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Abstract

The associations between prenatal cocaine exposure (PCE) and adolescent behavior, cognitive
development, and physical growth were examined in 219 15-year-olds who have participated in a
longitudinal study since their fourth gestational month. During the first trimester, 42% of the
women used cocaine, with use declining across pregnancy. At the 15-year follow-up, the
caregivers were, on average, 43 years old, had 13 years of education, and 50% were African
American. First trimester PCE was not associated with global cognitive development or with
measures of learning and memory. First trimester PCE was significantly related to
adolescentreported delinquent behavior, poorer problem solving and abstract reasoning, and
reduced weight, height, and head circumference at 15 years. These results were significant after
other factors that affect these domains were controlled in regression analyses. In addition,
exposure to violence partially mediated the effect of PCE on delinquent behavior. These
adolescent domains are important because they are predictors of poorer adult functioning.
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1. Introduction

This report addresses three domains of adolescent development: behavior, cognition, and
physical growth, each of which has been reported to be associated with prenatal cocaine

exposure (PCE). These domains are important areas of adolescent development as they may

portend early adult functioning.
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We have found persistent associations between PCE and child temperament and behavior
problems at 1, 3, 7, and 10 years of age (Richardson et al., 2008, 2009, 2011; Richardson,
Goldschmidt et al., 2013), which is consistent with reviews suggesting that the behavior
domain is most likely to be affected (Ackerman et al., 2010; Behnke et al., 2013;
Buckingham-Howes et al., 2013). Others have also reported that PCE is associated with
child or adolescent behavior problems, particularly externalizing behaviors such as
aggression and delinquency (Bada et al., 2011, 2012; Bennett et al., 2007, 2013; Delaney-
Black et al., 2000; Fisher et al., 2011; McLaughlin et al., 2011; Min, Minnes, Lang et al.,
2014; Min, Minnes, Yoon et al., 2014; Minnes et al., 2010; Nordstrom Bailey et al., 2005;
Sood et al., 2005; Whitaker et al., 2011). However, not all reports have confirmed these
findings (Accornero et al., 2002, 2006; Allen et al., 2014; Bada et al., 2008; Bennett et al.,
2002; Bridgett et al., 2011; Gerteis et al., 2011; Greenwald et al., 2011; Linares et al., 2006;
Savage et al., 2005; Warner, Behnke, Hou et al., 2006). This is an important domain to
investigate because adolescent behavior problems predict poorer outcomes in adulthood,
including substance abuse, risky sex, psychiatric disorders, and less successful adjustment
(Doherty et al., 2008; Fergusson et al., 2007; Ramrakha et al., 2007).

A second domain that has implications for adult functioning is child and adolescent
cognitive development. We found a significant association between PCE and short-term
memory (Richardson et al., 2009), and other researchers have reported deficits in specific
areas such as verbal reasoning/memory (Bennett et al., 2002), executive function (Minnes et
al., 2014; Warner, Behnke, Eyler et al., 2006), cognitive processing/learning (Bridgett et al.,
2011; Mayes et al., 2005, 2007), visual spatial/math skills (Singer et al., 2004, 2008), visual
motor integration (Arendt et al., 2004; Schroder et al., 2004), and attention, inhibitory
control, and impulsivity (Accornero et al., 2007; Bandstra et al., 2001; Bendersky et al.,
2003; Carmody et al., 2011; Noland et al., 2005; Rose-Jacobs et al., 2009). However, there
are also reports that show no negative effects of PCE on specific areas of cognition
(Betancourt et al., 2011; Eyler et al., 2009; Hurt et al., 2009; Li et al., 2009; Rose-Jacobs et
al., 2011), and most groups, including ours, do not find a relation between PCE and global
cognitive development (Accornero et al., 2007; Bandstra et al., 2002; Frank et al., 2005;
Hurt et al., 1997, 2001; Messinger et al., 2004; Morrow et al., 2004, 2006; Singer et al.,
2004).

