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Abstract  

Objectives: To assess whether asthma onset prior to entering the workforce influences 

whether one holds a subsequent job with asthma-related inhalation exposures.  

Methods: We analysed data of 19784 adults from the European Community Respiratory 

Health Survey. For each respondent, a current or previously held job was linked to a job 

exposure matrix assigning high, low or no exposure to dust, gases or fumes. Jobs were also 

categorised according to the risk of exposures related to occupational asthma. We assessed 

associations between asthma and subsequent occupational exposures using logistic 

regression models, with a random intercept for study centre and fixed adjustment for age, 

sex, type of study sample and smoking status.  

Results: 8% (n=1619) of respondents reported asthma with onset before completion of full-

time education. This population was at decreased risk of having a job with high [odds ratio 

(OR): 0.79; 95% confidence interval (CI): 0.68, 0.92] or low (OR: 0.91; 95% CI: 0.80, 

1.03) exposure to dust, gases or fumes. The associations were consistent across exposure 

types (dusts, gases or fumes) and for jobs with high risk for occupational asthma.  

Conclusions: Adults with asthma onset prior to entering the workforce may be less likely to 

hold jobs involving inhalation exposures.  

 

Word Count (Abstract): 200  

Keywords: asthma, healthy worker effect, occupational exposure, cross-sectional study 
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Introduction  

Asthma affects people of all ages, and respiratory symptoms associated with asthma 

contribute substantially to morbidity and mortality in adults in the industrialised world. 

While the onset of asthma often occurs during childhood, some people first develop 

symptoms during adult life. Workplace exposures are associated with adult-onset asthma 

(1) and it has been estimated that 15% (median value, range: 4-58%) of adult asthma 

cases may be related to occupation (2). In addition to the clear causal relationship between 

occupational exposures and symptoms of asthma, there also exists a possibility that asthma 

symptoms may influence job choice, work tasks or occupational inhalation exposures.  

 

In occupational health research, an observed reduction of morbidity and mortality 

among workers relative to the general population has been explained as an expression of 

the healthy worker effect (3-8). Specifically, the healthy worker effect is observed when 

individuals who are sick or more sensitive are excluded from being hired or avoid work 

involving hazardous exposures because of their health status (8). Because asthma may 

occur during childhood or adulthood, the healthy worker effect can be seen as two distinct 

phenomena affecting the observed prevalence of respiratory symptoms in the working 

population relative to the general population. First, if adult-onset asthma causes 

symptomatic adults to leave jobs with hazardous inhalation exposures, then the 

phenomenon observed may be that asymptomatic workers survive longer in these exposed 

jobs. Second, if onset of asthma before entering the workforce results in fewer symptomatic 

individuals performing jobs with inhalation exposures, then the decreased prevalence of 

symptomatic workers may be due to self-selection and the hiring of a healthier workforce 

(i.e., the healthy hire effect). Despite increased attention paid to the relationship between 

occupational exposures and asthma, the healthy hire effect is not often evaluated with 

respect to pre-existing respiratory symptoms and subsequent inhalation exposures.  
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The European Community Respiratory Health Survey (ECRHS I) was conducted to 

assess the prevalence of asthma and its known or suspected risk factors in a large number 

of countries using a standardized protocol (9). This survey of young adults in western 

European and other industrialised countries collected information about respiratory health 

and occupation from random samples of the general population. We analysed data from this 

survey to assess whether a history of asthma with onset before completion of full-time 

education was associated with holding a subsequent job with inhalation exposures or with 

increased risk for occupational asthma.  

 

Methods  

The ECRHS is an international, population-based study of men and women aged 20 to 44 

years. The methods have been described previously (9). For this analysis, questionnaire 

data were available for 23064 participants from 40 study centres in 18 countries in which 

the study protocols included a survey question about full-time education and coding of the 

reported occupation. The data included in this analysis are from northern Europe (Denmark, 

Iceland, Norway, Sweden), central Europe (Belgium, Germany, Ireland, Netherlands, 

Poland, United Kingdom), southern Europe (France, Italy, Spain) and other areas (Australia, 

Canada, New Zealand, United States). 

