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Abstract 

Maternal smoking during pregnancy increases childhood asthma risk, but health effects in children of 

nonsmoking mothers passively exposed to tobacco smoke during pregnancy are unclear. We examined 

the association of maternal passive smoking during pregnancy and wheeze in children aged ≤2 years. 

Individual data of 27 993 mother–child pairs from 15 European birth cohorts were combined in pooled 

analyses taking into consideration potential confounders. 

Children with maternal exposure to passive smoking during pregnancy and no other smoking exposure 

were more likely to develop wheeze up to the age of 2 years (OR 1.11, 95% CI 1.03–1.20) compared 

with unexposed children. Risk of wheeze was further increased by children's postnatal passive smoke 

exposure in addition to their mothers' passive exposure during pregnancy (OR 1.29, 95% CI 1.19–1.40) 

and highest in children with both sources of passive exposure and mothers who smoked actively during 

pregnancy (OR 1.73, 95% CI 1.59–1.88). Risk of wheeze associated with tobacco smoke exposure was 

higher in children with an allergic versusnonallergic family history. 

Maternal passive smoking exposure during pregnancy is an independent risk factor for wheeze in 

children up to the age of 2 years. Pregnant females should avoid active and passive exposure to 

tobacco smoke for the benefit of their children's health. 

 

 

Introduction 



It has been estimated that 40% of children worldwide breathe air polluted by tobacco smoke, with a detrimental 

impact on child health [1, 2]. Exposure may start as early as in utero, due to maternal inhalation of other people's 

smoke and maternal active smoking, and may have an impact on multiple systems with possible lifelong 

implications [2, 3]. The prenatal phase of life is a crucial period for human development during which maternal 

active or passive smoking may alter physiological mechanisms through various biochemical or metabolic 

pathways [4]. As lung development and maturation is a complex process from embryogenesis to early 

adolescence, it is possible that exposure to tobacco smoke during different periods may affect the developing lung 

in a different manner. Thus the association between the timing of each exposure and its impact on human health 

outcomes is an area of importance. 

Wheezing is a common clinical sign of various infectious and noninfectious potentially life-threatening 

respiratory diseases in childhood, including asthma [5]. In epidemiological studies wheeze is considered a valid 

proxy measure for asthma, particularly at a very young age where an infant or preschool child with wheeze has 

not been seen and diagnosed with asthma by a doctor [6]. Preschool (viral) wheeze has been associated in several 

studies with the development of chronic obstructive pulmonary disease later in life, as well as with school-age 

asthma. Early childhood wheeze is a strong predictor for recurrent wheeze later in life, atopy, reduced lung 

function, airway responsiveness and doctor-diagnosed chronic asthma at school age [7–11]. 

As summarised by a recent meta-analysis of prospective cohort studies, exposure to tobacco smoke during 

pregnancy and early childhood increases the risk of developing wheeze [12]. However, to date there is limited 

evidence on the effects of maternal passive smoking during pregnancy and on the quantitative effect of different 

combinations of exposure to tobacco products (active smoking versus passive smoking of the mother) within 

different timeframes (prenatal versus postnatal) on the development of early wheezing. This lack of knowledge 

may be potentially attributable to the fact that very large cohort studies are needed to amass sufficient sample 

sizes for each potential time/exposure combination [13–15]. 

To address this research gap, our primary aim was to examine the association between maternal 

passive smoking during pregnancy and wheeze in children up to the age of 2 years. Furthermore, we 

assessed the independent and combined role of different sources of exposure during different 

timeframes (prenatal maternal passive smoking, prenatal maternal active smoking and children's 

postnatal passive smoking exposure) on the development of wheeze symptoms up to the age of 2 

years in a pooled analysis and a meta-analysis of 15 prospective European mother–child cohorts. 

