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Abstract

Whether intrauterine exposures to alcohol, tobacco, marijuana, or cocaine predispose offspring to
substance use in adolescence has not been established. We followed a sample of 149 primarily
African American/African Caribbean, urban adolescents recruited at term birth until age 16 to
investigate intrauterine cocaine exposure (IUCE). We found that in Kaplan-Meier analyses higher
levels of IUCE were associated with a greater likelihood of initiation of any substance (licit or
illicit), as well as marijuana and alcohol specifically. Adolescent initiation of other illicit drugs and
cigarettes were analyzed only in the “any” summary variable since they were used too infrequently
to analyze as individual outcomes. In Cox proportional hazard models controlling for intrauterine
exposure to alcohol, tobacco, and marijuana and demographic and postnatal covariates, those who
experienced heavier IUCE had a greater likelihood of initiation of any substance, and those with
lighter intrauterine marijuana exposure had a greater likelihood of initiation of any substance as
well as of marijuana specifically. Time-dependent higher levels of exposure to violence between
ages of 8 and 16 were also robustly associated with initiation of any licit or illicit substance, and of
marijuana, and alcohol particularly.
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1. Introduction

By definition, women who continue to use licit or illicit psychoactive substances in
pregnancy, even at low levels, may be considered to have problem substance use since they
are unable to discontinue use in spite of potential adverse consequences to themselves and
their children. Children whose parents have a history of problem licit or illicit substance use
may themselves be at elevated risk for becoming substance users and abusers in adolescence
and adulthood [37], a risk ascribed both to environmental and genetic factors[55]. However,
after acknowledging familial risk including risks of living with substance using parents or
parental figures in school age or adolescence, [5,20] surprisingly little is known about
whether there is an association of intrauterine exposures to psychoactive substances, licit or
illicit, with the offspring’s own age of initiation of substance use.

Substance use and pubertal maturation are linked[53]. The maturing of the brain in
adolescence ushers in an epoch when previously undetectable effects of intrauterine insults
may manifest and a time of unusual vulnerability to negative effects of the adolescent’s own
substance use, particularly because of the immaturity of the frontal cortex and subcortical
monoaminergic systems [33]. The earlier the initiation of psychoactive substances, the
greater the risk of neuropsychological perturbations and of eventual problem substance use
[18,32,45,58-60,63,65], and other negative psychosocial outcomes such as incarceration
[62].

The animal data on intrauterine substance exposure and later substance use are inconclusive,
conflicting, and focus on adult rather than adolescent animals. Animal studies of intrauterine
cocaine exposure (IUCE) provide an instructive example. One study [56] suggested that in
male mice intrauterine exposure to higher dosages of cocaine increased the probability of the
mouse acquiring cocaine self-administration in adulthood, but a second study [35] suggested
that the reinforcing efficacy of cocaine was reduced in adult male rats with IUCE. Mice with
IUCE, compared to unexposed, also showed reduced cocaine conditioned place-preference
for high doses of cocaine, though the preference for low and medium doses was not altered
[24].

Published findings on whether intrauterine exposures affect human offsprings future licit
and illicit substance use are also contradictory and vary with the demographic characteristics
of the sample, and document substance use or problem use rather than age at first use. Two
studies in a predominantly European American, middle class United States sample [10,11]
do not report age of alcohol initiation, but suggest that intrauterine alcohol exposure confers
incremental risks for offspring to develop alcohol “problems,” but a similar study from
Australia [5] found that maternal alcohol use during the youngster’s early adolescence, but
not the use in pregnancy, predicted adolescent alcohol use. Data from the National
Collaborative Perinatal Project (NCPP) [17] suggested that intrauterine tobacco exposure
increases the offspring’s risk of developing nicotine addiction, a finding replicated in
Australia [49]. Gender specific effects were found in a retrospective study of treatment-
seeking smokers suggesting intrauterine tobacco exposure was significantly associated with
earlier age of tobacco initiation in males and accelerated daily use in females [50].
Intrauterine marijuana exposure has been found to predict offspring’s marijuana use at age
14 in a sample which was 50% African American [20]. In the same sample, in contrast to the
studies of European American children, it was found that intrauterine tobacco exposure did
not predict offspring use once current maternal use was considered. A single study to date in
a predominantly African American low income cohort suggests that boys, but not girls, with
IUCE were more likely than unexposed peers at age 11 years to engage in high-risk
behaviors, including tobacco use [15]. These findings were not replicated in a multi-site
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multiethnic sample by other researchers [42] where risk behaviors correlated with the child’s
post-natal violence exposure, but not with history of intrauterine exposures.

Additionally, there is not always a homology between the intrauterine exposure and the
substance that is used by the offspring. For example, a longitudinal study following
European-Canadian middle-class children reported that intrauterine marijuana exposure
appears to predict the offspring’s tobacco use [54], and a retrospective study of adopted
adults reported that intrauterine alcohol exposure, independent of home environment, may
increase the risk of dependence not only on alcohol but on tobacco and other drugs [70].

Previous studies suggest it is important to perform analyses that evaluate multiple
intrauterine exposures in the context of postnatal environmental factors which have also
been linked in epidemiologic studies to increased risk of early adolescent substance
initiation and later substance use disorders. For example, the retrospective Adverse
Childhood Exposures (ACE) study identified parental substance use, parental incarceration,
household dysfunction and various forms of exposure to violence as factors likely to
increase an individual’s own risk of developing a substance use disorder [25].