 

Asthma Onset and Completion of Full-time Education  

Participants were classified as having asthma if they answered �yes� to the survey question 

�have you ever had asthma?� Asthma onset was determined using responses to the follow-

up question �if yes, how old were you when you had your first attack of asthma?� Age at 

completion of full-time education was identified among respondents who answered �no� to 

the question �are you a full-time student?� and answered the follow-up question �at what age 

did you complete full-time education?� Participants who indicated that they were full-time 

students at the time they completed the survey were considered to have not yet completed 
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full-time education and were excluded from this analysis (n=1747) because they were not 

eligible to be classified according to their occupational exposure status, which is the primary 

outcome in these analyses. For the same reason, we also excluded participants for whom 

asthma status prior to completion of full-time education was unknown (n=463), resulting in 

a final sample of respondents reporting onset of asthma prior to completion of full-time 

education and respondents who never had asthma or whose asthma onset occurred after 

the completion of full-time education. 

 

Occupational Exposure Assessment 

All respondents who were not full-time students and were either employed or self-employed 

at the time of the survey were asked to identify their current or most recent job. Although a 

job history was not included in the questionnaire, these respondents were then asked two 

questions in order to provide additional information about their previous work experiences. 

All respondents were asked �have you ever had to change or leave your job because it 

affected your breathing?� Those with positive response to this question were then asked 

�what was this job?� Respondents were also asked �have you ever worked in a job that 

exposed you to vapours, gas, dust or fumes?� Those with positive response were prompted 

�what was or is this job?�  For individuals who had changed or left an identified job because 

of its impact on breathing or who had worked in a job with exposure to vapours, gases, 

dusts or fumes, the current/most recent job was replaced with the job held earlier. Among 

the respondents, 1070 provided insufficient information about current, most recent or 

earlier job(s) and were excluded from our final sample. 

  

 Each participant�s job was coded using the Office of Population Censuses and 

Surveys 1980 classification system (10). Codes were then linked to a general population job 

exposure matrix (JEM) (11, 12) in order to assess likely exposure to biologic dust, mineral 

dust and gases or fumes. Application of the JEM resulted in assignment of each job into 
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semi-quantitative exposure categories, including high exposure, low exposure, unexposed 

(12, 13). In addition, to identify jobs with known or suspected increased risk for 

occupational asthma, we applied a modified version of a classification scheme previously 

used for analysis of ECRHS data (13). Our modification of the classifications used in 

Kogevinas et al. (13) resulted in occupations being identified as high-risk (agriculture and 

forestry, baking, cleaning and caretaking, chemical processing, electrical processing, 

hairdressing, metalworking, nursing, plastics or rubber industries, printing, spray painting 

and other painting, welding) or not high-risk (professional, clerical and administrative 

occupations). Occupations involving potential airborne exposure but not included in the 

high-risk category were defined as jobs with �possible� risk. 

 

Statistical Analysis 

All analyses were performed with a final sample of 19784 individuals. Odds ratios (ORs) for 

associations between onset of asthma before completion of full-time education and 

occupational exposure estimates were generated using logistic regression models. In all 

models, asthma onset before completion of full-time education (yes versus no) was the 

independent variable; dependent variables were the exposure categories assigned using 

either the job exposure matrix or the occupation/industry classification of jobs with high risk 

for occupational asthma. All models were specified with random intercepts for study centre 

and fixed adjustment for age, sex, type of study sample (random versus symptomatic) (9) 

and smoking status (lifetime non-smoker, former smoker, current smoker, unknown 

smoking status) at the time the respondent completed his/her full-time education.  

 

 We conducted meta-analyses to assess heterogeneity of effects among countries and 

stratified analyses to assess potential modification of the associations by sex, geographic 

area and histories of eczema, nasal allergies, parental asthma and respiratory infection 

before age five. We then conducted sensitivity analyses to assess whether the results of our 
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final models varied when the referent category was restricted first to individuals with no 

history of asthma (n=17209), then to those whose asthma onset occurred after they 

completed their full-time education (n=956). Statistical analyses were performed using 

Stata/SE 10.0 (Stata Corporation, College Station, TX, USA). 

 

Results  

Demographic and health characteristics of the final study population are presented in Table 

1. Of the 19784 respondents included in our analysis, 13.0% (n=2575) reported having had 

asthma, with onset between birth to 45 years of age (mean=15.6 years). Over half of the 

respondents with asthma reported that onset occurred prior to completion of full-time 

education (n=1619); this group included a higher percentage of men and a higher 

percentage of individuals in the highest country-specific tertile of education as compared to 

the remaining population. Eczema, nasal allergies/hay fever, parental asthma and 

respiratory infection before age five were each more common among participants whose 

asthma onset occurred before they completed their full-time education (p<0.01). Smoking 

status at completion of full-time education was similar in populations with and without 

asthma.  

