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Abstract

Objective To evaluate the effects of household use of

cleaning products during pregnancy on infant wheezing

and lower respiratory tract infections (LRTI).

Methods In four prospective Spanish birth cohorts

(n = 2,292), pregnant women reported the use of house-

hold cleaning products. When infants were 12–18 months

old, current cleaning product use and infant’s wheezing and

LRTI were reported. Cohort-specific associations between

the use of specific products and respiratory outcomes were

evaluated using multivariable regression analyses and

estimates were combined using random-effects meta-

analyses.

Results The period prevalence of LRTI was higher when

sprays (combined odds ratio (OR) = 1.29; 95 % confi-

dence interval (CI) 1.04–1.59) or air fresheners (OR =

1.29; CI 1.03–1.63) were used during pregnancy. The odds

of wheezing increased with spray (OR = 1.37; CI

1.10–1.69) and solvent (OR = 1.30; CI 1.03–1.62) use.

The associations between spray and air freshener use dur-

ing pregnancy and both outcomes remained apparent when

these products were not used after pregnancy. Neverthe-

less, the estimates were higher when post-natal exposure

was included.

Conclusion The use of cleaning sprays, air fresheners and

solvents during pregnancy may increase the risk of

wheezing and infections in the offspring.

Keywords Household products � Respiratory tract

infections � Wheezing � Infant � Longitudinal studies
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Introduction

Household cleaning products are used worldwide to maintain

the functionality, appearance and appropriate hygienic

conditions of our homes. Cleaning products containing dis-

infectants can be applied to reduce exposure to indoor

microbial agents. However, cleaning products contribute to

the total burden of exposure to chemicals in the general

population and this is an emerging public health issue. Studies

on the adverse health effects of cleaning products started one

decade ago, focusing on respiratory effects associated with

occupational exposure to cleaning products (Jaakkola and

Jaakkola 2006; Zock et al. 2010). There is a vast body of

evidence that professional use of cleaning products is asso-

ciated with asthma and other respiratory disorders. In addition

to the effects of professional cleaning, the European Com-

munity Respiratory Health Survey (ECRHS) found that non-

occupational household cleaning is associated with adverse

respiratory health effects in adult users. In particular, common

use of cleaning sprays was associated with new-onset asthma

(Zock et al. 2007) and frequent use of bleach with respiratory

symptoms (Zock et al. 2009).

Potential effects of passive exposure to cleaning chem-

icals on children’s respiratory health have not been

evaluated in many studies. Nevertheless, two longitudinal

analyses of data from the Avon Longitudinal Study of

Parents and Children (ALSPAC) in the UK suggested that

frequent use of chemical-based products, predominated by

cleaning agents, during pregnancy increased the risk of

persistent wheezing before 3 years and at 7 years of age

(Henderson et al. 2008; Sherriff et al. 2005). However,

these studies did not assess the effects of each specific

chemical product and could not determine whether the

association was pre- or post-natal.

To our knowledge, there are no published studies

assessing respiratory health effects of prenatal exposure to

specific household cleaning products on respiratory health

in infants. Therefore, we aimed to evaluate the effects of

household use of cleaning products during pregnancy on

respiratory symptoms and airway infections during the first

year of life in four birth cohorts in the longitudinal INMA

project (Ribas-Fitó et al. 2006), focusing on wheezing and

lower respiratory tract infections (LRTI).

Methods

Study design and study population

Population-based birth cohorts were established as part of

the INMA [INfancia y Medio Ambiente (Environment and

Childhood)] project in several regions of Spain, following a

common protocol (Ribas-Fitó et al. 2006). The presented

analyses include data from the INMA cohorts of Asturias,

Gipuzkoa, Sabadell and Valencia regions, established

between 2003 and 2008. Women were enroled during the

first trimester of their pregnancy at public primary health

care centres or public hospitals, depending on the region.

The inclusion criteria were age C16 years, intention to

deliver at the reference hospital, and singleton pregnancy.

