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Use of household cleaning products,
exhaled nitric oxide and lung function in
females

To the Editor:

We read with great interest, a report by Casas et al. [1], in a recent issue of the European Respiratory Journal,
who studied the relationship between domestic use of cleaning products, reported by the mother, and
exhaled nitric oxide fraction (FeNO) and lung function in children. They concluded that passive exposure to
cleaning products may increase airway inflammation in children and may have an adverse effect on lung
function [1]. Cleaning products contain numerous chemicals such as irritants (bleach and ammonia) or
sensitisers (perfumes) and may cause asthma [2]. The mechanisms are partly unknown [1-3], but could be
related to chronic inflammatory changes [4, 5]. The results presented by Casas et al. [1] are of great
importance and are consistent with the hypothesis of an inflammatory role of cleaning agents.

We similarly tested the hypothesis of an inflammatory effect of domestic use of cleaning products among
adults, by studying their relationships with FeNO among 313 females (197 without asthma and 116 with
current asthma; mean age 42 years; 53% never-smokers) from the Epidemiological Study on the Genetics
and Environment of Asthma (EGEA) [3, 6]. Both domestic exposures and phenotypes were evaluated by
similar methods to those reported by Casas et al. [1]. Briefly, EGEA is a French cohort study based on an
initial group of asthma cases, their first-degree relatives, and controls (1991-1995). A follow-up of the
cohort was conducted between 2003 and 2007, and detailed information was recorded by questionnaires
and health examinations such as pulmonary lung function tests [3, 6]. FeNO measurements, available in
three out of five centres (performed for 313 out of 683 females), were carried out according to American
Thoracic Society/European Respiratory Society recommendations [6]. Current asthma referred to the
report of asthma attacks or asthma treatment or asthma-like symptoms in the past 12 months [3]. Current
domestic exposures (in the past 12 months) to the same five cleaning agents as Casas et al. [1] and eight
types of sprays (furniture, glass cleaning, air freshening or five “other sprays” (carpet, mopping the floor,
oven, ironing or other use)) (table 1) were recorded [3] and exposure to a specific product referred to
reported use at least weekly [1, 3]. As performed by Casas et al. [1], we computed a semiquantitative total
score for all cleaning product use: the means of the reported days of use for each product were summed
providing a score ranging from 0 (no exposure) to 71.5 (exposed to all 13 products used 4-7 days per
week). For statistical analyses, similar strategies and multivariable linear regression models as those by Casas
et al. [1] were applied to predict log-transformed FeNO, forced vital capacity (FVC), forced expiratory
volume in 1 s (FEV1) and FEV1 % predicted values. All analyses were stratified on asthma status and
adjusted for age, smoking status and height, and also centre when studying FeNO.

The results among young adult females from EGEA are consistent with those shown among children by
Casas et al. [1]. We confirm that among adults exposure to domestic cleaning products in spray form
(which facilitates inhalation exposure [1, 6]) is associated with an increase in FeNO level, commonly
considered as a noninvasive indirect marker of airway inflammation. Furthermore, we observed lower FEV1
associated with exposure to sprays, and especially air freshening sprays, in both females with and without
asthma with the same trend as CASAS ef al. [1].

The geometric mean FeNO in the whole population was similar to that observed among children by Casas
et al. [1] and significantly lower (p=0.003) among females without asthma (12.6 ppb) than among those
with current asthma (15.2 ppb), as previously described [6]. Consistent with the results of Casas et al. [1],
sprays and bleach were the most commonly used products at home (table 1). The prevalence of exposure to
cleaning products was higher in the Spanish study among children [1], which is consistent with a higher use
of cleaning products in the south compared to the north of Europe [7, 8] and with the hypothesis that
mothers of young children cleaned their flats more often than families without young children. These two
hypotheses may explain, in part, the stronger associations observed by Casas et al. [1] among children who
may also be more susceptible to exposure than adults.

