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Abstract 
 
Aim 
To examine effects of maternal smoking during pregnancy on academic 
achievement and emotional and behavioural problems during childhood.  
Methods 
Least squares regression was used to examine associations between maternal 
smoking prior to delivery and subsequent academic performance and behaviour of 
1186 children aged 5.5 to 11 years.  
Main Outcome Measures 
Parents and teachers were asked to indicate, on a 10-item questionnaire, whether 
they regarded the child as more, the same, or less shy/withdrawn (internalising), 
troublesome (externalising), and attention deficient than the average child. 
Reading, spelling, and arithmetic performance levels were assessed with short 
standardised Dutch tests. 
Results 
After adjustment for confounders like socio-economic status and pre- and 
perinatal complications, children of mothers who smoked during pregnancy 
showed more signs of attention deficit and displayed higher levels of troublesome 
(externalising) behaviour than non-cigarette exposed children. Also, children of 
smoking mothers performed worse on arithmetic and spelling tasks. Excessively 
withdrawn (internalising) behaviour was not related to maternal smoking.  
Conclusion 
Perinatal antecedents of internalising behaviour on the one hand and externalising 
behaviour, attention deficit, and learning problems on the other seem to be 
distinct. Only the latter are independently associated with maternal smoking 
during pregnancy and thus potentially amenable to early preventive effort, for 
instance through continued health education emphasising the health hazards of 
nicotine use by pregnant women.    
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Introduction 
 
Smoking during pregnancy has decreased significantly in recent decades, but an  
estimated 13-34% of pregnant women still smoke daily.1-3 Most of these women 
are young, unmarried, and from low socio-economic strata.1 Smoking during 
pregnancy affects the foetus possibly because of direct toxic effects. Nicotine 
passes rapidly and completely across the placental barrier, with foetal 
concentrations generally being 15% above maternal levels.4 Besides nicotine, 
tobacco contains many other toxic substances. 

The adverse effects of maternal smoking on pregnancy outcome were first 
described by Simpson.5 Harmful effects reported since include not only perinatal 
complications like pre-term delivery and low birth weight6-9 but also more 
specific physical abnormalities in the newborn like hypertension6,10, oral clefts11, 
and abnormal lung function.12-14 Nicotine has also been found to affect brain 
development. Animal studies have demonstrated decreased cerebral blood flow 
and decreased total brain weight in foetuses exposed to nicotine.4 These findings 
may be related to the smaller head circumferences in children of smoking 
mothers.15

Prenatal exposure to nicotine may cause neurodevelopmental and 
neurobehavioural problems.4,16 Delayed intellectual development4,17-19 and 
impulsive behaviour20-26 have been reported in toddlers and older children who 
were prenatally exposed to nicotine. As regards nicotine’s effects on children's 
behaviour, the literature suggests that maternal smoking during pregnancy is 
linked with conduct and behavioural (externalising) more than with emotional 
(internalising) disorders, whilst harmful effects on boys may be more pronounced 
than on girls.26-28

Whilst the link of maternal smoking with adverse pregnancy and 
developmental outcomes may be attributable entirely to foetal exposure to 
nicotine or other toxic substances in tobacco in utero, various other possibilities 
have not been satisfactorily excluded. Thus, it remains unclear to what extent 
effects of maternal smoking are distinct from those of low social class or 
suboptimal prenatal and perinatal conditions on development.29 Moreover, little is 
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known of whether, and if so, how, paternal smoking affects risk of cognitive and 
behavioural problems in children.18

The purpose of this study is, first, to test the hypothesis that the link 
between maternal smoking and impaired cognitive and behavioural development 
in offspring cannot be accounted for entirely by effects of important confounders 
like social class, associated perinatal adversities, and paternal smoking. Secondly, 
we examine if links between maternal smoking and learning and behaviour 
problems are stronger in boys than girls. Finally, we test the hypothesis that 
effects are stronger in older than in younger children. This because it is well 
known that during preadolescence the prevalence of minor neurological 
dysfunction and behavioural- and cognitive disorders rises with increasing age.30

 
 
