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Objective: The goal of this study was to test the hypothesis that maternal smoking dur-
ing pregnancy is associated with greater risk for criminal behavior of the offspring in adult-
hood. Method: An unselected, general population cohort composed of 11,017 subjects
(5,636 men, 5,381 women) was followed up prospectively from the sixth month of preg-
nancy to age 28 years. Interviews with the mother during the pregnancy, health records,
and an assessment of the offspring at age 1 year provided information on risk factors. The
Ministry of Justice provided information on criminal offenses for all subjects. Results: Be-
cause of the low rate of criminal offenses among women, the present analyses are re-
stricted to men (N=5,636). Compared to the sons of mothers who did not smoke, the sons
of mothers who smoked during pregnancy had more than a twofold risk of having commit-
ted a violent crime or having repeatedly committed crimes, even when other biopsychoso-
cial risk factors were controlled. While maternal smoking during pregnancy alone explained
4% of the variance associated with violent offenses among male offspring, it was not sig-
nificantly associated with nonviolent offenses among male offspring. When maternal smok-
ing during pregnancy was combined with a maternal age of less than 20 years, a single-
parent family, an unwanted pregnancy, and a developmental lag in walking or talking, the
odds ratios for violent offenses increased up to ninefold and for persistent offenses up to
14-fold. Conclusions: Maternal smoking during pregnancy is associated with violent of-
fenses and persistent offenses, but not with nonviolent offenses, among male offspring in

adulthood.
(Am J Psychiatry 1999; 156:857-862)

Maternal smoking during pregnancy has been
found to be associated with conduct disorder (1), at-
tention deficit hyperactivity disorder (2), and juvenile
delinquency (3) among male offspring. In turn, con-
duct disorder, attention deficit disorder, and delin-
quency during adolescence have all been found to be
highly predictive of criminal offenses during adulthood
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(4, 5). In addition, obstetrical complications, in combi-
nation with a negative maternal attitude toward the
pregnancy and an adverse early-childhood environ-
ment, have been found to be associated with later
criminal behavior (6-11). Data from the Danish perin-
atal project, with over 9,000 subjects, suggest that the
prevalence of aggressive behavior is highest among
those individuals who experienced both perinatal com-
plications and broken families (12). Using the same co-
hort, Raine et al. (8) found a highly significant rela-
tionship between violent offenses at age 18 and a
combination of birth complications and early maternal
rejection among male subjects. Neither maternal rejec-
tion nor birth complications alone were related to vio-
lent offenses. These factors, alone or in combination,
were unrelated to nonviolent offenses. To further ex-
amine this issue, Raine et al. (13) randomly selected
approximately 10% (N=397) of the male subjects in

857



MATERNAL SMOKING DURING PREGNANCY

the original birth cohort for a follow-up study. Cluster
analyses indicated that those with both early neuromo-
tor deficits and unstable family environments had
crime rates twice as high as those of the groups with
only early neuromotor deficits or only unstable fami-
lies. The group that had experienced both neuromotor
deficits and unstable families in early childhood was
characterized at the end of adolescence not only by
higher rates of criminal behavior but also by more be-
havior and academic problems.

Thus far, no data have been published on the asso-
ciation between maternal smoking during pregnancy
and criminality and psychobehavioral dysfunction
among adult offspring. Further, the effect on the
adult offspring of maternal smoking during preg-
nancy, in combination with other risk factors for of-
fenses, has not been explored. The present study
tested the hypothesis that maternal smoking during
pregnancy, either alone or combined with other risk
factors (sociodemographic characteristics of the fam-
ily of origin, pregnancy and birth complications, de-
velopmental lags, and early family environment), is
associated with a higher risk of nonviolent offenses,
violent offenses, and persistent offenses in adulthood
among male subjects.

