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    Abstract

      The incidence and risk of asthma among female cleaners employed in different industries was explored. An increased risk of asthma has been associated with the cleaning profession, in some but not all studies.

      All Finnish females employed as cleaners and all those employed in administrative work were followed for asthma incidence through a record linkage in 1986–1998. An individual was defined as an “incident case of asthma” if they received rights for special reimbursement of asthma medication from the national health insurance or were recognized as having occupational asthma. Age-adjusted relative risks (RR) were estimated for cleaners in comparison with those employed in administrative work.

      There were 2,414 and 5,235 cases of asthma among the cleaners and administrative workers, respectively. The RR was 1.50 (95% confidence interval (CI) 1.43–1.57) in cleaners. The risk was increased in cleaners working in nearly all major sectors of economic activity, but cleaners employed by companies concerned with the manufacture of basic metals (RR 2.47; 95% CI 1.68–3.64) and food products (RR 2.19; 95% CI 1.69–2.85) had the highest risk. Only 25 of the “cases of asthma” among cleaners had been recognized as being occupational asthma.

      It could be concluded that cleaners have an increased risk of persistent adult-onset asthma. Factors inherent to the environment where cleaning is performed or differences in the cleaning agents used may explain the observed differences between industries.

    
	Asthma
	cleaners
	epidemiology
	incidence
	risk

The study was financially supported by the Rehabilitation Funds of the Finnish Social Insurance Institution.


      Cleaning consists of dusting, washing and polishing surfaces, walls and floors as well as disposing of waste and waste water 1. It is carried out in offices, public and commercial buildings, factories and homes. Consequently cleaners are exposed to various indoor allergens in dusts and chemical components of soaps, detergents, disinfectants, porcelain cleaners, scouring powders, wax removers and strippers, solvents, pesticides and drain cleaners 1. An increased risk of asthma has been associated with work as a cleaner in some 2, 3 but not all studies investigating work-related risks of asthma 4, 5. Occasional case reports have described occupational asthma due to specific sensitization to components of detergents 6, 7 or disinfectants 8 but overall the determinants of the risk of asthma in cleaners remain unknown.

      The variation in asthma incidence among cleaners employed in different sectors of economic activity might suggest hypotheses on determinants of asthma risk among cleaners. Finland provides a rather unique opportunity to study variation of asthma incidence in the employed population. In Finland, much of the cost of asthma medication is reimbursed from a national health insurance scheme that covers the entire Finnish population. The prerequisite for special reimbursement is that rigorous clinical criteria for persistent asthma are fulfilled and recorded in a special certificate that is perused by experts of the national Social Insurance Institution (SII). As a consequence, patients with well established asthma become registered in a national register. A personal identification code allows for supplementation of the register information with facts on employment and occupation from the Finnish Population Census. Such a record linkage allows for comparison of asthma incidence in various occupational groups in a register that contains tens-of-thousands of incident cases of adult onset asthma

      A registry based nationwide follow-up study was performed in 1986–1998. The aim was to estimate the risk of asthma among cleaners and to explore the variation of risk between cleaners employed in different industries.

    

      Material and methods

      
        Study population

        All employed female cleaners and administrative workers were followed for asthma incidence during 1986–1998. Three cohorts of cleaners and three cohorts of administrative workers identified from three most recent population censuses were included. All females employed as cleaners and all those employed in administrative, managerial and clerical work in Finland, without pre-existing asthma and aged 25–59 yrs in December 31 1985, 1990 and 1995 were followed for asthma during the years 1986–1990, 1991–1995 and 1996–1998, respectively. There was on average 54,000 female cleaners and 203,000 administrative workers in the three census cohorts (table 1⇓).
View this table:	View inline
	View popup



Table 1— 
            Number of cases and incidence of asthma by age in female cleaners and administrative workers

          



        The follow-up was performed using the unique personal identification code through two national registries: the Medication Reimbursement Register of the SII of Finland and the Finnish Register of Occupational Diseases (FROD). Duplicate notifications between the registries were identified using the personal identification code. The matching of the registries to the population census according to the personal identification code failed in only 0.01% of cases. For each follow-up period the cases and person-yrs were calculated according, to the occupation and sector of economic activity the individual held at the start of the follow-up. An individual could contribute to the person-yrs of several follow-up periods, provided they had not been defined as an incident case of asthma before the start of the follow-up period and were still employed as a cleaner or as an administrative worker at the start of the follow-up period. Therefore the number of individuals under follow-up is given as an average of the three follow-up periods and not as an absolute number of the different individuals followed. The occupation was known for 99% of the employed in each of the three censuses.

