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Abstract
In this longitudinal study of prenatal cocaine exposure (PCE), school-age physical and cognitive
development and behavioral characteristics were examined, while controlling for other factors that
affect child development. At this follow-up phase, children were on average 7.2 years old, and
their caregivers were 33.7 years old, had 12.5 years of education, and 48% were African
American. During the first trimester, 20% of the women were frequent cocaine users (≥ 1 line/
day). First trimester cocaine exposure predicted decreased weight and height at 7 years. There was
no significant relationship between PCE and the cognitive and neuropsychological measures.
Third trimester cocaine use predicted more total and externalizing behavior problems on the Child
Behavior Checklist [3] and the Teacher Report Form [4], and increased activity, inattention, and
impulsivity on the Routh Activity [67] and SNAP scales [55]. Children who were exposed to
cocaine throughout pregnancy had more mother- and teacher-rated behavior problems compared
to children of women who stopped using early in pregnancy or who never used cocaine prenatally.
These detrimental effects of PCE on behavior are consistent with other reports in the literature and
with the hypothesis that PCE affects development through changes in neurotransmitter systems.
These school-age behaviors may be precursors of later adolescent behavior problems.
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1. Introduction
Over the last decade, we have seen a group of well-designed studies, many of which are
represented in this Special Issue, tackle the important public health topic of the effects of
prenatal cocaine exposure (PCE). Previously, we reported that PCE was associated with
infant temperament and motor development [61], and with preschool behavior problems,
poorer short-term memory, and decreased head circumference [62]. Our longitudinal study
and others have continued to follow cohorts into early elementary school (defined for this
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review as 6 to 8 years old or first through third grade), investigating the effects of PCE on
the domains of growth, cognitive development, and behavior.

Most researchers have reported that PCE was not associated with growth at school age
[5,29,37,40,41,50]. By contrast, PCE was found to be associated with decreased height at 7
years, but only for those whose mothers were older than 30 at the time of delivery [21], and
with decreased height and weight/height z-scores in 6-year-olds [52].

There have been reports of relationships between PCE and specific areas of cognitive or
neuropsychological development and school functioning in 6- to 8-year-olds, including
language development [8,9,11,46], abstract-visual reasoning [12], visual-motor performance
[5], learning disabilities [53], and increased frequency of Individualized Education Plans
[45]. Eyler et al. [29] found that PCE was associated with executive function tasks at 7
years, but the effects were mediated by the effects of PCE on birth head circumference. In
general, PCE has not been found to be associated with deficits in global cognitive
development, as measured by scales such as the Stanford-Binet Intelligence Scale (SBIS)
[77], the Wechsler Preschool and Primary Scale of Intelligence-Revised [81], the Wechsler
Intelligence Scale for Children [82], and the Differential Abilities Scale [28]
[5,8,37,40,41,53], although Bennett et al. [12] reported that PCE predicted lower SBIS
composite scores for exposed boys only.

The literature is also inconsistent in the behavior domain. PCE has been reported to be
associated with increased caregiver- and teacher-reported behavior problems, particularly
externalizing behavior [6,26,40] and aggression [73], and with poorer attention and
processing on laboratory measures [1,51]. Nordstrom-Bailey [54] also found an effect of
PCE on aggression, but only in girls who had no prenatal alcohol exposure. Other
researchers have reported that there were no significant relations between PCE and
caregiver’s ratings of behavior problems [2,41,48].

The research presented here is from a longitudinal study of prenatal cocaine use that was
designed to address the relations between PCE and physical, cognitive, and behavioral
development in a sample of women recruited from a prenatal care clinic. We will address
the timing of PCE because multiple interviews were conducted to obtain trimester-specific
substance use data. Given the longitudinal design of the study, we will evaluate whether
earlier effects of PCE mediate later outcomes. We will also test whether there are any
moderating effects of maternal age, home environment, or child gender because of previous
reports of interactions between PCE and these variables [11,12,15,21,26,73,85]. Based on
our findings at the 1- and 3-year follow-ups [61,62] and on those in the literature, we
hypothesize that the strongest associations will be with PCE and behavior problems at 7
years of age, and that this relation will remain significant after adjusting for covariates of
cocaine use.

2. Methods
2.1. Study Design

The women and children in this sample are participants in a longitudinal investigation of the
effects of PCE. 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 Magee-Womens Hospital (MWH). A Department of Health
and Human Services’ Confidentiality Certificate assured participants that their responses
could not be subpoenaed.
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Women ≥ 18 years of age were initially interviewed in the MWH prenatal clinic during their
fourth or fifth prenatal month. Women were not enrolled if they did not initiate prenatal care
by the fifth month of pregnancy. During the first interview, the women were asked about
cocaine, crack, alcohol, tobacco, marijuana, and other illicit drug use in the year prior to
pregnancy and during the first trimester. All women who reported any cocaine or crack use
during the first trimester were enrolled. The next woman interviewed who reported no
cocaine or crack use during both the year prior to pregnancy and the first trimester was also
enrolled. The selected sample was interviewed during the seventh prenatal month and at 24
hours post-delivery about substance use during their second and third trimesters,
respectively. All infants were examined at delivery by study nurses who were unaware of
prenatal exposure status. At 1 year postpartum, growth, mental and motor development, and
temperament were assessed [61]. At 3 years postpartum, growth, cognitive development,
and behavior were assessed [62].

