different occu-
pational groups with some groups, for example, cattle farmers 
not being exposed to herbicides but to insecticides. Another 
example of this is forestry workers who formed a large propor-
tion of our exposed workers (23.8%), but who had ‘all pesti-
cides exposure’ and ‘herbicides exposure’ but not ‘insecticides 
exposure’. Another explanation is the presence of very strong 
correlation between these exposures (see online supplementary 
table 6). In our study, participants with high all pesticides expo-
sures included people who described themselves as farm hands/
labourers, forestry workers, gardeners, horticultural/nursery 
workers, and crop/vegetable growers.

For the other common exposures to biological dust, mineral 
dust and gases/fumes, we only observed association with fixed 
AO for those ever exposed to biological dust. This finding is 
consistent with previous studies that have also found associa-
tion between biological dust and COPD.7 19 The finding with 
biological dust in the present study is also consistent with the 
meta-analysis conducted by our group, although the effect esti-
mates did not reach statistical significance in our meta-analysis.4 
The reason for this slight variation in the effect estimate may be 
due to the inclusion of pre-BD in most of the included studies in 
our meta-analysis. We did not observe any association between 
mineral dust and gases/fumes exposure and fixed AO, but we 
did observe associations with respiratory symptoms. Several 
previous studies also found an association between dust expo-
sure in general and respiratory symptoms.26 27

Our study observed a significant interaction between current 
asthma and four of the occupational exposures for fixed AO. In 
the non-asthmatics, there was an association between ever expo-
sure to biological dust, mineral dust and gases/fumes and fixed 
AO, even with a low crude prevalence of 7.12% in non-asthmatics, 
compared with asthmatics (16.98%). We did not observe the same 
interaction for cumulative EU-years to these agents. This finding 
is suggestive of a 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. We did explore childhood asthma status, recorded prospec-
tively in this cohort, but we did not find any interaction with 
occupational exposures and fixed AO. We also did not observe 
any interaction between current asthma and all pesticides for fixed 
AO suggesting the ever exposure and cumulative EU-years of all 
pesticides significantly associated with fixed AO independent of 
asthma.

Previous studies of occupational exposure and COPD using the 
ALOHA Job Exposure Matrix have taken asthma into account 
in their analysis by different methods. They have either excluded 
asthmatics completely8 19 28 or performed sensitivity analysis to 
see if excluding participants with asthma influenced the results.5 7 
Including participants with asthma would inflate the prevalence 
of fixed AO, especially if pre-BD was used in a relatively young 
cohort, as was the case for several of these studies,12 28 leading to 
spurious results. We included both childhood and adult asthma 
as a confounder in the statistical analyses and investigated the 
possible interaction with current asthma. Our study has demon-
strated for the first time in a general population that asthma 
significantly modifies the effect of biological dust, mineral dust 
and gases, and fumes on fixed AO in middle-age.Ta
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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.19 Post-BD is essential to define 
fixed AO, but there is still debate over the best cut-off values to 
define fixed AO.29 The GOLD definition of fixed ratio (FEV1/
FVC <0.7) has been widely used for clinical application as well as 
large-scale population-based studies.30 31 More recently, statistical 
reference equation-based LLN definition also provide an opportu-
nity to overcome age-related overestimation of the total effect by 
GOLD.31 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 VGDF. 
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.
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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. Is 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 DLco.

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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Occupational exposures to solvents and metals are associated with fixed 
airflow obstruction 

by Sheikh M Alif, MPH,1 Shyamali C Dharmage, PhD,1, 2 Geza Benke, PhD,3 Martine Dennekamp, PhD,3, 4 John 
A Burgess, PhD,1 Jennifer L Perret, PhD,1, 5 Caroline J Lodge, PhD,1 Stephen Morrison, PhD,6 David P Johns, 
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Alif SM, Dharmage SC, Benke G, Dennekamp M, Burgess JA, Perret JL, Lodge CL, Morrison S, Johns DP, Giles GG, 
Gurrin LC, Thomas PS, Hopper JL, Wood-Baker R, Thompson BR, Feather IH, Vermeulen R, Kromhout H, Walters 
EH, Abramson MJ, Matheson MC. Occupational exposures to solvents and metals are associated with fixed airflow 
obstruction. Scand J Work Environ Health – online first. doi:10.5271/sjweh.3662

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 
(FEV1)/forced vital capacity (FVC) <0.7 and FEV1/FVC<lower limit of normal. Diffusing capacity of the lung 
for carbon monoxide (DLCO) was combined with FEV1/FVC<0.7 to define fixed AO plus low DLCO. 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 DLCO 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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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 

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 (FEV1) 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 
FEV1 and FVC was recorded from three acceptable and 
repeatable tests. Spirometry was repeated 10–15 minutes 
after short-acting bronchodilator (200 μg salbutamol) 
administered via a spacer. 

