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Abstract: A body of empirical research has revealed that prenatal exposure to tobacco
smoke is related to a host of negative outcomes, including reduced cognitive abilities, laterlife health problems, and childhood behavioral problems. While these findings are often
interpreted as evidence of the causal role that prenatal exposure to tobacco smoke has on
human phenotypes, emerging evidence has suggested that the association between prenatal
exposure to tobacco smoke and behavioral phenotypes may be spurious. The current
analysis of data from the Early Childhood Longitudinal Study, Birth Cohort (ECLS-B)
revealed that the association between prenatal exposure to cigarette smoke and
externalizing behavioral problems was fully accounted for by confounding factors. The
implications that these findings have for policy and research are discussed.
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1. Introduction
A long line of empirical research has revealed that antisocial conduct, including early childhood
behavioral problems, is heavily influenced by genetic factors. Results culled from behavioral genetic
research, for example, have consistently indicated that at least 50 percent of the variance in antisocial
phenotypes is attributable to genetic influences, with environmental factors explaining the remaining
variance [1,2]. More specifically, the environments that have been identified as being the most salient
to human development are nonshared environments, which are environments that are unique to each
sibling [3,4]. Shared environments, or environmental factors that are equally experienced by all
siblings from the same household, tend to have very little, if any, effect on behavioral
phenotypes [5-8]. The differential effects of shared environments versus nonshared environments have
been highlighted in the behavioral genetic literature. To illustrate, the results of four meta-analyses
have converged to show that shared environments explain between 0–10 percent of the variance in
antisocial phenotypes, while nonshared environments account for about 40 percent of the
variance [9-12].
Given that the nonshared environment explains such a large percentage of the variance in behavioral
phenotypes, there has been great interest in trying to identify the specific nonshared environments that
are related to antisocial behaviors. Much of this research has focused on differential parental treatment,
differential exposure to antisocial peer groups, and differential stochastic experiences [1,13-15]. But,
perhaps one of the most salient nonshared environments—and one that has also been the source of a
considerable amount of research attention—is the prenatal environment [16]. Compromised prenatal
environments have been linked with a wide array of maladaptive outcomes, including reduced
cognitive abilities, mental retardation, mental illnesses, and even antisocial behaviors [17,18].
One of the main ways in which prenatal environments are thought to affect later-life behavioral
problems is through exposure to toxins, such as teratogens and neuroteratogens [16,19]. Exposure to
cigarette smoke in utero represents what is perhaps the most widely researched toxin as it relates to
childhood conduct problems [20]. Prenatal exposure to some of the agents found in cigarette smoke,
especially nicotine, has been found to disrupt normal fetal brain growth, to be linked to a smaller head
circumference, to produce learning and memory impairments, and to generally reduce executive
control processes ([19], for a general overview see [21]). These findings are particularly important
because there is a solid knowledge base linking neuropsychological deficits and executive dysfunctions
to antisocial behaviors, including externalizing problem behaviors in childhood [17,22,23]. As a result,
the effect that prenatal exposure to cigarette smoke has on behavioral problems may be mediated by
neuropsychological impairments.
A considerable amount of research has examined the connection between prenatal exposure to
cigarette smoke and behavioral problems in childhood, delinquency in adolescence, and crime in
adulthood. In general, the results of at least 40 studies have revealed that exposure to cigarette smoke
in utero is a risk factor for neurological dysfunction, as well as antisocial behaviors across all stages of
the life course [22,24]. For example, Wakschlag and her colleagues [25] recently examined a nationally
representative sample of respondents in order to explore the effects that prenatal exposure to cigarette
smoke had on a range of antisocial outcomes. The study revealed that individuals exposed to cigarette
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smoke in utero were more likely to exhibit symptoms of oppositional defiant disorder and to have an
early onset of delinquency.
The available evidence indicates a significant and positive association between prenatal exposure to
cigarette smoke and later-life behavioral problems, leading some scholars to believe that this
association is causal [25,26]. However, the methodologies that have been employed to estimate the
effect of prenatal exposure to cigarette smoke on antisocial phenotypes are limited in their ability to
rule out other rival explanations. Most notably, the association between prenatal exposure to cigarette
smoke and behavioral problems later in life may be spurious owing to confounding. Ultimately, there
are at least two reasons why this may be the case [27].
First, there are certain maternal characteristics that are correlated with both childhood behavioral
problems and prenatal cigarette smoking. Specifically, maternal smoking is most common among
women with antisocial traits [27]. Evidence is also accumulating that suggests the effects of prenatal
smoking may cease to exert a significant effect on childhood behavioral problems after controlling for
maternal antisocial behavior. Silberg and her colleagues [28] tested this possibility by analyzing a
sample of over 500 male twins drawn from the Virginia Twin Study of Adolescent Behavioral
Development. The findings of the study revealed that after controlling for familial factors, including
maternal antisocial characteristics, prenatal smoking was no longer significantly associated with
antisocial behavior in children.
The second reason that the relationship between maternal smoking and behavioral problems may be
confounded is because of genetic factors. Specifically, researchers have suggested that maternal
cigarette smoking during pregnancy might signify an underlying genetic risk for antisocial
behavior [26,27,29]. A wealth of studies, examining thousands of twin pairs, has revealed that there is
a sizeable genetic influence on the development of antisocial traits [10,12]. As a result, mothers who
smoke while pregnant may be passing along the genetic propensity for antisocial phenotypes to their
offspring. If this is the case, then the association between prenatal exposure to cigarette smoke and
offspring behavioral problems may be the result of genetic transmission, not exposure to cigarette
smoke in utero. Maughan and her colleagues [27] examined this possibility by employing a sample of
twins drawn from the Environmental Risk (E-Risk) Longitudinal Twin Study. The results revealed the
presence a significant dose-response effect of prenatal smoking on behavioral problems. Most notably,
however, the researchers found that over half of the association between maternal smoking and
behavioral problems was due to the influence of shared genetic factors. In other words, when a number
of other risk factors were taken into account—including, maternal psychopathology, family
disadvantage, and genetic effects—the strength of the relationship between maternal smoking and
behavioral problems was either markedly reduced or completely eliminated. This study provides some
initial evidence that the association between maternal smoking during pregnancy and offspring
behavioral problems might be largely or partially driven by genetic confounds [but see 20].
Taken together, the available evidence suggests that the association between prenatal exposure to
cigarette smoke and subsequent behavioral problems is complex and may be the result of confounding
factors. However, much more research is needed that specifically addresses the issue of confounding
before any definitive conclusions can be drawn. The current research seeks to provide a cautious step
in this direction by examining the influence of prenatal exposure to cigarette smoke on externalizing
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behavioral problems in children by using propensity score matching (PSM) to help correct