METHOD

The Northern Finland 1966 Birth Cohort is an unselected, general
population birth cohort ascertained during mid-pregnancy that in-
cludes 96% of all births (N=12,058) in the provinces of Lapland and
Oulu during the year 1966. Before age 16, 284 subjects had died and
757 had left the country. The present study included 5,636 male sub-
jects who were alive and living in Finland at the age of 16. The de-
scription of the cohort and the data collected prospectively from the
sixth month of pregnancy up to age 28 have been described in detail
earlier (14-16). Obstetrical variables were coded from hospital files.
The mother was interviewed through use of a standardized protocol
(17, 18) during her first visit to a prenatal clinic, at the time of the
child’s birth, and during the child’s 1-year visit to a perinatal clinic,
when the child’s development was assessed.

Data were collected from two sources: records of admissions to
the children’s hospitals in the area during the years 1966 to 1972
and the Finnish Hospital Discharge Register thereafter.

It has been noted that the relationship between maternal smoking
and behavior problems in offspring could be a false correlate of a
causal relationship between characteristics (e.g., antisocial or psy-
chopathological features) of women who smoke during pregnancy
and behavioral problems in their children (3, 19, 20). As noted by
Wakschlag et al. (1), the following four categories of risk factors for
deviant behavior must be controlled to obtain evidence of a direct
association between maternal smoking during pregnancy and con-
duct problems (or later criminality) in the offspring: demographic
factors, parental mental disorders such as antisocial personality dis-
order, pregnancy and birth complications, and family and parenting.

In the present study, sociodemographic factors included the fa-
ther’s socioeconomic status, the mother’s level of education, and
family residence (urban, rural) at the time of the child’s birth. Preg-
nancy and birth variables included the mother’s smoking behavior
(none, stopped before pregnancy, smoked daily during the entire du-
ration of the pregnancy), the mother’s attitude toward the pregnancy
(wanted the pregnancy, wanted the pregnancy later but not now, did
not want the pregnancy), and the mother’s mood during pregnancy
(as usual, felt depressed, felt very depressed). Obstetrical complica-
tions included low birth weight (less than 2,500 g), short gestation
period (less than 37 weeks), perinatal brain damage, neonatal con-
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vulsions, neonatal asphyxia, and brain injury or intraventricular
hemorrhage. Family and parenting risk factors included number of
parents (two or one) (in some analyses single-parent families were
divided into those in which there was one parent only at birth versus
those in which there was one parent during the child’s upbringing
and into those that were single-parent because of divorce or death of
the other parent), number of children in the family (three or fewer,
four or more), and the mother’s age (less than 20 years) at the time
of the subject’s birth.

When the child was 1 year old, his motor development (walking
without support at 10 months, 11 months, 12 months, after 13
months of age) was examined in a perinatal clinic by public health
nurses and general practitioners. Speech development (no words, 1-
2 words, 3-10 words, 11-20 words, over 20 words) was also exam-
ined at that time.

Data on criminal behavior to the end of 1992 were collected from
computerized files maintained by the Ministry of Justice. This na-
tional register includes records of all crimes committed anywhere in
Finland. The category of violent crimes includes homicide, assault,
robbery, arson, sexual crime, and violation of domestic peace. All
other crimes were defined as nonviolent. The prevalence of criminal
offenders among the 5,636 male subjects at age 28 was 8.9% (2.9%
for violent offenses, 6.0% for nonviolent offenses). Of all subjects
who had committed violent offenses, 71.5% had also committed one
or more nonviolent offenses, and 36.0% were recidivists. Of the re-
cidivists, 49.7% had committed at least one violent offense.