Methods  
 
Sample 
 
In the Groningen Perinatal Project (GPP) detailed social, prenatal, perinatal, and 
neonatal data were collected for all consecutive live singleton births (n=3162) 
from 1975 to 1978 inclusive at the University Hospital Groningen. Subsamples of 
this birth cohort were re-examined when aged between 5.5 and 11 years (mean 
7.45, SD 1.69, median 8). Children with cerebral palsy were excluded from the 
present analysis. The subsamples consisted of: 
- all children with a definitely abnormal neonatal neurological condition (n = 

133).31 
- a random sample of all children with a normal neonatal neurological 

condition (n = 300) or a mildly abnormal neonatal neurological condition (n = 
293). 31  

- all children born preterm and/or small for gestational age between January 1st 
1977 and June 30th 1978 (n = 237).32 

- all children born at term who participated in a study on the effect of 
intrauterine exposure to ritodrine (n = 232).33 
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Due to some overlap in the subsamples, the total number of children re-examined 
between age 5.5 and 11 years was 1186 (55% boys). Over 90 percent of the 
sample was white, the remainder being Indian, Moroccan or Black.  
 
 
Endpoints  
 
During the follow-up assessments parents and teachers were asked, in a 7-item 
questionnaire, to indicate whether they regarded the child in question as more, the 
same or less irritable, hyperactive, difficult to handle, headstrong, easily 
frightened, shy, and anxious than the average child. For a subsample (580 
children (49%) assessed at primary school age, i.e. > 6 years) reading, spelling, 
and arithmetic performance levels were assessed with short standardised Dutch 
tests (according to Brus-Voeten35, Mommers36 and Ojeman37, respectively). Also, 
for this subgroup, concentration (good, moderate, poor), distractibility (little, 
moderate, severe), and attention span (long, moderate, short) were assessed by 
teachers and parents. 
 
 
Predictor variables 
 
During pregnancy, a full obstetric and medical history was taken from the parents. 
Items analysed included mean numbers of cigarettes smoked by father and mother 
during pregnancy (assessed at the end of pregnancy), psychiatric disorders of the 
mother during pregnancy (1.2%), and medication (analgetic, antiepileptic, and 
antihistaminic drugs, medication used for psychiatric disorders, antibiotics, and 
corticostereoids) taken by the mother during pregnancy (21%). Also, socio-
economic status of the family (operationalised as the principal component 
(Eigenvalue 3.0, Cronbach’s alpha: 0.86) summarising the mother’s and the 
father’s vocational and educational levels, both expressed on a scale from 1 
(lowest) to 8 (highest) of father and mother), marital status of the parents (6% 
unmarried), and age of the mother (mean 25,6; range 14-42) were rated. All 
newborn infants underwent a detailed neurological examination according to 
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Prechtl.37 A list of 60 neurological items (e.g. lip reflex, tremor, position of the 
eyes) was drafted, for each of which an optimal range was defined (resp. good 
sustained response, absent or high frequency, centered most of the time). Thus, 
each child obtained a neurological optimality score, consisting of his or her 
number of items falling within the optimal range.38 Also, birthweight, placental 
weight, length of gestation, breast vs. bottlefeeding, and obstetric complications 
were recorded. Around the time of re-examination, when the child was between 
5.5 and 11 years old, psychiatric disorder of either parent (3%), family 
circumstances (15% single parent, foster parent, or orphanage), maternal smoking 
after delivery (mean number of cigarettes a day when the child was younger than 
1, 1 to 2, and 2 to 5 years old), and occurrence of infectious diseases and 
asthma/bronchitis in the period between birth and follow-up were assessed.  
 
 
Statistical analysis 
 
Principal component analysis was used to examine whether the behavioural items 
at the follow-up stage could be summarised into a smaller number of underlying 
constructs. Least squares regression was used to examine links between maternal 
smoking prior to delivery and children’s future academic achievement and 
behaviour; interaction terms were specified to examine whether these links 
differed according to whether ratings originated from teachers or parents or 
according to the nature of the subsample (see sample section) from which the 
child originated. Crude links were adjusted for risk factors that were significantly 
related to the respective outcomes.  

All possible interactions between maternal smoking and the other selected 
risk factors were checked. However, given the sheer number of tests for 
significance of interaction terms, these are reported only in case of p-values 
smaller than 0.001, in order to reduce capitalisation on chance.  

