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Abstract
We prospectively examined the relationship between prenatal tobacco exposure (PTE) and child
behavior in a birth cohort of 357 offspring of teenage mothers. PTE was defined as any exposure
across pregnancy and, in separate analyses, exposure within each trimester. Outcomes included
measures of behavior problems, activity, and attention. On average, the children were 6.4 years of
age, 48% were females, and 69% were Black. Data on maternal tobacco and other substance use
were collected prenatally and postnatally: 46% of the mothers smoked in the first trimester and 58%
smoked 6 years later. Child urinary cotinine measured exposure to environmental tobacco smoke
(ETS). Stepwise multiple regressions were run. PTE predicted significantly increased offspring
activity; impulsivity; and aggression, externalizing, and total behavior problems in step 1. PTE
remained a significant predictor of increased activity when maternal psychological characteristics,
home environment, and ETS were added. The results were similar when PTE was examined by
trimesters, although later pregnancy tobacco exposure predicted the most behavioral outcomes. In
the final model, PTE (all three trimesters) and PTE (second trimester) were significant predictors of
increased activity and attention problems, respectively. Other predictors of child behavior included
maternal anxiety, depression, hostility, and home environment. ETS was not a significant predictor
of child behavior when PTE was considered. Smoking during pregnancy among adolescents is a
significant predictor of increased activity and attention problems in their offspring after controlling
for covariates in the prenatal and current environments. Smoking cessation interventions are
recommended for this population to avoid the effects of PTE on the offspring of pregnant adolescents.
This is particularly important because these mothers will likely become pregnant again and many
will increase their level of tobacco use as they mature.

Introduction
For both adolescent and adult women, tobacco is used during pregnancy more than any other
substance (U.S. Department of Health and Human Services [USDHHS], 2005). Prenatal
tobacco exposure (PTE) leads to growth deficits at birth (DiFranza & Lew, 1995; USDHHS,
2001) and behavioral problems as the offspring mature (Huizink & Mulder, 2006). Although
the Centers for Disease Control and Prevention (2002) estimates that about 12% of women
smoke during pregnancy, the rates of smoking among pregnant teenagers range from 19.5%
to as high as 50% (Cornelius, Goldschmidt, Day, & Larkby, 2002; Gilchrist, Hussey, Gillmore,
Lohr, & Morrison, 1996; Ventura, Martin, Curtin, Menacker, & Hamilton, 2001). Adolescent
women are likely to smoke fewer cigarettes per day than adult women (Chassin, Presson, Rose,
& Sherman, 1996; Cornelius, Day et al., 1999; Cornelius, Leech, & Goldschmidt, 2004).
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However, teenage mothers often become pregnant again (Meade & Ickovics, 2005), and as
these girls transition from adolescence to young adulthood, their substance use increases
(Cornelius, Goldschmidt, & Dempsey, 2003; Gilchrist et al., 1996), exposing future offspring
to greater gestational tobacco exposures.

Children with PTE are at increased risk for a variety of problematic developmental outcomes
(Huizink & Mulder, 2006; Matthews, 2001; Olds, 1997; Royal College of Physicians, 1992)
including increased risk for externalizing behaviors (Batstra, Hadders-Algra, & Neeleman,
2003; Orlebeke, Knol, & Verhulst, 1997; Williams et al., 1998), oppositional and aggressive
behaviors (Brook, Brook, & Whiteman, 2000; Day, Richardson, Goldschmidt, & Cornelius,
2000), and even clinical psychopathology such as conduct disorder and attention-deficit/
hyperactivity disorder (Arnold et al., 2005; Knopik et al., 2006; Kotimaa et al., 2003; Langley,
Rice, van den Bree, & Thapar, 2005; Mick, Biederman, Faraone, Sayer, & Kleinman, 2002;
Milberger, Biederman, Faraone, Chen, & Jones, 1996; Wakschlag et al., 1997; Weissman,
Warner, Wickramaratne, & Kandel, 1999). These negative behavioral effects of PTE persist
into the adolescent and adult years (Brennan, Grekin, & Mednick, 1999; Cornelius & Day,
2000; Cornelius, Leech, Goldschmidt, & Day, 2005; Fergusson, Woodward, & Horwood,
1998; Kandel, Wu, & Davies, 1994; Rasanen et al., 1999).