At the 7-year follow-up, mothers and children were seen in our research offices. The child’s
growth was measured by trained research staff and his/her medical history was obtained
from the mother. Cognitive development was assessed with the Stanford-Binet Intelligence
Scale – 4th Edition (SBIS) [77], which consists of the following scales: verbal reasoning
(VR), abstract/visual reasoning (AVR), quantitative reasoning (QR), short-term memory
(STM), and the composite score. Academic achievement was assessed with the Wide Range
Achievement Test – Revised (WRAT-3) [83], which yields reading, spelling, and arithmetic
scores. The screening version of the Wide Range Assessment of Memory and Learning
(WRAML) [70] was used to examine visual and verbal memory and verbal learning. The
Grooved Pegboard, in which the child is required to place notched pegs into a board of 25
grooved holes, was used as a test of psychomotor speed and eye-hand coordination [66]. The
Progressive Figures Test (PFT) was administered to provide an indication of mental
flexibility and impulsivity [57]. The PFT is conceptually similar to the Trail Making Test,
but is more appropriate for 7-year-olds because it uses shapes rather than numbers and
letters. To measure attention and impulsivity, the Continuous Performance Test – Shapes
(CPT-3) [49] was administered. The CPT-3 presents various shapes in different colors and
requires the child to respond to a target stimulus. Data include the rate of responding and
errors of omission and commission.

The examiners were bachelor’s or master’s level research staff who had extensive
experience administering standardized child assessments. They were trained to reliability
and supervised by a developmental psychologist (GAR). All examiners were blind to
prenatal and current substance use status. Periodic reliability checks were conducted in order
to maintain consistent administration and scoring.

At 7 years, trained interviewers asked the mothers structured questions about their substance
use during the last year and about their demographic and psychological characteristics,
household composition, and social support (how often have contact with friends and
relatives; someone to turn to in times of need; support received in role as a mother;
satisfaction with help received). The Center for Epidemiological Studies - Depression Scale
(CES-D) [56] was used to assess maternal depression and the Spielberger State-Trait
Anxiety Inventory (STAI) [74] was used to measure anxiety and hostility. The interview
version of the HOME [7] was used to measure aspects of the home environment that
correlate with cognitive development, such as the availability of reading materials, the
frequency of television viewing and family meals, and types of discipline tactics. A total
score is obtained with higher scores indicating more supportive home environments. An
estimate of maternal intelligence was obtained by administering the two-subtest version
(block design and vocabulary) [14] of the Wechsler Adult Intelligence Scale - Revised
(WAIS-R) [80].
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The mother's view of the child's temperament was measured using the EAS Scale [17], in
which the mother rates her child in terms of emotionality or distress, degree of activity,
sociability, and shyness. Cronbach’s alphas for the current sample were 0.79, 0.68, 0.55, and
0.58 for the four dimensions, respectively. The sociability and shyness scales were
eliminated from the analyses because of the low alphas. The mothers also completed the
Routh Activity Scale [67], an assessment of the child’s activity levels in daily situations
such as mealtime, bedtime, and playtime, and the SNAP [55], a rating of activity, attention,
impulsivity, and peer relations. The alphas in the current sample for the Routh and the four
SNAP subscales were 0.91, 0.84, 0.88, 0.85, and 0.66, respectively. As a measure of
behavior problems, the Child Behavior Checklist/4–18 (CBCL) [3] was completed by the
caregivers at 7 years. In addition, the child’s primary teacher completed the Teacher Report
Form [4], which parallels the questions in the CBCL.

2.2. Sample Characteristics
Recruitment occurred between March 1988 and December 1992 and 90% of the women who
were approached agreed to participate. Only 5% of a random sample of women who refused
to participate had a history of drug use during the current pregnancy, according to a medical
chart review. A total of 320 women met the inclusion criteria and were enrolled into the
study. Between enrollment at the 4th or 5th month of pregnancy and delivery, 20 subjects
were eliminated for the following reasons: home delivery, miscarriage/abortion/fetal death,
moved, lost to follow-up, and refused. Thus, delivery assessments were completed on 300
women. Four pairs of twins and one child with Trisomy 21 were excluded from additional
follow-up, resulting in a birth cohort of 295 mothers and infants.

By 7 years, 51 subjects were lost to follow-up: 5 children died, 5 mothers lost custody and
the children could not be traced, 15 families moved out of state, 14 mothers refused to
participate, and 12 were missed. The 244 subjects interviewed at the 7-year follow-up
represented 83% of the birth cohort. Ten percent of the children were not in maternal
custody at 7 years, in which case the current caretaker was interviewed. The majority of
these caregivers were relatives of the child (father, grandparent, aunt).

One child with a severe disability (Alagille Syndrome) was excluded from the analyses,
resulting in an analysis cohort of 243 mothers and children. The mothers who were not
included in the 7-year analysis (N=52) were younger (23.2 vs. 25.1 years, p < .01) than
those who were included in the analysis (N=243). There were no other significant
differences in maternal sociodemographic, prenatal substance use, or infant birth
characteristics between those who were and were not included in this analysis. The TRF was
completed for 211 of the 243 subjects (87%).

The median child age at assessment was 7.2 years (mean = 7.4 years; SD = 0.5; range = 6.6
– 9.0). Eighty-nine percent were seen by 8.0 years of age. Fifty-three percent of the children
were male. The average weight was 60.2 pounds (range = 35 – 140), height was 49.3 inches
(range = 43 – 57), and head circumference was 525 mm (range = 480 – 585). The mean
SBIS scores were: VR - 96; AVR - 88; QR - 94; STM - 91; and composite - 91 (range = 49
– 137). The mean WRAT-3 reading, spelling, and arithmetic scores were 95, 95, and 94,
respectively, and the mean WRAML screener composite score was 94 (range = 56 – 126).