 

Classification of occupational exposure to biological dust, mineral dust, gases or 

fumes and high-asthma risk occupations was based on jobs that respondents reported 

changing or leaving because the jobs affected their breathing (n=820, 4.1%) or involved 

exposure to vapours, gas, dust or fumes (n=8794, 44.5%). The remaining jobs (n=10170, 

51.4%) were those held by respondents at the time of the ECRHS I survey. Over half of the 

participants held jobs with low or high exposure to biological or mineral dust, gases or 

fumes. Overall, 6.4% (n=1270) of respondents� jobs involved high exposure to biological 

dust, 11.0% (n=2146) to mineral dust, 13.0% (n=2664) to gases or fumes, and 22.0% 

(n=4289) to dust, gases or fumes (Table 2). Using a priori classifications of occupation, jobs 
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of 6465 respondents (33.0%) were classified as high risk for occupational asthma. Adjusted 

associations indicate a lower risk of high occupational exposure to dusts, gases or fumes 

among individuals with asthma presenting before completion of full-time education (OR: 

0.79, 95% CI: 0.68, 0.92). Evaluation of the risk of occupational exposure based on a priori 

asthma risk classification also generated inverse associations for the risk of working in 

occupations with known high risk (OR: 0.85, 95% CI: 0.75, 0.97) and possible risk (OR: 

0.82, 95% CI: 0.70, 0.96) for asthma.  

 

 Analyses stratified by sex and across geographic regions generated similar sex-

specific ORs for the association between asthma onset before completion of full-time 

education and high exposure to dust, gases or fumes (men: OR: 0.77, 95% CI: 0.63, 0.94; 

women: OR: 0.82, 95% CI: 0.64, 1.04), and geographic variation that ranged from 0.58 

(95% CI: 0.42, 0.79) among central European countries to 0.95 (95% CI: 0.75, 1.20) 

among non-European countries. Country-specific associations between asthma onset and 

high exposure to dust, gases or fumes and high-risk occupations are shown in Figure 1. 

Analyses stratified by history of eczema, nasal allergies, parental asthma or respiratory 

infection before age five and analyses stratified by the number of these conditions in the 

respondents� health histories (i.e., none, 1, 2, 3 or more) did not generate consistent 

evidence of modification of the effects by health history. 

 

 Analyses restricted to respondents with asthma onset prior to completion of full-time 

education versus those with no history of asthma generated results similar to those shown 

in Table 2. In these analyses, the population with asthma onset prior to completion of full-

time education was at decreased risk of having a job with high (OR: 0.79; 95% CI: 0.67, 

0.92) or low (OR: 0.90; 95% CI: 0.79, 1.03) exposure to dust, gases or fumes and working 

in occupations with known high risk (OR: 0.87, 95% CI: 0.76, 0.98) and possible risk (OR: 

0.82, 95% CI: 0.70, 0.96) for asthma. Analyses restricted to respondents with asthma 
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onset prior to versus after completion of full-time education were also similar. In these 

analyses, the population with asthma onset prior to completion of full-time education was at 

decreased risk of having a job with high (OR: 0.72; 95% CI: 0.57, 0.92) or low (OR: 0.97; 

95% CI: 0.79, 1.19) exposure to dust, gases or fumes and working in occupations with 

known high risk (OR: 0.78, 95% CI: 0.63, 0.95) and possible risk (OR: 0.80, 95% CI: 0.62, 

1.02) for asthma. 

 

Discussion 

Our findings provide novel evidence that among young men and women in industrialised 

countries, pre-existing asthma may influence whether one becomes employed in a job 

involving inhalation exposure to dust, gases or fumes or other asthma-related exposures. 

The finding that respiratory symptoms during childhood or even young adulthood may affect 

one�s career path has potentially important health implications. If occupation is a 

determinant of socioeconomic status and epidemiologic evidence demonstrates a 

relationship between socioeconomic status and health (14, 15), then our finding that 

asthma during the pre-employment stage of life may affect job selection suggests that it 

may also affect economic and health status during later life. Development of appropriate 

pre-employment advice for students and young adults with respiratory symptoms could 

improve the occupational and health consequences in a population of workers at risk of 

work-exacerbated asthma. 

