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Abstract 1 
 2 
While exposure to irritant and sprayed cleaning products at home is known to have a harmful 3 
role in asthma, the potential health effect of other categories or forms has not been investigated. 4 
 5 
We studied the associations of household use of cleaning products, including green, home-made 6 
products and disinfecting wipes, with asthma based on data from the large French population-7 
based Constances cohort. 8 
 9 
Participants completed standardized questionnaires on respiratory health and household use of 10 
cleaning products. Cross-sectional associations of cleaning products with current asthma, 11 
adjusted for gender, age, smoking status, BMI and educational level, were evaluated by logistic 12 
regressions.  13 
 14 
Analyses were conducted in 41,570 participants (mean age: 47 years, 56% women, weekly use 15 
of the six specific products/forms studied varied from 11% to 37%). Weekly use of irritants 16 
(OR=1.23[1.13-1.35]), scented (OR=1.15[1.06-1.26]), green (OR=1.09[1.00-1.20]) and home-17 
made products (OR=1.19[1.06-1.34]), as well as sprays (OR=1.18[1.08-1.29]), disinfecting 18 
wipes (OR=1.21[1.09-1.34]) were significantly associated with asthma, with significant trends 19 
according to the frequency of use. When they were not co-used with irritants/sprays, 20 
associations were reduced and persisted only for disinfecting wipes.  21 
 22 
Weekly use of disinfecting wipes at home was associated with current asthma, but fewer risks 23 
were observed for the use of green and home-made products. 24 
 25 
 26 
 27 
 28 
 29 
Keywords: Asthma; Household cleaning; Disinfecting wipes; Green products; Home-made 30 
cleaning products; Irritants 31 
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Practical implications:  
 
• Green and home-made products or disinfecting wipes, are increasingly attracting the 

interest of consumers, at the expense of conventional products, but their respiratory health 
risks have not been investigated.  

• Weekly use of disinfecting wipes at home was associated with asthma, similarly to irritants 
and sprays, in this study of 41,570 French adults from the CONSTANCES cohort. 

• These associations persisted only for disinfecting wipes and were no longer observed for 
green and home-made products, when considering the co-use of irritants and sprayed 
products at home.  

• Our results suggest that using green and home-made products may induce fewer risk for 
respiratory health than using conventional ones. 
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1. Introduction 1 

 2 

Cleaning products are widely used, at home and in the workplace, and contribute significantly 3 

to chemical exposure in the indoor environment 1,2. These products consist of a complex and 4 

diverse mixture of ingredients, with various physical and chemical properties, which can have 5 

irritant or sensitizing effects 1,3–7. Evidence of the harmful role of these products on respiratory 6 

health, especially on asthma, comes largely from epidemiological studies carried out in 7 

populations highly exposed at work 3,8. Over the past fifteen years, a growing number of studies 8 

have investigated the effects of indoor exposure to household cleaning products and similar 9 

results have been observed. Most studies so far have considered the potential impact of the 10 

personal use of cleaning products containing irritant agents 9–13 or applied in a spray form 9,11,13–11 
18. Personal use of these two categories of cleaning products at home has been shown to be 12 

associated with the development 13,18, clinical expression 10–12,14,16 and poor control of asthma 13 
9,16. The clinical expression of asthma was mainly studied though the evaluation of current 14 

asthma 10,12,14,16 and the asthma symptom score 11,12,14,16. Studies have suggested that risks for 15 

respiratory health could be even more important for women who are more involved in 16 

household tasks, and therefore also more exposed to cleaning products 19. In addition, the 17 

female lungs might be more susceptible to the harmful damages of environmental exposures 20. 18 

However, only few studies have assessed the associations between the use of cleaning products 19 

and asthma on mixed gender populations 13,18.   20 

A wide variety of cleaning products, in several application modes and for various uses, are 21 

available to consumers 2. More recently, “eco-friendly” certified cleaning products are 22 

increasingly attracting the interest of consumers, manufacturers and distributors. However, 23 

although the formulations of these products are considered to be less harmful, especially for the 24 

environment, their potential health effects have not been studied for household use 6,8,21. An 25 

occupational study investigated for the first time the health effects of environmentally 26 

preferable products and did not show increased respiratory symptoms associated with this 27 

exposure, in contrast to exposure to traditional products 22. More recently, an experimental 28 

study found that green products used during bathroom cleaning generated less total volatile 29 

organic compounds than other conventional products 23. In addition, an interventional study 30 

showed a significant decrease in air concentrations of multiples volatile organic compounds 31 

when using green products, instead of using conventional ones 24. While an increasing number 32 

of people are making their own products for home cleaning, e.g. from white vinegar 25, baking 33 

soda, soap and sometimes essential oils, their health consequences have not yet been assessed. 34 
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Exposure to cleaning products depends on both the physico-chemical characteristics of the 35 

product and  its application mode 1,6,21,26. Spray formulations increase the risk of inhalation and 36 

facilitates the penetration of sprayed particles into the lower respiratory tract 19,27,28. Respiratory 37 

health risks associated with spraying application mode have been well-established and studies 38 

found consistent associations with asthma both at home 9,14,16,18 and at work 29–33. While a 39 

German study showed an association between a high level use of disinfectants at home, 40 

regardless of application mode, and a risk of incident asthma in young adults 13, no study has 41 

investigated the potential impact of applying disinfectants in wipes form. Because ready-to-use 42 

wipes consist of towels saturated with diluted disinfectant and other chemical products 34, with 43 

both irritant and sensitizing properties 3, they may contain much more products compared to a 44 

product applied with a cloth and then wiped.  45 

Thus, despite the accumulation of evidence on the adverse effects of the household use of 46 

cleaning products on asthma, evidence is lacking for some products including green and home-47 

made products, and for some application modes, such as wipes, which are all increasingly used 48 

but their impact has never been studied to date in epidemiological surveys. We aimed to 49 

investigate the associations between household use of six large categories of cleaning products, 50 

current asthma and the asthma symptom score among French adults from the CONSTANCES 51 

cohort, after considering potential co-exposures at home to irritants and sprays for which 52 

respiratory health effects have been shown. We hypothesized that applying disinfectants in a 53 

wipe form would have adverse effect on respiratory health and using green and home-made 54 

products would have less adverse effect on respiratory health, compared to conventional 55 

products.56 
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2. Methods 57 

 58 

2.1. Population  59 

 60 

The CONSTANCES study is a French prospective and generalist epidemiological cohort 61 

initiated in 2012, which focuses on occupational, behavioral and social factors related to chronic 62 

diseases and aging 35. The study enrolled 214,816 adults, aged between 18 and 69 years at 63 

inclusion, randomly selected among the insured subjects of the general social security scheme 64 

of 21 departments of metropolitan France. Information on respiratory health, including asthma, 65 

was collected by self-administered standardized questionnaires at inclusion. Follow-up 66 

questionnaires are sent every year. Household exposure to cleaning products was estimated 67 

during the follow-up in 2019, by a standardized questionnaire. 68 

As respiratory health and household exposures were evaluated at different time-points, we 69 

only included participants who completed the baseline (including respiratory health) and 2019 70 

(including household exposures) questionnaires within a timeframe of two years or less. Thus, 71 

the analyses focused on participants included in the cohort in 2017 and 2018 with available data 72 

on household exposure in 2019. In our study, we assume no major change in household cleaning 73 

habits in two years.  74 

 75 

2.2. Current asthma and the asthma symptom score  76 

 77 

Participants who answered positively to the question “Have you ever had asthma?” were 78 

considered as “ever asthma”, and otherwise as “never asthma”. Among participants with “ever 79 

asthma”, those who reported asthma symptoms (wheezing, woken up by a feeling of chest 80 

tightness or an attack of shortness of breath, attack of shortness of breath at rest or after 81 

exercise), asthma attacks or asthma treatment in the past 12 months were classified as “current 82 

asthma” 10,12,14,16. Participants with remission asthma were excluded from these analyses 83 

(Figure 1). 84 

The asthma symptom score was calculated as described in the literature 36,37, regardless of 85 

asthma status. It corresponds to the number of asthma symptoms out of five reported in the 86 

standardized questionnaire in the past 12 months (wheezing with shortness of breath, woken up 87 

by a feeling of chest tightness or an attack of shortness of breath, attack of shortness of breath 88 

at rest or after exercise). It was studied as a continuous variable (0 to 5).  89 

 90 
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2.3. Household use of cleaning products  91 

 92 

The household exposure questionnaire evaluated the participants’ weekly use of various 93 

products at home in the past 12 months. We studied household exposure to six large categories 94 

including four type of compounds: irritants (maximum frequency reported for bleach, ammonia, 95 

acids and solvents), scented products (maximum frequency reported for scented cleaning 96 

products, home fragrances, scented candles, electric or spray air freshener), green products and 97 

home-made products, and two application modes: sprays (maximum frequency reported for 98 

furniture, glass, floor, bath, oven, ironing, air freshener, insecticide, or other use) and 99 

disinfecting wipes. 100 

The frequency of use of home cleaning products was reported according to four categories: 101 

never, less than one day a week, 1-3 days a week or 4-7 days a week. In the analyses, “never” 102 

and “less than one day a week” were grouped together to define the “unexposed” group, as it is 103 

commonly done 10–12,14,16,18. For a given cleaning product, participants classified as 104 