Researchers also have reported associations between PTE and increased activity (Fried,
Watkinson, & Gray, 1992; Kristjansson, Fried, & Watkinson, 1989; Linnet et al., 2005), and
impulsivity and inattention levels (Cornelius, Ryan, Day, & Goldschmidt, 2001; Fried &
Watkins, 2001; Fried et al., 1992; Leech, Richardson, Goldschmidt, & Day, 1999) in exposed
offspring. Evidence from the animal literature underscores the findings in humans that prenatal
nicotine exposure increases motor activity in laboratory animals (Ajarem & Ahmad, 1998;
Fung & Lau, 1988; Johns, Louis, Becker, & Means, 1982; Richardson & Tizabi, 1994; Slotkin,
Lappi, Tayyeb, & Seidler, 1991; Thomas, Garrison, Slawecki, Ehlers, & Riley, 2000; Tizabi,
Popke, Rahman, Nespor, & Grunberg, 1997; Vaglenova, Birru, Pandiella, & Breese, 2004).
Studies also have reported that children who grow up in homes with postnatal environmental
tobacco smoke (ETS) exposure are at risk for negative behavioral outcomes (Eskenazi &
Trupin, 1995; Fergusson, Horwood, & Lynskey, 1993; Weitzman, Gortmaker, & Sobol,
1992; Williams et al., 1998).

Studies that consider covariates of maternal smoking provide more compelling evidence for
an independent and unique contribution of PTE to childhood behavior problems. We examined
the relationship between PTE among pregnant teenagers and child behavior problems in their
offspring. Pregnancies among adolescent women, by themselves, have higher risks than those
of adult women, including an increased risk of adverse obstetrical and perinatal outcomes,
independent of sociodemographic factors (Fraser, Brockert, & Ward, 1995). In addition,
adolescent mothers are less verbal (Furstenberg, Levine, & Brooks-Gunn, 1990; Hechtman,
1989; Osofsky, Culp, & Ware, 1988), are less warm, and have more negative attitudes toward
parenting (Newberger, 1983) than matched samples of older mothers. These parenting
characteristics are associated with less optimal child developmental outcomes (Slaughter,
1983). Further, a large developmental literature suggests that high levels of parental stress in
the absence of adequate support are associated with less competent parenting and less optimal
child outcomes (Crockenberg, 1987). Parenting might be compromised in mothers under stress
or experiencing psychosocial difficulties, both of which covary with tobacco use (Ackerman,
Kogos, Youngstrom, Schoff, & Izard, 1999; Campbell, Pierce, Moore, Marakovitz, & Newby,
1996; Greenberg, Lengua, Coie, & Pinderhughes, 1999; Shaw, Gilliom, Ingoldsby, & Nagin,
2003). Because of these differences, it is particularly important to control for maternal
psychosocial characteristics as well as home environmental factors on the behavioral outcomes
of children of adolescent mothers.
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Few studies have investigated the timing of gestational tobacco exposure on child outcomes.
In this prospective study, we collected trimester-specific maternal smoking information and
assessed offspring behavior at age 6. We also measured maternal use of alcohol, marijuana,
and illicit drugs pre- and postnatally, and assessed maternal psychosocial function, the quality
of the home environment, and ETS exposure. We hypothesized that PTE would predict an
increased rate of child behavior problems in these offspring and that this association would be
significant after controlling for covariates of maternal smoking.

Method
Sample selection and study design

The data for this study came from the Maternal Health Practices and Child Development Project
(MHPCD), a consortium of projects that evaluate the long-term effects of prenatal substance
exposure. The recruitment, prenatal, and delivery phases of the study occurred between 1990
and 1994. These phases took place at the Magee-Womens Hospital, the teaching hospital for
the departments of Obstetrics and Gynecology and Neonatology of the University of Pittsburgh
Medical Center. The 6-year follow-up of the mothers and their offspring took place at the
MHPCD offices between 1996 and 2000. The institutional review boards of the University of
Pittsburgh and the Magee-Womens Hospital approved each phase of the study protocol.
Participants were informed that the confidentiality of their data was protected by a Certificate
of Confidentiality issued by the National Institute on Drug Abuse.

