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1. Introduction
Marijuana is the most commonly used illegal substance during pregnancy. In the 1999
National Survey on Drug Use and Health [65], almost 3% of pregnant women reported
marijuana use in the past month. In the Maternal Health Practices and Child Development
(MHPCD) Study, this rate was much higher: 30% of a sequential cohort of 1360 women
from a hospital-based prenatal clinic reported using marijuana in their first trimester. Thus,
although the rates vary by demographic characteristics such as race, maternal age, and
socioeconomic status, use of marijuana during pregnancy is prevalent [12]. In spite of this,
little is known about the long-term effects of prenatal marijuana exposure (PME).

Studies in laboratory animals have demonstrated the importance of the endocannabinoid
system (ECS) in the developing fetal brain. Endocannabinoid receptors and are found in the
fetal brain as early as the 14th week of gestation [9]. During fetal development, the ECS
plays an important role in the development of neuronal connectivity [24,34] and intercellular
signaling [54]. The concern with PME lies in the fact that the endocannabinoid receptors
interact with exogenous substances such as Δ9-tetrahydrocannabinol (THC), a component of
cannabis/marijuana [39]. Prenatal exposure to THC can lead to changes in the ECS,
resulting in effects on the fetus such as disruption of the position, postsynaptic target
selectivity, and differentiation of the developing axons [6,7]. Over the long-term, these
changes result in deficits in physical, cognitive, emotional, social, and motor functioning in
the offspring that last into adulthood [18,33,53,69].

Changes in CNS functioning are seen in human studies as well. The Maternal Health
Practices and Child Development Study (MHPCD) is a longitudinal cohort study of PME. In
the MHPCD cohort, PME affected sleep continuity and organization at birth [62] and at age
3. We found an association with lower efficiency and maintenance, more awake time, and a
higher number of arousals [14], which are indications of early subtle differences in brain
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development. At 3 years [15], we found effects of PME on the composite score, and the
short-term memory and verbal reasoning subscales of the Stanford Binet Intelligence Scale
[67]. At the same age, Griffith et al. [31] also found a relation between PME and abstract/
visual reasoning in a cohort of poly-substance users. In the Ottawa Prenatal Prospective
Study (OPPS), PME was associated with significantly lower scores on the verbal and
memory domains of the McCarthy Scales of Children's Abilities at 4 years [25]. At 6 years
in the MHPCD study, there was a significant nonlinear relationship between marijuana
exposure and child intelligence. Use of one or more joints of marijuana per day was
associated with lower composite, short-term memory, quantitative, and verbal reasoning
scores, depending on the trimester of exposure [29]. In the OPPS, there were no significant
effects of PME on IQ at 5-6 or 9-12 years of age [27,56].

In the pre-teen and adolescent phases of the MHPCD study, we measured development
using neuropsychological assessments. At 6 years, PME predicted more errors of
commission on a Continuous Performance Test (CPT), a measure of impulsivity [40]. At age
10, there were significant associations between PME and attention, hyperactivity, and
impulsivity [28] and memory deficits [61] on the design memory and the screen score of the
WRAML [63]. At age 10 in the MHPCD study, exposed offspring also had significantly
higher rates of depression and anxiety [42,30]. At age 14 [73], adolescents with PME did
less well on the coding, block design, and mazes tests on the WISC-II [70]. The OPPS also
found deficits in cognitive development [27], attention [26], and executive functioning [25]
that were associated with PME as the offspring matured.

These deficits on the neuropsychological assessments are indicators of subtle changes in
CNS functioning. They are also risk factors for other consequences, including problem
behaviors. In this analysis, we will focus on the association between PME and delinquent
behaviors. We will also extend this analysis to identify which of the neuropsychological
outcomes may mediate the subsequent development of problem behaviors.

In an earlier analysis [28], we demonstrated an association between PME and delinquent
behaviors at age 10, using the Child Behavior Checklist (CBCL) [1], a maternal report. We
dichotomized PME, defining heavy exposure as exposure to an average of 1 or more joints/
day. Twenty-six percent of the offspring with this level of exposure in the first trimester
scored above the clinical cut-point of the CBCL compared to 13% who had no PME and
15% among those with exposures of less than 1 joint/day. The relative risk for delinquency,
given heavy PME, was 2.4 (CI: 1.3-4.5; p<.01). PME was not related to any of the other
subscales on the CBCL. In this same analysis, we also showed that attention, as measured by
the SNAP [57], was significantly predicted by first trimester PME and was significantly
correlated with delinquency. Using structural equation modeling, we tested the effect of
adding attention to the model on the significant association between PME and delinquency.
When attention was added, the association between PME and delinquency were no longer
significant. In the OPPS cohort O'Connell & Fried [56] also found a significant association
between PME and conduct problems at 6 to 9 years.