Women were excluded if they were unable to communicate

in Spanish, Basque or Catalan or had assistance with

conception. Women were followed throughout pregnancy;

their children were followed from birth to the age of

12–18 months. Written informed consent was obtained

from all participants and the study was approved by the

Hospital Ethics Committees in each region.

Trained research personnel administered questionnaires

on socio-economic status, health, and environmental

exposures, including the use of household cleaning prod-

ucts, at the first and third trimesters of pregnancy and at the

age of 12–18 months. Anthropometric measurements were

performed by trained midwifes at delivery.

A total of 2,292 (87 % of the recruited participants)

children were followed until 12–18 months of age. In the

third trimester of pregnancy, their mothers provided

information on the use of cleaning products during the

entire gestational period. Information on LRTI and

wheezing was available for 2,162 and 2,147 children,

respectively. Children included in the study were not dif-

ferent from those not included with regard to most

characteristics, although participants had a higher maternal

education in Sabadell and Valencia (p value \0.05).

Respiratory symptoms and infections

during the first year of life

The respiratory outcomes of LRTI and wheezing during the

first year of life were reported by the mothers at the age of

12–18 months through interviewer-led questionnaires.

Women were asked about episodes of bronchiolitis, pneu-

monia, bronchitis, laryngitis or pneumonitis and episodes

of wheezing during the first year of the child’s life. An

individual was classified as ever had a LRTI when the

mother answered yes to any of the above-mentioned

infections. An additional question was asked regarding the

occurrence of any chest infection during the study period;

agreement between this question and the report of specific

LRTI was 92 % (Sunyer et al. 2010). We classified the

child as ever wheezing when the mother reported any

wheezing episode during the first year of life.

The use of household cleaning products

The questionnaire administered in the third trimester of

pregnancy included questions about the use of common
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domestic cleaning products in Spain, such as bleach,

ammonia, solvents, furniture polishes, glass cleaners, air

fresheners, multiuse cleaners, ironing sprays, floor cleaning

sprays, oven sprays and carpet sprays. Additional infor-

mation on the household use of degreasing products

during pregnancy was obtained in two of the four cohorts

(Gipuzkoa and Sabadell). In the main analyses, we used a

combined spray variable comprising ironing, floor, oven

and carpet sprays due to the low frequency of use of the

individual specific sprays. This approach is further justified

by the fact that the application of cleaning products through

spraying is likely to facilitate respiratory exposure (Zock

et al. 2007). Although the active chemicals may be quali-

tatively different, the relevant internal exposure is overall

higher as compared to the use of liquid cleaning products.

Additional information on the post-natal use of cleaning

products at the age of 12–18 months was obtained for the

Asturias and Valencia cohorts.

Potential confounders

The general questionnaire administered during pregnancy

included socio-demographic data such as occupational

history and education (primary school or less, secondary

school, and university degree or more); biometric, host, and

lifestyle data of the biological parents; country of origin of

the mother (categorized as ‘‘European’’ and ‘‘non-Euro-

pean’’ in our study); medical data of the current pregnancy;

maternal active and passive smoking during pregnancy;

and housing characteristics such as gas cooking and heat-

ing. Birth weight and date of birth were collected at

delivery from medical records. From the date of birth, we

created a dichotomous variable that grouped children

according to their birth during warm or cold months in

Spain (May–October and November–April, respectively).

Information on maternal active and passive smoking during

the first year of the child’s life was obtained from ques-

tionnaires administered at months 12–18. A new four-

category variable was computed including information on

maternal smoking during pregnancy and information on

maternal smoking during the first year of life (never

smoked, smoked only during pregnancy, smoked only after

pregnancy, smoked during both periods). Social class was

obtained from the major group classification of the ISCO-

88 (International Standard Classification of Occupations)

of the longest held job.

Statistical analysis

Descriptive statistics included arithmetic means and stan-

dard deviations for continuous variables and percentages

for categorical variables. Crude associations were evalu-

ated using Student’s t test and Chi square test.

