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Nino Künzli1,6, Simona Villani7, Mario Olivieri8, Kjell Torén9, Katja Radon10, Jordi Sunyer1,3,
Anna Dahlman-Hoglund9, Dan Norbäck11, and Manolis Kogevinas1,12

1Centre for Research in Environmental Epidemiology (CREAL), Municipal Institute of Medical Research (IMIM), Barcelona, Spain; 2Respiratory

Epidemiology and Public Health Group, National Heart and Lung Institute, Imperial College, London, United Kingdom; 3Department of
Experimental and Health Sciences, Pompeu Fabra University (UPF), Barcelona, Spain; 4Environmental Epidemiology Division, Institute for Risk

Assessment Sciences, University of Utrecht, Utrecht, The Netherlands; 5School of Occupational and Environmental Hygiene, University of British

Columbia, Vancouver, Canada; 6Institució Catalana de Recerca i Estudis Avancxats (ICREA), Barcelona, Spain; 7Section of Epidemiology and Medical
Statistics, Department of Health Sciences, University of Pavia, Pavia, Italy; 8Unit of Occupational Medicine, Department of Medicine and Public

Health, University of Verona, Verona, Italy; 9Department of Occupational and Environmental Medicine, Sahlgrenska University Hospital, Göteborg,
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Rationale: Cleaning work and professional use of certain cleaning
products have been associated with asthma, but respiratory effects
of nonprofessional home cleaning have rarely been studied.
Objectives: To investigate the risk of new-onset asthma in relation to
the use of common household cleaners.
Methods: Within the follow-up of the European Community Re-
spiratory Health Survey in 10 countries, we identified 3,503 persons
doing the cleaning in their homes and who were free of asthma at
baseline. Frequency of use of 15 types of cleaning products was
obtained in a face-to-face interview at follow-up. We studied the
incidence of asthma defined as physician diagnosis and as symptoms
or medication usage at follow-up. Associations between asthma and
the use of cleaning products were evaluated using multivariable Cox
proportional hazards or log-binomial regression analysis.
Measurements and Main Results: The use of cleaning sprays at least
weekly (42% of participants) was associated with the incidence of
asthma symptoms or medication (relative risk [RR], 1.49; 95%
confidence interval [CI], 1.1221.99) and wheeze (RR, 1.39; 95% CI,
1.0621.80). The incidence of physician-diagnosed asthma was
higher among those using sprays at least 4 days per week (RR,
2.11; 95% CI, 1.1523.89). These associations were consistent for
subgroups and not modified by atopy. Dose–response relationships
(P , 0.05) were apparent for the frequency of use and the number of
different sprays. Risks were predominantly found for the commonly
used glass-cleaning, furniture, and air-refreshing sprays. Cleaning
products not applied in spray form were not associated with asthma.
Conclusions: Frequent use of common household cleaning sprays
may be an important risk factor for adult asthma.
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There is growing evidence that cleaning workers are at in-
creased risk for asthma (1–3), in some areas being particularly
apparent for those employed in domestic cleaning (4). Epide-
miologic studies have identified specific professional cleaning
products associated with asthma, including bleach (5) and
sprays (6). Many products used in professional cleaning are
also widely applied in private households. Analysis of data from
the first phase of European Community Respiratory Health Sur-
vey (ECRHS I) showed that homemakers had a small but statis-
tically significant excess risk of asthma, and it was hypothesized
that this may be related to the use of cleaning products at home
(1). Several studies have reported chronic respiratory disorders
after accidental inhalation related to (the mixing of) household
cleaners (7–10), but we are not aware of studies that have evaluated
respiratory effects of common use of domestic cleaning products.
The aim of this study was to investigate the risk of new-onset
asthma in relation to the use of common household cleaners within
the follow-up of the ECRHS. Some of the results of these studies
have been previously reported in the form of an abstract (11).

METHODS

The methodology of the ECRHS II has been described elsewhere (12).
Briefly, 29 study centers did a follow-up investigation on asthma and
allergy and their known or suspected risk factors in a random population
sample of men and women, who were 20 to 44 years of age at the baseline
survey (i.e., ECRHS I). Twenty-two centers from 10 European countries
agreed to take part in the assessment of selected occupational and

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Several studies have provided evidence for adverse re-
spiratory health effects related to professional cleaning
exposures. However, potential risks of nonprofessional
uses in private homes have not been evaluated.