Pregnant teenagers were interviewed initially (Phase 1) when they came in for their fourth or
fifth month prenatal visit. Interviews were conducted in a private setting in the prenatal clinic.
Women were interviewed and their children were examined within 24-36 hr after delivery
(Phase 2). Mothers and their children returned to MHPCD offices for their 6-year follow-up
visit (Phase 3). The Phase 1 interview assessed maternal alcohol, tobacco, marijuana, cocaine,
and other drug use for the year before pregnancy and during the first trimester. The Phase 2
interview obtained this information for the second and third trimesters. The Phase 3 interview
collected this information for the 6 postpartum years. A core dataset gathered at all three phases
included demographic measures, maternal psychological status, and medical and reproductive
history. Earlier reports provided details on growth at the delivery and 6-year follow-up phases
of this study (Cornelius et al., 2002; Cornelius, Taylor, & Geva, 1995). The present report
focuses on the effects of PTE on the behavioral outcomes of the 357 six-year-old offspring.

Sample description
All pregnant adolescents (aged 12-18) who attended the prenatal clinic were eligible for the
study. Only 3 of the 448 adolescents who were approached refused to participate, which
represents an initial refusal rate of 0.7%. Of the remaining 445 women, 15 moved out of the
area prior to delivery and 1 refused the delivery interview. Additional losses included six twin
births, five spontaneous abortions, two stillborn infants, and three live-born premature infants
who died. Thus, 413 live-born singletons were assessed at delivery.

At the 6-year postpartum phase, 10 mothers refused to participate, 25 were lost to follow-up,
9 had moved out of the state, and 5 children were in foster placement. In addition, there had
been 6 child deaths and 1 child was adopted. A total of 357 assessments were completed at the
6-year phase. Prenatal substance exposure and demographic characteristics were not
significantly different between the 56 children who were not assessed and the remaining
children who were assessed.
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Maternal demographic characteristics
The women, on average, were 16.3 years old (range=12-18) at study recruitment; 69% were
Black and 31% were White. Five (1.4%) were married at delivery. At the 6-year follow-up,
the mothers’ average monthly income was US$1,333 (range=$0-$8,000) and their mean
education was 12.2 years (range=7-17). Some 80% had completed high school or received a
GED, and 19.6% of the women were married. At delivery, 64.4% of the women were residing
with a parent; 15.1% with the father of the baby or a male friend; and 20.5% with another
relative or a friend, or in a group home. At the 6-year follow-up, 92.4% of the children were
with their mothers; the remaining 7.6% of the children were with a custodian. If a child was
not living with his or her mother, the current custodian was interviewed. Of the mothers who
were living with their children, 18% were living with the child’s father, 26% lived with a
husband or boyfriend who was not the child’s father, and 38% were living alone with their
children.

Obstetrical and neonatal characteristics
The study pregnancy was the first for 77% of the teens (mean gravidity=1.3; range=1-4). The
mean age of menarche was 11.9 years (range=8-16) and of first sexual intercourse was 14.2
years (range=6-17). A total of 14% of the mothers breast-fed their infants, and 84% had
subsequent pregnancies after the index pregnancy. The average gravidity and parity at the 6-
year follow-up were 3.0 (range=1-9) and 2.2 (range=1-6), respectively.

Among the infants, 52% were male. The mean gestational age by sonar was 38.9 weeks
(range=27-43), and the mean birth weight was 3,155 g (range=996-4,863). Further, 8% of the
infants were premature (<37 weeks), 9% were low birth weight (<2,500 g), and 9% were small-
for-gestational age (SGA). These rates are comparable with those among a similar low-
socioeconomic-status sample of offspring of adult mothers that was selected from the same
site, where rates of prematurity, low birth weight, and SGA were 8%, 10%, and 9%,
respectively (Day et al., 1992).

Measures of substance use
The women were interviewed in a private setting by interviewers who were comfortable
discussing alcohol and drug use and who were trained to use the instrument reliably, accurately
identify the drugs used, and assess the amount of use. For use during pregnancy, calendar
landmarks were used to indicate time periods that corresponded with conception, recognition
of pregnancy, and first, second, and third trimesters.

For current substance use at the 6-year phase, the women were asked about their average daily
use of tobacco, alcohol, and marijuana over the past year. Tobacco use was measured by
number of cigarettes smoked per day and brand of cigarette. Quantity and frequency of the
usual, maximum, and minimum use of each alcoholic beverage were assessed. The average
daily number of drinks was calculated from these data. Because average daily number of drinks
was positively skewed, log linear transformation was used to reduce the skewness. Marijuana
use was assessed during pregnancy and at the 6-year assessment as average number of joints
smoked per day. Marijuana, hashish, and sensimilla use were transformed into average daily
joints: A blunt of marijuana was converted to four joints, and a hashish cigarette or bowl was
counted as three joints, based on the relative amount of delta-9-THC in each (Gold, 1989). The
substance use measures used in this study were developed and extensively tested for studies
of alcohol use during pregnancy in adult women. These questions were developed to reflect
accurately both the pattern and level of use (Day & Robles, 1989). Use of cocaine, crack, and
other illicit substances was ascertained. One teenager used crack prior to pregnancy and in the
first trimester, but no further use was reported. No other illicit substances were reported.
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Measures of the environment
Data from multiple domains were used to measure the current environment. Demographic
status, socioeconomic status, church attendance, and the medical history of both the mother
and child were assessed at each phase. Maternal and child characteristics considered in the
analyses included age, race, and gender.

