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Abstract

Background: Exposure to disinfectants among healthcare workers has been associated with 

respiratory health effects, in particular asthma. However, most studies are cross-sectional and the 

role of disinfectant exposures in asthma development requires longitudinal studies. We 
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investigated the association between occupational exposure to disinfectants and incident asthma in 

a large cohort of US female nurses.

Methods: The Nurses’ Health Study II is a prospective cohort of 116,429 female nurses enrolled 

in 1989. Analyses included 61,539 participants who were still in a nursing job and with no history 

of asthma in 2009 (baseline; mean age: 55 years). During 277,744 person-years of follow-up 

(2009–2015), 370 nurses reported incident physician-diagnosed asthma. Occupational exposure 

was evaluated by questionnaire and a Job-Task-Exposure Matrix (JTEM). We examined the 

association between disinfectant exposure and subsequent asthma development, adjusted for age, 

race, ethnicity, smoking status, and body mass index.

Results: Weekly use of disinfectants to clean surfaces only (23% exposed) or to clean medical 

instruments (19% exposed) was not associated with incident asthma (adjusted hazard ratio 

[95%CI] for surfaces, 1.12 [0.87–1.43]; for instruments, 1.13 [0.87–1.48]). No association was 

observed between high level exposure to specific disinfectants/cleaning products evaluated by the 

JTEM (formaldehyde, glutaraldehyde, bleach, hydrogen peroxide, alcohol quats or enzymatic 

cleaners) and asthma incidence.

Conclusions: In a population of late career nurses, we observed no significant association 

between exposure to disinfectants and asthma incidence. A potential role of disinfectant exposures 

in asthma development warrants further study among healthcare workers at earlier career stage to 

limit the healthy worker effect.
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INTRODUCTION

Occupational exposures may cause one in six cases of adult-onset asthma.1 Exposure to 

asthmagens is common in many workplaces and hundreds of asthma-causing agents have 

been identified.2,3 In the last decades, a growing proportion of work-related asthma cases 

has been observed in the healthcare industry,4,5 raising concerns about the role of exposure 

to cleaning products and disinfectants, especially in women.6,7

Exposure to cleaning products and disinfectants has been associated with increased risk of 

asthma symptoms and exacerbations.6–11 Although evidence for adverse respiratory effects 

is accumulating, it is still mostly based on cross-sectional studies.8–11 Only three 

longitudinal studies have examined the association between occupational exposure to 

cleaning products and asthma development.12–14 All were European population-based 

studies, with limited information regarding exposure to specific agents. The need for 

additional large-scale longitudinal studies has been emphasized in recent literature reviews,
6,7 and cohorts of highly exposed workers, such as healthcare workers, are of particular 

interest.

Clinical manifestations of airway diseases vary over the lifespan, with gender-related 

patterns.15 In adulthood, asthma incidence rates are higher in women, but vary with age, 

partly in relation to hormonal factors.16,17 Late-onset asthma has been described as a distinct 
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asthma phenotype, associated with higher morbidity.18 Similarly, occupational asthma can 

develop at any time during the working life,19,20 and older age at diagnosis has been 

associated with worse outcomes.21 Nonetheless, few studies have investigated the impact of 

occupational exposures on respiratory health at later career stages. One cross-sectional study 

among women older than 55 years reported higher risk of asthma-like symptoms among 

nurses.22

The Nurses’ Health Study II (NHSII) is a large, ongoing, prospective study of US female 

nurses. Detailed data on occupational exposure were collected in 2009, when nurses were at 

a late-career stage (age 45–65 years). Based on a cross-sectional analysis among nurses with 

asthma (mean age: 58 years), we recently reported that occupational exposure to cleaning 

products and disinfectants was associated with poor asthma control.23,24 Here, we 

investigated the prospective association between occupational exposure to disinfectants and 

incident asthma in late-career nurses.

METHODS

Population

The NHSII began in 1989 when 116,429 female registered nurses from 14 U.S. states, aged 

25–44 years, completed a questionnaire on their medical history and lifestyle characteristics.
25 Follow-up questionnaires have been sent every 2 years since. Information on occupational 

exposures was collected for the first time in 2009, which was defined as baseline for the 

current study. This investigation was approved by the Institutional Review Board at the 

Brigham and Women’s Hospital, (Boston, MA).

