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ABSTRACT 

Introduction: The nature of the relationship between maternal tobacco smoking during pregnancy 

and the occurrence of children’s behavioural problems is still a matter of controversy. We tested this 

association using data collected among a sample of pregnant women and their offspring followed 

from birth to early adolescence (age 12 years), accounting for multiple parent, child, and family 

characteristics.  

Methods :  Data come from 1424 mother-child pairs participating in the EDEN mother-child cohort in 

France. Using repeated measures (3, 5.5, 8 and 11.5 years) of the mother-reported Strengths and 

Difficulties Questionnaire, we estimated trajectories of children’s emotional and behavioural 

difficulties. Two aspects of maternal smoking were studied: the timing (non-smoker, smoking during 

the periconceptional period or throughout pregnancy) and the level of use (cigarettes/day) during 

the first trimester of pregnancy. Robust Poisson regression models controlled for confounding 

factors including maternal mental health and socioeconomic characteristics using propensity scores 

with the overlap weighting technique.  

Results: Contrary to bivariate analyses, in propensity score-controlled regression models, maternal 

smoking throughout pregnancy was no longer significantly associated with offspring emotional or 

behavioural difficulties. Maternal heavy smoking (≥10cigarettes/day) remained significantly 

associated with intermediate levels of conduct problems (RR 1.25 95%CI 1.19-1.31) 

Conclusion: The association between maternal smoking in pregnancy and offspring emotional and 

behavioural difficulties appears to be largely explained by women’s other characteristics. However, 

maternal heavy smoking appears to be related to offspring behavioural difficulties beyond the role 

of confounding characteristics. 

 

Keywords: smoking, pregnancy, behavior, ADHD, cohort study, offspring 
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Implications:   The relationship between maternal smoking during pregnancy (in 2 modalities: timing 

and level of smoking) and behavioural difficulties in children is still a matter of debate.  While the 

relationship between any maternal tobacco use and offspring behavioural difficulties appears to be 

largely explained by confounding factors, heavy maternal smoking in the first trimester of pregnancy 

seems to be associated with offspring behavioural difficulties beyond the socioeconomic and mental 

health characteristics transmitted across generations.  
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INTRODUCTION 

Prenatal cigarette smoking is a major and preventable cause of morbidity and mortality for 

both mother and child. It increases the risk of obstetrical and neonatal complications such as 

prematurity and/or low birth weight (1). After birth, it is also associated with an increase in sudden 

infant deaths and respiratory disorders (1). Moreover, several studies have found an association 

between prenatal smoking and some behavioural symptoms in the offspring. Among these disorders, 

attention deficit and hyperactivity disorder (ADHD) is one of the most frequently diagnosed mental 

disorders in children, with an estimated global prevalence of 5.3% (2). Most studies investigating the 

association between maternal smoking and ADHD have found a significant association (3–6). 

However, these associations are most consistently significant in studies that do not control for 

unmeasured confounders (e.g., genetic). Prenatal smoking has been associated with other 

externalizing behaviours such as conduct disorders (7). Findings on the association between prenatal 

smoking and internalizing symptoms in the offspring are less consistent; some studies find a positive 

association (8) while others do not (3). 

Children whose mothers smoke during pregnancy seem to have elevated levels of 

behavioural difficulties, yet the causal nature of this association is still a matter of controversy, as this 

association could be due to confounding by socio-economic, psychological or inherited factors (5). 

Some studies have explored these associations by trying to better account for genetic factors. Most 

sibling-discordant studies reported no statistically significant association between maternal smoking 

and offspring risk of ADHD has been found although results depend on measurements of both the 

environment and the offspring outcome (4,9–12). But these studies may be biased due to non-shared 

confounders and potential selection bias (13). Thapar et al studied this association in a population of 

children born through Assisted Reproduction Techniques (ART), comparing genetically unrelated and 

related offspring to the woman who had the pregnancy. They found no significant association 

between prenatal smoking and ADHD suggesting that the previously observed association between 

maternal smoking in pregnancy and ADHD might be the result of an inherited risk for externalizing 
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symptoms (14). Similar results were found for conduct disorders (15). Nevertheless, children born 

through ART do not represent well the general population, as their families are characterized by high 

socioeconomic position and low maternal smoking rates (16). 

The French context is ideal for studying the consequences of maternal smoking during 

pregnancy due to the higher tobacco consumption levels than in other European countries. In 2016, 

16.3% of women smoked tobacco in the third trimester of pregnancy, putting France 20th  highest in 

terms of levels of maternal smoking among 22 European countries with available data (17). Thus, in 

France maternal tobacco smoking is more widespread and may be less influenced by genetic factors 

than in other settings (18). In a previous study conducted using data from the EDEN mother-child 

birth cohort, we reported that children exposed to maternal smoking had an increased risk of having 

elevated levels of symptoms of hyperactivity/inattention at the age of five as measured using the 

SDQ, even after controlling for confounding factors (3). However, a limitation of this study is that we 

examined children’s behaviour at one single point in time. In most children, behavioural difficulties 

decrease during middle childhood (19) and whether persistent difficulties are associated with 

prenatal exposure to tobacco is uncertain.   

