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Abstract

This study examined the association between prenatal cocaine exposure (PCE) and developmental trajectories of externalizing behavior problems from 18 to 54
months of child age. A hypothesized indirect association between PCE and externalizing trajectories via maternal negative affect was also examined.
Caregiving environmental risk and child sex were evaluated as moderators. This study consisted of 196 mother—child dyads recruited at delivery from local area
hospitals (107 PCE, 89 non-PCE) and assessed at seven time points across the toddler to preschool periods. Results revealed no direct associations between
PCE and externalizing behavior problem trajectories. However, results did indicate that PCE shared a significant indirect relationship with externalizing
behavior problem trajectories via higher levels of maternal negative affect. The association between PCE and externalizing problem trajectories was also
moderated by caregiving environmental risk such that PCE children in high-risk caregiving environments did not experience the well-documented normative
decline in externalizing behavior problems beginning at around 3 years of age. This study suggests potential pathways to externalizing behavior problems

among high-risk children.

Prenatal cocaine exposure (PCE) has the potential to disrupt
monoaminergically regulated systems implicated in regula-
tion of affect and behavior, such as the mesolimbic pathway,
as well as dopaminergic pathways associated with attentional
systems, such as the striatal-prefrontal pathway (Gawin & El-
linwood, 1988; Li et al., 2011; Liu & Lester, 2011; Mayes,
2002; Nassogne, Evrard, & Courtoy, 1998). However, PCE
studies assessing behavioral outcomes related to regulation
of affect and behavior such as externalizing behavior prob-
lems have yielded mixed findings in early childhood. Some
studies, for instance, have found that PCE was directly related
to child externalizing behavior problems (e.g., Richardson,
Goldschmidt, & Wilford, 2009), some have found that PCE
was only associated with behavior problems for boys (Bailey
et al., 2005; Delaney-Black et al., 2004), and still others have
reported no direct relationship between PCE and child exter-
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nalizing behavior problems (e.g., Accornero et al., 2002;
Bennett, Bendersky, & Lewis, 2002; Warner et al., 2006).

While the aforementioned studies examined the associa-
tion between PCE and externalizing behavior problems
over time, they did not assess the developmental trajectories
of externalizing behavior problems. Examining develop-
mental trajectories of externalizing behavior problems has ad-
vantages over studying externalizing problems at discrete
periods of time. Most important, studying developmental tra-
jectories allows one to examine changes in both the level and
the rates of growth or decline of these behaviors over time,
putting developmental changes in externalizing behaviors at
the forefront (Nagin, 1999). Research has demonstrated that
the overall developmental trajectory of externalizing behavior
problems from 18 to 54 months is nonlinear, peaking at 3
years of age and declining thereafter (Campbell, 1995; Cum-
mings, lannotti, & Zahn-Waxler, 1989; Nagin & Tremblay,
1999). However, there is a small group of children who are
persistently aggressive or defiant, do not exhibit the norma-
tive declines in externalizing problems, and are at high risk
for later psychopathology (Campbell, 1995; Nagin & Trem-
blay, 1999). Thus, examining developmental trajectories
over a period of normative change may be particularly infor-
mative.

The few studies that have specifically examined develop-
mental trajectories of externalizing behavior problems among
PCE children while accounting for other prenatal substance
use have also produced conflicting findings. Bada et al.
(2007), for example, found that high levels of PCE had a
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direct negative impact on externalizing behavior problem tra-
jectories among children aged 3 to 5 years. Minnes et al.
(2010), in contrast, found that PCE was only related to behav-
ior problem trajectories for delinquency and that this associa-
tion was only present among girls aged 4 to 10 years. Finally,
among children aged 2.5 to 5.5 years, Chaplin, Fahy, Sinha,
and Mayes (2009) found that PCE was not a significant predic-
tor of trajectories of externalizing behavior problems.

One factor that needs to be considered when evaluating
these mixed findings is the strength of the association or
the magnitude of the effect (i.e., effect size; American Psy-
chological Association, 2001, p. 25). For instance, while
Bada et al. (2007) did find a direct link between PCE and tra-
jectories of externalizing behavior problems, they found that
this association was quite modest in terms of effect size de-
spite their relatively large sample size. Thus, it is possible
that large sample sizes are required to identify subtle effects
associated with PCE. However, one could also argue that
for an outcome such as externalizing behavior problems,
small effect sizes associated with PCE in early childhood
may not be clinically meaningful.