Occupational exposure to disinfectants

Information on nursing job types (education/administration, outpatient/other nurses, 

emergency room or inpatient unit, operating room) and general disinfection tasks was 

collected by questionnaire in 2009, 2011 and 2013.26 The two questions regarding the 

frequency (days/week) of disinfection tasks were: “Thinking about your current job and the 

use of disinfectants (such as ethylene oxide, hydrogen peroxide, orthophthalaldehyde, 

formaldehyde, glutaraldehyde and bleach): (a) On how many days per week, on average, do 

you clean medical instruments with disinfectants? (b) On how many days per week, on 

average, do you clean surfaces (like floors, tables) at work with disinfectants?”. A specific 

question was asked about the use of sprays: “In your current job, on how many days per 

week, on average, do you use spray or aerosol products?”.

Exposure to seven major disinfectants/cleaning products (formaldehyde, glutaraldehyde, 

hypochlorite bleach, hydrogen peroxide, alcohol, quaternary ammonium compounds [quats], 

and enzymatic cleaners) was evaluated by a nurse-specific Job-Task-Exposure Matrix 

(JTEM), as described in detail elsewhere.27 Briefly, it used the responses to the questions 

described above in a population of 9,073 nurses without asthma (2014–2015), drawn from 

the NHSII. We generated the JTEM based on the percentage of participants reporting 

exposure to a given disinfectant for a given nursing job and task category. The JTEM 

assigned exposure level (low, medium, or high) based on types of nursing jobs and general 
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disinfection tasks (24 possible combinations of 8 types of nursing jobs by 3 categories of 

weekly cleaning/disinfection tasks: surfaces only, at least instruments, none). Specific cut-

offs were defined to classify exposure levels for each disinfectant in a given job-task 

combination. The JTEM was applied to evaluate occupational exposure in 2009, 2011 and 

2013.

Asthma incidence

In biennial questionnaires, participants were asked to report any condition(s) with which 

they were diagnosed since the last questionnaire cycle, including asthma. Between 2014 and 

2017, we sent a supplemental questionnaire on asthma to participants who reported a 

physician’s diagnosis of asthma in any past biennial questionnaire (80% response rate23). 

Based on information collected on the supplemental questionnaire, we selected participants 

who reiterated that a physician had diagnosed her as having asthma and who reported use of 

any asthma medication in the past year. Age of diagnosis reported in the supplemental 

asthma questionnaire was used to further identify incident asthma cases. All women with a 

diagnosis of asthma before baseline (2009) were excluded from the analyses. Incident 

asthma with (or without) allergy was defined based on the report of ever having had (or not 

had) hay fever, seasonal allergies or allergic rhinitis on the supplemental questionnaire.

Statistical Analyses

Prospective associations between occupational exposures and asthma incidence were 

evaluated by Cox proportional hazard models. Disinfection tasks were studied using a 

dichotomous (weekly use of disinfectants to clean surfaces or medical instruments vs. no) 

and a 3-level (no disinfection task performed weekly; weekly use of disinfectants to clean 

surfaces only; weekly use of disinfectants to clean medical instruments, regardless of the use 

of disinfectants to clean surfaces) variable. Exposure to specific disinfectants according to 

JTEM was studied using 3-level variables (low, medium, or high exposure level), with 

separate models for each disinfectant. In each model, occupational exposure was handled as 

a time-varying variable and was evaluated at the questionnaire cycle before time of 

diagnosis. All Cox models were stratified by age and calendar year. Analyses were adjusted 

for race (white vs. non-white), ethnicity (Hispanic vs. non-Hispanic), smoking habits (non-

smoker, ex-smoker or current smoker), and body mass index (BMI, <20, 20–24.9, 25–29.9, 

≥30 kg/m2). We tested effect modification by age group (≤50 years vs. >50 years), smoking 

status (never smokers vs. ever smokers), BMI (<25 vs. ≥25 kg/m2), and menopausal status 

(pre- vs post-menopausal). Analyses were run using SAS V.9 (SAS Institute, Cary, NC, 

USA). A two-sided P<0.05 was considered statistically significant.

