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Cleaning at home and at work in relation to lung function decline and chronic airway obstruction
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METHODS
Design and subjects
[bookmark: _Ref320965069]The European Respiratory Health Survey (ECRHS) is an international multi-centre population based study with three waves, ECRHS I in 1992-1994, ECRHS II in 1998-2002 and ECRHS III in 2010-2012 (see http://www.ecrhs.org ). From 1992 to 1994, random population-based samples of men and women aged 20 to 44 years from well-defined areas mainly in Europe were invited to a postal screening questionnaire, and random samples of the responders were invited to a clinical examination (ECRHS I stage 2). This included a standardised face-to-face interview, forced spirometry and other measurements. (Smaller symptomatic samples were investigated in several study centres, these are not included in the present analysis.) In ECRHS II, 22 study centres completed a protocol on occupational exposures including questionnaire modules on cleaning at home and occupational cleaning. Cleaning activities were recorded with much less detail in ECRHS III, and exposure to cleaning after ECRHS II was therefore not considered. The clinical samples were re-investigated in ECRHS II and ECRHS III.
This paper presents data from n=6,230 participants from 22 study centres who in the ECRHS II interview answered “yes” or “no” to entrance questions to questionnaire modules assessing cleaning activities performed between ECRHS I and ECRHS II, and had their lung function measured in at least one of the three surveys ECRHS I, ECRHS II or III. 
Written consent was obtained from all the participants at each stage of the study. Ethical approval for each centre was obtained from regional ethic committees.
Spirometry 
The maximum Forced Vital Capacity (FVC) and the maximum Forced Expired Volume in one second (FEV1) of up to five technically acceptable tests, that also fulfilled the American Thoracic Society (ATS) criterion for reproducibility, were determined. In ECRHS I and II the subjects underwent methacholine test for bronchial hyperresponsiveness (BHR), while bronchodilator test was performed in ECRHS III. 25 centres used the same spirometer, ndd EasyOne (ndd Medical Technologies, Inc., Andover, USA) at ECRHS III. Two centres used the same spirometer, Biomedin Baires, (Biomedin, Padova, Italy) in ECRHS I, II and III, most having updated software at the second and third survey. Three used a Jaeger Pneumotach at ECRHS I and II, but not the same instrument at ECRHS III. Two centres used a SensorMedics dry spirometer on one occasion (SensorMedics, Yorba Linda, USA) and a Jaeger Masterscope (Wurzburg, Germany) on the other. Two used a Biomedin spirometer at ECRHS I and II and ndd, EasyOne at ECRHS III. Six centres used the SensorMedics spirometers at ECRHS I and II. One centre used a Fleischer penumotach at ECRHS I and a SensorMedics spirometer at ECRHS II. Two centres used a Vitalograph spirometer at ECRHS I and II. Lung function measurements were performed at ages 20-46 (ECRHS I 1992-94), ages 29-55 (ECRHS II 1998-02) and ages 46-66 (ECRHS III 2010-12).
Definition of lung function decline and new-onset airway obstruction
Decline in FEV1 and FVC was defined as the slope of change between each measurement in millilitres, and was calculated based on pre-bronchodilator spirometry values at all three study waves. Prevalence of airway obstruction at ECRHS III was based on post bronchodilator spirometry measurements, and defined as a FEV1/FVC ratio less than the Lower Limit of Normal (LLN) predicted using the NHANES equations [1]. Persons with airway obstruction at ECRHS I (defined as pre-bronchodilator FEV1/FVC ratio lower than LLN) were excluded from analyses with airway obstruction as outcome variable.

