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ABSTRACT

Attention deficit hyperactivity disorder (ADHD) is caused by the interaction of genetic and environmental
factors. The objective of this study was to examine the effects of prenatal exposure to alcohol and
environmental tobacco smoke (ETS). Among the 30,552 parents who responded to a survey, the answers of
19,940 who replied to questions on prenatal exposure to ETS, alcohol consumption, and completed the
DuPaul Rating Scale were analyzed. Results revealed that risk of ADHD significantly increased as a result of
exposure to alcohol by 1.55 times (95% CI 1.33-1.82), maternal smoking during pregnancy by 2.64 times (95%
CI 1.45-4.80), and paternal smoking during pregnancy by 1.17 times (95% CI 1.98-1.39). When the subjects
whose mothers did not smoke during pregnancy were divided into 4 groups, the prevalence was 1.16 times
higher (95% CI 1.02-1.33) in the group exposed to ETS but not alcohol, 1.19 times higher (95% CI 0.91-1.57) in
the group exposed to alcohol but not ETS, and 1.58 times higher (95% CI 1.31-1.91) in the group exposed to
ETS and alcohol. The differences between the groups were statistically significantly (P < 0.0001). This result

shows that simultaneous exposure to ETS and alcohol during pregnancy increases the risk of ADHD.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Attention-deficit hyperactivity disorder (ADHD) is one of the most
commonly observed disorders in preschool and school age children,
and it is characterized by increased hyperactivity and impulsiveness
and poorer attention. (American Psychiatric Association, 1994). Due to
these core symptoms of ADHD, children with this disorder are more
likely to have behavioral problems, lower academic achievement, and
difficulty in establishing social relations (Barkley, 1990). The ADHD
prevalence rates vary across countries from 7.2% to 11.4% (Baumgaertel
et al, 1995; Wolraich et al, 1996; Montiel-Nava et al., 2002). The
prevalence rates reported in South Korean elementary school children
were 7.6% (Cho and Shin, 1994), and 6.1% (Pyo et al., 2001).

Many studies have examined the causes of ADHD, identifying
various risk factors that may contribute to the development of
ADHD. Environmental factors include complications from preg-
nancy and delivery (Sprich-Buckminster et al., 1993) and perinatal
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factors. Other factors, such stress during pregnancy (Linnet et al.,
2003) and exposure to heavy metals such as lead (Needleman,
1982), mercury (Anderson et al., 1981), and manganese (Collipp
et al.,, 1983) are also reported to increase the risk of ADHD.

Alcohol consumption and smoking during pregnancy have been
extensively studied. Consumption of alcohol during pregnancy is
reported to increase the risk of ADHD (Streissguth et al.,, 1994; Mick
et al, 2002; Knopik et al, 2005). Studies on understanding this
association have produced consistent results; however, there are some
contradictory evidences. For example, Boyd et al. (1991) and Leech
et al. (1999) reported that the use of alcohol was not considered a risk
factor for ADHD. These negative results may be due to the absence of a
sufficiently large number of heavy drinking mothers in those samples.
The association between exposure to smoking during pregnancy and
ADHD has been demonstrated by many studies. However, only a few
studies have demonstrated the association between ADHD and
maternal exposure to ETS among those who did not smoke. Smoking
during pregnancy increases the risk for ADHD by 2.7 times (Milberger
et al,, 1998). Linnet et al. (2005) reported that smoking in pregnancy
increased the prevalence of hyperkinetic disorder by 3 times, and
Lindblad and Hjern (2010) reported that smoking increased the risk
for ADHD by 2.86 times.


www.sciencedirect.com/science/journal/01651781
www.elsevier.com/locate/psychres
http://dx.doi.org/10.1016/j.psychres.2014.11.009
http://dx.doi.org/10.1016/j.psychres.2014.11.009
http://dx.doi.org/10.1016/j.psychres.2014.11.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psychres.2014.11.009&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psychres.2014.11.009&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psychres.2014.11.009&domain=pdf
mailto:hojangkwon@gmail.com
http://dx.doi.org/10.1016/j.psychres.2014.11.009

J.-Y. Han et al. / Psychiatry Research 225 (2015) 164-168 165

Alcohol consumption and smoking often coexist. According to a
study by Grant et al. (2004), the prevalence of nicotine dependence
among people with alcohol dependence is more than three times
higher than in the general population. The prevalence of alcohol
dependence is about four times higher among people with nicotine
dependence than in the general population. The degree of alcohol
dependency is known to have some correlation with the degree of
nicotine dependency (Batel et al., 1995). It has been proposed that the
concurrent use of alcohol and nicotine gives synergy to the toxicity of
each. For example, the process of genotype mutation caused by
nicotine is accelerated by alcohol (Henning et al., 1999).