“unexposed” but who are weekly exposed to one of the others five large categories studied were 105 

excluded from the analyses. Thus, the reference group (not weekly exposed to any of the six 106 

large categories) was the same for all analyses, as previously done 9,38. Frequency of use was 107 

studied as a variable in three classes (reference, 1-3 days a week, 4-7 days a week) in the main 108 

analyses and as a binary variable (reference, ≥1 day a week) in stratified analyses. 109 

The number of cleaning products used was calculated for irritants, sprays and scented products 110 

(composite variables). The number of irritants used per week was assessed in three classes 111 

(reference, 1 irritant per week, ≥2 irritants per week). The number of sprays and the number of 112 

scented products were defined in four classes (reference, 1 product per week, 2 products per 113 

week, ≥3 products per week).   114 

 115 

2.4. Statistical analysis  116 

 117 

Associations between household exposure to cleaning products, current asthma and the 118 

asthma symptom score were evaluated by logistic and negative binomial regression models, 119 

respectively. All analyses were adjusted for gender, age (continuous), smoking status (never 120 

smoker, ex-smoker, current smoker), Body Mass Index (BMI; <24.9, 25-29.9, >30 kg/m2) and 121 

educational level (<high school diploma, high school to 1-level university, 2-level university to 122 

4-level university, ≥5-level university). As associations of household exposure to irritants 9–13 123 

and sprays 9,14,16,18 with asthma were previously observed in the literature, we conducted a 124 
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sensitivity analysis to examine whether the potential associations observed for newly-studied 125 

products (scented products, disinfecting wipes, green and home-made products) reflect the co-126 

exposure to irritants and/or sprays. For this analysis, we defined a three-class variable 127 

(reference, exposed to a given product without being co-exposed to irritants and sprays, co-128 

exposed to irritants and/or sprays for a given product). In order to examine whether the six large 129 

categories have an influence on the age of onset of asthma, we also studied the associations 130 

between household exposure to cleaning products and the age of the onset of asthma (never 131 

asthma, current asthma developed before 18 years, current asthma developed after 18 years) by 132 

multinomial logistic regression models. In addition, analyses were stratified by sex, smoking 133 

status, educational level and by household help (binary variable (yes/no) according to the 134 

answer to the question “Are you getting help to do home cleaning, e.g., husband, household 135 

employee, family members, friends,…?”) to evaluate the robustness of the results. Finally, we 136 

performed another sensitivity analysis to consider occupational exposures to cleaning products, 137 

which could be much more important than household exposures. Therefore, we repeated the 138 

main analyses after exclusion of participants professionally exposed to cleaning products over 139 

the last two years, estimated after a preliminary application of the OAsJEM (Occupational 140 

Asthma specific Job-Exposure Matrix 39) for jobs exposed to “high level chemicals 141 

disinfectants”, “indoor cleaning” or “bleach” (49 job codes). A full transcoding (international 142 

job codes to French job codes) of the OAsJEM by experts is still in progress for future finale 143 

application in CONSTANCES.  144 

The analyses were performed using the statistical analysis software SAS version 9.4 (SAS 145 

Institute, Cary, NC, USA).  146 
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3. Results  147 

 148 

Among the 68,168 participants included in the CONSTANCES cohort in 2017 and 2018, 149 

47,643 had household exposure data available in 2019. Participants with missing data on 150 

smoking status (n=1,443), BMI (n=1,332) or both on ever asthma status and asthma symptom 151 

score (n=98) were excluded. Therefore, our study population consisted of 44,770 participants 152 

(Figure 1). Participants non-included in 2017 or 2018, slightly differed from those included in 153 

the present study: they were older, more often men and with a lower educational level, with less 154 

current asthma and symptoms (Supplemental material, Table S1). Participants who did not 155 

complete questionnaire for household exposure differed from the studied population: they were 156 

younger, more often men, current smokers, obese, with a lower educational level, with more 157 

current asthma and symptoms. The analyses related to current asthma were carried out on 158 

41,570 participants without missing data on asthma status, including 4,144 with current asthma. 159 

Analyses related to the asthma symptom score were conducted in 43,503 participants without 160 

missing data on this outcome. 161 

 162 

Participants were 46.8 years old on average (Table 1), 56% were women, 34% were ex-smokers 163 

and 15% were current smokers, 30% were overweight (BMI > 25 kg/m2) and 28% had a high 164 

educational level (≥5-level university). Regarding exposures to cleaning products, weekly use 165 

of the six specific products/forms studied varied from 11% to 37% and 27% of participants 166 

reported no weekly use at home. Around 50% reported having help to do home cleaning and 167 

8% had a potential occupational exposure to cleaning products. Among participants not weekly 168 

exposed to cleaning products at home, 4% reported never using any of the six categories of 169 

cleaning products studied, whereas 96% used at least of one these products less than one day 170 

per week (Supplemental material, Table S2). Participants with current asthma were more often 171 

women, younger and current smokers, had a higher BMI and educational level, and were more 172 

exposed to cleaning products than participants without asthma (Table 1). These characteristics 173 

were also described according to the asthma symptom score (Supplemental material, Table S3). 174 

 175 

3.1. Household use of cleaning products and asthma  176 

 177 

Weekly use of cleaning products was significantly associated with current asthma, regardless 178 

of the categories of products used (Table 2). Indeed, we observed a significant dose-response 179 

association between the frequency of use of irritants, sprays, scented products, disinfecting 180 
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wipes, green products, home-made products and current asthma, before and after adjustment 181 

for potential confounders. A dose-response association was also observed for the number of 182 

irritants, sprays, scented products used and current asthma (Supplemental material, Figure S1).  183 

Theses associations were slightly stronger for participants with an adult onset asthma, 184 

especially for disinfecting wipes, compared to participants with asthma onset in childhood 185 

(Supplementary material, Figure S2). The associations between weekly use of cleaning 186 

products, studied in two classes, and current asthma were of similar magnitude after 187 

stratification by gender, smoking status, educational level and household help, without 188 

statistically significant interactions (Supplementary material, Table S4). In addition, after 189 

exclusion of participants with potential occupational exposure in the last two years (n = 2,699), 190 

the same associations remained significant (Supplementary material, Table S5). 191 

 192 

Regarding the asthma symptom score, we observed a consistent dose-response association 193 

with the frequency of use of the six large categories of cleaning products (Figure 2). A dose-194 

response association was also observed for the number of irritants (1 irritant: 1.19 [1.13-1.26]; 195 

≥2 irritants: 1.27 [1.19-1.37]), sprays (1 spray: 1.17 [1.11-1.24]; 2 sprays: 1.22 [1.14-1.31]; ≥3 196 

sprays: 1.27 [1.19-1.36]) and scented products used (1 perfume: 1.16 [1.09-1.22]; 2 perfumes: 197 

1.30 [1.21-1.40]; ≥3 perfumes: 1.55 [1.42-1.69]). The associations appeared slightly stronger 198 

than those previously noticed for current asthma. These results persisted after stratification by 199 

several factors (gender, smoking status, educational level, household help and the asthma 200 

status) and after exclusion of participants with potential occupational exposure in the last two 201 

years (results not shown). 202 

 203 

3.2.  Co-exposure to irritants and sprays  204 

 205 

The associations between a given cleaning product (disinfecting wipes, scented, green and 206 

home-made products) used without irritants and sprays and current asthma were generally 207 

weaker and not significant, compared to the co-use of these two products (Table 3), except for 208 

disinfecting wipes which showed a significant association with current asthma whether used 209 

alone (OR=1.16 [1.00-1.36]) or together with irritants or sprays (OR=1.21 [1.09-1.35]). 210 

Furthermore, associations between these four cleaning products used at the highest frequency 211 

(4-7 days a week), without co-exposure to irritants/sprays and current asthma remained not 212 

significant (Supplementary material, Table S6).  213 

 214 
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Regarding the asthma symptom score, when the co-exposure was considered, the associations 215 

for disinfecting wipes and scented products used without irritants or sprays were weaker, but 216 

still significant (Figure 3). However, for the use of green and home-made products, the 217 

associations were weaker and no longer significant.  218 
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4. Discussion  219 