In another analysis of MHPCD data [41], we used configural frequency analyses, and found
that there were three pathways to delinquency: 1) 3-year temperament predicted 10-year
temperament, which predicted delinquency; 2) 3-year IQ predicted 10-year IQ, which
predicted psychological problems and subsequently delinquency, and 3) behavior problems
at age 3 predicted behavior problems at 10 years, which predicted, in turn, peer use,
offspring substance use, and then delinquency. This analysis also identified the correlates of
delinquency at age 10 including race, gender, anxiety, substance use, perceived substance
use of peers, IQ, and shyness. PME was correlated with delinquency, prenatal tobacco and
alcohol use were not. In a related analysis, we demonstrated that deficits in mental
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flexibility, the ability to switch from one task to another, and attention measured at 10 years
of age predicted delinquent behavior in offspring at age 16 [43].

In other research, measures of memory [46] and executive function [4,72] have been
identified as correlates or predictors of delinquency, as have attention deficits [50],
hyperactivity when combined with disruptive behaviors [51], impulsivity [47], aggression
[23,44,57,58], and intelligence [47]. A study by Ellickson et al. [21] found that violent
teenagers were more likely to have mental health problems than nonviolent youth. Others
have reported higher levels of depression and anxiety in delinquent versus non-delinquent
ninth graders [71]. Multiple social and psychological factors also predict the occurrence of
delinquency among early adolescents including social class, race, gender, abuse and neglect,
and parental factors including education, socioeconomic status, and mental illness
[9,17,20,30,42,57,61].

Thus, we have previously demonstrated an association between PME and delinquency in
childhood that was mediated by attention. In addition, we have identified correlates of
delinquency and pathways to delinquency. These analyses only addressed part of the picture,
however. The Goldschmidt et al. paper [28] addressed the effects of 10-year attention on 10-
year delinquency and the Leech et al. paper [41] only included PME as a covariate in the
analyses.

In this and other research, however, we have found the PME predicts multiple outcomes,
using many different levels of measurement. The outcomes can be defined as those that are
more proximal to brain functioning, including neuropsychological assessments, mood,
attention, impulsivity, and activity, and those that are more distal from brain functioning,
including problem behaviors. Our over-arching hypothesis is that the proximal effects of
PME will mediate the more distal outcomes.

This analysis is an exploration of the relations between PME, neurocognitive deficits, and
delinquent behaviors. We hypothesized that: 1) PME will predict each of the proposed
mediators, 2) PME will predict a higher rate of delinquent behavior, 3) Each of the proposed
mediators will predict delinquency, and 4) The proposed mediators will attenuate the
association between PME and delinquency. The neurocognitive domains that we have found
to be associated with PME by age 10 included depressive symptoms, attention, activity,
impulsivity, learning and memory, and IQ.

The Human Subjects Review Board at the University of Pittsburgh approved the protocols
for each study phase.

2. Material and Methods
2.1 Study Design

The MHPCD Project is a longitudinal study of the long-term effects of exposure to
marijuana or alcohol during gestation. Woman who were at least 18 years of age were
recruited from a prenatal clinic. A sequential sample of 1360 women who were in their
fourth gestational month was interviewed. The refusal rate was 15%. Two study cohorts
were selected from the original cohort of 1360 women. First, all women who used marijuana
at least twice a month in the first trimester, and the next woman interviewed who used less
than that amount or none, were selected for a study of the effects of prenatal marijuana
exposure. Second, all women who drank three or more drinks a week, and the next woman
interviewed who used less than that amount or none, were selected for a study of the effects
of gestational alcohol exposure. The two cohorts overlap and were combined for this report
(n=829).
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Women selected for the study cohort were interviewed again in their seventh prenatal
month. At delivery, 8, and 18 months, and 3, 6, 10, 14, 16, 22 years postpartum, these
women and their children were evaluated. At each phase, a standardized protocol assessed
maternal psychological, social, and environmental factors, demographic status, and
substance use, and the children's cognitive, behavioral, psychological, and physical
development.