Cleaning exposure
In ECRHS II, 22 centres performed occupational modules following an interview which included the following questions (hereafter referred to as “module entrance questions”): “since the last survey, have you been the person doing the cleaning and/or washing in your home?” and “since the last survey, have you worked as a cleaner?” Thus, the cleaning exposure took place between the first and second study wave. Information on number of years in exposure was not available. The entrance questions were answered by 6,235 persons who also had their lung function measured. Based on the entrance questions, the participants were categorised in three groups: not cleaning (reference group), cleaning at home (occupational cleaning=no), and occupational cleaning (whether cleaning at home or not). The two exposed groups were non-hierarchical; occupational cleaners also included persons cleaning at home due to low numbers.
In the 22 study centres performing the occupational modules, participants who responded “yes” to either one or both of the module entrance questions, were asked as part of the ECRHS II to complete a detailed questionnaire including questions on type and frequency of cleaning tasks and cleaning agents used (sprays and other cleaning agents). The module for persons cleaning at home was completed by 4,486 persons, and 350 persons completed the module for occupational cleaners. Due to the low number of occupational cleaners only cleaning at home were further analysed, and the following exposure categories were defined: not cleaning (reference group), used ≥1 cleaning spray at least once per week, and used ≥1 other cleaning product at least once per week.
Covariates
Smoking habits were assed in the interview of each study wave. Participants were categorised as lifelong non-smokers, ex- and current smokers. To further categorise smokers and ex-smokers, life-time pack-years at each study wave were calculated from numbers of cigarettes smoked per day and number of years smoked (number of cigarettes smoked per day x number of years smoked/20); in the analyses only life-time pack-years were used as a covariate. Body mass index (BMI) was calculated from weight and height measured at each clinical examination, before spirometry was performed, as weight in kilos per square height in meters. Information from the interviews about the participants’ age at attained education was used as a proxy for socioeconomic status [2]. The variable on social class (“uksc”), which was used for sensitivity analysis, was constructed using the “UK´s Social Class based on Occupation” [3].
Statistical analyses
Possible effect on decline in lung function (FEV1 and FVC) from level of cleaning exposure (not cleaning, cleaning at home, occupational cleaning) was analysed with linear mixed effect models with adjustments for age at baseline, age at baseline squared, number of years from baseline to each follow-up, height, BMI, lifetime pack-years at each time-point, age at completed education, spirometer type and centre. Absolute lung function (FEV1 or FVC) was the outcome in all models. The effect of exposure on longitudinal lung function decline was estimated by including interaction terms of exposure with time since baseline. Study participants with only one observation on lung function were included in the analyses; although they did not contribute direct information about the effect of the exposures, they informed the effect of the other fixed covariates on absolute lung function, thereby raising the overall statistical power of the analysis. Change in FEV1 and FVC was expressed as ml per year of follow-up; a negative value represented a decline. The models calculated p-values for change over time for each exposure group – highly significant in all groups as decline over time is expected in this age group. The models further provided p-values for interaction between exposure level and the decline in the reference category to express significance level of the differences in decline between the exposure groups. Multiple logistic regression analysis was used to evaluate possible associations between cleaning exposure (cleaning at home or occupational cleaning) and spirometric defined airway obstruction. Adjustments were made for BMI and height at baseline, age at completed education, lifetime pack-years, spirometer type and centre. Associations were reported as odd ratios [OR] with 95% confidence intervals. STATA (StataCorp, College Station, TX, USA), version IC 14.1 and 15.0, was used in all the statistical analyses.
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Table E1- online supplement. Associations of decline in FEV1 and FVC with cleaning at home and occupational cleaning in men. Association between smoking and decline in FEV1 and FVC given for comparison.
	
	Adjusted* decline in FEV1 and FVC

	
	 FEV1 (ml/year) (95% CI)
	P†
	FVC (ml/year) (95% CI)
	P†

	No cleaning activities between ECRHS I and II (reference) (n=1,512)
	-26.4 (-28.2, -24.7)
	
	-17.6 (-19.8, -15.4)
	

	Cleaning at home (n=1,363)
	-25.7 (-27.5, -23.8)
	0.4
	-15.5 (-17.8, -13.1)
	0.08

	Occupational cleaner (n=57)
	-25.4 (-32.3, -18.4)
	0.8
	-14.3 (-22.9, -5.8)
	0.5

	
	
	
	
	

	No cleaning activities between ECRHS I and II (reference) (n=1,512)
	-26.1 (-27.9, -24.3)
	
	-17.6 (-19.9, -15.3)
	

	≥1 spray ≥1 time/week) (n=110)
	-24.5 (-29.3, -19.6)
	0.5
	-17.5 (-23.5, -11.5)
	0.99