Conversely, multiple environmental factors in adolescents’ lives have been shown
potentially to protect against substance abuse. A longitudinal study of urban African
American adolescents identified an inverse relationship between having a higher number of
protective factors (such as increased religiosity) and drug abuse [51]. An inverse relationship
between religiosity and substance use was also identified in a retrospective study of a
nationally representative sample of adolescents as part of the National Comorbidity Study
[46]. A longitudinal study of adolescents from their senior year of high school through their
first year after high school found parental monitoring to be a protective factor decreasing
substance abuse as adolescents enter young adulthood [67].

We hypothesize that adolescents who experienced intrauterine cocaine exposure (IUCE) and
intrauterine exposures to other substances are more likely, after confound control, to become
themselves early initiators of licit and illicit psychoactive substances, compared to
demographically similar adolescents without such exposures. Although we are aware that
other child level factors such as lower 1Q [26] and childhood externalizing behavior and
other psychiatric symptoms [8,13] may be on the causal pathway to substance misuse, we
focus on potential familial and environmental confounds rather than these possible
mediators, which are addressed only in secondary analyses.

2. METHODS

2.1.1 Sample Recruitment

The IRB of Boston Medical Center (then called Boston City Hospital) approved this study at
inception and yearly thereafter. Prior to initiation of the study a Certificate of Confidentiality
was obtained from the federal government to protect researchers from being compelled by
subpoena to release data regarding study participants. Soon after delivery, all birth mothers
gave informed consent to study participation. If the child changed caregivers, similar
informed consent was obtained for each new caregiver. Beginning at the 8-year visit
children also provided informed assent. The primary goal of the study was to explore the
potential impact of intrauterine cocaine exposure (IUCE).

Sample recruitment on the post-partum floor of Boston Medical Center from October 1990

to March 1993 has been published in detail [66]. All mother—infant dyads met the following
criteria based on review of mother and infant medical records and confirmed by interviews,
biological markers, and infant physical examinations obtained by study personnel: 1) Infant
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gestational age greater than or equal to 36 weeks; 2) No requirement for neonatal intensive
care; 3) No obvious major congenital malformations; 4) No diagnosis of fetal alcohol
syndrome in the neonatal record; 5) No history of human immunodeficiency virus
seropositivity noted in the mother’s or infant’s medical record; 6) Mother’s ability to
communicate fluently in English; 7) No indication by neonatal or maternal urine toxicology
screen or history in medical record of mother’s use during pregnancy of illegal opiates,
methadone, amphetamines, phencyclidine, barbiturates, or hallucinogens; and 8) Mother
aged 18 years or older. These criteria were established to exclude infants with known major
risk factors that might confound or obscure the effects, if any, of IUCE.

2.1.2 Method of Intrauterine Cocaine Exposure Classification

Mothers participating in the study were identified as either heavier, lighter, or non-users of
cocaine soon after delivery of the index child by interview and by biological markers
obtained by clinicians and study personnel. At intake during the maternal post-partum
hospitalization, research assistants used the Addiction Severity Index [39], supplemented by
study-specific questions, to interview the mothers about pregnancy and lifetime use of
cigarettes, alcohol, and illicit drugs.

During the period of study recruitment at Boston Medical Center, urine testing for
metabolites of illicit drugs was performed for clinical indications at the discretion of health
care personnel, but was not universal. Results of the urine drug Enzyme Multiplied
Immunoassay Technique (EMIT) assays, which were obtained for clinical purposes during
pre-natal care or labor and delivery from the mother or from the newborn after birth, were
recorded for the present study (when available in the medical record). Exposed newborns
were targeted for recruitment on the basis of maternal self-report or positive clinical urine
assays obtained from either mother or newborn.

However, provisionally unexposed newborns were drawn from the nursery population as a
whole, most of whom did not have maternal urine assays performed for drug metabolites for
clinical purposes. Therefore, after recruitment and informed consent, additional urine
samples were collected from all study mothers for analysis for benzoylecognine, opiates,
amphetamines, benzodiazepines, and cannabinoids by radioimmunoassay using commercial
kits (Abuscreen RIA, Roche Diagnostics Systems, Inc, Montclair, NJ). Meconium
specimens were also sought from all enrolled newborns to be analyzed by
radioimmunoassay for benzoylecognine (a cocaine metabolite), opiates, amphetamines,
benzodiazepines, and cannabinoids. The radioimmunoassay used was a modification of the
method of Ostrea et al. published in detail elsewhere [47,52]. All mother—infant dyads
provided at least one biological marker, either urine from mother or infant or meconium that
confirmed their exposure or lack of exposure to cocaine during pregnancy. To be classified
in the “unexposed” group, mothers had to deny use of cocaine on interview and all available
biological markers needed to be negative for cocaine use. In this sample, the mean days of
self-reported cocaine use during pregnancy was 20.6 days, with a range from 0 to 264. The
mean meconium concentration of benzoylecognine/g was 1143 ng with a range from 0 ng to
17950 ng/g. Before data were analyzed, a composite measure of “heavier” use was a priori
defined as the top quartile of meconium concentration for cocaine metabolites (=3314 ng of
benzoylecognine/g meconium) and/or top quartile days of self-reported use ( =61 days)
during the entire pregnancy. All other use was classified as “lighter” [66]. If
benzoylecognine levels in meconium were not in the top quartile, self-report took priority in
classifying levels of exposure comparable to the approach of other investigators, where use
of cocaine more than twice a week during pregnancy is considered “heavier” use [6,36,61].
Not all infants with [JUCE have positive meconium assays [52]. Moreover, meconium
samples could not be obtained from 14% of study infants whose exposure status was
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confirmed by maternal or infant urine assay. Therefore, whichever indicator (self-report or
meconium assay) demonstrated higher exposure was used to define exposure category.