Data on maternal smoking were available from the mothers of
5,514 boys. Because of missing data for other predictor variables,
only 3,883 male subjects with complete data (70.4% of 5,514) were
included in the logistic regression analyses. Of the men for whom
complete data were available, 8.2% had a criminal record, as com-
pared to 10.5% of the subjects with missing data. Three separate lo-
gistic regression analyses (21) were conducted in order to examine
the association between criminality and maternal smoking during
pregnancy after adjustment for pre- and perinatal factors, psycho-
social factors, and neuromotor development. The dependent vari-
ables for the logistic regressions were 1) one conviction for a violent
crime versus no record of criminal behavior, 2) a conviction for at
least one nonviolent offense versus no record of criminal behavior,
and 3) two or more convictions versus no record of criminal behav-
ior. In order to explore the effect of maternal smoking during preg-
nancy on offenses in combination with other risk factors for of-
fenses, odds ratios were calculated for violent, nonviolent, and
persistent offenses for subjects characterized by various combina-
tions of risk factors. Cross-tabulations with chi-square tests or
Fisher’s exact tests, as appropriate, were used in assessing relation-
ships among nominal variables.

RESULTS

At the age of 1 year, 91.1% (N=4,675) of the male
subjects with no criminal record at age 28 and 87.7%
(N=441) with a criminal record had visited the perina-
tal clinic (x?=6.34, df=1, p=0.01). Of the subjects with
complete data (N=3,883), 14.1% (N=522) of the
mothers of noncriminal male offspring had smoked
during pregnancy, compared with 26.0% (N=84) of
the mothers of male offspring with a criminal record.
Of those with missing data for some study variables
(N=1,631), 12.8% (N=185) of the mothers of non-
criminal male offspring, compared to 22.8% (N=39)
of the mothers of male offspring with a criminal
record, had smoked during pregnancy. Among male
subjects with complete data, the prevalence of smoking
among the mothers of those with a criminal record was
1.79 times that of mothers of subjects with no criminal
record. In the group with missing data, the corre-
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TABLE 1. Logistic Regression Analyses of Relationships Between Criminal Behavior and Maternal Smoking Among Male Sub-
jects (N=3,883) in the Northern Finland 1966 Birth Cohort After Adjustment for Sociodemographic Characteristics of Family of Or-
igin, Pregnancy and Birth Complications, Developmental Lags, and Family Factors

Response Variable in Logistic Regression Analysis?

Subjects Violent Crime Nonviolent Crime Recidivism
Odds Odds Odds

Variable N % Ratio 95% ClI Ratio  95% CI Ratio 95% ClI
Mother smoked during pregnancy 606 15.6 21 1.3-32b 1.3  09-1.8 24  16-3.7°
Pregnancy and birth complications

Mother depressed during pregnancy 513 13.2 11 0.7-1.8 1.0 0.7-1.5 14 0.8-2.4

Mother did not want pregnancy 1,374 354 21 1.4-3.2b 1.1 0.8-1.5 1.3 0.8-2.0

Obstetrical complications 241 6.2 15 0.8-2.9 0.4 0.2-0.9¢ 1.0 0.5-2.2
Sociodemographic characteristics of family

at subject’s birth

Father’s socioeconomic status low 2,233 575 14 0.9-2.1 13 0.9-1.8 1.6 1.0-2.6°

Mother’s level of education low 2,577 66.4 43  1.0-17.9° 20 1.1-3.9° 34  1.0-11.1°

Rural residence 1,280 33.0 16  1.1-2.4° 14  1.0-1.9° 19 13-29°
Developmental lags

Not walking at age 1 1,176  30.3 0.7 04-1.1 1.2 1.0-1.8° 1.2 0.8-1.8

Not talking at age 1 968 24.9 1.1 0.7-1.7 1.4 1.0-1.9° 1.1 0.7-1.7
Family factors

Single-parent family 691 17.8 24  16-3.7° 25  1.8-3.4b 31 21-4.7°

Four or more children in family 1,687 434 15 0.9-2.6 0.9 0.6-1.3 1.0 0.6-1.7

Mother less than 20 years old at subject's birth 253 6.5 26 1.4-5.0° 1.7  1.0-2.7° 21  1.1-3.8°

20dds ratios are expressed with the 95% CI for the association between offenses and grouping according to the different combinations of

risk factors.

b The p value of a difference of deviances test was statistically significant (p<0.05), indicating that the variable significantly increased the

probability of criminal offenses.

