Relationship of Maternal Smoking During Pregnancy
With Criminal Arrest and Hospitalization for Substance
Abuse in Male and Female Adult Offspring

Patricia A. Brennan, Ph.D.
Emily R. Grekin, B.A.
Erik Lykke Mortensen, Ph.D.

Sarnoff A. Mednick, Ph.D., Dr.
Med.

Objective: Maternal prenatal smoking
has been found to be related to external-
izing behavior problems in male off-
spring, but this relationship has rarely
been examined in female offspring. Pre-
liminary evidence suggests that maternal
prenatal smoking may be particularly re-
lated to antisocial behavior outcomes in
male offspring and substance abuse prob-
lems in female offspring. This study at-
tempted to replicate these findings in a
large-scale, longitudinal community co-
hort study.

Method: Subjects were a birth cohort of
4,169 male and 3,943 female offspring
born between 1959 and 1961 in Copen-
hagen, Denmark. During the third trimes-
ter of pregnancy, the subjects’ mothers
self-reported the number of cigarettes
smoked on a daily basis. When the off-
spring were adults, their criminal arrest
histories and psychiatric hospitalizations
for substance abuse were checked in na-
tional registers. Additional data were col-
lected concerning maternal rejection of

the infant, socioeconomic status, maternal
age, pregnancy and delivery complica-
tions, use of drugs in pregnancy, paternal
criminal history, and parental psychiatric
hospitalization.

Results: Results indicate a dose-response
relationship between the amount of ma-
ternal prenatal smoking and both crimi-
nal arrest and psychiatric hospitalization
for substance abuse in male and female
offspring. These relationships remained
significant after potential demographic,
parental, and perinatal risk confounds
were controlled. Hospitalization of off-
spring for substance abuse mediated the
relationship between maternal prenatal
smoking and criminal arrest for female
but not for male offspring.

Conclusions: Maternal prenatal smok-
ing is related to criminal and substance
abuse outcomes in male and female off-
spring. Higher rates of index arrests for fe-
male offspring may be related to their
substance abuse problems.

(Am | Psychiatry 2002; 159:48-54)

Maternal prenatal smoking has been found to pre-
dict childhood externalizing problems, such as conduct
disorder (1), delinquency (2), fighting (3), and hyperactiv-
ity (4). In addition, recent studies have linked maternal
prenatal smoking to criminal offending by offspring in
adulthood. Rantakallio and colleagues (2) found that male
subjects whose mothers smoked during pregnancy were
twice as likely as age-matched comparison subjects to
have a criminal record at age 22. Similarly, an examination
of the cohort that is the focus of the current study found a
dose-dependent relationship between maternal smoking
during the third trimester of pregnancy and arrests for vi-
olent and nonviolent crimes among male offspring. This
relationship remained significant even after the analysis
controlled for socioeconomic status, maternal rejection of
the infant, maternal age, pregnancy and delivery compli-
cations, use of drugs during pregnancy, paternal criminal
history, and parental psychiatric hospitalization (5).

The vast majority of studies of prenatal smoking and ex-
ternalizing behavior problems of which we are aware (in-
cluding our previous study) have focused exclusively on
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male offspring. We could find only four studies that exam-
ined the relationship between maternal prenatal smoking
and externalizing behavior problems separately for male
and female offspring. These studies produced somewhat
inconsistent results. For example, in their study of out-
comes for toddler twins, Orlebeke and colleagues (6)
found that the relationship between maternal prenatal
smoking and child externalizing behavior problems—par-
ticularly aggression—did not differ for boys and girls. Sim-
ilarly, Gibson et al. (7) suggested that the effect size of the
relationship between maternal prenatal smoking and po-
lice contact with offspring was small to moderate for both
genders. In contrast, a separate large-scale, prospective
study (8) found that maternal prenatal smoking was re-
lated to adolescent conduct disorder and that this rela-
tionship was stronger for male than for female subjects.
Although maternal prenatal smoking was initially found to
be related to substance abuse outcomes in this study, the
relationship was no longer significant when parental
criminal history, parental substance abuse, child rearing
practices, pregnancy problems, and demographic factors
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were controlled. Unfortunately this study did not report
gender-specific tests of the relationship between maternal
prenatal smoking and child substance abuse.