At the 7-year phase, the women were, on average, 33.7 years old (range = 21 – 71), 52%
were Caucasian, and 48% were African American. Women had a median family income of
$1,200 per month (range = $172 – $8,000/month) and an average educational level of 12.5
years (range = 8 – 18). Thirty-one percent were married, 50% had a man living in the
household (includes husband, boyfriend, father or stepfather of the child), and 58% worked
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or went to school. The mean estimated maternal IQ score was 90 (SD = 12; range = 61 –
126).

2.3. Data Analysis
Cocaine and crack use were reported in lines, rocks, or grams, or in cost at 7 years if the
woman could not report quantity. For analytic purposes, first trimester cocaine use was
defined as use/no use and as frequent use (≥ 1 line/day) versus non-frequent use (< 1 line/
day). Cocaine use was dichotomized into use/no use for the second and third trimesters and
for the 7-year postpartum phase because of the small number of women who used during
those time periods.

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 variables were
ascertained separately for each trimester of pregnancy, as well as at 7 years postpartum, and
were used as continuous variables in the analyses. Detailed information about calculation of
the first trimester substance use variables has been previously published [24,61].

The growth outcomes were weight, height, and head circumference. The cognitive and
neuropsychological outcomes were: SBIS VR, AVR, QR, STM, and composite scores;
WRAML story, picture, verbal, design subscales and composite screener; WRAT-3 reading,
spelling, and arithmetic scores; PFT time to complete (log-transformed) and number of
errors (0/1 vs. 2+); Grooved Pegboard dominant and non-dominant hand time to insert and
time to remove (log-transformed) and number of pegs dropped (0/1 vs. 2+); and CPT
number of omission and commission errors. The behavior outcomes were: EAS emotionality
and activity; Routh total score; and SNAP activity, attention, impulsivity, and peer relations.
To reduce Type I error rate due to multiple tests on the same outcome, the first set of
regression analyses on the CBCL and TRF was with the total, internalizing, and
externalizing scales. If PCE was a significant predictor of these three scales, then further
analyses were conducted with the withdrawn, somatic complaints, anxious/depressed, social
problems, thought problems, attention problems, delinquent behavior, and aggressive
behavior scales. T scores were used for all of the CBCL and TRF scales.

Significant covariates for the final model were selected using stepwise multiple regression
analyses. To explore the stability of the variables entering the model, the initial significance
level for entry and removal was 0.10. Variables that were significant at an alpha of 0.05
were retained for the final models. Child characteristics, maternal sociodemographic,
psychosocial and environmental characteristics, and prenatal and 7-year substance use were
considered as covariates because of their associations with the outcomes and/or PCE in
initial bivariate analyses and based on the literature and prior analyses of these data. Table 1
lists potential covariates and shows those that were retained for the final models. All
regressions were run separately by trimester to assess the effects of exposure during each
time period.

Residuals and the modified Cook’s statistic [20] were used to identify possible outliers and
influential points. Only those relations with PCE that remained stable after removal of the
influential cases are included in this report. There were 4 influential points for weight and 2
for head circumference, 2 for SBIS, 7 for WRAML, 4 for WRAT, 2 for PFT, 3 for
Pegboard, 1 for omission and 2 for commission errors on the CPT, 2 for Routh, 2 for EAS,
and 1 for TRF total score. The tolerance of each predictor was examined to assure that the
estimated regression slopes were not unstable due to multicollinearity.

Richardson et al. Page 5

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

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



A descriptive group analysis was conducted to investigate the impact of duration of cocaine
use and three groups were defined: women who abstained from cocaine throughout
pregnancy (“Never”) (N=130); those who used first trimester only (“Stopped”) (N=60); and
those who used both first and third trimesters (“Continued”) (N=27). Analysis of covariance
was then used in order to adjust the outcomes for significant covariates from the regression
analyses.

We tested whether there were interactions between PCE and maternal age, home
environment, and child gender by including these interaction terms in the regression models.
We also evaluated whether there were any mediating effects of birth weight on 7-year
weight and of 3-year behavior problems on the 7-year outcomes. Mediation was evaluated
through path analysis using the product of coefficients [72] 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. Parameters
were estimated using Lisrel 8.5 [38].

3. Results
3.1. Descriptive Analyses

During the first trimester, 19.8% of the women were frequent users (≥ 1 line of powder
cocaine per day, or the equivalent in crack). By the third trimester, 6.7% of the women were
frequent users (Table 2). Only 13% of the women who used first trimester also used second
and third trimester. All women who used cocaine during the second and third trimesters also
used cocaine during the first trimester. The prevalence of frequent cocaine use did not
change significantly during the first and third postpartum years from that of the third
trimester, but was significantly lower by 7 years postpartum. The mean level of cocaine use
for the women who used during the first trimester was 0.26 g/day, or ~9 lines/day (range = <
1 line/month – 4 g/day). The mean level of use for the second and third trimester users was
0.17 g/day (~6 lines/day) (range = < 1 line/month – 1 g/day) and 0.14 g/day (~5 lines/day)
(range = < 1 line/month – 2 g/day), respectively. At the 7-year follow-up, the mean level of
cocaine use for the women who used was 0.20 g/day, or ~7 lines/day (range = < 1 line/
month – 1.4 g/day).