The timing and level of smoking during pregnancy are two aspects of tobacco use that could 

influence the child's behaviour. First, early pregnancy is the period of embryogenesis, whereas late 

pregnancy is the period of brain maturation and growth and smoking throughout pregnancy could be 

deleterious (20,21). Second, several studies have found that any level of maternal smoking has effect 

on offspring health (22), and others have found that some complications related to maternal smoking 

appear to follow a dose-related pattern (23). In particular, some studies found that maternal smoking 

of at least 10 cigarettes per day during pregnancy was most likely to be associated with children’s 

externalizing behaviours (24,25).  

The objective was to study the association between maternal smoking during pregnancy 

(smoking time period and level of smoking) and the child's emotional and behavioural trajectories 

from age 3 to age 11.5 years, using data from the French EDEN (Étude des Déterminants pré et post-
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natals précoces du développement psychomoteur et de la santé de l’ENfant) mother-child cohort, 

with and without controlling for multiple confounding factors. 

METHODS 

Study population:  

Data come from the EDEN (Étude des Déterminants pré et post-natals précoces du 

développement psychomoteur et de la santé de l’ENfant) mother-child cohort whereby 2002 

pregnant women were recruited before 22 weeks of gestation (WG) in two French maternity wards 

(Nancy and Poitiers) between 2003 and 2006, to investigate the prenatal and postnatal determinants 

of child health and development (26). Children were followed until age 12. Biomedical and 

sociodemographic characteristics of parents and children were collected repeatedly during 

pregnancy and childhood, from medical records, face-to-face interviews, and parent’s self-completed 

questionnaires (26). For our study, we used data collected during pregnancy, at birth and at 3, 5.5, 8 

and 11.5 years. We excluded mother-child pairs for which no information on prenatal smoking and 

child's behaviour were available. For child's behaviour data, at least one time point of measurement 

had to be available.  Compared with the 2003 French National Perinatal Survey, women included in 

EDEN cohort had a higher level of education, lower maternal tobacco consumption during 

pregnancy, and similar frequencies of preterm birth (26,27). The EDEN cohort received approval from 

the committee that oversees ethical data collection in France.  

Variables:  

Exposure: prenatal smoking  

Maternal smoking status before and during pregnancy was collected in face-to-face interviews at 22-

26 weeks of gestation and at childbirth. Based on this information, maternal smoking during 

pregnancy was studied in 3 mutually exclusive categories: non-smoker (reference category), 

maternal periconceptional smoking defined as smoking during the 3 months before or after 

conception (includes the first trimester of pregnancy), and smoking throughout pregnancy. We 

initially categorized the exposure in 4 groups: non-smoker, smoker before pregnancy, smoker during 

the first trimester of pregnancy and smoker throughout pregnancy. However, women smoking in the 
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3 months before pregnancy (n= 136) and those smoking during the 1st trimester of pregnancy (n = 

117) were consistent and associations with offspring behavioural difficulties in these two groups 

were very similar. Grouping these 2 categories allowed us to increase the statistical power of our 

analyses. In the “smoking throughout pregnancy” category, the majority of participants reported 

smoking throughout all 3 trimesters of pregnancy. Indeed, some women in this category differed, but 

they represent a minority. For example, less than 1% (14/1424) of the women in our study reported 

not smoking in the periconceptional period but did so in the 2nd and 3rd trimesters. The size of these 

subsamples was too small to create more categories while maintaining sufficient statistical power. 

Sensitivity analyses were conducted to ensure that the "smoking throughout pregnancy" group was 

homogeneous with regard to population characteristics and that associations with behavioural 

trajectories were not modified by the removal of minority dyads. Then the daily quantification of 

maternal smoking during the first trimester of pregnancy was used to assess the level of maternal 

smoking 0, 1-9, ≥ 10 cigarettes/day. Finally, we conducted an additional analysis presented in 

Appendix  4 using the average amount smoked during the entire pregnancy ( 0, 1-5, > 5 

cigarettes/day).  

Outcome Variable: Children’s behavioural and emotional difficulties  

Children’s emotional and behavioural difficulties were assessed using the French version of 

the Strengths and Difficulties Questionnaire (SDQ), completed by the mothers at ages 3, 5.5, 8 and 

11.5 (28). The SDQ includes 5 scales of 5 items each: prosocial behaviours, emotional difficulties, 

conduct problems, hyperactivity/inattention, and peer relationship problems. Each score ranges 

from 0 to 10, where higher scores indicate greater difficulties, except for the prosocial behaviours 

scale. The overall SDQ score is obtained by adding scales, except prosocial behaviours. We studied 

the total SDQ score and its component subscales.   
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Covariates  

Covariates included variables potentially associated with childhood behavioural and 

emotional difficulties and prenatal smoking.  