Sensitivity analyses to evaluate presence of a healthy worker effect

The presence of a healthy worker effect could bias the association between occupational 

exposure and incident asthma toward the null.28 In our study, a healthy worker effect can 

occur if an intermittent poor health status present before asthma diagnosis, such as another 

respiratory condition or a general poor health status, is associated both with subsequent 

exposure and subsequent asthma development.29,30 To evaluate the presence of this form of 

healthy worker effect, we conducted several analyses. First, as employment status (leaving 

work) is commonly used as a surrogate of poor health status to evaluate a potential healthy 
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worker survivor effect,29,31 we examined whether leaving nursing (before baseline or during 

follow-up) was associated with subsequent asthma development. Second, we excluded from 

analyses all women (a) with symptoms of asthma (which may occur several years prior to 

diagnosis) before baseline, evaluated retrospectively based on the age at first symptoms 

reported in the supplemental asthma questionnaire; or (b) with COPD before baseline, 

evaluated prospectively in biennial questionnaires. Third, to account for a potential decrease 

in exposure level over time because of degrading health status prior to asthma diagnosis, we 

conducted a sensitivity analysis using the highest exposure level at any of the questionnaire 

cycles from 2009 to time of diagnosis instead of exposure level at the most recent 

questionnaire cycle.

RESULTS

Among the 116,429 participants in the NHSII, 98,811 returned at least one biennial 

questionnaire during the follow-up period (2011–2015), of which 76,331 were still in a 

nursing job. Among them, 185 women with missing data for occupational exposure and 

14,607 women who ever reported asthma diagnosis before or at baseline were excluded. 

This yielded a population of 61,539 women eligible for analysis. At baseline, participants 

were on average 55 years old (range 44–68 years); 96% were white, 6% were current 

smokers and 28% were ex-smokers. Regarding cleaning/disinfection tasks, 23% of the 

nurses reported weekly use of disinfectants to clean surfaces only, and 19% reported weekly 

use of disinfectants to clean medical instruments. Slight but statistically significant 

differences were seen in socio-demographic characteristics according to disinfection tasks 

(Table 1); in particular, nurses reporting weekly use of disinfectants were younger and more 

often ex- or current-smokers. Some variations were observed in use of disinfectants during 

the follow-up period. For example, among nurses who reported weekly use of any 

disinfectant (to clean surfaces and/or instruments) in 2009, 30% reported no use of 

disinfectant in 2013; among nurses who reported no use of disinfectant at baseline, 21% 

reported weekly use of any disinfectant in 2013.

During 277,744 person-years of follow-up, from 2009 to 2015, 370 nurses reported incident 

physician-diagnosed asthma. In multivariable models, no association was observed between 

nursing job types, weekly use of disinfectants, or weekly use of sprays, and asthma 

incidence (Table 2). Use of any disinfectants was not associated with incident asthma with 

allergy (n=288 cases; adjusted Hazard Ratio [aHR]: 1.19, 95% confidence interval: 0.94–

1.51) or without allergy (n=75 cases; aHR: 0.92, 0.58–1.47). Associations between use of 

any disinfectants and asthma incidence did not differ by age group (Pinter=0.48), smoking 

status (Pinter=0.75), BMI (Pinter=0.33), or menopausal status (Pinter=0.50). Similarly, using 

the JTEM estimates, no significant association was observed between exposure to specific 

disinfectants and incident asthma, with aHRs ranging from 0.97 to 1.14 (Table 3).

In analyses investigating presence of a healthy worker effect, we found that leaving nursing 

before baseline or during follow-up was not associated with subsequent asthma development 

(analysis conducted in 77,833 women, aHR: 1.09, 0.90–1.32). In addition, all results were 

similar in sensitivity analyses excluding all women with symptoms of asthma (occurring 

prior to diagnosis) or COPD before baseline, or examining the highest exposure level at any 
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of the questionnaire cycles from 2009 to time of diagnosis instead of exposure level at the 

most recent questionnaire cycle (aHRs ranging from 1.00 to 1.22, all P>0.17).

DISCUSSION

In this analysis of a cohort of 61,538 late-career nurses followed-up over 6 years, no 

association was observed between occupational exposure to disinfectants and asthma 

incidence. These findings contrast with previous reports from many cross-sectional and a 

few longitudinal studies of an increased risk of asthma associated with exposure to cleaning 

products and disinfectants, generally in younger cohorts.