We reported previously that women who used ≥ 1 line of cocaine/day during the first
trimester were significantly more likely to be older, African American, single, and to have
lower family incomes than the women who did not use first trimester [62]. Frequent first
trimester cocaine users also used more alcohol, cigarettes, marijuana, and other illicit drugs
than did first trimester non-cocaine users [62].

These same characteristics also describe women who continued to use cocaine throughout
pregnancy: They were more likely to be African American, single, to have lower family
incomes, and to use more alcohol, cigarettes, and marijuana than women who stopped or
never used during pregnancy (Table 3).

We also looked at the characteristics of women who used cocaine/crack at the 7-year phase.
Current users were more likely to be Caucasian, and to report higher hostility scores and
more alcohol, tobacco, marijuana, and other illicit drug use than women who did not use
cocaine at 7 years (Table 4).

3.2. Regression Analyses
Exposure to cocaine during the first trimester (defined as use/no use) predicted decreased
weight and height at 7 years (Table 5). The average weight for children of first trimester
users was 4.3 pounds smaller than that of children of women who were not cocaine users
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during the first trimester. The effect size for height was 0.63 inches. There were no effects of
PCE on 7-year head circumference.

PCE was not a significant predictor of any of the cognitive or neuropsychological
assessments, which included the SBIS, WRAML, WRAT, Grooved Pegboard, PFT, or CPT
(data not shown). Significant predictors of better performance on these assessments were
higher maternal IQ, Caucasian race, and higher home environment scores. First trimester
marijuana use was significantly associated with poorer performance on the WRAML (beta =
−7.52, p < .05).

Third trimester cocaine exposure (defined as use/no use) was a significant predictor of the
CBCL total, externalizing, attention problems, and aggressive behavior scales (Table 6). The
effect sizes were about 5 to 6 points. There were no significant relations between PCE and
the CBCL internalizing, withdrawn, somatic, anxious/depressed, social, thought, or
delinquent behavior scales. Increased maternal hostility, less social support, and younger
maternal age were significant predictors of more maternal-rated behavior problems. Third
trimester cocaine use was also a significant predictor of increased activity scores (Routh and
SNAP), as well as of increased inattention, impulsivity, and problems with peers (SNAP),
with effect sizes ranging from 1.7 to 4.7 points (Table 6).

First trimester cocaine exposure significantly predicted higher TRF total, withdrawn,
thought problems, and aggressive behavior scores (Table 7). Third trimester cocaine
exposure was a significant predictor of the TRF total, externalizing, anxious/depressed,
social, thought, and aggressive behavior scales. The effect sizes for third trimester use
ranged from 2.9 to 7.1 points. There were no significant relations between PCE and the TRF
internalizing, somatic, attention, or delinquent behavior scales. Increased maternal hostility,
younger maternal age, and lower SBIS composite scores were significant predictors of more
teacher-rated behavior problems.

3.3. Group Analysis
The group analysis for duration of cocaine use (never, stopped, continued) was limited to
those outcomes for which PCE was a significant predictor in the regression analyses. As
shown in Table 8, children who were exposed throughout pregnancy had significantly more
mother- and teacher-rated behavior problems (CBCL externalizing, attention, aggressive;
Routh activity; all 4 SNAP scales; TRF total, externalizing, anxious/depressed, social,
thought, aggressive) compared to those who stopped and to those with no PCE. In addition,
children who were exposed first trimester only had decreased height and weight compared to
those with no PCE. These analyses were adjusted for the significant covariates from the
regression analyses.

In order to address the issue of clinical significance, we looked at the percent of each group
that was ≥ 60 on the TRF, the suggested clinical cutoff score [4]. For example, for TRF total
behavior problems, 20% of the “never used” group was above the cutoff score. This is
comparable to the 17% who were above the clinical range on TRF total behavior problems
in Achenbach’s non-referred sample [4]. The percent of the “continued” group who scored
above the TRF total behavior problems cutoff was 50% (significantly different from “never
used” group; p < .006), which is similar to the 64% of Achenbach’s [4] referred sample who
scored above the cutoff. We also compared our sample means to those reported by
Achenbach [4]. For example, the TRF total and externalizing behavior problem means of the
“never used” group (~52) (Table 8) are comparable to the TRF normative sample means
(~50) [4]. The TRF total and externalizing behavior problem means of the “continued”
group (~60) (Table 8) are comparable to the referred group means (~60 – 62) [4]. Thus, the
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level of behavior problems in the “continued” group is comparable to that in a clinically-
referred sample.

3.4. Moderating Analyses
There was no significant interaction between first trimester cocaine use and maternal age,
home environment, and child gender for weight, height, or head circumference. We also
tested for interactions between third trimester cocaine use and maternal age, home
environment, and child gender for the CBCL and TRF total, internalizing, and externalizing
scales, Routh Activity Scale, and SNAP attention subscale. We found a significant
interaction between third trimester cocaine use and maternal age on the TRF internalizing
score (beta = 1.1, p < .01). Children of older women who used cocaine were rated by their
teachers as having more internalizing behavior problems compared to those of younger
women who used cocaine. For women who did not use cocaine, there was no difference
between offspring of younger and older women. Of the 33 interactions that we tested, this
was the only significant interaction between PCE and maternal age, home environment, or
child gender.