 220 

In this cross-sectional analysis of data from the CONSTANCES cohort, consistent significant 221 

associations were found between weekly use of six large categories of cleaning products, both 222 

for current asthma and the asthma symptom score, with a dose-response trend according to 223 

frequency of use. Moreover, we found a dose-response association with the number of irritants, 224 

sprays and scented products used. After considering the co-exposure to irritants or sprayed 225 

products at home, well-established risk factors for asthma, significant associations persisted for 226 

disinfecting wipes for both outcomes, whereas no association were observed for green and 227 

home-made products. 228 

 229 

Our findings are consistent with previous epidemiological studies on household exposure to 230 

irritants, sprays and asthma. As in our study, a dose-response association was recently observed 231 

between the frequency, the number of irritants used and current asthma in a large cohort of 232 

elderly French women (Étude Épidémiologique de l’Éducation Nationale – E3N) 10. Regarding 233 

sprays, our results are consistent with those of ECRHS, the first study focusing on this issue 18, 234 

in which a dose-response association between the frequency of use of sprays and new-onset 235 

asthma was identified. Regarding gender, borderline significant associations were observed 236 

among men in ECRHS 18. Given that we reported significant associations of the same 237 

magnitude in both men and women, their finding can probably be explained by the smaller 238 

number of men using at least two sprays per week. As in our study, in another French cohort 239 

(Epidemiological study on the Genetics and Environment of Asthma – EGEA), weekly use of 240 

at least two sprays was associated with current asthma and a high asthma symptom score (at 241 

least two symptoms of asthma) 16. Furthermore, current asthma was associated with the weekly 242 

use of only one spray. Also in E3N, weekly use of at least one spray was significantly associated 243 

with current asthma only among women without household help 14, while in CONSTANCES 244 

we found significant associations for both participants with and without household help. Since 245 

the E3N cohort consists exclusively of elderly women, the help they benefit from is likely 246 

provided by a household employee, so that they are likely to do less home cleaning themselves. 247 

In the CONSTANCES cohort, as participants are younger, the household help could correspond 248 

to a family member as well as a household employee, which the questionnaire does not allow 249 

to determine. Our results for sprayed products add additional evidence on the negative impact 250 

of this application mode on respiratory health. However, the sale of products in this form has 251 

increased over the last decades and is still at high level 18,40. 252 
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 253 

To our knowledge, this is one of the first epidemiological studies testing the associations 254 

between the household use of scented products and asthma and the first examining disinfecting 255 

wipes, green, home-made products. For scented products, we first observed a dose-response 256 

association between their frequency of use, current asthma and the asthma symptom score. 257 

After considering co-exposures, the association with current asthma was no longer observed 258 

but the one with the asthma symptom score persisted. Our results are consistent with those of 259 

Lemire et al. in E3N 10 who found that weekly use of scented products identified using two 260 

exposure assessment methods (self-questionnaire and a smartphone application linked to a 261 

product compounds database) was significantly associated with at least one symptom of asthma. 262 

Our results also suggest a deleterious effect of disinfecting wipes on asthma since we found a 263 

dose-response association between the frequency of use of this product, current asthma and the 264 

asthma symptom score. Moreover, this association is robust because it persisted in most 265 

sensitivity analyses. For green products, our results are consistent with those of Garza et al. 22 266 

as we found less evidence for an association with asthma. Indeed, the associations observed 267 

were lower than for other products and were no longer present after considering co-exposures, 268 

nor among never smokers. Thus, in addition of being safer for the environment 8, green products 269 

may be the category of cleaning products to be less harmful for respiratory health, compared to 270 

the other products studied. For home-made products, the strength of the association with asthma 271 

was close to those found in conventional products but this association disappeared after 272 

considering co-exposures.  273 

 274 

The underlying mechanisms involved in the respiratory effects of cleaning products are still 275 

poorly understood 27,41. The assumptions are that cleaning products can have two different 276 

effects: some will have an irritating effect and others a sensitizing effect on the respiratory tract 277 
4,5,7. However, some products may induce both effects, depending on whether exposure occurs 278 

at a low or high concentration, as suspected for quaternary ammonium compounds, for example 279 
1,4,27. Furthermore, products applied in a spray form contain perfumes and may therefore have 280 

a sensitizing effect and induce asthma through allergic mechanisms 42,43. In the scientific 281 

literature, associations of the same magnitude for allergic and non-allergic asthma were once 282 

reported with the use of sprays 16. In addition, another study reported strong association between 283 

weekly use of at least one spray and current asthma among women without allergic rhinitis, 284 

whereas no association was shown among women with allergic rhinitis 14. The other cleaning 285 

products may rather operate by an irritating mechanism and would be more associated with 286 
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non-allergic asthma as previously shown 12. The inhalation of irritating compounds may cause 287 

epithelial damage, increase lung permeability and oxidative stress 4,7,8,42,44.  288 

 289 

The main strength of our study is that it is based on data from the large CONSTANCES cohort, 290 

which allowed us to assess the effect of cleaning products in a large number of participants, 291 

randomly selected among the general French population, and thus limits potential problems of 292 

statistical power. Moreover, these data also allowed us to perform analyses on a mixed gender 293 

population, with a wide range of age, whereas most epidemiological studies were only able to 294 

study the impact of the household use of cleaning products on asthma among women 9,10,12,14,16. 295 

Secondly, we took into account the co-use of products for which associations with the 296 

respiratory health were previously shown, including irritants 9–13 and sprays 9,14,16,18. Another 297 

strength of our study is the use of the asthma symptom score, which is an alternative method 298 

recommended to assess asthma risk factors with greater statistical power 36,37. By using this 299 

definition, we showed more significant associations than with the traditional dichotomous 300 

definition. Lastly, the results persisted after performing several sensitivity analyses, which 301 

underlines their robustness. In addition, results for childhood and adult onset asthma are 302 

consistent with other epidemiological studies in occupational context suggesting that the use of 303 

cleaning products can induce asthma incidence but also exacerbate a pre-existing asthma 21. 304 

 305 

Our study also has some limitations. First, household exposure to cleaning products was only 306 

assessed by questionnaire, thus relying on participant statement, which could induce differential 307 

and non-differential misclassification biases. Eight epidemiological studies have discussed this 308 

type of bias, some of them estimated household exposure to cleaning products by different 309 

methods (Principal Component Analysis – PCA 14,16, composite score 14, scanning cleaning 310 

products barcodes by a smartphone application linked to a product compounds database 11, ...) 311 

and observed similar results for irritants and sprays to those obtained by crude questionnaire-312 

based assessments. In addition, it was recently highlighted that almost all cleaning products 313 

contain perfumes 11. It is then possible that, when assessing exposure to scented products by 314 

questionnaire, participants may not be aware that some contain perfumes and may 315 

underestimate their exposure. In general, it would be important to develop more objective 316 

methods to estimate household exposure to cleaning products. A recently developed 317 

smartphone application 11 may allow to identify the chemical compounds specifically causing 318 

the health effect to better understand the mechanisms by which they can induce or exacerbate 319 

asthma. Secondly, the use of green and home-made cleaning products could be influenced by 320 
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participants’ lifestyle and socio-economic level. Indeed, participants with a healthier lifestyle 321 

may perceive such products to cause the least adverse effects on the environment and the health 322 

and rather use them than conventional ones. In addition, these products can be less affordable 323 

than conventional ones. However, to consider this possibility, associations were adjusted on 324 

major lifestyle risk factors known for asthma. Finally, because of the cross-sectional design of 325 

our study and the assessment of respiratory health and household exposures 2 years apart, we 326 

were not able to consider the temporal relationship between the use of cleaning products and 327 

asthma. A possible reverse causation phenomenon, i.e. participants with current asthma using 328 

more frequently cleaning products at home than non-asthmatic participants in order to eliminate 329 

dust or molds which may cause symptoms, might partly explain our results. However, 330 

significant associations were observed for sprays and irritants, but not for green and home-made 331 

products when used alone, and it seems unlikely that participants with current asthma use 332 

specifically more irritants and sprays than green and home-made products. In addition, our 333 

results are consistent with literature in occupational settings 45,46 where workers do not choose 334 

the frequency of cleaning tasks, and with associations observed between household use of 335 

sprays or disinfectants and new-onset asthma in longitudinal studies 13,18. Therefore, a reverse 336 

causation phenomenon is unlikely to explain associations assessed in our manuscript. 337 

 338 

5. Conclusions 339 

 340 

In conclusion, household use of cleaning products with various application modes, was 341 

associated with asthma among French adults. Based on our results, it seems less harmful to use 342 

liquid products than sprays or ready-to-use disinfecting wipes and to use green products than 343 

conventional ones. Further research is needed on this issue, in particular to clarify the impact 344 

of green and home-made products on respiratory health. This will eventually allow the 345 

development of preventive measures targeting the use of certain products with the final goal to 346 

reduce the world’s asthma-related morbidity. 347 



 16 

Acknowledgements  1 

 2 

The authors thank the “Caisse nationale d’assurance maladie des travailleurs salariés” 3 

(CNAMTS), the “Centres d’examens de santé” of the French Social Security where cohort 4 

participants were included and the CONSTANCES respiratory group. 5 

 6 

Conflict of interest  7 

 8 

The authors declare that they have no known competing financial interests or personal 9 

relationships that could have appeared to influence the work reported in this paper. 10 