2.1.3 Other Intrauterine Drug Exposure Classifications Determined during the Neonatal

Period

Identification of prenatal marijuana exposure was based on positive results of urine assay,
meconium assay, or maternal self-report. In our previous reports we have analyzed
marijuana categorically as exposed or unexposed, since meconium concentration is not
entirely valid due to the storage of metabolites in the mother’s body fat [52] and because
self-reported use was denied by a third of the marijuana users in this cohort who were
identified solely on the basis of meconium or urine assay. However, recently we constructed
an a priori index of no marijuana use (negative: self-report, urine, and meconium assays),
heavier use (positive: self-report and/or meconium or urine assay and positive urine at
delivery or the top quartile of self reported days of use (=8 days during pregnancy among
users), or lighter use (positive: self-report or assay who did not meet criteria for inclusion in
the heavier group). This classification index was significantly associated (p< .0001) with
level of use of alcohol, cigarettes, and cocaine during the pregnancy and with the infants’
mean birth weight - Marijuana Unexposed 3210 grams (s.d. 477), Lighter 3069 grams (s.d.
464), and Heavier 2943 grams (s.d. 511), p=.02). Therefore, in this analysis, unlike our
earlier developmental analyses [28,57], we are able to classify intrauterine marijuana
exposure as a three-level ordinal exposure.

At the time the study was initiated there was no established biologic marker for gestational
alcohol exposure, and cotinine assays for tobacco metabolites were prohibitively expensive.
Therefore, the ascertainment of alcohol and tobacco use in pregnancy only by self-report
was state of the art at the time the current sample was recruited. We quantified intrauterine
alcohol exposure by mother’s self reported average daily volume of alcohol in drinks per
day (in the 30 days prior to delivery, which was highly correlated with use through
pregnancy in our sample). During the post-partum interview, mothers reported the average
number of cigarettes that they consumed per day while pregnant. For descriptive purposes
we categorized alcohol use as none, lighter (<1 drink/day) and heavier (=1 drinks/day) in the
30 days prior to delivery and cigarettes as none, lighter (<10 cigarettes a day), or heavier
(=10 cigarettes a day) during pregnancy.

2.1.4 Sample Maintenance and Retention

As described in previous publications [12,29-31,57], caregiver/child dyads were assessed
post-natally at ages 6 months, 1, 2, 4, 6, 8.5, 9.5, 11, 14 (early adolescence) and 16 (middle
adolescence) years. After each study visit, the caregiver and child were given store vouchers
and/or age appropriate gifts for completion of the interview and assessment.

One hundred forty-nine of the original 252 study offspring (60%) were assessed during early
and mid adolescence waves of follow up. These adolescents did not differ by level of
intrauterine exposures to cocaine, tobacco, alcohol, or marijuana, birth weight, gender, or
their mother’s age, ethnicity, or education at the time of their birth (p>.05) from the 103 in
the birth sample who did not participate in these waves.

2.2 Procedures

2.2.1 Outcome Measures—Adolescents took an audio computer assisted self-interview
(ACASI) to assess their substance use. The software was programmed and the computer
screen positioned so that the research assistant could not see or access the respondent’s
confidential answers. The items on the survey were synthesized from a number of different
instruments to address the issues that seemed most relevant to young adolescents from urban
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environments. In order to assess the participants’ tobacco use, the ACASI included all 10
items of the Hooked on Nicotine Checklist (HONC), developed to assess adolescent nicotine
dependence [21]. Additional questions about tobacco, alcohol, and other substance use were
taken from several components of the CDC’s 2005 Youth Risk Behavior Surveillance
System (YRBSS) [22]. The ACASI also included questions from the Wisconsin YRBS
Middle School Questionnaire, the State and Local YRBS, and the Wisconsin YRBS High
School Questionnaire. These questions asked about the participants’ past and current use of
alcohol and other licit or illicit substances. Using the YRBS format, questions were also
added about specific drugs, such as illegally diverted prescription opiates, known to be a
problem in our geographic region.

For this analysis of substance use initiation, questions were framed as follows for legal
substances which do not require a prescription for adults: “How old were you when you
smoked a whole cigarette for the first time?” “How old were you when you had your 15t
drink of alcohol other than a few sips?” It was specified that, “a drink of alcohol is equal to
having a can of beer (the same size as a soda can), a glass of wine, a wine cooler, or a shot
of liquor such as rum, gin, vodka, or whiskey.” For substances that are legal with a
prescription but not without (such as amphetamines, steroids, oxycodone and other pain
killers, or benzodiazepines) the question was “How old were you when you first tried taking
(substance of interest) without a doctor or nurse telling you to take them?” In the case of
illicit substances (marijuana, heroin, cocaine, “club drugs™) quantity was not specified, with
the question framed “How old were you when you first tried (substance) for the first time?”