Several cross-sectional studies have established an association between exposure to cleaning 

products and disinfectants and current asthma or asthma symptoms/exacerbations.6,9–11,23,32 

However, in such studies, it is difficult to determine whether the observed associations are 

driven by occupational asthma (new-onset asthma caused by occupational exposure) or 

work-exacerbated asthma (pre-existing asthma worsened by occupational exposure). Cases 

of occupational asthma caused by different types of cleaning or disinfecting agents have 

been reported in the literature.33,34 Epidemiologic evidence for an association of exposure to 

cleaning products and disinfectants with new-onset asthma is currently based on a few 

prospective European studies. First, an increased risk of asthma development has been 

reported among cleaners35 and nurses.12 Then, studies reported that occupational exposure 

to cleaning products evaluated by self-report36 or job-exposure matrices12–14 were 

prospectively associated with increased risk of asthma development. Two longitudinal 

studies have also reported an association between use of cleaning products at home – in 

particular use of sprays – and asthma development.37,38 The current results differ from these 

earlier findings.

In our study, asthma was well-characterized, based on a questionnaire definition previously 

validated in this population of healthcare professionals. Indeed, in the validation study, 95% 

of the nurses’ reports of doctor-diagnosed asthma were confirmed.25 Occupational exposure 

was evaluated before the report of asthma diagnosis, so differential recall bias is unlikely. 

We used both self-report and a JTEM to evaluate exposure. These assessment methods may 

generate non-differential misclassification, and bias the associations with asthma toward the 

null. However, the use of a JTEM, that assigns exposure level based not only on nursing job 

types but also on disinfection tasks, is likely to reduce exposure misclassification (as 

compared to a job-exposure matrix). Moreover, using the same methods for occupational 

exposure assessment, we recently found in NHSII that exposure to cleaning products and 

disinfectants was significantly associated with COPD incidence,39 and with poor asthma 

control among participants with asthma.23

In NHSII, we have previously reported that women with a history of asthma were less often 

employed in nursing jobs likely to involve high disinfectant exposure (e.g., nursing in 

operating room, emergency room or inpatient units) at the start of the cohort (1989) and 

were more likely to move to jobs involving a lower level of exposure during follow-up,26 

consistently with earlier findings in a related cohort of nurses.40 These results suggested 

health-related selection out of exposed jobs (“healthy worker effect”) after asthma diagnosis.
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26 In the current analysis, we excluded all women with a diagnosis of asthma before baseline 

(2009). Nonetheless, a healthy worker effect can also occur if an intermittent poor health 

status present before asthma diagnosis is associated both with subsequent exposure and 

subsequent asthma development, therefore acting as a confounder.30,41 Although sensitivity 

analyses did not suggest the presence of this case of healthy worker effect, we could only 

evaluate a limited number of intermittent health conditions that could act as such a 

confounder - i.e., report of asthma symptoms (evaluated retrospectively) or COPD before 

diagnosis, and employment status as a surrogate of poor health status. Moreover, a healthy 

worker effect can also result from a selection bias, occurring because of a differential 

probability of workers with different underlying risks of disease to stay in exposed jobs.42 

Such selection is likely to occur in our study based on a population of late-career nurses. 

Indeed, occupational asthma typically occurs after a latency period which can last from a 

few weeks to a few years,2 with an average of ~8–10 years.43 In addition, susceptibility 

(disease risk) to occupational exposure is known to vary between individuals;44 for instance, 

gene-environment interactions have been reported in adult-onset asthma related to 

occupational exposure to chemicals/irritants.45 In our study, by selecting women free of 

asthma after several decades in nursing, it is likely that we have excluded the most 

susceptible individuals. All previous longitudinal studies reporting an association between 

occupational exposure to disinfectants and incident asthma were conducted in younger 

cohorts, probably less affected by such selection. In NHSII, no detailed data on occupational 

exposure to disinfectants and cleaning products was available before 2009, limiting our 

ability to study nurses at an earlier career stage and to precisely characterize exposure 

duration.