 11 

Author contribution 12 

 13 

E.P.D.S contributed to the analysis and interpretation of the data, and primary manuscript 14 

preparation. M.G., C.R. and M.Z. contributed to acquisition and interpretation of the data and 15 

critical revision of the manuscript. G.S, B.L., R.N., N.R., R.V. were involved in the data 16 

interpretation and critical revision of the manuscript. N.L.M. and O.D. developed the study 17 

hypotheses, and contributed to data interpretation, primary manuscript preparation and critical 18 

revision of the manuscript. All authors approved the final version of the manuscript. All authors 19 

have read and agreed to the published version of the manuscript. 20 

 21 

Data availability 22 

 23 

Data were obtained from the CONSTANCES group. It can be provided upon reasonable 24 

request after approval by the CONSTANCES scientific committee.  25 

The CONSTANCES cohort received ethical approval from the French National Data Protection 26 

Authority (authorisation no. 910486) and the Institutional Review Board of the National 27 

Institute for Medical Research (authorisation no.01-011). All participants gave informed 28 

consent to participate.  29 

The participants provided their written consent to participate in this study. 30 

 31 

Funding sources  32 



 17 

 33 

The CONSTANCES Cohort Study was funded by the Caisse nationale d’assurance maladie des 34 

travailleurs salariés (CNAMTS), and benefits from a grant from the French Commissariat 35 

général à l’investissement (ANR-11-INBS-0002). CONSTANCES also receives funding from 36 

MSD, AstraZeneca, Lundbeck and l’Oréal managed by INSERM-Transfert. Emilie PACHECO 37 

DA SILVA’s internship was funded by the DIM Qi2 Île-de-France and she has benefited from 38 

a PhD scholarship by the University of Paris-Saclay, France.  39 



 18 

References  
 
1.  Quirce S, Barranco P. Cleaning agents and asthma. J Investig Allergol Clin Immunol. 

2010;20(7):542-550; quiz 2p following 550. 
2.  Dumas O, Le Moual N. Damaging effects of household cleaning products on the lungs. 

Expert Review of Respiratory Medicine. 2020;14(1):1-4. 
doi:10.1080/17476348.2020.1689123 

3.  Dumas O, Le Moual N. Do chronic workplace irritant exposures cause asthma? Current 
Opinion in Allergy and Clinical Immunology. 2016;16(2):75-85. 
doi:10.1097/ACI.0000000000000247 

4.  Folletti I, Siracusa A, Paolocci G. Update on asthma and cleaning agents. Current Opinion 
in Allergy and Clinical Immunology. 2017;17(2):90-95. 
doi:10.1097/ACI.0000000000000349 

5.  Le Moual N, Jacquemin B, Varraso R, Dumas O, Kauffmann F, Nadif R. Environment and 
asthma in adults. La Presse Médicale. 2013;42(9, Part 2):e317-e333. 
doi:10.1016/j.lpm.2013.06.010 

6.  Quinn MM, Henneberger PK, Braun B, et al. Cleaning and disinfecting environmental 
surfaces in health care: Toward an integrated framework for infection and occupational 
illness prevention. American Journal of Infection Control. 2015;43(5):424-434. 
doi:10.1016/j.ajic.2015.01.029 

7.  Vandenplas O, Wiszniewska M, Raulf M, et al. EAACI position paper: irritant-induced 
asthma. Allergy. 2014;69(9):1141-1153. doi:10.1111/all.12448 

8.  Siracusa A, Blay FD, 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. doi:10.1111/all.12279 

9.  Dumas O, Bédard A, Marbac M, et al. Household cleaning and poor asthma control among 
elderly women. The Journal of Allergy and Clinical Immunology: In Practice. 
2021;9(6):2358-2365.e4. doi:10.1016/j.jaip.2021.02.022 

10.  Lemire P, Dumas O, Chanoine S, et al. Domestic exposure to irritant cleaning agents and 
asthma in women. Environment International. 2020;144:106017. 
doi:10.1016/j.envint.2020.106017 

11.  Lemire P, Temam S, Lyon-Caen S, et al. Comparison of a Barcode-Based Smartphone 
Application to a Questionnaire to Assess the Use of Cleaning Products at Home and Their 
Association with Asthma Symptoms. International Journal of Environmental Research 
and Public Health. 2021;18(7):3366. doi:10.3390/ijerph18073366 

12.  Matulonga B, Rava M, Siroux V, et al. Women using bleach for home cleaning are at 
increased risk of non-allergic asthma. Respiratory Medicine. 2016;117:264-271. 
doi:10.1016/j.rmed.2016.06.019 

13.  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. doi:10.1136/oemed-2016-104086 

14.  Bédard A, Varraso R, Sanchez M, et al. Cleaning sprays, household help and asthma among 
elderly women. Respiratory Medicine. 2014;108(1):171-180. 
doi:10.1016/j.rmed.2013.10.018 

15.  Mehta AJ, Adam M, Schaffner E, et al. Heart Rate Variability in Association with Frequent 
Use of Household Sprays and Scented Products in SAPALDIA. Environ Health Perspect. 
2012;120(7):958-964. doi:10.1289/ehp.1104567 

16.  Le Moual N, Varraso R, Siroux V, et al. Domestic use of cleaning sprays and asthma 
activity in females. European Respiratory Journal. 2012;40(6):1381-1389. 
doi:10.1183/09031936.00197611 



 19 

17.  Svanes Ø, Bertelsen RJ, Lygre SHL, et al. Cleaning at Home and at Work in Relation to 
Lung Function Decline and Airway Obstruction. Am J Respir Crit Care Med. 
2018;197(9):1157-1163. doi:10.1164/rccm.201706-1311OC 

18.  Zock J-P, Plana E, Jarvis D, et al. The Use of Household Cleaning Sprays and Adult 
Asthma. Am J Respir Crit Care Med. 2007;176(8):735-741. doi:10.1164/rccm.200612-
1793OC 

19.  Leynaert B, Le Moual N, Neukirch C, Siroux V, Varraso R. Facteurs environnementaux 
favorisant le développement d’un asthme. Presse Medicale. 2019;48(3):262-273 
https://doi.org/10.1016/j.lpm.2019.02.022. 

20.  Townsend E, Miller V, Prakash YS. Sex Differences and Sex Steroids in Lung Health and 
Disease. Endocrine reviews. 2012;33:1-47. doi:10.1210/er.2010-0031 

21.  Tarlo SM, Lemiere C. Occupational Asthma. 
http://dx.doi.org.proxy.insermbiblio.inist.fr/10.1056/NEJMra1301758. 
doi:10.1056/NEJMra1301758 

22.  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. doi:10.1002/ajim.22484 

23.  Lindberg JE, Quinn MM, Gore RJ, et al. Assessment of home care aides’ respiratory 
exposure to total volatile organic compounds and chlorine during simulated bathroom 
cleaning: An experimental design with conventional and “green” products. Journal of 
Occupational and Environmental Hygiene. 2021;18(6):276-287. 
doi:10.1080/15459624.2021.1910280 

24.  Harley KG, Calderon L, Nolan JES, et al. Changes in Latina Women’s Exposure to 
Cleaning Chemicals Associated with Switching from Conventional to “Green” Household 
Cleaning Products: The LUCIR Intervention Study. Environmental Health Perspectives. 
129(9):097001. doi:10.1289/EHP8831 

25.  Benjamin M, Arnold S, Rao M, Davis K, Maier A, Virkutyte J. Ventilation and posture 
effects on inhalation exposures to volatile cleaning ingredients in a simulated domestic 
worker cleaning environment. Indoor Air. 2020;31. doi:10.1111/ina.12715 

26.  Shin HM, McKone TE, Bennett DH. Model framework for integrating multiple exposure 
pathways to chemicals in household cleaning products. Indoor Air. 2017;27(4):829-839. 
doi:10.1111/ina.12356 

27.  Clausen PA, Frederiksen M, Sejbæk CS, et al. Chemicals inhaled from spray cleaning and 
disinfection products and their respiratory effects. A comprehensive review. International 
Journal of Hygiene and Environmental Health. 2020;229:113592. 
doi:10.1016/j.ijheh.2020.113592 

28.  Lovén K, Isaxon C, Wierzbicka A, Gudmundsson A. Characterization of airborne particles 
from cleaning sprays and their corresponding respiratory deposition fractions. J Occup 
Environ Hyg. 2019;16(9):656-667. doi:10.1080/15459624.2019.1643466 

29.  Dumas O, Wiley AS, Quinot C, et al. Occupational exposure to disinfectants and asthma 
control in US nurses. European Respiratory Journal. 2017;50(4). 
doi:10.1183/13993003.00237-2017 

30.  Mirabelli MC, Zock J, Plana E, et al. Occupational risk factors for asthma among nurses 
and related healthcare professionals in an international study. Occup Environ Med. 
2007;64(7):474-479. doi:10.1136/oem.2006.031203 