 

These findings support and extend existing epidemiologic evidence about respiratory 

health symptoms and job selection. In a study of teenaged vocational trainees� respiratory 

health status and their preferred job choices, Radon et al. reported non-statistically 

significant associations between current and non-current asthma and selecting jobs with low 

(current asthma: OR:1.50; non-current asthma: OR:0.70) or high (current asthma: OR: 

0.59; non-current asthma: OR:0.54) risk of asthma (16). In a study of hairdressing 
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apprentices, lower prevalences of coughing and wheezing symptoms were reported among 

hairdressing apprentices compared to office apprentices (17). It was noted that self-

selection may have occurred if individuals with a history of allergic or respiratory symptoms 

chose to enter occupations without exposure to irritating or allergic agents (17). The 

findings of these two studies (16, 17), as well as a review of the literature regarding the 

healthy worker effect in asthma (8), raise and evaluate an important hypothesis about 

respiratory symptoms and job choice. Together with our findings, these studies suggest that 

whether or not young adults with respiratory symptoms intentionally seek jobs with lower 

risks of asthma-related exposures, they may eventually find themselves in lower-risk jobs. 

Future research studies designed to follow cohorts of adolescents before and after they 

enter the workforce are needed to further assess this hypothesis. 

 

Our results are based on analyses of data collected from the ECRHS I, a large, 

international, population-based survey with standardised and validated questionnaire-based 

information about the prevalence of respiratory health symptoms and asthma-related risk 

factors (9). We used information about the age at which each respondent experienced 

his/her first attack of asthma compared to age of completion of full-time schooling as a 

proxy measure for onset prior to entering the workforce.  The population without asthma 

before entering the workforce comprised individuals without any history of asthma and 

those whose asthma onset occurred after the completion of full-time education. Members of 

both populations were reportedly symptom-free at the time they completed their full-time 

education and thus their job choices were not influenced by their asthma-related symptoms. 

Although a portion of this referent group went on to develop symptoms, these later 

symptoms should not have influenced any job selection that occurred at the time they 

completed their full-time education. Data with which to validate questionnaire-based 

responses about the age of the first asthma attack were not available. However, the mean 

age of the first reported asthma attack was 8 years (median: 7 years) in the case 
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population as compared to 28 years (median: 28 years) in the comparison population, 

suggesting that asthma in the case population was predominantly childhood asthma. 

Additional information with which to verify the age of asthma onset and information about 

the first job, occupation or industry that these individuals entered after completing their full-

time education would strengthen our ability to draw conclusions regarding causality of the 

associations we report here.  

 

We used the same ECRHS I questionnaire data to identify in which of the one or 

more jobs reported in the questionnaire the participant worked first. That is, instead of 

using each participant�s first job to classify inhalation exposures or increased risk of 

occupational asthma, we based assigned exposure using the earliest held job of those 

reported in the questionnaire. As a result, the estimate of exposure may have been 

assigned using the current or most recent job, a job that the respondent left because it 

affected his/her breathing or a job that the respondent indicated involved exposure to 

vapours, gas, dust or fumes. Several specific occupational exposure questionnaires and a 

job history identifying jobs held during the period between ECRHS I and ECRHS II were 

included in the follow-up of the ECRHS cohort (1), but neither the ECRHS I nor II data 

include sufficient information about participants� first jobs. Information about the first job 

selected after completing full-time education and about pre-employment health screening 

programs that may be in place in exposed industries would strengthen the ability to draw 

conclusions about job selection, including intentional and unintentional selection. 

Furthermore, if symptomatic workers entered jobs identified as exposed by the JEM or the a 

priori classification system at a similar frequency as the comparison population, but then 

sought positions with lower levels of exposure or protected themselves better because of 

their symptoms, then our results may be lower and further from unity than what we may 

have observed if information about participants� first jobs were available. Hence, our 

observation may reflect a traditional healthy worker survivor effect. Conversely, if 
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symptomatic workers entered and stayed in jobs with lower levels of exposure then our 

findings should adequately reflect the healthy hire effect, rather than the healthy worker 

survivor effect. By using the earliest of the reported jobs, we intended to use information 

about the jobs held before such a job change was made. Of note, almost half (48.6%) of 

the individuals in this study population reported having left or changed jobs because it 

affected their breathing or having had a job with vapour, dust, gas or fume exposures. 

Using the JEM classification, 54% were identified as exposed; using the high-risk occupation 

classification, 67% were identified as having high or possible risk. These data indicate that 

inhalation exposures are common in the general population and there remains a need for 

health care providers, including paediatricians, school health personnel and counsellors or 

clinicians involved in workplace placement and screening programs, to educate young 

people with asthma about the potential health risks related to their jobs.  