Finally, occupational exposure to cleaning products and disinfectants may be associated with 

specific asthma phenotypes. Our findings did not suggest an association between exposure to 

cleaning products/disinfectants and late-onset asthma, as no difference in the association by 

age or menopausal status was observed. Previous studies have suggested a predominant role 

of irritant agents in cleaning products/disinfectants, and an association with non-allergic 

asthma.46,47 In the current study, we did not observe an association with incident asthma 

either with or without allergy. However, allergy was defined by questionnaire only, based on 

the report of hay fever, seasonal allergies or allergic rhinitis, and the number of asthma cases 

without allergy was limited. Moreover, this single characteristic (allergic vs. non allergic) 

only accounts for a small part of asthma heterogeneity and is likely not sufficient to define 

relevant asthma phenotypes. Further studies using a better definition of allergic status, and 

with information on a broader range of clinical characteristics and relevant biomarkers, such 

as oxidative stress-related markers,48,49 are needed to evaluate more accurately the 

association between occupational exposure and incidence of specific asthma phenotypes.

In summary, in a population of late-career nurses, we observed no significant association 

between exposure to disinfectants and asthma incidence. Nonetheless, the role of 

disinfectant exposures in asthma development warrants further study among healthcare 

workers at earlier career stage to limit the healthy worker effect, and to investigate the 

association between occupational exposure and specific asthma phenotypes.

Dumas et al. Page 7

Am J Ind Med. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgements:

The Nurses’ Health Study II is coordinated at the Channing Division of Network Medicine, Brigham and Women’s 
Hospital, Boston, MA, USA. We would like to thank the participants and staff of the Nurses’ Health Study II for 
their valuable contributions.

Funding:

Centers for Disease Control and Prevention R01 OH-010359; National Institutes of Health UM1 CA-176726. The 
research leading to these results has received funding from the People Program (Marie Curie Actions) of the 
European Union’s Seventh Framework Program (FP7/2007–2013) under REA grant agreement n. PCOFUND-
GA-2013–609102, through the PRESTIGE program coordinated by Campus France.

References

1. Torén K, Blanc PD. Asthma caused by occupational exposures is common - a systematic analysis of 
estimates of the population-attributable fraction. BMC Pulm Med. 2009;9:7. [PubMed: 19178702] 

2. Tarlo SM, Lemiere C. Occupational asthma. N Engl J Med. 2014;370(7):640–649. [PubMed: 
24521110] 

3. Fritschi L, Crewe J, Darcey E, et al. The estimated prevalence of exposure to asthmagens in the 
Australian workforce, 2014. BMC Pulm Med. 2016;16(1):48. [PubMed: 27061283] 

4. Gotzev S, Lipszyc JC, Connor D, Tarlo SM. Trends in Occupations and Work Sectors Among 
Patients With Work-Related Asthma at a Canadian Tertiary Care Clinic. Chest. 2016;150(4):811–
818. [PubMed: 27445094] 

5. McHugh MK, Symanski E, Pompeii LA, Delclos GL. Prevalence of asthma by industry and 
occupation in the U.S. working population. Am J Ind Med. 2010;53(5):463–475. [PubMed: 
20187006] 

6. Folletti I, Siracusa A, Paolocci G. Update on asthma and cleaning agents. Curr Opin Allergy Clin 
Immunol. 2017;17(2):90–95. [PubMed: 28141626] 

7. Siracusa A, De Blay F, Folletti I, et al. Asthma and exposure to cleaning products - a European 
Academy of Allergy and Clinical Immunology task force consensus statement. Allergy. 
2013;68(12):1532–1545. [PubMed: 24131133] 

8. Arif AA, Delclos GL. Association between cleaning-related chemicals and work-related asthma and 
asthma symptoms among healthcare professionals. Occup Env Med. 2012;69(1):35–40. [PubMed: 
21602538] 

9. Dumas O, Donnay C, Heederik DJJ, et al. Occupational exposure to cleaning products and asthma 
in hospital workers. Occup Env Med. 2012;69(12):883–889. [PubMed: 23033509] 

10. Gonzalez M, Jégu J, Kopferschmitt M-C, et al. Asthma among workers in healthcare settings: role 
of disinfection with quaternary ammonium compounds. Clin Exp Allergy. 2014;44(3):393–406. 
[PubMed: 24128009] 

11. Caridi MN, Humann MJ, Liang X, et al. Occupation and task as risk factors for asthma-related 
outcomes among healthcare workers in New York City. Int J Hyg Environ Health. 2019;222(2):
211–220. [PubMed: 30327176] 

12. Kogevinas M, Zock JP, Jarvis D, et al. Exposure to substances in the workplace and new-onset 
asthma: an international prospective population-based study (ECRHS-II). Lancet. 2007;370(9584):
336–341. [PubMed: 17662882] 