What This Study Adds to the Field

Common, nonprofessional use of household cleaning prod-
ucts in spray form is associated with new-onset asthma in
adults.
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domestic exposures at follow-up using modular questionnaires. All local
institutional committees on ethical practice approved the study protocol,
and participants provided written, informed consent.

At the face-to-face interview of ECRHS II, 4,267 (59% of all) par-
ticipants indicated doing or having done the cleaning and/or washing in
their homes during the follow-up period. To study new-onset asthma,
we excluded 764 individuals with asthma at baseline according to a
definition with a high sensitivity (13) (those who had reported a history
of asthma and/or having had nocturnal attacks of shortness of breath in
the last 12 mo, and/or wheeze when not having a cold in the last 12 mo
in ECRHS I).

Asthma at follow-up was evaluated in several ways. Current asthma
was defined as having had an attack of asthma in the last 12 months
and/or having had nocturnal attacks of shortness of breath in the last
12 months and/or using current medication for asthma (12). Current
wheeze was defined as wheezing or whistling in the chest at any time in
the last 12 months when not having a cold. Participants who reported
that they had ever had asthma were in addition asked (1) whether
asthma was confirmed by a doctor and (2) how old they were when they
had their first attack of asthma. Physician-diagnosed asthma was defined
as reported asthma confirmed by a doctor with reported first asthma
attack between ECRHS I and II.

In a face-to-face interview, participants were asked about the use of
products for domestic cleaning and washing during the follow-up period
(www.ecrhs.org). A short questionnaire was developed based on a pre-
vious study in Spanish cleaners (14), adapted for cleaning activities in the
participant’s own home, and pilot-tested in one center (15). The
frequency of use of 15 different products was recorded as never, less
than 1 day per week, 1 to 3 days per week, or 4 to 7 days per week.

Procedures and equipment for clinical testing were identical at both
surveys. FEV1 was recorded by means of spirometry using a standard-
ized method (12). Methacholine challenge was performed with a do-
simeter (Mefar, Brescia, Italy). Bronchial hyperresponsiveness (BHR)
was defined as a 20% fall in FEV1 associated with a methacholine dose
of 1 mg or less. Atopy was defined as a specific serum IgE level of greater
than 0.35 kU/L to house dust mite, cat, timothy grass, or Cladosporium
herbarum.

Statistical analyses were done using Stata version 8 (Stata Corpo-
ration, College Station, TX). Associations between the frequency of all
individual cleaning exposures from the questionnaire and incidence
rates of current asthma and wheeze were evaluated using binomial
regression analyses with a log link. Associations with the incidence of
physician-diagnosed asthma were determined by using Cox propor-
tional hazards regression, with the onset of disease defined as the date
of reported first attack of asthma. The exposure reference category in
all analyses consisted of participants who used the cleaning product
under study either never or less than once a week. All regression models

were adjusted for sex, age, smoking, employment in a cleaning job during
follow-up, and study center. Relative risks (RRs) and hazard ratios
(HRs) for selected variables were estimated separately for each country.
Potential heterogeneity between countries in the association between
household exposure and asthma was examined by using standardized
methods for random-effects meta-analysis (16).

RESULTS

The length of follow-up was on average 9 years (Table 1), with
a twofold variation across individuals that was largely explained
by study center. Two-thirds of the study population doing the
cleaning and/or washing at home were women, ranging from
57 to 87% across countries. Only a small proportion (9%) were
full-time homemakers at follow-up. About 6% had current asthma
symptoms at the end of follow-up, whereas the incidence rate of
physician-diagnosed asthma was 2.3 per 1,000 person-years.
Depending on the definition, between 28 and 35% of the partic-
ipants with asthma had BHR.

Frequency of use varied largely among the different cleaning
products (Table 2). The frequencies of specific products were not
strongly correlated. The correlation matrix showed that 95% of
the Spearman’s correlation coefficients were below 0.3 (results
not presented). The highest correlation coefficients (0.41) were
found between liquid multiuse cleaning products and perfumed
or scented products, and between polishes and furniture sprays.
Although for current asthma and wheeze most relative risk
estimates were above unity, the majority of products were not
significantly associated with asthma incidence. Consistently pos-
itive associations for most asthma definitions were observed
for cleaning sprays in general (RR, 1.3–1.5), and glass-cleaning,
furniture, and air-refreshing sprays in particular (Table 2). For all
products, there were no apparent differences in asthma incidence
between the exposure categories ‘‘never’’ and ‘‘less than 1 day per
week’’ (data not shown).