Children’s characteristics included sex assigned at birth (female vs. male), birth order 

(firstborn vs. not firstborn), childcare type (centre-based childcare, childminder – professional with a 

state diploma, or informal childcare  – primarily parental care), caregiver of the child at 8 months of 

age (mother exclusively vs other), early learning activities with the parents at 24 months of age 

(singing, reading stories, games, walking, playing ball: daily or not) and age at school entry (before 3 

years vs. after). 

Maternal characteristics included maternal age at childbirth (< 30 years vs. ≥ 30 years), 

educational level (<higher education vs ≥ higher education defined by two or more years of 

university), cannabis use during pregnancy (yes vs. no), alcohol use in pregnancy (≥ 1 glass of 

alcohol/week vs. < 1 glass of alcohol/week), behavioural problems during childhood (yes vs. no), 

speech and language delay during childhood (yes vs. no), social support (yes vs. no), mental health 

disorders prior to pregnancy (yes vs. no) and psychological difficulties during pregnancy (yes vs. no) 

ascertained at 22 WG measured with the Center for Epidemiologic Studies Depression (CES-D) 

questionnaire (cut-off score ≥ 16) (29) or high anxiety measured with the State-Trait Anxiety 

Inventory (STAI) questionnaire (cut-off score ≥  85th percentile) (30). 

Paternal characteristics included educational level (<higher education vs ≥ higher education 

defined by two or more years of university), smoking in pregnancy (yes vs. no), speech and language 

delay during childhood (yes vs. no) and behavioural problems during childhood (yes vs. no).  

Family characteristics were study centre (Nancy vs. Poitiers), household income (<1500 

euros/month corresponding to the lowest quartile of distribution in the cohort population vs. ≥1500 

euros/month), marital status (married vs. other), parental separation between 22 WG and 5 years 

(yes vs. no).  
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Statistical analyses  

Trajectories of children’s emotional and behavioural symptoms were modelled between ages 

3 and 11.5, using Group Based Trajectory Modelling (GBTM, PROC Traj in SAS® 9.4) (31), a 

semiparametric method which allows the identification of  groups of children with similar SDQ score 

(subscale or total) patterns over time. It is a method particularly adapted for the longitudinal study of 

child behaviour as children may have varying levels of symptoms during childhood. This method 

allows for its graphical representation for better understanding. At least one time point of SDQ 

measure is required to model the trajectory. Missing outcomes are handled by GBTM under the 

missing-at-random (MAR) assumption. Individuals with missing outcome were assigned to their most 

likely group. The best-fitting model for each SDQ subscale was defined based on a maximized 

Bayesian Information Criterion (BIC) and group parsimony. To define a good model, the average 

posterior probabilities of trajectory membership should be at least equal to 0.7, meaning that people 

within each trajectory had a highly similar longitudinal pattern of change or stability on the variable 

(31). In our sample, the best models for the total SDQ score and each subscale were a 3-trajectory 

model corresponding to high, intermediate or low persistent levels of symptoms. 

Missing data on covariates were handled using the multiple imputation technique with the 

fully conditional specification method (10 imputations), based on the assumption that data are MAR 

(32).  

To explore the association between prenatal smoking and trajectories of children’s emotional 

and behavioural difficulties, we first conducted robust Poisson regression models (outcome in 3 SDQ 

score trajectories for each subscale and for the total SDQ: high score, middle and low persistent 

scores) (33). Then, we used propensity scores to account for all observed confounding factors, and 

render the three exposure groups as similar as possible (34). This technique has two main advantages 

over standard multivariate statistical modelling: 1) it allows the inclusion of a greater number of 

relevant variables into statistical models; 2) it makes it possible to visualize differences in terms of 

associated characteristics between exposure groups (34–36). The choice of variables included in the 

propensity score was made by taking into account the scientific literature and then, among the 
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potential confounding factors in Table 1, we selected those associated with the study outcome in 

bivariate statistical analyses. Potential intermediate variables such as prematurity or low birth weight 

were not included in the final analyses. The list of covariates included in the propensity score we 

used is available in Appendices 1 and 2 and under Tables 2 and 3. 

After observing limited overlap between propensity score densities pertaining to exposure 

categories, we chose to use the overlap weighting (OW) method (PSweight package in R) (37,38). 

This technique focuses on the subpopulation whose probabilities to be in the reference and in the 

exposure group are balanced, given their set of covariates (37,39). By doing so, it attributes a higher 

weight to observations that contribute the most to the overlap between propensity score densities 

(38). The standardized mean differences of covariates, before and after overlap weighting, are 

available in Appendix 1 for ‘Timing of maternal smoking’ variable and in Appendix 2 for ‘level of 

maternal smoking’ variable.  

Next, for each SDQ subscale and for the total score, we performed a robust Poisson 

regression analysis of symptoms trajectories by overlap weighting and verified the distribution of the 

confounding factors afterwards.  

Statistical analyses were performed using SAS® 9.4 and R 4.0.4. Risk Ratio and their 95% 

confidence interval were calculated. A p value < 0.05 was considered statistically significant. 