There is much research on prenatal exposure to tobacco smoke
and alcohol consumption in pregnancy, but this may well be the
first study that simultaneously examines prenatal exposure to
alcohol, maternal smoking, and ETS in relation to ADHD in such a
large sample. This study was conducted in order to assess the
effects of exposure to ETS and the consumption of alcohol during
pregnancy on the incidence of ADHD. In our study, we hypothe-
sized that children from mothers exposed to ETS and alcohol
during pregnancy showed higher ADHD prevalence than those
from mothers without such an exposure.

2. Method
2.1. Participants

This study surveyed the parents of elementary students in Cheonan, Korea for
two years in 2007 and 2008. We distributed questionnaires with an official cover
letter to 53 schools in Cheonan, and asked parents to complete the questionnaires
with the help of class and health teachers. Among 30,552 parents who responded

Table 1

to the survey, the responses of the 19,940 who answered the questions on prenatal
exposure to alcohol and ETS, and completed the ADHD DuPaul Rating Scale, were
analyzed. This study was approved by the Institutional Review Board of Dankook
University Hospital, and written consent of the participants was obtained.

2.2. Materials

The Korean version of the DuPaul Rating Scale (K-ARS; Kim et al., 2003) was
utilized and completed by the parents. The K-ARS consists of 18 questions, nine
items about attention and nine items about hyperactivity, scored on a 4-point scale
(0-3). We classified children as having ADHD if the total inattentive and hyper-
activity scores were > 19. The K-ARS classifies children as “inattentive-type ADHD”
if the total score is 19 or higher, and the score of attention deficit items is 10 or
higher; “hyperactivity-type ADHD" if the total score is 19 or higher, and the score of
hyperactivity items is 10 or higher; or “mixed-type ADHD” if both conditions are
satisfied.

2.3. Variables

The variables measuring exposure used in this study were the mother's current
alcohol consumption patterns, the mother's prenatal alcohol consumption, current
parental smoking habits, and prenatal smoking habits. For maternal exposure to
ETS during pregnancy, we selected paternal smoking as the source of ETS exposure.
The outcome variable was the score of ADHD measured by the K-ARS.

The confounding variables were gender, age, father's education, mother's age at
childbirth, marriage status, delivery complications, history of child vaccinations,
and family history of ADHD. The association between ADHD and demographic
variables including patient's gender and age, father's education, mother's age at
childbirth, marital status, delivery complications, history of child vaccinations, and
family history of ADHD were analyzed by y? tests. In addition, the subjects were
divided into four groups according to prenatal exposure to ETS and alcohol to
perform interaction analysis. The exposure variables and the outcome variable
were also analyzed through multiple logistic regression. We used Statistical
Package for the Social Sciences (SPSS), Version 18.0, for the analyses.

ADHD prevalences by Socio-demographics and prenatal exposure to alcohol and environmental tobacco smoke.

Characteristics ADHD
AlI(N) Yes (N) % p*

All 19,940 1769 (8.9)

Sex Male 1195 (12.1) < 0.0001
Female 10,085 574 (5.7)

Age <9 10,252 926 (9.0) 0.422
10~11 536 (8.9)
>12 228 (8.3)
Unknown 79 (8.5)

Father's education <12 89 (20.5) < 0.0001
12 808 (10.0)
>13 11,122 831 (7.5)
Unknown 41 (14.1)

Marriage status Single 283 (11.7) <0.0001
Couple 16,774 1422 (8.5)
Unknown 64 (8.6)

ADHD family history No 18,443 1528 (8.3) < 0.0001
Yes 26 (14.2)
Unknown 215 (16.4)