At birth, there were 763 live-born singleton infants. Only mothers and children who were
assessed at birth were included in the follow-up. At 10 years, 636 children and their mothers
were interviewed. This was 83% of the birth cohort. A total of 127 pairs were lost between
birth and 10 years because subjects had moved out of the Pittsburgh area (n= 44), refused
participation (n= 44), or were lost to follow-up (n=25). Five children had died and 9 were
adopted or in foster care. Women who were interviewed at 10 years did not differ from the
birth cohort in marital status, education, income, prenatal alcohol, marijuana, or tobacco use.
At the 14-year phase, 580 adolescents and their mothers were interviewed, which was 76%
of the birth cohort. Between birth and the 14-year phase, 49 subjects had moved out of the
Pittsburgh area, 52 refused participation, 69 pairs were lost to follow-up, and 7 children
were adopted or in foster care. In the interval between 10 and 14 years, 1 child died. Similar
to the 10-year results, women interviewed at the 14-year phase did not differ from the birth
cohort in marital status, education, income, prenatal alcohol or tobacco use. There were
more African-Americans participating at 14 years than Caucasians and those who
participated had used more marijuana in the third trimester than the women who did not
participate. Eleven percent of the adolescents were not with their biological mothers at 14
years and their current caregiver was interviewed. For simplicity, we refer to the caregivers
as mothers. Only mother-child dyads who were present at birth, 10, and 14 years were
included in these analyses, resulting in an analysis sample of 525.

2.2 Measures
2.2.1. Outcome variables—The Self-Report Delinquency Scale (SRD) was developed
by the Pittsburgh Youth Survey (PYS) [23] and is based on the National Youth Survey
delinquency questionnaire [45]. Comparisons of prevalence rates on the SRD to those
ascertained in the Denver Youth Survey and the Rochester Youth Development Study
showed high agreement in the prevalence of delinquency, confirming the validity of the
measure [20]. The instrument has 33 items that assess antisocial behaviors such as purposely
breaking or damaging things, stealing, cheating, hitting, and running away from home.
These items are combined into four subscales; damage, theft, violence, and status offenses.
Adolescents who scored 2 or more on the theft, violence, or status scales, or 1 or more on
the damage scale were defined as delinquent and given a score of 1. These cut-points were
selected because they represented the 20th percentile for the respective scales. All other
adolescents received a score of 0.

A maternal report, the Child Behavior Checklist (CBCL) [1], was also used to assess
delinquency. The CBCL delinquency subscale is composed of 13 items that assess lying,
stealing, running away, and using alcohol and drugs over the last six months. The test-retest
reliability correlation for the delinquency subscale was 0.86. The delinquency subscale was
dichotomized to high (≥67) versus low (<67) scores, based on the borderline clinical cut-
point. A summary variable that included both the SRD and the CBCL delinquency subscale
was created by assigning a code of one to those who were identified as delinquent on either
the SRD or CBCL and a code of zero to all others.

2.2.2. Mediators—The mediators were selected from the 10-year assessment. This was the
first phase at which we were able to use a self-report instrument for psychological symptoms
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and to assess neuropsychological performance. Offspring depressive symptoms were
measured at age 10 with the Children's Depression Inventory (CDI) [37], a self-report
assessment adapted from the Beck Depression Inventory with adequate internal consistency
and test-retest reliability. Activity, attention, and impulsivity were assessed using the SNAP
[59], a 23-item rating scale completed by the mothers. The Wide Range Assessment of
Memory and Learning (WRAML) [63] screen score was used as a summary measure of
memory and learning. Child IQ was measured using the composite score of the Stanford-
Binet Intelligence Scale, 4th edition [67].

2.2.3. Prenatal substance exposure—Prenatal marijuana use was based on the usual,
minimum, and maximum quantity and frequency of marijuana, hashish, and sinsemilla used
in each trimester of pregnancy. Because the concentration of THC, differs in these
substances, the quantities of hashish and sinsemilla were transformed into 3 and 2 joints of
marijuana, respectively, based on the amount of THC, and combined with the reports of
marijuana [32,36]. Marijuana use was calculated as the average number of joints per day
(ADJ).