To allow mutual comparison of the regression coefficients, the dependent 
variables were transformed to scores ranging from 0 to 10, with higher scores 
indicating more behaviour or school problems. 
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Results 
 
 
Construction of behavioural endpoints; Internalisation, externalisation and 
attention deficit 
 
Three principal components accounted for the bulk of the variance of scores on 
the behavioural items (table 3.1). The first represented signs of attention deficit. 
Since parents’ and teachers’ assessments loaded on the same factor, overall 
attention deficit scores were obtained by summing the items 

The second and third principal component represented externalisation and 
internalisation respectively, and could be identified in teachers’ as well as parents’ 
ratings. 
 
Table 3.1: Factor analysis behaviour: varimax factor loadings for ten items rated by 
parents and teachers, and explained variance and Eigenvalues (EV) of the factors  

Attention Deficit Externalising Internalising  

Teachers + Parents 
            25%   
            EV 4.9 

Teachers 
10% 
EV 2.1 

Parents 
9% 
EV 1.8 

Teachers 
8% 
EV 1.5 

Parents 
6% 
EV 1.1 

Concentration 
Distractibility 
Attention span 
Irritable 
Hyperactive 
Hardto handle 
Headstrong 
Jumpy 
Shy, withdrawn 
Anxious 

0.791 
0.812 
0.783 
0.051 
0.321 
0.242 
0.049 
0.130 
-0.086 
0.153 

0.759 
0.751 
0.618 
0.069 
0.238 
0.256 
0.001 
0.055 
-0.123 
0.149 

0.013 
0.074 
0.020 
0.771 
0.653 
0.760 
0.797 
0.040 
0.106 
-0.057 

0.122 
0.190 
0.146 
0.733 
0.580 
0.662 
0.728 
-0.003 
0.003 
0.069 

0.072 
0.035 
0.128 
0.044 
-0.151 
0.143 
0.063 
0.657 
0.660 
0.790 

0.070 
0.076 
0.087 
0.033 
-0.057 
0.238 
-0.077 
0.762 
0.497 
0.746 
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Externalising and internalising scores were obtained by summing the relevant 
items for parents and teachers separately. Parents’ ratings of externalising 
behaviour were systematically higher and of internalising behaviour 
systematically lower than of teachers (figures 3.1 and 3.2). However, given 
evidence (figures 3.1 and 3.2) that the links between maternal antenatal smoking 
on the one hand and externalising and internalising behaviour on the other, did 
not differ according to the rater’s identity, scores of parents’ and teachers’ ratings 
were averaged. 
 
 
Maternal smoking and children’s behaviour   
 
Internalising behaviour was not related to maternal smoking but was associated 
with female gender, low socio-economic status, and maternal psychiatric illness 
during pregnancy. Externalising behaviour was significantly related to maternal 
smoking and there was no statistical evidence against the presence of a dose-
response relationship (Chi2 (df=3) = 3.3, p=0.347) with higher numbers of 
cigarettes smoked being associated with more problems at follow-up. Besides its 
relation with maternal smoking, externalising behaviour was linked to the child’s 
sex and age (male and younger children being more externalising), and to low 
socio-economic status. 

Attention deficit was more prevalent in children of smoking mothers and 
there was no evidence against a dose response relationship (Chi2 (df=3) = 4.8, 
p=0.187). It was also more prevalent among boys and children from lower social 
classes. Adjustment for confounders did not remove the links of maternal 
smoking with externalising behaviour and attention deficit (Table 3.2).  
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Figures 3.1 and 3.2; Number of cigarettes smoked by the mother and internalising and 
externalising behaviour of children, and interactions between these associations and 
identity of the rater:  interaction internalising F df(4) = 0.497, p = 0.73  
            interaction externalising F df(4) = 1.104, p = 0.353 
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Table 3.2: Linear regression coefficients for the associations between maternal smoking 
and behaviour problems adjusted for significant (p=<.05)  confounders / mediators; to 
allow mutual comparison of the regression coefficients, the dependent variables were 
transformed to scores ranging from 0 to 10, EV = explained variance 

Risk factor Distribution Attention 
Deficit 
 

Externalising 
 

Internalising 

Maternal 
smoking 
during 
pregnancy  
Unadjusted 

0 cig. a day   52% 
1-5                14% 
6-10              20% 
11-19              7% 
>20                 7% 