RESULTS 

Descriptive analysis 

Our study sample consisted of 1,424 mother-child pairs with data on both the exposure and 

outcome (Appendix 3). Compared with families included in our analysis (n= 1,424), those who did 

not participate (n= 483) were characterized by lower maternal educational level (Low-education level 

48.2% vs 41.2%;  p< 0.0001), lower paternal educational level (Low-education level 57.5% vs 51.6%;  

p< 0.0001), lower income (38.0% vs 29.9%; p= 0.04), higher rate of parental separation (41.2% vs 

15.1% ; p<0.0001), lower maternal social support (62.3% vs 71.3 %; p< 0.0001), were more often 

multiparous (60.6% vs 53.6%, p=0.007) and had a lower average age at delivery (28.2, SD=5.1 vs 29.9, 
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SD=4.7 years; p<0.0001). However, there were no significant differences in the proportion of 

children’s sex, prematurity, or age at school entry.  

On average 5.3% of data on study covariates were missing, with a maximum of 18.0% for 

variable “psychological difficulties during pregnancy”. 

Table 1 shows characteristics of participating children and families according to maternal 

tobacco smoking status during pregnancy after imputation of missing data. Overall, 17.8 % of 

mothers smoked during the periconceptional time period, and 14.5% smoked throughout pregnancy. 

During the first trimester of pregnancy, 8.1% of pregnant women were considered “heavy smokers” 

(consumption ≥ 10 cig/day) and 13.6% as “light smokers” (consumption < 10 cig/day). In our study 

population, 48.0% of children were female, and respectively 6.3% of mothers and 10.7% of fathers 

had behavioural problems in childhood. Socioeconomic factors (lower level of household income, 

unmarried women at baseline and parental separation), young maternal age, maternal history of 

behavioural disorders during childhood, maternal mental disorders, and substance abuse (alcohol, 

cannabis) were significantly associated with prenatal smoking.  

Children’s trajectory of emotional and behavioural difficulties 

Figure 1 shows children’s trajectories of emotional and behavioural symptoms between the 

ages of 3 to 11.5 years. For the total SDQ score and each subscale, the best model was one with 3 

distinct trajectories: a low, intermediate, and a high level of symptoms. The average posterior 

probabilities of group membership were greater than 0.70 for all trajectories in the 3-group model 

(range 0.73-0.89, m = 0.82) (40). The reference category was the ‘low symptom level’ trajectory. 

There was a trend of decreasing symptoms between 3 and 5.5 years in the reference category. All 

groups remained stable over time. Overall, a high level of overall of emotional and behavioural 

difficulties was observed in 8.2% of children, the corresponding prevalence rates were 14.4% for 

conduct problems, 13.3% for symptoms of hyperactivity/inattention, 6.3% for peer relationship 

problems and 15.9% for emotional difficulties.  
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Timing of maternal smoking and children’s trajectories of emotional and behavioural difficulties 

Table 2 shows associations between timing of maternal smoking and children’s trajectories 

of behavioural and emotional difficulties in bivariate analyses and after controlling for child and 

family characteristics via OW.  

In bivariate analyses, compared with non-smoking mothers, those who smoked throughout 

pregnancy were significantly more likely to have children with intermediate level of emotional and 

behavioural difficulties (RR 1.23, 95%CI 1.14 to 1.32), and with intermediate level of each SDQ 

subscales : conduct disorders (RR 1.08, 95%CI 1.05 to 1.11), hyperactivity/inattention (RR 1.13, 95%CI 

1.08 to 1.17), emotional symptoms (RR 1.10, 95%CI 1.07 to 1.14),   and peer relationship problems 

(RR 1.12 95% CI 1.09 to 1.15). Additionally, maternal smoking throughout pregnancy was associated 

with a high level of symptoms of emotional and behavioural difficulties (RR 1.72, 95%CI 1.22 to 2.43) 

and externalized symptoms: conduct problems (RR 1.32, 95%CI 1.13 to 1.56) and 

hyperactivity/inattention (RR 1.45 95% CI 1.20 to 1.78). Children of mothers who smoked during the 

periconceptional period only did not differ in terms of behavioural and emotional symptoms from 

those whose mothers did not smoke. 

After controlling for child and family characteristics via OW associations between timing of 

maternal smoking and offspring emotional and behavioural difficulties were reduced and no longer 

statistically significant. 

 

Level of maternal smoking and children's trajectories of emotional and behavioural difficulties 

Table 3 shows associations between maternal smoking level during the first trimester of 

pregnancy and children’s trajectories of behavioural and emotional difficulties in bivariate analyses 

and after controlling for child and family characteristics via OW.  