In terms of the third domain of growth, it is unclear whether the association between PCE
and early childhood growth deficits persists into adolescence. We found significant
associations between PCE and growth deficits at follow-ups through 10 years of age
(Richardson et al., 1999, 2008, 2009, 2011; Richardson, Goldschmidt et al., 2013). Some
other studies have also reported that PCE has a detrimental effect on childhood growth
(Covington et al., 2002; Minnes et al., 2006; Rivkin et al., 2008; Shankaran et al., 2011).
However, others have reported that it has no effect at younger ages (Arendt et al., 2004;
Bada et al., 2012; Frank et al., 2002; Lumeng et al., 2007; Warner, Behnke, Eyler et al.,
2006), and two studies reported that PCE was associated with increased body mass index
and obesity in some subgroups of children (LaGasse et al., 2011; Shankaran et al., 2010). To
our knowledge, there have been no reports on the effects of PCE on adolescent growth.
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It is also important to consider the effects of the postnatal environment on development.
Offspring with PCE are at greater risk of being raised in an adverse environment as a
consequence of their PCE-associated deficits and of having a mother with a problematic
lifestyle. Women who use drugs are less capable of providing a good home environment,
more likely to use other drugs, more transient, have less social support, and have more
psychiatric problems (Stratton et al., 1996), factors that predict poorer offspring outcomes
(Greenberg & Crnic, 1988; Sameroff et al., 1987; Sroufe & Rutter, 1984; Werner & Smith,
1992). Some of the inconsistent findings described above could be due to differential
consideration of environmental variables. Further, childhood exposure to violence and abuse
are associated with both PCE and behavior problems (Bada et al., 2011; Delaney-Black et
al., 2011; Frank et al., 2011; Richardson, Goldschmidt et al., 2013; Schwab-Stone et al.,
2013) and, therefore, could function as mediators of the effects of PCE.

The purpose of these analyses was to investigate the effects of PCE on adolescent behavior,
cognition, and growth. We carefully measured postnatal environmental exposures, and
considered their effects in the analyses. Based on the literature and our previous findings, we
hypothesized that there would be detrimental effects of PCE on behavior and growth.
However, because of the inconsistency in the literature, we did not hypothesize an expected
effect of PCE on cognition.

2. Methods
2.1. Study Design

Women 18 years or older who attended the prenatal clinic at Magee-Womens Hospital
(MWH) in Pittsburgh, PA from March 1988 through December 1992 were eligible to
participate. Written consent was obtained according to the guidelines of the University of
Pittsburgh’s Institutional Review Board and the Research Review and Human
Experimentation Committee of MWH. A Certificate of Confidentiality was obtained from
the Department of Health and Human Services to assure participants that their responses
could not be subpoenaed.

Women were initially approached for interview during their fourth or fifth prenatal month
by trained research staff. Women were not enrolled if they came in for their first prenatal
visit after the fifth month or if they did not speak English. No information was obtained
from the medical charts about a woman’s drug use before she was asked to participate in the
study. Ninety percent of the women approached agreed to be interviewed. Medical chart
reviews were conducted to assess whether refusal to participate was associated with drug
use. A random sample of those women who were approached but refused to participate was
selected: Only 5% had a history of drug use during the current pregnancy.

At the initial assessment, women were interviewed about their use of cocaine, crack,
alcohol, marijuana, tobacco and other drugs for the year prior to pregnancy and for the first
trimester. The core data set consisted of information about sociodemographic characteristics,
life events (Dohrenwend et al., 1978), social support (Berkman & Syme, 1979), and
psychiatric symptomatology (Center for Epidemiologic Studies — Depression Scale [CES-
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D], Radloff, 1977; Spielberger State-Trait Anxiety Inventory [STAI], Spielberger et al.,
1970).

All women who reported using any cocaine or crack during the first trimester were enrolled,
along with the next woman interviewed who reported no cocaine or crack use during
pregnancy or in the year before pregnancy. Of the women initially interviewed, 320 (18%)
met the inclusion criteria and were enrolled in the study. Women selected for the study were
interviewed at seven months about their substance use during the second trimester and the
core data set was repeated. The women were interviewed again at 24 to 48 hours
postpartum, when they were asked about third trimester substance use and the core data set.
All newborns received comprehensive physical examinations, generally within 24 to 48
hours of delivery, by study nurse clinicians who were unaware of prenatal exposure status.
The mothers and offspring were assessed at 1, 3, 7, 10, and 15 years postpartum. At all
assessment phases, the mothers were interviewed with the core data set, including questions
about substance use over the past year.

2.2 Sample Characteristics

Of the 320 women selected for the study, 17 became ineligible for participation because of
abortion/miscarriage/infant death (N=5), home delivery (N=1), or moving out of the area
(N=11). Of the remaining 303 eligible women, 1 was lost to follow-up and 2 refused further
participation. Thus, delivery assessments were completed on 300 mothers. Four pairs of
twins and 1 child with Trisomy 21 were excluded from further follow-up, yielding a birth
cohort of 295 mothers and infants.