Methods 

Inclusion criteria and participating cohorts 

The 15 cohorts providing primary data included in this analysis participated in the European project 

Environmental Health Risks in European Birth Cohorts (ENRIECO, www.enrieco.org) [16]. To be included in the 

analysis the cohorts had to recruit the newborns during pregnancy or shortly after birth, have information of 
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maternal and infant exposure to active and passive smoking, have data available on the development of wheeze 

before the age of 2 years and data on major potential confounders. The list of included cohorts is given in online 

supplementary table S1. The cohorts commenced recruitment during 1990–2008 and each included between 330 

and 14 057 newborns (online supplementary table S1). A total of 37 459 mother–child pairs were available from 

the birth cohorts, of which 27 993 had complete data on second-hand smoke (SHS) exposure and wheeze (table 

1). A comparison of subjects included and those excluded because of missing information on key passive smoking 

exposure or outcome variables is shown in online supplementary table S2. Multiple imputation was used to 

replace missing values in covariates (up to 9% for some covariates) and to address the potential bias and loss of 

precision that could result from incomplete case analyses. We created 10 imputations, generating 10 complete 

datasets that we analysed following the standard combination rules for multiple imputations [17]. The variables 

included as predictors were siblings, birthweight, gestational age, parental allergic status, parental education, sex 

of the child, damp and breastfeeding. 

 

 

Definitions of exposure to active and passive smoking 

Primary individual data were collected that included information on active maternal smoking and 

passive smoking obtained from questionnaire data submitted by each cohort. Responses were 

harmonised so as to follow four common exposure definitions, as follows. 1) Prenatal active smoking 

(maternal): maternal smoking at any time during pregnancy; 2) prenatal passive smoking (maternal): 

exposure of nonsmoking mothers to passive smoking during pregnancy (the father or other persons 

smoking in the household or workplace); 3) postnatal passive smoking (child): any exposure of the child 

to passive tobacco smoke from any source (maternal, paternal or other people smoking in proximity of 

the baby or within the house) at any time interval up to 2 years of age; 4) nonexposed: no active 

maternal smoking at any time during pregnancy, no prenatal maternal passive smoking and no 

postnatal child exposure to SHS. 

Based on the different possible combinations of exposure to tobacco smoke, eight exclusive exposure 

groups were created and each participant was assigned only to one of the eight possible combinations 

of exposure, as depicted in table 2. This full detailed categorisation was available for a total of 27 993 

children. 

 

Definitions of outcomes and confounding factors 

Any wheezing during the first 2 years of life was the primary outcome variable assessed by parental self-report 

(yes/no) to the question whether the child has wheezed at any time in the last 12 months (6 months or since last 

assessment). The included birth cohorts used this (or a similarly phrased) question based on the widely used 
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questionnaire from the International Study of Asthma and Allergies in Childhood (ISAAC), which validated the 

questions in many languages [18]. In three cohorts (CO.N.ER, LEICESTER 1990 and RHEA) information on 

wheezing was available only for the first year of life. Family history of atopy was defined as self-reported parental 

lifetime diagnosed asthma, allergic rhinitis and/or atopic eczema. Birth-related characteristics such as sex, 

birthweight and gestational age were collected for all participating cohorts together with information on siblings 

(yes/no). The socioeconomic status of the families was defined by the longest duration of school years spent by 

either mother or father and was categorised into three groups using cohort-specific tertiles as cut-offs: low, 

medium and high educational level [19]. Data on the existence of mould/dampness in the house, pet ownership, 

duration of breastfeeding and infant bedroom sharing were also collected but were not available for all cohorts. 

Ethics approval 

The included birth cohort studies were all approved by their local institutional review boards. All participants 

provided written informed consent for data collection and analysis. 

Statistical analysis 

We used a multilevel mixed-effects logistic regression to evaluate the effect of exposure to tobacco smoke on the 

development of child wheeze during the first 2 years of life, and calculated odds ratios and 95% confidence 

intervals. In the main model, adjustment was performed for sex of the child, family history of atopy (yes/no), 

parental education (high/middle/low), birthweight (g), gestational age (weeks) and siblings (yes/no). In addition, 

models without the inclusion of birthweight and gestational age were examined, since these factors may be 

influenced by prenatal exposure to SHS and could be intermediate variables on a pathway between exposure and 

outcome (wheeze). Cohort was introduced in all models as a random factor. Stratified analyses were performed 

for sex, parental atopy and geographical location of the cohorts (northern versussouthern European). For analyses 

evaluating effects by region or cohort we examined exposure in three categories: nonexposed (nonsmoking 

mothers, mothers/infants not exposed to passive smoking); passive smokers only (nonsmoking mothers, 