Current maternal tobacco, alcohol, and marijuana use were measured at the 6-year follow-up.
These measures followed the same format as those used during pregnancy. Children provided
a urine sample as a biological measure of their passive exposure to tobacco smoke. The urine
sample was collected from the children with the help of their parent or the study nurse during
the break in the assessment protocol. In general, this occurred approximately 1½-2 hr from the
time the child arrived at the study office. The samples were sent to an independent laboratory
and analyzed via a Varian 3600 gas chromatograph that incorporated nitrogen selective
detection. The level of detection for cotinine at this laboratory was 1 ng/ml. Cotinine values
below the level of detection are reported as zero. All samples were analyzed without knowledge
of the parent’s report of the child’s exposure to tobacco smoke. More information on the
measures of ETS exposure in this sample is reported in a related paper (Cornelius et al.,
2003).

In addition, we measured the psychological environment, defined as maternal social support,
life events (number of stressful events within the past year), and psychological status.
Instruments to measure social support and life events were adapted for the study from
instruments used in the Human Population Laboratory studies (Berkman & Syme, 1979) and
the Psychiatric Epidemiology Research Interview (Dohrenwend & Dohrenwend, 1974),
respectively. Maternal psychological status was measured with the Center for Epidemiological
Studies-Depression Scale (Radloff, 1977) for depressive symptoms and the State-Trait Anxiety
Inventory (Spielberger, Gorsuch, & Lushene, 1970) for anxiety and hostility.

The Home Screening Questionnaire (Frankenberg & Coons, 1986) was used to assess the
quality of the home environment. This instrument measures environmental stimulation and
characteristics of the home environment, such as disciplinary techniques, quality of
environmental stimulation, and family interaction.

Outcome measures
Outcome measures included the Child Behavior Checklist (CBCL; Achenbach, 1991), Routh
Activity Scale (RAS; Routh, Schroeder, & O’Tuama, 1974), and the SNAP (Pelham & Bender,
1982). The CBCL has 118 problem items and 20 social competence items. The total profile
includes eight problem scales (anxious/depressed, withdrawn, somatic problems, aggressive
behavior, delinquent behavior, attention problems, thought problems, and social problems),
internalizing and externalizing scales, and a total problems score. The CBCL has adequate
reliability; test-retest scores for all of the problem scales were between .8 and .9. The CBCL
scales used for this study were the total score; the internalizing and externalizing scales; and
the aggression, delinquency, and attention problem scales.

The RAS (Routh et al., 1974) is a reliable and valid measure of child activity. It assesses
children’s activity levels in daily routines such as mealtime, bedtime, and playtime. This
instrument has been shown to discriminate between problem children and control subjects, and
the score correlates with independent measures of activity. It had convergent validity with other
parent ratings of activity in a large nonreferred sample (Campbell & Breaux, 1983).

The SNAP is a 25-item rating scale completed by mothers (Pelham & Bender, 1982) to assess
their child’s activity level, attention span, impulsivity, and peer interactions. Pelham and
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Bender (1982) reported that 92% of the children defined as hyperactive on the SNAP also were
termed hyperactive on the Conner’s Teacher Rating Scale.

Data analyses
The outcome variables used in the analyses were the RAS, the raw scores of the CBCL total
score and attention, delinquency, aggression, internalizing, and externalizing subscales. The
CBCL’s author recommends that the raw scores be used for the scales (Achenbach, 1991). The
raw scores are not adjusted for age or gender; therefore, child age and gender were considered
as covariates in the analyses. The SNAP activity, attention, impulsivity, and peer problem
interaction scales were each used as a continuous variable.