31.  Zock J-P, Kogevinas M, Sunyer J, et al. Asthma risk, cleaning activities and use of specific 
cleaning products among Spanish indoor cleaners. Scandinavian Journal of Work, 
Environment & Health. 2001;27(1):76-81. doi:10.5271/sjweh.590 

32.  Archangelidi O, Sathiyajit S, Consonni D, Jarvis D, Matteis SD. Cleaning products and 
respiratory health outcomes in occupational cleaners: a systematic review and meta-



 20 

analysis. Occup Environ Med. Published online November 24, 2020. doi:10.1136/oemed-
2020-106776 

33.  Medina-Ramón M, Zock JP, Kogevinas M, et al. Asthma, chronic bronchitis, and exposure 
to irritant agents in occupational domestic cleaning: a nested case-control study. 
Occupational and Environmental Medicine. 2005;62(9):598-606. 
doi:10.1136/oem.2004.017640 

34.  Song X, Vossebein L, Zille A. Efficacy of disinfectant-impregnated wipes used for surface 
disinfection in hospitals: a review. Antimicrob Resist Infect Control. 2019;8:139. 
doi:10.1186/s13756-019-0595-2 

35.  Zins M, Goldberg M, CONSTANCES team. The French CONSTANCES population-
based cohort: design, inclusion and follow-up. Eur J Epidemiol. 2015;30(12):1317-1328. 
doi:10.1007/s10654-015-0096-4 

36.  Sunyer J, Pekkanen J, Garcia-Esteban R, et al. Asthma score: predictive ability and risk 
factors. Allergy. 2007;62(2):142-148. doi:https://doi.org/10.1111/j.1398-
9995.2006.01184.x 

37.  Pekkanen J, Sunyer J, Anto JM, Burney P. Operational definitions of asthma in studies on 
its aetiology. European Respiratory Journal. 2005;26(1):28-35. 
doi:10.1183/09031936.05.00120104 

38.  Zock J-P, Cavallé N, Kromhout H, et al. Evaluation of specific occupational asthma risks 
in a community-based study with special reference to single and multiple exposures. J Expo 
Anal Environ Epidemiol. 2004;14(5):397-403. doi:10.1038/sj.jea.7500337 

39.  Le Moual N, Zock JP, Dumas O, et al. Update of an occupational asthma-specific job 
exposure matrix to assess exposure to 30 specific agents. Occup Environ Med. 
2018;75(7):507-514. doi:10.1136/oemed-2017-104866 

40.  European Aerosol Federation. European Aerosol Federation. Published 2021. Accessed 
December 2, 2021. https://www.aerosol.org/ 

41.  2020 GINA Main Report. Global Initiative for Asthma - GINA. Accessed April 23, 2020. 
https://ginasthma.org/gina-reports/ 

42.  Maestrelli P, Boschetto P, Fabbri LM, Mapp CE. Mechanisms of occupational asthma. 
Journal of Allergy and Clinical Immunology. 2009;123(3):531-542. 
doi:10.1016/j.jaci.2009.01.057 

43.  Wolkoff P, Nielsen GD. Effects by inhalation of abundant fragrances in indoor air - An 
overview. Environ Int. 2017;101:96-107. doi:10.1016/j.envint.2017.01.013 

44.  Dumas O. Cleaners and airway diseases. Current Opinion in Allergy and Clinical 
Immunology. 2021;21(2):101-109. Publish Ahead of Print. 
doi:10.1097/ACI.0000000000000710 

45.  Dumas O, Siroux V, Luu F, et al. Cleaning and asthma characteristics in women. American 
Journal of Industrial Medicine. 2014;57(3):303-311. 
doi:https://doi.org/10.1002/ajim.22244 

46.  Le Moual N, Carsin AE, Siroux V, et al. Occupational exposures and uncontrolled adult-
onset asthma in the European Community Respiratory Health Survey II. European 
Respiratory Journal. 2014;43(2):374-386. doi:10.1183/09031936.00034913 

 
 
 



 21 

Table 1. Population characteristics according to current asthma status  

 All  
n = 41,570 

Never asthma 
n = 37,426 

Current asthma 
n = 4,144 p-value 

Gender, n (%) 
Male 
Female  

 
18,348 (44.1) 
23,222 (55.9) 

 
16,577 (44.3) 
20,849 (55.7) 

 
1,771 (42.7) 
2,373 (57.3) 

 
0.056 

Age (years), mean ± s.d 46.8 ± 13.2 47.1 ± 13.2 44.1 ± 13.2 < 0.0001 

Smoking status, n (%) 
Never smoker 
Ex-smoker  
Current smoker 

 
20,900 (50.3) 
14,258 (34.3) 
6,412 (15.4) 

 
18,924 (50.6) 
12,891 (34.4) 
5,611 (15.0) 

 
1,976 (47.7) 
1,367 (33.0) 
801 (19.3) 

 
< 0.0001 

BMI (Body Mass Index - kg/m2), n (%) 
< 24.9 
[25 – 29.9[  
≥ 30 

 
24,422 (58.7) 
12,345 (29.7) 
4,803 (11.6) 

 
22,196 (59.3) 
11,048 (29.5) 
4,182 (11.2) 

 
2,226 (53.7) 
1,297 (31.3) 
621 (15.0)  

 
< 0.0001 

Educational level, n (%) 
<high school diploma  
high school to 1-level university 
2-level university to 4-level university 
>5-level university 

 
8,142 (19.8) 
6,113 (14.9) 

15,398 (37.4) 
11,478 (27.9) 

 
7,413 (20.0) 
5,513 (14.9) 

13,836 (37.3) 
10,284 (27.8) 

 
729 (17.8) 
600 (14.7) 

1,562 (38.3) 
1,194 (29.2) 

 
0.0061 

Asthma symptom score, n (%) 
0 symptom 
1 symptom 
≥2 symptoms  

 
28,060 (69.5) 
7,736 (19.2) 
4,567 (11.3) 

 
27,437 (75.4) 
6,322 (17.4) 
2,645 (7.2) 

 
623 (15.7) 

1,411 (35.7) 
1,922 (48.6) 

 
< 0.0001 

Weekly use of cleaning products, n (%) 
<1 day/week 
≥1 day/week 

 
10,760 (26.8) 
29,464 (73.2) 

 
9,790 (27.1) 

26,398 (72.9) 

 
970 (24.0) 

3,066 (76.0) 

 
< 0.0001 

Household help, n (%) 21,000 (51.2) 18,868 (51.1) 2,132 (52.1) < 0.0001 
Potential occupational exposure*, n (%) 2,699 (8.1) 2,394 (8.1) 305 (9.0) 0.0524 

Results presented in bold are significant 
*to cleaning products according to a preliminary transcoding for applying the OAsJEM (Occupational Asthma specific Job-Exposure Matrix 39) to 49 job codes in CONSTANCES. 
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Table 2. Associations between the frequency of use of household cleaning products and current asthma 

 All  
n = 41,570 

Never asthma 
n = 37,426 

Current asthma 
n = 4,144 

Crude OR 

[95% CI] 
Adjusted ORa 

[95% CI] p trend 

Not weekly exposed to any of the six large categories (ref) n=10,760  n=9,790  n=970 1.00 1.00  

Irritants 
      1-3 days/week  
      4-7 days/week 

 
n=11,670 
n=2,172  

 
 47.0% 
8.7% 

 
51.5% 
9.7% 

 
1.25 [1.15-1.37] 
1.27 [1.10-1.47] 

 
1.22 [1.11-1.34] 
1.30 [1.11-1.52] 

 
< 0.0001 

 
Sprays 
      1-3 days/week 
      4-7 days/week 

 
n=11,304  
n=4,005   

 
43.2% 
14.9% 

 
44.6% 
19.1% 

 
1.19 [1.09-1.30] 
1.47 [1.31-1.65] 

 
1.13 [1.02-1.24] 
1.37 [1.22-1.55] 

 
< 0.0001 

Scented products 
      1-3 days/week 
      4-7 days/week 

 
n=9,628  
n=4,847   

 
37.9% 
18.9% 

 
40.6% 
21.7% 

 
1.23 [1.12-1.35] 
1.32 [1.18-1.47] 

 
1.14 [1.03-1.25] 
1.19 [1.06-1.33] 

 
0.0018 

 
Disinfecting wipes 
      1-3 days/week 
      4-7 days/week 

 
n=6,442  
n=1,896  

 
33.3% 
9.6% 

 
37.9% 
12.7% 

 
1.32 [1.19-1.46] 
1.52 [1.31-1.76] 

 
1.18 [1.06-1.31] 
1.32 [1.13-1.55] 

 
< 0.0001 

Green products 
      1-3 days/week 

 4-7 days/week 

 
n=10,039 
n=2,939 

 
42.2% 
12.2%  

 
43.4% 
14.0% 

 
1.10 [1.00-1.21] 
1.22 [1.07-1.40] 