The association between use of any product in spray form
and the incidence of asthma was studied in more detail. First, the
risk of using sprays at least weekly was evaluated after stratifica-
tion for sex, smoking status, and atopy (Table 3). The observed
associations were similar for all groups (P for multiplicative
interaction . 0.15). Only the risk of physician-diagnosed asthma
in men was below 1, but confidence intervals were wide due to
small numbers of exposed cases.

TABLE 1. DEMOGRAPHIC AND RESPIRATORY HEALTH CHARACTERISTICS OF ECRHS II PARTICIPANTS
DOING THE CLEANING AND/OR WASHING IN THEIR HOMES AND WHO HAD NO ASTHMA AT
BASELINE (n 5 3,503)

ECRHS I (Baseline) ECRHS II (Follow-up)

Length of follow-up, yr, mean (range) 8.9 (5.8211.7)

Age, yr, mean (range) 33.7 (20248) 42.6 (28257)

Women, n (%) 2,407 (68.7)

Current smokers, n (%) 1,036 (29.6) 951 (27.1)

Ex-smokers, n (%) 773 (22.1) 909 (26.0)

Full-time housewife or househusband, n (%) N/A 305 (8.7)

Employment in cleaning job at any time, n (%) 240 (6.9)

Current asthma symptoms or medication*, n (%) 0 199 (5.7)

Current wheeze without a cold†, n (%) 0 226 (6.5)

Physician-diagnosed asthma‡, n (%) 0 71 (2.1)

Bronchial hyperresponsivenessx, n (%) 231 (8.8) 247 (10.5)

Atopyk, n (%) 710 (24.3) 716 (24.0)

Definition of abbreviation: ECRHS 5 European Community Respiratory Health Survey; N/A 5 not available.

* Attack of asthmaand/ornocturnal attack of shortness ofbreath in the last 12months and/or currentasthmamedication (n 5 3,483).
† Wheezing or whistling in the chest when not having a cold in the last 12 months (n 5 3,480).
‡ Diagnosis of asthma with recorded year of onset (n 5 3,446).
x Methacholine dose of 1 mg or less causing a fall of 20% in FEV1; n 5 2,628 and 2,358 for ECRHS I and II, respectively.
k Specific IgE to at least one out of four common aeroallergens; n 5 2,924 and 2,978 for ECRHS I and II, respectively.
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Second, the use of sprays was classified quantitatively
according to the frequency of use, and according to the number
of different types used at least weekly. A dose–response
relationship was found between the frequency of use of any
spray and the incidence of current asthma (Table 4). This trend
was not observed for wheeze, whereas for physician-diagnosed
asthma an increased risk was exclusively seen for the use of
sprays at least 4 days a week. Dose–response relationships were
apparent for all three outcomes when evaluating the number of
different types of sprays used at least weekly (Table 4). The
Kaplan-Meier plot illustrating the survival analysis for number
of sprays and incidence of physician-diagnosed asthma is shown
in Figure 1.

Third, the use of sprays was evaluated separately for each
country. There was a more than twofold range in total fre-
quency of use across countries (Table 5). The distribution of the
most common sprays also differed qualitatively between coun-
tries. For instance, the use of furniture sprays was common in

the United Kingdom and not in Germany, whereas for glass-
cleaning sprays, this was the other way round. Meta-analysis of
the country-specific associations between spray use at least
weekly and asthma incidence showed that the risk was elevated
in most countries (Figure 2). Differences in relative risk seemed
apparent, although the test for heterogeneity did not reach
conventional levels of statistical significance (P 5 0.15). Similar
results were found for wheeze (P for heterogeneity, 0.18) and
physician-diagnosed asthma (P 5 0.25; data not shown).

