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Abstract In utero exposure to tobacco smoke is associ-
ated with adverse neonatal outcomes; the association with
later childhood mental health outcomes remains contro-
versial. We used a strategy involving comparison of mater-
nal and paternal smoking reports in a sample pooling data
from six diverse European countries. Data were drawn
from mother (N = 4,517) and teacher (N = 4,611) reported
attention deficit and hyperactivity disorder (ADHD) symp-
toms in school children aged 6-11 in Turkey, Romania,
Bulgaria, Lithuania, Germany, and the Netherlands, sur-
veyed in 2010. Mothers report on self and husband’s smok-
ing patterns during the pregnancy period. Logistic regres-
sion used with control covariates including demographics,
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maternal distress, live births, region, and post-pregnancy
smoking. In unadjusted models, maternal prenatal smok-
ing was associated with probable ADHD based on mother
[Odds Ratio (OR) = 1.82, 95 % Confidence Interval (CI)
1.45-2.29], teacher (OR = 1.69, 95 % CI 1.33-2.14) and
mother plus teacher (OR = 1.49, 95 % CI 1.03-2.17)
report. Paternal prenatal smoking was similarly associated
with probable ADHD in unadjusted models. When con-
trolled for relevant confounders, maternal prenatal smoking
remained a risk factor for offspring probable ADHD based
on mother report (OR = 1.44, 95 % CI 1.06—-1.96), whereas
the effect of paternal prenatal smoking diminished (e.g.,
mother report: OR = 1.17, 95 % CI 0.92-1.49). Drawing
on data from a diverse set of countries across Europe, we
document that the association between maternal smok-
ing and offspring ADHD is stronger than that of paternal
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smoking during the pregnancy period and offspring ADHD.
To the extent that confounding is shared between parents,
these results reflect a potential intrauterine influence of
smoking on ADHD in children.

Keywords ADHD - Hyperactivity - Smoking - Prenatal
smoking - In utero tobacco

Abbreviations
ADHD Attention deficit hyperactivity disorder

SDQ Strengths and difficulties questionnaire
CI Confidence interval
Introduction

Adverse maternal and fetal health outcomes associated
with smoking in pregnancy are well-established [12, 19,
38, 46, 54]. While smoking in pregnancy is decreasing in
many countries, these reductions are not uniform. Smok-
ing in pregnancy remains high in European countries, espe-
cially in Eastern Europe [30]. As such, continuing focus
on understanding the consequences of exposure to tobacco
smoke in utero remains critical to allocate resources, inform
prevention efforts, and allocate health care resources to
manage potential short and long-term consequences of in
utero tobacco exposure.

Most, though not all studies, suggest that exposure to
tobacco smoke in utero is associated with offspring hyper-
activity symptoms, hyperkinetic disorder, or attention defi-
cit hyperactivity disorder (ADHD) in childhood (reviews
include [32, 36] and more recent studies with positive asso-
ciations include [6, 7, 21, 34, 44, 45]). Among children
with clinically diagnosed ADHD, those exposed to prenatal
smoking had more severe behavior and attention problems
as well as lower cognitive function [49]. Animal studies
have found that chronic nicotine exposure during preg-
nancy produced offspring that were more likely to exhibit
spontaneous motor activity and rearing behavior, suggest-
ing a neurobiological mechanism involving alteration of
the developing brain [13, 26]. Further, research has demon-
strated that this effect is mediated by increases in nicotinic
receptors in the developing brain that regulate motor func-
tion and anxiety responses [15, 53]. Other hypothesized
potential mechanisms underlying an association between
prenatal tobacco exposure and offspring ADHD include
maternal medical and obstetrical conditions associated with
ADHD, and environmental factors, e.g. lead and alcohol
exposure [32].

The potential for a causal relation between maternal
smoking and offspring ADHD, however, has been called
into question [2, 5, 43, 51]. Three different sources of evi-
dence suggest substantial genetic and/or shared familial

@ Springer

confounding. First, there are substantially reduced esti-
mates for the association between prenatal smoking expo-
sure and ADHD among siblings discordant for pregnancy
exposure to tobacco smoke [9, 35, 40]. Sibling designs are
valuable resources for controlling confounding by environ-
mental factors that are shared between siblings [48], though
recent evidence suggests that findings from sibling stud-
ies should be interpreted with caution as they may under-
estimate associations [20, 28]. Second, in a small study of
children born via assisted reproductive technology, Thapar
et al. [50] reported an association between prenatal smok-
ing exposure and hyperactivity among pairs genetically
related, but no association among pairs not genetically
related. Finally, a recent study that controlled for maternal
ADHD suggest that it explains a substantial proportion of
the association between maternal smoking and offspring
hyperactivity [2], though other studies with measures of
maternal hyperactivity symptoms document a robust effect
[14]. These studies suggest the possibility of substan-
tial confounding in population-based studies that report
associations between maternal smoking and offspring
hyperactivity.