Single breath diffusing capacity of the lung for 
carbon monoxide (DLCO) 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 DLCO 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 (FEV1/FVC<0.7) 
(20) and second using FEV1/FVC<lower limit of normal
(LLN) as based on the Global Lung Initiative (GLI)
2012 reference equations (21).

Fixed AO plus low DLCO was defined by FEV1/
FVC<0.7 and DLCO <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 

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 DLCO 
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(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 DLCO 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 
(FEV1, FVC, FEV1/FVC, and DLCO) (supplementary 
table S3). We found significant association with lower 
FEV1/FVC ratio for those with ever-exposure to metals 
(z-score FEV1/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 FEV1/FVC<0.7 (RR 
1.47, 95% CI 1.00–2.21) and FEV1/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 DLCO 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 DLCO 
(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; DLCOdiffusing 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 IQR Median IQR Median IQR

Age 44.8 0.8 0.01
Never smokers 566  45.2 292  44.4 274  46.3

0.47Past smokers 395 29.7 7.7 2–17.3 189 28.4 9.8 2.1–19 205 30.9 5.5 1.5–15
Current smokers 370 21 25.0 22.4–27.9 202 25 25 13.8–35 168 18 18 7.8–27
Fixed AO-GOLD 113 6.0 70 7.2 43 4.8 0.01
Fixed AO-LLN 112 6.0 69 7.1 43 4.8 0.02
Fixed AO plus low DLCO 35 1.7 19 1.9 16 1.5 0.76
Adult asthma 649 28.9 313 26.0 336 32.1 0.03
Child asthma 382 15.3 221 17.2 161 13.3 0.01

Table 2. Associations between ever-exposures, fixed airflow obstruction (AO) and fixed AO plus low diffusing capacity of the lung for 
carbon monoxide (DLCO). [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 DLCO

No 
(N=1222)

Yes 
(N=113)

RR a 95% CI No 
(N=1223)

Yes 
(N=112)

RR 95% CI No 
(N=1164)

Yes  
(N=35)

RR 95% CI

Aromatic solvents
Not exposed 873 70 Ref. 873 70 Ref. 827 24 Ref.
Exposed 349 43 1.21 0.76–1.93 350 42 1.18 0.74–1.88 338 11 0.91 0.39–2.12

Chlorinated solvents
Not exposed 964 78 Ref. 964 78 Ref. 914 23 Ref.
Exposed 258 35 1.45 0.91–2.34 259 34 1.40 0.87–2.28 251 12 2.19 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 1.71 1.03–2.85 275 40 1.67 1.00–2.78 267 13 2.04 0.83–5.04

a 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 

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 FEV1/
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 (DLCO). 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 a 
N Cumulative EU years RR 95% CI N Cumulative EU years RR 95% CI

Mean SD Mean SD
Aromatic solvents
Fixed-AO-GOLD         
No 559 7.1 6.9 Ref 589 17.4 16.6 Ref
Yes 39 38.3 57.1 1.02 0.98–1.07 68 13.4 11.2 0.99 0.97–1.01 0.17

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 0.99 0.97–1.01 0.14

Fixed AO + low DLCO  
No 514 6.6 6.1 Ref 579 17.1 16.5 Ref
Yes 14 38.3 57.0 1.05 0.98–1.14 18 17.5 10.9 0.99 0.95–1.03 0.05

Chlorinated solvents
Fixed-AO-GOLD         
No 559 8.1 6.7 Ref 589 40.9 40.4 Ref
Yes 39 20.9 13.4 1.08 1.03–1.15 68 28.6 36.9 0.99 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 0.99 0.98–1.00 0.006

Fixed AO + low DLCO 
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 AO + low DLCO