At the 15-year follow-up, 219 subjects out of the 295 in the birth cohort were seen (74% of
the birth cohort). Seven women refused the 15-year phase only, 12 refused any further
contact, 31 were lost to follow-up, 17 moved, 3 offspring were in foster care and could not
be located, and 6 offspring had died. Subjects who participated in the 15-year phase (N =
219) did not differ from those who did not participate (N = 76) on the following: prenatal
alcohol, tobacco, or other illicit drug exposure; maternal race, age, income, marital status,
work status; parity, pregnancy, labor, or delivery complications; or infant birth weight,
length, head circumference, or gestational age. The subjects who did not participate had
fewer years of education at delivery (11.6 vs. 12.0 years, p < 0.05), were more likely to be
marijuana users during the first trimester (46% vs. 30%, p < 0.01), and were less likely to be
cocaine users during the second trimester (1% vs. 10%, p < 0.05) than those who did
participate.

At the 15-year follow-up, 19% of the offspring were not in maternal custody, in which case
the current caregiver was interviewed. The mean age of the women was 43 years (range = 33
— 75), their mean level of education was 13.1 years (range = 9 — 20), 50% were African
American, 58% were single, 53% had a man living in the household, the median family
income was $2000/month (range = $0 — $12,083), and 70% worked and/or attended school.

The mean age of the offspring at the 15-year assessment was 15.6 years (median = 15.3; SD
= 0.8; range = 15 — 18). Ninety-two percent were seen before 17 years of age. Fifty-two
percent were males. The average weight was 154.4 pounds (SD = 43; range = 90 — 340), the
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average height was 66.2 inches (SD = 3.5; range = 57 — 76), and the average head
circumference was 561 mm (SD = 18; range = 521 — 620). The mean Wechsler Intelligence
Scale for Children-111 (WISC-111) (Wechsler, 1991) composite score was 87.9 (SD = 17.4;
range = 47 — 129). The mean grade in school was 9.4 (median = 9.0, SD = 0.9, range = 7 —
12).

2.3. Variables

2.3.1. Maternal Cocaine and Other Substance Use—Maternal cocaine and crack,
tobacco, alcohol, marijuana, and other illicit drug use were assessed during confidential
interviews by research staff at each assessment phase. Cocaine and crack use were reported
in lines, rocks, or grams, or in cost at 15 years if the woman could not report quantity. For
these analyses, cocaine use was dichotomized into any use vs. no use for the each of the
three trimesters and for the 15-year phase. The alcohol and marijuana variables were
average number of drinks or joints per day, respectively, and were log transformed to reduce
skewness. Tobacco use was analyzed as number of cigarettes per day. The alcohol,
marijuana, and tobacco measures were used as continuous variables in the analyses. See Day
and Robles (1989) and Richardson et al. (2008) for detailed information about calculation of
the first trimester substance use variables.

2.3.2. Offspring Measures

Behavior: The Self-Reported Delinquency Scale (SRD) (Loeber et al., 1998), completed by
the adolescents, is based on the National Youth Survey self-reported delinquency
questionnaire (Elliott et al., 1985). The instrument assesses antisocial behaviors such as
purposefully breaking or damaging things, stealing, hitting, fighting, and running away from
home; the subscales are damage, theft, violence, and status offenses. The Revised
Dimensions of Temperament Survey (DOTS-R) (Windle & Lerner, 1986) is a self-
assessment of temperament, or behavioral style, and consists of activity, approach/
withdrawal, flexibility/rigidity, mood, rhythmicity, task orientation, distractibility, and
persistence subscales.

Cognitive: The following battery was administered to the 15-year-olds in private testing
rooms by experienced assessment staff trained to reliability. Periodic reliability checks were
conducted to maintain consistent administration and scoring, and examiners were blind to
maternal prenatal and current drug use. The Wechsler Intelligence Scale for Children Third
Edition (WISC-III) (Wechsler, 1991) vocabulary and block design short form was used to
estimate 1Q. This two-subtest short form has been reported to have very good reliability and
validity (Sattler, 2001). The supplementary Mazes subtest was also administered as an
additional measure of problem solving. The Children’s Category Test (CCT) (Level 2; ages
9 - 16) (Boll, 1993) requires subjects to deduce the principle underlying each subtest,
providing a measure of abstract reasoning and executive functioning. The Children’s
Memory Scale (CMS) (Cohen, 1997) is a downward extension of the Wechsler Memory
Scale and is suitable for ages 5 to 16 years. Verbal and visual memory, short- and long-term
memory, and recall, recognition, and working memory were evaluated.
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Growth: At 15 years, the offspring’s weight, height, and head circumference were measured

by the child assessment staff who were blind to prenatal and current drug use. A history of
illnesses, injuries, and hospitalizations since the previous phase was obtained from the
mother. Pubertal development was assessed with the Pubertal Development Scale (PDS)
(Petersen et al., 1988), a self-report scale that assesses perception of the adolescent’s
development relative to peers. The variable was coded as 1 (develop much earlier relative to
others their own age) to 5 (develop much later relative to others their own age).