13. Ghosh RE, Cullinan P, Fishwick D, et al. Asthma and occupation in the 1958 birth cohort. Thorax. 
2013;68:365–371. [PubMed: 23339164] 

14. Lillienberg L, Andersson E, Janson C, et al. Occupational Exposure and New-onset Asthma in a 
Population-based Study in Northern Europe (RHINE). Ann Occup Hyg. 2013;57(4):482–492. 
[PubMed: 23204511] 

15. Becklake MR, Kauffmann F. Gender differences in airway behaviour over the human life span. 
Thorax. 1999;54(12):1119–1138. [PubMed: 10567633] 

16. Hansen S, Probst-hensch N, Keidel D, et al. Gender differences in adult-onset asthma : results from 
the Swiss SAPALDIA cohort study. Eur Respir J. 2015;46(4):1011–1020. [PubMed: 26206877] 

Dumas et al. Page 8

Am J Ind Med. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Matulonga-diakiese B, Courbon D, Fournier A, et al. Risk of asthma onset after natural and 
surgical menopause : Results from the French E3N cohort. Maturitas. 2018;118:44–50. [PubMed: 
30415754] 

18. Dunn RM, Wechsler PJBME. Asthma in the elderly and late-onset adult asthma. Allergy. 
2018;73(3):284–294. [PubMed: 28722758] 

19. White GE, Seaman C, Filios MS, et al. Gender differences in work-related asthma: surveillance 
data from California, Massachusetts, Michigan, and New Jersey, 1993–2008. J Asthma. 
2014;51(7):691–702. [PubMed: 24673105] 

20. Walters GI, Kirkham A, Mcgrath EE, Moore VC, Robertson AS, Burge PS. Twenty years of 
SHIELD : decreasing incidence of occupational asthma in the West Midlands, UK ? Occup Env 
Med. 2015;72(4):304–310. [PubMed: 25608805] 

21. Maestrelli P, Schlünssen V, Mason P, Sigsgaard T. Contribution of host factors and workplace 
exposure to the outcome of occupational asthma. Eur Respir Rev. 2012;21(124):88–96. [PubMed: 
22654080] 

22. Forastiere F, Balmes J, Scarinci M, Tager IB. Occupation, Asthma, and Chronic Respiratory 
Symptoms in a Community Sample of Older Women. Am J Respir Crit Care Med. 
1998;157:1864–1870. [PubMed: 9620919] 

23. Dumas O, Wiley AS, Quinot C, et al. Occupational exposure to disinfectants and asthma control in 
US nurses. Eur Respir J. 2017;50(4):pii: 1700237. [PubMed: 28982772] 

24. Dumas O, Varraso R, Boggs KM, et al. Association of hand and arm disinfection with asthma 
control in US nurses. Occup Environ Med. 2018;75(5):378–381. [PubMed: 29475850] 

25. Camargo CA, Weiss ST, Zhang S, Willett WC, Speizer FE. Prospective study of body mass index, 
weight change, and risk of adult-onset asthma in women. Arch Intern Med. 1999;159(21):2582–
2588. [PubMed: 10573048] 

26. Dumas O, Varraso R, Zock JP, et al. Asthma history, job type and job changes among US nurses. 
Occup Env Med. 2015;72(7):482–488. [PubMed: 25713153] 

27. Quinot C, Dumas O, Henneberger PK, et al. Development of a job-task-exposure matrix to assess 
occupational exposure to disinfectants among US nurses. Occup Env Med. 2017;74(2):130–137. 
[PubMed: 27566782] 

28. Le Moual N, Kauffmann F, Eisen EA, Kennedy SM. The healthy worker effect in asthma: work 
may cause asthma, but asthma may also influence work. Am J Respir Crit Care Med. 2008;177(1):
4–10. [PubMed: 17872490] 

29. Garcia E, Picciotto S, Costello S, Bradshaw PT, Eisen EA. Assessment of the healthy worker 
survivor effect in cancer studies of the United Autoworkers-General Motors cohort. Occup Env 
Med. 2017;74(4):294–300. [PubMed: 28069969] 

30. Picciotto S, Hertz-Picciotto I. Healthy Worker Survivor Bias. A Still-Evolving Concept. 
Epidemiology. 2015;26(2):213–215. [PubMed: 25643100] 