Multivariable logistic regression models including

potential confounders were developed for both outcomes

(LRTI and/or wheeze) for each of the four cohorts,

resulting in eight specific models. Any potential con-

founder with a p value \0.2 in the likelihood ratio test or

associated with the use of cleaning products was included

in the models. Each cleaning product was included sepa-

rately in each of the eight models. Potential confounders

were then excluded from the models if their effect did not

modify the association estimate of the cleaning products

(e.g. gas heating). Since the prevalence of the outcomes

and the use of cleaning products were different for each

cohort, random and fixed-effects meta-analyses including

the estimates for the four cohorts were performed in order

to obtain combined odds ratios (OR) and their 95 % con-

fidence interval (CI) for each cleaning product and

outcome. Potential heterogeneity between cohorts was

examined using Q statistics. Moreover, a factor analysis

was performed to describe patterns of use of the products,

and the resulting factors were included separately in the

eight previously described regressions and meta-analyses.

Finally, to investigate the exposure to each cleaning

product separately during pregnancy and during the first

year of life, in Asturias and Valencia, we defined exposure

using four categories: never exposed, only during preg-

nancy, only after birth and during both periods. To obtain

an adjusted OR, one multivariable logistic regression per

outcome was computed following the same procedure

explained above. Random-effects meta-analyses and

pooled analyses adjusting per cohort were performed.

Since both analyses demonstrated very similar results, we

are presenting only the pooled OR. Furthermore, we per-

formed factor analyses to describe the pattern of use of

cleaning products at the age of 12–18 months and included

the factors in the multivariable logistic models. All statis-

tical analyses were conducted with STATA SE 10.0

statistical software (Stata Corporation, College Station,

TX, USA).

Results

The prevalence of LRTI and wheezing in the first year of

life were 32 and 35 %, respectively (Table 1). The preva-

lence of LRTI was higher in Sabadell, whilst wheezing was

more prevalent in Asturias. The lowest prevalence of both

respiratory outcomes was in Valencia. The most commonly

used cleaning products were glass cleaners and bleach,

both used in approximately three out of four homes. Mul-

tiuse cleaners, air fresheners, furniture polishes and sprays

were used by approximately half of the mothers. Solvents

and ammonia were used in 28 and 35 % of the homes,

respectively.

The use of household cleaning products during pregnancy 759
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Prevalence of LRTI and wheezing was generally higher

in infants whose mothers used sprays or degreasing products

during pregnancy (Table 1, online supplement), and some of

the study covariates were associated with child respiratory

health at this age (Tables 2 and 3, online supplement). After

adjustment, the odds of LRTI and wheezing increased with

the use of spray and degreasing products in all cohorts.

Additional adjustment by the age of the infant at the moment

of the questionnaire administration did not result in any

significant change in the associations. When combining the

cohort-specific results by meta-analyses (Table 2), the odds

of LRTI and wheezing were 29 and 37 % higher, respec-

tively, in infants whose mothers used sprays during

pregnancy. In addition, use of air fresheners was associated

with LRTI (OR = 1.29, CI = 1.03–1.63), and the use of

solvents with wheezing (OR = 1.30, CI = 1.03–1.62). The

forest plots in Fig. 1 show associations with the use of

sprays, solvents and air fresheners, per region and combined,

for both outcomes. Indications for heterogeneity were only

observed for the association between the use of solvents and

LRTI (p value =0.06).

The factor analysis identified three patterns of use of

cleaning products (Table 4, online supplement). The first

factor discriminated between women who reported using

furniture polishers, glass cleaners and air fresheners and

somewhat more sprays. A second factor discriminated

individuals whose mothers tended to use sprays and

solvents. Finally, the third factor discriminated those using

bleach and ammonia. After adding the factors separately to

each of the eight models and performing meta-analyses, fac-

tor 2 was associated with both LRTI (OR = 1.54,

CI = 1.11–2.14) and wheezing (OR = 1.68, CI = 1.21–2.35)

(Table 2).