for confounding.
2. Methods
2.1. Study Population
The current research uses data from the Early Childhood Longitudinal Study, Birth Cohort
(ECLS-B). The ECLS-B is a multi-wave, nationally representative study of children born in the United
States in 2001. A more detailed description regarding the sample has been published elsewhere [30].
Briefly, three waves of data have been collected and are currently available to researchers. Each wave
of data included a range of measures for mothers, fathers, and their biological children. Data collection
began when the focal child was 9 months old and continued until they were preparing to enter
kindergarten (around the age of 4 years old). The total sample size was approximately N = 10,600.
Wave I interviews were conducted between the fall of 2001 and the fall of 2002 when mothers and
fathers were interviewed via telephone surveys about their child’s health, their home environment, and
their overall development and wellbeing. Wave II surveys were completed between the fall of 2003 and
the fall of 2004 when the children were two years old. Parental questionnaires during Wave II included
items regarding socioeconomic status, physical and emotional well-being, educational achievements,
and the quality of their relationship with their spouse/romantic partner.
The third wave of the ECLS-B occurred as the child was preparing to enter kindergarten. At this
point, the parental surveys were altered in order to include more age-appropriate items for their
children. During Wave III interviews, a number of the focal children had also been placed with
professional daycare providers and so the final wave of the ECLS-B included an interview with the
child’s daycare provider. After the removal of missing data, the sample size for the current study
ranged between N = 3,343 and N = 3,402 prior to forming matched groups.
3. Measures
3.1. Dependent Variable
The ECLS-B contained a number of items intended to assess behavioral, cognitive, and emotional
development in preschool aged children. Measures from the Preschool and Kindergarten Behavior
Scales–Second Edition (PKBS-2) were included during Wave III interviews with the child’s primary
caregiver. The full length version of the PKBS-2 contains 42 items designed to tap problem behaviors
and social adjustment in children [31]. A number of studies have examined the PKBS-2 and found it to
be a reliable and valid method of measuring disruptive behavior early in the life-course [31-33]. An
abbreviated version of the PKBS-2 containing 24 of the original 42 questions was available in
the ECLS-B.
Principal components analysis of all 24 measures revealed that eight items loaded on a single
construct which captured variation in aggressive and disruptive behavior. Reliability coefficients were
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examined and the results revealed a moderate level of internal consistency among the eight measures
(α = 0.74). Additional analysis revealed that removing any of the items would not significantly improve
the observed alpha levels. The items used to construct the scale asked the primary caregivers (usually
the mothers) how often their child was physically aggressive, easily angered, impulsive, overly active,
and prone to tantrums. Parents were also asked about their child’s ability to concentrate, how often
they annoyed other children, and how often they destroyed their possessions. Responses to each item
were coded such that higher scores reflected increased levels of behavioral problems (i.e., 1 = never,
2 = rarely, 3 = sometimes, 4 = often, and 5 = very often). The items were summed to create the
childhood externalizing behavioral problems scale.
3.2. Treatment Variables
3.2.1. Maternal Smoking
In order to assess prenatal exposure to cigarette smoke, we relied on a measure of maternal smoking
obtained from the children’s birth certificates. The use of birth certificates to measure prenatal smoking
has been employed by a number of researchers [34,35]. Despite some debate regarding the reliability of
self-reported maternal smoking measures drawn from birth certificates [36], studies have suggested
that this type of measure is reliable and not likely to bias the results of empirical
research [37,38]. For the current study, maternal smoking was coded dichotomously where
0 = non-smoker and 1 = smoker. Overall, the birth certificates of the children in the sample revealed
that 354 of the mothers—approximately 10 percent of the final analytical sample—smoked while they
were pregnant.
3.2.2. Heavy Maternal Smoking
The birth certificates of each child also included the average number of cigarettes smoked per day
by the mother while she was pregnant, with responses ranging from 0 to 60 cigarettes. Following the
lead of previous researchers [39], we recoded this item into a dichotomous measure of heavy maternal
smoking where 0 = smoked less than 10 cigarettes per day and 1 = smoked 10 or more cigarettes per
day. Overall, 174 mothers—or about 5 percent of the final analytical sample—were heavy smokers
during their pregnancy.
3.3. Maternal Covariates
3.3.1. Maternal Antisocial Behavior
Antisocial mothers are at-risk for raising disruptive and aggressive children [40]. Additionally,
mothers who exhibit antisocial traits also tend to exhibit an increased propensity to smoke during their
pregnancy [27]. As a result, maternal antisocial behavior may confound the relationship between
prenatal exposure to cigarette smoke and behavioral problems. During Wave I interviews, mothers
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were administered a series of four questions intended to gauge their levels of antisocial behavior.
Specifically, the participants were asked if they had ever been suspended or expelled from school, if
they had ever spent the night in a mental facility, if they had ever been fired from their places of
employment, and if they had ever been arrested (0 = no and 1 = yes). The items were summed to create
a maternal antisocial behavior index.
3.3.2. Maternal Substance Abuse
Researchers have suggested that mothers prone to substance abuse are also those with a higher
predisposition to smoke while pregnant [26,27]. In other words, children exposed to prenatal smoking
are also at risk of exposure to additional deleterious substances including alcohol and other
drugs [20,22]. Furthermore, parental substance abuse has been tied to the development of behavioral
problems in children [27]. To take account of these findings—and to avoid problems with
confounding—we included a measure of maternal substance abuse drawn from Wave I of the ECLS-B.
To assess substance abuse behaviors, mothers were asked four questions related to their levels of
nicotine and alcohol consumption. For example, mothers were asked whether or not they had ever been
convicted of driving under the influence (i.e., a DUI conviction), whether they had smoked at least 100
cigarettes in the past, and whether they had ever been diagnosed with a drinking or drug problem
(0 = no and 1 = yes). The individual items were summed to create a maternal substance abuse index.
3.3.3. Maternal Depression
Maternal depression has been linked with an array of adverse developmental outcomes in children.
Specifically, the children of depressed mothers are more likely to exhibit disruptive behavioral
problems [41]. Prior research has also suggested that maternal depression may partially account for the
link between prenatal smoke exposure and behavioral problems [25,27]. To account for these findings,
we included a measure of maternal depression in the analyses. In order to assess depressive symptoms
in mothers, the ECLS-B included a modified version of the Center for Epidemiologic Studies
Depression Scale (CES-D) [42]. The CES-D has been used by researchers to distinguish symptoms of
depression in both clinical and general population samples, and a number of studies have found the
CES-D to be a reliable and valid measure of depression across age groups and gender
categories [42-44]. During Wave I interviews, mothers responded to 12 self-administered items
designed to tap instances of depression. Factor analysis revealed that each component loaded
significantly on one latent construct, and calculations of reliability estimates revealed a substantial
degree of internal consistency among the items composing the depression scale (α = 0.87).
3.3.4. Maternal Educational Attainment
Low maternal educational attainment is correlated with the propensity to smoke during pregnancy
and so failing to control for educational achievement could yield biased results [27]. As a result, an