Excluding full-time homemakers or individuals who had
(had) any employment in cleaning yielded very similar results.
Adjustment of the presented analyses for occupational expo-
sures to asthmagens or for socioeconomic status (either educa-
tional level defined using age of completing full-time education
or social class based on longest held occupation) did not alter
the results. Point estimates for the associations between any
spray use and asthma varied only slightly (,5%), and RRs for
current asthma and wheeze remained statistically significant.

TABLE 2. ASSOCIATIONS BETWEEN THE USE OF CLEANING PRODUCTS AT LEAST WEEKLY AND THE
INCIDENCE OF ASTHMA (n 5 3,503)

Cleaning Product

Use > 1 d/wk Among

All Participants (%)

Current Asthma*

RR (95% CI)

Current Wheeze†

RR (95% CI)

Physician-diagnosed

Asthma‡ HR (95% CI)

Washing powders 78.6 1.10 (0.7521.63) 1.28 (0.9121.81) 0.82 (0.4321.54)

Liquid multiuse cleaning products 83.1 0.94 (0.6421.38) 0.97 (0.7021.35) 0.98 (0.5221.86)

Polishes, waxes 8.7 1.12 (0.7121.76) 1.19 (0.7721.85) 1.42 (0.6822.97)

Bleach 28.0 1.22 (0.8321.80) 1.30 (0.9021.87) 1.10 (0.5622.17)

Ammonia 7.2 1.40 (0.8722.23) 1.31 (0.8122.13) 0.92 (0.3322.59)

Decalcifiers, acids 11.1 1.06 (0.7021.61) 1.18 (0.7721.80) 0.25 (0.0621.04)

Solvents, stain removers 5.5 1.54 (0.9422.53) 2.00 (1.3023.07) 0.48 (0.1221.97)

Furniture sprays 11.6 1.49 (0.9922.23) 1.46 (0.9822.19) 2.46 (1.2624.80)

Glass-cleaning sprays 22.1 1.35 (0.9821.85) 1.49 (1.1222.00) 1.43 (0.8422.44)

Sprays for carpets, rugs, curtains 1.3 1.24 (0.4723.21) 0.80 (0.2622.41) 0.80 (0.1125.93)

Sprays for mopping the floorx 6.1 1.05 (0.5921.85) 1.03 (0.5921.79) 0.93 (0.3022.85)

Oven sprays 2.0 0.87 (0.3322.28) 1.24 (0.5722.69) 0.63 (0.0924.64)

Ironing sprays 3.0 1.66 (0.9223.00) 1.05 (0.4822.30) 1.51 (0.4624.96)

Air-refreshing sprays 16.2 1.71 (1.2222.39) 1.36 (0.9821.88) 1.46 (0.7822.70)

Any spray 42.1 1.49 (1.1221.99) 1.39 (1.0621.80) 1.28 (0.7822.09)

Any perfumed or scented product 67.8 1.09 (0.7821.50) 1.11 (0.8321.49) 1.29 (0.7422.26)

Definition of abbreviations: CI 5 confidence interval; HR 5 hazard ratio; RR 5 relative risk.

RRs*† or HRs‡ with 95% CIs from log-binomial*† or Cox proportional hazards‡ regression models, adjusted for sex, age, smoking

status, cleaning job, and study center. The reference category consisted of participants that used the cleaning product under study

never or less than once a week. Each association was derived from a separate regression model.

* Attack of asthmaand/ornocturnal attack of shortness ofbreath in the last 12months and/or currentasthmamedication (n 5 3,483).
† Wheezing or whistling in the chest when not having a cold in the last 12 months (n 5 3,480).
‡ Diagnosis of asthma with recorded year of onset (n 5 3,446).
x Information was not obtained in three study centers (Germany and Switzerland).

TABLE 3. ASSOCIATIONS BETWEEN THE USE OF HOUSEHOLD CLEANING SPRAYS AT LEAST WEEKLY AND
THE INCIDENCE OF ASTHMA, STRATIFIED BY SEX, CURRENT SMOKING, AND ATOPY AT FOLLOW-UP

No.