Participants selected from a forced choice list of “never” or of age in years beginning at age
“8 or younger” for each substance. The same questions were asked at early and middle
adolescence. In case of discrepancy between the two ages for a given substance, the middle
adolescent answer was chosen for analysis, since answers differed by more than a year
primarily for age of alcohol initiation, and there was concern that some early adolescents
may not have understood the definition of a “drink.” Adolescent participants also furnished
urine to be tested by the United States Drug Testing Laboratories, Inc. using the No-Excuse
Urine Panel, a limit of detection panel that screens using EMIT at the lowest validated
concentrations that can be achieved with the reagent set and the instrumentation. The GC/
MS confirmations used are either at % or 1/5 of the SAMHSA screening concentrations
depending on the drug class for cannabinoids, opiates, amphetamines and cocaine
metabolites and ELISA for cotinine. We classified adolescents as having used a particular
substance if either self-report or urine assay was positive. In the 16 instances where the
respondent denied initiation of a given substance but the urine assay was positive for that
substance, the respondent’s age at the date of the assay was taken as the age of initiation.

2.2.2 Covariates—Potential covariates were ascertained from interviews of caregivers at
each research contact since birth, and from the participants themselves by face-to-face
interview during school age or by ACASI and face-to-face interview and cognitive
assessments during adolescence.

2.2.2.1 Caregiver Measures: Trained research interviewers questioned caregivers at each
study contact regarding their own substance use in the last 12 months. For each substance,
caregivers were asked “Have you used....?” For each substance for which the caregiver
answered affirmatively they were also asked “How many days have you used...during the
past 30 days?”, “In the last 12 months, about how many total days were you using...?” and
“How many days ago was your most recent use of...?” Caregivers were also asked if child/
adolescent participants spent time with household members or with anyone else who used
tobacco, alcohol, or any illegal substances; “How many people that your child spends time
with use the following drugs?” and the relationship between the adolescent and the
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substance user. Urine samples were obtained from caregivers and analyzed using the same
No Excuse Urine Panel described above for the adolescents.

The participants’ birth mothers or other caregivers were also interviewed to assess familial
risk of substance use. The biological father’s substance use was ascertained by birth
mother’s report on a study specific question immediately following delivery [28]. Later
interviews asked using study specific questions assessed whether the child’s biological
father, biological grandmothers, biological grandfathers, biological aunts, biological uncles
or biological siblings had problems with alcohol or drugs. The sum of affirmative answers
for alcohol and drug problems was the control variable for familial risk.

The identity of the child’s caregiver (birth mother vs. other) and number of changes in
caregiver since last contact were ascertained at each study visit and summarized as whether
or not the child had lived with the birth mother from birth to mid-adolescence. Whether the
child had experienced the incarceration of a parent was also ascertained from the
accompanying caregiver at each visit [68]. Caregivers were also asked to complete the Child
Behavior Problem Checklist [3,4] at each study contact from age 2 to 11 years. Household
food insecurity as a measure of relative material hardship was reported by the caregivers at
assessments when the children were ages 8— 16 [19] using the United States Department of
Agriculture (USDA) Food Security Scale (FSS) [23], which determines whether or not there
was sufficient quantity and quality of food in the preceding twelve months for all
households members to lead an active and healthy life.

2.2.2.2 Adolescent Measures: Trained research assistants masked to intrauterine exposure
status administered the Wechsler Abbreviated Scale of Intelligence (WASI), [66] to
adolescents at age 14. Participants beginning at age 9.5 years were asked at each study
contact to indicate their level of pubertal development on a series of schematic drawing
derived from the work of Tanner [64]. ACASI questions about peer use were the four
questions from Peer Chemical Environment Subscale, taken from the Personal Experience
Inventory [70].

Children’s self-report of exposure to violence was ascertained using the Violence Exposure
Scale for Children-Revised (VEX-R) [27] designed to assess children’s exposure to violence
through self-report using a 21 item, cartoon-based interview. The VEX-R uses a 4-point
Likert scale (O=never, 1=once, 2=a few times, 3=lots of times) to determine how many times
the child has witnessed different types of violence (e.g. someone being yelled at, being
beaten up, or stabbed with a knife) and how many times these violent things have happened
to the child him/herself. The VEX-R was administered face to face by trained examiners
when subjects visited the testing laboratory at ages 8.5, 9.5 and 11 years.

For the early and middle adolescence research visits we modified the VEX-R to make it
more appropriate for adolescent subjects by removing the cartoons and the questions related
to spanking, administering the text of other questions administered by ACASI, and making
questions more time-specific to determine if the event took place within the past year or at
any point in the child’s lifetime.

There is no standard method for scoring the VEX-R [7,16,41,44]. In our previous work with
preadolescents [38] the VEX-R was analyzed using a total score, calculated by simply
adding up how many times the subject reported experiencing each violent event, without
weighting for severity. In this analysis of adolescents without attempting a priori weighting
of violent events, to address the non-interval scaling and the skewed nature of the VEX-R
total score, we created quartiles by ranking each subject’s VEX-R score at each of the 8.5,
9.5,11, 14 and 16 year old time points, and then subdividing those scores into 4
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approximately equal groups. The highest quartile obtained by each subject at each time point
was then used to create the time dependent variable used for our analyses, with the 4t
quartile representing the highest level of violence exposure for age and the 15t quartile
representing the lowest level of exposure. When data were missing at any protocol point, the
last value was carried forward. If no such value was available the closest later value was
substituted.

Level of supervision by parents or other primary caregivers was ascertained with the
measure of Lamborn et al. [43] which evaluates the adolescent’s perception of parenting by
summing Likert scoring (1-4) of responses ranging from “never” to “frequently” of
questions such as, “My parents know exactly where | am most afternoons after school.” The
adolescent’s religiosity was assessed using four questions from the Longitudinal Study of
Adolescent Health [48].