educational attainment measure was included in the analyses. During Wave I interviews, mothers were
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asked to indicate the highest level of education that they had presently achieved. Responses ranged
from 1 = 8th grade or below to 9 = Doctorate/Professional degree.
3.3.5. Maternal Age
The children of very young mothers are at an increased risk of developing severe behavioral
problems [45-47]. Additionally, young motherhood has been linked with an increased propensity to
smoke while pregnant, and research has revealed that maternal age should be included in studies of
prenatal smoking in order to avoid the possibility of confounding [26]. Maternal age was included in
the analyses and measured continuously (in years).
3.3.6. Family Adversity
Adverse rearing environments have been linked with chronic behavioral problems in children [17].
To account for the effects of disruptive home environments, we included a measure of family adversity
in the statistical models. During Wave I interviews, mothers were asked 10 questions related to how
often in the past month they argued with their spouse regarding children, financial concerns, and
alcohol abuse. Responses were coded such that 1 = never, 2 = hardly ever, 3 = sometimes, and
4 = often. The items were then summed together to create the family adversity scale, where higher
values indicate more adversity (α = 0.80).
3.3.7. Delivery Intervention Index
Research has revealed that a number of delivery interventions are risk factors for later
developmental disorders [48]. For example, psychopathology in childhood has been linked with several
birthing interventions, including cesarean section deliveries, the use of forceps during delivery, and
breech births [41]. To account for these findings, we included an index of delivery methods used
during the child’s birth. The children’s birth certificates included information related to five
interventions, such as the use of forceps, cesarean delivery, repeat cesarean delivery, vaginal delivery
following a cesarean section, and the use of a vacuum during delivery. The items were coded
dichotomously, such that 0 = method not used and 1 = method used. All of the measures were summed
to create a delivery interventions index.
3.3.8. Labor Complications Index
Labor complications during birth may increase the risk of neuropsychological impairments in
children, leading to antisocial behavior [17]. Moreover, correlations between labor complications and
behavioral problems could confound the relationship between prenatal exposure to cigarette smoke and
externalizing behavioral problems. As a result, we included a measure of labor complications in the
current analysis. The current study relied on 16 measures of labor complications drawn from the birth
certificates of the children in the sample. Each item was coded dichotomously where 0 = complication
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not reported and 1 = complication reported. All of the items were added together to create a labor
complications index.
3.3.9. Apgar Scores
Apgar scores are used to capture the overall health and wellbeing of infants shortly after birth. Low
Apgar scores have been tied to delayed neurological development, and previous research has found an
association between Apgar scores and antisocial behavior later in the life-course [49]. If left
unmeasured, Apgar scores may artificially inflate the association between maternal cigarette smoking
and childhood behavioral problems. All of the analyses included the five-minute Apgar score which
was drawn directly from the child’s birth certificate.
3.4. Paternal Covariates
3.4.1 Paternal Antisocial Behavior
Research has revealed that the children of antisocial fathers are at-risk for exhibiting disruptive
behavioral problems early in the life course [50]. As a result, we included a measure of paternal
antisocial behavior collected at Wave I. The individual measures were identical to those asked to the
mother during the same wave. For example, fathers were asked if they had ever been arrested, whether
they had ever spent the night in a mental facility, whether they had ever been fired from their place of
employment, and whether they had ever been expelled or suspended from school. Each of the four
items was coded dichotomously (0 = no, 1 = yes) and summed together to create a paternal antisocial
behavior index.
3.4.2. Paternal Substance Abuse
Antisocial fathers have an increased risk of raising antisocial children and one explanation for this
link is that the children of antisocial fathers are more likely to be exposed to adverse rearing
environments—including those marked by paternal substance abuse [51]. To take this possibility into
account, we included a measure of paternal substance abuse in the current study. During Wave I
interviews, fathers were asked a series of four questions intended to assess their levels of cigarette
smoking and alcohol consumption. For example, fathers were asked whether they currently smoked
cigarettes, whether they had ever been convicted of driving under the influence, and whether they had
ever been diagnosed with a drinking or drug problem (0 = no and 1 = yes). All of these items were
summed to create the paternal substance abuse index.
3.4.3. Paternal Depression
In order to measure paternal depression we relied on the same modified version of the Center for
Epidemiologic Studies Depression Scale (CES-D) scale that was administered to the mothers during
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Wave I [42]. As noted previously, the CES-D has been validated in general populations, as well as with
individuals who have been clinically diagnosed with depression [43,44]. During Wave I interviews,
fathers responded to 12 items designed to assess levels of depression (α = 0.87). Higher scores reflect
increased levels of depressive symptoms.
3.5. Demographic Characteristics
The child’s race (0 = non-white, 1 = white) and sex (1 = male, 2 = female) were drawn from Wave I
of the ECLS-B. We included both variables as covariates in the study in order to avoid confounding
due to excluded demographic variables.
4. Plan of Analysis
To examine the effects of prenatal smoking on childhood behavioral problems we employ
propensity score matching analysis (PSM). PSM is a quasi-experimental design that has been used
across disciplines in order to isolate treatment effects on a number of outcomes using observational
data [52-54]. Matching based on propensity scores can be used in situations where a true experimental
design is not feasible. For example, it would be both unethical and impractical to randomly assign
mothers to smoking and non-smoking groups during their pregnancy.
The PSM analysis for the current study proceeded in a series of interrelated steps. First, we
examined whether prenatal exposure to cigarettes was associated with increased externalizing
behavioral problems by using the dichotomous treatment measure of maternal smoking
(0 = non-smoker, 1 = smoker). Second, we examined whether the relationship between smoking and
behavioral problems would remain after accounting for confounding among the variables by using
PSM. To address this issue, propensity scores were estimated for the mothers in the study based on the
fourteen covariates. Multivariate logistic regression models were used to generate log odds which were
converted to conditional probabilities ranging in value from 0 to 1 (i.e., the probability that a mother
smoked during her pregnancy). Subjects were matched based on these probabilities using 3-to-1
nearest neighbor matching with a matching caliper of 0.05. Third, and finally, we repeated the steps
outlined above using the treatment variable of heavy maternal smoking (0 = mother smoked less than
10 cigarettes, including non-smokers, 1 = mother smoked 10 or more cigarettes per day).
5. Results
The results of the pre- and post-matching independent samples t-tests for the fourteen covariates are
presented in Table 1. Prior to matching on propensity scores, the subjects in the sample differed on
eleven out of the fourteen covariates. The differences between subjects offer some initial evidence that
the relationship between prenatal nicotine exposure and behavioral problems may be confounded (i.e.,
influenced by unmeasured variables). After matching based on propensity scores, we were able to
eliminate significant differences between the treatment and control groups in the sample (i.e., the
children of mothers who smoked during their pregnancy, and those who did not).
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Table 1. Achieving statistical equivalence between smokers and non-smokers: pre- and
post-matching t-tests.