The measures of prenatal alcohol exposure (PAE) were combined into average daily volume
(ADV), the number of drinks per day for each trimester. Prenatal tobacco exposure (PTE)
was expressed as the number of cigarettes smoked per day in each trimester. The
development of the MHPCD substance use questionnaire, ascertainment of patterns,
duration and quantity of use, and methods to minimize recall error and maximize accuracy,
are described elsewhere [16,17]. First trimester PAE and PTE were used in the analyses to
parallel the use of first trimester PME. Both were included as continuous variables. There is
overlap among PME and PTE, and PME and PAE, but only a small portion of the first
trimester heavy marijuana users used high amounts of either tobacco or alcohol. Among the
heavy first trimester marijuana users, 67% used any tobacco and 16% smoked more than one
pack per day; 85% of the women drank any alcohol and only 29% drank more than one
drink/day. We also created a measure of maternal substance use that would represent heavier
use in the environment of the offspring in the postpartum. Maternal alcohol use at 10 years
was dichotomized at an ADV of two or more drinks. Marijuana and other illicit drug use
were each recoded into none vs. any use. The three substances were combined and coded as
0, 1, and 2 or more.

2.2.4. Covariates—The Home Observation for Measurement of the Environment-Short
Form (HOME) [2] is a maternal report on the levels of cognitive stimulation and emotional
support in the home. The HOME was adapted into an interview format by the authors and
the reliability coefficient is .92 [2,3]. We also included a dichotomous variable that
measured whether there was an adult male in the household.

Maternal cognitive ability was measured by the WAIS-R vocabulary and block design
subtests version [10]. Maternal depressive symptoms were assessed using the Center for
Epidemiological Studies-Depression Scale (CES-D) [60], and maternal hostility was
assessed with the State-Trait Anxiety Inventory [65]. The life events measure was adapted
from the Human Population Laboratory instrument [8] by the addition of parallel items on
pregnancies and pregnancy outcomes. Other environmental and demographic variables
included household income, maternal education, number of people living in the household,
and child in maternal custody (yes/no). Medications for depression and ADHD were
collected. However, we had very few children (5 for depression; 12 at age 10 and 8 at age 14
for ADHD) who had been prescribed medications. Medication use was not related to
delinquency or PME and, therefore, was not included in the analyses.
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2.3. Data Analyses
To address Hypotheses 1-3, we identified the covariates of PME, delinquency, and each of
the hypothesized mediators in bivariate analyses using T-tests and Chi-square tests. We will
control for these significant covariates in the multivariate analyses of the association
between PME and delinquency that are addressed in Hypothesis 4. In the final model, we
only include variables that are associated with both PME and delinquency.

Hypothesis 4 was analyzed using logistic regression. First trimester PAE and PTE, child's
race, and gender were included in all multivariate models. Variables that were identified in
Hypotheses 1-3 as significantly associated with the dependent or independent variables or
each separate mediator, were included in the appropriate multivariate models. Identification
of outliers and influential points was done using the Mahalanobis distance (D2). No
influential points or outliers were removed.

A variable is defined as a mediator if it “accounts for the relation between the predictor and
the criterion” [5]. A mediational model is based on the hypothesis of a pathway and must
meet the requirement of temporal order, the independent variable must precede the
hypothesized mediator and the independent variable must be significantly related to the
mediator [5,38]. We hypothesized that the neurocognitive variables that were significantly
predicted by PME at 10 years would mediate the association between PME and delinquency
at age 14.

Following the Baron and Kenny Model [51], we will demonstrate mediation if the
significant relation between PME and delinquency becomes non-significant after we enter
the mediator into the model. In addition, mediation was estimated using the products of the
coefficients [48]. The effect of PME on the mediator was also estimated by an ordinary
linear regression and the effect of the mediator on the outcome was estimated by using a
probit regression model. The statistical package Mplus [52] was used to estimate the indirect
effect size. We have further imposed a requirement that the mediator precede the outcome.

Because we had differential sample loss by race and by third trimester PME, we repeated the
analyses with weights. Weights were constructed using the inverse of the probability of
response for each racial group and for each exposure group in the third trimester. The results
did not differ from the unweighted results and we have presented the unweighted data.