31. Buckley JP, Keil AP, McGrath LJ, Edwards JK. Evolving methods for inference in the presence of 
healthy worker survivor bias. Epidemiology. 2015;26(2):204–212. [PubMed: 25536456] 

32. Garza JL, Cavallari JM, Wakai S, et al. Traditional and environmentally preferable cleaning 
product exposure and health symptoms in custodians. Am J Ind Med. 2015;58(9):988–995. 
[PubMed: 26040239] 

33. Moore VC, Burge PS, Robertson AS, Walters GI. What causes occupational asthma in cleaners ? 
Thorax. 2017;72(6):581–583. [PubMed: 28093530] 

34. Quirce S, Barranco P. Cleaning agents and asthma. J Investig Allergol Clin Immunol. 2010;20(7):
542–550.

35. Karjalainen A, Martikainen R, Karjalainen J, Klaukka T, Kurppa K. Excess incidence of asthma 
among Finnish cleaners employed in different industries. Eur Respir J. 2002;19:90–95. [PubMed: 
11843333] 

36. Mirabelli MC, Zock JP, Plana E, et al. Occupational risk factors for asthma among nurses and 
related healthcare professionals in an international study. Occup Env Med. 2007;64(7):474–479. 
[PubMed: 17332135] 

Dumas et al. Page 9

Am J Ind Med. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Zock JP, Plana E, Jarvis D, et al. The use of household cleaning sprays and adult asthma: an 
international longitudinal study. Am J Respir Crit Care Med. 2007;176(8):735–741. [PubMed: 
17585104] 

38. Weinmann T, Gerlich J, Heinrich S, et al. Association of household cleaning agents and 
disinfectants with asthma in young German adults. Occup Environ Med. 2017;74(9):684–690. 
[PubMed: 28483971] 

39. Dumas O, Varraso R, Boggs KM, et al. Late Breaking Abstract - Occupational exposure to 
disinfectants and COPD incidence in US nurses: a prospective cohort study. Eur Respir J. 
2017;50:suppl 61 OA1774.

40. Le Moual N, Varraso R, Zock JP, et al. Are operating room nurses at higher risk of severe 
persistent asthma? The Nurses’ Health Study. J Occup Env Med. 2013;55(8):973–977. [PubMed: 
23887704] 

41. Neophytou AM, Costello S, Brown DM, et al. Marginal structural models in occupational 
epidemiology: Application in a study of ischemic heart disease incidence and PM2.5 in the US 
aluminum industry. Am J Epidemiol. 2014;180(6):608–615. [PubMed: 25125691] 

42. Arrighi HM, Hertz-Picciotto I. The evolving concept of the healthy worker survivor effect. 
Epidemiology. 1994;5(2):189–196. [PubMed: 8172994] 

43. Descatha A, Leproust H, Choudat D, Garnier R, Pairon J-C, Ameille J. Factors associated with 
severity of occupational asthma with a latency period at diagnosis. Allergy. 2007;62(7):795–801. 
[PubMed: 17573728] 

44. Kauffmann F, Demenais F. Gene-environment interactions in asthma and allergic diseases: 
challenges and perspectives. J Allergy Clin Immunol. 2012;130(6):1229–1240. [PubMed: 
23195523] 

45. Rava M, Ahmed I, Kogevinas M, et al. Genes interacting with occupational exposures to low 
molecular weight agents and irritants on adult-onset asthma in three European studies. Environ 
Health Perspect. 2017;125(2):207–214. doi:10.1289/EHP376 [PubMed: 27504716] 

46. Matulonga B, Rava M, Siroux V, et al. Women using bleach for home cleaning are at increased risk 
of non-allergic asthma. Respir Med. 2016;117:264–271. [PubMed: 27492540] 

47. Dumas O, Siroux V, Luu F, et al. Cleaning and asthma characteristics in women. Am J Ind Med. 
2014;57(3):303–311. [PubMed: 23955502] 

48. Andrianjafimasy M, Zerimech F, Akiki Z, et al. Oxidative stress biomarkers and asthma 
characteristics in adults of the EGEA study. Eur Respir J. 2017;50:1701193. [PubMed: 29284685] 

49. Dumas O, Matran R, Zerimech F, et al. Occupational exposures and fluorescent oxidation products 
in 723 adults of the EGEA study. Eur Respir J. 2015;46(1):258–261. [PubMed: 25837036] 