Unmatched Sample

Smoker

Non-Smoker

Matched Sample

t-value

Smoker

Non-Smoker

t-value

Maternal Covariates

Antisocial Behavior

0.77

0.20

18.40*

0.77

0.70

1.31

Substance Abuse

1.74

0.10

18.91*

1.74

1.76

-0.22

18.20

16.30

7.21*

18.20

18.10

0.24

Depression

Education

4.04

5.70

-16.47*

4.04

3.94

0.97

Age

26.60

29.10

-7.61*

26.60

26.70

-0.21

Family Adversity

19.82

18.70

4.40*

19.82

19.51

0.83

Apgar Scores

8.80

8.80

-0.47

8.80

8.70

0.87

Delivery Interventions

0.50

0.42

1.31

0.50

0.50

-0.45

Labor Complications

0.70

0.51

3.32*

0.70

0.61

0.86

Antisocial Behavior

1.13

0.52

12.74*

1.15

-0.27

Substance Abuse

3.40

2.65

7.38*

3.40

3.30

0.42

16.64

15.43

4.90*

16.64

16.24

1.06

1.50

1.50

-1.26

1.50

-0.15

Paternal Covariates

Depression

1.13

Demographic Covariates
Child’s Sex
Child’s Race

0.72

0.63

3.38*

1.50
0.72

0.74

-0.42

*P ≤ 0.05.

