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ABSTRACT 
Background: Respiratory tract-related occupational disability is common among 
adults of working age. We examined occupational vapors, gas, dust, or fume 
(VGDF) exposure as a predictor of disability, based on respiratory sickness 
absence among the actively employed, at an early point at which prevention 
may be most relevant. 
Methods: Currently employed European Community Respiratory Health Survey 
II participants (n = 6,988) were classified into three mutually exclusive, 
condition/symptom-based categories: physician-diagnosed asthma, self-reported 
rhinitis, and wheeze/breathlessness (n = 4,772). Logistic regression analysis 
estimated the odds of respiratory sickness absence (past 12 months) by VGDF 
exposure. 
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Results: In the condition/symptom groups, 327 (6.9%) reported respiratory 
sickness absence. Exposure to VGDF was associated with increased odds of 
respiratory sickness absence: asthma odds ratio [OR] 2.0 (95% confidence 
interval [CI] 1.1–3.6), wheeze/breathlessness OR 2.2 (95% CI 1.01–4.8); rhinitis 
OR 1.9 (95% CI 1.02–3.4). 
Conclusion: One in 15 currently employed with asthma, breathlessness, or 
rhinitis reported respiratory sickness absence. VGDF exposure doubled the odds 
of respiratory sickness absence, suggesting a focus for disability prevention.  

INTRODUCTION 
Occupational disability linked to respiratory conditions and their symptoms is 
common among adults of working age. Among those with asthma or asthma-like 
symptoms, the incidence of job change due to respiratory problems, a key measure of 
respiratory work disability, is 5.7/1,000 person-years [Toren et al., 2009]. Previous 
studies of the cohort we analyzed here have shown that asthma severity and 
occupational exposure to vapors, gases, dusts, or fumes (VGDF) are important 
predictors for respiratory work disability when defined as job change due to 
breathing symptoms [Blanc et al., 2003; Toren et al., 2009; Murgia et al., 2011]. 
Such disability not only reflects poorer health status, but is also likely to negatively 
influence quality of life [Vandenplas et al., 2003]. 
However, job change (or complete work cessation) due to respiratory ill-health does 
not capture the experiences of employees who have reduced work ability but have 
not yet been forced by their problems to change their job or to cease working 
altogether. A recent study found that absenteeism is common within a working 
asthmatic population in Spain and that the severity of asthma was one of the 
important factors predicting such absenteeism [Gonzalez Barcala et al., 2011]. 
Moreover, there is evidence that respiratory-related work absences may be a 
harbinger of more serious disability. 
A study of respiratory sickness found that blue collar relative to white collar jobs 
were at increased risk of absences and of taking longer to return to work 
[Alexopoulos and Burdorf, 2001]. Another study found that among men respiratory 
illness work absence carried twice the risk of long-term disability of that due to 
musculoskeletally attributed absence, but did not explore the role of occupational 
exposures in this pathway [Koopmans et al., 2008]. 
Hence, it would be advantageous to identify respiratory work disability at an earlier 
phase as manifested by respiratory ill health specific work absences. It is particularly 
important to increase our understanding of the predictors of this early phase 
respiratory work disability, as this could provide knowledge that might guide early 
interventions. 
The primary aim of this study was to investigate the frequency of and risk factors for 
respiratory sickness absence among a working population, in particular, the role that 
workplace exposures to vapors, gas, dust or fume (VGDF) might play in this process. 
A secondary study aim was to test risk models of respiratory sickness absence among 
different categories of respiratory tract conditions/symptoms. 
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MATERIALS AND METHODS 