 
1.07 [0.97-1.18] 
1.18 [1.03-1.36] 

 
0.0182  

Home-made products 
      1-3 days/week 
      4-7 days/week 

 
n=3,429  
n=1,303  

 
21.8% 
8.2% 

 
24.9% 
10.6% 

 
1.24 [1.09-1.41] 
1.41 [1.18-1.69] 

 
1.15 [1.01-1.31] 
1.31 [1.08-1.58] 

 
0.0017 

a Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between the frequency of use of household cleaning products and current asthma, 
obtained by logistic regression models; results presented in bold are significant  
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Table 3. Associations between weekly use of cleaning products and current asthma according to the co-use of irritants and sprays at home 

Adjusted ORa [95% CI] Scented products Disinfecting wipes Green products Home-made products  
Not weekly exposed to any of the six large categories (ref) 1.00 1.00 1.00 1.00 

Weekly exposed any of the six large categories 1.15 [1.06-1.26] 1.21 [1.09-1.34] 1.09 [1.00-1.20] 1.19 [1.06-1.34] 
Co-exposure to risks previously identifiedb (irritants or sprays):     
Not co-exposed  0.97 [0.85-1.10] 1.16 [1.00-1.36] 0.94 [0.83-1.07] 0.99 [0.83-1.19] 
Co-exposed 1.23 [1.12-1.35] 1.21 [1.09-1.35] 1.16 [1.05-1.29] 1.30 [1.14-1.49] 

a Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between weekly use of cleaning products and current asthma according to the 
co-use of irritants and sprays at home, obtained by logistic regression models; results presented in bold are significant  
b exposure to irritants 9–13 and sprayed 14,16,18 cleaning products were associated to asthma in the literature 
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Figure 1. Flowchart of the study population  

Missing data for household exposure: n = 20,525 
 

Participants with household exposure data 
n = 47,643 

Missing data for:  
- Smoking status: n = 1,443 
- BMI: n = 1,332 
- Ever asthma status and asthma symptom score: n = 98 

 

Never asthma 
n = 37,426 

Ever asthma 
n = 6,081 

Current asthma 
n = 4,144 

Ever asthma but no 
current symptoms 

n = 1,937 

Participants included in 2017 and 2018 with respiratory health data 
n = 68,168 

Study population 
n = 44,770 

Participants with asthma symptom 
score data  
n = 43,503 

Participants with asthma status data 
n = 43,507 

Missing data for asthma symptom 
score : n = 1,267 

Missing data for asthma status: 
n = 1,263 

n = 41,570 
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Figure 2. Associations between the frequency of use of cleaning products and the asthma symptom score 
Mean Score Ratio (MSR) adjusted for gender, age, smoking status, BMI and educational level of associations between the frequency of use of cleaning products and the asthma symptom 
score, obtained by negative binomial regression model 
 

 All  
n = 43,503 

 Adjusted MSRa [95% CI] 

Not weekly exposed to any of the six large categories (ref) 11,324  1.00  
Irritants 
      1-3 days/week  
      4-7 days/week 

 
12,156 (47.3) 
2,229 (8.7) 

 
 

 
1.19 
1.36 

 
[1.13-1.25] 
[1.25-1.49] 

Sprays 
      1-3 days/week 
      4-7 days/week 

 
11,809 (43.3) 
4,167 (15.3) 

  
1.17 
1.34 

 
[1.11-1.23] 
[1.25-1.44] 

Scented products 
      1-3 days/week 
      4-7 days/week 

 
10,089 (38.1) 
5,054 (19.1) 

  
1.17 
1.37 

 
[1.11-1.23] 
[1.29-1.46] 

Disinfecting wipes 
      1-3 days/week 
      4-7 days/week 

 
6,765 (33.7) 
1,974 (9.8) 

  
1.18 
1.44 

 
[1.11-1.26] 
[1.32-1.58] 

Green products 
      1-3 days/week 

 4-7 days/week 

 
10,564 (42.4) 
3,052 (12.2) 

  
1.09 
1.23 

 
[1.03-1.15] 
[1.14-1.34] 

Home-made products 
      1-3 days/week 
      4-7 days/week 

 
3,581 (22.0) 
1,364 (8.4) 

  
1.16 
1.33 

 
[1.07-1.25] 
[1.19-1.48] 

0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7
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Figure 3. Associations between weekly use of cleaning products and the asthma symptom score, according to the co-use of irritants and sprays at home 
Mean Score Ratio (MSR) adjusted for gender, age, smoking status, BMI and educational level of associations between weekly use of cleaning products and the asthma symptom score, 
according to the co-use of irritants and sprays at home, obtained by negative binomial regression models 
 

 All  
n = 43,503 

 Adjusted MSRa [95% CI] 

Not weekly exposed to any of the six large categories (ref) 11,324  1.00  
Scented products 
      Not co-exposed 
      Co-exposed 

 
3,975 (15.0) 
11,172 (42.2) 

  
1.11 
1.29 

 
[1.03-1.19] 
[1.22-1.35] 

Disinfecting wipes 
 Not co-exposed 

      Co-exposed 

 
1,993 (9.9) 

6,749 (33.6) 

  
1.18 
1.25 

 
[1.08-1.30] 
[1.18-1.33] 

Green products 
       Not co-exposed 

    Co-exposed 

 
4,303 (17.2) 
9,314 (37.3) 

  
1.05 
1.15 

 
[0.97-1.12] 
[1.09-1.22] 

Home-made products 
       Not co-exposed 
       Co-exposed 

 
1,708 (10.5) 
3,237 (19.9) 

  
1.08 
1.27 

 
[0.98-1.20] 
[1.18-1.38] 

0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7
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Table S1. Description of the study population and those excluded from the analysis   

 
Study 

population 
(n = 44,770) 

Participants 
non-included in 
2017 or 2018 
(n = 69,915) 

p-value 

Missing data 
for household 

exposure  
(n = 20,525) 

p-value 

Gender, n (%) 
Male 
Female 

 
19,943 (44.5) 
24,827 (55.5) 

 
32,231 (46.1) 
37,684 (53.9) 

 
< 0.0001 

 
9,951 (48.5) 

10,574 (51.5) 

 
< 0.0001 

Age (years), mean ± s.d 46.7 (13.2) 49.5 (13.2) < 0.0001 44.2 (13.5) < 0.0001 
Smoking status, n (%) 

Never smoker 
Ex-smoker  
Current smoker 

 
22,554 (50.4) 
15,392 (34.4) 
6,824 (15.2) 

 
33,035 (49.1) 
24,225 (36.0) 
10,014 (14.9) 

 
< 0.0001 

 
8,608 (44.1) 
6,032 (30.9) 
4,875 (25.0) 

 
< 0.0001 

BMI (kg/m2), n (%) 
< 24.9 
[25 – 29.9[  
≥ 30 

 
26,394 (58.9) 
13,277 (29.7) 
5,099 (11.4) 

 
39,159 (57.5) 
21,225 (31.2) 
7,689 (11.3) 

 
< 0.0001 

 
10,427 (52.9) 
6,218 (31.6) 
3,064 (15.5) 

 
0.0003 

Educational level, n (%) 
<high school diploma  
high school to 1-level university 
2-level university to 4-level university 
>5-level university 

 
8,690 (19.6) 
6,556 (14.8) 
16,526 (37.4) 
12,476 (28.2) 

 
15,816 (22.9) 
11,284 (16.4) 
24,456 (35.5) 
17,382 (25.2) 

 
< 0.0001 

 
6,077 (30.4) 
3,644 (18.2) 
6,224 (31.2) 
4,031 (20.2) 

 
0.0005 

Asthma status, n (%)  
Never asthma 
Current asthma 

 
37,426 (90.0) 
4,144 (10.0) 

 
59,452 (91.3) 
5,653 (8.7) 

 
< 0.0001 

 
16,798 (88.8) 
2,121 (11.2) 

 
0.0030 

Asthma symptom score, n (%) 
     0 symptom 
     1 symptom 
     2 symptoms 
     3 symptoms 
     4 symptoms 
     5 symptoms 

 
30,856 (70.9) 
7,952 (18.3) 
2,765 (6.4) 
1,082 (2.5) 
529 (1.2) 
319 (0.7) 

 
47,462 (70.8) 
12,803 (19.1) 
3,998 (6.0) 
1,558 (2.3) 
784 (1.2) 
407 (0.6) 

 
< 0.0001 

 
12,502 (64.6) 
3,840 (19.8) 
1,625 (8.4) 
733 (3.8) 
394 (2.0) 
276 (1.4) 

 
< 0.0001 

BMI = Body Mass Index; results presented in bold are significant 
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Table S2. Description of participants non-weekly-exposed to any of the six large categories and participants 
weekly exposed  