The analyses conducted in the Asturias and Valencia

cohorts to determine the association according to the time

window of exposure showed increased odds of LRTI and

wheezing in children whose mothers used sprays only

during pregnancy compared to never users (adjusted

OR = 1.19, 95 % CI = 0.82–1.73 and OR = 1.62, 95 %

CI = 1.11–2.36, respectively) (Table 3). These ORs were

higher than those observed for users only after pregnancy.

Regarding air fresheners, the highest and significant ORs

were observed for exposure only after birth, although the

odds were also increased in children with exposure only

during pregnancy (adjusted OR for LRTI 1.31 [95 %

CI = 0.77–2.21] and for wheezing 1.39 [95 % CI =

0.85–2.29]). Regarding solvents, increased odds of LRTI

and wheezing were observed only when this exposure

was during pregnancy and the first year of life (adjusted

OR for LRTI 1.35 [95 % CI = 0.73–2.50] and for

wheezing 1.81 [95 % CI = 0.98–3.37]). A description of

the time window of use of these three products in the

Valencia and Asturias cohorts is provided in Table 2 of the

online supplement.

Table 1 Description (%) of the

study population (Asturias,

Gipuzkoa, Sabadell and

Valencia, 2003–2009)

LRTI lower respiratory tract

infections
a Use of ironing, oven, carpet or

floor cleaning sprays
b Total number = 1,141

Asturias

n = 450

Gipuzkoa

n = 556

Sabadell

n = 579

Valencia

n = 707

Total

n = 2,292

Sex (boys) 52.0 50.4 51.3 52.8 51.7

Maternal education

Primary education or below 17.8 12.4 27.3 31.7 23.2

Secondary education 44.0 36.0 42.5 43.4 41.5

University education or more 38.2 51.6 30.2 24.9 35.3

LRTI during the first year of life 32.2 33.5 34.2 28.0 31.7

Wheezing during the first year of life 50.0 34.4 34.7 25.6 34.8

Cleaning products use during pregnancy

Bleach 76.4 58.6 72.5 91.8 75.9

Ammonia 43.3 13.3 23.9 56.1 35.1

Solvents 20.0 20.0 29.2 39.8 28.4

Furniture polishes 50.7 45.5 41.9 65.8 51.9

Glass cleaners 72.9 60.1 76.7 91.1 76.4

Air fresheners 46.7 55.4 71.3 85.9 67.1

Multiuse cleaners 57.8 84.7 60.5 66.4 67.7

Degreasing products – 69.6 71.2 – 70.4b

Spraysa 33.8 39.6 31.8 66.5 44.8

Ironing spray 6.2 4.7 8.5 15.7 9.3

Oven spray 22.4 17.8 12.7 36.2 23.1

Carpet spray 8.4 3.4 3.0 10.8 6.6

Floor spray 11.1 22.1 14.9 38.3 23.1
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Finally, the factor analyses using the cleaning products’

variables at the age of 12–18 months identified three pat-

terns. These factors discriminated the same patterns of

cleaning product use as the ones identified for the during

pregnancy time window. The OR obtained after including

the factors in the multivariate models was not different

from those obtained for the pregnancy patterns (data not

shown).

Discussion

We observed that domestic use of cleaning sprays, air

fresheners and solvents during pregnancy was associated

with a higher prevalence of wheezing and LRTI during the

first year of life. Also, the pattern of cleaning product use

that discriminated individuals whose mothers tended to use

sprays and solvents was associated with a higher preva-

lence of LRTI and wheezing. The results were not

heterogeneous in the four studied cohorts. In the analyses,

considering the time window of exposure, the odds of both

outcomes were higher for during and after pregnancy

exposures to spray and solvents, and for only after preg-

nancy exposures to air fresheners. However, the ORs

remained above 1 when sprays or air fresheners were used

during pregnancy, but not during the first year of life. The

latter suggests a potential effect of the household use of

certain chemical products on foetal development.