In the only study we are aware of that examined both ex-
ternalizing and substance abuse outcomes separately for
male and female offspring, Weissman et al. (9) found that
maternal prenatal smoking predicted conduct disorder in
male but not in female offspring and predicted drug de-
pendence in female but not in male offspring. The statisti-
cal control of parental psychiatric diagnoses (including
antisocial personality disorder in the father), family risk
factors, and a variety of pregnancy and delivery complica-
tions showed that these variables did not account for their
findings. Unfortunately, the results of this study are some-
what limited by the use of retrospective reports of mater-
nal smoking, the small size of the study group, and clinic-
based selection of subjects.

The relationship between maternal prenatal smoking
and antisocial behavior and substance abuse in female
versus male offspring remains unclear. In an attempt to
clarify this relationship, we examined the association be-
tween maternal prenatal smoking and both hospitaliza-
tion for substance abuse and criminal arrests in male and
female offspring in a cohort of 8,112 individuals born be-
tween 1959 and 1961 in Denmark. This sample is large and
population-based, allowing for control of a variety of po-
tential confounds. In addition, the mothers’ reports of
smoking were collected during pregnancy, rather than
through retrospective reports, and perinatal data were re-
corded in a detailed, reliable manner by neurologists and
obstetricians.

Previous results in this area are mixed, but we hypothe-
size that maternal prenatal smoking will predict criminal
arrests in male but not in female offspring. In addition,
based on the findings of Weissman et al. (9), we hypothe-
size that maternal prenatal smoking will predict substance
abuse in female but not in male offspring. Finally, we hy-
pothesize that each of these relationships will remain sig-
nificant despite control of potential confounds, including
socioeconomic status, maternal rejection of the infant,
maternal age, pregnancy and delivery complications, use
of drugs during pregnancy, paternal criminal history, and
parental psychiatric hospitalization.

Method

Subjects

Subjects in this study were 4,169 male and 3,943 female off-
spring drawn from a birth cohort of all individuals born between
September 1, 1959, and December 31, 1961, at Rigshospitalet in
Copenhagen, Denmark. Excluded from the sample were 93 male
and 62 female offspring whose mothers did not provide a self-re-
port of smoking behavior during the third trimester of pregnancy.
The relationship between maternal smoking during pregnancy
and adult criminal outcomes has been examined previously for
the male offspring in this cohort (5).
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Predictor Variables

Maternal prenatal smoking. In prenatal and postnatal inter-
views, the mothers reported the number of cigarettes smoked
daily in their third trimester of pregnancy. The reported rates
were typical of the general population of Denmark at that time.

On the basis of self-reports about the number of cigarettes
smoked per day, the mothers were placed in one of the following
categories: no cigarettes (N=2,042 male offspring; N=1,855 female
offspring), one or two cigarettes (N=289 male offspring; N=287 fe-
male offspring), three to 10 cigarettes (N=1,206 male offspring; N=
1,247 female offspring), or more than 10 cigarettes (N=632 male
offspring; N=554 female offspring) smoked daily. In our previous
study the final category was divided into two categories (11-19
cigarettes and 20 or more cigarettes); however, in this study the
categories were collapsed to obtain adequate power to examine
the potential dose-dependent relationship between maternal
prenatal smoking and hospitalization of the offspring for sub-
stance abuse.

Maternal prenatal prescription drug use. Self-reports of drug
use in pregnancy (scored as yes or no) were obtained from the
mothers during prenatal and postnatal interviews at the hospital.
The following types of drugs were included in this self-report: an-
tihistamines, diuretics, antiepileptics, psychopharmacological
drugs (including barbiturates), antibiotics, analgesics, and hor-
mone treatments. The mothers were not asked about alcohol or
illicit drug use during pregnancy.

Pregnancy and delivery complications. Obstetricians and
their assistants recorded data about pregnancy and delivery com-
plications during prenatal visits and at the time of the delivery at
Rigshospitalet. Weighted pregnancy and delivery complications
scales were then constructed by a team of American and Danish
obstetricians and pediatric neurologists. The pregnancy compli-
cations scale included items such as bleeding or illness during
pregnancy, use of radiation during pregnancy, and preeclampsia.
The delivery complications scale contained items such as breech
delivery, transverse position, forceps extraction, umbilical cord
prolapse, and long birth duration.