In bivariate analyses, compared with children of non-smoking mothers, children of “heavy 

smokers” were more likely to have a high likelihood of having intermediate and high level emotional 

and behavioural difficulties (RR 1.44, 95%CI 1.34 to 1.54 and RR 1.93, 95%CI 1.30 to 2.85 
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respectively) as well as intermediate and high levels of each subscale (except for high level of peer 

relationship problems) : conduct disorders (RR 1.28, 95%CI 1.26 to 1.30 and RR 2.02, 95%CI 1.81 to 

2.27 respectively), symptoms of hyperactivity-inattention (RR 1.19, 95%CI 1.14 to 1.24 and RR 1.87, 

95%CI 1.55 to 2.24 respectively) , emotional symptoms (RR 1.15, 95%CI 1.11 to 1.18 and RR 1.32, 

95%CI 1.10 to 1.58 respectively) and peer relationship problems (RR 1.11, 95%CI 1.08 to 1.15).  

After controlling for child and family characteristics via OW, compared with children of non-

smoking mothers, children of “heavy smokers” were significantly more likely to have intermediate 

level symptoms of conduct problems (RR 1.25 95% CI 1.19 to 1.31). The association between children 

of “heavy smokers” and intermediate level of symptoms of overall emotional and behavioural 

difficulties was observed but did not reach statistical significance (RR 1.26 95% CI 0.95 to 1.67).   

 

The additional analysis which we conducted to test the role of the average number of 

cigarettes smoked during the entire pregnancy (Appendix 4) shows a significant association between 

heavy smoking and children’s high level of the total SDQ score as well as externalizing symptoms, 

compared with children of non-smoking mothers in bivariate analyses. In propensity score analyses, 

heavy smoking during the entire pregnancy remained significantly associated with intermediate and 

high trajectories of conduct problems. 

DISCUSSION 

Main results:  

Our study, conducted using data from a French mother-child cohort, explored two aspects of 

prenatal smoking: the timing of smoking during pregnancy (non-smoker, maternal periconceptional 

smoking and smoking throughout pregnancy) and the level of smoking during the first trimester of 

pregnancy (0, 1-9, ≥ 10 cigarettes/day). It shows that timing of maternal smoking during pregnancy is 

not associated with trajectories of behavioural and emotional difficulties in children, while the level 

of smoking during the first trimester is. Especially, "smoking throughout pregnancy" is associated in 

bivariate analyses with intermediate levels of the total SDQ and each subscale, as well as with high 
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level for the total SDQ and for externalizing symptoms. But these results were no longer statistically 

significant after controlling for confounding factors. In addition, maternal heavy smoking in the 1st 

trimester of pregnancy does predict children’s intermediate level of conduct problems, although our 

analyses focusing on high levels of children’s difficulties although there was not enough statistical 

power. 

Our findings are novel in that they focus on children’s emotional and behavioural difficulties 

through early adolescence, and suggest that maternal high levels of smoking are a relevant risk factor 

above and beyond of other parental and child characteristics. Some of the studies conducted using 

novel designs (ex. Discordant siblings, children born through ART) may fail to include heavy smokers, 

which may in part explain null findings. Our data suggest that future investigations examining 

children’s emotional and behavioural difficulties would gain in precision by focusing on maternal 

heavy smoking rather than any exposure. 

Limitations and strengths:  

We need to acknowledge some study limitations. First, the study was conducted in two 

separate cities in France and is not nationally representative. The study population was more 

educated and had a higher socioeconomic level than the general French population. Women 

included in EDEN smoke less than those in the general population, and the women who smoke the 

most are probably not included in the cohort. However, EDEN sample contains heterogeneous 

profiles of women, comparable levels of prematurity or admission to intensive care unit and the rate 

of smoking in the 3rd trimester remains high at 14.5% allowing the study of this exposure (26). 

 Second, our analyses lack of statistical power for some analyses, particularly focusing on high 

levels of children’s difficulties. This could lead to finding insignificant results when relationships could 

potentially exist. Third, self-reporting of prenatal smoking can induce non-disclosure or 

underestimation of levels of smoking due to social desirability bias, especially during pregnancy (41). 

This might lead to an underestimation of the link between maternal smoking during pregnancy 
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and offspring outcomes in our study. Fourth, children’s emotional and behavioural symptoms were 

reported by the mother, which may introduce bias. Although some studies indicate good agreement 

between the mother’s findings and those of other observers (42), information from multiple 

informants may provide more valid and accurate measures of children’s behaviour than the mother’s 

reports alone and should be emphasized in future research designs (43). A multi-rater approach may 

be needed because it would reflect a more comprehensive measure of complex behaviour (44). 

Although the SDQ is a symptom scale, which does not allow clinical diagnosis, it is a tool with good 

psychometric properties that allows a rapid identification of disorders that should lead the child to a 

medical consultation (28). The SDQ is a validated scale to detect emotional and behavioural 

difficulties in children. However, the use of other scales such as the Connors scale could have 

provided evidence of a greater effect of maternal smoking on ADHD and should be considered in 

future research (45). 

Our study also has several strengths. First, it is a large cohort study with prospective follow-

up of pregnant women and their offspring from birth to early adolescence (12 years), with repeated 

measures of multiple characteristics of children and their families. Maternal smoking status was 

collected during pregnancy (26) and we analysed different components of children’s behaviour. 