Mother's age at childbirth <20 25 (20.8) <0.0001
21~29 11,285 957 (8.5)
30~34 541 (8.3)
35~39 135 (10.8)
>40 30 (13.8)
Unknown 81 (14.8)

History of vaccination Not completely 484 (12.1) <0.0001
Completely done 15,664 1240 (7.9)
Unknown 45 (16.2)

Delivery complication No 663 (8.0) <0.0001
Yes 30 (]3.3)
Unknown 11,431 1076 (9.4)

Prenatal ETS No 424 (7.8) 0.002
Yes 14,493 1345 (9.3)

Prenatal alcohol use No 17,524 1478 (8.4) < 0.0001
Yes 291 (12.0)

*v? testexcluding missing values.
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3. Results

Of the 19,940 respondents, 1769 (8.9%) indicated that their
child met K-ARS criteria for ADHD. In addition, 14,493 children
(72.7%) were prenatally exposed to ETS, and 2416 (12.1%), to
alcohol (Table 1).

Maternal alcohol consumption during pregnancy was signifi-
cantly associated with ADHD. The risk of ADHD was 1.55 times
higher (95% CI 1.33-1.82) in children of mothers who used alcohol
during pregnancy than in those whose mothers did not consume
alcohol. The risk of ADHD was 2.47 times higher (95% CI 1.66-3.68)
in the group of mothers who currently smoked than in the group
who did not smoke. If the mother smoked during pregnancy, the
risk of ADHD was approximately 2.64 times higher (95% CI 1.45-
4.80). With regard to paternal smoking, the risk of ADHD was 1.17
times higher (95% CI 1.98-1.39) if the father smoked during the
mothers' pregnancy than in the group with fathers who did not
smoke (Table 2).

The subjects with mothers who did not smoke during preg-
nancy were divided into four groups according to prenatal
exposure to ETS and alcohol. The prevalence rate of ADHD was
significantly higher in the group with prenatal exposure to ETS
and alcohol (12.8%) than in the group without exposure to either
(7.5%) [P <0.0001]. In addition, compared to the group without
exposure to ETS and alcohol, the prevalence and risk was 1.16
times higher (95% CI 1.02-1.33) in the group exposed to ETS but
not exposed to alcohol, 1.19 times higher (95% CI 0.91-1.57) in the
group not exposed to ETS but exposed to alcohol, and 1.58 times
higher (95% CI 1.31-1.91) in the group exposed to both ETS and
alcohol. The differences were statistically significantly (interaction,
P <0.0001) (Table 3).

We had analyzed the association between ADHD subtype and
prenatal exposure to ETS and alcohol. Across all subtype of ADHD,
there were no significant differences in the magnitude of effect
estimates. (data not shown).

4. Discussion

ADHD is a disorder characterized by inattention, impulsiveness
and hyperactivity, and its prevalence, although varying across
countries and studies, has been reported to be 2.2-17.8%
(Skounti et al., 2007). In our study, the prevalence of ADHD was
8.9% in elementary school children. This is similar to the

Table 2
Association between ADHD and maternal alcohol use and parental smoking.

prevalence of ADHD diagnosed through structured interviews
based on the DSM-IV in previous studies.

In our study, 72.7% of children were prenatally exposed to ETS
which reflected paternal smoking during pregnancy. According to
the National Health and Nutrition Examination Survey by Korea
Centers for Disease Control and Prevention (2013), the lifetime
prevalence rate of smoking in men aged 30-39 years was 75%, and
current smoking rate was 54.8%, while 55.3% of women aged 19-
29 years were exposed to ETS. Lee et al. (2010) reported 16.4%
maternal alcohol consumption during pregnancy in a sample of
1000 people. In our study also, 12.1% of pregnancies had maternal
alcohol consumption.

In our study, alcohol consumption in pregnancy increased
the prevalence of ADHD by 1.55 times, and maternal smoking in
pregnancy increased its prevalence by 2.64 times. Moreover, the
interaction between exposure to environmental tobacco smoking
and alcohol in pregnancy increased the prevalence of ADHD by
1.58 times in the group with mothers who did not smoke during
pregnancy, but consumed alcohol and were exposed to tobacco
smoke. This result shows that simultaneous exposure to environ-
mental tobacco smoke and alcohol during pregnancy increases the
risk of ADHD.