Demographic factors. Maternal age (in years) at the time of the
birth of the child was obtained from the records at Rigshospitalet.
Information about socioeconomic status was obtained from an
interview with the mother when the child was 1 year old. The so-
cioeconomic classification was based on information about the
breadwinner’s occupation, breadwinner’s education, type of in-
come (wage/salary), and quality of housing. Enough data for clas-
sification of socioeconomic status were available for only 7,153 of
the 8,112 participants in the study. As per the recommendation of
Cohen and Cohen (10), missing data were recoded to the mean,
and a dummy coded variable (1=socioeconomic data missing, 0=
socioeconomic data present) was included as a statistical control
in the logistic regression analyses.

Parental psychiatric hospitalization and criminal history.
The father’s criminal history (present or absent) was assessed by
checking arrests for index crimes recorded by the Danish criminal
register in 1972. This register search was completed in the context
of a study focused specifically on paternal risk factors, and there-
fore no criminal history data were available for the mothers. The
parents’ psychiatric hospitalization history (present or absent)
was assessed by checking the Danish Psychiatric Register of the In-
stitute for Psychiatric Demography in August 1999. All hospitaliza-
tions for psychiatric illness, including substance abuse and de-
pendence, are included in this register. The register provided data
on discharge diagnoses according to the ICD system, with ICD-8
categories used through 1993 and ICD-10 categories used thereaf-
ter. Our analyses included statistical controls for parents’ psychi-
atric hospitalization history (present or absent), as well as parental
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FIGURE 1. Rates of Index Criminal Arrest® in Male and Fe-
male Adult Offspring, by the Number of Cigarettes Smoked
Per Day by Mothers in the Third Trimester of Pregnancy
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2 Index crimes included murder, attempted murder, robbery, rape,
assault (including domestic assault), illegal possession of a weapon,
theft, breaking and entering, fraud, forgery, blackmail, embezzle-
ment, vandalism, prostitution, pimping, and narcotics offenses.

psychiatric hospitalization for alcohol abuse or dependence (yes
or no) and drug abuse or dependence (yes or no).

Maternal rejection. The mother’s rejection of the infant (high
or low) was measured prenatally and when the child was 1 year
old by means of data collected in interviews with the mother. This
variable has been found to interact with delivery complications in
the prediction of violent offending in this sample (11).

Offspring Outcome Variables

Criminal arrest. Offspring in the cohort were identified as ei-
ther criminal (N=1,272 male offspring; N=396 female offspring) or
noncriminal (N=2,897 male offspring; N=3,547 female offspring)
on the basis of their index arrest histories. Arrest histories were
obtained from the Danish criminal register in 1994. The following
criminal index offenses were examined in this study: murder,
attempted murder, robbery, rape, assault (including domestic
assault), illegal possession of a weapon, theft, breaking and enter-
ing, fraud, forgery, blackmail, embezzlement, vandalism, pros-
titution, pimping, and narcotics offenses. (Inclusion or exclusion
of narcotics offenses did not change the results in this study.) Be-
cause of the low number of female violent offenders, it was not
possible to examine the effects of prenatal maternal smoking on
arrests for violence for the female offspring in this cohort. Com-
plete analyses of maternal prenatal smoking and violent criminal
outcomes for the male offspring in this cohort have been pub-
lished previously and are not repeated here (5).

Hospitalization for substance abuse. Offspring in the cohort
were identified either as having a history of hospitalization for
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substance abuse (N=197 male offspring; N=93 female offspring)
or not (N=3,972 male offspring; N=3,850 female offspring) on the
basis of lifetime psychiatric hospitalization records obtained
from the Institute for Psychiatric Demography in Aarhus, Den-
mark, in August 1999. Hospitalization for substance abuse was
operationalized as the presence of any recorded hospitalization
with the following ICD-8 or ICD-10 discharge diagnoses: psycho-
ses due to alcohol or drugs, and alcohol/drug intoxication, with-
drawal, abuse, or dependence.