To shed further light on the causal relations underlying
this association, some recent studies have compared the
strength of the association between maternal and paternal
prenatal exposures to offspring outcomes [10, 11]. With
respect to prenatal smoking, this strategy uses paternal
smoking during the pregnancy as a marker of shared famil-
ial confounding, as paternal smoking would have little in
utero effect on the offspring (while secondhand smoke
exposure could have an impact on fetal health, the effect
would be weaker than direct exposure through maternal
smoking). To the extent that maternal smoking is more
strongly related to offspring ADHD than paternal smok-
ing, a causal relationship for an in utero effect of smoking
on hyperactivity is supported. Thus far, however, maternal/
paternal comparisons have been inconsistent for many out-
comes, including hyperactivity [27, 31, 39].

An important limitation of these studies is that they all
utilize either mother’s report of offspring ADHD symptoms
only [27], or a combined report of mother and teacher [31].
The home and school environments often capture different
aspects of ADHD symptoms, and agreement between par-
ents and teachers in offspring behavior is often low to moder-
ate [4, 33, 58]. Teachers are presumably blind to whether the
mother smoked during pregnancy or not, and may provide
an informative assessment with regard to the child’s ADHD
symptoms. Thus, examining the association specifically
using teacher reports of ADHD symptoms is an overlooked
area of the maternal/paternal comparison research. Further,
data pertaining to this issue have primarily been collected in
populations in which the prevalence of prenatal smoking is
relatively low; examining the association in a diverse array
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Table 1 Prevalence of maternal and paternal smoking during the prenatal period, probable ADHD based on mother, teacher, and both mother

and teacher report

All countries Netherlands West Germany East Germany Bulgaria Lithuania Romania Turkey

N=3769 N=600 N=203 N=062 N=792 N=912 N=2882 N=320
Maternal prenatal smoking 18.8 12.9 9.0 22.2 28.1 7.5 24.8 32.9
Paternal smoking during the prenatal 50.3 23.6 28.9 54.8 61.8 54.7 53.7 63.1
period
Probable ADHD (mother report) 13.1 10.4 6.6 7.3 12.4 18.8 10.1 17.8
Probable ADHD (teacher report) 13.5 13.8 5.6 94 14.0 17.5 12.2 11.3
Probable ADHD (mother and teacher) 4.3 4.1 0.9 1.8 3.5 7.7 3.2 4.4

of populations in which prenatal smoking is more com-
mon and less socially sanctioned provides an opportunity
to examine the association between prenatal smoking and
offspring ADHD in populations for which the structure of
potential confounding factors such as socio-economic status
are less associated with the exposure of interest [10].

The present study uses data from a large sample of Euro-
pean primary school children from six different countries
across Europe. We aimed to examine the relation between
prenatal tobacco exposure and probable ADHD by com-
paring the strength of associations between maternal and
paternal smoking during pregnancy and offspring probable
ADHD at age from 6 to 11 years. We examine this asso-
ciation across both teacher and mother report of offspring
probable ADHD.

Method
Sample

The SCHME was a cross-sectional survey conducted in
2010 of schoolchildren aged from 6 to 11 years and one
of their parents, most often the mother (86.5 %). Data for
the present study were drawn from six countries in which
parental smoking during pregnancy was assessed (Ger-
many, Netherlands, Lithuania, Romania, Bulgaria, and
Turkey). Primary schools were randomly selected in each
participating country. As shown in Online Table 1, approxi-
mately, 45-50 schools were approached per country (a
greater number of schools were approached in Germany
and the Netherlands). Participation rates at the school level
varied between 6.5 % (Netherlands) and 95.6 % (Roma-
nia). Within participating schools, classes were randomly
selected in each school, and 6 children were randomly
selected in each class. Approximately, 48 children were
then randomly selected in each school, except in the Neth-
erlands, where a lesser number of schools participated and
therefore, entire classes were included, about 120 children

per class. Parents received an informational letter and a
consent form to be returned to the school. If the parents did
not mail to the school a consent form stating their refusal
to participate, the child was included. Children absent on
the day of the survey were excluded. There were no other
exclusion criteria. Among participating schools, between
50.5 % (Turkey) and 90.5 % (Netherlands) selected chil-
dren participated, and between 45.5 % (Netherlands) and
90.9 % (Lithuania) of the child informants (parents and
teachers). To reduce heterogeneity, we restricted these
analyses to children for whom there was a mother’s report
on symptoms (90 % of respondents). The total sample
size was 4,611 for teacher reported outcomes and 4,517
for mother reported outcomes. By country: Germany
(N = 434), Netherlands (N = 661), Lithuania (N = 1,032),
Romania (N = 1,006), Bulgaria (N = 985) and Turkey
(N = 491). Additional information about sampling methods
was included in the final SCMHE report [41].