3. Results
This study began in 1982. At the first trimester, 73% of the women had completed high
school, 62% earned less than $400 per month. Their median age was 22 years (range 18-42),
30% of the women were primigravidous, 54% were African American, and 68% were not
married. On average, marijuana use was 0.4 joints/day (range 0-9), alcohol use was 0.6
drinks/day (range 0-8.5), and the number of cigarettes was 7.8/day (range 0-50). Eleven
percent of the women reported illicit drug use other than marijuana, including 3.0% who
reported cocaine use. At birth, 50% of the infants were male, 8% were premature (<37
weeks gestation), and 10% were small-for-gestational age (SGA: birth weight <10th
percentile for gestational age). The average birth weight in the sample was 3210 grams (7.1
lbs) (range 1150-4990 gm). Few infants had major anomalies, 7% had two or more minor
physical anomalies.

At the 14-year phase, the average age of the offspring was 14.8 years (range 13.9-16.5).
Forty-six percent of the adolescents had ever smoked a cigarette, 35% had drunk alcohol,
and 30% had tried marijuana. The average education of the mothers was 12.4 years and the
mean household monthly income was $1903. Forty-three percent of the mothers were
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married, 75% worked outside the home, and there were, on average, four people living in the
household.

3.1. Hypothesis 1
PME will predict each of the hypothesized mediators. We chose the mediators to represent
measures of neurocognitive functioning that were significantly associated with PME in the
MHPCD. Child depressive symptoms, attention, learning and memory, and the child's
composite IQ score at 10 years were significantly associated with PME at the bivariate level.
Activity and impulsivity were not associated with PME at 10 years (Table 1). We initially
analyzed these associations using continuous variables. However, the association between
PME and three of the proposed mediators, child depressive symptoms, learning and
memory, and child IQ had a threshold association with PME at ADJ ≥ .89. For this reason,
we used PME as a dichotomized variable for all remaining analyses. The cut-point of 0.89 is
equal to one joint per day (7 joints/week × 4 weeks/month)/31 days/month = .89).

3.2. Hypothesis 2
PME will predict a higher rate of delinquent behaviors. Delinquency was positively and
significantly associated with PME (Table 1). This association was significant when PME
was used as a continuous variable or as a dichotomized variable. The rates of delinquency
for non-exposed, light to moderate, and heavy exposure were 41.1%, 50.4%, and 61.1%,
respectively. However, because of the relations between PME and the mediators noted
above, we elected to use PME as a dichotomized variable for the rest of the analyses. The
significant correlates of PME in the first trimester included PAE, mother's work/study, and
marital status. At 10 years, PME was significantly associated with current maternal
substance use, household income, home environment, and maternal IQ, and child's race
(Table 1). After controlling for these significant covariates in the multivariate analyses, the
association between first trimester PME and delinquency at age 14 remained significant
(Figure 1a). The adjusted odds ratio for delinquency among those offspring who were
exposed to heavy marijuana use in the first trimester compared to all other offspring was
1.84 (χ2=5.38, CI 1.05-2.96; p<.03). In addition to PME, maternal IQ predicted delinquent
behavior in adolescence.

In the multivariate analyses, the associations between PME and child's depressive symptoms
and PME and attention remained significant. Learning and memory and child IQ were not
significantly associated with PME after including the significant covariates in the model and
were dropped from further analyses. Correlates of child's depression included maternal
depression and the home environment. Gender, race, maternal depression and hostility, first
trimester tobacco exposure, and the HOME score were significantly associated with child
attention at age 10.

3.3. Hypothesis 3
The hypothesized mediators will be associated with delinquency. In the bivariate analyses,
child depressive symptoms, activity, attention, and impulsivity at age 10 were significantly
related to higher rates of delinquent behavior at age 14 (Table 2), while learning and
memory, and IQ were not. Because child depressive symptoms and attention problems were
the only mediators significantly related to PME, only these two measures were evaluated
multivariately. Maternal IQ was the only other significant predictor.

3.4 Hypothesis 4
The hypothesized mediators will attenuate the association between PME and delinquency.
Depression significantly mediated the association between PME and delinquency. The direct
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effect of PME on delinquency became marginally significant (χ2=3.17; p<.08) after taking
into account the effect of depression on delinquency (Figure 1b). Using the product of the
coefficients, the estimated mediation was significant for depression (coefficient of indirect
effect = .09, p<.01). Attention problems at age 10 only partially mediated the association
between PME and delinquency. The direct effect of PME on delinquency remained
significant after inclusion of attention problems to the model, but the significance level of
PME was reduced (χ2=4.19, p<.05) (Figure 1c). The estimated mediation based on the
product of coefficients was marginally significant (indirect effect = .04, p<.08).

