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GENERAL INTRODUCTION  

According to the Oxford English Dictionary work is “an action or activity involving 
physical or mental effort and undertaken in order to achieve a result, especially as 
a means of making one's living or earning money” (1). In modern society, work is a 
key element to materialize well-being, to participate in society, and to fulfill 
important psychosocial needs (2). In addition, work plays a central role in providing 
individual identity, social roles, and social status (3,4). However, all the positive 
fundamental influence of work on the individual and society set aside, some 
aspects of work can be hazardous and may pose risks to workers’ health (2).   

The health hazards posed by occupational exposures were already recognized by 
Hippocrates who recommended physicians to consider patients’ occupational 
background in diagnosing and treating disease (5). In the 17th century, Bernardino 
Ramazzini further emphasized the idea of Hippocrates and wrote the first 
systematic description of occupational diseases and their causes (6). To protect 
worker health, occupational epidemiology emerged as a branch of epidemiology in 
the 19th century and became a quantitative science in the 20th century. 
Occupational epidemiology investigates conditions in the workplace that are 
associated with health outcomes among workers (6-8). The ultimate goal of 
occupational epidemiology is to protect workers from these harmful occupational 
exposures  (both physical and non-physical) by identifying them and, subsequently, 
controlling, reducing, or removing them by applying appropriate preventive 
measures.  

In 2014, in the European Union, 4.3% of the population had a doctor-diagnosed 
chronic lower respiratory disease that included chronic bronchitis, emphysema, and 
other chronic obstructive pulmonary diseases (COPD) (9). In that year, in the 
Netherlands, the prevalence of chronic lower respiratory disease was 
approximately 5% (9). Although tobacco smoking is the primary preventable risk 
factor for respiratory diseases (10), other factors, such as occupational exposures, 
may also be considered as risk factors for respiratory diseases. Sickness absence 
(absence from work due to illness) also poses a substantial burden to society. In 
2019, in the Dutch working population, workers were absent for an average of 
4.4% of their working days due to illness (11). Between 2007-2011, in the 
Netherlands, an average of 1.6 and 10.9 days of sickness absence was 
attributable to respiratory and cardiovascular diseases (CVD) which costs are €109 
million and €458 million per year (12).  

To reduce the health risks posed by occupational exposures, it is important to 
identify these occupational exposures (risk factors) and to apply preventive 
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measures accordingly. It is further important to identify occupational risk factors 
associated with sickness absence.  

Occupational exposures, either physiological, e.g. dust, gases/fumes, and 
pesticides, or psychosocial, e.g. job strain and effort-reward imbalance, are 
experienced by the workers at the workplace and may have adverse effects on 
health among the workers. Potential hazardous factors at the workplace are 
exposures (e.g. dusts, mists, gases, fumes, vapours, aerosols, and fibers), 
biological factors (e.g. bacteria, viruses, or fungi), chemical factors (e.g. pesticides 
and solvents), physical factors (e.g. noise, ionizing radiation, and heat), ergonomic 
factors (e.g. increased repetition, excessive vibration, or repetitive motion), and 
psychosocial factors (e.g. high psychological job demands, low job control, 
violence or lack of recognition). 

Previous studies have found strong associations between occupational exposures 
(physiological or psychosocial) and COPD (13,14) and CVDs (15). Chronic 
diseases are of long duration and slow progression (16). These diseases cannot 
be prevented by vaccines or cured by medication, and stay for lifelong (17). 
Therefore, studying early markers or early stages of disease, i.e. intermediate 
health outcomes, is important to be able to intervene in an early stage of (chronic) 
disease development.    

Intermediate health outcomes (18) may be viewed as proxy or marker of chronic 
disease development and could provide valuable information about the potential 
health risk of occupational exposures at an early stage. Examples of intermediate 
health outcomes are reduced lung function for COPD, elevated blood pressure for 
CVD, and elevated blood inflammatory biomarkers for inflammatory diseases. So 
far, little is known about the associations between occupational exposures 
(physiological and psychosocial) and intermediate health outcomes. Identification 
of occupational exposures associated with intermediate health outcomes will 
enable us to develop early preventive measures, and subsequently, reduce the 
prevalence of chronic diseases by targeted primary interventions.  