Measures

Data were collected from three informants: child, teacher
and mother. Mother self-reports included a demographic
and social questionnaire concerning household composi-
tion (including age, gender and familial link for each mem-
ber), parental education (highest level completed), mari-
tal status, occupational level (professionally active versus
inactive), as well as a questionnaire focusing on tobacco
use. In the Netherlands, the same questions were completed
electronically using a secured website, though paper ques-
tionnaires were made available upon request. The present
study focuses on mother and teacher reports.

Cigarette smoking
The questionnaire on tobacco use included questions from
a periodically administered tobacco use survey known as

“Eurobarometer” [18] and from a national Canadian survey
[8]. It included questions on the overall smoking history of
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the respondent and the other parent, such as frequency dur-
ing pregnancy. Mothers reported on smoking patterns of the
father of the child during the pregnancy. Mothers or fathers
who were reported to be smoking every day or occasionally
were considered current smokers.

Child psychopathology

Child psychopathology was examined using the validated
versions of the parent-reported Strengths and Difficulties
Questionnaire (SDQ) [23]. The parent and teacher versions
of the SDQ include a brief questionnaire divided into five
subscales: emotional problems, hyperactivity and inatten-
tion, conduct problems, peer relationship difficulties and
prosocial behaviours [23]. Probable ADHD was defined
using 5 questions rated from O to 2 in both the teacher and
parent versions; scores were summed and subdivided into
0-5 = “unlikely”, 6 = “possible”, and 7-10 = “probable”
cases of ADHD. Probable ADHD cases were defined by
both a parent and a teacher score >7. Parent and teacher
reports were also analysed separately. Using a subsample of
more than 600 children recruited from primary care pedia-
tricians, in-patients, and out-patients, parent and teacher
reports of probable ADHD from the SDQ were validated
in each country against the Development and Well-Being
Assessment (DAWBA), a semi-structured instrument to
generated DSM-based diagnoses of chid psychopathology
[42]. Agreement (Kappa) was 0.48, ranging from 0.22 in
Turkey to 0.58 in Romania. Sensitivity and specificity of
the SDQ were both high; sensitivity ranged from 100 % in
Germany, Netherlands, and Romania to 78.7 % in Lithu-
ania, and specificity ranged from 77.1 % in Lithuania to
59.1 % in Germany.

Maternal psychopathology

Maternal psychological distress was assessed using the
MH-5 scale of the Short-Form-36 [1], a five question scale
ranging from 1 to 100 (mean = 73.8, SD = 16.6). Women
scoring below 57 were classified as distressed as recom-
mended by the authors [56, 57].

Birth weight

We also examined the relation of prenatal maternal smok-
ing to parent-reported offspring birth weight to test the
validity of our approach given the well-documented rela-
tion between maternal smoking and offspring birth weight.
If comparison of maternal and paternal smoking on off-
spring health is a valid approach, then there should be a
demonstrably larger effect of maternal smoking on off-
spring birth weight compared to the effect of paternal
smoking.

@ Springer
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Statistical analysis

First, we examined factors associated with probable ADHD
in the sample, by teacher report, mother report, and both
teacher and mother report of probable ADHD (i.e., both the
mother and the teacher reports were >7 on SDQ inatten-
tion/hyperactivity items) as three separate outcomes. Chi-
square tests used for categorical outcomes and t-tests for
continuous outcomes; alpha = 0.05. These factors include
sociodemographic (child sex, age, mother’s education,
mother’s age, and whether the mother was professionally
active versus inactive), maternal psychological distress,
number of live births, and maternal smoking behaviour at
the time of the interview.

Second, we estimated the association between mater-
nal and paternal smoking during the prenatal period with
probable ADHD using the mother, teacher, and both
mother and teacher reports of probable ADHD. Logistic
regression models were used, and analyses were first con-
ducted unadjusted, and then adjusted for child sex and age
as well as mother’s age, educational achievement, mater-
nal psychological distress, employment, marital status,
number of live births, and Eastern versus Western Euro-
pean regions. Current smoking at the time of the interview
was also controlled, as we were interested in the poten-
tial intrauterine effect of prenatal smoking exposure, thus
smoking exposures after the prenatal period were not of
interest.