Study Design and Study Population 
The present study is an analysis of data from the European Community Respiratory 
Health Survey (ECRHS) II, a follow-up study cohort derived from a population-
based, multinational survey of adults aged 20–44 years at original recruitment at 26 
study centers in 11 European and two non-European countries. The study designs of 
ECRHS II and its baseline counterpart, ECRHS I, have been previously described in 
detail [Burney et al., 1994; European Respiratory Health Survey II Steering 
Committee, 2002; Bedada et al., 2007]. In brief summary, the baseline study was 
performed in two stages, with each participant completing a screening questionnaire, 
and a randomly selected 20% subgroup of these respondents being invited for more 
extensive interviews and clinical testing [Burney et al., 1994]. In addition to this 
random subset of the screening questionnaire group, participants who reported 
respiratory symptoms at the screening stage and who were not already selected at 
random for the first group were considered eligible for participation in a “symptom-
enriched” sub-group that was also invited to complete a supplemental questionnaire 
and participate in a clinical examination. Thus, a key feature of the ECHRS I is that 
symptomatic individuals could have been included in the extensive interview/clinical 
examination portion of the study either by random selection or because of their 
symptoms. The 20% random group was used to draw inferences about general 
population rates of symptoms and outcomes; the symptom-enriched group to provide 
the power to analyze associations with specific respiratory outcomes. All participants 
who underwent supplemental interviews and examinations (both the random 20% 
subgroup and the symptom enriched sub-group) were eligible for re-contact for 
inclusion 8 years later in the ECRHS II follow-up, in which 65% of the baseline 
subjects ultimately participated [Bedada et al., 2007]. 
For the present analysis, the study population was restricted to those fulfilling the 
following inclusion criteria: at follow-up interview, currently working and having 
been working for at least 1 year at the current workplace (year-long employment 
calculated by subtracting the start date of the job from either the end date of the job 
or the date of questionnaire completion) and no missing data for key variables (sex, 
smoking status, information on work exposure, days lost in the previous year 
attributed to respiratory illness, wheeze/breathlessness, rhinitis, asthma, and asthma 
symptom score in those subjects with asthma). Exclusions were due to: 2,369 not 
currently working or to providing no job description; 703 working duration less than 
365 days; 152 missing data on smoking status; 19 missing data on VGDF exposure; 
423 missing data on wheeze/breathlessness; 21 missing data on asthma; 33 having 
asthma but no data on which to base their symptom scores; 63 missing data on 
rhinitis. After exclusions, the study population consisted of those drawn from both 
the original random 20% subset (n = 5,962) and the original symptom-enriched 
subset (n = 1,036). Details of the study population used in this analysis are presented 
in Figure 1. 

[FIGURE 1.]  

Questionnaire and Definitions 
The ECRHS II questionnaire contained questions about respiratory illness regarding 
wheeze, breathlessness, physician-diagnosed asthma, and other respiratory tract 
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problems (including rhinitis), as well as items ascertaining smoking habits, 
occupations, leaving any job due to respiratory symptoms, and sickness absence due 
to respiratory symptoms. 
Asthma was defined as affirmative answers to both of the following questions: “Have 
you ever had asthma?” and “Was this confirmed by a doctor?” 
Wheeze/Breathlessness was defined as positive answers to both of the questions 
“Have you had wheezing or whistling in your chest at any time in the last 12 
months?” and “Have you had this wheezing or whistling when you did not have a 
cold?” or an affirmative answer to any of the following three questions: (1) attack of 
shortness of breath at rest in the last 12 months; (2) attack of shortness of breath 
while performing strenuous activity in the last 12 months; and (3) being woken up by 
an attack of shortness of breath in the last 12 months. 
Rhinitis was defined as an affirmative answer to the question “Have you had a 
problem with sneezing or a runny or blocked nose without having a cold or flu in the 
last 12 months?” 
For the current study analyses, the subjects were allocated to three mutually-
exclusive condition/symptom-based groups: (1) Asthma—subjects with physician-
diagnosed asthma as per the definition of asthma above; (2) 
Wheeze/breathlessness—subjects with wheeze or breathlessness but not physician-
diagnosed asthma; (3) Rhinitis—subjects with self-reported rhinitis but neither 
physician-diagnosed asthma nor wheeze/breathlessness. In addition to these three 
categories, we also retained the original ECHRS random sample designation, which 
we refer to as the “random all-population sample.” This group includes both 
individuals who had been symptomatic and those that had been asymptomatic at their 
baseline study inclusion. This category, which overlapped with many of the 
participants that otherwise fell into one of the three condition/symptom groups 
already noted above all, was retained so that respiratory work absence could be 
modeled in the general population. 
The ECRHS II study was approved by institutional and regional ethics committees in 
all study centers, and all participants provided written informed consent. 

Respiratory Sickness Absence 
Self-reported work loss due to respiratory problems in the last 12 months was used as 
an outcome variable for respiratory sickness absence. The variable was queried as 
“How many days of work have you lost because of asthma, shortness of breath, or 
wheezing in the last 12 months?” Answers were dichotomized for statistical analysis 
(0 = no days; 1 = at least 1 day). For additional analyses, predictive models defining 
absence as more than 3 days of respiratory sickness absence were tested (0 = up to 3 
days; 1 = more than 3 days of respiratory sickness absence). Finally, leaving any job 
that affected their breathing was also assessed. 