	≥1 other cleaning product ≥1 time/week (n=669)
	-25.1 (-27.3, -23.0)
	0.4
	-14.4 (-17.2, -11.7)
	0.02

	
	
	
	
	

	Never-smoker (reference) (n=1,212)
	-24.8 (-26.7, -23.0)
	
	-15.8 (-18.2, -13.5)
	

	<10 pack-years (n=537)
	-26.5 (-28.8, -24.1)
	0.2
	-17.3 (-20.3, -14.3)
	0.3

	10-20 pack-years (n=446)
	-25.9 (-28.4, -23.4)
	0.4
	-15.4 (-18.5, -12.2)
	0.8

	>20 pack-years (n=732)
	-30.8 (-33.0, -28.7)
	<0.001
	-20.7 (-23.4, -17.9)
	0.001


*Adjustments: Age, age squared, number of years between each follow-up, height at baseline, BMI at each study wave, life-time pack-years, age at completed education, spirometer model used at each study wave, and study centre
†p-value from mixed effect models for difference in lung function decline between reference group and exposed groups


Table E2 – online supplement. Associations of decline in FEV1 and FVC with cleaning at home and occupational cleaning in women, additional adjustment for ever had asthma in either ECRHS I, II or III.
	
	Adjusted* decline in FEV1 and FVC

	
	 FEV1 (ml/year) (95% CI)
	P†
	FVC (ml/year) (95% CI)
	P†

	No cleaning activities between ECRHS I and ECRHS II (reference) (n=197)
	-18.5 (-21.3, -15.7)
	
	-8.8 (-12.5, -5.1)
	

	Cleaning at home (n=2,808)
	-22.1 (-23.3, -21.0)
	0.01
	-13.2 (-14.6, -11.7)
	0.02

	Occupational cleaner (n=293)
	-22.4 (-24.8, -20.0)
	0.03
	-15.9 (-19.0, -12.7)
	0.002


*Adjustments: Age, age squared, number of years between each follow-up, height at baseline, BMI at each study wave, life-time pack-years, age at completed education, spirometer model used at each study wave, ever asthma, and study centre
†p-value from mixed effect models for difference in lung function decline between reference group and exposed groups


Table E3 – online supplement. Associations of decline in FEV1 and FVC with cleaning at home and occupational cleaning in women, persons with ever had asthma in either ECRHS I, II or III excluded.
	
	Adjusted* decline in FEV1 and FVC

	
	 FEV1 (ml/year) (95% CI)
	P†
	FVC (ml/year) (95% CI)
	P†

	No cleaning activities between ECRHS I and ECRHS II (reference) (n=197)
	-18.4 (-21.3, -15.4)
	
	-7.9 (-11.8, -3.9)
	

	Cleaning at home (n=2,808)
	-22.6 (-23.7, -21.4)
	0.005
	-13.2 (-14.7, -11.7)
	0.007

	Occupational cleaner (n=293)
	-22.0 (-24.5, -19.5)
	0.054
	-14.4 (-17.7, -11.0)
	0.01


*Adjustments: Age, age squared, number of years between each follow-up, height at baseline, BMI at each study wave, life-time pack-years, age at completed education, spirometer model used at each study wave, and study centre
†p-value from mixed effect models for difference in lung function decline between reference group and exposed groups


Table E4 – online supplement. Excessive decline (15% or greater) in FEV1 from ECRHS 1 to ECRHS 3 by cleaning status and sex
	
	
	No (%) with 15% decline in FEV1
	

	
	Women
	
	Men
	

	
	No
	Yes
	p*
	No
	Yes
	p*

	No cleaning 
	33 (37.1%)
	56 (62.9%)
	0.022
	240 (32.8%)
	492 (67.2%)
	0.014

	Cleaning at home
	352 (25.6%)
	1,025 (74.4%)
	
	241 (39.8%)
	364 (60.2%)
	

	Occupational cleaning
	25 (20.7%)
	96 (79.3)
	
	11 (36.2%)
	868 (63.8%)
	


* p-value from Pearson’s chi2-test
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