Spray

Use (%)

Current Asthma*

RR (95% CI)

Current Wheeze†

RR (95% CI)

Physician-diagnosed

Asthma‡ HR (95% CI)

Women 2,407 48 1.45 (1.0422.02) 1.35 (0.9721.88) 1.51 (0.8722.64)

Men 1,096 30 1.76 (0.9923.15) 1.38 (0.8922.14) 0.61 (0.1622.25)

Ever-smokers 1,860 43 1.35 (0.9121.99) 1.32 (0.9721.81) 1.29 (0.6722.50)

Never-smokers 1,608 41 1.61 (1.0522.47) 1.51 (0.9322.46) 1.42 (0.6822.97)

Atopicsx 716 42 1.30 (0.8022.13) 1.39 (0.8822.20) 1.33 (0.5623.12)

Nonatopics 2,262 43 1.33 (0.9021.95) 1.36 (0.9621.94) 1.12 (0.5822.16)

For definition of abbreviations, see Table 2.

RRs*† or HRs‡ with 95% CIs from log-binomial*† or Cox proportional hazards‡ regression models, adjusted for sex, age, smoking status,

cleaning job, and study center. The reference category consisted of participants that used sprays never or less than once a week.

* Attack of asthma and/or nocturnal attack of shortness of breath in the last 12 months and/or current asthma medication.
† Wheezing or whistling in the chest when not having a cold in the last 12 months.
‡ Diagnosis of asthma with recorded year of onset.
x Specific IgE to at least one of four common aeroallergens.
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Finally, associations of spray use with BHR were explored.
Weekly use of sprays was not associated with BHR at follow-up
(RR, 1.0). The same was true for asthma symptoms plus BHR
(RR, 1.0, for current asthma plus BHR, and RR, 1.2, for wheeze
plus BHR); however, an association seemed apparent for asthma
diagnosis plus BHR (RR, 1.6; 95% CI, 0.7–3.6).

DISCUSSION

This is the first epidemiologic study that evaluated the risk of
adult asthma related to nonoccupational use of common house-
hold cleaning products. We found an association between the
use of products in spray form and the incidence of asthma ac-
cording to either more sensitive or more specific definitions.
This association was linked predominantly to the most com-
monly used air fresheners, glass cleaners, and furniture cleaning
sprays; was consistent for various subgroups and not dependent
on atopic status; and the risk increased when frequency of use
or number of different sprays increased. A relevant number of
adult asthma cases may be related to the use of household
cleaning sprays, indicating an important public health issue.

The use of sprays during the 1990s was very common in all
countries of our study. Market trends from household cleaners’
manufacturers show a general increase of aerosolized applica-
tions in Europe (17). Sprays and more conventional liquid
cleaners contain similar active ingredients, including alcohols,
ammonia, chlorine-releasing agents, glycols and glycol ethers,

sodium hydroxide, acryl polymers, and terpenes (18). The ap-
plication through spraying is likely to facilitate respiratory
exposure to these components, explaining why we have observed
associations with the use of sprays but not liquid cleaners. The
latter will give off volatile components but relevant inhalatory
exposure will depend on the dilution used, the surface to which
they are applied, and the ambient temperature, among other
factors. We may have missed an association of asthma with liquid
cleaner use by not being able to account for these exposure-
modifying factors. It is likely that the application of a spray
typically leads to some degree of relevant inhalatory exposure,
and this may have resulted in less exposure misclassification than
for liquid cleaners. However, there are few data available to
describe the exposure patterns associated with use of different
cleaning products, and there are few experimental studies on
emissions and exposures and they have mainly focused on volatile
components after application of cleaning products (18–20). Thus,
although correlation between the use of sprays and other cleaning
products was in general low, it is not unlikely that our findings
reflect a risk of broader use of home cleaning products.

Not many studies have evaluated adverse respiratory effects of
cleaning products. Our findings are consistent with occupational
epidemiologic studies in which an increased asthma risk was
related to professional use of sprays among both domestic (5, 14)
and nondomestic (6) cleaning women. The observed associations
may be (partly) due to chance, to confounding by a third variable,
or may reflect a true adverse effect on new-onset asthma. Although

TABLE 4. DOSE–RESPONSE RELATIONSHIPS BETWEEN THE USE OF HOUSEHOLD CLEANING SPRAYS AND THE INCIDENCE OF
ASTHMA (n 5 3,484)*

Category

Frequency,

n (%)

Current Asthma†

RR (95% CI)

Current Wheeze‡

RR (95% CI)

Physician-diagnosed

Asthmax HR (95% CI)