mothers/infants exposed to SHS); and actively smoking mothers. A meta-analysis was performed to take into 

account the heterogeneity between the cohorts. A random effects model was used and a heterogeneity test based 

on the Q-statistic was performed considering a p-value <0.10 as statistically significant. Heterogeneity was further 

examined by omitting sequentially each cohort from the meta-risk estimate. Additional meta-analyses of cohort-

specific estimates were performed with cohort-specific adjustment for variables that have been previously 

associated with wheeze but that were not all available for all cohorts (for example existence of mould/dampness in 

the house, pet ownership, duration of breastfeeding and infant bedroom sharing) [20–24]. Analyses were 

performed using the statistical package Stata 12.0 (StataCorp, College Station, TX, USA). 
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Results 

Exposure to active and passive smoking and potential confounders 

The prevalence of prenatal maternal active smoking at any time during pregnancy was 22.5%, prenatal maternal 

passive smoking was 64.5% and children's postnatal passive smoking was 41.2% (table 1). Only 27.1% of 

children had no exposure to active or passive smoking during the prenatal or postnatal period, while 16.5% 

reported being exposed to prenatal maternal active and passive smoking and postnatal passive smoke exposure. 

Exposure to passive smoking during pregnancy was associated with exposure in the postnatal period. Specifically, 

among children of nonsmoking females who were unexposed to passive smoke during the gestational period, 

83.4% continued to be unexposed during the postnatal period. This percentage was lower (36.4%) for children 

whose mothers were nonsmoking females but who had been exposed to passive smoking during pregnancy. 

Effect of exposure to maternal passive smoking during pregnancy 

In a detailed analysis of the eight mutually exclusive exposure categories (table 2) in which children never 

exposed to passive smoking were considered as a reference, increased risks of wheeze among children of 

nonsmoking mothers were observed for exposure only to maternal passive smoking during pregnancy (OR 1.11, 

95% CI 1.03–1.20). Exposure of the child to only postnatal passive smoking was associated with a small increase 

in risk (OR 1.06, 95% CI 0.93–1.20). A higher risk was observed among children exposed to postnatal passive 

smoking in addition to maternal passive smoking during pregnancy (OR 1.29, 95% CI 1.19–1.40) (table 2). 

Estimates for models not adjusting for birthweight and gestational age were very similar (data not shown). 

Adjustment for several confoudners tended to increase the odds ratios compared to unadjusted estimates (table 2). 

Effect of additional exposure to maternal active smoking during pregnancy 

A higher risk of wheeze (table 2) was seen in children exposed to prenatal maternal active smoking and prenatal 

maternal passive smoking, but not to passive smoking after birth (OR 1.51, 95% CI 1.29–1.77). Children exposed 

to prenatal maternal active smoking and postnatal passive smoking had an odds ratio of wheeze of 1.74 (95% CI 

1.44–2.09). Children exposed to prenatal maternal active smoking, prenatal maternal passive smoking and 

postnatal passive smoking had the highest likelihood of developing wheeze up to the age of 2 years (OR 1.73, 

95% CI 1.59–1.88). In each case, exposed children are compared with the same reference group of children never 

exposed to passive smoking. 

Effect modification by parental history of allergy and sex 

The odds ratio for the association between wheeze and exposure to passive smoking (prenatal passive smoking in 

nonsmoking mothers and children's postnatal passive smoking) was higher among children with a parental history 

of allergy (OR 1.49, 95% CI 1.35–1.66) than in children without a parental history of allergy (OR 1.15, 95% CI 

1.00–1.32; p-value for interaction 0.043). Correspondingly, the odds ratio for exposure to maternal active smoking 
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during pregnancy was increased in children with a parental history of allergy (OR 2.25, 95% CI 1.99–2.54) 

compared to those without (OR 1.28, 95% CI 1.09–1.50; p-value for interaction 0.011). Odds ratios were similar 

in males and females. 