3.5. Mediating Analyses
Because we found that PCE was a significant predictor of behavior problems at 3 years of
age [62], we tested whether the changes at 3 years of age mediated the effects of PCE on
behavior problems that were found at 7 years. Figure 1 shows that when 3-year CBCL total
behavior problems were entered into the model, third trimester cocaine use was no longer a
significant predictor of 7-year CBCL total behavior problems. The indirect effect measured
as the product of coefficients was significant (Sobel z = 2.5, p < .01). That is, the effect of
third trimester use on 7-year total behavior problems was due to the effect of third trimester
use on 3-year total behavior problems. The other significant effects of PCE on 7-year
behavior reported in Tables 6 and 7 were not mediated by 3-year behavior. In addition, the
effect of PCE on 3-year temperament [62] did not mediate the effect of PCE on 7-year
CBCL total behavior problems. We also tested whether the effect of PCE on birth weight
[64] mediated the effect of PCE on 7-year weight and found that there is both an indirect
effect of first trimester use and birth weight on 7-year weight (Sobel z = −2.2, p < .05) and a
direct effect of first trimester exposure on 7-year weight (t = −2.2, p < .05) (Figure 2).

4. Discussion
This report investigated the relationship between PCE and growth, cognitive development,
and behavior at 7 years of age. First trimester cocaine use predicted reduced 7-year weight
and height. There was a direct effect between PCE and 7-year weight that was not solely due
to the effects of PCE on birth weight [64]. Head circumference was not significantly
predicted by PCE in these analyses, although we previously reported that PCE was a
predictor of head circumference at 7 years [60]. However, that was a report using
longitudinal modeling across four phases and had a different sample size than the current
report, which likely accounts for the different findings. Most other research groups have not
found effects of PCE on child growth [5,29,37,40,41,50]. However, most of those groups
defined PCE as any use during pregnancy. We found that 7-year weight and height were
both affected by first trimester use, which is consistent with the idea that symmetric growth
retardation results from exposure early in pregnancy [10,79].

Prenatal cocaine use did not predict performance on the cognitive, learning and memory,
achievement, or neuropsychological assessments. The lack of a significant association
between PCE and global cognitive development is consistent with other reports
[5,8,37,40,41,53], and is an indication that the effects of PCE on cognitive function may be
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subtle and therefore not detectable by global measures. We also did not find specific
neuropsychological effects at this age. While there have been some reports of significant
effects of PCE on neuropsychological measures, there is no one domain that is consistently
affected. It may be that effects in these domains will not become evident until there is
development of more advanced cognitive abilities, such as occurs in middle childhood
[35,42].

Consistent with our hypothesis, we found associations between PCE and child behavior
problems that were evident on both mother and teacher ratings. Third trimester use, which
reflects use throughout pregnancy, was associated with significantly more externalizing
behavior problems, such as aggressive behavior and attention problems, and with increased
activity, inattention, and impulsivity, controlling for prenatal and current maternal substance
use, sociodemographic and environmental factors, and child characteristics. Our findings of
increased behavior problems are also consistent with other reports [6,26,40,54,73]. There
were no interactions between PCE and gender or home environment, although there was an
interaction between PCE and maternal age on the TRF internalizing scale. The effect of PCE
on total behavior problems at age 7, as measured by the CBCL, was mediated by the effects
of PCE on total behavior problems at 3 years, but the effects of PCE on CBCL externalizing
behaviors and on TRF total and externalizing behaviors were direct.

At 3 years, we found that first trimester exposure was associated with more mother-rated
externalizing behavior problems [62]. At 7 years, third trimester exposure, but not first,
predicted the mother’s rating of externalizing problems. Thus, the affected domains
remained the same across time, but the time of exposure differed with maturation. There
could be several reasons for this: One, there could have been selective subject loss among
the children who were affected and exposed only early in gestation. However, we have
shown that there was no selective drop-out, so this possibility is not likely. Two, women
who used cocaine throughout pregnancy may differ from women who did not on significant
characteristics that we did not measure and thus were not able to control for. While we
controlled for socioeconomic, psychological, and home environment characteristics, we did
not have measures of exposure to violence or community characteristics at the 7-year
assessment. We have added these measures to later follow-up phases. Three, children who
were exposed in the first trimester only may have been able to compensate for the effects of
exposure by age 7. This possibility, particularly in a population of offspring with low to
moderate levels of exposure, is supported by literature on plasticity in development [75], and
is likely the best explanation.

PCE affects fetal development through a number of mechanisms, including: 1)
neurochemical changes in the dopamine, norepinephrine, and serotonin systems; 2) indirect
vasoconstrictive effects; and 3) disruptions in fetal programming [44]. In animal models,
there are effects of PCE on behaviors that are regulated by the dopamine and norepinephrine
neurotransmitter systems, including cognitive abilities, motor performance, reward, mood,
and stress reactivity [36]. In humans, PCE effects would be expected to occur in brain
regions such as the prefrontal cortex that express dopamine receptors and receive
dopaminergic projections from the midbrain [34]. Behaviorally, changes would be expected
in domains that rely on the function of the dopamine systems in the brain such as attention,
arousal, mood, state regulation, and executive functioning [18,19,22,27]. Our findings and
the reports of others show that, during childhood, PCE affects the capacity to control
behavior and regulate emotion, reflecting disturbances in the prefrontal cortex as well as
other brain regions. The behavioral effects of PCE could be due to direct effects on
neurotransmitter systems, consistent with the first mechanism, or they could be indirect
effects mediated through changes in the HPA axis, consistent with the third mechanism
[13,18,22,30,44].
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A potential limitation of the study is that biological measures were not used to document
drug use. While it is possible that some women who used drugs denied use and were
misclassified, this would reduce the differences between groups and would not affect the
significant findings. Moreover, biological screening fails to detect many cocaine users
because of the short time period for detection [39,78]. Our interviews identified a higher
percentage of users than did urine screening [64], a finding also reported by others [43,86].
Thus, detailed, confidential interviewing is an effective way to identify users and to
characterize the quantity, timing, and pattern of use [58,65].