2.3.3. Additional Measures—Mothers were interviewed at the 15-year phase about their
sociodemographic, household, and psychological characteristics, and they completed the
Home Observation for Measurement of the Environment — Short Form (HOME-SF: Baker
& Mott, 1989), which assesses the quality of cognitive stimulation and emotional support.
The adolescents completed the following selfreport scales: “My Parents” (Steinberg et al.,
1992), consisting of the involvement subscale, reflecting their view of the parent as loving,
responsive, and involved, and the supervision subscale, assessing their view of parental
monitoring and limit setting; the Childhood Trauma Questionnaire (CTQ) (Bernstein &
Fink, 1998), a measure of physical and emotional abuse and neglect, and sexual abuse; and
the Screen for Adolescent Violence Exposure (SAVE) (Hastings & Kelly, 1997) that
assesses lifetime exposure to violence in the neighborhood, at school, and at home.
Examples of SAVE items include: “I have heard about someone getting shot”, “I have seen
someone get badly hurt”, “Grown-ups hit me”, “Someone has pulled a knife on me”, and “I
have seen someone get killed”. We adapted the SAVE, changing the Likert-scale ratings into
dichotomous responses (yes = directly experienced or witnessed; no = no experience or only
seen on TV or heard on radio). The variable used was total exposure to direct violence (e.g.,
I got stabbed, 1 got shot, grown-ups hit me).

2.4, Statistical Analyses

The frequency distribution of each outcome variable was examined and statistical analyses
were chosen accordingly. Two variables were transformed for the analyses: offspring’s
weight was log transformed to reduce the positive skewness of its distribution, and the
DOTS-R mood subscale was dichotomized to lower quartile (negative mood) versus all
others due to its highly asymmetric distribution. Multiple stepwise regression with forward
stepping was applied to the continuous outcome variables and logistic regression was
applied to the dichotomous variables. The relations between PCE and the outcome variables
were first examined descriptively by comparing the means and box plots of the outcome
variables between exposed and non-exposed offspring. Caregiver sociodemographic and
psychosocial characteristics, offspring characteristics, current substance use, and other
prenatal substance use were considered as covariates. This was based on the literature and
prior analyses of these data and on the associations of these variables with the outcomes or
PCE in initial bivariable analyses. Table 1 shows the covariates that were considered for
inclusion in the analyses. All regressions were run separately by trimester to assess the
effects of exposure during each time period.

The tolerance of each covariate in the final model was examined to assure that the estimated
regression slopes were not unstable due to multicollinearity. Residuals and the modified
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Cook’s statistic (Cook & Weisberg, 1982) were used to identify possible outliers and
influential points. There were no outliers or influential points for the DOTS-R, WISC-III, or
head circumference. There was one influential case each for the CCT, weight, and height,
one outlier for the SRD theft subscale, two influential points each for the damage, theft, and
violence subscales, and two influential points for the CMS. The significant relations with
PCE reported here are those that remained stable after removal of the outliers or influential
cases.

Mediating analyses were conducted to determine whether exposure to violence and child
abuse influenced the relation between PCE and 15-year behavior because of earlier findings
that these variables are related to both PCE and adolescent behavior (Bada et al., 2011;
Delaney-Black et al., 2011; Frank et al., 2011; Richardson, Goldschmidt et al., 2013;
Schwab-Stone et al., 2013). We also tested whether birth weight mediated the relation
between PCE and 15-year growth because of our previous findings that PCE was associated
with decreased birth weight (Richardson et al., 1999). Mediation was evaluated through path
analysis using the product of coefficients (Sobel, 1987) and by examining the significance of
the direct effect after inclusion of the mediating effect in the model. If the direct effect
remained significant, we considered the mediation to be partial. The path parameters were
estimated using Lisrel 8.5 (Joreskog & Sérbom, 2001).