Initially bivariate associations were examined between PTE and the other independent
variables. Bivariate analyses were then conducted with PTE and each of the behavioral outcome
measures. Neither the scatterplots of PTE versus behavioral outcomes nor the average behavior
problems at different levels of tobacco exposure indicated a linear or dose-response
relationship. Therefore, PTE was dichotomized as exposure versus no exposure to maximize
the statistical power comparing exposed children with nonexposed children. In the first step,
a t test was used to compare the behavioral outcomes between the two groups without adjusting
for any covariates, followed by a multivariate analysis including significant covariates. In
addition, correlations between birth weight, gestational age, pregnancy and labor
complications, and behavior problem outcomes were calculated. None of these correlations
was significant. Therefore, these measures could not be confounds and were excluded from
the current analyses.

Stepwise multivariate linear regressions were used to examine each of these continuous
outcomes with PTE at any time during pregnancy, and then for first, second, and third trimesters
separately. These analyses were performed hierarchically. In the first step, PTE was entered,
along with demographic factors: maternal age (years), education (years), income ($/month),
presence of man in the household (present/not present), child age (years), race (White/Black),
gender (male/female), prenatal alcohol (average drinks/day, log transformed), and prenatal
marijuana exposure (average joints/day, log transformed). Other illicit drug use during
pregnancy was rare and therefore was not considered in these analyses. In the second step,
quality of the home environment, current maternal use of alcohol and marijuana, maternal life
events, and maternal psychological variables (i.e., anxiety, depression, and hostility) were
added to the model. In the third step, ETS was included in the model. Only significant variables
from previous steps were retained in the next step. The modified Cook’s distance (Cook &
Weisberg, 1982) was used to identify influential cases, and the standardized residuals were
used to identify extreme outliers (four for CBCL internalizing, two for CBCL delinquency,
one for CBCL aggression, three for CBCL total, one for CBCL externalizing, two for SNAP
impulsivity, and four for SNAP peer problems). The results reported here excluded influential
and outlier cases. One-sided p-values were used because we hypothesized that PTE was
associated with increased behavior problems.

Results
Maternal tobacco and other substance use

In the year prior to pregnancy, 52% of the teenage mothers smoked cigarettes. This rate dropped
to 46% in the first trimester and rose to 58% by the third trimester (Figure 1). By contrast,
marijuana and alcohol use decreased across pregnancy (Cornelius, Geva, & Day,
1994;Cornelius, Goldschmidt, Taylor, & Day, 1999). Of the girls who smoked in the first
trimester, 98% were still smoking in the third trimester. A total of 44 girls (21.2%) smoked in
the third trimester but not in the first trimester. The average number of cigarettes per day among
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the smokers was 7.7 prepregnancy (range=0.5-50, median=6, mode=10), 9.7 in the first
trimester (range=0.5-50, median=8.5, mode=10), 8.0 in the second trimester (range=0.50-40,
median=5.0, mode=10), and 7.7 in the third trimester (range= 0.33-40, median=5.0, mode=10).
At the sixth postpartum year, 58% of the women smoked. The smokers smoked more heavily
at the 6-year phase than they did during adolescence. At the 6-year follow-up, the average
number of cigarettes per day among smokers was 11.7 (range=0.5-50, median=10.0,
mode=10.0).

Bivariate relationships between PTE and independent variables
Lower maternal education and White race were significant correlates of smoking during
pregnancy (Table 1). Smoking during pregnancy also was associated with drinking more
alcohol and using more marijuana during pregnancy, more life events, and higher rates of
hostility and anxiety. PTE also was significantly associated with the children’s urinary cotinine
levels 6 years later.

Bivariate relationships between PTE and dependent behavioral variables
The total scale and externalizing, internalizing, attention, delinquency, and aggression
subscales of the CBCL were significantly higher in the children with PTE than in those with
no PTE. In addition, the scores on the RAS and the SNAP impulsivity subscale were
significantly related to PTE (Table 2). Second- and third-trimester PTE yielded more
significant associations in many of these measures than did first-trimester PTE.

Multivariate relationships between PTE and dependent behavioral variables
Hierarchical regressions included the variables that were significantly related to PTE in the
bivariate analyses. In step 1, PTE significantly predicted higher activity levels on the RAS and
the SNAP impulsivity subscale, and more aggression, externalizing, and total problems on the
CBCL when other prenatal substance exposures and demographic characteristics were
controlled. However, after controlling for maternal psychological symptoms and the home
environment (step 2), we found that PTE remained a significant predictor only of the RAS
(Table 3). Children whose mothers smoked during pregnancy had higher levels of activity
when all of the above covariates were controlled in the model. ETS, added in the third step,
was not significant for any of the outcomes. Prenatal marijuana exposure significantly
predicted higher activity on the RAS and total behavior problems on the CBCL in the final
model.