        The study protocol was approved by the ethical committees of the participating institutions.

      

      
        Definition and ascertainment of cases

        Incident cases of asthma were collected from the Medication Reimbursement Register of the SII. In Finland, asthma is one of the chronic diseases for which the medication can be reimbursed at a higher than ordinary level. To receive the compensation the patient has to apply for the entitlement from the SII by providing the application with a medical certificate written by a chest physician (for children a paediatrician). For compensation to be granted, the disease has to fulfil the diagnostic and severity criteria of asthma, including objective data of reversible bronchial obstruction and a persistent pattern of disease (table 2⇓). The health insurance which includes a drug-reimbursement system covers the entire Finnish population and consequently all Finnish patients with asthma fulfilling the criteria discussed earlier are identifiable in the register. The only exception concerns patients with recognized occupational asthma who receive a full compensation for medication from the Statutory Accident Insurance. The latter group of patients are centrally registered by the Finnish Institute of Occupational Health. The recognition of occupational asthma necessitates a diagnosis of asthma made by a chest physician and individual evidence of a causal association between the individual's specific workplace exposure and the disease.
View this table:	View inline
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Table 2— 
            The diagnostic criteria of asthma for granted special medication reimbursement from the Social Insurance Institution

          



        Individuals were defined as an asthma case if they received rights for reimbursement of asthma medication from the SII or were notified as having occupational asthma by FROD. The date of the application (SII) or the date of the notification report (FROW was used as a proxy for the date of diagnosis.

      

      
        Assessment of the reliability of the diagnoses

        Granted reimbursement of medication has previously been used in some studies on the epidemiology of asthma 9, 10 but validation of this case-ascertainment approach has not been published. The accuracy of the asthma diagnosis, in a sample of adult cases identified in the SII register, was therefore assessed. The analysis was carried out in a representative sample of the Finnish population (n=12,936) examined by SII and the National Research Centre for Welfare and Health 11. There were 205 individuals who had received reimbursement rights for asthma medication in 1986–1998 and were aged 25–59 yrs at the time when the rights were granted. Data from the SII medical certificates was analysed and, if the medical certificate was incomplete, data from hospital records (with the patient's permission). A complete medical certificate or the case history from the hospital records was available for all the 205 cases. The diagnostic criteria of table 2⇑ were fulfilled in 183 (89%) of the cases and in another 20 cases (10%) a physician diagnosis of asthma had been made on the basis of other clinical data (most often a history of typical asthma symptoms together with observed bronchial hyperresponsiveness). In addition, there were two cases of post-tuberculotic respiratory problems in which asthma was clearly not present. Of the 203 patients with asthma, 20 also had another chronic pulmonary disease (18 patients had chronic obstructive pulmonary disease (COPD) and two had chronic symptomatic bronchiectasis). The assessment of the negative-predictive value of granted reimbursement rights versus asthma fulfilling criteria of table 2⇑ would have necessitated full-scale clinical asthma investigations for a large sample of individuals from the general population sample. This was not done.

      

      
        Classification of occupation of the individual and economic activity of the employer

        Information on the professional status, current occupation and economic activity of the employer is recorded for every employed person in the Finnish Population Census. The occupational code is an extended classification of the International Standard Classification of Occupations published by the International Labour Office in 1958. The economic activity code is an extended classification of the Standard Industrial Classification of all Economic Activities published by the United Nations in 1968.

        The occupational code of cleaners includes both cleaners and head cleaners, which could not be separated from each other. Cleaners were also divided into subcohorts according to the economic activity of their employer.