¢ The p value of a difference of deviances test was statistically significant (p<0.05), indicating that the variable significantly decreased the

probability of criminal offenses.

sponding ratio was 1.78. (There was no significant dif-
ference between the groups with complete and missing
data.)

Whereas more of the mothers of the criminals than
the noncriminals had smoked during the pregnancy,
the results of the univariate analyses suggested a more
specific relationship. Whereas 14.1% (N=707) of the
mothers of nonoffenders had smoked during the preg-
nancy, this was true of 21.1% (N=70) of the mothers
of exclusively nonviolent offenders, 33.1% (N=53) of
the mothers of violent offenders, and 31.4% (N=535) of
the mothers of recidivists.

In order to test the strength of these associations,
three logistic regressions were conducted. The relation-
ship of the mother’s smoking during pregnancy to vio-
lent, nonviolent, and persistent offenses was examined,
with control for the father’s socioeconomic status, the
mother’s level of education, the child’s residence,
whether the mother wanted the pregnancy, gestational
age and birth weight, birth complications, speech and
walking ability at 1 year of age, family type, parity
(number of children in the family), and the mother’s
age at the time of birth. The results of these analyses
are presented in table 1. Mothers who smoked during
pregnancy were twice as likely as those who did not
smoke to have a son who committed at least one vio-
lent crime (x2=10.6, df=1, p=0.001) or who committed
more than one offense (x*=17.2, df=1, p<0.0001) be-
fore the age of 28. Maternal smokmg during preg-
nancy increased the child’s risk of violent offenses by
4% (attributable risk fraction), but it was not signifi-
cantly associated with nonviolent offenses.
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Descriptive analyses indicated that many of the sons
of mothers who smoked during the pregnancy had also
been exposed to other risk factors for offenses. In or-
der to explore the effects of these combinations of risk
factors, further analyses were undertaken. A risk fac-
tor was defined as a factor that significantly increased
the odds of nonviolent, violent, or persistent offenses.
These factors were maternal age less than 20 years at
the child’s birth, single-parent family, lag in speech or
walking development at age 1 year, and negative ma-
ternal attitude toward the pregnancy. As shown in ta-
ble 2, 90 men had mothers who smoked while preg-
nant and who were less than 20 years old at the time of
their birth; 232 men had mothers who smoked while
pregnant and who lived alone; 332 men had mothers
who smoked while pregnant, and they had exhibited
developmental lags at 1 year of age; and 56 men had
mothers who smoked while pregnant, were less than
20 at the time of their birth, and lived alone, and they
themselves had exhibited a developmental lag at 1 year
of age. These four risk groups were compared to a ref-
erence group composed of 1,007 men whose mothers
were not characterized by any of the four risk factors
and whose neuromotor development at 1 year of age
was within the normal range. Table 2 presents the re-
sults of these analyses with multiple risk factors. Ma-
ternal smoking during pregnancy, combined with a
maternal age of less than 20, single-parent family,
speech or walking developmental lag, or unwanted
pregnancy, increased the odds ratios for violent crimes
up to ninefold and for recidivism up to 14-fold. How-
ever, maternal smoking during pregnancy, together
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TABLE 2. Risk Factors for Criminal Behavior Among Male Subjects (N=3,883) in the Northern Finland 1966 Birth Cohort

Offenders

Number of Odds

Risk Group and Criminal Category Subjects N % Ratio? 95% CIP
Smoking during pregnancy and mother less than 20 years old 90

Violent 6 6.7 5.7 2.1-15.1

Nonviolent 11 12.2 4.7 2.3-9.7

Recidivist 9 10.0 10.8 4.3-26.9
Smoking during pregnancy and single-parent family 232

Violent 24 10.3 9.0 4.6-17.7

Nonviolent 24 10.3 4.0 2.5-6.5

Recidivist 25 10.8 11.9 5.7-24.6
Smoking during pregnancy and speech or walking developmental lag 332