In EGEA, FeNO levels were significantly higher in those using sprays, especially glass cleaning sprays, and
acids among females without asthma, whereas no associations were observed among females with asthma.
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TABLE 1 Weekly use of household cleaning products and adjusted” associations with exhaled nitric oxide fraction (FeNo) and
forced expiratory volume in 1 s (FEV1)

Cleaning product

Nonasthmatics'

Asthmatics*

Exposed§ FeNoO ppb FEV1 mL Exposed§ FeNO ppb FEV1 mL
n (%) GM ratio B (95% Cl) n (%) GM ratio B (95% Cl)
(95% Cl) (95% Cl)
Bleach 60 (30.5) 0.99 (0.93-1.06) -23 (-141-96) 43 (37.4) 0.99 (0.88-1.11) -16 (-177-146)
Ammonia 5 (2.6) 1.08 (0.90-1.29) 297 (-35-630) 4 (3.5) 0.78 (0.58-1.05) 421 (33-809)
Polishes or waxes 11 (5.7) 1.02 (0.90-1.16) -97 (-327-133) 12 (10.7) 0.89 (0.74-1.06) -101 (-352-149)
Acids, including decalcifiers 18 (9.3) 1.12 (1.01-1.24) 92 (-91-275) 9 (7.9) 0.84 (0.69-1.04) 161 (-120-442)
Solvents, including stain removers 15 (7.7) 1.09 (0.98-1.22) 89 (-120-298) 6 (5.3) 0.93 (0.73-1.19) 173 (-179-524)
Spray, at least one out of eight 97 (49.5) 1.09 (1.03-1.16) -89 (-197-18)"" 58 (50.0)  0.97 (0.86-1.09)  -159 (-326-9)*"
Furniture sprays 24 (12.2) 1.06 (0.97-1.16) 28 (-135-191) 17 (14.8) 1.04 (0.89-1.22)  -242 (-458--25)
Glass cleaning sprays 45 (22.8) 1.09 (1.02-1.17) 78 (-50-206) 33 (28.5)  0.93(0.82-1.06) -102 (-283-80)
Other sprays, including 35 (17.8) 1.05 (0.97-1.13) -76 (-215-63) 23 (19.8)  0.98 (0.85-1.13) -163 (-369-43)
degreasing sprays
Air freshening sprays 41 (21.0) 1.05 (0.98-1.13) -106 (-239-2¢) 31(26.7)  1.07 (0.95-1.21)  -153 (-320-13)*¢
Score of days per week of 4 (2-7) 1.03 (1.00-1.06) -11(-64-43) 4 (2-8) 0.99 (0.95-1.04) -7 (-64-51)

product use*#

GM: geometric mean. Bold font indicates statistical significance. *: adjusted for age, smoking status and height, in addition to centre for FeNO
models; *: n=197; *: n=116; ®: used at least 1 day per week; *: a combined spray variable including eight types of spray (furniture, glass cleaning,
air freshening, carpet, mopping the floor, oven, ironing and other sprays used) has been defined [3]; ##: data for exposed nonasthmatics/asthmatics
is presented as median (interquartile range (IQR]), and the columns for FeNo and FEV1 show the change in FeNo/FEV1 per IQR increase of the score
(IQR 5.5 days of product use per week); ": p=0.10; **: p=0.06; **: p=0.07.

In addition, consistent results were observed using the score of days per week of products use, which was
not the case in those observed by Casas et al. [1]. The associations observed only among females without
asthma may be due to the fact that FeNO was also linked to atopy (=1 positive skin prick test, out of 12
aeroallergens, with a mean wheal diameter >3 mm larger than the negative control) [6]. When the analyses
for FeNO were stratified on atopy among females with asthma, the association with spray (geometric mean
ratio 1.4 (1.2-1.7)) was confirmed in females without atopy, whereas the geometric mean ratio was <1
among those with atopy.