Another issue to consider is whether maternal ratings of behavior reflect the child’s behavior
or the mother’s perception of the child’s behavior. Women who use cocaine might be more
depressed than women who do not use cocaine and therefore they may perceive their child’s
behavior differently. However, PCE and maternal depression were not related in our study
or in others [47,68,71]. Maternal hostility was associated with child behavior, but when we
controlled for maternal hostility, PCE was still a significant predictor of behavior. In
addition, PCE was a significant predictor of teacher-rated behavior problems, a further
indication that the reported behavior changes are not a reflection of the mother’s perception.

The strengths of this study include its prospective design, large number of subjects, good
follow-up rates, and statistical control for confounding factors, including other drugs and
current environmental influences on child development. We can assess the effects of light to
moderate levels of PCE and of the timing and duration of exposure on development. Women
enrolled in this study received prenatal care by their fourth or fifth month of pregnancy.
They were interviewed at defined time points and at frequent intervals to minimize recall
bias. We have also established that the instruments were reliable and valid [23,25,59]. This
prenatal care sample represents the typical pattern of substance use in a general population
of pregnant women and allows us to study the effects of exposure to cocaine early in
pregnancy, as well as throughout pregnancy.

In conclusion, this is a unique study of women from a prenatal clinic who used low to
moderate amounts of cocaine early in pregnancy. We have shown previously that PCE is a
significant predictor of neurobehavioral and neurophysiological changes at birth [63,69],
temperament at 1 year [61], and memory, temperament, and behavior at 3 years [62]. We
have now documented increased mother- and teacher-rated behavior problems at 7 years.
The extent of the teacher-rated problems in the continuously-exposed group was comparable
to that in a clinical sample [4]. This continuing pattern of behavior problems associated with
PCE, a reflection of behavioral dysregulation, is important because temperament,
externalizing behaviors, and inattention are predictors of adolescent psychopathology,
including substance use, delinquent behaviors, ADHD, anxiety, and depression [13,16,30–
33,44,76,84]. The identification of this pattern will allow targeted early intervention with
children who are vulnerable because of their prenatal cocaine exposure in order to disrupt
this potential pathway to adolescent psychopathology.
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Figure 1.
CBCL-Total at 3 years mediates the relation between third trimester cocaine exposure and
CBCL-Total at 7 yearsa
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Figure 2.
Birth weight partially mediates the relation between first trimester cocaine exposure and
weight at 7 yearsa
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Table 1

Variables considered for inclusion as covariates

7-Year Child Characteristics

Age at assessmenta (for growth, Progressive Figures, Pegboard, and CPT analyses only)

Gendera (not used for CBCL and TRF analyses)

Number of illnesses

Number of injuries

Number of hospitalizations

Number of siblingsa

Stanford-Binet composite scorea (for TRF analyses only)

7-Year Maternal Demographic and Environmental Characteristics

Adult male in householda

Agea

Custody (maternal vs. non-maternal)

Depressiona [51]

Educationa

Family income

Heighta (for growth analyses only)

HOMEa [7]

Hostilitya [74]

IQa [14] (not used for growth analyses)

Marital status

Racea

Social supporta

Work statusa

7-Year Maternal Substance Use

Alcohola

Cocainea

Marijuanaa

Other illicit drugs

Tobaccoa

Prenatal Substance Use (for each trimester)

Alcohola

Cocainea

Marijuanaa

Other illicit drugs

Tobaccoa

a
Variable was retained in final model
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Table 2

Prevalence of Cocaine Use (%)

Level of Use

Time Period None Occasionala Frequentb

Year prior to pregnancy (N = 241) 55.2 23.2 21.6

First trimester (N = 243) 57.2 23.0 19.8

Second trimester (N = 218) 91.7 3.2 5.0

Third trimester (N = 240) 88.7 4.6 6.7

One-year follow-up (N = 231) 84.4 7.8 7.8

Three-year follow-up (N = 234) 87.2 6.4 6.4

Seven-year follow-up (N = 243) 91.4 5.8 2.9

a
Occasional: > 0 and < 1 line/day of cocaine or gram equivalent of crack

b
Frequent: ≥ 1 line/day of cocaine or gram equivalent of crack
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Table 3

Maternal Characteristics Associated with Duration of Prenatal Cocaine Use

Never Useda Stoppedb Continuedc

Third Trimester n = 130 n = 60 n = 27

Maternal Characteristics

Mean (SD) Education (yrs) 12.1 (1.3) 12.1 (1.2) 11.9 (1.0)

% Caucasian 60.0 61.7 7.4***

% Married 32.3 11.7 7.4***

% Work/Attend School 16.2 15.0 7.4

% Family Income < $500/mo 44.4 63.3 81.5***

% Drink Alcohol 31.5 53.3 63.0***

Mean (SD) # Drinks/Day .05 (0.2) .14 (0.3) 1.2 (1.9)***

% Smoke Cigarettes 36.7 68.3 80.8***

Mean (SD) # Cigarettes/Day 5.4 (8.7) 9.1 (9.5) 8.2 (6.4)*

% Use Marijuana 6.9 15.0 25.9*

Mean (SD) # Joints/Day .02 (0.1) .11 (0.4) .03 (0.1)

a
Did not use cocaine during any trimester

b
Used cocaine first trimester only

c
Used cocaine both first and third trimesters

*
p < .05

**
p < .01

***
p < .001: Overall significance using F test for continuous variables and Chi-square test for dichotomous variables.
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Table 4