However, another plausible explanation for these equivo-
cal findings may be the presence of moderating or mediating
factors. A developmental psychopathology perspective ac-
knowledges that different influences contribute to the onset
and maintenance of behavior, and researchers from this tradi-
tion have long promoted the study of mediators and modera-
tors of child outcomes among high-risk cohorts (Cicchetti &
Toth, 2009; Rutter & Garmezy, 1983). With regard to media-
tion, both theory and empirical evidence suggest a number of
pathways by which PCE may impact child externalizing be-
havior problems. One of these potential pathways is through
maternal parenting behavior. Animal studies indicate dose-
dependent associations between cocaine treatment during
gestation and disruptions in maternal caretaking behavior in
the immediate postpartum period, perhaps owing to decreased
oxytocin levels (Johns et al., 1998, 2005; Nelson, Meter,
Walker, Ayers, & Johns, 1998; Vernotica, Lisciotto, Rosen-
blatt, & Morrell, 1996). While maternal parenting behavior
is not typically assessed as a mediator of outcome among hu-
man PCE samples, it is a salient, proximal predictor of exter-
nalizing behavior problems across multiple low- and high-
risk samples of children (Bradley & Corwyn, 2007; Erath,
El-Sheikh, Hinnant, & Cummings, 2011; Miner & Clarke-
Stewart, 2008; Olson, Lopez-Duran, Lunkenheimer, Chang,
& Sameroff, 2011; Stormshak, Bierman, McMahon, Lengua,
& Conduct Problems Prevention Research Group, 2000).
Moreover, studies have demonstrated that maternal parenting
behavior varies as a function of maternal substance use. Al-
though maternal cocaine use during pregnancy is not univer-
sally associated with lower quality parenting, cocaine-using
mothers are at higher risk for being disengaged and passive
during mother—infant interactions in the neonatal period
(Gottwald & Thurman, 1994); are less flexible and engaged
during feeding interactions (LaGasse et al., 2003); have lower
responsiveness and enthusiasm in later infancy (Burns, Che-
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thik, Burns, & Clark, 1997); are less emotionally engaged in
the toddler period (Molitor, Mayes, & Ward, 2003); use fewer
positive reinforcements and more threats of physical disci-
pline in the toddler/preschool period (Bauman & Dougherty,
1983); display more harshness during different laboratory
based interactions at 2 years of age (Eiden, Schuetze, Colder,
& Veira, 2011); and are more hostile and intrusive in a struc-
tured teaching situation at 3 years of age (Johnson et al.,
2002).

One common theme across these dimensions of parenting
is the presence or absence of negative affect, defined as anger,
hostility, and displeasure expressed during mother—child in-
teractions and also referred to in the literature as harshness
or hostility. In addition to associations with maternal sub-
stance use including cocaine, this dimension of parenting be-
havior has been most consistently associated with externaliz-
ing behavior problems (Bradley & Corwyn, 2007; Erath et al.,
2011; Olson et al., 2011; Rubin, Hastings, Chen, Stewarts, &
McNichol, 1998; Rubin, Burgess, Dwyer, & Hastings, 2003;
Stormshak et al., 2000), including PCE samples (Bennett
et al., 2002). The association between maternal negative af-
fect and child behavior problems may reflect modeling of
poor self-control, some aspect of genetic risk, or a combina-
tion of both. Taken together, these findings suggest that ma-
ternal negative affect toward the child may function as a me-
diator of the association between PCE and child externalizing
behavior problems in the toddler period.

While mediation assesses potential pathways to risk or re-
silience, moderation tests whether particular variables exacer-
bate or ameliorate risk or resilience. Recent studies of PCE in-
dicate that child sex and environmental risk may be important
moderators of the relationship between PCE and child exter-
nalizing behavior problems. Findings from both animal and
human studies, for instance, suggest that boys may be more
susceptible than girls to the effects of PCE in some aspects
relevant to the development of externalizing behavior prob-
lems, such as selective attention, sustained attention, and
greater affective reactivity (Beaudin, Gendle, & Strupp,
2011). Moreover, recent studies have reported significant re-
lationships between PCE or heavy cocaine exposure and child
externalizing behavior problems for boys, but not for girls, at
school age (Bailey et al., 2005; Delaney-Black et al., 2004).
Contrary to these findings, however, are studies that have
demonstrated the association between PCE and child behav-
ior problems either does not vary as a function of child sex
(Bada et al., 2011) or is only present among girls (Minnes
etal., 2010). Thus, while child sex is an important considera-
tion when examining the relationship between PCE and exter-
nalizing behavior problems, the nature of its association re-
mains unclear.