0.59  
(0.40, 0.78) 
0.000* 
EV = 7.2% 

0.24  
(0.16, 0.32) 
0.000* 
EV = 3.0% 

0.02  
(-0.05, 0.07) 
0.622  

Maternal 
smoking  
Adjusted 

 0.46  
(0.15, 0.76)a 
0.004* 
EV = 5.1% 

0.19  
(0.07, 0.32)b 
0.003* 
EV = 2.0% 

- 

a =  adjusted for maternal smoking after delivery, social economic state, civil state of the parents 
during pregnancy, psychiatric disorders and use of medication by the mother while pregnant, sex of 
the child, cara and infectious diseases in the first years of life, family circumstances and psychiatric 
disorders of one of the parents during the follow up 
b = adjusted for paternal smoking during pregnancy, maternal smoking after delivery, social 
economic state, civil state of the parents during pregnancy, age of the mother at first clinical visit, 
psychiatric disorders and use of medication by the mother while pregnant, birth weight, sex and age 
of the child, and cara and infectious diseases in the first years of life 

 
 
Maternal smoking and children’s academic performance 
 
Table 3.3 shows the crude and adjusted associations between maternal smoking 
during pregnancy and impaired mathematics, spelling, and reading abilities. After 
adjustment for significant confounders and mediators the effect of maternal 
smoking on reading performance was no longer present. Low scores on the 
reading test were related to low social economic status, male gender, a less 
optimal neonatal neurological condition, and the occurrence of infectious diseases 
early in life. 
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Table 3.3: Links between maternal smoking and school variables adjusted for significant 
(p=<.05) confounders / mediators; to allow mutual comparison of the regression 
coefficients, the dependent variables were transformed to scores ranging from 0 to 10 

Risk factor Distribution Mathematics 
 

Spelling 
 

Reading 

Maternal 
smoking 
during 
pregnancy  
Unadjusted 

0 cig. a day  52% 
1-5               14% 
6-10             20% 
11-19             7% 
>20                7% 

0.46  
(0.29, 0.63) 
0.000* 
EV = 4.7% 

0.39  
(0.26, 0.53) 
0.000* 
EV = 5.4% 

0.39  
(0.23, 0.56) 
0.000* 
EV = 3.7% 

Maternal 
smoking  
Adjusted 

 0.23 
(0.05, 0.41)a 
0.012* 
EV = 1.0% 

0.17  
(0.03, 0.31)b 
0.019* 
EV = 1.0% 

0.06c 
0.139 

a = adjusted for social economic state, civil state of the parents during pregnancy, age of the mother 
during first clinical visit, neo-neurological condition, gestation, birth weight, type of feeding, and 
age of the child during follow up 
b = adjusted for social economic state, civil state of the parents during pregnancy, age of the mother 
during first clinical visit, use of medication by the mother during pregnancy, type of feeding, sex of 
the child, and family circumstances during follow up 
c = adjusted for social economic state, age of the mother during first clinical visit, use of medication 
by the mother during pregnancy, neo-neurological condition, gestation, birthweight, type of feeding, 
infectious diseases in the first years of life, and sex of the child 

 
 
Maternal smoking was significantly linked to worse performance on the 
mathematic and spelling tests, even after adjustment for relevant risk factors. 
Likelihood Ratio tests failed to indicate evidence against dose response 
relationships (resp. Chi2 (df=3) = 4.8, p=0.187 and Chi2 (df=3) = 4.8, p=0.187). 
More problems with mathematics were also related to lower social economic 
status and single marital status of the parents during pregnancy. Besides maternal 
smoking, performance on the spelling test was linked to lower social economic 
status and male gender.   
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Interactions 
Strength of links between maternal smoking and the main endpoints, children’s 
behaviour between the ages 5.5 and 11 years, did not differ between the various 
subsamples (interaction maternal smoking * subgroup on: externalising behaviour 
t=1.68, p=0.093; attention deficit t=1.21, p=0.227; arithmetic t=0.167, p=0.167; 
spelling t=0.030, p=0.976; reading t=0.140, p=0.909). 