Current Caregiver Characteristics Associated with Cocaine Use at 7-Year Follow-Up

No Cocaine Use Cocaine Use

at 7 Years at 7 Years

N= 222 N= 21

Mean (SD) Age (yrs) 33.9 (6.7) 31.2 (4.2)

Mean (SD) Education (yrs) 12.5 (1.5) 12.0 (1.7)

% Caucasian 49.6 76.2*

% Married 31.1 33.3

% Work/Attend School 57.7 57.1

Mean (SD) Family Income/Mo ($) 1407 (945) 1835 (1777)

% Male in Household 50.5 42.9

% in Maternal Custody 10.4 9.5

Mean (SD) Maternal IQ [14] 89.6 (11.8) 90.5 (12.8)

Mean (SD) Depression (total CES-D score) [56] 18.5 (9.1) 23.4 (11.4)

Mean (SD) Hostility (total STAI score) [74] 15.7 (3.9) 19.1 (6.3)*

Mean (SD) HOME [7] 12.4 (2.8) 11.7 (2.5)

% Drink Alcohol 77 95*

Mean (SD) # Drinks/Day 0.73 (1.3) 2.3 (2.9)*

% Smoke Cigarettes 55 91***

Mean (SD) # Cigarettes/Day 7.9 (9.8) 15.1 (10.9)***

% Use Marijuana 16 67***

Mean (SD) # Joints/Day 0.09 (0.1) 0.06 (0.5)***

% Use Other Drugs (excluding cocaine) 1.3 38.1***

*
p < .05

**
p < .01

***
p < .001: Overall significance using t-test for continuous variables and Chi-square test for dichotomous variables.
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Table 5

Significant Predictors of Growtha

Raw Beta Standardized Regression Coefficient p value

Weight (Total R2 = .16)

Child age at assessment 7.72 0.29 .00

First trimester cocaine use (use vs. no use) −4.31 −0.17 .00

Number of siblings −1.58 −0.15 .02

Maternal height .67 0.15 .02

Height (Total R2 = .36)

Child age at assessment 2.56 0.51 .00

Raceb −1.01 −0.21 .00

Maternal height .18 0.20 .00

Number of siblings −0.25 −0.12 .02

First trimester cocaine use (use vs. no use) −0.63 −0.11 .02

Head Circumferencec (Total R2 = .12)

Genderd 8.24 0.28 .00

Maternal height 0.99 −0.19 .00

Current tobacco use −0.19 −0.13 .05

a
Listed in order of standardized regression coefficient, an indication of the magnitude of the effect.

b
0=African American; 1=Caucasian

c
Measured in millimeters

d
0=female; 1=male
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Table 6

Significant Predictors of Mother-Reported Child Behaviora,b

Raw Beta Standardized Regression Coefficient p value

CHILD BEHAVIOR CHECKLISTc

Total (Total R2 = 0.31)

Hostilityd 0.56 0.24 .00

Social support −3.22 −0.22 .00

Current tobacco use 0.20 0.20 .00

Maternal age −0.37 −0.18 .00

Third trimester cocaine use (use vs. no use) 5.12 0.15 .00

Internalizing (Total R2 = 0.26)

Depressionf 0.26 0.25 .00

Hostility 0.47 0.21 .00

Social support −2.39 −0.17 .02

Male in household 2.95 0.15 .02

Maternal age −0.26 −0.13 .03

Externalizing (Total R2 = 0.25)

Maternal age −0.46 −0.23 .00

Hostility 0.56 0.23 .00

Social support −3.09 −0.21 .00

Third trimester cocaine use (use vs. no use) 6.42 0.20 .00

Current tobacco use 0.15 0.14 .02

Attention Problems (Total R2 = 0.27)

Social support −2.96 −0.31 .00

Maternal age −0.28 −0.22 .00

Hostility 0.27 0.18 .00

Second trimester (use vs. no use) 2.84 0.12 .05

Third trimester (use vs. no use) 4.88 0.23 .00

Current tobacco use 0.08 0.13 .03

Aggressive Behavior (Total R2 = 0.26)

Social support −2.46 −0.26 .00

Maternal age −0.34 −0.25 .00

Current tobacco use 0.15 0.22 .00

Third trimester cocaine use (use vs. no use) 4.45 0.21 .00

Hostility 0.18 0.12 .05

ROUTH ACTIVITY SCALE (Total R2 = 0.17)

Social support −3.49 −0.30 .00

Third trimester cocaine use (use vs. no use) 4.73 0.18 .00

Maternal age −0.26 −0.17 .01

Hostility 0.26 0.13 .04

SNAP SCALE
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Raw Beta Standardized Regression Coefficient p value

Activity (Total R2 = 0.20)

Genderg 1.69 0.24 .00

Social support −1.08 −0.21 .00

Raceh −1.28 −0.18 .00

Third trimester cocaine use (use vs. no use) 1.81 0.16 .02

Hostility 0.10 0.12 .05

Inattention (Total R2 = 0.23)