In addition to child sex, numerous studies that have failed
to detect a direct association between PCE and behavior prob-
lems have underscored the importance of the postnatal envi-
ronment (Bennett, Bendersky, & Lewis, 2007; Brown, Bake-
man, Claire, Platzman, & Lynch, 2004; Singer et al., 2004).
PCE children, for instance, are more likely to experience
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higher levels of environmental risk or caregiving instability as
indicated by a number of factors, such as frequent separations
from the primary caregiver, changes in caregiving adults, fre-
quent changes in the living situation, and lack of a male care-
giver (Brown et al., 2004). Maternal cocaine use has also been
associated with higher levels of psychiatric symptoms across a
number of studies (Bendersky, Alessandri, Gilbert, & Lewis,
1996; Eiden, Foote, & Schuetze, 2007; Woods, Eyler,
Behnke, & Conlon, 1993), and evidence clearly links higher
rates of maternal psychopathology to higher rates of external-
izing behavior problems (Campbell, Pierce, Moore, Marako-
vitz, & Newby, 1996; Gartstein, Bridgett, Dishion, & Kauf-
man, 2009). Finally, accumulating evidence indicates that
substance-using women may be more likely to place their
children at risk for exposure to violence (Conner-Burrow,
Johnson, & Whiteside-Mansell, 2009; Bada et al., 2011).

Empirical evidence and theoretical discussions on the im-
pact of risk and protective factors on a number of develop-
mental outcomes have noted that multiple risk conditions of-
ten co-occur (Pungello, Kupersmidt, Burchinal, & Patterson,
1996; Rutter, 1987; Sameroff, Seifer, Baldwin, & Baldwin,
1993; Seifer, 1995; Zeanah, Boris, & Larrieu, 1997). Given
this situation, researchers have argued that the total number
of environmental risk factors may be more predictive of child
outcomes than exposure to any specific risk condition (Seifer,
1995; Zeanah et al., 1997). There is a great deal of heteroge-
neity in the caregiving situations of cocaine-exposed children
(Brown et al., 2004; Eiden et al., 2007). Consequently, it is
important to examine the role of cumulative caregiving risk
as a moderator of the association between PCE and child be-
havior problems. Furthermore, according to diathesis—stress
models one would expect the joint influence of prenatal sub-
stance exposure and high levels of caregiving environmental
risk to be associated with the poorest outcomes.

The prevalence of polydrug use among cocaine-using
mothers must also be taken into account. Cocaine-using mothers
commonly use other substances such as marijuana, cigarettes,
and alcohol, and findings from both animal and human studies
haves shown that prenatal cigarette and alcohol exposure may
have significant effects on child externalizing behavior prob-
lems (for review, see Dixon, Kurtz, & Chin, 2008; Wakschlag
& Hans, 2002). Therefore, the link between PCE and develop-
mental trajectories of externalizing behavior problems must be
investigated in the context of comorbid substance use.

In sum, the aim of this study was to examine direct and in-
direct associations between PCE and developmental trajecto-
ries of externalizing behavior problems from 18 to 54 months
of age, while accounting for the effects of polydrug use.
Moreover, we tested whether maternal negative affect during
mother—infant interactions mediated the association between
PCE and developmental trajectories of externalizing behavior
problems. Finally, we assessed whether child sex and cumu-
lative caregiving environmental risk moderated the above as-
sociations.

Based on the literature, several hypotheses were tested in
the present study. First, we hypothesized that there would
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be individual differences or significant variability in the de-
velopmental trajectory of externalizing behavior problems
from 18 to 54 months. Second, we expected that the overall
developmental trajectory of externalizing behavior problems
from 18 to 54 months would be nonlinear, peak at 3 years of
age, and decline thereafter (Campbell, 1995; Cummings
et al., 1989; Nagin & Tremblay, 1999). Third, we hypothe-
sized that PCE toddlers would have higher levels of external-
izing behavior problems at 18 months (Time 1), would exhi-
bit an increasing rate of change in externalizing behavior
problems from 18 to 36 months, and would not demonstrate
the same level of decline from 36 to 48 months of age relative
to non-PCE toddlers. Fourth, we expected that maternal
negative affect would mediate the association between PCE
and developmental trajectories of externalizing behavior
problems. Specifically, we postulated that PCE toddlers
would experience higher levels of maternal negative affect.
This in turn would be related to higher initial levels of exter-
nalizing behavior problems, to a greater increase in rate of
change in externalizing behavior problems from 18 to 36
months of age, and to lower levels of decline from 36 to 48
months of age. Fifth, we hypothesized that the impact of
PCE on developmental trajectories of externalizing behavior
problems would vary by cumulative caregiving environ-
mental risk, such that the combination of PCE and caregiving
environmental risk would be associated with the highest in-
itial levels of externalizing behavior problems, a higher rate
of increase in externalizing problems, and less of a normative
decline compared to those experiencing no PCE and low
environmental risk. We also tested whether child sex moder-
ated the above associations, but we had no specific hypoth-
eses given that the findings have been mixed.