The effect of PTE on child behavior problems was analyzed next as a function of trimester-
specific cigarette exposure. After controlling for other prenatal substances and demographic
characteristics (step 1), we found that first-trimester cigarette use was significantly related only
to the RAS (Table 4). PTE in the second and third trimesters was a significant predictor of
many of the child behavioral measures including activity; CBCL subscale values on the
aggression, attention problems, delinquency, internalizing, externalizing, and total behavior
problems; and the SNAP attention and impulsivity scores. When current maternal psychosocial
status, home environment, and ETS were entered into the model (steps 2 and 3), second- and
third-trimester PTE remained significant predictors of the RAS and second-trimester PTE
remained a significant predictor of CBCL attention problems (Table 4).

Discussion
PTE predicts higher activity levels in exposed children, after controlling for significant
covariates. These agree with data from both human and animal research (Ajarem & Ahmad,
1998; Fried et al., 1992; Fung & Lau, 1988; Johns et al., 1982; Kristjansson et al., 1989;
Richardson & Tizabi, 1994; Thomas et al., 2000; Tizabi et al., 1997). However, many earlier
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human studies did not systematically control for significant covariates, particularly other
prenatal exposures, maternal psychological status, home environment, and ETS. Therefore,
the present study provides new evidence of the strength of this association.

Bivariate analyses resulted in a larger number of significant associations between PTE and the
outcome measures of behavior. Many of these associations were not significant after
controlling for the significant covariates in the multivariate model. Thus, many of the long-
term effects of PTE that have been reported likely would not have been significant if the
research had controlled for more measures of the prenatal and postnatal environment. Also,
ETS was not a significant factor in determining behavioral outcomes after prenatal and other
covariates were considered. There are alternative explanations for the findings that PTE affects
offspring outcomes. The higher rates of behavior problems in exposed offspring could result
from genetic transmission of these traits or from the effects of parental traits on the pre- and
postnatal environment (Wakschlag & Hans, 2002). Problem behaviors cluster within families
(Baillargeon, Tremblay, & Willms, 2002; Martin & Burchinal, 1992; Serbin et al., 1998; Serbin
et al., 2004); parental characteristics may lead to child behavior problems (Conger & Simons,
1997; Keenan & Shaw, 1995; Scaramella & Leve, 2004). Women who smoke during pregnancy
also have higher rates of antisocial and externalizing behavior, mates that have more antisocial
behaviors, higher rates of depression, and lower socioeconomic status (Cornelius, Day et al.,
1999; Maughan, Taylor, Caspi, & Moffitt, 2004). In one study, an association between maternal
smoking during pregnancy and conduct disorder in adolescent boys was no longer significant
after maternal conduct symptoms were considered in the analyses (Silberg et al., 2003).
However, PTE had a direct effect on behavior problems in twin studies, even after controlling
for heritability (Maughan et al., 2004; Thapar et al., 2003).

The present study is the first to examine the gestational timing of PTE on behavioral outcomes
in offspring of adolescents. Exposure in later pregnancy had a greater impact on children’s
behavioral problems than did exposure early in the pregnancy. This finding is consistent with
Day and colleagues’ (1992) study of adult women, in which third-trimester cigarette smoking
predicted more externalizing behavior in the women’s 3-year-old offspring. Laboratory studies
demonstrate that nicotinic acetylcholine receptors (nAChRs) are detectable early in embryonic
development (Atluri et al., 2001; Schneider et al., 2002) and are widely distributed in the human
adult brain. Exogenous nicotine dysregulates the timing of trophic events linked to nAChRs
(Levin & Slotkin, 1998; Slotkin, 1992, 1998, 1999). Changes in nAChR density in several
brain regions occur during a critical period of brain development, equivalent to the third
trimester of pregnancy in humans, and are associated with a temporal vulnerability to the
actions of nicotine exposure (Zhang, Liu, Miao, Gong, & Nordberg, 1998). Nicotine exposure
during this period of brain development results in decreased cell numbers, including Purkinje
cells in the developing cerebellum (Chen, Parnell, & West, 1998), and a transient increase in
nicotinebinding sites in cortex, hippocampus, striatum, thalamus, and brain stem (Miao et al.,
1998). These studies demonstrate the association between prenatal nicotine exposure during
the third trimester and long-lasting alterations in neuronal maturation in brain regions known
to contribute to neurobehavioral effects. This finding is particularly relevant to smoking among
pregnant teenagers who are less likely than older women to quit during pregnancy. Thus the
present study shows that PTE effects on offspring activity levels and timing of exposure in
later pregnancy converge with laboratory studies.