Statistical Analysis

All analyses were performed separately for male and female
offspring. Bartholomew’s tests for order (trend tests) were used to
examine the relationship between the amount of maternal smok-
ing in pregnancy and the outcomes of arrest for index crimes and
hospitalization for substance abuse (12). Logistic regression anal-
yses were used to control for the potential confounds of socioeco-
nomic status, maternal age, pregnancy and delivery complica-
tions, use of drugs in pregnancy, maternal rejection of the infant,
paternal criminal history, and parental psychiatric hospitaliza-
tion in the relationship between maternal smoking in pregnancy
and offspring criminal and substance abuse outcomes. The alpha
level was set at 0.05.

Results

Offspring Criminal Outcome

As in previously published results (5), chi-square analy-
ses revealed a significant relationship between the amount
of maternal smoking in the third trimester of pregnancy
and a history of criminal arrest in male offspring (Bartho-
lomew %2=59.86, df=3, N=4,169, p<0.001). There appears
to be a dose-response relationship between index crime
rates for male offspring and maternal prenatal smoking
(Figure 1). The relationship between maternal smoking
and criminal arrest in offspring was also significant for the
female offspring in our sample (Bartholomew y%2=12.99,
df=3, N=3,943, p<0.001). The percentage of female index
offenders was positively related to the amount of ciga-
rettes their mothers smoked on a daily basis in the third
trimester of pregnancy, although the dose-response effect
was somewhat less evident in female than in male off-
spring (Figure 1).

Logistic regression analyses revealed that the relation-
ship between maternal prenatal smoking and offspring
criminal outcome remained significant when relevant de-
mographic, parental, and perinatal risk confounds were
controlled (males: ¥2=25.50, df=1, N=4,169, p<0.0001; fe-
males: ?=5.42, df=1, N=3,943, p<0.05) (Table 1). It is note-
worthy that the odds ratios for the maternal smoking vari-
able reflect the multiplicative increase in risk at each
increasing level of amount smoked. Compared to male
offspring whose mothers did not smoke during the third
trimester, male offspring whose mothers smoked more
than 10 cigarettes daily in the third trimester were 1.6
times (1.17x1.17x1.17) as likely to be arrested for an index
crime. The respective odds ratio for female offspring was
1.4 (1.12x1.12x1.12).
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TABLE 1. Logistic Regression Models of the Relationship of
Maternal Smoking in the Third Trimester of Pregnancy and
Potential Confounding Variables to Index Criminal Arrest?
in Male and Female Adult Offspring®

Male Offspring Female Offspring

(N=4,169) (N=3,943)
0dds 0Odds
Variable Ratio® 95% CI Ratio® 95% CI
Maternal smoking 1.17%%*% 1.10-1.24 1.12* 1.02-1.23
Potential confounding
variables
Delivery complications  0.97**  0.96-0.99 1.00 0.98-1.03
Pregnancy
complications 1.00 0.98-1.02 0.98 0.94-1.01
Mother’s drug use in
pregnancy 0.98 0.69-1.39 1.43 0.88-2.33

Father’s criminal history 1.93*** 1.55-2.40 1.83*** 1.36-2.46
Father’s psychiatric

hospitalization 1.31% 1.02-1.68 1.08 0.74-1.59
Father’s alcohol abuse  1.16 0.81-1.64 1.46 0.90-2.37
Father’s drug abuse 1.1 0.66-1.85 0.77 0.37-1.60
Mother’s psychiatric

hospitalization 1.52%%% 1.26-1.84 1.55** 1.17-2.04
Mother’s alcohol abuse 1.32 0.91-1.92 1.00 0.58-1.68
Mother’s drug abuse 0.90 0.59-1.38 0.97 0.55-1.73
Maternal rejection 0.94 0.75-1.17 1.05 0.75-1.46
Mother’s age 0.98*** 0.97-0.99 0.97** 0.95-0.99

1.69*** 1.50-1.91 1.49*** 1.23-1.80

Index crimes included murder, attempted murder, robbery, rape,

assault (including domestic assault), illegal possession of a weapon,

theft, breaking and entering, fraud, forgery, blackmail, embezzle-

ment, vandalism, prostitution, pimping, and narcotics offenses.

b Analysis of effect of maternal smoking controlled for potential con-
founding variables.

¢ Factor by which the odds for criminal outcome change when the
independent variable increases by one unit.

*p<0.05. **p<0.01.  ***p<0.001.