4. Discussion
In this paper, we report a significant association between PME and delinquency in exposed
adolescents. The odds ratio for delinquency among those who are exposed to one or more
joints per day during the first trimester was 1.76, which means that the odds of a heavily-
exposed adolescent being delinquent are nearly double those of adolescents who were not
exposed or who were exposed to lesser amounts.

While this association is important in itself, we felt that it would be more informative to
explore the potential pathways to this result. We have previously reported that PME predicts
increased rates of depressive symptoms [30], attention deficits [73], increases in activity and
impulsivity [40,29], difficulties on tests of learning and memory [61], and lower IQ scores
[13,29]. We hypothesized that these measures of neurocognitive functioning would mediate
the association between PME and delinquency.

There was a mediated association between marijuana exposure during gestation, depressive
symptoms at age 10, and delinquency at age 14. There was also a partially significant
mediated pathway from PME to attention to delinquency. These results replicate our
findings at age 10 of a significant association between PME and delinquency. This was the
first true test of mediation in these data, as earlier reports used a mediator and outcome from
the same phase. We have confirmed the earlier report of attention as a mediation and also
identified child depression as a significant mediator of the association between PME and
delinquency. It is, of course, necessary to replicate this finding in other studies with
populations that differ from the lower SES group studied in the MHPCD.

There are multiple pathways to delinquency, and the effects of PME only explain a portion
of the delinquency rate in the adolescent population. However, it is a significant proportion
and it is a preventable proportion. These analyses controlled for major predictors of
adolescent delinquency including demographic factors, other prenatal exposures, household
factors such as family composition and household income, characteristics such as maternal
social and psychological status, substance use, education, and occupation.

There are limitations in this study. The sample is lower-income and may not represent the
experience of a general population. This is the population, however, that is most likely to
use marijuana during pregnancy, and the offspring who are most at risk. It is significant that
our findings on the consequences of PME are very similar to results reported from the
OPPS, which was a middle class sample of women obtaining prenatal care through private
physicians. This suggests that these findings are generalizable. Moreover, the correlates of
PME, child depressive symptoms, and delinquency that were identified in this analysis agree
with other reports in the literature.

To ensure accurate maternal reporting during pregnancy, we initially used a bogus pipeline
technique [35], to convince the women that we had a method to check on the reliability of
their substance use reports. We found that for marijuana, the reporting did not change when
we compared reports gained with the bogus pipeline to those interviews where it was not
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used, leading us to conclude that the women felt comfortable with our promise of
confidentiality, the fact that the project had a Certificate of Confidentiality, and the
professionalism of our interviewers. There is also a possibility that the adolescents lied
about their delinquent behaviors, but we have maternal reports on the CBCL that serve as a
partial check on their accuracy. The teenagers knew our staff and were comfortable with our
study; reports on substance use, for example, have been accurate when compared to
laboratory results. This analysis used depressive symptoms rather than a clinical diagnosis
because Major Depressive Disorder is uncommon at this age [13]. Symptoms are important
measures in themselves, however. A higher rate of depressive symptoms significantly
predicted dysfunctional behavior.

There are alternative hypotheses that could explain these findings. It could be that
environmental factors determined both the mothers' use of marijuana during pregnancy and
the subsequent problem behaviors of the offspring. We identified the covariates of both of
these characteristics and included the significant covariates in the multivariate models. It is
also possible that we have missed a significant confounder that is associated with both with
PME and adolescent delinquent behaviors. For example, mothers and their offspring could
share an underlying genetic propensity to engage in risky behaviors such as substance use
and delinquency. However, the lifetime rates of Conduct Disorder, Anti-Social Personality
Disorder, and Major Depressive Disorder did not differ between the women who used
marijuana at the rate of one or more joints/day during the first trimester and those who did
not, making this unlikely.