 Not weekly exposed  
n = 11,584 

Weekly exposed 
 

Use ≥1 day/week 
n = 31,711 

p-value  No use 
n = 421 

Use <1 day/week 
n = 11,163 

Gender, n (%) 
Male 
Female  

 
376 (89.3) 
45 (10.7) 

 
6,573 (58.9) 
4,590 (41.1) 

 
12,049 (38.0) 
19,662 (62.0) 

 
< 0.0001 

Age (years), mean ± s.d 49.1 ± 13.9 47.2 ± 13.2 46.3 ± 13.2 < 0.0001 
Smoking status, n (%) 

Never smoker 
Ex-smoker  
Current smoker 

 
194 (46.1) 
181 (43.0) 
46 (10.9) 

 
5,858 (52.5) 
3,766 (33.7) 
1,539 (13.8) 

 
15,784 (49.8) 
10,893 (34.3) 
5,034 (15.9) 

 
< 0.0001 

BMI (Body Mass Index - kg/m2), n (%) 
< 24.9 
[25 – 29.9[  
≥ 30 

 
215 (51.1) 
160 (38.0) 
46 (10.9) 

 
6,884 (61.7) 
3,265 (29.2) 
1,014 (9.1) 

 
18,568 (58.6) 
9,306 (29.3) 
3,837 (12.1)  

 
< 0.0001 

Educational level, n (%) 
<high school diploma  
high school to 1-level university 
2-level university to 4-level university 
>5-level university 

 
89 (21.5) 
52 (12.5) 
101 (24.3) 
173 (41.7) 

 
1,671 (15.1) 
1,338 (12.1) 
3,900 (35.4) 
4,127 (37.4) 

 
6,394 (20.4) 
4,960 (15.8) 

12,115 (38.6) 
7,884 (25.2) 

 
0.0061 

Asthma status, n (%)  
Never asthma 
Current asthma 

 
341 (87.2) 
50 (12.8) 

 
9,449 (91.1) 

920 (8.9) 

 
26,398 (89.6) 
3,066 (10.4) 

 
< 0.0001 

Asthma symptom score, n (%) 
0 symptom 
1 symptom 
≥2 symptoms  

 
309 (74.6) 
66 (16.0) 
39 (9.4) 

 
8,132 (74.5) 
1,863 (17.1) 

915 (8.4) 

 
21,399 (69.5) 
5,783 (18.8) 
3,589 (11.7) 

 
< 0.0001 

Household help, n (%) 332 (78.1) 5,952 (53.9) 15,754 (50.3) < 0.0001 
Results presented in bold are significant 
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Table S3. Population characteristics according to the asthma symptom score   

 All  
n = 43,503 

0 symptom 
n = 30,856 

1 symptom 
n = 7,952 

≥2 symptoms 
n = 4,695 p-value 

Gender, n (%) 
Male 
Female  

 
19,451 (44.7) 
24,052 (55.3) 

 
14,212 (46.1) 
16,644 (53.9) 

 
3,298 (41.5) 
4,654 (58.5) 

 
1,941 (41.3) 
2,754 (58.7) 

 
< 0.0001 

Age (years), mean ± s.d 46.6 ± 13.2 46.8 ± 13.1 46.8 ± 13.5 45.2 ± 13.2 < 0.0001 
Smoking status, n (%) 

Never smoker 
Ex-smoker  
Current smoker 

 
21,936 (50.4) 
14,959 (34.4) 
6,608 (15.2) 

 
16,448 (53.3) 
10,505 (34.1) 
3,903 (12.6) 

 
3,531 (44.4) 
2,838 (35.7) 
1,583 (19.9) 

 
1,957 (41.7) 
1,616 (34.4) 
1,122 (23.9) 

 
< 0.0001 

BMI (kg/m2), n (%) 
< 24.9 
[25 – 29.9[  
≥ 30 

 
25,745 (59.1) 
12,865 (29.6) 
4,893 (11.3) 

 
19,260 (62.4) 
8,881 (28.8) 
2,711 (8.8) 

 
4,168 (52.4) 
2,476 (31.1) 
1,308 (16.5) 

 
2,317 (49.3) 
1,507 (32.1) 
871 (18.6) 

 
< 0.0001 

Educational level, n (%) 
<high school diploma  
high school to 1-level university 
2-level university to 4-level university 
>5-level university 

 
8,358 (19.5) 
6,340 (14.7) 

16,085 (37.4) 
12,232 (28.4) 

 
5,785 (19.0) 
4,337 (14.2) 

11,484 (37.6) 
8,930 (29.2) 

 
1,485 (18.9) 
1,215 (15.5) 
2,955 (37.7) 
2,186 (27.9) 

 
1,088 (23.4) 
788 (17.0) 

1,646 (35.5) 
1,116 (24.1) 

 
< 0.0001 

Weekly use of cleaning products, n (%) 
<1 day/week 
≥1 day/week 

 
11,324 (26.9) 
30,771 (73.1) 

 
8,441 (28.3) 

21,399 (71.7) 

 
1,929 (25.0) 
5,783 (75.0) 

 
954 (21.0) 

3,589 (79.0) 

 
< 0.0001 

Household help, n (%) 22,125 (51.5) 15,827 (51.9) 4,000 (51.0) 2,298 (49.7) 0.0098 
Potential occupational exposure*, n (%) 2,816 (8.1) 1,945 (7.8) 515 (8.2) 356 (12.6) 0.0035 

BMI = Body Mass Index; results presented in bold are significant 
*to cleaning products according to a preliminary transcoding for applying the OAsJEM (Occupational Asthma specific Job-Exposure Matrix; Le Moual et al. 2018) to 49 job codes in 
CONSTANCES. 
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Figure S1. Associations between the number of products weekly used and current asthma 
Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between the number of products used and current asthma, obtained by logistic 
regression models 

 All  
n = 41,570 

 Adjusted ORa [95% CI] 

Not weekly exposed to any of the six large categories (ref) 10,760  1.00  
Irritants 
      1/week  
      ≥2/week 

 
10,154 (41.3) 
3,688 (15.0) 

 
 

 
1.23 
1.25 

 
[1.12-1.35] 
[1.10-1.42] 

Sprays 
      1/week  
      2/week  
      ≥3/week 

 
7,349 (28.2) 
3,956 (15.2) 
4,004 (15.4) 

  
1.13 
1.19 
1.30 

 
[1.02-1.25] 
[1.06-1.35] 
[1.15-1.46] 

Scented products 
1/week  

      2/week  
      ≥3/week 

 
9,188 (36.4) 
3,443 (13.6) 
1,844 (7.3) 

  
1.11 
1.17 
1.34 

 
[1.01-1.23] 
[1.03-1.33] 
[1.14-1.56] 

0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7



 

 6 

 
Figure S2. Associations between the frequency of use of household cleaning products and the age of current asthma onset 
Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between the frequency of use of household cleaning products and the age of onset 
of current asthma, obtained by multinomial logistic regression model

  All n = 41,570 
 

Adjusted ORa [95% CI] 
 Not weekly exposed to any of the six large categories (ref) 613  1.00  
 Irritants 

      1-3 days/week  
      4-7 days/week 

 
742 (50.1) 
126 (8.5) 

 
 

 
1.21 
1.25 

 
[1.08-1.37] 
[1.02-1.54] 

 Sprays 
      1-3 days/week 
      4-7 days/week 

 
716 (44.6) 
277 (17.2) 

  
1.12 
1.27 

 
[1.00-1.26] 
[1.09-1.49] 

 Scented products 
      1-3 days/week 
      4-7 days/week 

 
632 (40.4) 
318 (20.3) 

  
1.12 
1.11 

 
[0.99-1.26] 
[0.96-1.29] 

 Disinfecting wipes 
      1-3 days/week 
      4-7 days/week 

 
483 (39.2) 
137 (11.1) 

  
1.21 
1.18 

 
[1.06-1.38] 
[0.96-1.45] 

 Green products 
      1-3 days/week 

 4-7 days/week 

 
574 (42.2) 
174 (12.8) 

  
1.05 
1.14 

 
[0.93-1.19] 
[0.95-1.36] 

 Home-made products 
      1-3 days/week 
      4-7 days/week 

 
232 (24.6) 
96 (10.2) 

  
1.14 
1.28 

 
[0.96-1.34] 
[1.01-1.63] 

 Not weekly exposed to any of the six large categories (ref) 277  1.00  
 Irritants 

      1-3 days/week  
      4-7 days/week 

 
414 (53.4) 
84 (10.8) 

 
 

 
1.24 
1.30 

 
[1.05-1.46] 
[1.00-1.68] 

 Sprays 
      1-3 days/week 
      4-7 days/week 

 
372 (46.0) 
160 (19.8) 

  
1.19 
1.43 

 
[1.01-1.41] 
[1.16-1.76] 

 Scented products 
      1-3 days/week 
      4-7 days/week 

 
316 (41.7) 
165 (21.8) 

  
1.20 
1.23 

 
[1.01-1.43] 
[1.00-1.51] 