Third trimester cocaine use (use vs. no use) 1.98 0.21 .00

Maternal age −0.11 −0.19 .00

Social support −0.76 −0.18 .00

Current tobacco use 0.05 0.18 .00

Home environmenti −0.16 −0.15 .02

Gender 0.81 0.14 .02

Race −0.79 −0.14 .03

Impulsivity (Total R2 = 0.19)

Third trimester cocaine use (use vs. no use) 1.65 0.16 .01

Gender 1.00 0.16 .02

Social support −0.73 −0.16 .02

Home environment −0.15 −0.13 .05

Hostility 0.10 0.13 .05

Peer Interactions (Total R2 = 0.25)

Current tobacco use 0.07 0.19 .00

Hostility 0.16 0.18 .00

Third trimester cocaine use (use vs. no use) 2.00 0.17 .00

Gender 1.14 0.15 .01

Social support −0.79 −0.15 .03

Race −1.02 −0.14 .03

Home environment −0.17 −0.13 .05

Maternal age −0.09 −0.12 .05

a
Listed in order of standardized regression coefficient, an indication of the magnitude of the effect.

b
Each trimester was analyzed separately but all are presented together for convenience. In cases where more than one trimester was significant, the

betas for the other variables were essentially the same across models. If more than one trimester was significant, the values presented are those for
the third trimester model.

c
Achenbach [3]

d
Spielberger [74]

e
Frequent=≥ 1 line/day; not frequent=< 1 line/day

f
Radloff [56]

g
0=female; 1=male

h
0=African American; 1 = Caucasian
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i
Baker & Mott [7]
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Table 7

Significant Predictors of Teacher-Rated Child Behaviora,b

Raw Beta Standardized Regression Coefficient p value

TEACHER REPORT FORMc

Total (Total R2 = 0.20)

Stanford-Binet composite score −0.20 −0.29 .00

First trimester (frequentd vs. not frequent) 4.14 0.15 .03

Third trimester (use vs. no use) 7.06 0.20 .00

Hostilitye 0.38 0.15 .02

Maternal age −0.29 −0.14 .04

Internalizing (Total R2 = 0.10)

Stanford-Binet composite score −0.18 −0.29 .00

Hostility 0.37 0.17 .02

Externalizing (Total R2 = 0.16)

Home environmentf −0.74 −0.19 .00

Current marijuana use 10.38 0.18 .00

Third trimester cocaine use (use vs. no use) 5.70 0.16 .03

Raceg −3.20 −0.15 .04

Withdrawn (Total R2 = 0.07)

Stanford-Binet composite score −0.09 −0.21 .00

First trimester cocaine use (frequent vs. not frequent) 2.27 0.14 .04

Anxious/Depressed (Total R2 = 0.09)

Stanford-Binet composite score −0.07 −0.18 .00

Third trimester (use vs. no use) 2.92 0.16 .03

Hostility 0.20 0.15 .03

Social Problems (Total R2 = 0.10)

Third trimester cocaine use (use vs. no use) 4.39 0.20 .00

Stanford-Binet composite score −0.06 −0.13 .05

Thought Problems (Total R2 = 0.11)

First trimester (use vs. no use) 1.41 0.17 .02

First trimester (frequent vs. not frequent) 2.39 0.24 .00

Second trimester (use vs. no use) 3.14 0.20 .00

Third trimester (use vs. no use) 3.56 0.30 .00

Maternal age −0.10 −0.15 .04

Aggressive Behavior (Total R2 = 0.13)

Race −2.98 −0.18 .02

First trimester (frequent vs. not frequent) 3.47 0.17 .02

Third trimester (use vs. no use) 4.78 0.18 .02

Social support −1.49 −0.13 .05

Current marijuana use 6.37 0.13 .05

a
Listed in order of standardized regression coefficient, an indication of the magnitude of the effect.
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b
Each trimester was analyzed separately but all are presented together for convenience. In cases where more than one trimester was significant, the

betas for the other variables were essentially the same across models. If more than one trimester was significant, the values presented are those for
the third trimester model.

c
Achenbach [4]

d
Frequent=≥ 1 line/day; not frequent=< 1 line/day

e
Spielberger [74]

f
Baker & Mott [7]

g
0=African American; 1 = Caucasian
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Table 8

Child Characteristics Associated with Duration of Prenatal Cocaine Use

Never Useda Stoppedb Continuedc

n = 130 n = 60 n = 27

Adjusted Means

Weight (lbs) 62.4 56.9 58.2*

Height (ins) 49.6 48.9 49.4

CBCL: Total 51.7 50.6 54.8

Externalizing 51.8 51.6 57.0*

Attention 55.2 55.1 59.1**

Aggressive 54.9 54.4 58.6*

Routh Activity Scale 39.6 39.2 45.0**

SNAP: Activity 10.2 10.0 12.4**

Attention 8.9 8.9 11.2***

Impulsivity 10.7 10.8 12.4*

Peer Problems 11.4 11.3 13.7**

TRF: Total 51.8 52.4 59.0**

Externalizing 51.8 53.3 60.7**

Withdrawn 54.9 55.0 56.7

Anxious/Dep 53.9 53.2 57.6**

Social Prob. 54.6 54.7 58.7*

Thought Prob. 50.7 51.4 55.7***

Aggressive 55.2 56.1 62.0**

a
Did not use cocaine during any trimester

b
Used cocaine first trimester only

c
Used cocaine both first and third trimesters

*
p < .05

**
p < .01

***
p < .001: Overall significance using F test for continuous variables and Chi-square test for dichotomous variables.
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