Regarding lung function, exposure to sprays was associated with lower FEV1 level in both females with and
without asthma with borderline significant associations (p=0.06 and p=0.10, respectively). Similar results
(with slightly higher p-values) were observed when the analysis was performed using FEV1 % predicted
values (not shown). Lower FVC was observed for exposure to furniture sprays among females with current
asthma (p=0.003) and for exposure to sprays in general among those without asthma (p=0.10), contrary to
the results observed by Casas et al [1]. A significant, unexpected, positive association was observed between
exposure to ammonia and lung function. This result might be explained by a potential selection bias, but its
interpretation is difficult as only four females with asthma were exposed.

Our results suggested an inflammatory role of cleaning agents in spray form and are consistent with
previous results reported among elderly females from the E3N survey [5] and among Spanish professional
cleaners [9]. In E3N, a significant association between the weekly use of sprays at home and current asthma
was reported only among females without anti-inflammatory therapy (inhaled corticosteroids) [5]. In the
Spanish survey, significant positive associations were observed between some specific occupational cleaning
products, including glass cleaners (often used in spray form), and FeNO level but associations between
household products in spray form and FeNO level have never been studied specifically in adults [9]. Even if
the interpretation of our results among females from EGEA requires caution due to sample size issues when
studying specific exposures, our sample is much bigger than the sole previous study performed on FeNO
among 95 cleaning workers.

Among adults, the deleterious effect of occupational cleaning products in asthma is established, whereas the
effect of domestic cleaning exposure in spray form was suggested recently especially among females 3, 5, 7].
Our findings add to the evidence that household exposures to cleaning products, especially in spray form,
may represent an important emerging life course public health issue [2, 5]. Our results support the recent
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recommendations to investigate preventive measures for consumers [10], and to limit both the production
and use of household cleaning products in spray form.

@ERSpublications
Household cleaning products, especially sprays, may represent an important emerging life course
public health issue http://ow.ly/rUsxW

Nicole Le Moual"?, Marta Rava', Valérie Siroux>*, Régis Matran® and Rachel Nadif""? on behalf of the
Epidemiological Study on the Genetics and Environment of Asthma

"Inserm, Centre for Research in Epidemiology and Population Health (CESP), U1018, Respiratory and Environmental
Epidemiology Team, Villejuif, *Université Paris Sud 11, UMRS 1018, Villejuif, *Inserm, U823, Equipe d’Epidémiologie
Environnementale Appliquée a la Reproduction et a la Santé Respiratoire, Institut Albert Bonniot, Grenoble, “Université
Joseph Fourier, Grenoble, and SUniversité Lille Nord de France, Lille, France.

Correspondence: N. Le Moual, Inserm U1018/CESP, Centre for Research in Epidemiology and Population Health,
Respiratory and Environmental Epidemiology Team, 16 Avenue Paul Vaillant Couturier, 94807 Villejuif Cedex, France.
E-mail: nicole.lemoual@inserm.fr

Received: Dec 09 2013 | Accepted: Dec 09 2013

Support statement: This work was funded by the French Agency of Health Safety, Environment and Work (AFSSET, EST-
09-15), Merck Sharp & Dohme (MSD), the hospital program of clinical research (PHRC)-Paris, and the National
Research Agency - Health Environment, Health-Work Program (ANR-SEST 2005, ANR 05-SEST-020-02/05-9-97, ANR-
CES-2009; Region Nord Pas-de-Calais).

Conflict of interest: None declared.