 Disinfecting wipes 
      1-3 days/week 
      4-7 days/week 

 
190 (34.3) 
87 (15.7) 

  
1.12 
1.71 

 
[0.92-1.36] 
[1.32-2.22] 

 Green products 
      1-3 days/week 

   4-7 days/week 

 
333 (46.5) 
106 (14.8) 

  
1.17 
1.22 

 
[0.99-1.38] 
[0.96-1.54] 

 Home-made products 
      1-3 days/week 
      4-7 days/week 

 
108 (24.8) 
51 (11.7) 

  
1.20 
1.43 

 
[0.95-1.52] 
[1.04-1.97] 
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Table S4. Associations between weekly use of cleaning products and current asthma, stratified by gender, smoking status, educational level and household help 

 
Irritants Sprays Scented  

products 
Disinfecting  

wipes 
Green 

products 
Home-made 

products   
Not weekly exposed to any of the six large categories (ref) 1.00 1.00 1.00 1.00 1.00 1.00 
Weekly exposed to any of the six large categories 1.23 [1.13-1.35] 1.18 [1.08- 1.29] 1.15 [1.06-1.26] 1.21 [1.09-1.34] 1.09 [1.00-1.20] 1.19 [1.06-1.34] 
Gendera: 

Male, n = 18,348 
Female, n = 23,222 

 
1.27 [1.12-1.45] 
1.20 [1.06-1.36] 

 
1.16 [1.03-1.32] 
1.20 [1.06-1.36] 

 
1.16 [1.02-1.31] 
1.15 [1.02-1.31] 

 
1.16 [1.00-1.33] 
1.26 [1.10-1.44] 

 
1.04 [0.91-1.20] 
1.14 [1.00-1.29] 

 
1.23 [1.02-1.49] 
1.16 [1.00-1.35] 

Smoking statusb : 
Never smoker, n = 20,900 
Ex-smoker, n = 14,258   
Current smokers, n = 6,412 

 
1.23 [1.08-1.40] 
1.17 [1.00-1.36] 
1.35 [1.09-1.67] 

 
1.22 [1.08-1.38] 
1.11 [0.96-1.29] 
1.19 [0.97-1.47] 

 
1.23 [1.09-1.40] 
1.04 [0.89-1.21] 
1.15 [0.93-1.42] 

 
1.22 [1.06-1.42] 
1.15 [0.97-1.37] 
1.23 [0.97-1.55] 

 
1.07 [0.93-1.22] 
1.07 [0.92-1.25] 
1.20 [0.96-1.49] 

 
1.06 [0.89-1.26] 
1.23 [1.00-1.51] 
1.49 [1.14-1.94] 

Educational levelc: 
≤1-level university, n = 14,255 
≥2-level university, n = 26,876 

 
1.18 [1.00-1.39] 
1.25 [1.12-1.39] 

 
1.16 [0.99-1.36] 
1.19 [1.07-1.32] 

 
1.12 [0.95-1.31] 
1.16 [1.05-1.29] 

 
1.26 [1.06-1.51] 
1.17 [1.04-1.32] 

 
0.99 [0.82-1.18] 
1.13 [1.01-1.25] 

 
1.01 [0.80-1.28] 
1.26 [1.09-1.44] 

Household helpd: 
No, n = 20,044  
Yes, n = 21,000 

 
1.27 [1.11-1.45] 
1.20 [1.06-1.36] 

 
1.20 [1.06-1.37] 
1.17 [1.04-1.32] 

 
1.19 [1.04-1.36] 
1.12 [1.00-1.26] 

 
1.32 [1.14-1.53] 
1.13 [0.98-1.29] 

 
1.11 [0.97-1.28] 
1.08 [0.95-1.22] 

 
1.22 [1.02-1.45] 
1.16 [0.99-1.36] 

a Adjusted Odds Ratio (OR) for age, smoking status, BMI and educational level of associations between weekly use of cleaning products and current asthma stratified by gender, obtained 
by logistic regression models; results presented in bold are significant  
b Adjusted Odds Ratio (OR) for gender, age, BMI and educational level of associations between weekly use of cleaning products and current asthma stratified by smoking status, obtained 
by logistic regression models; results presented in bold are significant  
c Adjusted Odds Ratio (OR) for gender, age, smoking status and BMI of associations between weekly use of cleaning products and current asthma stratified by educational level, obtained 
by logistic regression models; results presented in bold are significant 
d Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between weekly use of cleaning products and current asthma stratified by 
household help, obtained by logistic regression models; results presented in bold are significant  
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Table S5. Associations between the frequency of use of household cleaning products and current asthma after exclusion of participants with potential occupational 
exposure 

 All  
n = 38,871 

Never asthma 
n = 35,032 

Current asthma 
n = 3,839 

Adjusted ORa 
[95% CI] p trend 

Not weekly exposed to any of the six large categories (ref) n=10,308 n=9,383  n=925 1.00  
Irritants 
      1-3 days/week  
      4-7 days/week 

 
n=10,769 
n=1,935  

 
 46.3% 
8.3% 

 
50.8% 
9.4% 

 
1.23 [1.11-1.35] 
1.35 [1.15-1.59] 

 
< 0.0001 

 

Sprays 
      1-3 days/week 
      4-7 days/week 

 
n=10,432  
n=3,590   

 
42.7% 
14.4% 

 
44.4% 
18.0% 

 
1.13 [1.03-1.25] 
1.36 [1.20-1.54] 

 
< 0.0001 

Scented products 
      1-3 days/week 
      4-7 days/week 

 
n=8,884 
n=4,395   

 
37.4% 
18.4% 

 
40.1% 
21.0% 

 
1.13 [1.03-1.25] 
1.18 [1.05-1.33] 

 
0.0034 

 
Disinfecting wipes 
      1-3 days/week 
      4-7 days/week 

 
n=5,959 
n=1,687  

 
 32.7% 
9.1% 

 
37.1% 
12.4% 

 
1.17 [1.05-1.31] 
1.38 [1.17-1.63] 

 
< 0.0001 

Green products 
      1-3 days/week 

 4-7 days/week 

 
n=9,369 
n=2,686 

 
41.7% 
11.9%  

 
43.4% 
13.1% 

 
1.08 [0.98-1.20] 
1.15 [0.99-1.33] 

 
0.0400 

Home-made products 
      1-3 days/week 
      4-7 days/week 

 
n=3,166  
n=1,163  

 
21.4% 
7.7% 

 
24.1% 
10.1% 

 
1.13 [0.99-1.30] 
1.31 [1.07-1.59] 

 
0.0037 

a Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between the frequency of use of household cleaning products and current asthma 
after exclusion of participants with potential occupational exposure to cleaning products according to a preliminary transcoding for applying the OAsJEM (Occupational Asthma specific 
Job-Exposure Matrix; Le Moual et al. 2018) to 49 job codes in CONSTANCES, obtained by logistic regression models; results presented in bold are significant  
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Table S6. Associations between frequent use of cleaning products and current asthma according to the co-use of irritants and sprays at home  

Adjusted ORa [95% IC] Scented  
products Disinfecting wipes Green 

products Home-made products  

Not weekly exposed to any of the six large categories (ref) 1.00 1.00 1.00 1.00 

Frequent use of cleaning products 1.19 [1.06-1.33] 1.32 [1.13-1.55] 1.18 [1.03-1.36] 1.31 [1.08-1.58] 
Co-exposure to risks previously identifiedb (irritants or sprays):     
Not co-exposedc  0.92 [0.74-1.14] 1.13 [0.77-1.65] 1.09 [0.85-1.39] 1.22 [0.87-1.70] 
Co-exposedd 1.26 [1.11-1.43] 1.35 [1.14-1.61] 1.24 [1.06-1.46] 1.34 [1.08-1.66] 

a Adjusted Odds Ratio (OR) for gender, age, smoking status, BMI and educational level of associations between frequent use of cleaning products (4-7 days/week) and current asthma 
according to the co-use of irritants and sprays at home, obtained by logistic regression models; results presented in bold are significant  
b exposure to irritants (Dumas et al. 2021; Lemire et al. 2020, 2021; Matulonga et al. 2016; Weinmann et al. 2017) and sprayed (Bédard et al. 2014; Dumas et al. 2021; Le Moual et al. 
2012; Zock et al. 2007) cleaning products were associated to asthma in the literature 
c 1,008 never asthma/99 current asthma not co-exposed to scented products, 247 never asthma/31 current asthma not co-exposed to disinfecting wipes, 758 never asthma/83 current 
asthma not co-exposed to green products, 327 never asthma/42 current asthma not co-exposed to home-made products  
d 3,280 never asthma/460 current asthma co-exposed to scented products, 1,401 never asthma/217 current asthma co-exposed to disinfecting wipes, 1,863 never asthma/235 current 
asthma co-exposed to green products, 816 never asthma/118 current asthma co-exposed to home-made products  
 
 
 