Socioeconomic status

o

Offspring Substance Abuse Outcome

Chi-square analyses were also performed to test for a
relationship between maternal prenatal smoking and
hospitalization for substance abuse. Maternal smoking
during the third trimester was related to higher rates of
hospitalization for substance abuse in both male (Bartho-
lomew y2=32.44, df=3, N=4,169, p<0.001) and female off-
spring (Bartholomew y%2=27.30, df=3, N=3,943, p<0.001).
There appeared to be a dose-response relationship be-
tween the amount of cigarettes the mother smoked and
the rate of hospitalization for substance abuse in the off-
spring (Figure 2).

Logistic regression analyses also revealed that the rela-
tionship between maternal prenatal smoking and off-
spring hospitalization for substance abuse remained
significant when relevant demographic, parental, and
perinatal risk confounds were controlled (males: y%=
17.44, df=1, N=4,169, p<0.0001; females: ?=11.83, df=1,
N=3,943, p<0.001) (Table 2). Compared to male offspring
whose mothers did not smoke during the third trimester,
male offspring whose mothers smoked more than 10
cigarettes daily in the third trimester were 2.2 times
(1.30x1.30x1.30) as likely to be hospitalized for substance
abuse. The respective odds ratio for female offspring was
2.7 (1.39x1.39x1.39).
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FIGURE 2. Rates of Hospitalization for Substance Abuse in
Male and Female Adult Offspring, by the Number of Ciga-
rettes Smoked Per Day by Mothers in the Third Trimester
of Pregnancy
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Specificity of Substance Abuse Effect

We examined whether maternal prenatal smoking was
related to offspring psychiatric hospitalization in general
or whether this effect was specific to hospitalization for
substance abuse. For these analyses we excluded data for
the hospitalized individuals who had received substance
abuse diagnoses. Logistic regression analyses were per-
formed to test the relationship between maternal prenatal
smoking and psychiatric hospitalization (for non-sub-
stance-abuse-related diagnoses), controlling for relevant
demographic, parental, and perinatal confounds. These
results were nonsignificant for both male (x2=0.37, df=1,
N=3,944, p=0.54) and female offspring (32<0.01, df=1, N=
3,829, p=0.97).

Offspring Criminal Arrest and Hospitalization
for Substance Abuse

In this study, as in many others, criminal behavior and
substance abuse were significantly related (male off-
spring: x2=240.82, df=1, N=4,169, p<0.0001; female off-
spring: x2=232.62, df=1, N=3,943, p<0.0001). Given this
interrelationship, we explored whether criminal arrest
would be related to maternal prenatal smoking when
hospitalization for substance abuse was controlled and
whether substance abuse would be related to maternal
prenatal smoking when history of criminal arrest was con-
trolled. These exploratory logistic regression analyses
were undertaken while controlling for demographic, pa-
rental, and perinatal confounds. In both male and female
offspring, maternal prenatal smoking was related to hos-
pitalization for substance abuse when the analysis con-
trolled for criminal arrest (male offspring: ¥%=10.37, df=1,
N=4,169, p<0.01; female offspring: x%=8.48, df=1, N=3,943,
p<0.01). In male offspring, but not in female offspring,
maternal prenatal smoking was related to criminal arrest
when the analysis controlled for hospitalization for sub-
stance abuse (male offspring: ?=17.62, df=1, N=4,169,
p<0.001; female offspring: ¥%=2.61, df=1, N=3,943, p=0.11).
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TABLE 2. Logistic Regression Models of the Relationship of
Maternal Smoking in the Third Trimester of Pregnancy and
Potential Confounding Variables to Hospitalization for
Substance Abuse in Male and Female Adult Offspring?