Use of sprays , 1 d/wk 2,016 (57.9) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Use of spray(s) 1 to 3 d/wk 933 (26.8) 1.36 (0.9921.89) 1.55 (1.1722.06) 0.93 (0.5121.67)

Use of spray(s) 4 to 7 d/wk 535 (15.4) 1.75 (1.2122.54) 1.08 (0.7321.59) 2.11 (1.1523.89)

P for linear trend 0.002 0.204 0.041

One type of spray used > 1 d/wk 913 (26.2) 1.37 (0.9921.90) 1.25 (0.9221.69) 0.97 (0.5321.77)

Two types of spray used > 1 d/wk 355 (10.2) 1.45 (0.9222.27) 1.63 (1.1022.41) 1.47 (0.7023.06)

Three or more types of spray used > 1 d/wk 200 (5.7) 2.40 (1.4723.91) 1.80 (1.1122.94) 2.96 (1.3326.56)

P for linear trend 0.001 0.003 0.022

For definition of abbreviations, see Table 2.

RRs†‡ or HRsx with 95% CIs from log-binomial†‡ or Cox proportional hazardsx regression models, adjusted for sex, age, smoking status, cleaning job, and study center.

* Nineteen participants did not provide complete quantitative information for all types of sprays.
† Attack of asthma and/or nocturnal attack of shortness of breath in the last 12 months and/or current asthma medication.
‡ Wheezing or whistling in the chest when not having a cold in the last 12 months.
x Diagnosis of asthma with recorded year of onset (n 5 3,446 with complete data).

Figure 1. Kaplan-Meier survival curve for physician-

diagnosed asthma according to the number of sprays
used at least weekly. Onset of disease was defined as date

of first attack of asthma.
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chance can never be excluded in observational studies, this is highly
unlikely here given the robust associations that were consistent for
various subgroups based on host factors and country of residence,
and the observed dose–response relationships. Confounding is
possible if the use of sprays was associated with host or environ-
mental risk factors of asthma. We controlled for potential host
confounders, such as sex, age, and smoking status. In addition, we
evaluated potential confounding effects of occupational exposures,
and of socioeconomic status according to two definitions that can
be regarded as reflecting a variety of housing and lifestyle factors
(21). It is difficult to hypothesize other possible host or environ-
mental factors that could have confounded the observed associa-
tion between spray use and asthma.

Our study design precludes strong conclusions regarding the
responsible effect mechanisms. Given the fact that asthma was
related to several types of sprays with different chemical com-
position, and that the risk was not dependent on atopic status,
we speculate that asthma could have been at least partly irritant
induced. Cleaning sprays may contain sensitizers such as dis-
infectants, amines, pinene, or limonene (18, 19), and therefore a
role of specific sensitization resulting in asthma is also plausible.
From occupational settings, asthma can follow one-time intense
irritant exposure, and there is increasing acceptance of the

possibility that recurrent low-grade exposures to respiratory
tract irritants can result in asthma as well (22). The underlying
mechanisms are largely unknown, but a localized airway in-
flammatory response is likely involved. A similar phenomenon
for repeated household exposures to irritants seems plausible,
despite the fact that frequency of exposure in nonprofessional
home cleaning is generally lower than in professional domestic
or nondomestic cleaning.

There are a number of limitations in our study that need to
be considered. First, data on both product use and health out-
come were based on questionnaire information at follow-up,
introducing the possibility of differential misclassification and
a bias away from the null. This would be the case if participants
with new-onset asthma reported more use and/or recalled better
their use of cleaning sprays. However, this is unlikely to be
a major explanation given the fact that during the 1990s there
was not much public awareness of adverse respiratory effects of
domestic cleaning activities. Data in this study were collected
before 2003, the year in which an article was published on
associations between domestic cleaning work and asthma (4),
which received much media attention worldwide and likely
initiated public awareness.

Second, scented products are widely reported by individuals
with asthma to trigger symptoms (23). Although it is possible
that the asthma in this study is due to the scented component of
cleaning agents, it is more likely that those with asthma avoided
such products and therefore could have biased associations
toward the null. Analysis of the specific question covering all
types of perfumed and scented cleaning products showed that
the frequency of use was not associated with asthma (Table 2).