Once statistically equivalent groups were established, we were able to directly examine the effect of
any exposure to prenatal smoking on externalizing behavioral problems in children. Figure 1 displays
the effects of maternal smoking on externalizing behaviors both before and after matching.
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Figure 1. The association between Exposure to Prenatal cigarette smoke and Externalizing
problem behaviors in children.

*P ≤ 0.05; Notes: Unmatched Sample (n = 3,402), Matched Sample (n = 1,064).

Prior to being placed into matched groups, the children of mothers who smoked during their
pregnancy exhibited higher levels of externalizing problem behaviors when compared to the children
of non-smoking mothers (mean difference = 1.80, t-value = 6.98, P ≤ 0.05). Once subjects were placed
into matched groups, prenatal exposure to cigarette smoke was no longer a significant predictor
externalizing behavioral problems (mean difference = 0.30, t-value = 0.74, P > 0.05)
The results of the balancing estimates for the treatment indicator of heavy maternal smoking are
presented in Table 2. This analysis revealed that prior to matching, the participants differed
significantly on ten out of the fourteen covariates in the study. After respondents were matched on
propensity scores, none of the covariates differed significantly between the treatment and
control groups.
Table 2. Achieving statistical equivalence between heavy and light-smokers: pre- and postmatching t-tests.
Unmatched Sample
Smoker

Non-Smoker

Matched Sample

t-value

Smoker

Non-Smoker

t-value

Maternal Covariates
Antisocial Behavior

0.82

0.22

13.79*

0.82

0.80

0.60

Substance Abuse

1.70

0.14

12.54*

1.70

1.53

1.02

18.50

16.35

5.77*

18.50

18.31

0.27

3.84

5.64

-12.63*

3.84

3.80

0.50

Age

26.90

29.00

-4.66*

26.90

26.60

0.41

Family Adversity

19.60

18.71

2.42*

19.60

19.61

-0.03

Depression
Education
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Table 2. Cont.

Apgar Scores

8.80

8.80

-0.44

8.80

8.71

0.40

Delivery Complications

0.41

0.42

-0.22

0.41

0.41

0.04

Labor Complications

0.63

0.52

1.85

0.63

0.60

0.50

Paternal Covariates
Antisocial Behavior

1.13

0.55

8.75*

1.13

1.14

-0.10

Substance Abuse

3.30

2.70

4.60*

3.30

3.24

0.25

16.41

15.50

2.70*

16.41

16.20

0.46

Child’s Sex

1.50

1.50

0.23

1.50

1.50

0.36

Child’s Race

0.80

0.63

3.23*

0.80

0.74

0.20

Depression
Demographic Covariates

*P ≤ .05

The association between exposure to high levels of maternal smoking and externalizing behavioral
problems is presented in Figure 2. Prior to matching, the children exposed to high levels of cigarette
smoke in utero also had significantly higher scores on the externalizing problem behaviors scale when
compared to those children not exposed (mean difference = 1.72, t-value = 4.83, P ≤ 0.05). After
matching on the fourteen covariates, the effect of heavy maternal smoking on externalizing behavioral
problems was no longer statistically significant (mean difference = 0.70, t-value = 1.36, P > 0.05).
Figure 2. The association between heavy exposure to prenatal cigarette smoke and
externalizing problem behaviors in children.

*P ≤ 0.05; Notes: Unmatched Sample (n = 3,343), Matched Sample (n = 522).