Methods

The sample consisted of 196 mother—child dyads participat-
ing in an ongoing longitudinal study of PCE (107 PCE, 89
non-PCE). An outreach worker on the project staff recruited
all participants after delivery from two local area hospitals.
Mothers ranged in age from 18 to 42 years (M = 29.65, SD
= 6.04). The majority of the mothers were African American
(74%), were receiving Temporary Assistance for Needy Fam-
ilies (71%) at the time of their first laboratory visit (2001—
2004), and were single (60%). Of the 196 children, 97
(49.5%) were boys. All families were recruited from two local
area hospitals serving a predominantly low-income popula-
tion, and the two groups were matched on maternal education,
maternal race/ethnicity, and infant sex. Eleven percent of the
PCE infants (range = 32-41 weeks) and 3% of the non-PCE
infants (range = 3641 weeks) were preterm (i.e., <37 weeks
gestational age). Infants ranged from 1531 to 5072 g at birth
(M = 3113.38, SD = 558.64). The study received approval
from the institutional review boards of the hospitals as well
as the primary institution at which the study was conducted.
Informed written consents were obtained from all recruited
participants. Participants were compensated for their time in
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the form of gift certificates, checks, and child toys at each as-
sessment, with the amount increasing over time.

Procedure

All mothers were screened using a general health and sub-
stance use screener after delivery for initial eligibility and
matching criteria. The inclusion criteria for the PCE group
were that the infants had to have experienced prenatal cocaine
exposure (details on how this was assessed are below). Exclu-
sionary criteria for all mothers were (a) maternal age less than
18 years, (b) use of illicit substances other than cocaine or
marijuana during pregnancy, and (c) significant medical
problems in the infant (e.g., congenital anomalies, fetal al-
cohol spectrum disorder diagnosis, HIV+ status, genetic dis-
orders, baby in critical care for over 48 hr, and prolonged
respiratory distress). Interested and eligible mothers were
given detailed information about the study by the recruiter
and asked to sign consent forms. About 2 weeks after deliv-
ery, mothers were contacted and scheduled for their first lab-
oratory visit, which took place at the time that their infant was
approximately 4-8 weeks old. Additional assessments were
scheduled when the child was 7, 13, 18, 24, 30, 36, 42, 48,
and 54 months. Assessments at 4—8 weeks and 7, 13, 24,
36, and 48 months consisted of a combination of maternal in-
terviews, observations of mother—child interactions, and child
assessments. Assessments at 18, 30, and 42 months consisted
of maternal interviews only. Regardless of care situation, bi-
ological mothers were interviewed at the 4- to 8-week assess-
ment in addition to the primary caregiver (if different) to ob-
tain accurate information about prenatal substance use. In the
circumstances of a change in custody arrangements, the per-
son who had legal guardianship of the child was also con-
tacted and asked to participate.

Once a family was recruited into the cocaine group, the
closest-matching comparison family was recruited (i.e.,
matched on maternal education, maternal race/ethnicity, and
infant sex). However, a significantly higher proportion of
mothers in the comparison group declined participation or
withdrew before formal enrollment, resulting in a smaller
number of families in the control group. Of the 4,800 women
screened at delivery, 340 were eligible for participation in ei-
ther group. Of these 340 women, 35% either declined partic-
ipation or were not enrolled in the study because they ex-
pressed initial interest but later withdrew or did not keep
their appointment within the narrow window of child assess-
ment time, resulting in a sample of 220 mother—infant dyads.
Of these 220 mother—infant dyads, 4 were excluded from
analyses (2 infants were later diagnosed with fetal alcohol
syndrome, 1 was later diagnosed with shaken baby syndrome,
and 1 infant was severely delayed), resulting in 216 eligible
families. Of these, 20 did not have data on child externalizing
behavior problems at any of the time points, resulting in a fi-
nal sample of 196 dyads. Our retention rates at 7, 13, 18, 24,
30, 36, 42, 48, and 54 months, have been 87%, 87%, 83%,
82%, 83%, T7%, 81%, T76%, and 79%, respectively, of the
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216 families. Mothers who participated were more likely to
be between 18 and 25 years of age (p < .001), and were
more likely to have a high school or below high school edu-
cation (p < .001), compared to those who were eligible but
not enrolled. Mothers who participated were also more likely
to be in the cocaine group (with a participation rate of 91%
among cocaine-group eligible) compared to those who were
eligible but not enrolled. The majority of mothers in the co-
caine group who were eligible but not enrolled in the study
had children who were placed in nonmaternal care. There
were no other differences on any demographic variables be-
tween those who participated and those who were eligible
but not enrolled or between mothers in the cocaine group
who participated compared to those who did not.