Violent 17 5.1 4.1 2.0-8.3

Nonviolent 27 8.1 2.9 1.7-5.0

Recidivist 18 5.4 5.5 2.6-11.7
Smoking during pregnancy and unwanted pregnancy 369

Violent 33 8.9 7.6 4.0-14.4

Nonviolent 36 9.8 3.7 2.3-6.1

Recidivist 31 8.4 9.1 4.5-18.3
Smoking during pregnancy, unwanted pregnancy, speech or walking

developmental lag, and single-parent family 56

Violent 5 8.9 8.0 2.8-23.2

Nonviolent 8 14.3 5.8 2.5-13.3

Recidivist 7 125 14.2 5.3-38.5
No risks (reference group)®© 1,007

Violent 14 1.4 1.0

Nonviolent 31 3.1

Recidivist 11 11

a(0dds ratios are expressed with the 95% CI for the association between offenses and each risk group including different combinations of

risk factors. A no-risk group was used as a reference group.

b For all Cls, the p value of a difference of deviances test was statistically significant (p<0.05), indicating that belonging to the risk group

significantly increased the risk of criminal offenses.

¢ The pregnancy was wanted, mother's age was 20 years or more, child had no speech or walking developmental lag, mother was a non-

smoker, and family type was two-parent family.

with one or more other biopsychosocial variables, in-
creased the risk for nonviolent criminal behavior to a
lesser degree (odds ratios=2.9-5.8).

DISCUSSION

In this study, the relationship between maternal
smoking during pregnancy and violent and nonviolent
criminal offenses by the male offspring in adulthood
was examined for the first time. Findings obtained
from 3,883 male subjects indicate that maternal smok-
ing during pregnancy is associated with greater risk for
violent offenses and for persistent offenses in adult-
hood but not for nonviolent offenses. In Finland, re-
peated serious violent offenses have been found to be
strongly associated with antisocial personality disorder
and alcoholism (22, 23). Since all of those adult sub-
jects with severe antisocial behavior would have had
conduct disorder in childhood or adolescence, our re-
sults are consistent with those of Wakschlag et al. (1),
who observed that maternal smoking during preg-
nancy significantly increases the risk of conduct disor-
der among children. Both antisocial personality disor-
der (the adulthood manifestation) and conduct
disorder (the childhood manifestation) are character-
ized by impulsivity, sensation seeking, or both. Impul-
sivity and sensation seeking are thought to be associ-
ated with low serotonergic brain activity (24, 25).
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Data from animal studies suggest that maternal smok-
ing during pregnancy leads to reduced serotonin up-
take (26) and alterations in the dopaminergic neurons
in the fetal brain (27, 28). One possible explanation
for our finding that maternal smoking during preg-
nancy increases the rate of violent offenses in male off-
spring as adults may be altered central nervous system
monoamine function. This highly speculative hypothe-
sis is further supported by findings of stable low levels
of serotonin in the CSF of male adolescents diagnosed
with conduct disorder (29) and in violent male offend-
ers who are diagnosed with antisocial personality dis-
order (30, 31).

Another possible explanation for the study findings
is that nicotine enhances dopamine release in the brain,
especially in the nucleus accumbens and the ventral
tegmental area (32). Data from an animal study indi-
cate that aggressive behavior is associated with in-
creased dopamine activity of the brain (33), and results
from a recent study of schizophrenic patients imply
that catechol-O-methyltransferase (an important en-
zyme in dopamine metabolism) gene polymorphism is
associated with violent behavior (34). Since both nico-
tine and alcohol activate the dopaminergic system in
the brain, it is possible that modulation of the common
neurobiologic pathway of these psychoactive agents
might explain why certain individuals who smoke
(who have genetic factors in common with their
mothers who smoke) are predisposed to alcoholism
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and violent criminal behavior. Epidemiological stud-
ies suggest that about 70% of recidivistic offenders
committing the most severe offenses in Finland are
type 2 alcoholics (22, 23), which implies that alcohol
abuse may be a link between disturbed neuronal devel-
opment and violent offenses.