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 0.99 0.96–1.02 0.27

Metals
Fixed-AO-GOLD         
No 559 9.3 11.5 Ref 589 34.4 38.3 Ref
Yes 39 27.0 22.5 1.05 0.98–1.12 68 24.1 33.4 0.99 0.99–1.00 0.17

Fixed-AO-LLN
No 559 9.3 11.5 Ref 590 34.3 38.3 Ref
Yes 39 27.0 22.5 1.05 0.98–1.13 67 24.4 33.8 0.99 0.99–1.00 0.17

Fixed AO + low DLCO 
No 514 12.1 14.3 Ref 579 32.1 37.1 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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that cumulative EU years to chlorinated solvents is 
associated with fixed AO and fixed AO plus low DLCO 
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, CYP2A6, 
CYP3A4, and CYP1B1 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 

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 AO), and the bars rep-
resent the 95% confidence interval of that probability.

Figure  2. The association between years 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.

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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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 DLCO with increasing cumula-
tive EU years to chlorinated solvents. Coexistent low 
DLCO 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 DLCO) 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 DLCO, 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 FEV1/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

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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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. I 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%CI; -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, I 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). Identification 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. I 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 

http://thesaurus.yourdictionary.com/discrepance
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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, I 

included 767 participants who completed lung function testing at both follow-ups and 

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

 

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) (∆FEV1), FVC (mL/year) (∆FVC) and FEV1/FVC (%/year) 

(∆FEV1/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. I 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. I defined people as having ever exposure if they had exposure for any job 

over their working life. I 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). I 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. I 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 I 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 

follow-up 

2010 to 2012 

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 (%) 

     Pack-years, median [IQR] 

243 (32.68) 

6.3 [1.8-17.8] 

284 (38.92) 

6.3 [1.4-18] 

     Current, n (%) 

     Pack-years, median [IQR] 

179 (20.24) 

21 [7.5-30] 

138 (14.86) 

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%CI; -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%CI; -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%CI; -21.92, -0.69) and FVC (-17.54 mL/year, 95% CI; -34.32, -

0.76). Ever exposure to chlorinated solvents was associated with greater decline in FEV1 (-

11.56 mL/year, 95%CI; -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% CI; -0.32, -0.02), and gases/fumes (-0.20%/year, 95% CI; 

-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 

 

Exposure 

 ∆FEV1 (mL/year) ∆FVC (mL/year) ∆FEV1/FVC (%/year)  

n β (95%CI) † P β (95%CI) P β (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% CI)  -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% CI)  -4.71 (-11.82, 2.41) 0.20 -3.76 (-15.04, 7.51) 0.51 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) 0.59 -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% CI)  -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% CI)  -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% CI)  -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) 0.40 -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 

 

 

Exposure 

 ∆FEV1 (mL/year) ∆FVC (mL/year) ∆FEV1/FVC (%/year)  

n β (95%CI)  P-

value 

β (95%CI) P-

value 

β (95%CI) P-

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% CI)  -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%CI; -1.56, -0.36) greater decline in FVC. I 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 

Exposures-Unit 

years 

∆FEV1 (mL/year) ∆FVC (mL/year) ∆FEV1/FVC (%/year) 

β (95%CI) † P-

value 

β (95%CI) P-

value 

β (95%CI) P-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 

† 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, I 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, I 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. I 

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-

unit years  

Women  

β (95% CI) 

Men  

β (95% CI) 

p-trend for 

effect 

modification  

Aromatic solvents    

∆FEV1 (mL/year) -1.44 (-2.26, -0.63) -0.37 (-0.81, 0.06) 0.02 

∆FVC (mL/year) -1.8 (-3.05, -0.55) -0.73 (-1.4, -0.04) 0.14 

∆FEV1/FVC (%/year) -0.013 (-0.027, -0.001) 0.008 (0.0, 0.02) 0.01 

Chlorinated solvents    

∆FEV1 (mL/year) -1.19 (-2.71, 0.33) -0.11 (-0.28, 0.07) 0.16 

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

∆FEV1/FVC (%/year) -0.013 (-0.039, 0.013) -0.001 (0.004, 0.002) 0.37 

Other solvents    

∆FEV1 (mL/year) 0.09 (-0.33, 0.51) -0.23 (-0.63, 0.16) 0.25 

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

∆FEV1/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, I observed 

significant effect modification by sex of the association between cumulative-EU-years to 



 

175 

 

aromatic solvents and lung function decline. Women had a greater decline in both FEV1 and 

FEV1/FVC ratio compared to men. I 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 I 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 

FEV1 and FVC, however I 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 I 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. I 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.  