2.2.3 Data Analyses—First, we generated descriptive statistics for each variable of
interest, with means and standard deviations for continuous variables and counts and
percentages for categorical variables, in quartiles (e.g., for VEX-R measured at each
protocol age as previously described). Next, in bivariate analyses we compared the three
IUCE groups on each of our dependent variables of interest: age at first use of any licit or
illicit substance; age at first use of each category of substances --- alcohol, marijuana,
tobacco and other drugs. For each, we used Kaplan-Meier analyses together with Cox
proportional hazards regression without additional covariates. We generated unadjusted
(crude) hazard ratios (HR) and their 95% confidence intervals (Cl) from these Cox models
as well as from the multivariable models to be described. The IUCE variables in these
models were modeled as dummy variables: heavier compared to unexposed; lighter
compared to unexposed. We then added a series of potential covariates in a one-at-a-time
fashion to the model in order to assess their confounding effects by applying a 10% change-
in-estimates criterion for the adjusted hazard ratios compared to the unadjusted. Those
variables for which inclusion in the model changed either the hazard ratio for lighter IUCE
compared to unexposed or for heavier IUCE compared to unexposed were retained in the
full, main effects-only Cox regression model. Variables assessing the intrauterine exposure
to marijuana, cigarettes, and alcohol were included in all final models based on a priori
theoretical considerations to avoid misattribution of one intrauterine substance exposure to
another. We assessed potential collinearity among the independent variables in the final
model by examining bivariate correlations and through examination of principal components
analysis-based methods as described for linear models by Belsley, Kuh, and Welsch [14].
We found no collinearity in these data among the predictors used in our final statistical
models.

We used SAS version 9.1.2 for all of our analyses. Results were deemed statistically
significant where two-tailed p < .05.

3. RESULTS

3.1 Sample Characteristics

Table 1 summarizes sample characteristics by the level of IUCE. Compared to those with no
IUCE, children with IUCE were more likely to experience higher levels of marijuana,
alcohol, and tobacco intrauterine exposure, and to be of lower birth weight, but there were
no sex differences by level of exposure. Mothers who used cocaine during pregnancy were
more likely to be born in the United States, and to be older at the child’s birth, but the
groups did not differ in education level or in the percent who described themselves as
African American or African Caribbean (“Black™). The groups did not differ significantly in
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the number of first or seconddegree relatives who were reported by birth mother or other
caregivers as having a drug or alcohol problem.

Adolescents with [JUCE were more likely than adolescents without IUCE to have
experienced multiple changes in caregivers up to the middle adolescent assessment, and less
likely to have always lived with their birth mother. However, we did not find any
statistically significant difference in percent who reported the strictest (top quartile) level of
parental supervision, or of violence exposure in the top quartile between adolescents with
and without IUCE. The three groups of adolescents also did not differ in self-reported
religiosity, measured 1Q, or average caregiver reported externalizing score on the Child
Behavior Problem Checklist between ages 2 and 11, average lead level or age at menarche
for girls, although the heavily exposed adolescents were less likely than the other groups to
rate themselves as Tanner 1V/V at age 14 and 16. There was a dose related difference in the
Mean Peer Use Score at 16 years, with the most heavily IUCE adolescents reporting the
highest levels of peer use. In preadolescence, level of IUCE was associated with the percent
of children who experienced tobacco, alcohol, cocaine, and other drug use in their
household, but no difference in household marijuana use.

Table 1: Sample Characteristics —-N=149)

3.2 Bivariate Associations of Intrauterine Cocaine Exposure with Substance Initiation

3.2.1 Initiation of Any Substance—As shown by the bivariate Kaplan-Meier survival
curves in Figure 1, earliest age of initiation of any licit or illicit substance varied by IUCE
group. In these unadjusted Kaplan-Meier analyses, 74% of the heavier cocaine exposure
group had initiated any licit or illicit substance use by age 16, compared to 58% of the
lighter cocaine exposure group, and 48% of the unexposed, p=0.02 via a global log rank test
(Figure 1). A Cox regression model including only the two IUCE dummy variables showed
hazard ratios (HR) of 2.10 for heavier IUCE exposure vs. unexposed (p=.009) and 1.29 for
lighter IUCE exposure vs. unexposed (p=.31). The most commonly used substances were
alcohol and marijuana, as described in detail in 3.2.2 and 3.2.3. Cigarette use was less
common (23% of unexposed, 21% of the lighter IUCE, 30% of the heavier IUCE, p= 0.85
by log rank test). Use of other substances was relatively rare (3.4% cocaine, 3% glue, 1%
prescription opiates, 1% amphetamines). No participant acknowledged cocaine use by self
report on the ACASI; the urine levels of cocaine metabolites using the No-Excuses panel
were all below the level that could rule out passive exposure, so the cocaine use finding is
tentative. Although these substances were all considered in the analyses of any initiation of
substance use reported above, the number of users of these as individual substances in each
group was too small to allow for appropriate multivariable analyses. Excluding the
adolescent cocaine urine data did not change the analyses for age of initiation of any
substance, since all those with positive urines for cocaine had also initiated other substances.

3.2.2 Initiation of any Marijuana Use—As shown in Figure 2, in Kaplan-Meier analysis
56% of the heavier, 38% of the lighter, and 35% of the unexposed IUCE groups had used
marijuana up to age 16 (global log rank test p=.06; Figure 1b). The unadjusted hazard ratio
for the heavier vs. unexposed contrast was 2.07 (p=.03) and for lighter vs. unexposed was
1.17 (p=.61).