Effects by region and cohort-specific effects 

When stratified by location, intra-European differences were noted, but the differences were not statistically 

significant. Northern–central European cohorts tended to have a higher risk of wheeze associated with passive 

maternal smoking during pregnancy (OR 1.36, 95% CI 0.99–1.88) compared to southern–central European 

cohorts (OR 1.10, 95% CI 0.96–1.26), but confidence intervals overlapped and the p-value for interaction was not 

significant (p=0.3)). Similarly, odds ratios for active maternal smoking tended to be higher in northern European 

countries. 

When conducting meta-analyses in order to evaluate cohort-specific effects, results obtained were nearly identical 

to those obtained by the pooled analyses (figs 1 and 2). An increased risk of wheezing in relation to passive 

smoking was observed for most cohorts, but there was significant heterogeneity between cohorts (p-value for 

heterogeneity 0.006). For active smoking, the pattern was more consistent with only one cohort not identifying an 

increased risk. We further examined heterogeneity by sequentially omitting each cohort (online supplementary 

table S3). The estimated risks for exposure to passive smoking among nonsmoking mothers when omitting one 

cohort at a time varied from 1.14 (95% CI 1.00–1.28) when omitting ALSPAC to 1.18 (95% CI 1.05–1.31) when 

omitting KOALA, compared to the overall risk of 1.16 (95% CI 1.03–1.31) from the meta-analysis of all 15 

cohorts. The corresponding estimated risks for active smoking varied from 1.58 (95% CI 1.39–1.77) when 

omitting KOALA to 1.68 (95% CI 1.4–1.89) when omitting PIAMA, compared to 1.65 (95% CI 1.45–1.85) from 

the meta-analysis of all 15 cohorts. 

 

Additional meta-analyses were applied using cohort-specific adjustment based on variables that have been 

previously associated with wheeze (e.g. existence of mould/dampness in the house, pet ownership, duration of 

breastfeeding and infant bedroom sharing), but these provided similar results to the main analysis that applied the 

same adjustment factors to all cohorts (data not shown). Analyses excluding the three cohorts (CONER, 

LEICESTER 1990 and RHEA) that had information on wheezing only for the first year of life (comprising ∼5% 

of the total population), gave very similar results to the overall analyses (data not shown). 

Discussion 

This large European Union-wide pooled analysis of cohort studies demonstrates that maternal passive smoking 

during pregnancy is an independent risk factor for wheeze in children in the first 2 years of life. Prenatal active 

smoking of the mother and postnatal passive smoking of the child pose additional threats to the child, with each 
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timeframe of exposure adding an additional risk towards the development of wheeze before the age of 2 years. 

Notably, both prenatal maternal and postnatal infant passive smoke exposure were found to have an effect on the 

risk of developing wheeze, with a higher effect observed for prenatal maternal passive smoking than postnatal 

infant passive smoking; their combined exposure was associated with an even higher increase in risk. This effect 

was higher among children of parents with allergy than among children of parents without allergy. 

Parental prenatal and postnatal active smoking has been shown to increase the risk for the development of asthma 

and wheeze later in life, a finding that has been previously identified by individual ENRIECO cohorts [12–15, 25–

28]. A recent systematic review and meta-analysis of five cohorts from northern Europe and Japan identified that 

any prenatal maternal smoking was associated with an increase in risk of wheeze in children aged ≤2 years (OR 

1.41, 95% CI 1.20–1.67) [12]. In this study, when we assessed the role of active maternal smoking during 

pregnancy alone (excluding any prenatal maternal passive smoking or postnatal infant passive smoke exposure) a 

lower risk (OR 1.33) was noted, although this estimate was based on small numbers. Combining active maternal 

prenatal smoking with passive smoking exposure led to higher risks for its combination with prenatal maternal 

passive smoking (OR 1.51), postnatal infant passive smoking (OR 1.74) and combined prenatal/postnatal 

exposure to passive smoking (OR 1.73). A potential explanation for the relatively modest although statistically 

significant risk associated with active smoking without passive smoking could be that this small group of mothers 

could be selected and perhaps quit smoking during pregnancy. 