The harmful effect of a pregnant woman's alcohol consumption
and smoking on the fetus has been studied thoroughly, and
smoking during pregnancy is known to cause behavioral and
mental disorders in the child (Andres and Day, 2000). The
association between exposure to smoking during pregnancy and
ADHD has been demonstrated by many studies. Some animal
experiments have shown that exposure to nicotine during preg-
nancy results in hyperactivity in the child (Slotkin et al., 1993;
Eriksson et al.,, 2000), and the possible mechanisms for this
increase may be the number of nicotine receptors and an abnorm-
ality in the dopamine system (Marks et al.,, 1993). Smoking may
reduce the amount of blood sent to the fetus, hinder the supply of
nutrition and oxygen (Suzuki et al., 1980), and have direct impact
on the brain of the fetus through exposure to the tar and carbon
monoxide in cigarettes (Ernst et al., 2001). Many studies with
human subjects report that exposure to nicotine during pregnancy
increases the risk of ADHD (Herrmann et al.,, 2008; Roza et al.,
2009). Thapar et al. (2003) and Obel et al. (2009) reported that
smoking during pregnancy increases the risk of hyperactivity—
inattention, and Eskenazi and Castorina (1999) found an association
between smoking during pregnancy, neurobehavioral development,
and behavioral problems. Further, Rauh et al. (2004) reported that

Total no. Total no. ADHD(+) Unadjusted Adjusted”
N % OR (95% CI) OR (95% CI)
Maternal alcohol intake 19,940 1769 (8.9)
Never 6742 500 (7.4) 1 Referent 1 Referent
Alcohol used except pregnancy period 10,782 978 (9.1) 1.25 111,1.39 1.31 1.17,1.48
Alcohol used during pregnancy 2416 291 (12.0) 1.71 1.47,1.99 1.55 1.33,1.82
Maternal smoking 19,940 1769 (8.9)
Never smoked 14,339 1188 (8.3) 1 Referent 1 Referent
Smoking except pregnancy 155 36 (23.2) 3.35 2.30,4.89 247 1.66,3.68
Smoking during pregnancy 64 16 (25.0) 3.69 2.09,6.52 2.64 1.45,4.80
Missing 5382 529 (9.8)
Paternal smoking 19,940 1769 (8.9)
Never smoked 2130 161 (7.6) 1 Referent 1 Referent
Smoking except pregnancy 2121 160 (7.5) 1.00 0.80,1.25 0.95 0.76,1.20
Smoking during pregnancy 13,900 1277 (9.2) 1.24 1.04,1.47 117 1.98,1.39
Missing 1789 171 (9.6)

f0dds ratio and 95% confidence intervals estimated using multiple logistic regression model adjusted for gender, age, father's education, mother's age at childbirth, marriage

status, delivery complication, history of child vaccinations, family history of ADHD.
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Table 3

Association between ADHD and prenatal exposure to factors among mothers who did not smoke during pregnancy.

Group Total no. ADHD Unadjusted Adjusted”
19,876 N (%) OR (95% CI) OR (95% CI)
Group ETS(x), alcohol use (x) 4728 353 (7.5) 1 Referent 1 Referent
ETS(0), alcohol use(x) 12,753 1115 (8.7) 1.19 1.05,1.35 1.16 1.02,1.33
ETS(x), alcohol use (0) 719 71 (9.9) 1.36 1.04,1.78 1.19 0.91,1.57
ETS(0), alcohol use (0) 1676 214 (12.8) 1.81 152,217 1.58 1.31,1.91

P-interaction

<0.0001

*0dds ratio and 95% confidence intervals estimated using multiple logistic regression model adjusted for gender, age, father's education, mother's age at childbirth, marriage

status, delivery complication, history of child vaccinations, family history of ADHD.

exposure to environmental tobacco smoke during pregnancy caused
a delay of neurobehavioral development, resulting in growth that
was as much as two times slower than in embryos not exposed to
smoke. Our result, that smoking and exposure to environmental
tobacco smoke during pregnancy increased the prevalence of ADHD,
is consistent with the results of these earlier studies.