Inclusion of covariates is critical in the assessment of
prenatal smoking and offspring hyperactivity using these
observational data, as families in which women who
smoke in pregnancy have lower socio-economic resources
and other risk factors for offspring ADHD al [22], thus
we would expect a correlation between paternal smok-
ing and offspring ADHD even in the absence of a causal
association. We included confounders in multivariable
analysis if they were associated with ADHD based on the
mother, teacher, or combined mother and teacher report
at p < 0.10 based on bivariable Chi-square analyses.
Further, we controlled for geographic region in Europe
(Eastern regions included East Germany, Bulgaria, Lithu-
ania, Romania, and Turkey; Western regions included
West Germany and the Netherlands) in three ways. In the
main analysis, we controlled for a dichotomous variable
of Eastern region versus Western region. Given regional
variation in smoking during pregnancy and in the preva-
lence of probable ADHD, in sensitivity analysis we also
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controlled for high prenatal smoking (Lithuania, Nether-
lands, West Germany) versus low prenatal smoking coun-
tries (East Germany, Romania, Bulgaria, and Turkey), and
high prevalence of hyperactivity (Lithuania, Turkey, Bul-
garia) versus low prevalence (Romania, Netherlands, East
and West Germany).

Because we were interested in the specific effect of
maternal smoking on offspring ADHD, we examined
maternal and paternal smoking patterns on offspring
ADHD in two ways. First, mother and father smoking dur-
ing pregnancy were simultaneously adjusted in controlled
models due to the correlation between their smoking sta-
tuses. Second, we created dyads of partner smoking—both
mother and father smoked, mother only smoked, father
only smoked, and neither parent smoked. We then used this
four-level variable as the independent variable with prob-
able ADHD as the outcome.

Validation

As a validation of our approach, we examined the effect of
maternal and paternal smoking during the prenatal period
with offspring birth weight using linear regression. Birth
weight was approximately normally distributed. Models
were first estimated unadjusted and then adjusted for child
sex and age as well as mother’s age, educational achieve-
ment, maternal psychological distress, current smoking at
the time of the interview, employment, marital status, num-
ber of live births, and West versus Eastern European region.
Mother and father smoking during pregnancy were simulta-
neously adjusted.

Treatment of missing data

23.9 % of the sample had missing data on mother’s smok-
ing status during pregnancy, and 17 % of the sample was
missing data on father’s smoking status during pregnancy.
Missing data on maternal smoking was unrelated to child
ADHD (OR = 0.86, 95 % CI 0.60, 1.25). Missing data
on paternal smoking was also unrelated to child ADHD
(OR = 1.15, 95 % CI 0.74, 1.77). Missing data were
related to some covariates, however; specifically, maternal
psychological distress, inactivity, number of live births,
age, and education. Therefore, we included missing data
as a categorical variable in all adjusted regression analyses
to control for missing data differences across covariates.
Results using this missing data approach did not yield dif-
ferent results than a complete case analysis; we present the
analysis with the missing data as a covariate. There was
also missing data on some covariates including mother’s
employment (N = 339), current smoking status (N = 303),
psychological distress (N = 215), marital status (N = 150),
age (N = 34), and child’s age (N = 18) and sex (N = 1).

Missing data on covariates was handled with list-wise dele-
tion, thus the analytic sample size for the fully-adjusted
models was 3,870.

Results

Prevalence of prenatal smoking and probable ADHD
across country

Table 1 describes the prevalence of maternal prenatal
smoking, paternal smoking during the prenatal period, and
probable ADHD across country. Based on both mother and
teacher report of probable ADHD, prevalence was 4.3 % in
the overall sample. By reporter, 13.5 % of children were
probable ADHD cases based on teacher report, and 13.1 %
based on mother report (mother and teacher reports were
moderately correlated: phi coefficient = 0.25, Chi-square
for association between mother and teacher report = 256.2,
df = 1, p < 0.001). Maternal prenatal smoking was high-
est in Turkey (32.9 %) and lowest in Lithuania (7.5 %).
Paternal smoking during the prenatal period was highest in
Turkey (63.1 %), and lowest in the Netherlands (23.6 %).
Probable ADHD was highest in Lithuania, across mother
(18.8 %), teacher (17.5 %), and combined mother and
teacher report (7.7 %), and lowest in West Germany across
mother (6.6 %), teacher (5.6 %), and combined mother and
teacher report (0.9 %).