Assessment of growth and risk status. Three measures of
growth were used in this study: birth weight (g), birth length
(cm), and head circumference (cm). All measurements were
taken by obstetrical nurses in the delivery room and recorded
in the infant’s medical chart. Research staff recorded this in-
formation from the charts after recruiting the mother—infant
dyad. Medical chart review at the time of recruitment also
was used to complete the Obstetrical Complications Scale
(Littman & Parmelee, 1978), a scale designed to assess the
number of perinatal risk factors experienced by the infant.
Higher numbers on this scale indicate a more optimal obstet-
ric score. Gestational age was calculated by dates and ex-
tracted from medical records.

Identification of substance use. Cocaine status was deter-
mined by a combination of maternal report, chart review,
and maternal hair and urine analysis. Urine toxicologies
were routinely conducted at the first prenatal visit on maternal
urine and/or at delivery (for those mothers who tested posi-
tively prenatally, obtained prenatal care elsewhere, or did
not receive any prenatal care) on infant and maternal urine
by participating hospitals. All mothers and children in both
the exposed and nonexposed groups received a biological as-
say in the newborn period to determine or rule out PCE.
Mothers were included in the cocaine group if self-reports
were positive, regardless of urine toxicology or hair sample
results. Similarly, mothers who reported that they did not
use cocaine but had positive urine toxicology or hair samples
were included in the cocaine group.

Urine toxicology consisted of standard urine screening
from drug level or metabolities of cocaine, opiates, benzodi-
azepines, and tetrahydrocannabinol. Urine was rated positive
if the quantity of drug or metabolite was >300 g/ml. Hair sam-
ples were collected from the mothers at the first laboratory
visit and sent to Psychemedics Corporation for Radioimmu-
noanalyses (RIAH). RIAH is the most well-established hair
analysis technique and has been replicated by independent
laboratories across the world (see Magura, Freeman, Siddiqi,
& Lipton, 1992). Gas chromatography/mass spectrometry
confirmations of RIAH have not revealed any false positives
because of testing errors (Magura et al., 1992).
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The Timeline Follow-Back Interview (TLFB; Sobell, So-
bell, Klajmer, Pavan, & Basian, 1986) was used to assess ma-
ternal substance use during pregnancy and postnatally. The
TLFB yield data about the average number of joints smoked
per week, average number of cigarettes smoked per week, and
average number of standard drinks per week during preg-
nancy. Postnatal substance use was computed by taking the
average of number of days used cocaine, number of cigarettes
per week, number of standard drinks per week, and number of
joints per week from the 18-, 24-, 30-, 36-, 42-, 48-, and 54-
month assessments.

Child behavior problems. The externalizing behavior problem
subscale of the Child Behavior Checklist (Achenbach, 1992)
was used as a measure of child externalizing behavior prob-
lems. Maternal reports of child behavior problems were ob-
tained during assessments at 18, 24, 30, 36, 42, 48, and 54
months of age using the 1.5- to 5-year version of the Child Be-
havior Checklist. Total raw scores for externalizing behavior
problems were used in analyses, and the unstandardized esti-
mates are presented in the text. Scores ranged from O to 46,
and higher scores indicate more behavior problems. However,
to aid in the clinical interpretation of our findings, externalizing
behavior problems are scaled using T scores in the figures.

Maternal negative affect. Maternal negative affect was as-
sessed using behavioral observations during a free-play task
at 7 and 13 months. Mothers were asked to interact with their
infants as they normally would at home for 10 min in a room
filled with toys. These interactions were coded using a collec-
tion of global 5-point rating scales developed by Clark, Mu-
sick, Scott, and Klehr (1980), with higher scores indicating
more positive affect or behavior. The scale for maternal
negative affect consisted of items such as angry, hostile
tone of voice; expressed negative affect; angry, hostile
mood; and displeasure or disapproval or criticism. The mater-
nal negative affect scale had high internal consistency with a
Cronbach a of 0.96 at 7 months and 0.94 at 13 months. Two
coders rated maternal behavior. Both coders were trained on
the Clark scales by the third author and were unaware of
group membership. Interrater reliability was conducted on a
random selection of 14% (n = 23 and 24 at 7 and 13 months,
respectively) of the tapes and ranged from an intraclass corre-
lation coefficient of 0.82 at 13 months to 0.96 at 7 months.
Because there were no significant differences in maternal af-
fect between the two observation periods, we created a mean
maternal negative affect score across the 7 and 13 months ob-
servations. Scores ranged from 1.00 to 3.13, and higher
scores indicate higher maternal negative affect.