Although boys were more externalising and had more attention problems 
than girls the effects of smoking on behaviour did not differ significantly between 
the genders. Moreover, although externalising behaviour and attention problems 
grew less as children became older, the effects of maternal smoking did not differ 
between the younger and older children. An interaction was found between 
maternal smoking and obstetric complications like rotation disturbances or 
instrumental delivery, the link between smoking and externalising behaviour 
being stronger in case of complicated deliveries. Also, the link between maternal 
smoking and externalising behaviour was stronger in children of unmarried 
mothers. Finally, an interaction was found between maternal smoking and 
medication use: the effect of smoking on externalising behaviour was stronger 
when mothers had also used medication during pregnancy. 
 
Boys and older children had more school achievement problems, but the effects of 
maternal smoking did not differ between the gender and age groups. An 
interaction between maternal smoking and gestation was found, with children of 
smoking mothers and a relatively short gestation period performing worse on the 
spelling test. Children whose mothers smoked during ánd after pregnancy 
performed worse on the spelling and mathematics tests than others.  Also, the link 
between maternal smoking and each of the three scholastic achievement tasks was 
stronger for bottle-fed children. No other interactions were found. 
 
Attrition 
To check for attrition bias we compared maternal smoking in the sample analysed 
with that in the group, which had been lost to follow-up. Information on 
externalising behaviour was missing for 41 children but these did not differ from 
the others in terms of maternal smoking during pregnancy (4.5 vs. 4.9 cigarettes 
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respectively, p = 0.736). Information on internalising behaviour was missing for 
34 children who also were no different from the others in terms of maternal 
smoking (5.2 vs. 4.9 cigarettes respectively, p = 0.813). 

For 615 children of primary school age (>6yr) data were available on 
their mathematics, reading, and writing abilities.  Levels of maternal smoking did 
not differ between this group and those on whom these data were not collected 
(5.0 vs. 4.8 cigarettes a day; p = 0.756). 
 
 
Discussion 
 
Strengths and limitations of the study 
 
The existence of a link between maternal smoking during pregnancy and 
cognitive and behavioural difficulties in children is well documented.16-18, 20-28, 39 
The strength of our study lies in its prospective character and its ability to control 
for many psychosocial factors linked to maternal smoking and child behaviour. 
Some methodological issues warrant discussion however.  

First, despite the adjustment for many confounders, it is conceivable that 
some other factors, not included in this study, affect both maternal smoking and 
child behaviour and school problems. For example, we were unable to control for 
maternal hyperactivity, and alcohol and caffeine use during pregnancy. Also, 
since we had no information regarding exactly when during pregnancy the 
cigarettes were consumed, we are not able to determine whether the effects found 
were trimester-specific.    

This study examined a population born at a University Hospital in 
Groningen. In 1975-78 deliveries in this hospital were more common among 
women from low socio-economic strata. Given the known link of low socio-
economic status and maternal smoking during pregnancy1 with child behaviour 
and school performance16, caution is warranted in extrapolating our results to the 
general population.   

Mothers of those 1186 children who were re-examined for this study 
smoked significantly more than mothers whose children were not (4.9 vs 4.3 
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cigarettes a day, p = 0,019). Also, our sample consisted of four distinct but 
overlapping cohorts selected according to different perinatal characteristics, like 
ritodrine use of the mother, so obstetric and neurological morbidity were 
oversampled. However, the associations between maternal smoking, and future 
child behaviour and achievement were not different between the four subgroups, 
and this would tend to support the robustness of our findings.  

Another limitation of the present study was that the presence of 
behavioral problems was assessed only with short questionnaires completed by 
parents and teachers. Psychiatric morbidity at the level of specific diagnoses was 
not an explicit focus of the study or the questionnaires. Standardized and/or 
validated assessments of child behavior and emotion, like the Child Behaviour 
Checklist, were not available in the Netherlands at the time our follow-up 
investigation was started.45 However, links were unaffected by whether parents or 
teachers had supplied the ratings. Thus, it was possible to average the data from 
the parents and teachers so that a more precise single estimate of the effect of risk 
factors could be obtained.46,47   
 Mothers were classified as smoker or non-smoker on the basis of self-
report. Underreporting cannot be excluded, although there is evidence that self-
reports of smoking status are reasonably accurate.22,48 However, íf 
misclassification occurred in this study, it is likely to be due to underreporting and 
not overreporting of cigarette use. Thus, the strength of the effect of maternal 
smoking on child behaviour is likely, if anything, to be an underestimate of the 
true association. 
 