Association between study covariates and probable ADHD

All assessed study covariates were related to offspring
probable ADHD, either through mother report, teacher
report, both mother and teacher report of probable ADHD,
or all three (Table 2). Males were more likely to exhibit
probable ADHD regardless of the reporter, as were those
whose mothers had low education, those with more sib-
lings, those whose mothers were living apart from their
partner, those whose mother’s had high psychological dis-
tress, and those in Eastern European regions. Child age
(range was 6—-10 years olds) was not significantly related to
probable ADHD as designated by either mother or teacher.
Younger mothers and professionally inactive mothers
were more likely to report high levels of probable ADHD
symptoms in children, but neither covariate was related to
teacher report.

Association between study covariates, maternal,
and paternal smoking during the pregnancy period

Both maternal smoking and paternal smoking in the

pregnancy period was more common among those with
less education, younger maternal age, those with more
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Table 2 Associations between study covariates and probable ADHD based on mother, teacher, and combined parent-teacher report

Mother Teacher Mother/Teacher
Hyper- Chi-square, Hyper- Chi-square, Hyper- Chi-square,
activity (%) DF, p value activity (%) DE, p value activity (%) DF, p value
Sex
Female 9.29 7.06 1.76
55.43, 1, <0.001 160.91, 1, <0.001 70.1, 1, <0.001
Male 16.81 20.45 6.86
Age
Less than or equal to 8 14.09 14.32 5
2.86, 1,0.091 0.74,1,0.391 3.8, 1,0.053
Greater than 8 12.36 13.4 3.81
Mothers education
More than high school 10.93 11.92 3.89
High school 13.52 19.74, 2, <0.001 15.24 7.80, 2, 0.020 4.71 1.5,2,0.0474
Less than high school 17.83 13.26 4.11
Mothers age
Less than 36 15.7 14.78 5.26
36-40 9.92 26.29, 2, <0.001 13.19 3.03, 2,0.220 34 7.8,2,0.021
Greater than 40 11.59 12.68 3.8
# of Children (category)
1 child 13.55 11.6 3.65
2-3 children 11.75 16.87, 2, <0.001 13.64 17.02, 2, <0.001 4.20 7.1,2,0.029
More than 3 childen 17.87 18.65 6.26
Mother’s marital status
Married 11.87 12.68 3.65
. 20.8, 1, <0.001 9.09, 1, 0.003 16.5, 1, <0.001
Unmarried 18.14 17.05 7.05
Mother Prof. inactive vs active
Active 11.59 12.65 3.95
. 10.79, 1, 0.001 2.69,1,0.101 1.1, 1, 0.298
Inactive 15.18 14.52 4.63
Maternal psychological distress
No 10.57 12.6 35
94.66, 1, <0.001 12.39, 1, <0.001 33.0, 1, <0.001
Yes 23.49 17.5 8.15
Current mother smoking
Current 14.9 16.55 4.1
7.72, 1, 0.005 18.01, 1, <0.001 1.8,1,0.177
Former/never 11.95 11.81 4.98
Eastern vs western European region
East 14.4 14.6 4.8
20.78, 1, <0.001 7.21,1,0.007 6.23,1,0.01
West 9 11.2 3

children, women living without their partner, women
who were professionally inactive, women with psy-
chological distress, those living in Eastern Europe, and
women who were currently smoking at the time of the
survey (Online Table 2). Age and sex of the child was
unrelated to maternal and paternal smoking during the
pregnancy period.

Prenatal smoking exposure and offspring probable ADHD

We show the results of regression models for the asso-
ciation between maternal and paternal smoking during the

@ Springer

prenatal period with probable ADHD in Table 3. In unad-
justed models, maternal prenatal smoking was associated
with probable ADHD based on both mother (OR = 1.82,
95 % CI 1.45-2.29), teacher (OR = 1.69, 95 % CI 1.33—
2.14) and both mother-teacher (OR = 1.49, 95 % CI 1.03,
2.17) report of probable ADHD. In unadjusted models,
paternal smoking was associated with probable ADHD
based on both mother (OR = 1.25, 95 % CI 1.25-1.86),
teacher (OR = 1.32, 95 % CI 1.09-1.61) and both mother-
teacher (OR = 1.48, 95 % CI 1.07, 2.03) report of prob-
able ADHD. We next examined dyads of mother and father
smoking; in the unadjusted model, associations were
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Table 3 Associations between maternal and paternal smoking during the pregnancy period and offspring probable ADHD based on mother,