Alcohol consumption during pregnancy can cause fetal alcohol
spectrum disorders, which consist of neurobehavioral disorders,
psychomotor retardation, other problems, as well as various
internal anomalies that may have no morphological manifesta-
tions (Mattson et al., 2011). Prenatal exposure to alcohol in
humans causes brain abnormality (Sowell et al., 1996; Kuehn et
al., 2012). Exposure to alcohol during the third trimester, when the
brain undergoes dramatic development, results in microcephaly
and the loss of Purkinje cells (Goodlett et al., 1991). Sulik and
Johnston (1983) have reported that facial and brain alterations
were associated with first trimester exposure in an animal study.
Experiments on animal development have reported that heavy
alcohol consumption during pregnancy is a neurotoxin (Olney
et al,, 2000). Streissguth et al. (1989) and Mattson et al. (2013) reported
that heavy alcohol consumption during pregnancy is associated with
neurobehavioral disorders. Streissguth et al. (1990) also reported that
moderate levels of prenatal alcohol exposure can have long lasting
effects on IQ and learning problems in young school aged children.
These results are consistent with our report that alcohol consump-
tion during pregnancy increased the prevalence of ADHD. The results
are consistent with those from previous studies (Brown et al.,, 1991;
Delaney-Black et al., 2000).

Several studies reported that the concurrent exposure to tobacco
and alcohol increases toxicity; for example, Henning et al. (1999)
reported the process of genotype mutation caused by nicotine is
accelerated by alcohol. Moreover, it has been reported that con-
current smoking and alcohol consumption can affect the develop-
ment of tumors by damaging the antioxidant defense mechanism
(Gao et al., 2002). The incidence and severity of various diseases are
also different in those who neither smoke nor drink from those who
engage in both (Vaillant et al, 1991). Additionally, leukemia in
children has been associated with alcohol consumption and smok-
ing in parents (MacArthur et al., 2008). Previous neurobehavioral
studies have focused primarily on the association of the mother's
smoking, alcohol consumption, or both, during pregnancy and the
child's risk for ADHD. Some animal studies have shown that
exposure to nicotine during pregnancy results in an increased
number of nicotine receptors and abnormalities in the dopamine
system (Marks et al., 1993). A few studies also suggest that ethanol
stimulates the release of both dopamine in the ventral tegmental
area (Yoshimoto et al., 1992). There are few epidemiologic studies
on the interaction of exposure to ETS and alcohol in connection to
the risk or prevalence of ADHD. Thus, the results of the present
study are notable.

Nevertheless, this study has certain limitations. The first
pertains to the generalizability of the results. The subjects were

from Cheonan, which has urban, rural, and industrial areas, but
there may be some limitations in applying the results of this study
to all children in South Korea. Second, the questionnaire survey
was based on the parental recall, which may have an information
bias, and this raises questions about the accuracy of the results.
Another limitation is that there were no professional assessments
or diagnoses. It would not be possible to obtain formal diagnostic
data for such a large sample since few children sampled from a
general population would be clinically diagnosed with ADHD.
Additionally, the cultural climate of South Korea, which views
women's smoking more negatively than in other countries, may
have caused an information bias. Subjects who did not reply to the
questionnaire on mother's alcohol consumption and smoking
during pregnancy were excluded from the study, which may
represent a different segment of the population, however, the
excluded subjects did not differ from the included group in any
general characteristics. Another important limitation of this study
is that the levels of alcohol consumption and frequency of smoking
during pregnancy are unknown. A large majority of these women
may have consumed alcohol in measures that were probably too
low to cause adverse effects. Therefore, the magnitude of the
effects of heavy drinking may be underestimated in our study.

Despite these limitations, to the best of our knowledge, this is
the first study that considered a non-smoking mother's exposure
to environmental tobacco smoke and alcohol consumption during
pregnancy and this study is meaningful because it identified an
increase in the prevalence of ADHD under those conditions. Future
studies could explore this result on the role of environmental
factors in increasing risk for ADHD through follow-up studies and
the inclusion of professional assessments.
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