Cumulative caregiving environmental risk. A composite care-
giving environmental risk score was computed from the fol-
lowing measures.

Maternal psychopathology was assessed using the Brief
Symptom Inventory (BSI; Derogatis, 1993) at 1, 7, 13, 24,
36, and 48 months. This scale is a brief form of the Symptom
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Checklist 90-R, and it is a widely used mental health screen-
ing measure in a variety of clinical and research settings. The
measure consists of 53 items rated on a 5-point scale. The
items are grouped into nine scales of anxiety, hostility, somat-
ization, obsessive—compulsive, interpersonal sensitivity, de-
pression, phobic anxiety, paranoid ideation, and psychoti-
cism. A total score was computed by taking the sum of all
ratings. The BSI subscales have high internal consistency,
and the measure has been used in a large number of studies,
including studies of maternal cocaine use (e.g., Eiden et al.,
2007; Singer et al., 2002). Higher scores indicate higher ma-
ternal psychopathology.

Maternal exposure to violence was assessed at each time
point (i.e., 1, 7, 13, 18, 24, 30, 36, 42, 48, and 54 months)
using the TLFB (Sobell & Sobell, 1996). Although the origi-
nal interview was a calendar-based method to assess sub-
stance use, it has also been used to measure episodes of inti-
mate partner violence in various studies (e.g., Mignone,
Klostermann, & Chen, 2009). Women were asked about their
exposure to violence using a daily calendar at each assess-
ment point. These events included witnessing, experiencing,
and/or perpetrating violence. The total number of days wo-
men witnessed, experienced, or perpetrated violence were
summed within each time point. Given the apparent bimodal
distributions at each time point, exposure to violence was
dummy-coded (i.e., 0 or 1) at each time point and then a count
variable was created from each of the dummy-coded time
points to reflect exposure to violence across time.

Caregiving instability was assessed at 1, 7, 13, 24, and 36
months using a structured caregiver interview (Platzman,
Coles, Lynch, Bard, & Brown, 2001). The Structured Clinical
Interview was developed for use with high-risk infants from 6
months to 24 months and was administered to the child’s care-
giver by a trained examiner. Following Platzman et al. (2001),
individual items from the Structured Clinical Interview were
summed into a cluster called caregiving instability. The five
items included in this scale were as follows: no male adult
in the household, baby separated from primary caregiver for
more than 48 hr, baby is fed and sleeps significantly less
than average, there are custody changes, or baby does not
see biological mother regularly. Thus, the total score on care-
giving instability was based on the presence of absence of the
five specific risk characteristics described above (see Platzman
et al., 2001, for details regarding scale development). The
scale is similar to a composite risk index (e.g., Sameroff
et al., 1993), based on research suggesting that the total num-
ber of risk factors may be more predictive of child outcomes
than exposure to any specific risk condition (Seifer, 1995;
Zeahah et al., 1997). However, unlike the traditional risk com-
posites or environmental risk scores used in other studies, it is
more narrowly focused on factors that are associated with in-
stability in the caregiving environment, particularly among
families with drug-using mothers. The caregiving instability
scores ranged from O to 4 in the current study, with the major-
ity of the children in the sample having a score of 0 or 1. Thus,
caregiver instability was dummy-coded at each time point, and
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a count variable was created from each of the dummy-coded
time points reflecting caregiver instability across the time pe-
riods. Previous studies have reported significant positive asso-
ciations between maternal drug use and higher caregiving in-
stability (Eiden, Peterson, & Coleman, 1999; Platzman et al.,
2001). The caregiving instability cluster was also associated
with an acceleratory heart rate response indicating distress or
arousal among cocaine-exposed infants (Bard et al., 2000)
and was a predictor of child behavior problems among 2- to
5-year-old children of cocaine-using mothers (Eiden, 1999).
The cumulative caregiving environmental risk variable was
created by computing a count variable, which included BSI,
exposure to violence, and caregiving instability for each time
point that each variable was assessed. Specifically, a point
was granted when a person had a score in the upper quartile
for total BSI for each time point that it was assessed, when a
person received a score of 1 for the dummy-coded variable
for maternal exposure to violence for each time point that it
was assessed, and when a person received a score of 1 for
the dummy-coded variable for caregiving instability for each
time point that it was assessed. BSI was assessed at 6 time
points (i.e., 1, 7, 13, 24, 36, and 48 months), exposure to vio-
lence was assessed at 10 time points (i.e., 1, 7, 13, 18, 24, 30,
36, 42, 48, and 54 months), and caregiving instability was as-
sessed at 5 time points (i.e., 1, 7, 13, 24, and 36 months). Thus,
scores for cumulative caregiving environmental risk could the-
oretically range from O to 21. The scores for cumulative care-
giving environmental risk ranged from O to 17 in this sample.