Acknowledgements: The authors thank all those who participated in the study and in the various aspects of the
examinations and all those who supervised the study in all centres. The authors are grateful to the three CIC-Inserm units
at Necker, Grenoble and Marseille (France) which supported the study and where subjects were examined. They are also
grateful to the three biobanks in Lille (CIC Inserm), Evry (Centre National de Genotypage) and Annemasse
(Etablissement Francais du Sang; France) where biological samples are stored. They are indebted to all the individuals
who participated, without whom the study would not have been possible. The following are members of the EGEA
cooperative group. Coordination: V. Siroux (epidemiology, PI since 2013); F. Demenais (genetics); I. Pin (clinical
aspects); R. Nadif (biology); F. Kauffmann (PI 1992-2012). Respiratory epidemiology: Inserm U 700, Paris: M. Korobaeff
(Egeal) and F. Neukirch (Egeal); Inserm U 707, Paris: I. Annesi-Maesano (Egeal-2); Inserm CESP/U 1018, Villejuif:
F. Kauffmann, N. Le Moual, R. Nadif, M.P. Oryszczyn (Egeal-2) and R. Varraso; Inserm U 823, Grenoble: V. Siroux.
Genetics: Inserm U 393, Paris: J. Feingold; Inserm U 946, Paris: E. Bouzigon, F. Demenais and M.H. Dizier; CNG, Evry:
I. Gut (now CNAG, Barcelona, Spain) and M. Lathrop (now McGill University, Montreal, Canada). Clinical centres:
Grenoble: I. Pin and C. Pison; Lyon: D. Ecochard (Egeal), F. Gormand and Y. Pacheco; Marseille: D. Charpin (Egeal)
and D. Vervloet (Egeal-2); Montpellier: J. Bousquet; Paris Cochin: A. Lockhart (Egeal) and R. Matran (now in Lille);
Paris Necker: E. Paty (Egeal-2) and P. Scheinmann (Egeal-2); Paris-Trousseau: A. Grimfeld (Egeal-2) and J. Just. Data
and quality management: Inserm ex-U155 (Egeal): J. Hochez; Inserm CESP/U 1018, Villejuif: N. Le Moual; Inserm ex-
U780: C. Ravault (Egeal-2); Inserm ex-U794: N. Chateigner (Egeal-2); Grenoble: J. Quentin-Ferran (Egeal-2).

References

1 Casas L, Zock JP, Torrent M, et al. Use of household cleaning products, exhaled nitric oxide and lung function in
children. Eur Respir ] 2013; 42: 1415-1418.

2 Le Moual N, Jacquemin B, Varraso R, et al. Environment and asthma in adults. Presse Med 2013; 42: e317-e333.
Le Moual N, Varraso R, Siroux V, et al. Domestic use of cleaning sprays and asthma activity in females. Eur Respir |
2012; 40: 1381-1389.

4 Beckett WS. Occupational respiratory diseases. N Engl ] Med 2000; 342: 406—413.

5 Bédard A, Varraso R, Sanchez M, et al. Cleaning sprays, household help and asthma among elderly women. Respir
Med 2014; 108: 171-180.

6 Nadif R, Matran R, Maccario J, et al. Passive and active smoking and exhaled nitric oxide levels according to asthma
and atopy in adults. Ann Allergy Asthma Immunol 2010; 104: 385-393.

7 Zock JP, Plana E, Jarvis D, ef al. The use of household cleaning sprays and adult asthma: an international

longitudinal study. Am ] Respir Crit Care Med 2007; 176: 735-741.

8 Zock JP, Plana E, Anté JM, et al. Domestic use of hypochlorite bleach, atopic sensitization, and respiratory
symptoms in adults. J Allergy Clin Immunol 2009; 124: 731-738.

9 Vizcaya D, Mirabelli MC, Orriols R, et al. Functional and biological characteristics of asthma in cleaning workers.
Respir Med 2013; 107: 673-683.

10 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: 1532—1545.

Eur Respir J 2014; 44: 816-818 | DOI: 10.1183/09031936.00213813 | Copyright ©ERS 2014

818


http://ow.ly/rUsxW

	Table 1
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 6
	Ref 7
	Ref 8
	Ref 9
	Ref 10
	Table 1
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 6
	Ref 7
	Ref 8
	Ref 9
	Ref 10
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 6
	Ref 7