3.1. Descriptive Analyses

During the first, second, and third trimesters, 42.4%, 7.5%, and 10.3% of the women used
cocaine, respectively, and 18.6%, 4.5%, and 6.2% used = 1 line/day, respectively. The mean
level of cocaine use for the women who used during the first trimester was approximately 8
lines/day. Of these women, 50% reported snorting powder cocaine only, while the rest
smoked crack (see Richardson et al., 2008 for detailed information about calculation of the
cocaine/crack amounts). During the second and third trimesters, the mean level of use
among the users was approximately 6 lines/day and 5 lines/day, respectively. Of the women
who used during the third trimester, 20% reported snorting powder cocaine only and the rest
smoked crack. All women who used second and third trimester had used first trimester.
Cocaine use increased from later pregnancy levels during the early postpartum years (15%
and 13% at 1 and 3 years), but had decreased to 7% by 15 years. At 15 years, only 1.8% of
the women used = 1 line/day and, among the users, the mean level of use was approximately
4.4 lines/day.

At enrollment, women who used cocaine during the first trimester were more likely to be
African-American, older, single, less educated, to have lower family incomes, and to be less
likely to be working and/or attending school than were the non-users (Table 1). In the first
trimester, cocaine users used significantly more tobacco cigarettes, alcohol, and marijuana
than did the non-users. At 15 years, most of these characteristics continued to differ; more
caregivers were single, family income was lower, and current use of alcohol, cocaine, and
other illicit drugs was greater among first trimester cocaine users compared to non-users. In
addition, at 15 years, life events, non-maternal custody, and lifetime exposure to violence

Neurotoxicol Teratol. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Richardson et al. Page 8

were higher and quality of the home environment was lower among the offspring of first
trimester users compared to those of non-users (Table 1).

3.2. Regression Analyses

Behavior—At 15 years, those with first trimester cocaine exposure had significantly more
self-reported delinquent behavior problems on the SRD (Table 2). The adolescents who
were exposed to cocaine during the first trimester reported more damage, theft, and status
offenses than those who were not exposed during the first trimester. There was no
association between PCE and the SRD violence subscale, and there was no relation between
second or third trimester PCE and any of the SRD subscales. Adolescents who were exposed
to first trimester cocaine use also reported marginally significantly poorer mood (less happy)
on the DOTS-R than those who were not exposed (Table 2). Third trimester exposure was
significantly related to poorer selfreported mood and to less persistence (Table 2). There
were no significant associations between PCE and the other DOTS-R subscales (activity,
approach/withdrawal, flexibility/rigidity, rhythmicity, task orientation, distractibility).

Cognitive—First trimester cocaine exposure predicted significantly poorer performance on
the CCT and the Mazes subtest of the WISC-I11 (Table 2). There was no association
between first trimester exposure and the other cognitive outcomes, nor any effects of second
or third trimester cocaine exposure on the cognitive outcomes.

Growth—First trimester cocaine use was significantly associated with reduced weight,
height, and head circumference at 15 years of age (Table 2). The adjusted mean growth
parameters were significantly different between offspring with PCE and those with no PCE
during the first trimester: Adolescents exposed to cocaine during the first trimester of
pregnancy weighed 18.7 pounds less (p < .01), were 0.57 inches shorter (p <.05), and their
head circumference was 5.3 millimeters smaller (p < .05) than the unexposed adolescents,
after adjusting for significant covariates. There were no significant associations between
second and third trimester exposure and growth.

3.3. Mediating Analyses

Child abuse was not associated with PCE and therefore could not serve as a mediator.
Lifetime exposure to violence partially mediated the effects of PCE on the adolescent-
reported SRD outcomes of status offenses and damage, and completely mediated the relation
between PCE and theft. In other words, for status offenses and damage, the direct effects of
PCE on these outcome variables remained significant after inclusion of exposure to violence
in the model. For theft, PCE was no longer a significant predictor once exposure to violence
was added to the model. The Sobel test of mediation for status offenses, damage, and theft
was 2.2 (p < 0.05), 2.3 (p < 0.05), and 2.5 (p < 0.01), respectively. Nineteen percent, 25%,
and 43% of the total effect of PCE on status offenses, damage, and theft, respectively, was
explained by the indirect pathway through exposure to violence. Figure 1 illustrates the
mediation model for the SRD damage score. The significant DOTS-R subscales were not
mediated by exposure to violence.
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We also tested whether the effect of PCE on birth weight (Richardson et al., 1999) mediated
the effect of PCE on 15-year weight. At 15 years, birth weight did not mediate the effects of
PCE on current weight (Sobel z = -1.0, p = 0.2). With inclusion of birth weight in the
model, PCE continued to be significantly related to offspring 15-year weight.