3.2.3 Initiation of any Alcohol Use—As seen in Figure 3, in Kaplan-Meier analysis,
59% of the heavier, 45% of the lighter, and 33% of the unexposed IUCE groups had used
alcohol up to age 16 (global log rank test p=.05), with a hazard ratio of 2.10 for the heavier
IUCE group compared to unexposed (p=.02) and 1.38 for the lighter IUCE group compared
to unexposed (p=.27).
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FIGURE 3 Age of initiation of any alcohol use by level of intrauterine cocaine exposure

3.3 Multivariable Analyses

Because of the relatively low prevalence of cigarette and other drug use, we restricted the
multivariable analyses which follow to age at first use of any licit or illicit substance as a
composite outcome and to marijuana, and alcohol as individual outcomes.

To arrive at the final models, we tested and excluded the following variables (because they
did not change the relationship of IUCE with outcome by more than 10%): 15t degree
relative (father, sister, brother) with history of drug or alcohol problem, 2" degree relative
(grandmother, grandfather, aunt, uncle) with history of drug or alcohol problem, history of
having an incarcerated parent, birth mother’s education, and whether she was born in the
United States and the child’s birth weight, child’s gender, adolescent religiosity, experience
of strict supervision by caregivers, time dependent household food security from age 8.5 to
16 years, time dependent ascertainment of household members' use of alcohol, cigarettes,
and cocaine from the participant’s age 8.5-16 years, number of caretaker changes from birth
through middle adolescence, and peer substance use. Of all the variables retained in the
multivariable analyses which follow, only VEX-R scores in the 3™ and 4" quartiles had
hazard ratios of comparable or greater magnitude than those found for intrauterine exposure
to cocaine or marijuana and so only these are discussed in detail.

3.3.1 Initiation of Any Licit or lllicit Substance Use—As seen in Table 2, in an
adjusted model that included the level of intrauterine exposures to alcohol, marijuana, and
tobacco, VEX-R quartiles at the time of substance initiation or censoring (i.e the last
available observation up to which time there was no substance use), African American/
Caribbean maternal ethnicity, maternal age at delivery, and having had the birth mother as
the sole caretaker from birth, we found a moderate-to-strong positive adjusted association
between IUCE and earlier age-at-initiation, with hazard ratios of 2.19 for heavier IUCE
exposure vs. unexposed (95% C.1.: 1.10, 4.36, p=.03) and 1.69 for lighter IUCE exposure vs.
unexposed (95% C.1.: 0.95, 3.03, p=.07). There was also a statistically significant
association of younger maternal age at delivery with an increased likelihood of substance
initiation by age 16 (HR=0.94 per year of mother’s age; p=.02) as well as of having had
VEX-R scores in the third or fourth quartiles compared to the first fourth quartile: HR=3.44
(95% C.1.: 1.70, 6.94, p=.0006); third quartile: HR=2.29 (95% C.I. 1.10, 4.75 p=.03). Levels
of prenatal alcohol or cigarette exposure were not statistically significant predictors of age at
initiation of any licit or illicit substance use. There was suggestive evidence, however, of a
positive association with lighter but not heavier intrauterine marijuana exposure with
substance initiation (HR of 2.14, 95% C.1.: 1.07, 4.28; p=.03).

3.3.2 Initiation of Marijuana Use—As shown in Table 2, after adjustment for the same
covariates as in the Cox model for any substance use by age 16 plus an additional covariate
of having a member of the adolescent’s household who used marijuana (which changed the
relationship between predictor and outcome more than 10% as described above), the heavier
IUCE group had only 1.40 times the hazard for marijuana use compared to those unexposed
to IUCE (95% C.1.: 0.62, 3.15, p=.42). Likewise, for those in the lighter IUCE group
compared to the unexposed, there was no significant association with an increased
likelihood of initiation of marijuana use by age 16 (HR=1.29, 95% C.I.: 0.64, 2.60, p=.47).
There was significant evidence of a positive association with lighter marijuana exposure
(HR =2.86, 95% C.I.: 1.20, 6.77; p=.02), as well as for and having had a VEX-R score in the
fourth quartile versus the first quartile (HR=5.05 95% C.I.: 1.95, 13.07, p=.0008) and for
VEX-R scores in the third quartile compared to the first (HR=3.60, 95% C.l.: 1.40, 9.29, p=.
008).
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3.3.3. Initiation of alcohol use—In a Cox regression analysis adjusting for the same
covariates as in the Cox model for any substance use by age 16, since no other variables met
our criteria for inclusion in this analysis, (Table 2), we found similar, elevated, but non-
significant levels of association with initiation of alcohol use by age among the heavier
IUCE (HR=1.86, 95% C.I: 0.96, 3.63, p=.17) and lighter IUCE (HR=1.73, 95%C.1.: 0.79,
3.82, p=.07) groups versus the unexposed. As in the Cox analyses for any substance use and
marijuana use by age 16, we found that those who had VEX-R scores in the fourth quartile
had a markedly and statistically significantly increased likelihood of alcohol use by age 16
compared to those in the first quartile (HR=3.96, 95% C.1.: 1.74, 8.99, p=.001), as did those
in the third quartile versus the first quartile (HR=2.82, 95% C.I.: 1.20, 6.62, p=.02).