Male Offspring Female Offspring

(N=4,169) (N=3,943)
0dds 0Odds
Variable Ratio®  95% Cl  Ratio®  95% Cl
Maternal smoking 1.30** 1.15-1.48 1.39** 1.15-1.67
Potential confounding
variables
Delivery complications  0.97 0.93-1.01 1.01 0.96-1.06
Pregnancy
complications 1.01 0.96-1.06 1.01 0.95-1.08
Mother’s drug use in
pregnancy 1.11 0.57-2.17 1.23 0.51-2.98
Father’s criminal history 0.89 0.56-1.43 1.20 0.65-2.24
Father’s psychiatric
hospitalization 1.51 0.94-2.42 1.40 0.69-2.82
Father’s alcohol abuse  0.73 0.37-1.42 1.31 0.56-3.04
Father’s drug abuse 1.36 0.55-3.34 1.23 0.42-3.60
Mother’s psychiatric
hospitalization 1.87** 1.30-2.67 1.41 0.80-2.49
Mother’s alcohol abuse 1.35 0.73-2.48 2.28* 1.09-4.76
Mother’s drug abuse 0.94 0.47-1.91 2.58* 1.21-5.46
Maternal rejection 1.02 0.65-1.62 1.07 0.55-2.08
Mother’s age 1.00 0.98-1.03 0.97 0.93-1.00
Socioeconomic status 1.33*  1.03-1.73 1.35 0.93-1.97

2 Analysis of effect of maternal smoking controlled for potential con-

founding variables.

b Factor by which the odds for criminal outcome change when the in-

dependent variable increases by one unit.
*p<0.05.  **p<0.001.

Discussion

The results of this study provided partial support for our
gender-specific hypotheses concerning the relationship
between maternal prenatal smoking and offspring crimi-
nal and substance abuse outcomes. The relationship be-
tween maternal prenatal smoking and index criminal ar-
rest was apparent for both male and female offspring.
However, in female offspring this effect appeared to be ex-
plained by an increased risk for substance abuse out-
comes, which, in turn, led to increased risk for arrest. The
literature linking female criminal outcomes to maternal
prenatal smoking is sparse. Our findings suggest that sub-
stance abuse should be considered as a potential mediator
in any future examinations of this relationship.

Previously published findings on the relationship be-
tween maternal prenatal smoking and externalizing be-
havior problems in female offspring have been mixed.
Much of the research on aggression, conduct disorder, and
crime in general has focused on male rather than female
subjects. Researchers who have attempted to examine ag-
gression in female subjects in more depth have noted that
it may take a different form than aggression in male sub-
jects (13). Specifically, female subjects may act aggres-
sively through the manipulation of social and emotional
relationships with others. This type of aggression would be
less likely to lead to criminal arrest and would be better
studied through peer reports or observational measures
rather than official criminal records.
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We found that maternal prenatal smoking was related to
hospitalization for substance abuse for both male and fe-
male offspring. These relationships remained when de-
mographic, perinatal, parental history, and offspring
criminal history were controlled. This result contradicts
the findings of other studies that have noted either that
this relationship was no longer significant when relevant
controls were applied (8) or that this relationship was spe-
cific to female offspring (9). Our measure of substance
abuse differed from that used in both of these previous
studies. We examined risk for substance abuse hospital-
ization through the age of 40, whereas the previous studies
focused on adolescent outcomes. The children in the pre-
vious studies may not have passed through the age range
for onset of substance abuse problems, and therefore rela-
tionships with potential risk factors such as maternal pre-
natal smoking may not have been fully assessed. Our
study also used psychiatric hospitalization as a measure of
substance abuse, whereas the others used interview mea-
sures. Our hospitalization measure captures only the sub-
sample of individuals with the most severe substance
abuse problems. These more severe substance abuse out-
comes may be more specifically related to maternal ciga-
rette smoking during pregnancy. Such a finding would be
consistent with what we noted about the relationship be-
tween male criminal offending and maternal prenatal
smoking (5). We found that this relationship was apparent
for more persistent records of offending and not for arrests
limited to the adolescent years.

It does not appear that maternal smoking during preg-
nancy is related to increased risk for psychiatric hospital-
ization for disorders other than substance abuse. This
finding is consistent with previous studies that have
noted diagnosis-specific effects of maternal prenatal
smoking (1, 8, 9).

Given the results of the research in this field, we believe
there are several possible mechanisms or explanations for
the relationship between maternal prenatal smoking and
offspring criminal and substance abuse outcomes. One
possible explanation is that potential environmental or
genetic confounds exist, but they have not been ade-
quately assessed or controlled in the studies to date. As
pointed out by Fergusson (14), the relationship between
maternal prenatal smoking and offspring antisocial out-
comes could be accounted for by inherited genotypes
passed down from the mother to the child. Although we
controlled for paternal criminal history and parental hos-
pitalization for substance abuse, our study could not fully
assess potential contributing genetic factors.