        Information on occupation was cross-sectional from the time of the census. Those aged <25 yrs were not followed, because change of occupation and migration between education and working life make the employment status and occupation at the start of follow-up less reliable indicators of the occupational status during the 5-yr follow-up, especially for administrative workers. Similarly those aged >59 yrs were not followed, because most of those employed at the start of the follow-up would not have stayed employed until the end of follow-up. In the age range included, 21% of cleaners with asthma and 14% of administrative workers with asthma and employed in the population censuses, both before and after the diagnosis, had changed their occupation during the 5-yr follow-up. The cross-sectional information on occupation does not allow for an estimation on whether these changes had occurred before or after the date of granted reimbursement nights for asthma medication.

      

      
        Statistical analyses

        The incidence rate for each occupation/economic activity group was calculated by summing up the cases and person-yrs from the three census cohorts and dividing the total number of cases by the accumulated person-yrs under follow-up in that group. Incidence-rate ratios (relative risks (RR)) and their 95% confidence intervals (CI) for cleaners were estimated by a log-linear model. Age at start of follow-up (25–39, 40–49, 50–59 yrs), occupation and industry of the employer were included in the model. Those employed in administrative, managerial and clerical work were used as a reference group. Interaction between age and occupation was not significant (p=0.08) and was not included in the model. SAS software was used in the analyses.

        Adjustment for calendar period (follow-up period) did not influence the occupation-specific RR and was not included in the model. Separate analyses were also performed using only the lower administrative and clerical employees (secretaries, office clerks, bookkeepers and similar occupations) as a reference. In this reference group, the total incidence rate of asthma differed <0.5% and each of the age-category specific incidence rates of asthma <2% from those in administrative workers in general and consequently the RR did not significantly change. Only the results based on the reference group of all administrative, clerical and managerial work are presented. In this reference group, 49% were office clerks or other clerks, 23% secretaries or typists, 18% managers or other managerial workers and 10% bookkeepers or related workers.

        The attributable fraction among the exposed, i.e. the work-related fraction of asthma among cleaners, was estimated according to the formula given by Rothman and Greenland 12.

      

    

      Results

      There were 2,414 and 5,235 cases of asthma among the female cleaners and administrative workers, respectively. The annual incidence rate of asthma was 3.4·1000−1 among cleaners and 2.0·1000−1 among administrative workers. The incidence rate increased with age in both cleaners and administrative workers (table 3⇓). The age-adjusted RR was 1.50 (95% CI 1.43–1.57) in cleaners. Based on the risk estimate, the work-related attributable fraction of asthma among cleaners was 33% (95% CI 30–36%).
View this table:	View inline
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Table 3— 
            Relative risk (RR) of asthma among employed female cleaners by industry in 1986–1998

          



      The age-adjusted risk was significantly increased in cleaners working in nearly all major industrial sectors (table 3⇑). Cleaners employed by companies concerned with the manufacture of basic metals and food products had the highest risk. Of the 2,414 cases of asthma among cleaners during the follow-up period, 25 had been recognized as occupational asthma. The causative agents of these were quite variable, there were five cases caused by flour dust, three cases caused by acrylates and two cases caused by isocyanates, detergents, ethanolamines and metal compounds.

    

      Discussion

      A significantly elevated RR of 1.5 for adult-onset asthma in female cleaners as compared to female administrative workers was found. A similar magnitude of risk was reported for cleaners aged 20–44 yrs in most of the countries participating in the European Community Respiratory Health Survey 2 and for cleaners aged 20–54 yrs in a case-control study in Singapore 3. Somewhat smaller studies in Sweden 4 and New Zealand 5 found risk estimates around or below unity. An increased prevalence of asthma was also recently found among Spanish cleaners as compared to office workers 13. The excess was primarily related to the cleaning of private homes. There are not a numerous number of cleaners employed as private-home cleaners, in Finland. In the present study such cleaners are included in the industrial branches of cleaning companies (as employees or self-employed workers) or health and social work if employed in the municipal cleaning service of elderly people. Within these two branches, employing the largest number of cleaners, those cleaning private homes cannot be separated from other cleaners.