Int. J. Environ. Res. Public Health 2010, 7

158

6. Discussion
Researchers in the medical and behavioral sciences have long been concerned with the deleterious
effects of prenatal smoking on offspring development. Early research on the topic demonstrated links
between prenatal smoking and low birth weight, respiratory dysfunction, delayed motor development,
and a host of other adverse health outcomes in children [19]. The consistent and robust body of
findings linking maternal smoking during pregnancy with offspring’s health in early childhood
prompted numerous warnings to expectant mothers cautioning them against the harmful effects of
prenatal nicotine use on a developing fetus.
Subsequent research has demonstrated a statistically significant and consistent association between
exposure to cigarette smoke in utero and behavioral problems over the life course. The bulk of this
research, however, has failed to adequately address the methodological issues that may render the
association between the prenatal smoking and externalizing problems spurious. We addressed this
shortcoming in the literature by estimating the effect of prenatal exposure to cigarette smoke on
childhood externalizing behavioral problems by employing propensity score matching (PSM).
Consistent with the extant literature, our analysis of the ECLS-B data revealed a significant and
positive association between maternal smoking and externalizing behavioral problems prior to directly
modeling confounding factors. Once confounding was taken into account by estimating PSM models,
the effect of prenatal exposure to cigarette smoke on childhood behavioral problems was no longer
statistically significant. This null effect was observed for any exposure to cigarette smoke in utero as
well as high levels of cigarette smoke exposure in utero.
The results of the current study stand in stark contrast to research revealing a direct effect of
prenatal exposure to cigarette smoke on behavioral problems, leading to the question of what accounts
for these disparate results. The main aspect that distinguishes the current study from most prior
research is that we directly addressed confounding by using PSM techniques. Had we not modeled
confounding directly, the results of our study would have been in line with those generated in previous
research. We should add, however, that our findings dovetail with the results of some of the more
methodologically rigorous studies that control for both genetic and environmental
confounds [20,25,26]. These studies have either failed to detect any association between prenatal
exposure to cigarette smoke and behavioral problems later in life or found very attenuated associations.
Interestingly, research using animal models, where randomization is possible, has consistently revealed
a link between prenatal exposure to tobacco smoke and subsequent impairments [22,23,25]. Perhaps
the reason for these differential findings is tied to the outcome of interest—in the current study, the
outcome of interest was externalizing behavioral problems early in life. More research is needed on
this topic before any definitive conclusions can be drawn about the factors that might be accounting for
the different findings that are generated from animal models and from those generated from human
models using PSM.
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7. Conclusion
Taken together, the results of our study, along with those that have adequately accounted for
confounding [20,25,26,55], tend to call into question whether prenatal exposure to cigarette smoke has
a significant main effect on behavioral problems. The null effect of prenatal exposure to cigarette
smoke necessarily raises ethical questions about whether our study is advocating for women to
continue to smoke throughout their pregnancy. There are at least four reasons why such a position is
unfounded. First, replication studies that analyze other samples are needed before the results of the
current study should be accepted. And, even if the results are replicated and prenatal exposure to
cigarette smoke does not have an effect on behavioral problems, exposure to cigarette smoke in utero
has been linked to various other outcomes, such as cognitive abilities [16]. As a result, reducing
smoking among pregnant women should increase a range of prosocial and adaptive outcomes that cut
across various domains of healthy human development.
Second, the current study only examined the main effect that prenatal exposure to cigarette smoke
had on childhood behavioral problems. Existing research has indicated that exposure to cigarette
smoke may have its strongest effects on antisocial phenotypes when it is paired with certain
environments [18]. In this way, the effect of prenatal exposure to cigarette smoke is likely to be
dependent on the presence of certain environmental factors. Third, and relatedly, there is some
evidence to indicate certain genotypes may exacerbate or blunt the negative effects of prenatal
exposure to cigarette smoke. For example, Hong et al. [56] found that polymorphisms in the GSTM1
and GSTT1 genes moderated the effect of prenatal exposure to cigarette smoke on birth weight.
Whether other genetic polymorphisms might moderate the effect of prenatal exposure to cigarette
smoke on antisocial behaviors remains an open-empirical question awaiting future research.
The fourth reason to use caution in interpreting the results of the current study is because we only
examined behavioral problems measured in childhood. Perhaps the effects of prenatal exposure to
cigarette smoke vary across different sections of the life course, with the effects becoming more intense
over time. We do not know of any research testing this possibility, but future researchers should
explore the potential age-graded nature of the effects of prenatal exposure to cigarette smoke on
behavioral problems in childhood, adolescence, and adulthood.
Public policies aimed at reducing prenatal smoking draw heavily on research that has linked
exposure to cigarette smoke in utero with myriad physiological, developmental, and cognitive delays in
children. Our findings do not obviate the importance of these smoking prevention efforts. However,
our results do suggest that the association between maternal smoking during pregnancy and childhood
externalizing behavioral problems is highly complex, perhaps more complex than originally thought.
As a result, much more research is needed to identify the various ways in which prenatal exposure to
cigarette smoke may interfere with normal human development.
References
1.

Beaver, K.M. Nonshared environmental influences on adolescent delinquent involvement and
adult criminal behavior. Criminology 2008, 46, 341-370.

Int. J. Environ. Res. Public Health 2010, 7
2.
3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