Another potential confound that could not be controlled
in our study was the teratogenic effect of the mother’s alco-
hol or illicit drug use during pregnancy. Data were not col-
lected on these maternal behaviors because they were be-
lieved to be quite rare in Denmark at the time that this
cohort was established. A recent study has suggested that
maternal prenatal alcohol use may be a confound in this
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research area (15). It should be noted, however, that several
other studies that have statistically controlled for maternal
alcohol and illicit drug use in pregnancy have found that
these variables do not account for the effects of maternal
prenatal cigarette smoking on child outcomes (1, 4). Nev-
ertheless, all of these studies used self-reports of maternal
substance use; because of social desirability concerns, the
mothers may have been more likely to report cigarette
smoking than alcohol or illicit drug use. Therefore, we be-
lieve that the question of the potential confounding effects
of maternal prenatal alcohol or illicit drug use on the rela-
tionship between maternal smoking and child antisocial
outcome remains unanswered.

Maternal prenatal smoking may serve as a marker for
other environmental effects that increase the risk of ag-
gressive and substance abuse outcomes in children. For
example, maternal prenatal smoking may be an indicator
of a passive, neglectful parenting style. It may not reflect
abuse or overt parental hostility but rather a subtle disrup-
tion in the parent-child relationship that in turn increases
the risk for negative child outcomes. Controls for overt
maternal rejection (the measure used as a control in this
study) or overt parent-child discord (the measure used as
a control in the study by Weissman et al. [9]) may be inad-
equate to account for this more subtle parenting effect.

Maternal smoking during pregnancy may also be a
marker of a stressful environment in general. Early envi-
ronmental stressors can have a potent effect on the central
nervous system of the developing child. In fact, nicotine
exposure can also be considered an environmental stres-
sor in itself. Such environmental stressors can affect the
developing fetal and infant brain in a variety of ways (16).
Specifically, animal studies have revealed that prenatal
nicotine exposure is related to increased levels of test-
osterone in males, changes in serotonin receptor sites,
and alterations in the vasopressin system. Of particular
relevance to this study, these physiological changes have,
in turn, been linked to aggressive behavior and substance
abuse outcomes in animals and humans. Maternal ciga-
rette smoking may set off a chain of transactional biologi-
cal and environmental factors that act together to increase
risk for deleterious child outcomes. Knowledge about
these specific transactional processes will be useful in di-
recting and implementing intervention or prevention pro-
grams aimed at reducing criminal behavior and substance
abuse.

Our data were prospective in nature and did not rely on
the mother’s retrospective reports of prenatal smoking ob-
tained later in the life of the child. Nevertheless, our ma-
ternal self-report measure of smoking was limited in sev-
eral respects. Specifically, it did not include information
on specific nicotine doses, smoking during first and sec-
ond trimesters, paternal smoking, or parental smoking af-
ter the birth of the child. Therefore, we were unable to
complete more fine-grained analyses of the specific ef-
fects of nicotine, specific trimester effects, or the relative
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impact of prenatal versus postnatal exposure to maternal
smoking. It should be noted that the Weissman study
found that the relationship between maternal prenatal
smoking and adolescent conduct disorder and substance
dependence remained significant when maternal postna-
tal smoking was controlled. In addition, an Australian co-
hort study with measures of maternal smoking during
pregnancy and during the postnatal period found that
prenatal, rather than postnatal, smoking was the best pre-
dictor of child externalizing behavior problems (17).

Not all children whose mothers smoked during preg-
nancy will become criminals or substance abusers. In fact,
our results suggest that the vast majority of these children
will not be arrested or admitted to a psychiatric hospital.
Future studies aimed at assessing the potential protective
factors in this process would also be useful in designing
prevention and intervention programs. A public health
approach to criminal behavior and substance abuse calls
for prevention and intervention strategies designed to re-
duce the known risk factors for these outcomes. Smoking
cessation programs for pregnant women (18), even low-
intensity counseling interventions by general practitio-
ners (19), have been found to reduce or eliminate mater-
nal smoking during pregnancy. Our study suggests that
prenatal smoking cessation programs may have the po-
tential to reduce not only negative physical health out-
comes, but also negative behavioral health outcomes, in
future generations of children.
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