4. Discussion

We have extended the exploration of the effects of prenatal cocaine exposure to define the
outcomes of exposed offspring at 15 years of age. We found a significant association
between first trimester cocaine exposure and self-reported delinquency, which is consonant
with the previous research reviewed earlier that found problems in the externalizing domain.
The SRD was a new measure added at the 15-year follow-up to obtain the adolescent’s
report of his/her own behavior, which at this age is a more accurate indicator of delinquent
behavior than maternal report (Loeber et al., 1989; Verhulst & van der Ende, 1992). The
association between PCE and adolescent delinquent behavior, as well as that with substance
use that we reported earlier (Richardson, Larkby et al., 2013), is consistent with reports by
other investigators (Allen et al., 2014; Delaney-Black et al., 2011; Frank et al., 2011;
Lambert et al., 2013; Min, Minnes, Lang et al., 2014; Min, Minnes, Yoon et al., 2014;
Minnes et al., 2014). In addition, in their recent review, Buckingham-Howes et al. (2013)
concluded that the effects of PCE on child behavior persist into adolescence. As we noted
earlier, these adolescent behaviors are a significant concern because they predict
maladaptive adult functioning. The association with PCE highlights one possible avenue for
prevention and intervention efforts.

In terms of internalizing behavior problems, we found a marginally significant effect of PCE
on negative mood. At 10 years, we reported that were no direct effects of PCE on the
Children’s Depression Inventory (Richardson, Goldschmidt et al., 2013). At 15 years, we
used the DOTS-R, which covers a broader range of temperamental characteristics. The few
other reports of internalizing behaviors in this age group also found no effects of PCE (Bada
et al., 2011; Min, Minnes, Yoon et al., 2014). This is an understudied area deserving of more
attention (Buckingham-Howes et al., 2013), and it will be of interest to study the association
between PCE and depression in young adulthood when symptoms will likely have increased.

We also found that first trimester PCE significantly predicted poorer performance on the
Children’s Category Test and the Mazes subtest of the WISC-I1l, an indication that PCE is
associated with a reduced capacity for problem solving and abstract reasoning. These
adolescent outcomes were not found to be affected by PCE in other reports (Betancourt et
al., 2011; Li et al., 2009; Rose-Jacabs et al., 2011). However, there are few reports in the
literature, so this association remains to be determined. We did not find an effect of PCE on
overall 1Q, consistent with most other reports, nor on learning and memory.

As we have reported at earlier ages (Richardson et al., 2008, 2009, 2011; Richardson,
Goldschmidt et al., 2013), offspring with PCE were significantly smaller at age 15 even after
adjusting for factors such as gender, pubertal development, and maternal height. Each of the
growth measures (weight, height, and head circumference) was affected by first trimester
exposure. This pattern of symmetrical growth retardation is consistent with early pregnancy
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exposure (Bayer et al., 1993; Villar & Belizan, 1982). We also tested whether the effects of
PCE on birth weight (Richardson et al., 1999) mediated the effects of PCE on size at 15
years and it did not. Thus, in our cohort, the offspring with PCE have been consistently
smaller since birth and remain smaller through puberty.

There are some limitations to this study. The sample was drawn from a prenatal clinic that
serves low income women and, therefore, generalizations cannot be made to samples with
different socioeconomic characteristics. The women who used cocaine prenatally were
different from women who did not use in several important ways, such as other substance
use, race, and socioeconomic characteristics. We controlled for these differences in the
analyses, but it is possible that other confounding variables could explain the differences
between the offspring who were and were not exposed. We also did not have biological
measures of cocaine exposure during gestation. However, as we and others have shown
(Lester et al., 2001; Richardson et al., 1999), carefully conducted and detailed interviews
identify more users than do urine screens, and are a cost-effective way to document PCE,
especially during early pregnancy. Additional limitations include the use of a two-subtest
version of the WISC-I111 to estimate 1Q and the potential lack of power to detect second and
third trimester effects.

There are, however, significant advantages to this cohort. The follow-up rates for this
sample have been very good; 74% of the birth cohort was seen at 15 years, which is a
difficult task when following a low income substance-using sample. We found very few
differences between the subjects who were and were not assessed at 15 years. Therefore, it is
unlikely that the significant findings could be attributed to attrition bias. We have
comprehensive and careful measures of cocaine that allow us to evaluate patterns of
exposure by trimester. Similarly, we have comprehensive assessments of alcohol, tobacco,
marijuana, and other illicit drug use during pregnancy, and of the sociodemographic and
environmental characteristics of the mother-child dyad, which allows us to control for the
effects of these exposures. We also have an equal representation of African American and
Caucasian women in the sample, which was representative of the prenatal clinic from which
they were recruited.