In this longitudinal study, including cohorts from four

regions in Spain, data were collected following a common

protocol. We considered a large number of potential con-

founders in the statistical analyses, thus reducing the

possibility of confounding bias. Moreover, we used two

related outcomes as independent variables: a diagnosis

(LRTI) and a symptom (wheezing). During the first months

of life, LRTI is the most common cause of wheezing. The

use of both outcomes minimizes the potential of both

diagnostic and recall bias. Regarding the exposure, infor-

mation on the person who used each product and details on

the quantity and frequency of use were not obtained. As a

result, it is possible that some individuals with very low

exposure were classified as exposed.

Furthermore, we need to take into account the possi-

bility of recall bias. Mothers who are particularly

concerned about cleanliness may be more exposed to

cleaning products and may also recall their child’s health

status in greater detail than those who are less concerned

about cleanliness. On the other hand, in the analyses of

post-natal exposures, both the exposures and the outcomes

were assessed at the same time. Thus, some individuals

Table 2 Association between cleaning product use and patterns of

use during pregnancy and LRTI and wheezing during the first year of

life. Adjusted odds ratios (OR) and 95 % confidence intervals (95 %

CI) and heterogeneity p values for each of the studied cleaning

products and groups of cleaning products’ use, resulting from the

meta-analyses including the four cohorts in the study (Asturias,

Gipuzkoa, Sabadell and Valencia, 2003–2009)

LRTI Wheezing

OR (95 % CI) p heterogeneity OR (95 % CI) p heterogeneity

Cleaning products use

Bleach 0.91 (0.71–1.17) 0.52 0.91 (0.72–1.17) 0.81

Ammonia 1.03 (0.82–1.29) 0.32 1.00 (0.80–1.26) 0.07

Solvents 1.19 (0.95–1.48) 0.06 1.30 (1.03–1.62) 0.78

Furniture polishes 0.99 (0.81–1.22) 0.52 1.01 (0.82–1.24) 0.52

Glass cleaners 0.92 (0.72–1.18) 0.62 0.94 (0.74–1.20) 0.23

Air fresheners 1.29 (1.03–1.63) 0.41 1.09 (0.87–1.37) 0.41

Multiuse cleaners 0.92 (0.74–1.15) 0.11 0.91 (0.73–1.13) 0.63

Degreasing productsa 1.23 (0.90–1.69) 0.88 1.32 (0.97–1.79) 0.83

Sprays 1.29 (1.04–1.59) 0.29 1.37 (1.10–1.69) 0.60

Pattern of use

Factor 1 (furniture polishes,

glass cleaners and air fresheners)

0.97 (0.75–1.24) 0.28 0.93 (0.73–1.92) 0.09

Factor 2 (spray and solvents) 1.54 (1.11–2.14) 0.11 1.68 (1.21–2.35) 0.85

Factor 3 (bleach and ammonia) 0.99 (0.62–1.57) 0.02 1.01 (0.78–1.30) 0.33

Adjusted for sex, month of birth, parity, breast feeding, day care attendance, maternal smoking history, maternal age, country of origin of the

mother, maternal education, maternal asthma and maternal atopy

LRTI lower respiratory tract infections
a Only including Gipuzkoa and Sabadell cohorts
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Sprays Solvents

Asturias

Gipuzkoa

Sabadell

Valencia

Combined

0.9 1.4 1.91.0

Air fresheners
LRTI

Wheezing

Asturias

Gipuzkoa

Sabadell

Valencia

Combined

0.9 1.4 1.91.00.9 1.4 1.91.0

0.9 1.4 1.91.00.9 1.4 1.91.00.9 1.4 1.91.0

Odds Ratio Odds Ratio Odds Ratio

Odds RatioOdds RatioOdds Ratio

Fig. 1 Association between the household use of sprays, solvents and

air fresheners during pregnancy and the prevalence of wheezing and

lower respiratory tract infections (LRTI) by cohort. Odds ratio (OR)

and 95 % confidence interval (CI) adjusted for sex, month of birth,

parity, breast feeding, day care attendance, maternal smoking history,

maternal age, country of origin of the mother, maternal education,

maternal asthma and maternal atopy. Diamond indicates 95 % CI of

the combined OR from the model (Asturias, Gipuzkoa, Sabadell and

Valencia 2003–2009)