Another strength of the study design was that other prenatal substance exposures were
measured prospectively and considered in the statistical analyses. Prenatal alcohol exposure
did not predict any of the child behavioral outcomes in our analyses. This finding is not
consistent with studies that have found a relationship with fetal alcohol exposure and decreased
attention and more aggression in exposed offspring (Coles, Platzman, & Raskind-Hood,
1997; Jacobson & Jacobson, 2002). However, the levels of drinking in our sample were very
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low and were mostly confined to the first trimester (Cornelius, Goldschmidt et al., 1999). The
present study found that prenatal marijuana exposure significantly predicted higher activity
levels on the RAS and higher CBCL total behavioral problems even after controlling for
covariates. Prenatal marijuana effects also have been linked to behavior outcomes in offspring
of adult samples (Fried, 2002; Fried et al., 1992; Goldschmidt, Day, & Richardson, 2000).

The present study had some limitations. The outcome measures were child behavior ratings
completed by the mother, and the ratings may have been influenced by the mother’s own
psychosocial status. Although current maternal symptoms and stress were statistically
controlled in the regression models, it would be useful to include observational methods for
gathering data on the children’s behavior in future studies. Further, gestational use was not
verified biologically, and maternal drug use was based on self-report. To increase the accuracy
of the reported data, we constructed detailed questions, carefully selected interviewers, and
extensively trained our staff in interviewing techniques. The correlations between reports from
each trimester of pregnancy were high, indicating a consistency in reporting and indicating
that the maternal reports were accurate. Biological measures also have disadvantages, in that
they can measure use for only a short window of time, whereas questionnaire data can elicit
patterns of use over time.

Although smoking prevalence rates among these pregnant teenagers were similar to those of
comparable adult samples, the number of cigarettes per day was lower in the teenaged sample
(Cornelius & Day, 2000; Willford, Day, & Cornelius, 2006), resulting in lower daily doses of
tobacco exposure. Even in this population with less daily exposure, PTE had a significant effect
on children’s activity and attention levels at 6 years of age, after controlling for the appropriate
covariates. These findings, combined with the convergence of data from animal studies with
respect to outcomes and gestational timing, underscore the robust relationship between PTE
and increased activity and inattention in the offspring.
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Figure 1.
Prevalence of tobacco use at all study phases. Light=more than 0 to 9 cigarettes/day;
moderate=10-19 cigarettes/day; heavy=20+ cigarettes/day.
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Table 1
Bivariate associations among prenatal tobacco exposure (PTE) and demographic,
maternal psychosocial, and environmental covariates

Covariate No PTE (n=147) PTE (n=210) p value

Demographics
 Maternal age (years) 24.2 24.7 ns
 Child age (years) 6.3 6.4 ns
 Child gender (% boys) 53.0 51.0 ns
 Maternal education (years) 12.5 12.0 .001
 Family monthly income (US$) 1376 1304 ns
 Race (% White) 14 42 <.001
Other prenatal exposures
 Alcohol use % 31.0 58.0 <.001
 Average prenatal alcohol (drinks/day) 0.17 0.46 <.010
 Marijuana use % 4.0 25.0 <.001
 Average prenatal marijuana (joints/day) 0.01 0.19 <.010
Maternal psychosocial measures
 Life events 4.9 5.8 <.01
 Depressive symptoms 37.2 38.4 ns
 Hostility symptoms 15.0 16.3 <.01
 Anxiety symptoms 15.3 16.6 <.01
Environmental characteristics
 Environmental tobacco smoke (ng/ml cotinine) 12.2 18.3 <.001
 Home environment 11.5 11.9 ns
 Man in household (%) 43 46 ns

Note. Based on t tests for the continuous variables; Mann-Whitney test for non-normal variables, and chi-square test for dichotomous variables. ns, not
significant.
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Table 2
Bivariate associations among prenatal tobacco exposure (PTE; any use during pregnancy and by trimester) and child
behavioral outcomes at age 6 years