In summary, we have shown a significant negative effect of PCE across the three domains of
behavior, cognitive functioning, and physical growth, expressed as delinquent behavior,
problem solving and abstract reasoning, and reductions in weight, height, and head
circumference. These effects of PCE are consistent with earlier findings from this cohort,
with other reports in the field, and with the animal literature (Ross et al., 2015). Thus, we
have demonstrated continued deficits related to PCE through age 15. This cohort is being
followed into young adulthood, when these adolescent outcomes may be predictive of
maladaptive functioning during the next developmental time period.
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Figure 1.
Exposure to violence partially mediates the relation between first trimester cocaine exposure

and self-reported delinquency at 15 years?
aStandardized coefficients, p<.05, ** p<.01, ***p<.001
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No cocaine use 15t trimester | Cocaine use 15 trimester p value
First Trimester Maternal Characteristics n=124 n=95
African American (%) 435 57.9 0.04
Age (years) (mean, SD) 24.1(4.7) 26.4 (5.2) 0.001
Single (%) 718 87.4 0.005
Education (years) (mean, SD) 12.2(1.4) 11.8(1.2) 0.05
Family Income ($/month) (mean, SD) 773 (615) 604 (691) 0.01
Work/Attend School (%) 52.4 35.8 0.01
Cigarettes/Day (mean, SD) 6.1(9.4) 10.3(9.5) 0.001
Drinks/Day (mean, SD) 0.28 (.7) 2.02 (2.8) 0.000
Joints/Day (mean, SD) 0.06 (.2) 0.33(.9) 0.004
Other Illicit Drugs (excluding cocaine) (%) 3.2 8.4 0.09
Height (inches) (mean, SD) 64.4 (2.8) 64.5 (2.7) ns
15-Year Caregiver Characteristics
Age (years) (mean, SD) 41.3 (6.4) 44.2(7.3) 0.002
Single (%) 476 72.6 0.0002
Education (years) (mean, SD) 13.1(1.5) 13.0 (1.7) ns
Family income ($/month) (mean, SD) 2854 (2233) 1926 (1344) 0.0002
Work/Attend school (%) 68.5 72.3 ns
Cigarettes/Day (mean, SD) 5.8 (8.6) 7.7(8.2) ns
Drinks/Day (mean, SD) 0.5(1.2) 1.1(1.8) 0.01
Joints/Day (mean, SD) 0.09 (.7) 0.08 (.3) ns
Cocaine (% use) 1.6 13.7 0.0005
Other Drugs (excluding cocaine) (%) 0.8 6.3 0.02
Depression (CES-D) (mean, SD) 39.9 (10.4) 41.3 (10.3) ns
Hostility (STAI) (mean, SD) 15.9 (4.5) 17.1(5.1) ns
Home environment (HOME) (mean, SD) 11.2 (2.7) 10.4 (2.6) 0.02
Household size (#) (mean, SD) 4.1(1.9) 39(1.7) ns
Life events (mean, SD) 3.8(3.0) 45 (2.9) 0.02
Social support (# people to turn to) (mean, SD) 4.4 (2.3) 4.1(2.2) ns
15-Year Offspring Characteristics
Age (years) (mean, SD) 15.8 (.9) 15.4 (.7) 0.002
Gender (% male) 50.8 53.7 ns
Custody status (% non-maternal) 10.5 29.5 0.0004
Child abuse/neglect (CTQ) (mean, SD) 2.0(.7) 2.2(.9) ns
Exposure to violence (SAVE) (mean, SD) 0.64 (1.0) 1.04(1.2) 0.008
# of hospitalizations (mean, SD) 0.2 (.6) 0.4(.8) ns
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No cocaine use 1%t trimester | Cocaine use 1% trimester p value?
# of illnesses (mean, SD) 0.7 (1) 0.7 (1) ns
# of injuries (mean, SD) 0.5 (.8) 0.4 (.7) ns
WISC-I11 estimated 1Q (mean, SD) 88.5(18.1) 87.2 (16.6) ns
Pubertal development 2.8(.8) 29(.7) ns
Parental involvement 29.4 (4.2) 28.9 (4.3) ns
Parental supervision 20.7 (3.9) 20.2 (4.1) ns

a . . ’ . . .
Based on t-test or Mann-Whitney for continuous variables and on Chi-square test for dichotomous variables.

Neurotoxicol Teratol. Author manuscript; available in PMC 2016 May 01.




Page 21

Richardson et al.