Second, the French context, with its high prevalence of prenatal smoking, with 16.3% of women 

smoking tobacco in the third trimester of pregnancy in 2016, is an interesting setting to study this 

phenomenon and its consequences on health (17). Third, we used propensity scores, which allow to 

take into account several confounding factor to test causal inference in observational data by making 

exposures groups comparable (38).  

Interpretation of findings:  

We hypothesized that prenatal smoking would be associated with children’s emotional and 

behavioural difficulties based on a plausible biological mechanism. Nicotinic acetylcholine receptors 

regulate critical aspects of brain maturation and studies suggest that carbon monoxide and nicotine 
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could induce alterations in brain structure and function through chronic placental hypoxemia and 

foetal growth restriction, but also by directly affecting brain structure and neurotransmission (46). 

While a previous study found a significant association between persistent prenatal smoking 

throughout pregnancy and ADHD in the offspring at 5 years of age (3), our work suggests that this 

effect might not persist over time when studying symptom trajectories from 3 to 11.5 years. Sutin et 

al. had some comparable results in the Australian context when looking at mother reporting 

externalizing symptoms between 4 and 14 years (42). Additional studies investigating the long-term 

effects of prenatal smoking are needed to explore this phenomenon. In addition, our results are 

consistent with several sibling-discordant studies which found no association between smoking 

during pregnancy and ADHD in the offspring after adjusting for potential confounders, using the 

amount smoked during pregnancy (9) or a dichotomous variable for smoking without specifying the 

amount or timing of prenatal exposure (10). Our results also support previous findings suggesting 

that prenatal smoking is associated with conduct disorders (7). 

Although we  found no significant association between persistent prenatal smoking and high 

levels of behavioural and emotional problems in the offspring when controlling for confounding 

factors, other negative effects of smoking on women and children are well known and multiple such 

as premature birth and obstetrical complications (1). Therefore, women should still be encouraged to 

stop smoking during pregnancy whenever possible. During pregnancy, described as a window of 

opportunity in which the perception of health risk is increased, it seems important to detect smoking 

and social vulnerability factors. In France, the early prenatal interview, proposed systematically since 

May 2020, allows an early and systematic identification of vulnerable situations collecting data on 

maternal mental health, social context, and addictive behaviours (47,48). This early identification is 

essential to support women and propose personalized prevention strategies. It would be interesting 

to conduct studies to evaluate the impact of this measure on the occurrence of behavioural disorders 

in children. 

Although some of our results were no longer statistically significant after taking into account 

family and child characteristics with propensity scores, we found that children of "heavy smokers" 
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during the 1st trimester tend to have elevated levels of conduct problems, even after controlling for 

potential confounders. Thus, smoking level seems to be an interesting indicator to study offspring 

behavioural difficulties.  

Many factors may be involved in the potential association between prenatal smoking and the 

occurrence of emotional and behavioural difficulties among children. Women who smoke and do not 

quit tobacco during pregnancy and “heavy smokers” are different from those who do not smoke at 

all. In particular, many socio-demographic factors are associated with continued smoking during 

pregnancy including younger maternal age, low socio-economic level, parity, and marital status and 

they also have an increased prevalence of psychological difficulties (49). Socio-economic 

characteristics and maternal mental health may contribute to the occurrence of behavioural 

difficulties in the offspring (50,51). Behavioural problems in children could also be due to inherited 

factors or other characteristics such as psychosocial context rather than a direct effect of prenatal 

tobacco exposure (4,14). 

 

CONCLUSION: 

The observed association between maternal prenatal smoking and offspring behavioural 

difficulties appears to be largely explained by women’s psychosocial context. However, our findings 

suggest that high levels of prenatal tobacco exposure in first trimester may be related to child's 

behavioural difficulties, beyond the socioeconomic and mental health characteristics transmitted 

from one generation to the next. 
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Variables (%) 

Overall 
(n=1,424) 

Non-
smoker 
(n=965) 

Maternal 
periconceptional 

smoking 
(n=253) 

Maternal 
smoking 

throughout 
pregnancy 

(n=206) 

p 
values 

Child characteristics       

      Sex assigned at birth (female) 48.0 46.8 50.2 50.5 0.4678 

      Birth order (firstborn) 46.4 43.9 56.1 46.1 0.0023 

      Childcare type     0.0301 

          Centre-based childcare 36.4 38.0 37.1 29.1  

          Childminder 42.8 43.0 42.3 42.7  

          Informal childcare* 20.6 19.0 20.6 28.2  

      Schooling at age 3 65.9 65.5 64.4 69.4 0.4846 

      Child’s activities with the parents       

          Caregiver of the child** at 8 months 
(mother) 

73.1 73.0 69.6 78.2 0.1167 

          Early learning activities***at 24 months 
(daily) 