 
Findings 
 
Parents’ ratings of externalising behaviour of their children were systematically 
higher and of internalising behaviour systematically lower than of teachers. It is 
conceivable that shy and withdrawn children feel more comfortable in the safe 
surroundings of their home than at school between all the other children and so 
indeed display less internalising behaviour at home. Externalising children 
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possibly restrain when they're at school, while they blow off their steam in the 
safe surroundings of home. 

Children of mothers who smoked during pregnancy exhibit more 
externalising and attention problems and perform worse academically than others 
and this applies irrespective of parental socio-economic status ánd medical-
obstetric problems prenatally and perinatally. The existence of such an 
independent link between smoking during pregnancy and impaired behavioural 
development in offspring is in line with previous findings21,25,39 and supports the 
first hypothesis. The factor maternal smoking in isolation explains only a small 
proportion of the overall variation of attention deficit, externalising behaviour and 
scholastic performance, because other factors - which may have been unmeasured 
in this study - may have a stronger impact due to a higher prevalence. However, 
significance and size of the regression coefficients for maternal smoking suggest 
sizeable effects. 

It has been suggested that the link between maternal smoking during 
pregnancy and externalising behaviour applies to males only.26 In the present 
analysis effects of maternal smoking were similar for both genders, even though 
externalising behaviour was more prevalent among boys. The hypothesis that 
effects of maternal smoking on externalising behaviour of the child are stronger in 
older than in younger children, was also not supported.  

Consistent with the literature40, at primary school age, girls performed 
better scholastically than boys.  A strong link existed between maternal smoking 
and performance on the achievement tests, which applied equally to both genders, 
and to younger and older children.  

Paternal smoking did not add to the effects of maternal smoking during 
pregnancy on child behaviour and achievement. So our data did not support 
animal experiments suggesting that passive smoking before birth is more harmful 
than after delivery.41 However, we did find an interaction between maternal 
smoking during and after pregnancy with children exposed before as well as after 
birth performing worst on school tasks, children exposed to smoking either before 
or after delivery, intermediate, and children exposed to no smoking at all, best.   

Several biological mechanisms may account for the association between 
maternal cigarette smoking and externalising behaviour, including foetal hypoxia, 

 
 

41



changes in dopaminergic systems, changes in serotonin uptake, and changes in 
DNA synthesis in the foetal brain due to exposure to nicotine.24,26 Pre- and 
perinatal stress also can subtly alter serotonergic and noradrenergic activity in the 
cerebral cortex and dopaminergic activity in the striatum and prefrontal cortex.42 
Thus it could be surmised that stressful situations during early life, such as a 
complicated delivery or preterm birth, might enhance the effects of maternal 
smoking during pregnancy. Animal studies have shown that nicotine administered 
to pregnant animals leads to behavioural effects in their offspring, comparable to 
human externalising types of behaviour.43 Previous research in humans indicates 
that maternal active smoking is associated with increased motor activity of 
children.19 Also, a strong correlation has been found between minor motor 
dysfunction and ADHD (attention deficit hyperactive disorder) and aggressive 
behaviour.44 Thus, maternal smoking might affect specific regions in the brain, 
which are related to the development of externalising disorders.   
 
 
Conclusion   
 
This study’s findings add to the growing evidence suggesting causal links 
between maternal smoking and increased rates of externalising behaviour and 
school problems in offspring. In contrast, internalising problems were not related 
to smoking behaviour of the mother. Internalising and externalising behavioural 
styles can be recognised as early as in the third year of life and are known to 
predict depression and antisocial behaviour respectively later on.49 Our study 
suggests that these behavioural styles also have different prenatal and perinatal 
antecedents. Externalising behaviours, attention problems, and academic 
underachievement are independently linked to maternal smoking during 
pregnancy. Maternal smoking after the child’s birth increased the risk of academic 
underachievement. Thus, externalising behaviours, attention problems, and 
learning problems may be amenable to early preventive effort like continued 
health education emphasising the health hazards of nicotine use by pregnant 
women and mothers.   
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