Child outcome No PTE PTE t

Any use during pregnancy (n=197) (n=210)
 CBCL total score 22.0 26.4 2.50**
 CBCL externalizing score 9.3 11.4 2.50**
 CBCL internalizing score 4.1 5.2 2.39**
 CBCL attention problem score 2.8 3.6 2.01*
 CBCL aggression problem score 7.3 9.0 2.58**
 CBCL delinquency problem score 2.0 2.4 1.72#
 Routh Activity Scale 38.0 41.1 2.63**
 SNAP activity problem score 11.2 11.4 0.23
 SNAP attention problem score 8.7 9.4 1.38
 SNAP impulsivity problem score 10.6 11.6 2.30*
 SNAP peer problem score 11.4 12.2 1.68#
First trimester (n=191) (n=164)
 CBCL total score 22.8 26.4 1.96*
 CBCL externalizing score 9.8 11.3 1.70#
 CBCL internalizing score 4.3 5.3 2.06*
 CBCL attention problem score 3.0 3.5 1.54
 CBCL aggression problem score 7.7 8.9 1.79#
 CBCL delinquency problem score 2.1 2.3 1.06
 Routh Activity Scale 38.8 40.9 1.86#
 SNAP activity problem score 11.3 11.3 0
 SNAP attention problem score 9.0 9.1 0.32
 SNAP impulsivity problem score 10.7 11.6 2.14*
 SNAP peer problem score 11.7 12.0 0.72
Second trimester (n=154) (n=202)
 CBCL total score 22.0 26.4 2.50**
 CBCL externalizing score 9.3 11.4 2.50**
 CBCL internalizing score 4.1 5.2 2.39**
 CBCL attention problem score 2.8 3.6 2.01*
 CBCL aggression problem score 7.3 9.0 2.58**
 CBCL delinquency problem score 2.0 2.4 1.72#
 Routh Activity Scale 38.0 41.1 2.63**
 SNAP activity problem score 11.2 11.4 0.23
 SNAP attention problem score 8.7 9.4 1.38
 SNAP impulsivity problem score 10.6 11.6 2.30*
 SNAP peer problem score 11.4 12.2 1.68#
Third trimester (n=151) (n=206)
 CBCL total score 21.8 26.5 2.54**
 CBCL externalizing score 9.3 11.4 2.58**
 CBCL internalizing score 4.1 5.2 2.38**
 CBCL attention problem score 2.8 3.5 2.11*
 CBCL aggression problem score 7.3 9.1 2.66**
 CBCL delinquency problem score 2.0 2.4 1.76#
 Routh Activity Scale 37.9 41.1 2.73**
 SNAP activity problem score 11.2 11.4 0.27
 SNAP attention problem score 8.8 9.3 1.56
 SNAP impulsivity problem score 10.6 11.6 2.43**
 SNAP peer problem score 11.4 12.1 1.80#

Note. CBCL, Child Behavior Checklist. One-tailed

#
p-value: p<.050

*
p-value: p<.025

**
p-value: p<.010.
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Table 4
Prenatal tobacco exposure (PTE) and child behavior at age 6 years by trimester of
exposure

Behavioral measure Beta t

Step 1: Controlling for other prenatal substances and demographic characteristics
 Trimester
  First-trimester PTE
   Routh Activity Scale Activity score 2.42 2.34**
  Second-trimester PTE
   Routh Activity Scale Activity score 3.05 2.92**
   CBCL Aggression problem score 1.29 2.05*

Attention problem score 0.53 1.66#
Internalizing score 0.83 1.94#
Total score 2.79 1.71#

   SNAP Attention score 0.76 2.10*
Impulsivity score 0.77 1.89#

  Third-trimester PTE
   Routh Activity Scale Activity score 2.96 2.80**
   CBCL Aggression problem score 1.43 2.28*

Delinquency problem score 0.44 2.20*
Externalizing problem score 1.70 2.21*
Total score 2.75 1.66#

   SNAP Attention score 0.69 1.89#
Impulsivity score 0.87 2.15*

Steps 2 and 3: Controlling for maternal psychosocial variables and environmental tobacco smoke
  First-trimester PTE
   Routh Activity Scale Activity score 2.37 2.32**
  Second Trimester PTE
   Routh Activity Scale Activity score 2.97 2.94**
   CBCL Attention problem score 0.49 1.66#
  Third-trimester PTE
   Routh Activity Scale Activity score 2.89 2.83**

Note. CBCL, Child Behavior Checklist. One-tailed

#
p-value: p<.050

*
p-value: p<.025

**
p-value: p<.010.
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