Explanatory Variables 
Sex, age, smoking status (never smoker, ex-smoker, and current smoker), and current 
occupational exposure (none, low and high; see below for details) were examined as 
potential independent determinants of respiratory work disability. Occupations, 
including starting-year and stopping-year during the period of follow-up, were 
ascertained and responses coded according to the international Standard 
Classification of Occupations [International Labour Organization, 1991]. These 
codes were then linked to the ALOHA-job exposure matrix to classify the likelihood 
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of VGDF exposure in each job as being of likelihood of exposure rated none, low or 
high for each of three classes of exposure; biological, inorganic dusts, and vapors and 
gases [Matheson et al., 2005; Sunyer et al., 2005; Toren et al., 2009]. The likelihood 
of any VGDF exposure was expressed by assigning priority to the highest exposure 
likelihood achieved in the job exposure matrix among the three allowable categories. 
For example, a low likelihood for biological dust but a high likelihood for exposure 
to gas or fumes would be assigned a “high” likelihood of any VGDF exposure; a low 
likelihood of exposure to gas and fume but none for the other categories would be 
assigned “low.” Additional analyses were performed using models also including 
second hand tobacco smoke exposure at work during the last 12 months as a further 
exposure variable. 
For those with physician-diagnosed asthma, a continuous five-point scale was 
constructed by summing positive answers to questions on the following five asthma-
consistent symptoms in the last 12 months: wheeze, being woken by tightness in the 
chest, attack of shortness of breath while resting, attack of shortness of breath while 
performing strenuous activity; and being woken by an attack of shortness of breath. 
This technique has been previously used elsewhere based on ECRHS data [Sunyer et 
al., 2007; Toren et al., 2009]. 

Statistical Analysis 
Continuous variables are presented as the arithmetic mean with standard deviation 
(SD) or with min–max value; categorical variables as the frequency and percentage. 
For all variables, the reference was defined as the lowest value among the variables, 
following an ascending order. For statistical analysis, smoking was dichotomized 
(0 = never smoker; and 1 = ex-smoker or current smoker) and the countries of 
ECRHS participating centers were categorized into four different regions, namely 
northern (referent), central, and southern European countries and one region for the 
UK, USA, and Australia. 
To study associations between respiratory sickness absence and potential predictors, 
multiple logistic regression models were performed with mutual adjustments for 
potential confounding factors, including geographic region of the international study 
centers. Moreover, random intercept logistic regression models were carried out with 
inclusion of the same factors as in conventional logistic regression model but with 
geographic region included as a random effects variable. Each of the subgroups was 
separately modeled. Additional multiple logistic regression modeling included 
second hand smoke exposure at work to test its effect on risk estimates. Finally, 
stratification by sex and childhood asthma (onset before age 17 years) was carried 
out in order to evaluate whether the study results remained consistent within such 
strata. 
In the multiple regression models, multicollinearity was tested to detect the effect of 
inter-correlation among explanatory variables by using a variance inflation factor. 
Variance inflation factor values were below 1.5 in all the presented models, thus 
indicating no signs of serious multicollinearity requiring correction [Cody and Smith, 
2005]. 
Hosmer–Lemeshow goodness-of-fit statistics were used to assess the calibration of 
the models, and all models which met the criteria are presented either in text or in 
tables. The results of regression analyses are presented as odds ratios (OR) with 95% 
confidence intervals (CI). OR for asthma symptoms score is expressed per point 
change in score. All statistical analyses were performed using version 9.2 of SAS for 
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Windows (SAS Institute, Inc., Cary, NC), applying two-tailed tests and a 5% level of 
significance. 

RESULTS 
A total of 6,998 participants met the inclusion criteria for the current study, after 
exclusion of those missing data for key study factors (Fig. 1). Of these, 1,047 were 
included in the condition/symptom group asthma, 1,648 in wheeze/breathlessness 
group (without asthma), and 2,077 in the rhinitis group (without either of the two 
preceding designations). There were 5,962 survey participants in the random all-
population sample category (of which 3,140 also fell into one of the three previous 
categories). The mean age of the total group was 43 years (SD 7.0); 52% were male. 
Details of demographics, workplace exposure, and respiratory sickness absence 
characteristics for the for random all-population sample and for the study population 
broken down by condition/symptom group are presented in Table I. The random all-
population sample demonstrates that VGDF exposure (low or high) was present for 
more than one-third (38%). Respiratory-related work absences overall were 
uncommon, reported by 142 (2.4%); defined as absences of 3 days or more, this rate 
fell to 1.3%, similar to the proportion who reported leaving a job at any point in the 
past owing to breathing problems. Statistically significant differences (P < 0.05) were 
present among the three condition/symptom-based categories for all of the 
demographic, exposure, and health outcomes variables shown in Table I (except age, 
P = 0.58). Overall, those with wheeze/breathlessness manifested the highest 
proportion of current smokers, high VGDF exposure jobs, and second hand smoke 
exposure at work. Those with asthma most frequently reported chest tightness on the 
current job, leaving a previous job due to breathing problems, and the greatest 
frequency of respiratory sickness absence, whether defined as at least 1 day or more 
or greater than 3 days. Among all those in the condition/symptom groups, 327 
(6.9%) of 4,772 reported respiratory sickness absence. 