Dumas et al. Page 10

Am J Ind Med. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dumas et al. Page 11

Table 1

Age-standardized baseline characteristics of the study population according to disinfectant use in US female 

nurses, n=61,539

Weekly use of disinfectants to clean surfaces and/or instruments

None (n=35,665) Surface only (n=14,149) Instruments (n=11,725) P

Age, mean (SD)* 55.0 (4.6) 54.6 (4.6) 54.1 (4.6) <0.001

Race

 White, % 96 96 95 <0.001

 Black, % 2 2 2

 Other, % 2 2 3

Hispanic

 Hispanic, % 2 2 2 0.32

 Non-Hispanic, % 98 98 98

Smoking habits

 Never smoker, % 66 66 64 <0.001

 Ex-smoker, % 29 27 28

 Current smoker, % 6 7 8

BMI at baseline (kg/m2)

 <20, % 5 5 5 0.08

 20 to 24.9, % 37 37 36

 25 to 29.9, % 31 31 32

 >=30, % 28 28 27

Abbreviations: BMI, body mass index; SD, standard deviation.

Values of categorical variables may not sum to 100% due to rounding.

*
Value is not age adjusted
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Table 2.

Prospective association between self-reported cleaning/disinfection tasks and asthma incidence in US female 

nurses

Person-years No. of cases Age-adjusted HR Multivariable-adjusted HR

HR 95% CI HR 95% CI

Job type

 Education or administration 47,195 63 1 - 1 -

 Outpatient, other nurses 152,605 225 1.14 0.86–1.51 1.19 0.90–1.57

 ER or inpatient unit 60,293 68 0.87 0.61–1.22 0.90 0.63–1.26

 Operating room 17,651 14 0.63 0.35–1.13 0.67 0.37–1.19

Weekly use of disinfectant

 None (ref.) 154,936 200 1 - 1 -

 Any disinfectant 122,809 170 1.11 0.91–1.37 1.12 0.91–1.38

  Surface only 71,189 97 1.11 0.87–1.42 1.12 0.87–1.43

  Instruments 51,620 73 1.12 0.85–1.46 1.13 0.86–1.48

Weekly use of sprays†

 No (ref.) 150,788 147 1 - 1 -

 Yes 32,334 35 1.11 0.76–1.60 1.10 0.76–1.59

Abbreviations: HR, hazard ratio; CI, confidence interval; ER, emergency room.

Multivariable models were adjusted for age, race, ethnicity, smoking status and body mass index.

Use of disinfectants was evaluated at the questionnaire cycle before time of diagnosis.

†
Use of sprays for patient care, instrument cleaning or disinfection, surface cleaning or disinfection, air-refreshing, or other. Follow-up period: 

2009–2015 for job type and use of disinfectants; 2011–2015 for use of sprays.

Observations with missing values for smoking status (0.1%) were excluded from analyses (multivariable-adjusted models). Observations with 
missing value for body mass index (3.6%) were included in the model as a “missing” category.
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Table 3.

Prospective associations between exposure to specific disinfectants/cleaning products evaluated by the JTEM 

and asthma incidence in US female nurses

Person-years No. of cases Multivariable-adjusted HR

HR 95% CI

Formaldehyde 25,031 32 0.97 0.67–1.40

Glutaraldehyde 79,152 108 1.11 0.88–1.41

Hypochlorite bleach 76,751 109 1.07 0.84–1.36

Hydrogen peroxide 88,054 117 1.06 0.84–1.34

Alcohol 95,331 142 1.14 0.91–1.42

Quats 96,780 124 1.00 0.79–1.26

Enzymatic cleaners 40,994 52 0.97 0.72–1.30

Abbreviations: HR, hazard ratio; CI, confidence interval; JTEM – Job-Task-Exposure Matrix.

Multivariable models were adjusted for age, race, ethnicity, smoking status and body mass index.

Exposure to disinfectants/cleaning products was evaluated at the questionnaire cycle before time of diagnosis. Associations presented compare high 
exposure level vs. low exposure level, for each product. No association was observed when comparing medium vs. low exposure level. 
Observations with missing values for smoking status (0.1%) were excluded from analyses (multivariable-adjusted models). Observations with 
missing value for body mass index (3.6%) were included in the model as a “missing” category.
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