 

I 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. I 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  

 

 

 

 

 

 

 

 

  



 

180 

 

  



 

181 

 

 

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. I 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. I found an 

overall significant association between low exposure to mineral dust and high exposure to 

gases/fumes and COPD. I 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 I 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, I 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. I 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. I also explored fixed AO with 

low DLco, 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, I found a significant association 

between fixed AO and ever exposure to metals. In the main analysis, I did not find any 

association between fixed AO and ever exposure and cumulative EU-years to any types of 

solvents. However, I identified effect modification by sex in the relationship between fixed 

AO and cumulative EU-years to chlorinated solvents. For middle-aged women, I found that 

increasing cumulative EU-years to chlorinated solvents was significantly associated with 

fixed AO and fixed AO plus low DLco. 

   

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, I 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, I 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. 

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

and fixed AO varied depending on the occupational exposure. For example, I 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. I 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.  

I 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, I 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, I 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 I 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, I 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, I 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, I had some missing and 

incomplete information including missing job title, industry description or duration of 
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employment. I had participants who had part of their information missing in their WHC (e.g, 

they had 10 jobs listed with five jobs missing information). I 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). I 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. I 

used post-BD lung function measurements to define fixed AO, which is recommended by the 

ATS/ERS guideline (1). In my thesis, I 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 DLco. 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 DLco 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 AO 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 I 

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). I used the Socio-Economic Indexes for Areas (SEIFA indexes) from the 

Australian census data to adjust for childhood and adult socioeconomic status (186). I 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 I 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 I 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 

systemic effects. A primary route of exposure is via 

inhalation and respiratory effects are a known 

consequence of exposure. 

Solvents exposure may also cause respiratory effects. 

On inhalation, the solvents may also cause chronic 

airway disease as a consequence of chronic exposure.  

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

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.  

The solvents and fixed AO is similar to other solvents 

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, I 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, I 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/FEV6 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:  

• Smoker or ex-smoker,  

• Works or worked in a job where he / she is/was exposed to dust, gas, or fumes,  

• Cough several times most days,  

• Cough up phlegm or mucus most days,  

• Out of breath more easily than others of a similar age,  

• Experience chest tightness or wheeze,  

• 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: 

• Identification of pesticide hazards in the workplace; 

• Assessment of risk by pesticides, in storage and transport; 
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• Determining and implementing proper measures to control the risk and improving 

existing control measures; 

• Appropriate supervision to control pesticide exposure; 

• Recording work procedures set up for the workplace;  

• 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: 

• Ensuring proper training and health information on pesticide exposure and safe 

handling of pesticide should be established and strengthened.  

• 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. 

• Ensuring proper labeling of pesticide containers using appropriate symbols and 

pictograms, hazard signs, written instructions and warnings whenever possible.  

• 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. I 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, I 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, I 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, I 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, I 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. I also investigated effect modification by 

smoking, asthma and sex in these relationships. In summary, I have demonstrated the 

following: 

• Occupational exposures to mineral dust and gases/fumes was associated with 

COPD; and mineral dust was associated with chronic bronchitis.  

• Occupational exposures to pesticides and herbicides were associated with 

fixed AO, chronic bronchitis, and respiratory symptoms. 

• Occupational exposures to biological dust, mineral dust, gases/fumes and 

VGDF were more significantly associated with fixed AO in non-asthmatics 

than asthmatics. 

• 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. 

• 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. I 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. I 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  
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Appendix 2- The TAHS 2002 follow-up postal survey questionnaire  
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Appendix 3- The TAHS 2004 laboratory study questionnaire  
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Appendix 4- The TAHS 2005 laboratory follow-up clinical testing  
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Appendix 5- The TAHS 2002-2008 follow-up lifetime work history calendar  
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Appendix 6- The TAHS 2010 follow-up postal survey questionnaire  
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Appendix 7- The TAHS 2010 follow-up laboratory questionnaire 
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