[TABLE 1] 
In multiple logistic regression analysis taking into account sex, age, smoking, and 
study region, respiratory sickness absence among those in the stratum with asthma 
was significantly associated with both the asthma symptom score (OR 1.61, CI 1.42–
1.82) and high exposure to VGDF at current work (OR 1.96, CI 1.06–3.64; Table II). 
Among those with wheeze or breathlessness and among the rhinitis stratum, high 
VGDF exposure was also significantly associated with respiratory sickness absence. 
There was no consistent relationship to respiratory sickness absence across the 
condition strata for the other risk factors analyzed. 

[TABLE 2][TABLE 3] 
Second hand smoke exposure at work manifested no statistically significant risk for 
increased respiratory sickness absence when added to these models (data not shown). 
Results from the random intercept logistic models including geographic region as a 
random effects variable were consistent with the main findings by the conventional 
logistic model in which region was treated as a fixed effect. The main findings 
remained the same after applying the prediction model with more than 3 days of 
respiratory sickness absence as the outcome, although the observed point estimates 
had larger confidence intervals (data not shown). 
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Additional analyses with stratification by sex generally showed similar patterns to 
the models without stratification (data not shown). When subjects with asthma were 
stratified by childhood-onset asthma versus later onset, the association between 
respiratory sickness absence and work exposure to VGDF remained only among 
those with adult onset disease (childhood-onset OR 1.49, 95% CI 0.64–3.48; later 
onset OR 2.70, 95% CI 1.09–6.68). However, the association between respiratory 
sickness absence and asthma symptom score was still present in both asthma strata 
(childhood-onset OR 1.61, 95% CI 1.37–1.89; later onset OR 1.61,95% CI 1.33–
1.96). 