160

Moffitt, T.E. The new look of behavioral genetics in developmental psychopathology:
Gene-environment interplay in antisocial behaviors. Psychol. Bull. 2005, 131, 533-554.
Plomin, R.; Asbury, K.; Dunn, J.F. Why are children in the same family so different? Nonshared
environment a decade later. Can. J. Psychiat. 2001, 46, 225-233.
Plomin, R.; Daniels, D. Why are children in the same family so different from one another?
Behav. Brain Sci. 1987, 10, 1-60.
Harris, J.R. Where is the child’s environment? A group socialization theory of development.
Psychol. Rev. 1995, 102, 458-489.
Harris, J.R. The Nurture Assumption: Why Children Turn Out the Way They Do; Free Press: New
York, NY, USA, 1998.
Rowe, D.C. The Limits of Family Influence: Genes, Experience, and Behavior; Guilford: New
York, NY, USA, 1994.
Wright, J.P.; Beaver, K.M. Do parents matter in creating self-control in their children? A
genetically informed test of Gottfredson and Hirschi’s theory of low self-control. Criminology
2005, 43, 1169-1202.
Ferguson, C.J. Genetic contributions to antisocial personality and behavior (APB): A metaanalytic review (1996−2006) from an evolutionary perspective. J. Soc. Psychol. In press.
Mason, D.A.; Frick, P.J. The heritability of antisocial behavior: A meta-analysis of twin and
adoption studies. J. Psychopathol. Behav. 1994, 16, 301-323.
Miles, D.R.; Carey, G. Genetic and environmental architecture of human aggression. J. Pers. Soc.
Psychol. 1997, 72, 207-217.
Rhee, S.H.; Waldman, I.D. Genetic and environmental influences on antisocial behavior: A metaanalysis of twin and adoption studies. Psychol. Bull. 2002, 128, 490-529.
Beaver, K.M.; Wright, J.P. Biosocial development and delinquent involvement. Youth Violence
and Juvenile Justice 2005, 3, 168-192.
Plomin, R.; DeFries, J.C.; McClearn, G.E.; Rutter, M. Behavioral Genetics, 3rd ed.; W. H.
Freeman: New York, NY, USA, 1997.
Walsh, A. Biosocial Criminology: Introduction and Integration; Anderson: Cincinnati, OH,
USA, 2002.
Martin, R.P.; Dombrowski, S.C. Prenatal Exposures: Psychological and Educational
Consequences for Children; Springer: New York, NY, USA, 2008.
Moffitt, T. E. Adolescence-limited and life-course-persistent antisocial behavior: A developmental
taxonomy. Psychol. Rev. 1993, 100, 674-701.
Raine, A. Biosocial studies of antisocial and violent behavior in children and adults: A review. J.
Abnorm. Child Psych. 2002, 30, 311-326.
DiFranza, J.R.; Aligne, C.A.; Weitzman, M. Prenatal and postnatal environmental tobacco smoke
exposure and children’s health. Pediatrics. 2004, 113, 1007-1015.
D’Onofrio, B.M.; Van Hulle, C.A.; Waldman, I.D.; Rodgers, J.L.; Harden, K.P.; Rathouz, P.J.;
Lahey, B. Smoking during pregnancy and offspring externalizing problems: An exploration of
genetic and environmental confounds. Dev. Psychopathol. 2008, 20, 139-164.

Int. J. Environ. Res. Public Health 2010, 7

161

21. Willford, J.A.; Day, N.L.; Cornelius, M.D. Tobacco use during pregnancy: Epidemiology and
effects on offspring. In Brain Development: Normal Processes and the Effects of Alcohol and
Nicotine; Miller, M.W., Ed.; Oxford University Press: New York, NY, USA, 2006; pp. 315-328.
22. Olds D. Tobacco exposure and impaired development: A review of the evidence. Ment. Retard.
Dev. D. R. 1997, 3, 257-269.
23. Slotkin, T.A. Fetal nicotine or cocaine exposure: which one is worse? J. Pharmacol. Exp Ther.
1998, 285, 931-945.
24. McGloin, J.M.; Pratt, T.C.; Piquero, A.R. A life-course analysis of the criminogenic effects of
maternal cigarette smoking during pregnancy. J. Res. Crime Delinq. 2006, 43, 412-426.
25. Wakschlag L.S.; Pickett, K.E.; Kasza, K.E.; Loeber, R. Is prenatal smoking associated with a
developmental pattern of conduct problems in young boys? J. Am. Acad. Child Adolesc. Psychiat.
2006, 45, 461-467.
26. Wakschlag, L.S.; Pickett, K.E.; Cook, E., Jr.; Benowitz, N.L.; Leventhal, B.L. Maternal smoking
during pregnancy and severe antisocial behavior in offspring: A review. Am. J. Public Health.
2002, 92, 966-974.
27. Maughan B.; Taylor A.; Caspi A.; Moffit T.E. Prenatal smoking and early childhood conduct
problems: Testing genetic and environmental explanations of the association. Arch. Gen. Psychiat.
2004, 61, 836-843.
28. Silberg J.L.; Parr T.; Neale, M.C.; Rutter, M.; Angold, A.; Eaves, L.J. Maternal smoking during
pregnancy and risk to boys’ conduct disturbance: An examination of the causal hypothesis. Biol.
Psychiat. 2003, 53, 130-135.
29. Maughan B.; Taylor C.; Taylor A.; Butler N.; Bynner J. Pregnancy smoking and childhood
conduct problems: A causal association. J. Child Psychol. Psychiat. 2001, 42, 1021-1028.
30. Bethel, J.; Green, J.L.; Nord, C.; Kalton, G.; West, J. Early Childhood Longitudinal Study, Birth
Cohort (ECLS-B), Sampling. In ECLS-B Methodology Report for the 9-month Data Collection,
2001-02; U.S. Department of Education National Center for Education Statistics, Washington,
DC, USA, 2005; Volume 2.
31. Merrell, K.W. Preschool and Kindergarten Behaviour Scales, 2nd ed.; Pro-Ed: Austin, TX,
USA, 2002.
32. Laffey-Ardley, S.; Thorpe, K. Being opposite: Is there advantage for social competence and
friendships in being an opposite sex twin. Twin Res. Hum. Genet. 2006, 9, 131-140.
33. Riccio, C. Review of the preschool and kindergarten behaviour scales. J. Psychoeduc. Assess.
1995, 13, 194-196.
34. Pollack, H.; Lantz, P.M.; Frohna, J.G. Maternal smoking and adverse birth outcomes among
singletons and twins. Am. J. Public Health. 2000, 90, 395-400.
35. Ventura, S.J.; Hamilton, B.E.; Mathews, T.J.; Chandra, A. Trends and variations in smoking
during pregnancy and low birth weight: Evidence from the birth certificate, 1990–2000. Pediatrics
2003, 111, 1176-1180.
36. Dietz, P.M.; Adams, M.M.; Kendrick, J.S.; Mathis, M.P. Completeness of ascertainment of
prenatal smoking using birth certificates and confidential questionnaires. Am. J. Epidemiol. 2000,
148, 1048-1054.