87.4 86.6 88.9 88.8 0.4878 

Maternal characteristics       

      Age at child’s birth < 30 years 47.5 43.3 57.7 54.9 <.0001 

      Low education level**** 41.2 36.2 43.9 61.2 <.0001 

      Maternal smoking during the 1
st

 trimester     <.001 

          Non-smoker 78.3 100.0 53.8 6.8  

          “Light smoker” (>0 and <10cig/day) 13.6 0.0 31.6 55.1  

          “Heavy smoker” (≥10cig/day) 8.1 0.0 14.6 38.0  

      Cannabis use during pregnancy 1.6 0.2 3.6 5.3 <.0001 

      Alcohol use during pregnancy ≥ 1 glass/week 29.9 25.9 41.1 34.9 <.0001 

      Behavioural problems as child 6.3 6.0 3.6 10.7 0.0063 

      Speech and language delay as child 15.5 14.0 17.8 19.4 0.0775 

      Lack of social support 28.7 28.1 29.6 30.6 0.7240 

      Preexisting mental disorder 14.2 11.5 18.6 20.9 0.0002 

      Psychological difficulties during pregnancy 28.7 26.0 34.0 35.0 0.0045 

Paternal characteristics       

      Smoking during pregnancy 39.0 27.2 57.3 72.3 <.0001 

      Low-education level**** 51.6 48.4 49.4 69.4 <.0001 

      Behavioural problems as child 10.7 9.4 12.7 14.1 0.0780 

      Speech and language delay as child 30.1 29.3 29.3 35.0 0.2639 

Family characteristics       

      Study centre (Nancy) 48.0 49.7 49.4 38.4 0.0108 

      Household income <€1500 / month during 
pregnancy 

29.9 26.3 29.3 47.1 <.0001 

     Marital status at baseline (married) 56.0 64.8 47.1 30.1 <.0001 

      Parental separation between 22 WG and 5 
years 

15.1 12.4 19.4 22.3 0.0002 

Table 1- Characteristics of the study population according to maternal tobacco smoking status during 

pregnancy (EDEN mother-child cohort study, n= 1,424).  

* Informal childcare: parents or others non-professional caregivers 

** Care activities: preparing the meal, feeding, waking at night, changing nappies, bathing, accompanying to the doctor 

*** Early learning activities with the child: singing, reading a story, games, walking, playing ball 

**** Low level of education: <higher education  

WG, Weeks of gestation  
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   Bivariate analyses  Propensity scores weighted analyses (overlap weighting) * 

 

SDQ Subscales 

Maternal smoking during the 
periconceptional period (n=253) vs 
non-smoker 
(n= 965) 

Maternal smoking 
throughout pregnancy 
(n=206) vs non-smoker 
(n=965) 

 Maternal smoking during the 
periconceptional period 
(n=253) vs non-smoker  
(n= 965) 

 Maternal smoking throughout 
pregnancy (n=206) vs non-smoker 
(n=965) 

   RR     95% CI  RR       95% CI  RR       95% CI  RR       95% CI 

 

Total SDQ score 

L Reference   Reference    Reference   Reference  

I 1.04 0.95 to 1.13  1.23 1.14 to 1.32  1.01 0.85 to 1.19  1.05 0.84 to 1.32 

H 1.25 0.86 to 1.81  1.72 1.22 to 2.43  0.81 0.38 to 1.74  0.95 0.37 to 2.42 

Ex
te

rn
al

iz
in

g 

sy
m

p
to

m
s Conduct problems 

L Reference   Reference    Reference   Reference  

I 1.02 0.99 to 1.05  1.08 1.05 to 1.11  1.02 0.97 to 1.08  1.02 0.93 to 1.12 

H 1.03 0.85 to 1.25  1.32 1.13 to 1.56  0.91 0.62 to 1.32  0.98 0.61 to 1.57 

Hyperactivity/Inattention 

L Reference   Reference    Reference   Reference  

I 1.00 0.95 to 1.05  1.13 1.08 to 1.17  0.98 0.91 to 1.07  1.00 0.87 to 1.14 

H 1.12 0.90 to 1.41  1.45 1.20 to 1.78  0.95 0.63 to 1.45  0.90 0.50 to 1.59 

In
te

rn
al

iz
in

g 

sy
m

p
to

m
s Emotional symptoms 

L Reference   Reference    Reference   Reference  

I 1.04 1.00 to 1.07  1.10 1.07 to 1.14  1.01 0.95 to 1.08   1.03 0.94 to 1.30 

H 1.00 0.84 to 1.20  1.06 0.87 to 1.28  0.91 0.63 to 1.31  0.96 0.54 to 1.72 

Peer relationship problems 

L Reference   Reference    Reference   Reference  

I 1.01 0.98 to 1.04  1.12 1.09 to 1.15  1.00 0.95 to 1.06  1.05 0.98 to 1.12 

H 0.94 0.61 to 1.44  1.15 0.74 to 1.79  0.66 0.27 to 1.60  0.83 0.21 to 3.12 

 

 