Table 3 Description, adjusted odds ratios (OR) and 95 % confidence

intervals (95 %CI) for household use of sprays, solvents and air

fresheners according to the time window of use (during pregnancy

and after pregnancy), resulting from the pooled analyses including

two cohorts in the study (Asturias and Valencia, 2003–2009)

(n = 1,157)

n (%) LRTI Wheezing

OR (95 % CI) OR (95 % CI)

Spray

Only during pregnancy 341 (29.5) 1.19 (0.82–1.73) 1.62 (1.11–2.36)

Only after pregnancy 103 (8.9) 0.90 (0.53–1.55) 1.34 (0.80–2.24)

During pregnancy and after 281 (24.3) 1.43 (0.97–2.13) 1.61 (1.08–2.41)

Solvents

Only during pregnancy 232 (23.3) 0.94 (0.65–1.38) 1.04 (0.71–1.51)

Only after pregnancy 132 (13.2) 1.06 (0.67–1.66) 0.87 (0.55–1.37)

During pregnancy and after 58 (5.8) 1.35 (0.73–2.50) 1.81 (0.98–3.37)

Air fresheners

Only during pregnancy 197 (18.5) 1.31 (0.77–2.21) 1.39 (0.85–2.29)

Only after pregnancy 114 (10.7) 1.85 (1.04–3.30) 1.75 (1.01–3.04)

During pregnancy and after 568 (53.4) 1.59 (1.00–2.55) 1.23 (0.79–1.93)

Adjusted for cohort, sex, month of birth, parity, breast feeding, day care attendance, maternal smoking history, maternal age, country of origin of

the mother, maternal education, maternal asthma and maternal atopy

LRTI lower respiratory tract infections
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reporting respiratory symptoms may overreport the use of

some cleaning products. However, the OR obtained for the

use of spray and solvents only after pregnancy were lower

or similar to those obtained for the exposure during

pregnancy.

We evaluated the potential exposure modification in

mothers with asthma, either reducing or increasing the use

of these chemicals. We did not find any differences in the

use of each product between asthmatic and non-asthmatic

mothers. Moreover, stratified analyses showed increased

odds for LRTI and wheezing in domestic use of sprays, air

fresheners and solvents during pregnancy for both groups

(asthmatic and non-asthmatic mothers). In addition, we

evaluated the possibility of residual confounding by social

class. In fact, the prevalence of wheezing was significantly

higher in the lower social class groups, and cleaning

products were more frequently used by lower social class

participants. However, differences were not consistent for

all products. Sprays, air fresheners and solvents showed the

smallest differences in use. If residual confounding by

social class existed, we would have found associations with

other products different from those we obtained. Moreover,

stratified analyses for maternal education and social class

did not show significant differences in the OR obtained for

sprays, air fresheners or solvents use between education

and social class groups.

Thus far, most studies on the respiratory effects

of cleaning products have focused on professional use

(Kogevinas et al. 1999; Medina-Ramón et al. 2003, 2005,

2006; Zock et al. 2010). Fewer studies focused on the

household use of these products (Zock et al. 2007, 2009),

and very few assessed the effects of using household

cleaning products during pregnancy on respiratory symp-

toms in children. A Belgian cross-sectional study

(Nickmilder et al. 2007) found that household use of

chlorine bleach was associated with a higher risk of

recurrent respiratory infections and a lower risk of atopic

sensitisation and asthma amongst 10- to 13-year-old chil-

dren. In this study, exposure did not necessarily mean

exposure to the cleaning product itself, but to the result of

its use—a disinfected home environment. Moreover, the

results from a recent study in the PARIS (Pollution and

Asthma Risk: an Infant Study) cohort suggest that indoor

exposure to cleaning sprays may increase the risk of

wheezing during the first year of life (Herr et al. 2012).

Three analyses with data from the ALSPAC birth cohort

evaluated the use of household cleaning products during

pregnancy in relation to health status of the child (Farrow

et al. 2003; Henderson et al. 2008; Sherriff et al. 2005); only

two of these studies performed analyses in relation to

respiratory health (Henderson et al. 2008; Sherriff et al.