Int. J. Environ. Res. Public Health 2010, 7

162

37. Bernstein, I.M.; Mongeon, J.A.; Badger, G.J.; Solomon, L.; Heil, S.H.; Higgins, S.T. Maternal
smoking and its association with birth weight. Obstet. Gyn. 2005, 106, 986-991.
38. Klebanoff, M.A.; Levine, R.J.; Clemens, J.D.; DerSimonian, R.; Wilkins, D.G. Serum cotinine
concentration and self-reported smoking during pregnancy. Am. J. Epidem. 1998, 148, 259-262.
39. Brennan, P.A.; Grekin, E.R.; Mortensen, E.L.; Mednick, S. Relationship of maternal smoking
during pregnancy with criminal arrest and hospitalization for substance abuse in male and female
adult offspring. Am. J. Psychiat. 2002, 159, 48-54.
40. Rowe, D.C.; Farrington, D.P. The familial transmission of criminal convictions. Criminology
1997, 35, 177-201.
41. Hirshfeld-Becker, D.R.; Biederman, J.; Faraone, S.V.; Robin, J.A.; Friedman, D.; Rosenthal, J.M.;
Rosenbaum, J.F. Pregnancy complications associated with childhood anxiety disorders. Depress.
Anxiety. 2004, 19, 152-162.
42. Radloff, L.S. The CES-D: A self-report depression scale for research in the general population.
Appl. Psych. Meas. 1977, 1, 385-401.
43. Radloff, L.S.; Teri, L. Use of the CES-D with older adults. Clin. Gerontologist. 1986, 5, 119-136.
44. Beekman, A.T.; Limbeek, J.; Deeg, D.J.; Wouters, L.; Tilburg, W. Screening for depression in the
elderly in the community: using the Center for Epidemiologic Studies Depression scale (CES-D)
in the Netherlands. Tijdschrift voor Gerontologie en Geriatrie 1994, 25, 95-103.
45. Tremblay, R.E.; Nagin, D.; Seguin, J.; Zoccolillo, M.; Zelazo, P.; Bolvin, M.; Perusse, D.; Japel,
C. Physical aggression during early childhood: Trajectories and predictors. Pediatrics 2004, 114,
43-50.
46. Zoccolillo, M. Parents’ health and social adjustment. Part II social adjustment. In Longitudinal
Study of Child Development in Quebec (ELDEQ 1998-2002); Jette, M., Desrosiers, H., Tremblay,
R.E., Thibault, J., Eds.; Institut de la Statistique du Quebec: Quebec, Canada, 2000; Volume 1.
47. Zoccolillo, M.; Romano, E.; Joubert, D.; Mazzarello, T.; Cote, S.; Boivin, M.; Perusse, D.;
Tremblay, R. The intergenerational transmission of aggression and antisocial behavior; In
Developmental Origins of Aggression; Tremblay, R.E., Hartup, W.W., Archer, J., Eds.; Guilford
Press: New York, NY, USA, 2005; pp. 353-373.
48. Jones, P.B.; Rantakallio, P.; Hartikainen, A.; Isohanni, M.; Sipila, P. Schizophrenia as a long-term
outcome of pregnancy, delivery, and perinatal complications: A 28-Year follow-up of the 1966
north Finland general population birth cohort. Am. J. Psychiat. 1998, 155, 355-364.
49. Gibson, C.L.; Tibbets, S.G. Interaction between maternal cigarette smoking and Apgar scores in
predicting offending behavior. Psychol. Reps. 1998, 83, 579-586.
50. Jaffee, S.R.; Moffitt, T.E.; Caspi, A.; Taylor, A; Life with (or without) father: The benefits of
living with two biological parents depend on the father’s antisocial behavior. Child Dev. 2004, 74,
109-126.
51. Robins, L.N. The intimate connection between antisocial personality and substance abuse. Soc.
Psych. Psych. Epid. 1998, 33, 393-399.
52. Gibson, C.L.; Miller, J.M.; Jennings, W.G.; Swatt, M.; Gover, A. Using propensity score
matching to understand the relationship between gang membership and violent victimization: A
research note. Justice Q. 2009, 26, 625-643.

Int. J. Environ. Res. Public Health 2010, 7

163

53. Hill, J.; Waldfogel, J.; Brooks-Gunn, J.; Han, W. Maternal employment and child development: A
fresh look using newer methods. Dev. Psychol. 2005, 41, 833-850.
54. Rosenbaum, P.; Rubin, D.B. Constructing a control group using multivariate matched sampling
methods that incorporate the propensity score. Am. Stat. 1985, 39, 33-38.
55. Agrawal, A.; Knopik, V.S.; Pergadia, M.L.; Waldron, M.; Bucholz, K.K.; Martin, N.G.; Heath,
A.C.; Madden, PA. Correlates of cigarette smoking during pregnancy and its genetic and
environmental overlap with nicotine dependence. Nicotine Tob. Res. 2008, 10, 567-578.
56. Hong, Y.C.; Lee, K.H.; Son, B.K.; Ha, E.H.; Moon, H.S.; Ha, M. Effects of the GSTM1 and
GSTT1 polymorphisms on the relationship between maternal exposure to environmental tobacco
smoke and neonatal birth weight. J. Occup. Environ. Med. 2003, 45, 492-498.
© 2010 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland.
This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