Third, results using the objective outcome BHR were not
consistent with the main findings using the three a priori def-
initions of asthma. Only a minority of the participants with
asthma showed BHR, and the vast majority (.80%) of partic-
ipants with BHR did not have asthma. Thus, despite using
a definition with relatively high specificity (a 20% fall in FEV1

using 1 mg methacholine as a cutoff), BHR was not particularly
specific for asthma. With the combination of temporal variability
and a generally moderate reproducibility of methacholine chal-
lenge testing, it is difficult to judge to which extent the lack of

Figure 2. Association between the use of cleaning

sprays at least once a week and the incidence of

asthma symptoms or medication usage by country.
Relative risk (RR) and 95% confidence interval (CI),

adjusted within countries for study center, sex, age,

smoking status, and employment in a cleaning job,
are shown. The size of each box is proportional to

the reciprocal of the variance of the estimate for

the country. The diamond indicates 95% CI of the

combined RR from the model, with country as the
random effect (P 5 0.15, test for heterogeneity).

Countries are ranked from low to high frequency of

spray use (see Table 5).

TABLE 5. FREQUENCY OF USE AT LEAST WEEKLY OF THE MOST
COMMON HOUSEHOLD CLEANING SPRAYS BY COUNTRY

Country No.

Any Spray

(%)

Furniture

(%)

Glass Cleaning

(%)

Air

Fresheners (%)

Sweden 885 26.4 0.5 16.3 3.4

Italy 122 31.4 14.9 8.3 6.6

Norway 374 36.7 1.4 27.0 7.0

Switzerland 178 37.6 3.1 26.1 9.7

Germany 303 40.6 3.3 26.1 8.6

Belgium 298 41.8 8.4 21.2 20.5

Estonia 191 41.9 0.0 0.0 38.7

France 390 48.2 18.2 14.6 30.5

United Kingdom 182 55.5 33.3 10.1 31.3

Spain 580 66.0 35.6 43.9 25.6

Zock, Plana, Jarvis, et al.: Cleaning Sprays and Asthma 739



association of spray use with BHR contradicts the overall positive
findings for asthma. An additional limitation was that current
asthma and wheeze were defined as the occurrence in the pre-
vious year as reported at the follow-up interview. Although we
used a prospective study design, it is possible that in the analyses
of cumulative incidence (symptoms in the last year), the time
order of exposure and effect was confused. In other words,
individuals who developed asthma during follow-up could tend
to clean their homes more thoroughly. Albeit with less statistical
power, findings for the more specific asthma definition based on
diagnosis using conventional survival analysis of incidence were
consistent, and they therefore do not support this possibility.

Finally, although not statistically significant, there appeared to
be a certain degree of heterogeneity in the association between
spray use and asthma among countries. Unrecognized confound-
ing could have been different for different countries, creating
false-positive associations in some countries and/or hiding true
positive associations in others. The qualitative differences in the
use of sprays as outlined in Table 5 did not provide a clear hy-
pothesis for the observed differences in the risk of any spray use
among countries. Nevertheless, associations between the use of
specific sprays and asthma incidence were more homogeneous
across countries (results not presented). Whether chemical com-
position of cleaning sprays differs among countries, possibly
related to the predominant brands sold on the local markets,
remains unclear, and justifies more specific investigation.

Findings of our study may have significant implications for
public health. Relative risks of 1.3 to 1.5 in combination with an
overall proportion of 42% of weekly spray users suggest a pop-
ulation attributable fraction of about 15%. In other words, one in
seven adult asthma cases could be attributed to common spray
use. This indicates a relevant contribution of spray use to the
burden of asthma in adults who do the cleaning in their homes. In
addition, passive exposure might be relevant for individuals
present in environments where sprays are being or have just been
applied. One study even suggested that the use of cleaning and
other household chemicals by the mother during pregnancy was
related to wheeze in young children (24).

We conclude that frequent use of household cleaning sprays
may be an important risk factor for adult asthma. This finding
needs to be confirmed in future studies, with a particular em-
phasis on chemical composition and other exposure determi-
nants, and on the effect mechanisms involved, including sensiti-
zation and inflammatory reactions.
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symptoms in women employed in domestic cleaning: a community-
based study. Thorax 2003;58:950–954.

5. Medina-Ramón M, Zock JP, Kogevinas M, Sunyer J, Torralba Y,
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