3.3.4 Interaction terms and secondary analyses—From the preceding models, we
examined potential effect modification of IUCE and VEX-R effects by including interaction
terms of level of prenatal marijuana, alcohol and cigarette exposures in the model and
assessing their statistical significance at the 0.05 level (those not meeting this criterion were
not included in subsequent models). Likewise, we verified that the proportional hazards
assumption was met by including interaction terms of the IUCE and VEX-R variables with
age-at-first use and found them not to be statistically significant at the 0.05 level. In
secondary analyses results were not substantially changed after including adolescent 1Q and
average externalizing CBCL score through age 11 years as fixed covariates, and the
participant’s self reported Tanner pubertal stage as a time dependent covariate beginning at
age 9.5 years. (Analyses available from the authors on request)

4.1 Discussion

This is one of only a few published studies in humans which evaluates a possible association
between prospectively identified intrauterine exposure to cocaine or marijuana with
initiation of adolescent substance use, after considering intrauterine exposure to tobacco and
alcohol, and potentially relevant covariates. Consistent with neonatal [66] and adolescent
neuropsychological findings [57] in this cohort, there appears to be an ordered relationship
after confound control between the heavier IUCE and the initiation of any licit or illicit
psychoactive substance, and for alcohol but not marijuana initiation. The relationship
between intrauterine marijuana exposure and the adolescent’s own use of any licit or illicit
substance or of marijuana is not as clearly ordered as that for IUCE. We do not have a
definitive explanation for this. One criterion for “heavier” marijuana use in our sample
required the mother or infant to have positive urine toxic screen at delivery indicating
exposure in the last month of pregnancy. It may be that exposure to marijuana earlier rather
than later in gestation confers greater risk for adolescent substance initiation or there may be
unmeasured covariates which explain these findings.

While our findings are intriguing from a neuroteratologic perspective, and seem to indicate
that heavier IUCE increases the risk for early substance use initiation, it is crucial not to
over-interpret them from a clinical or public policy perspective. It is important to stress that
this analysis does not evaluate problem or heavy substance use, but only age at first use
which, while concerning, by no means indicates that an adolescent will inevitably develop a
substance use disorder. The substances most commonly used in our cohort were those which
are widely available and commonly used by other adolescents nationally and in our region:
alcohol and marijuana. Alcohol is currently used by approximately 45% of adolescents age
12-17 in Massachusetts and 46% nationally while approximately 41% of adolescents in
Massachusetts and 38% of adolescents nationally have ever used marijuana.

In contrast, use is less prevalent of “hard drugs” such as cocaine (9% in Massachusetts and
7% nationally) or illegal amphetamines (4% both in Massachusetts and nationally) [1].
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Questions about whether early initiation of alcohol and marijuana for these adolescents
presages future “hard drug” use will only be answered through further follow up study. We
have no evidence to suggest whether children with intrauterine cocaine or marijuana
exposure will or will not go on to become adult addicts. Additionally, it is important to
remember that even at age 16 years, even at the highest levels of intrauterine cocaine
exposure, 26% of our sample were complete abstainers from any licit or illicit psychoactive
substance use while nearly half of the intrauterine unexposed adolescents had initiated
substance use.

As far as we know, the strong prospective relationship we identified between the highest
time dependent levels of childhood and adolescent exposure to violence and licit or illicit
substance initiation, has been noted only in one other prospective study which extended just
to age 11 [42] years, although this relationship has been reported in a large retrospective
study [25]. High levels of exposure to violence as reported through childhood and
adolescence by the adolescents were associated with the initiation of any licit or illicit
substance, of marijuana, and of alcohol with hazard ratios as high, or higher, than those
associated with any prenatal exposure, including cocaine (see Table 2) Notably high levels
of violence exposure were robustly associated with initiation of alcohol and marijuana use
even when heavier intrauterine exposures to cocaine or marijuana were not.

4.2 Limitations

The study has a number of limitations including sample size. In a larger sample certain
effects that are statistically marginal in our analyses (for example, the association of heavier
IUCE with early alcohol initiation) might be more robust and multivariable analysis of
initiation of tobacco and illicit substances other than marijuana would be possible. Our
sample is also by design quite homogeneous, so findings should not be generalized to
adolescents born prematurely, from non Black ethnic groups, or different levels of
socioeconomic privilege. Undoubtedly some of the 17 cocaine using women for whom
neonatal meconium samples were not available minimized self reported use, and therefore
some heavier users may have been misclassified as lighter. Misclassifying heavier users as
lighter would decrease the likelihood of finding ordinal dose effect, so that any found in this
study are robust. Our characterization of familial risk is quite crude without confirmation by
detailed genogram or genetic markers. Therefore, we cannot rule out that the apparent
impact of intrauterine exposures on offspring’s substance initiation is a marker for
unmeasured genetic factors, rather than a neuroteratologic mechanism. While we attempted
to control for numerous psychosocial variables, we do not know the impact of unmeasured
or unanalyzed covariates, such as post-natal lead levels which did not differ between
exposure groups but for which we do not have a complete data set.

4.3 Conclusions

Comprehensive treatment of pregnant women who are struggling with use of any
psychoactive substance, whether licit or illicit, should be a clinical and public health
priority. Effective prevention of early substance use initiation also requires focus on the
post-natal quality of life for impoverished children and adolescents, particularly protection
from high levels of exposure to violence, which correlate in this cohort with as great or
greater odds of early substance use initiation than intrauterine exposures to cocaine or
marijuana.