DISCUSSION 
In this analysis, respiratory sickness absence was relatively common in persons with 
either physician-diagnosed asthma, wheeze/breathlessness without an asthma 
diagnosis, or self-reported rhinitis without either of the two previous lower 
respiratory conditions. Of particular note, occupational exposure to VGDF was 
consistently associated with respiratory sickness absence regardless of which 
condition/symptom categorization of lower and upper respiratory morbidity was 
analyzed. This was true taking potential confounders into account, which varied 
significantly among these three groups. 
To date, few studies have attempted to demonstrate the association between 
respiratory tract conditions or symptoms and respiratory sickness absence. Post and 
co-workers showed that subjects with one or more respiratory symptoms had 
significantly higher odds (OR 4.4) of having respiratory sickness absence [Post et al., 
1994]. They classified respiratory symptoms into nine different categories, including 
asthma-like symptoms and chronic bronchitis-like symptoms, but the analyses for 
predictors of respiratory sickness absence were carried out without taking these 
categories into consideration. Another study by Alexopoulos and Burdorf [2001], 
noted previously, in addition to identifying increased risk among blue collar workers 
showed that those with asthma complaints were at increased risk for sickness 
absence due to asthma-like symptoms, with a relative risk of 3.96 (95% CI 2.0–7.9). 
In that study, however, complaints about chronic obstructive pulmonary disease 
(COPD) or a combination of several respiratory symptoms were not associated with 
sickness absence due to respiratory disorders. 
A cohort study of Swedish pulp mill workers showed that gassing episodes predicted 
having to change jobs due to respiratory problems even taking into account asthma, 
chronic bronchitis and rhinitis [Murgia et al., 2011]. To the best of our knowledge, 
there are no published data on factors associated with respiratory sickness absence 
that separately analyze models stratified by respiratory tract condition/symptom 
group as we have done here. Moreover, we were also able to test this model in a 
random all-population sample (by design including some of each of these groups, as 
this best reflects a “real-world” mix of the healthy and the ill). 
The data for the present study were drawn from a large multinational follow-up 
survey among adults. The results regarding increased respiratory sickness absence 
among those with asthma are in good agreement with previous findings [Blanc et al., 
1999; Alexopoulos and Burdorf, 2001]. In the present study, asthma symptom scores 
were strongly associated with respiratory sickness absence in asthmatic working 
adults. It has been previously shown that moderate or severe baseline severity of 
asthma carried an increased odds of work disability among asthmatic patients (OR 
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1.4, CI 1.03–1.84) [Gonzalez Barcala et al., 2011]. The association we observed 
between VGDF exposure and respiratory sickness absence is in good agreement with 
previous studies reporting that VGDF exposure at work is a predictor of respiratory 
work disability measured in other ways, including analyses of the baseline ECRHS 
cohort [Blanc et al., 1999; Toren et al., 2009]. 
In this study, we defined respiratory sickness absence in our primary analyses as at 
least 1 day of sickness absence due to asthma or wheeze/breathlessness during the 
last 12 months. A 1 day cut-off for sickness absence can be problematic and we thus 
performed additional analyses with defined respiratory sickness absence as more 
than 3 days of respiratory sickness absences. The main findings remained similar, 
albeit with wider confidence intervals, reflecting relatively limited power to study 
respiratory sickness absence so defined even in a relatively large study group. 
Vahtera et al. [2004] mentioned that short-term general sickness absences up to 3 
days was a relatively weak predictor of mortality compared to more than 3 days of 
sickness absence. Even though it is unclear whether the same effect would be 
operative in regards to respiratory-specific absences, the findings with our 1-day 
respiratory sickness absence measure should not be interpreted to imply later 
mortality risk. 
Analysis stratified by childhood onset and adult asthma showed that work exposure 
to VGDF was no longer a significant predictor of increased respiratory sickness 
absence in those with childhood-onset asthma, although the association with asthma 
symptom score was similar in both strata. Those with childhood–onset asthma may 
avoid going into jobs with VGDF exposure. A previous analysis of the ECHRS 
found that adults with asthma onset prior to entering the workforce are less likely to 
have a job with high or low exposure to dusts, gases, and fumes [Olivieri et al., 
2010]. This self selection phenomenon was also observed in the recent prospective 
study and there was a stronger selection at hire among those with more severe or 
more symptomatic asthma in childhood [Dumas et al., 2011]. Thus, our findings 
should be generalized with caution depending on the mix of childhood- versus adult-
onset asthma in any given population. 
Our analysis also has potential methodological limitations. Since the study 
population was drawn from several different study regions, there may be differences 
in personal and societal approaches to sickness absence due to respiratory tract 
conditions or symptoms, for example, greater likelihood of staying at work even 
when unwell in some populations than others. Taking study region into account 
(either a fixed or random effect variable) did not alter the associations we observed, 
but we did not have national or even regional data by the study site level for 
economic status measures such as Gross Domestic Product or local unemployment 
figures. A related potential confounder is the association between VGDF and 
socioeconomic status. If it is presumed that greater exposures also reflect lower 
wages, this unmeasured covariate of socioeconomic status that might be the “true” 
risk factor for respiratory sickness absence. The causal pathway we hypothesized is 
that VGDF exposure leads to respiratory sickness absence. Nonetheless, we cannot 
exclude the possibility that lower socioeconomic status is linked both to poor 
working conditions and other exposures, for example, poor housing conditions 
increasing the risk of respiratory infection and thus respiratory sickness absence. 
Questionnaire responses may introduce measurement imprecision. Self-reported 
health data are commonly used in epidemiological studies such as the international 
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standard questions in the ECHRS regarding asthma, wheeze, breathlessness, and 
rhinitis. Self-reported physician-diagnosed asthma has high specificity, but low 
sensitivity [Toren et al., 1993], which makes it a suitable epidemiological measure. 
Retrospective data can contribute to under or overestimation owing to non-
systematic recall error. Most of the response options in our study were a simple 
choice of yes or no. Questions also elicited symptoms/exposure in the last 12 months, 
which is a relatively short time period. We therefore believe that recall errors, which 
would bias to the null, would not explain the associations we observed. Potential 
systematic recall bias would be relevant had we relied on subject report of job 
exposure, but we assigned VGDF exposure likelihood on the basis of a job exposure 
matrix. Nevertheless, we cannot exclude the possibility that symptom reporting 
might have been affected by recall effects associated with diagnostic category or 
other unmeasured covariates. 

CONCLUSION 
 
Occupational exposure to vapors, gas, dust, or fume may affect respiratory work 
ability among workers who are currently employed and have not yet left work 
altogether. Reducing airborne exposure in the workplace may help in reducing 
absence from work due to respiratory problems. 
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TABLES 
FIGURE 1. Flow diagram illustrating the study population. 
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