Statistical analyses

Multilevel growth curve analyses were conducted using hier-
archical linear modeling (HLM; version 6.04; Raudenbush,
Bryk, & Congdon, 2004). As recommended by Mehta and
West (2000), repeated measures of externalizing behavior
problems were modeled continuously as a function of age in
months (Level 1) and nested within individuals (Level 2).
Age in months was centered at baseline (i.e., 18 months of
age) and was entered into models uncentered to predict linear
and quadratic (i.e., age in months squared) effects of time on
externalizing behavior problems. Individual-level variables
(i.e., child sex, demographics, PCE, prenatal and postnatal
maternal substance use, and maternal negative affect) were
modeled at Level 2 and were allowed to predict the intercept,
linear, and quadratic age in months coefficients at Level 1
(i.e., cross-level interactions). All terms were entered as fixed
effects (intercepts and error terms were allowed to be ran-
dom). Dichotomous variables (e.g., child sex) were entered
uncentered, and all other variables were entered grand-
mean centered (Hox, 2010). Interaction terms between two
Level 2 variables were created in SPSS, version 19, as a
product of the two grand-mean centered variables and entered
uncentered in HLM. HLM allows for missing data at Level 1.
HLM provides unstandardized estimated effects. Thus, re-
sults reported from HLM models in the text are unstan-
dardized coefficients. However, to facilitate translation of re-
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ported effects as they pertain to clinical cutoff scores for
externalizing behavior problems, any results that are plotted
in figures are done so using clinical T scores.

An iterative procedure was used in the estimation of all
models. First, to address Hypothesis 1, a means-only model
predicting externalizing behavior problems was tested to allow
for the calculation of an intraclass correlation coefficient. Sec-
ond, to address Hypothesis 2, an unconditional model includ-
ing the intercept, linear, and quadratic effects of age in months
was estimated predicting externalizing behavior problems.
Third, to test Hypothesis 3, demographic, prenatal, and postna-
tal maternal substance use involvement variables were then
added to the unconditional model to identify significant covari-
ates for inclusion in all remaining models. Potential covariates
were chosen based on theory and empirical studies (e.g., An-
derson, Doyle, & the Victorian Infant Collaborative Study
Group, 2003; Bada et al., 2007; Chaplin et al., 2009; Minnes
et al., 2010), were grouped conceptually, and tested in blocks.
Demographic variables (i.e., maternal age, education, parity,
race, foster care status, and socioeconomic status) were tested
as potential covariates, and then perinatal variables were tested
as potential covariates (i.e., gestational age, birth weight, and
head circumference). Prenatal substance exposure (cigarettes,
alcohol, and marijuana) was tested next, followed by postnatal
substance use (alcohol, cigarettes, marijuana, and cocaine). To
improve model parsimony and stability (Raudenbush & Bryk,
2002), nonsignificant terms were trimmed from models. How-
ever, because of our hypotheses concerning child sex, caregiv-
ing environmental risk, and PCE, these variables were retained
and statistically accounted for in all subsequent models regard-
less of their significance levels. Fourth, to test Hypothesis 4,
multilevel tests of mediation were conducted following proce-
dures outlined by Krull and MacKinnon (2001) by systemati-
cally adding in maternal negative affect to the trimmed models
used to test Hypothesis 3. Fifth, to test Hypotheses 5 and 6 re-
garding moderation by caregiving environmental risk and sex,
respectively, interaction terms between PCE and caregiving
environmental risk, and between PCE and sex, were simultane-
ously added to trimmed models used to test Hypothesis 4.

Results

Demographics and perinatal risk

Results from multivariate analysis of variance with the demo-
graphic variables as the dependent measures and PCE status
yielded a significant multivariate effect of group status,
F (3,163) = 6.05, p < .01. Results from univariate analyses
indicated that control group mothers were younger, had lower
parity, and had higher education compared to those in the
PCE group, although the effect sizes were generally small
(see Table 1). A second multivariate analysis of variance
was conducted with infant birth outcomes as the dependent
measures. Results indicated a significant effect of PCE group
status on infant birth outcomes, F (5, 161) = 8.11, p < .001.
Univariate analyses indicated that PCE infants had lower ge-


https://doi.org/10.1017/S0954579414000091

Cocaine exposure and childhood behavior problems 521
Table 1. Group differences in demographic variables and birth outcomes
Exposure Group
NPCE PCE
M SD M SD F n?