In the United States during pregnancy approximately 1% [2,34] of women use cocaine and
between 3% [34] and 6% [9] use marijuana. However, 17% of children age 12-17 witness
violence and 39% are the victims of violence [40]. The role that violence plays on the

Neurotoxicol Teratol. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Frank et al.

Page 13

initiation of licit or illicit substance use even after controlling for multiple intrauterine
exposures and other factors thus has far broader implications for public health than
intrauterine exposure to illicit drugs, but receives less attention in the public discourse.
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FIGURE 1.

Age of initiation of any substance use by level of intrauterine cocaine exposure
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Figure 2.
Age of initiation of marijuana use by level of intrauterine cocaine exposure
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‘Age of First Alcohol Use

FIGURE 3.
Age of initiation of alcohol use by level of intrauterine cocaine exposure
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Sample Characteristics — Age of Drug Use Initiation (N=149)

Table 1

Intrauterine Cocaine Exposure P-
Group value
Unexposed Light Heavy
(N=69) (N=53) (N=27)

Perinatal and Family Covariates
Maternal characteristics at birth
Mean maternal age at child’s birth (yrs) 25.2 (5.5) 28.2 (5.3) 26.7 (3.8) 0.008T
US born (%) 78.3 92.5 96.3 0.02*
Black-US or other (%) 92.8 84.9 88.9 0.38*
Mean mother’s education (yrs) 11.6 (1.4) 11.6 (1.3) 11.4 (1.2) 0.84T
Marijuana exposure (%) 10.1 34.0 333 0.003*
Alcohol (> .5 drinks per day) (%) 0 5.7 111 0.03*
Cigarettes (=1/2 pack per day) (%) 13.0 34.0 44.4 0.002™
Child characteristics at birth
Male child (%) 53.6 50.9 44.4 0.72*
Mean birthweight (grams) 3350.0 (513.9) | 3034.1(373.7) | 2864.6 (348.0) | < oot
Family substance use at birth
Mean e f U egre vttt | 0509) | 0608 | 0309 | o2
Mo b of 20 dererltes it | 0407 | osn | 0408 | o
Postnatal Covariates
Meanrunber f U egre it i | 0409) | 0509 | 0309 | o
Mo b of 20 dege st | oguny | 11an | 1409 | oo
Strict supervision ever 4" quartile (%) 36.2 40.4 22.2 0.27*
Xgocﬁgf; It;x(po/oo)sure revised (VEX-R) ever 44.9 453 55.6 0.61%
Mean religiosity scale 12.8 (4.5) 13.6 (4.6) 14.1 (4.8) 035"
,(%/Io\;vays in birth mother care up to age 16 725 377 333 <0001*
Mean caregiver changes to age 16 0.6 (1.4) 2.3(2.3) 25(2.4) <0001t
Food insecure ever (%) 50.7 415 29.6 0.16*
Incarcerated parent ever (%) 39.1 35.9 44.4 0.76*
Mean peer use score at age 16 7.3(2.8) 8.0 (3.0) 9.43.2) 0.02f
Mean CBCL ages 2-10 years 51.6 (8.2) 51.8 (9.0) 52.2 (9.0) 0.967
Mean WASI 1Q 91.9 (12.4) 91.4 (13.0) 94.8 (10.9) 0.48t
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other drugs (%)

Intrauterine Cocaine Exposure P-
Group value
Unexposed Light Heavy
(N=69) (N=53) (N=27)

Mean maximum lead level (N=117) 8.7 (4.7) 8.8 (4.5) 11.6 (8.6) 0.12T
Mean age at menarche (N=69) 12.0(1.1) 11.8 (1.4) 12.4 (1.2) 0.44T
Tanner stage-age 9.5 (N=114) 0.86™
111 (%) 85.7 87.2 94.7
11 (%) 8.9 5.1 5.3
VIV (%) 5.4 7.7 0
Tanner stage-age 11 (N=111) 0.23*
111 (%) 74.6 73.7 88.9
11 (%) 14.6 211 0
IVIV (%) 10.9 5.3 11.1
Tanner stage-age 14 (N=135) 0.71%
111 (%) 4.8 8.3 8.0
11 (%) 30.7 27.1 40.0
VIV (%) 64.5 64.6 52.0
Tanner stage-age 16 (N=139) 0.03*
111 (%) 0 7.7 42
11 (%) 11.1 7.7 25.0
VIV (%) 88.9 84.6 70.8
Household/regular contact up to age 6 — *
cigarettes (%) 56.9 70.0 83.3 0.05
Ever household/regular contact ages 8-16 *
cigarettes (%) 65.2 73.6 88.9 0.06
Household/regular contact up to age 8 -16 *
alcohol (%) 16 16.0 16.7 0.01
Ever household/regular contact ages 8-16 *
alcohol (%) 232 22,6 222 0.99
Household/regular contact up to age 8 —16 *
marijuana (%) 281 34.0 417 0.46
Ever household/regular contact ages 8-16 *
marijuana (%) 42.0 415 44.4 0.97
Household/regular contact up to age 8 =16 -
Cocaine (%) 9.4 229 8.7 0.09
Ever household/regular contact ages 8-16 *
Cocaine (%) 11.6 20.8 14.8 0.38
Household/regular contact up to age 8 -16 *
other drugs (%) 0 8.0 8.3 0.03
Ever household/regular contact ages 8-16 0 94 74 0.02%

18t degree relatives include father and siblings. ond degree relatives include grandparents, aunts and uncles

*
P-value via chi-square test.
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TMeans (S.D.) P-value via one-way ANOVA.
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