Therefore, in this thesis, to our knowledge, we are the first to investigate the 
associations between physiological (e.g. airborne exposures) and psychosocial 
(e.g. job strain) occupational exposures, measured by a job-exposure matrix 
(JEM), and intermediate health outcomes (lung function, blood pressure, and 
inflammatory biomarkers) in a large general working population. 
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Measurement of occupational exposures  

In this thesis, JEMs were used to estimate both physiological and psychosocial 
occupational exposures. The best way to estimate individual physiological 
occupational exposure is by quantitative measures of hazardous agents either 
externally (e.g. concentrations in the air or on the skin) or internally (e.g. 
concentrations in the body tissues or excreta). However, in a large general 
population, it is often difficult to obtain these exposure data around or in individual 
persons as such quantitative measures require substantial effort and costs in large 
scale general population studies. Thus, proxy measures, such as JEMs, are 
commonly used to estimate occupational exposures (19,20).  

A general population-based JEM links workers' self-reported job titles to the 
occupational exposures, assessed by experts (Figure 1). A population-based JEM 
allows to link the same exposures to different jobs. This type of JEM uses job 
coding systems (e.g. International Standard Classification of Occupations, ISCO) to 
incorporate a wide range of occupations that might be seen in the general 
population. Several general population-based JEMs have been developed based 
on expert opinion supported by published literature and communication with 
industry specialists (21-23).  

 

Figure 1: A part of the ALOHA+ JEM (24,25). ISCO= International Standard Classification of 
Occupations. 0 = no exposure, 1 = low exposure, and 2 = high exposure.   

In this thesis, occupational exposures were estimated using JEMs. In chapters 2, 3, 
and 5, the ALOHA+ JEM was used. The ALOHA+ JEM links job titles (based on 
ISCO-88 (26)) to estimated exposures, i.e., biological dust, mineral dust, 
gases/fumes, insecticides, herbicides, fungicides, aromatic solvents, chlorinated 
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solvents, other solvents, and metals. In chapter 4, the Asthma-specific JEM (21) 
was used to estimate 30  occupational exposures (e.g. flour, latex, acrylates, wood, 
and organic solvents). In chapter 6, job strain, effort-reward imbalance, and 
emotional demands were estimated as psychosocial occupational exposures using 
recently developed psychosocial JEMs (27,28). 

Data source—Lifelines Cohort Study  

All studies in this thesis are conducted within the sampling frame of the Lifelines 
Cohort Study (29). The Lifelines Cohort Study, a large observational population-
based cohort study, started in 2006 and aims to disentangle the role of genetic 
factors, lifestyle, and the environment in the development of chronic diseases and 
healthy aging. Inhabitants of the three northern provinces (Friesland, Groningen, 
and Drenthe) of the Netherlands were invited to participate in the study. In the 
Lifelines Cohort Study, three generations of participants were recruited: the index 
person (aged 25-50 years), their partners, parents (in-law), and children. The 
recruitment stopped in December 2013 after including 167,729 subjects (age 
range: 6 months - 93 years). The first follow-up visit was performed after a median 
of 4.5 years (range:1.8-8.8 years). The job titles of the Lifelines Cohort Study 
subjects were linked to the ALOHA+ JEM,  the Asthma-specific JEM, and the 
psychosocial work factor JEMs. 