teacher, and combined mother-teacher report

Mother (N = 4,463) Teacher (N = 4,283) Mother/Teacher”
Odds 95 % Odds 95 % Odds 95 %
ratio Confidence ratio Confidence ratio Confidence
Unadjusted
Maternal prenatal smoking 1.82 1.45 2.29 1.69 1.33 2.14 1.49 1.03 2.17
Paternal prenatal smoking 1.53 1.25 1.86 1.32 1.09 1.61 1.48 1.07 2.03
Parental prenatal smoking (vs neither smoking)
Only mother smoked 1.55 0.80 3.00 1.27 0.62 2.61 0.37 0.05 2.70
Only father smoked 1.34 1.04 1.72 1.09 0.84 1.40 1.36 0.92 2.02
Both mother and father smoked 2.12 1.60 2.82 1.91 1.43 2.55 2.06 1.32 3.20
Adjusted®
Maternal prenatal smoking 1.44 1.06 1.96 1.33 0.96 1.84 1.45 0.88 241
Paternal prenatal smoking 1.17 0.92 1.49 1.10 0.86 1.40 1.11 0.76 1.64
Parental prenatal smoking (vs neither smoking)
Only mother smoked 1.15 0.54 2.46 1.06 0.47 2.39 0.34 0.05 2.62
Only father smoked 1.04 0.78 1.40 0.92 0.68 1.25 1.00 0.63 1.59
Both mother and father smoked 1.49 1.02 2.18 1.28 0.85 1.91 1.55 0.85 2.85

* Adjusted for child sex and age as well as mother’s age, educational achievement, maternal psychological distress, current smoking at the
time of the interview, employment, marital status, number of live births and West versus East European region. There was also missing data on
some covariates including mother’s employment (N = 339), current smoking status (N = 303), psychological distress (N = 215), marital status
(N = 150), age (N = 34), and child’s age (N = 18) and sex (N = 1). Missing data on covariates was handled with list-wise deletion, thus the ana-

lytic sample size for the fully-adjusted models was 3,870

® Both mother and teacher reported probable ADHD (>7 on inattention and hyperactivity SDQ items)

strongest with probable ADHD when both mother and
father smoked based on both mother and teacher report of
probable ADHD (OR = 2.06, 95 % CI 1.32-3.20).

When controlled for relevant confounders (see
Table 3), maternal prenatal smoking remained associ-
ated for offspring probable ADHD based on mother report
(OR = 1.44, 95 % CI 1.06-1.96), whereas the effect of
paternal prenatal smoking diminished (OR for both mother
report = 1.17, 95 % CI 0.92-1.49). We also examined each
covariate as a single control in a model with maternal and
paternal prenatal smoking. The variables with the strong-
est impact on the observed adjusted odds ratios, i.e. part-
ner’s smoking status, maternal distress, and maternal cur-
rent smoking, were controlled for in subsequent analyses.
Each of these control variables reduced the observed odds
ratios by approximately, 15-25 %; remaining covariates
reduced the magnitude of the unadjusted estimates by less
than 10 %. In adjusted models, the association between
both mother and father smoking and offspring ADHD was
in the direction of an adverse effect, and statistically sig-
nificant for the effect of mother and father smoking on off-
spring ADHD based on mother report (OR = 1.49, 95 %
CI 1.02-2.18). We directly tested whether the odds ratio
for association between maternal smoking and offspring
probable ADHD as reported by both teachers and moth-
ers simultaneously was different than the odds ratio for the

association between paternal smoking and ADHD using an
additive interaction model; the Chi-square test-statistic and
p value for the null hypothesis that there is no difference in
these odds ratios was 3.0 and 0.08, respectively.

In Online Table 3, we show the adjusted results when the
regional control variable was whether the country had high
levels of prenatal smoking high prenatal smoking (Lithu-
ania, Netherlands, West Germany) versus low prenatal
smoking countries (East Germany, Romania, Bulgaria, and
Turkey), and high prevalence of hyperactivity (Lithuania,
Turkey, Bulgaria) versus low prevalence (Romania, Neth-
erlands, East and West Germany). The only difference in
the results was that the effect for both mother and father
smoking on offspring hyperactivity as reported by both
the mother and the teacher became statistically significant
when the regional control variable was dichotomized based
on the prevalence of hyperactivity (OR = 1.87, 95 % CI
1.01-3.46).