5. Conclusion
In summary, we have demonstrated that there is a significant effect of PME on the rate of
delinquency in adolescence. The relation between PME and delinquent behavior is mediated
by the effects of marijuana on depressive symptoms and partially mediated by attention
deficits in the exposed offspring. The pathway from PME to delinquency, which is mediated
by depressive symptoms and attention deficits, provides several potential points for
intervention. Intervention to stop marijuana use during pregnancy would decrease the rates
of delinquency in the offspring, as would early treatment of children with high levels of
depressive symptoms or attention deficits. The need for intervention has become even more
important in recent years. The prenatal data in this study were collected between 1982 and
1985, and the marijuana that was available during that time period was not as potent as the
marijuana that is currently available, making the risk of the harmful effects of PME higher
today for each joint, bowl, or blunt that is used during pregnancy [49].
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Figure 1.
Figure 1a. Prenatal marijuana exposure (heavy vs. all others) predicts delinquency at age 14
Figure 1b. Depression mediates the association between prenatal marijuana exposure (heavy
vs. all others) and delinquency
Figure 1c. Attention partially mediates the association between prenatal marijuana exposure
(heavy vs. all others) and delinquency
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Table 1

Characteristics of Mother-Child Dyads with Heavy Prenatal Marijuana Exposure Compared to All Others.

Mean or %
Prenatal Marijuana Exposure

Not Heavy1
n=450

Heavy2
n=75 p-value

Delinquency at 14 years

Any delinquent behavior 44 61 <.01

Prenatal Measures

Prenatal alcohol use (av. drinks/day) .51 .92 <.03

Prenatal tobacco use (av. cig./day) 7.52 9.50 ns

Maternal Age 23.1 23.1 ns

Maternal Education 11.8 11.7 ns

Work/Attend School (%) 27.8 16.0 <.05

Marital Status (% unmarried) 34.7 18.7 <.01

Household Income (%<$400/mo) 60 72 ns

Gravidity 1.4 1.5 ns

Mediators at 10 years

Child depression (av. score, CDI) 7. 0 10.2 <.001

SNAP-activity (av. score) 9.7 10.3 ns

SNAP-attention (av. score) 8. 8 9.8 <.01

SNAP-impulsivity (av. score) 10.1 10.6 ns

WRAML screen (av. score) 88.7 83.8 <.01

Child IQ (av. score, SBIS) 91.9 88.0 <.01

Covariates at 10 years

Child

Gender (% male) 50 51 ns

Race (% African American) 50 79 <.001

Maternal

Maternal depression (av. score, CES-D) 38.2 38.4 ns

Maternal hostility (av. score, STAI) 16.2 16.0 ns

Substance use3 () .38 .84 <.001

Maternal education (yrs.) 12.2 12.1 ns

Maternal IQ (av. score; WAIS-R) 88.7 84.0 <.001

Environmental

HOME Score (av. score) 12.7 12.0 <.05

Life events (av. number) 3.3 3.4 ns

Household Income ($/mo) 1526 1212 <.05

Male in household (%) 56 47 ns

People in household (av. number) 4.5 4.3 ns

Child custody (% not) 5 12 <.05

1
≤.89 joints/day

2
>.89 joints/day
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3
Average score on the measure of heavier substance use.
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Table 2

Mediators and Covariates by Delinquency Outcomes

Delinquent Behaviors

None
N=282

Any1
N=243

p

Prenatal Measures

Prenatal marijuana use (av. joints/day) .30 .56 <.01

Prenatal marijuana use (%Heavy Use) 10.1 18.4 <0.01

Prenatal alcohol use (av. drinks/day) .51 .64 ns

Prenatal tobacco use (av. cig./day) 7.6 8.1 ns

Mediators at 10 years

Child depression (av. score CDI) 6.8 8.8 <.001

SNAP-Activity (av. score) 9.5 10.1 <.05

SNAP-Attention (av. score) 8.6 9.3 <.01

SNAP-Impulsivity (av. score) 9.9 10.6 <.01

WRAML average screen score 88.8 87.0 ns

Child IQ (av. score, SBIS) 91.7 90.0 ns

Covariates at 10 years

Child

Gender (% male) 47 52 ns

Race (% African American) 47 44 ns

Maternal

Depression (av. score, CES-D) 38.0 38.5 ns

Hostility(av. score, STAI) 16.0 16.2 ns

Substance use2 .40 .49 ns

Education (Years) 12.3 12.1 ns

IQ (av. SBIS score) 89.2 86.6 <.01

Environmental Characteristics

Household Income ($/mo) 1576 1372 <.05

HOME score (av. score) 12.9 12.3 <.01

Life events (av. number) 3.2 3.4 ns

People in household (av. number 4.5 4.5 ns

Male in household (%) 57 52 ns

Not in maternal custody (%) 6.4 4.9 ns

1
Above the 20th percentile on the SRD and/or ≥67 on the CBCL delinquency scale.

2
Average score on the measure of heavier substance use.
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