 

Respondents may have had workplace experience before completing their full-time 

education. For example, in Germany, vocational training combines on-the-job training with 

traditional classroom education and occupational selection among apprentices and 

vocational trainees may occur before students complete their full-time education. When we 

categorised asthma onset as having occurred before or after age 16, results were similar. 

Categorising each individual according to onset prior to completion of full-time education is 

likely to result in less misclassification of asthma status, therefore we present only these 

findings. The results justify the assessment of the healthy hire effect in other cohorts, for 

example cohorts of teenaged students and apprentices, for which participants� first jobs or 

first vocational training experiences are known.  

 

If asthma onset is associated with socioeconomic status, and socioeconomic status is 

associated with occupational exposure, then socioeconomic status may confound the 

relationship between asthma onset and occupational exposure. Previous analyses have used 



 12  

information about occupational status and age at the time of completing full-time education 

to categorise respondents� social class (14, 15). In our analyses, occupation and education 

were explicitly used to create the main factors under investigation; thus we were not able to 

further determine the potential independent influence of socioeconomic status or education. 

In our data, the level of education attainment was generally higher among respondents with 

asthma onset that occurred prior to completion of full-time education than among the 

remaining population. If educational level influences the ability one has to select out of a job 

with potential inhalation exposure, then education level could be an independent 

determinant of selection away from jobs with inhalation exposure that may initiate new 

asthma among previously symptom-free individuals or exacerbate pre-existing symptoms 

among those with a history of asthma. Therefore, although education is an important 

determinant of socioeconomic status, a limitation of our analysis is that no additional 

information beyond education and occupation, which we used to create our independent and 

dependent variables respectively, is available in the ECRHS. If another unmeasured 

indicator of socioeconomic status confounds the relationship assessed here, then our results 

and their ability to be generalised may be affected by this uncontrolled and/or residual 

confounding. Incorporation of additional metrics of social and economic standing into future 

studies of the healthy hire effect may reveal the extent to which confounding affects our 

findings.  

 

The healthy worker effect has largely been reported in cohorts of male workers (8). 

Sex-related differences in the healthy worker effect have been reported among a cohort of 

fiber workers (18), although in a meta-analysis of mortality among workers exposed to 

organic solvents, Chen and Seaton did not find a significant role for sex (19). Whether the 

healthy worker effect, including effects at the times of entering and departing selected 

occupations, operates in the same way and to the same degree in females is not known. 

The ECRHS I population includes women aged 20-44 years, an age range in which there are 
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sex-based differences in the prevalence of respiratory symptoms (20, 21). An 

underestimation of occupational asthma among women has been suggested (22). Our 

results do not support the hypothesis of sex-related differences in the association between 

asthma status and subsequent occupational exposure in the general population of young 

adults, but whether women may be differentially affected by the healthy hire or healthy 

worker survivor effects warrants further assessment in populations of employed women.  

 

Research to investigate whether workers select jobs with or without specific 

exposures and whether healthy workers continue longer in these jobs is needed to more 

thoroughly understand job selection as a component of the healthy worker effect. Additional 

information about the role of socioeconomic status, the timing and severity of early asthma 

symptoms, and the extent to which young people are aware of the health risks associated 

with specific jobs is needed for a more comprehensive understanding of the effect estimates 

generated from epidemiologic studies of occupational asthma and the healthy worker effect. 

Such information also has considerable potential to affect occupational public health practice 

if improvements in our understanding of the role of pre-existing health status in job 

selection leads to more appropriate pre-employment advice or early interventions for 

symptomatic individuals entering workplaces with dust and other inhalation exposures. 

Analysis of data from the ECRHS and other studies with detailed job history information will 

continue to improve the understanding of the relationship between occupational exposure 

and asthma.  
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Figure 1. Association between asthma onset prior to completion of full-time education and 

occupational exposure, and high occupational exposure to dust, gases or fumes (top) and 

high-risk occupation (bottom) by country  

Figure 1  
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Footnote: Country-specific ORs and 95% CIs are adjusted for age, sex, type of sample and 

smoking status at the time of completing full-time education. The size of each square is 

proportional to the reciprocal of the variance of the estimate for the country. The 95% CI of 

the combined OR, with country specified as a random-intercept, is shown as a diamond. 
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Table 1. Characteristics of the study population  

      Onset of asthma prior to 
completion of full-time education 

Total No Yes  

(N=19784) (N=18165) (N=1619) 

  No.  (%) No. (%) No. (%) 

Age, education, and asthma onset        

Age at ECRHS I (years)        