Prenatal smoking exposure and offspring birth weight

If comparisons between maternal smoking and paternal
smoking during the prenatal period on offspring health are
valid, then we should be able to observe a stronger associa-
tion between maternal smoking and offspring birth weight
compared with the effect of paternal smoking. Smoking in
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pregnancy is known to restrict fetal growth and has adverse
effects on birth weight through an intrauterine pathway
[54]. In adjusted models in Online Table 4, we show that
the offspring of women who report smoking in pregnancy
was about 139 grams lower than offspring of women who
report no smoking, in adjusted models (95 % CI —202.2,
—77.7). There was a negligible and non-significant effect
of father smoking on offspring birth weight, as would be
expected (8 = —4.1, 95 % CI —48.6, 40.4).

Given the relation between maternal prenatal smoking
and birth weight, we explored the extent to which offspring
birth weight might influence associations between prenatal
smoking and probable ADHD. In unadjusted and adjusted
models, birth weight did not significantly predict prob-
able ADHD (unadjusted: log odds = —0.0002, p = 0.16;
adjusted: log odds = —0.0003, p = 0.14), and inclusion of
birth weight as a covariate did not alter the magnitude of
relations between maternal prenatal smoking and probable
ADHD.

Discussion

These data are consistent with an association between
maternal smoking during pregnancy and offspring prob-
able ADHD at mean age 8. The data suggest that there is
an association between maternal smoking and offspring
probable ADHD that is stronger than that of paternal smok-
ing during the pregnancy period and offspring probable
ADHD; to the extent that confounding is shared between
parents, these results are consistent with a potential intrau-
terine influence of smoking on inattention and hyperactiv-
ity symptoms. Further, we find relative consistency of the
magnitude of this effect across reporters of offspring proba-
ble ADHD, including teacher, mother, and both mother and
teacher reporting probable ADHD. These results are based
on data from more than four thousand children across a
diverse range of six countries across Eastern and Western
Europe with widely varying prevalences of both ADHD
and prenatal smoking, using a well-validated multiple
informant approach to ADHD assessment [42].

These results add to a growing body of literature that has
not yet achieved consensus. The effect of maternal smoking
on offspring mental health has been assessed for a range of
outcomes, including conduct disorder [22] and behavioral
disinhibition [17]. While many studies document an asso-
ciation, the causal relations underlying these associations
remain in contest. While we recently documented similar
results of stronger associations between maternal smoking
and offspring hyperactivity compared with father smok-
ing and hyperactivity within a pregnancy cohort recruited
in California [27], other comparisons of maternal smoking
with paternal smoking have reported that the associations
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are similar in magnitude [31], suggesting substantial shared
familial confounding [3, 36]. Further, comparisons of sib-
lings discordant for maternal smoking during pregnancy
have indicated that the association is substantially con-
founded [37, 40], although discordant sibling designs may,
in some cases, underestimate associations [20, 28]. The
results presented here suggest that, while estimates of the
effect of maternal smoking on probable ADHD are sub-
stantially diminished when controlled for known risk fac-
tors, the association remains relatively strong, with odds
ratios ranging from 1.5 to 1.9, while the association of
paternal smoking with probable ADHD does not. We note
that examination of maternal-paternal dyads of smoking
indicated a similar relation between maternal smoking and
offspring probable ADHD whether the father also smoked
(OR = 1.70) or did not (OR = 1.92), although the results
were not statistically significant. Further research using
novel study designs to assess this complex relation will
shed additional light on the impact of the in utero environ-
ment on offspring behavioral and mental health.

A central strength of the present data is the consistency
of results across both teacher and parent informant, ana-
lyzed both separately and together. Teacher reporting on
child outcomes is well-recognized as an integral compo-
nent of assessing attention and hyperactivity problems [4,
33, 58], as symptoms of these disorders are often apparent
in a classroom setting where focus and attention are neces-
sary. While mother reporting of child behavior is a critical
assessment, teacher reporting of ADHD is also important, as
teachers are presumably blind to the prenatal smoking sta-
tus of the mother. Previous literature has shown substantial
differences in mother’s reporting of offspring ADHD com-
pared with teachers, suggesting that each provide unique
information on the child behavior. Further, Sherman et al.
[47] found that twins were more concordant for ADHD
when diagnosis was based on the mother report rather
than the teacher report, suggesting that maternal reporting
is potentially influenced by subjective comparisons of sib-
ling similarities that do not influence teacher reports when
children are in different classrooms. However, mothers
may also report on signs and symptoms of behavior prob-
lems that occur uniquely in the home and do not manifest
in the classroom, thus both reporters are necessary for a full
assessment of the child. Interestingly, Fergusson et al. [17]
found that, after adjusting for potential confounders, mater-
nal smoking was associated with maternal but not teacher
reports of hyperactivity at age 8, whereas maternal smok-
ing was associated with teacher but not maternal reports of
hyperactivity at age 10 and 12. Additionally, Langley et al.
[31] found that maternal and paternal smoking during the
pregnancy period were both similarly associated with hyper-
activity symptoms (only mother report used), and that there
was a slightly higher effect of maternal smoking on ADHD
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diagnoses (mother and/or teacher reports considered to be a
positive case). We document associations between maternal
reports of smoking during pregnancy and teacher reports of
offspring probable ADHD.