The significant shift that these analyses provide from the existing literature is the investigation between different 

timeframes of exposure on the risk of developing wheeze. Exposure to passive smoking alone was identified to 

increase the risk of developing wheeze if passive smoking exposure is persistent during the prenatal and postnatal 

period, while an increased risk for wheeze was noted among children who were only exposed to passive smoking 

prenatally. This latter risk of ∼10% could, in part, be due to residual confounding, but is still relevant for public 

health because exposure in many countries is very common. More importantly, as this study has shown, prenatal 

passive smoking exposure combined with other smoking exposures adds to the overall risk. These findings further 

stress the importance of protecting pregnant females and infants from passive smoke exposure, in both public and 

private areas [29]. Exposure to passive smoking in public places has been substantially regulated over the past 

decade with significant health gains for children [30, 31]. While increased population awareness and the adoption 

of smoke-free environments have been found to reduce exposure inside the home [32], further action is needed to 

reduce exposure in other private areas that have been identified to contribute significantly to overall passive 

smoke exposure during the gestational period, such as exposure within the family car [33]. 

The association of smoking and wheeze may differ depending on familial history of allergy, although findings are 

inconsistent [24, 25, 34, 35]. However, our stratified analysis indicated a substantial increase in the risk of 

developing wheeze among both those exposed to SHS and those who had a familial history of allergy and were 

exposed to prenatal active smoking. Furthermore, the possible higher risk of developing wheeze among northern 

European participants may be attributable to higher exposure to smoke indoors in the north compared to the south 
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because of better ventilation of indoor air in the south due to warmer climate and having open windows more 

frequently. It could also be attributable to other contributing factors that predispose to the development of wheeze, 

such as the role of viral respiratory tract infections, which we could not investigate, or, less likely, to possible 

genetic variances between European populations. 

Possible explanations for the increased risk of wheeze caused by passive tobacco smoke exposure in young 

children are proinflammatory mediator release, stimulation of inflammatory cells in the respiratory system, 

oxidative stress and increased cysteinyl leukotrienes [36, 37]. In addition, in recent years there has been an 

increase in the evidence for the effect of genetic and epigenetic mechanisms of action, through which maternal 

exposures may affect allergies and asthma in children [38–41]. 

One of the main strengths of the current analysis is the birth cohort study design of all studies included, which 

allowed us to assess temporal relationships between exposure to active and passive smoking and the development 

of wheeze. Although we did not have the exact timing of postnatal passive smoke in relation to timing of 

wheezing symptoms during the first 2 years it seems very unlikely that parents would start smoking in front of 

their children after, rather than before their children had a wheezing episode. Our large sample size provided a 

robust dataset that permitted the investigation of the independent role of each window of exposure 

(prenatalversus postnatal) and exposure type (active smoking versus passive) on the development of wheeze 

before the age of 2 years. To our knowledge our study is the first that has a sufficiently large sample size to 

separate the effects of different combinations of exposure. Conversely, the main limitation of our study was that 

we relied on parental report for both the exposure and the outcome, which may be subject to underreporting, recall 

and report bias. However, numerous studies have shown that participants (usually mothers) answer reliably about 

childhood exposure to SHS by their mother or their father [42–45]. In several studies effect estimates for 

respiratory symptoms or chronic diseases based on self-reported exposure to passive smoking are frequently 

equally strong, if not stronger, than those based on cotinine or other biomarkers [46]. Other limitations include the 

lack of information on other potential confounders (such as daycare attendance, social class and infections) and 

the inclusion only of studies participating in this large European project. Within our study, household and 

workplace passive smoking were used as a proxy for overall exposure to passive smoking, since a detailed 

evaluation for exposure in other locations was not available for several cohorts. It is possible that females who 

reported no passive smoking exposure at work or in their homes might have been exposed from other sources 

(i.e.cafes and bars); however, such misclassification of exposure is likely to have been nondifferential and thus 

would have been likely to attenuate the estimated associations rather than contribute to spurious links. 

Conclusion 

Our study suggests that maternal passive smoking exposure during pregnancy is an independent risk factor for 

wheeze in children up to the age of 2 years. The likelihood of developing wheeze during the first 2 years of life 

increased with exposure to both maternal prenatal active and maternal prenatal passive smoking and passive 

smoking of the child during the postnatal period; risks were higher in children of parents with allergy. These 
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findings have public health implications and indicate the need for protecting pregnant females and young children 

from exposure to passive smoking by adopting smoke-free homes, work and other private and public places, as 

well as indicating the need for providing cessation opportunities to females and their partners. 
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