Table 2- Timing of maternal smoking and children’s trajectories of behavioural and emotional difficulties from ages 3 to 11.5 years (EDEN mother-child cohort study,  

n= 1,424) 

Robust Poisson regression and overlap weighting analyses (95%CI), reference group: non smoking mothers 

H, High trajectory; I, Intermediate trajectory; L, Low trajectory; SDQ, Strengths and Difficulties Questionnaire 

RR : Risk Ratio 

* Covariate included in the propensity score model were: centre, social support, family status, parental separation, household income, sex assigned at birth, birth order, early learning activities, 

mental health disorders prior to pregnancy, psychological maternal difficulties during pregnancy, paternal smoking during pregnancy, maternal and paternal language delay during childhood, 

maternal and paternal behavioural problem during childhood, maternal and paternal educational level 
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   Bivariate analyses  Propensity scores weighted analyses (overlap weighting) * 

 
SDQ Subscales 

Light smokers (n= 193)  
vs non-smokers (n=1116) 

Heavy smokers (n= 115)  
vs non-smokers (n=1116) 

 Light smokers (n= 193)  
vs non-smokers (n=1116) 

 Heavy smokers (n= 115)  
vs non-smokers (n=1116) 

   RR     95% CI  RR       95% CI  RR       95% CI  RR       95% CI 

 

Total SDQ score 

L Reference   Reference    Reference   Reference  

I 1.15 1.05 to 1.25  1.44 1.34 to 1.54  1.09  0.89 to 1.32  1.26 0.95 to 1.67 

H 1.24 0.82 to 1.85  1.93 1.30 to 2.85  0.95 0.26 to 3.39  1.02 0.14 to 7.67 

Ex
te

rn
al

iz
in

g 

sy
m

p
to

m
s Conduct problems 

L Reference   Reference    Reference   Reference  

I 0.96 0.93 to 1.00  1.28 1.26 to 1.30  0.95 0.86 to 1.07  1.25 1.19 to 1.31 

H 1.08 0.88 to 1.32  2.02 1.81 to 2.27  0.89 0.50to 1.60  1.52 0.92 to 2.55 

Hyperactivity/Inattention 

L Reference   Reference    Reference   Reference  

I 1.06 1.01 to 1.11  1.19 1.14 to 1.24  1.01 0.91 to 1.12  1.02 0.79 to 1.31 

H 1.31 1.05 to 1.64  1.87 1.55 to 2.24  1.11 0.67 to 1.84  1.19 0.48 to 2.97 

In
te

rn
al

iz
in

g 

sy
m

p
to

m
s Emotional symptoms 

L Reference   Reference    Reference   Reference  

I 1.02 0.99 to 1.06  1.15 1.11 to 1.18  1.02 0.94 to 1.10  1.08 0.94 to 1.24 

H 0.84 0.66 to 1.07  1.32 1.10 to 1.58  0.88 0.45 to 1.72  1.21 0.49 to 3.00 

Peer relationship problems 

L Reference   Reference    Reference   Reference  

I 1.14 1.11 to 1.16  1.11 1.08 to 1.15  1.10 1.05 to 1.16  1.02 0.87 to 1.20 

H 0.97 0.58 to 1.64  1.15 0.67 to 2.01  0.75 0.15 to 3.83  0.75 0.03 to 17.61 

 

Table 3- Level of maternal smoking and children’s trajectories of behavioural and emotional difficulties from ages 3 to 11.5 years (EDEN mother-child cohort study, n= 

1,424) 

Robust Poisson regression and overlap weighting analyses (95%CI), reference group: non smoking mothers 

H, High trajectory; I, Intermediate trajectory; L, Low trajectory; SDQ, Strengths and Difficulties Questionnaire 

RR : Risk Ratio  

* Covariate included in the propensity score model were: centre, social support, family status, parental separation, household income, sex assigned at birth, birth order, early learning activities, 

mental health disorders prior to pregnancy, psychological maternal difficulties during pregnancy, paternal smoking during pregnancy, maternal and paternal language delay during childhood, 

maternal and paternal behavioural problem during childhood, maternal and paternal educational level 
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Figure 1- Trajectories of children’s emotional and behavioural symptoms measured by the Strengths and Difficulties Questionnaires (SDQ) from ages 3 to 

11.5 years (n=1,424): total SDQ trajectory and sub-scales trajectories.  

The dotted lines represent the 95% confidence intervals 

010

3 8

SD
Q

 S
co

re
 

AGE (YEARS) 

CONDUCT 
PROBLEMS 

0

20

3 5.5 8 10

SD
Q

 S
co

re
 

AGE (YEARS) 

TOTAL SDQ 
SCORE 

0

10

3 5.5 8 10

SD
Q

 S
co

re
 

AGE (YEARS) 

PEER 
RELATIONSH

IP 
PROBLEMS 

010

3 8

SD
Q

 S
co

re
 

AGE (YEARS) 

HYPERACTIV
ITY/INATTEN

TION 

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntad023/7036101 by guest on 13 M

arch 2023