      Different definitions for asthma were used in the earlier mentioned studies, and direct comparison of the results is difficult. In the present study, the case ascertainment was carried out through two national registries which rely on diagnoses made by chest physicians based on clinical or physiological criteria and representing a persistent form of asthma. This definition of asthma, i.e. clinical assessment, is the standard which is used to validate the other definitions used in epidemiological studies 14. The examination of the asthma diagnoses (methods section) indicates that the positive-predictive value of the definition is very high as compared to the definitions of asthma that have been used in most epidemiological studies. Such a definition is preferred in aetiological studies 14. As the level of reimbursement of medication costs is relatively high (75% of total costs) it is also likely that all those who fulfil the criteria are registered. Conversely, the present definition is more restrictive than most other definitions of asthma, as it only includes cases with persistent asthma. Consequently the results apply only to occupational risk and incidence of persistent asthma.

      The results indicate that the adverse public health impact of work-related factors in adult-onset asthma in cleaners and the potential for prevention are large. Cleaners account for ∼5% of all employed females in Finland. An average of 190 annual-incident cases of persistent asthma were observed in this population during the follow-up. The observed 1.5-fold risk of asthma means that approximately one-third of these cases may represent occupationally-derived asthma. Nevertheless the risk and the attributable fraction may still have been underestimated in the present study because a complete absence of harmful occupational exposure did not occur in the reference occupation (e.g. exposure to paper dust, emissions from office equipment or other impurities due to poor ventilation). Change of job due to respiratory symptoms is frequent before the diagnosis of asthma and may also have biased the risk estimates towards unity 15.

      Register-linkage studies have acknowledged weaknesses 16. Firstly, the information on exposures is often crude and misclassification may be difficult to prevent. Such errors are, however, usually nonsystematic and do not lead to false-positive associations. Secondly, when extensive data are linked, very small group differences give low p-values. An illustrative example is the interaction between age and exposure in the study. The interaction was nearly significant (p=0.08), while the actual differences in the RR of asthma in cleaners in the 25–39, 40–49 and 50–59 yrs age categories were only minor: 1.5, 1.6 and 1.4 respectively. Therefore it seems unlikely that age was an effect modifier. Thirdly, registers do not provide enough information on confounders. Cleaners have, on average, a lower socioeconomic status than administrative workers. Such an association could introduce confounding due to lifestyle factors and possibly result in overestimation of the work-related risk. A separate analysis using lower-level administrative workers as a reference group did not indicate such confounding of the work-related risk estimates.

      Only 25 (1%) of the 2,414 cases of asthma in female cleaners had been recognized as occupational asthma. The causative agents of these cases indicate exposures mostly inherent to the type of industry. The industry-specific RR observed in the present study, indicate that there are differences in the level of risk across the industries. Cleaners employed in the food processing and manufacture of basic metals industries had a higher risk than that of cleaners in general. These may relate to industry-specific exposures to allergens or other specific factors. Nevertheless, an increased risk of asthma was observed among cleaners regardless of the economic activity of the employer. This suggests that exposure to allergens or nonspecific irritants inherent to cleaning work may also be important determinants for the risk for asthma in cleaners. Of the specific industries studied, the incidence of asthma in cleaners did not significantly increase in membership organizations (i.e. employer or trade unions, religious organizations or cultural organizations). This finding may be due to chance and the relatively low number of cleaners employed in such organizations.

      Preliminary findings from the European Community Respiratory Health Survey indicate that atopy is less common among cleaners with asthma than among administrative workers with asthma 17. Irritant-induced asthma has also been described after several episodes rather than a single episode of exposure in pulp-mill workers 18 and the concept of “low dose reactive airways dysfunction syndrome” has been introduced 19. Exposure to nonspecific dusts and vapours has also been associated with an increased risk of asthma 4, 20. Yet, the relevance of any of the associations discussed earlier for asthma in cleaners remains open. Interestingly, it was found that the incidence of asthma increased similarly with age between cleaners and administrative workers. This may indirectly suggest that the observed effect is not related to duration of employment as a cleaner.

      To conclude, strong evidence that working as a cleaner is associated with an increased risk of adult-onset persistent asthma was found. The results indicate that part of the explanation may be related to exposures inherent to the environment where cleaning is performed or to differences in the use of cleaning agents across the industries, while there also seems to be an overall excess of asthma in general for those working as a cleaner.
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