This study also confirmed the previous findings from
a smaller sample that male subjects characterized by
early neuromotor deficits and maternal rejection were
more likely to offend in adulthood than those with nei-
ther or only one risk factor (8, 11, 13). The results of
the present investigation extend the previous findings
by showing that the risk for violent offense and for re-
cidivism increases up to 14-fold if these factors are
combined with maternal smoking during pregnancy,
which corresponds to a 13% prevalence for violent of-
fenses and a 16% prevalence for persistent offenses in
the high-risk groups. Further, the results of the present
study indicate that maternal smoking during preg-
nancy, the mother not wanting the child, obstetrical
complications, and the child not walking at 1 year of
age significantly distinguished the violent and nonvio-
lent male offenders.

This study presents other new findings. A single-par-
ent family of origin doubled the risk for offenses
among adult male subjects. The increase in risk was
not modified by the duration of the single-parent sta-
tus (during pregnancy or all the time) or by the reason
for it (parental death, divorce). The father’s low socio-
economic status at the time of the child’s birth was as-
sociated with a higher rate of offenses among the male
offspring but not as strongly as was the single-parent
family type. The percentage of unwanted pregnancies
among the mothers of the cohort members was high.
In the total cohort, it was 36.7%. This may due to cul-
tural and religious factors and the infrequent use of
contraception in Northern Finland during the 1960s.
Pregnancy and birth complications and developmental
lags in walking and talking were not by themselves as-
sociated with criminal behavior, except for maternal
smoking during pregnancy, which was directly associ-
ated with violent offenses and recidivism.

The present study is characterized by a number of
strengths and weaknesses. One of the strengths is that
an unselected birth cohort was followed from the sixth
month of pregnancy prospectively to age 28. Informa-
tion on the mother during the pregnancy, on the preg-
nancy and delivery, and on the offspring’s development
was collected prospectively. Those evaluating the
mothers and their offspring had no knowledge of the
present study. Further, the mothers and their offspring
were provided with hlgh quality perlnatal care and
health care and extensive social services throughout
the 28 years of the study. Information on the depen-
dent variables—violent, nonviolent, and persistent of-
fenses—was available for all cohort members. Weak-
nesses include subject attrition—only 70.9% of the
male subjects originally in the cohort had complete
data and could therefore be entered into the regression
analyses. However, analyses indicated that this attri-
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tion did not bias the remaining cohort as relates to any
of the variables included in the present study. Unfortu-
nately, the only variable that measured parental mental
illness was the mother’s self-reported mood during
pregnancy. Further studies should address in greater
detail the combined effect of parental mental disorders
and maternal smoking on the offspring’s criminality. In
particular, woman who display a stable pattern of an-
tisocial behavior may be more likely to disregard the
advice of midwives and physicians regarding care of
themselves during the pregnancy and care of their
child. Finally, the measures of developmental lag
(walking and talking) were taken when the subjects
were 12 months old. This is probably too early for a
valid assessment of developmental lags indicative of
neuromotor abnormality. In addition, the absence of
an association between violent criminality and obstet-
rical complications alone may be due to the small num-
ber of subjects with any obstetrical complications. For
example, of the subjects who had committed crimes,
only 8.8% had a gestational age under 37 weeks, 3.4%
had a birth weight less than 2500 g, and 0.8 % suffered
from brain damage. In Finland, health care during
pregnancy and delivery is excellent in both quality and
quantity, free, and universally accessible, resulting in
one of the lowest rates of birth complications in the in-
dustrialized world (35). The results suggest that crimi-
nality and other behavioral problems could be reduced
in countries such as Finland that have relatively low
crime rates by developing intervention programs for
pregnant young women who smoke, are single, and
who do not want their babies.
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