2005). The ALSPAC cohort assessed the effects of using

household cleaning products during pregnancy on wheezing

between birth and 7 years of age. In addition, exposure data

were collected by questionnaire during pregnancy. Exposure

was calculated using a composite score based on the fre-

quency of use of 11 common household chemicals (Sherriff

et al. 2005), rather than assessing the effects of each product

separately. This study found an association between mater-

nal exposure and an increase in the incidence of non-

transient wheezing from birth to 7 years of age, but it was

not possible to determine whether the association was due to

pre- or a post-natal exposure because of the high correlation

observed between the pre-natal and 8 months’ scores.

Our findings are consistent with the results of the

ALSPAC study, and there was no indication for hetero-

geneity between the four INMA cohorts. Furthermore, the

INMA study adds the risk assessment of LRTI during

infancy in relation to the exposure to household cleaning

products during pregnancy. It remains unclear why some

infants with a respiratory infection develop LRTI requiring

hospitalization, whilst others only present mild symptoms.

Some studies have found an increased risk of LRTI in

infants exposed to several outdoor and indoor air pollutants

(Karr et al. 2006; Ségala et al. 2008; Smith et al. 2000).

Moreover, severe early LRTI have been associated with an

increased prevalence of allergic asthma in early adulthood

(Sigurs et al. 2010). In this study, we found a clear asso-

ciation between the exposure to cleaning sprays and air

fresheners during pregnancy and an increased risk of LRTI

in the first year of life, suggesting a potential effect of the

use of these products on the development of the immune

system during foetal life (Dietert and Zelikoff 2008).

Although LRTI and wheezing during early life do not

necessarily lead to an onset of asthma during childhood,

most children with asthma and reductions in lung function

at school age begin with wheezing and have frequent LRTI

during the first years of life.

Moreover, exposure to cleaning products in our study

population was assessed separately for all products, and

using factor analysis—allowing for the combined, rather

than only individual, effects of cleaning products to be

assessed. In addition, we computed a score of cleaning

product use that indicated the number of cleaning products

used at home. No statistically significant changes in the

risk of LRTI or wheezing during the first year of life were

found when including the score in the model. Thus, we

reported more detailed information on the specific cleaning

products and specific application form related to respira-

tory outcomes. We found that the household use during

pregnancy of certain cleaning products such as solvents, air

fresheners and degreasing products, as well as products in

spray application form, increased the odds of wheezing and

LRTI. However, we did not find any evidence that products

such as bleach, ammonia, furniture polishes, glass cleaners

and multiuse cleaners had an effect on the infant’s
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respiratory health. In addition, factor analyses including

every studied cleaning product grouped all spray-applied

cleaning products and solvents into one factor, suggesting

that women who tend to use oven spray also tend to use

carpet sprays. When including this factor in the models, we

obtained positive and statistically significant associations

with both respiratory outcomes.

Application by spraying was the only studied exposure

significantly associated with both respiratory outcomes. This

application form is likely to facilitate respiratory exposure to

both volatile and non-volatile chemical components, and

therefore a higher amount of the compound could enter the

systemic circulation. Since infants are not active users of

cleaning products, this theory could explain the higher odds

of infants’ respiratory symptoms in relation to the exposure

during pregnancy. A higher risk of asthma in adults when

exposed to household sprays was also found in the ECRHS

(Zock et al. 2007), consistent with our findings.

Infants of mothers who used household chemicals such

as solvents, cleaning sprays, air fresheners or degreasing

products during pregnancy were more likely to have

respiratory symptoms and/or infections during the first year

of life. The use of these products in private homes is

common and therefore our findings may have significant

implications for public health. Further investigation is

required to obtain a better exposure assessment and vali-

dation of the reported exposure (Zock et al. 2010) and also

to identify the underlying pathophysiological mechanisms

and the potential long-term effects of exposure to cleaning

chemicals during pregnancy on respiratory health.
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