Mean (SD) 33.6 (6.9) 33.7 (6.8) 31.9 (6.8) 
Age at completion of full-time education 
(years)       

Mean (SD) 19.7 (4.4) 19.6 (4.4) 20.4 (4.8) 
Education level*       

High 5657 (28.6) 5084 (28.0) 573 (35.4) 
Medium 6066 (30.7) 5547 (30.5) 519 (32.1) 
Low 7782 (39.3) 7255 (39.9) 527 (32.6) 
Unknown 279 (1.4) 279 (1.5) 0 (0.0) 

Ever had asthma       
No 17209 (87.0) 17209 (94.7) 0 (0.0) 
Yes 2575 (13.0) 956 (5.3) 1619 (100.0) 

Age at first attack of asthma (years)       
Mean (SD) 15.6 (11.8) 28.2 (7.1) 8.2 (6.7) 

Other demographic characteristics       
Geographic region       

Northern Europe 3819 (19.3) 3485 (19.2) 334 (20.6) 
Central Europe 7174 (36.3) 6736 (37.1) 438 (27.1) 
Southern Europe 3483 (17.6) 3293 (18.1) 190 (11.7) 
Non European countries 5308 (26.8) 4651 (25.6) 657 (40.6) 

Sex       
Male  9463 (47.8) 8603 (47.4) 860 (53.1) 
Female 10321 (52.2) 9562 (52.6) 759 (46.9) 

Health history        
Eczema        

No 11871 (60.0) 11117 (61.2) 754 (46.6) 
Yes 7644 (38.6) 6789 (37.4) 855 (52.8) 
Unknown 269 (1.4) 259 (1.4) 10 (0.6) 

Nasal allergies/hay fever        
No 13767 (69.6) 13210 (72.7) 557 (34.4) 
Yes 5732 (29.0) 4682 (25.8) 1050 (64.9) 
Unknown 285 (1.4) 273 (1.5) 12 (0.7) 

Parental asthma       
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No 15510 (78.4) 14487 (79.8) 1023 (63.2) 
Yes 2475 (12.5) 2030 (11.2) 445 (27.5) 
Unknown 1799 (9.1) 1648 (9.1) 151 (9.3) 

Respiratory infection before age 5       
No 16173 (81.8) 15223 (83.8) 950 (58.7) 
Yes 2108 (10.7) 1640 (9.0) 468 (28.9) 
Unknown 1503 (7.6) 1302 (7.2) 201 (12.4) 

Smoking status at the time of completion 
of full-time education       

Never  12250 (61.9) 11215 (61.7) 1035 (63.9) 
Former 781 (4.0) 692 (3.8) 89 (5.5) 
Current  6420 (32.5) 5957 (32.8) 463 (28.6) 
Unknown 333 (1.7) 301 (1.7) 32 (2.0) 

 

* Tertiles of the country-specific distribution of educational attainment  
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Table 2. Associations between asthma onset prior to completion of full-time education and 

occupational exposure among 19784 ECRHS I participants  

 
  Asthma onset prior to completion 

of full-time education 
    

No Yes  

(N=18165) (N=1619) 

  

  No. (%) No. (%) OR (95% CI)* 

JEM Classification     

Unexposed� 8302 (46%) 737 (46%) 1.00  
Biological dust     

Low 2829 (16%) 236 (15%) 0.84 (0.72, 0.99) 
High 1147 (6%) 123 (8%) 0.92 (0.74, 1.16)  

Mineral dust     
Low 4158 (23%) 388 (24%) 0.88 (0.76, 1.02) 
High 1978 (11%) 168 (10%) 0.75 (0.62, 0.91)  

Gases or fumes     
Low 5173 (28%) 463 (29%) 0.89 (0.78, 1.01) 
High 2460 (14%) 204 (13%) 0.76 (0.64, 0.91) 

Biological dust and/or mineral 
dust and/or gases or fumes     

Low 5921 (33%) 535 (33%) 0.91 (0.80, 1.03)  
High 3942 (22%) 347 (21%) 0.79 (0.68, 0.92)  

Occupation/Industry 
Classification     
High-risk occupation     

No 8919 (49%) 800 (49%) 1.00  
Yes 5931 (33%) 534 (33%) 0.85 (0.75, 0.97)  
Possible 3315 (18%) 285 (18%) 0.82 (0.70, 0.96)  

 
* Random intercept model adjusted for age, sex, type of study sample, and smoking status 
at the time of completion of full-time education 
 
�Referent category is unexposed to biological dust, mineral dust and gases or fumes 
 
 
 

 