Author Manuscript

1000 > 520 z10 piepUsO €10 oMbram
HLMOYD
S00 > 10— 9T'0- JUBWUOIIAUS 3WOH
500> 9T'0- 90°0- asn a)3aJef1o eussiew JuslIn)
100> 6T 0- £ T- 8U1e202 J3)S8LIL] 1114 800 saze\ OSIM
S00 > LT0- 09'¢- 8U1BI09 JB)SBWIL] 18114
100> 220 G9'T uol1edNpa [eutsie|\
1000 > 920 08'v aoey GT'0 | 1581 AloBare) s,uaipjiyd
JAILINODOD
S0'0> ST'0- 28°0- aUIBI09 JA)SBWLI] PAIYL
S0'0> GT'0 900 JUBWIBA[OAUI [eludJed
100> 6T°0 090 19puso 100 soudssisiad ¥-510a
oT > q8zE-26) LT 550 3UIBI0D J9)SaWILI 1S11
50" > q(1z8-se1) 12°€E ITT 3UIBO00 J31SBWILD PAIY L
10" > q(§6'0 - 280) 88°0 Zro- JUSLUBAJOAUI [eJuBJed poow ¥-S10d
S0'0> ¥T°0 200 asn analehio jeulsrew uaND
100> 8T0- 90°0- JUSWSA[OAUI [eludred
1000 > €20 190 3UIeI0J 133SI Is11 Z10 SasUaKO SNIeIS :QHS
S0°0> 41} 1€0 3UIeI02 J3)SaWI] IS
T00> 8T'0- 90'0- JUBWIBA[OAUI [eludJed
1000 > 220 or'T euen(Liew Ja)sawiy 1si14 FAN0) oyl :ays
G800 > 210 S0 euen(ewW J2)sawWL 1S4
S0°0 > Y10 600 uol1yedNpa [eutsie|\
T00> 110 200 asn anatehio jeulsrew uaND
100> IT0 G0 3UIBI0 Ja)SaLuL] ISI1- 1T°0 afeweq :qys
HOIAVH3g

anpend | ju8Io11800 UOISSaiBal pazipiepuels _ B1ag Mey

s10301paid jueaiyiubis _ zd [e10L _

a|geIJeA 8WOINO

¢ ?olgel

Author Manuscript

£SOW09IN0 Jeak-GT 10 sasAjeue uoissalbioy

Author Manuscript

Author Manuscript

Neurotoxicol Teratol. Author manuscript; available in PMC 2016 May 01.



Page 22

Richardson et al.

3B\ = T ‘efewad = o_u

pauwLiojsues) mo._o
[eAIB1UI 8OUBPIILOD %G6 PUE O1le SPPO uzm:._u,qn

‘pawiiogiad
Sem uolssaifial 911s160] & pue SIaYI0 |[e "SA 8]1enb 1S8MO] 8yl 01Ul PAZILLIOIOYDIP SEM UDIYM ‘8]easgns poow Y-S 0d 8yl 1daoxa sswooIno || o) pa1onpuod aiam sasAjeure uoissaiBbal sjdn|niy 108118
3y} Jo apnyiuBiew ay) JO UOIBIIPUI UR ‘JUSIDI}09 UOoIssaIfal pazipJepuels JO JapJo Ul Palsl| ale s10101pald Juedljiubis sem ainsodxa auresod [ereusid a1aym SaWOIN0 asoy) Joj Ajuo parussald are sHnsax,

S0 > ST 0- 82'G— 3UIBI02 JB1SBWILI] IS4
S0 > 8T'0- 9£'0- asn apaJeBio [eussrew waiN)
10" > T20- 1. v- Juswdolanap [euagnd
100" > S€0 Leet Japus9 97’0 90U3I3JWINJIID peaH
S0'0 > 60°0- Gy'T- | asneuenfiew jeussjew jusiind
S00 > 0T'0- 69°0- 3UILI02 J3)SaWI] IS4
100> 170 90 aby
100> T 0- €5°0- Juswdo|anap [edagnd
T00°0 > [440] (0)40) 618y [eusare\
1000 > 690 08y Japus 090 wbreH
T00°0 > 02'0- 0T'0- 3UIBI02 JB1SBWILI] IS4
1000 > 220~ 10°0- Juswdo|anap [edagnd
anfend | jualo1yys0d uolssadbal paziprepuels | eleq mey s103a1paad Jueoiiubis | zd el 3|qeldeA 3WoANO

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Neurotoxicol Teratol. Author manuscript; available in PMC 2016 May 01.