The Lifelines Cohort Study contains a large amount of quality data which allows us 
to adjust for important confounders. The large study population further allows us to 
examine the effect of occupational exposures on objectively measured 
intermediate health outcomes across different susceptible groups, for example, 
males and females. Our study population is predominantly Caucasian as the 
immigration rate is very low in the Northern part of the Netherlands. Since the study 
population belongs to similar geographical locations, our study findings are not 
confounded by air pollution. Next to the homogeneity of the cohort in terms of 
ethnicity and geographical location, we expect that people in the same job will 
perform their tasks in a more or less similar manner due to cultural work habits and 
this will lead to homogeneity of exposure within subjects with the same job. This 
contrasts with studies in which subjects from different countries are included as 
cultural work habits will differ between countries and this will lead to a larger 
variability in exposure between subjects with the same job.  
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Aim of the thesis  

To investigate the associations between physiological and psychosocial 
occupational exposures and intermediate health outcomes in a large general 
working population. The specific research questions addressed are:  

Research question 1: Are occupational exposures associated with sickness 
absence? Are the associations mediated by respiratory symptoms and 
moderated by genetic make-up?  

Research question 2: Are occupational exposures associated with lung 
function? Are the associations moderated by sex and smoking? 
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Research question 3: Are occupational exposures associated with 
inflammatory biomarkers?   

Research question 4: Are occupational exposures associated with the risk 
of developing respiratory symptoms and airway obstruction? 

Research question 5: Are psychosocial work factors associated with blood 
pressure? Are the associations moderated by sex?  

Outline of the thesis 

In chapter 1, an overall introduction of the thesis is provided. Information regarding 
physiological and psychosocial occupational exposures, JEMs, and how different 
types of occupational exposures were estimated using JEMs were described. In 
addition, the rationale for using intermediate health outcomes is provided. Data 
sources, measures, and aims and specific research questions are presented.   

In chapter 2, we investigated the associations between  occupational exposures 
(assessed with the ALOHA+ JEM) and self-reported sickness absence in the 
Lifelines Cohort Study. Furthermore, we examined whether the associations were 
mediated by respiratory symptoms and modified by genetic make-up. ‘Any 
sickness absence’ was defined as being absent from work due to illness or 
problems (except pregnancy) at least one day in the last year (yes/no). ‘Long-term 
sickness absence’ was defined as being absent from work due to illness or 
problems (except pregnancy) for two consecutive weeks or more in the last year 
(yes/no).   

In chapter 3, we examined the associations between  occupational exposures 
(assessed with the ALOHA+ JEM) and baseline lung function level and annual lung 
function decline in the Lifelines Cohort Study. We also investigated whether the 
associations were modified by sex and smoking. Four lung function parameters 
were analyzed: Forced Expiratory Volume in One Second (FEV1), Forced Vital 
Capacity (FVC), Forced Expiratory Flow over the middle half of the FVC (FEF25-75), 
and FEV1/FVC.  

In chapter 4, we investigated the associations between  occupational exposures 
(assessed with the Asthma-specific JEM) and levels and changes of inflammatory 
biomarkers (eosinophil, neutrophil, and C-reactive protein) in the Lifelines Cohort 
Study.   

In chapter 5, we examined the associations between  occupational exposures 
(assessed with the ALOHA+ JEM) and the risk of developing respiratory symptoms 
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(chronic cough, chronic phlegm, and chronic bronchitis) and airway obstruction in 
the Lifelines Cohort Study. We further investigated whether the associations were 
modified by age, sex, and smoking. Chronic cough was defined as “Usual coughing 
first thing in the morning, or during the day, or at night in winter for at least three 
months in a year.” Chronic phlegm was defined as “Usual bringing up any phlegm 
first thing in the morning, or during the day, or at night in winter for at least three 
months in a year. Chronic bronchitis was defined as the presence of both chronic 
cough and chronic phlegm. Airway obstruction was defined as FEV1/FVC below the 
lower limit of normal.  

In chapter 6, we investigated the associations between psychosocial work factors 
(job strain, effort-reward imbalance, and emotional demands), assessed with three 
separate JEMs, and blood pressure in the Lifelines Cohort Study. In addition, we 
examined whether the associations were modified by sex. Hypertension was 
defined as SBP ≥140 mm Hg or DBP ≥90 mm Hg or self-reported use of 
antihypertensive medication.  

In Chapter 7, a summary of all study findings is given. In the discussion section, 
the theoretical and methodological considerations are discussed. The implications 
for research, practice and policy as well as future perspectives and 
recommendations are presented.  
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