The results of the present study should be evaluated in
light of the limitations of cross-national survey data. Proba-
ble ADHD was based on teacher and parent report of symp-
toms rather than clinical diagnosis, and previous research
indicates that parent and teacher reports may differ from
clinical assessment [24]. However, the SDQ is a well-val-
idated and widely used instrument for child psychopathol-
ogy [23] and we used a combined report across both par-
ents and teachers, suggesting that the probable diagnoses
reported are unlikely to be fully attributable to reporting
biases. Further, our own work has shown high concordance
between mother-teacher reports of probable ADHD based
on the SDQ and diagnoses of ADHD based on a semi-
structured instrument [42]. Self-report of smoking during
pregnancy is retrospective and may be subject to bias, espe-
cially women reporting on their husband’s smoking. This
self-reported data may be differential by offspring probable
ADHD status. Further, women’s misclassification of smok-
ing in pregnancy may be related to misclassification in the
husband; those women who misreport their smoking status
may be more likely to misreport their husband’s smok-
ing status. However, this misclassification would likely
attenuate the results; in fact, our estimates for the effect
of maternal smoking on birth weight are less than other
large-scale studies [16, 38, 55], suggesting an attenuation
of the effect potentially due to misclassification. Next, there
was substantial missing data on smoking reports, includ-
ing more missing data for the mother’s report of smoking
than the mother’s report on the father. However, missing
data was unrelated to offspring probable ADHD, limiting
concerns about the introduction of bias. Further, we con-
trolled for many factors related to missing data, including
mother’s mental health status and demographic character-
istics. Unmeasured confounders such as childhood nutri-
tional environment, parent—child interactions, and home
environment remain potential threats to validity of the pre-
sent study. However, these factors would likely be shared
between mothers and fathers. We find that maternal smok-
ing is more strongly related to offspring hyperactivity than
paternal smoking, suggesting that factors shared across
parents including nutrition and the home environment are
unlikely to explain the results presented here. Some poten-
tial confounders that are not shared between mothers and
fathers are also important to consider in future studies. In
particular, there is evidence that maternal ADHD is related
to both smoking and offspring ADHD [2]; we did not
have information on maternal ADHD. Finally, participa-
tion of eligible children and their parents varied substan-
tially across country. It is possible that those children and

mothers who participated in the survey were different than
those who did not. We would hypothesize that mothers who
participated in the survey may be less likely to be smokers,
and may have husbands who were less likely to be smok-
ers, than those who did not, and children may have been
less likely to have behavioral problems compared with
non-participators. Therefore, our prevalence estimates may
be underestimated. However, we conducted a sensitivity
analysis by subsetting the data into those countries with
higher participation rates (Bulgaria, Romania, Lithuania,
and Turkey) and those with lower participation rates (Ger-
many and the Netherlands) and re-running all analyses. The
magnitude of results did not change (see Online Tables 5
and 6), though the power to detect effects decreased. If
mothers who both smoked in pregnancy, or had husbands
who smoked during the pregnancy period, and had chil-
dren with behavioral problems were less likely to partici-
pate than other parents, the associations presented in the
analysis may be underestimated compared to what would
be observed if all eligible participants had been included.
Therefore, our estimates should be considered conservative.

Smoking during pregnancy remains an important modifi-
able risk factor for positive neonatal outcomes, and increas-
ing evidence indicates that there may be consequences of in
utero tobacco smoke exposure later in life [10, 25, 29, 52].
While evaluation of the effects of maternal smoking on off-
spring health present methodological challenges due to the
myriad of potential confounding influences, the research
remains a critical part of understanding early determinants
of child, adolescent, and adult health. This study presents
the most geographically diverse study conducted to date of
maternal smoking and offspring probable ADHD. Given
differences in risk factors for and distribution of mater-
nal smoking in pregnancy across the six countries repre-
sented in the current study, the associations presented here
add important additional evidence regarding the potential
adverse influence of in utero smoking exposure on emo-
tional and behavioral outcomes in childhood.
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