Demographics
BM age (range = 18-42 years) 28.57 5.60 30.99 6.05 7.13%% 0.04
BM parity (range = 0-13) 3.28 1.66 4.25 2.27 9.93%* 0.06
Years education (range = 8-18) 12.26 1.85 11.62 1.93 4.78% 0.03
Maternal occupation (range = 0-9) 3.40 1.89 2.69 1.15 8.95%* 0.05

Birth Outcomes
Gestational age (weeks) (range = 32-41) 39.33 1.27 38.68 1.83 6.91% 0.04
Birth weight (g) (range = 1531-5072) 3320.15 494.58 2988.85 523.81 17.58%%* 0.10
Birth length (cm) (range = 32-56) 49.83 2.90 48.29 3.12 10.817#%* 0.06
Head circumference (cm) (range = 26.3—48.5) 35.55 1.28 33.25 2.18 1.14 0.01
OCS (range = 48-160) 100.53 17.15 86.38 16.18 30.07** 0.15

Substance Use
Cigarettes/week (range = 0-254.12) 9.81 21.91 36.26 42.04 35.62%* 0.18
Drinks/week (range = 0-68.8) 0.06 0.15 5.06 13.27 20.59%#%* 0.11
Joints/week (range = 0-52.11) 1.12 6.20 1.55 4.62 2.34 0.01
Days cocaine/week (range = 0-6.63) 0 0 0.94 1.58 28.46%* 0.15

Note: Maternal occupation was coded using the Hollingshead (1957, 1975) scoring system. Substance use refers to prenatal substance use. NPCE, non-prenatal
cocaine exposure; PCE, prenatal cocaine exposure; BM, biological mother; OCS, Obstetrical Complications Scale score, where high scores are optimal.

*p < .05, ¥+p < 01.

stational age, birth weight, birth length, and cocaine using
mothers had higher scores on the obstetrical complications
scale compared to those in the control group (see Table 1).
Eighty-six percent of the cocaine-exposed and 97% of the
comparison infants were full term (i.e., >37 weeks gestational
age). When these analyses were repeated after using gesta-
tional age as a covariate, the differences in birth weight and
length remained significant (p < .01). However, there were
no significant associations between any of the perinatal risk
variables and toddler externalizing behavior problems at
any time point. Group differences were unchanged when ac-
counting for attrition, with the exception of maternal educa-
tion. Specifically, the two groups were no longer significantly
different from one another in maternal education after ac-
counting for attrition. Means and standard deviations for all
Level 1 variables at each time point are presented in Table 2.
The percentage of toddlers in the clinical range for external-
izing behavior problems is also presented in Table 2. Finally,
Table 3 includes means, standard deviations, and group dif-
ferences for all Level 2 variables.

Hypothesis 1: Individual differences or significant variability
in the developmental trajectory of externalizing behavior
problems from 18 to 54 months would be found.

Calculating the intraclass correlation coefficient showed
that two-thirds of the variance in externalizing behavior prob-
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lems in the present data was explained by individual differ-
ences (p = 0.655). That is, an estimated 65% of the total var-
iation in externalizing behavior problems was attributable to
individual differences between toddlers.

Hypothesis 2: The average trajectory of externalizing behav-
ior problems in toddlers over time would be normative.

As expected, and as illustrated in Figure 1, the base growth
curve model showed that externalizing behavior problems
were significantly greater than zero at baseline (b = 12.191,
p < .001), significantly increased from 18 to 30 months
(b = 0.117, p = .013), and then significantly decreased
from 30 to 54 months (b = —0.004, p = .001).

Hypothesis 3: PCE would predict trajectories of externalizing
behavior problems in toddlers over time.

Contrary to expectation, cocaine group status (PCE vs.
non-PCE) did not predict intercept (b = 0.662, p = .592),
linear (b = —0.120, p = .207), or quadratic (b = 0.004, p
= .128) differences in externalizing behavior problem tra-
jectories over time. Analysis with number of days used
cocaine during pregnancy (to examine dose-response asso-
ciations) produced similar nonsignificant results (intercept:
b = 0.302, p = .591; linear: b = —-0.008, p = .851; quad-
ratic: b = 0.001, p = .658). These models statistically
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Table 2. Means (standard deviations) for externalizing behavior problems and postnatal substance use from 18 to 54

months of age

18 24 30 36 42 48 54

Months Months Months Months Months Months Months

Externalizing behavior problems PCE 12.41 12.81 12.99 12.52 13.42 11.20 11.79
(8.20) (98.53) (8.39) (8.40) (9.68) (8.90) (9.43)

14% 15% 18.7% 14% 18.7% 14% 12%

NPCE 12.38 11.89 14.16 12.53 13.68 10.64 10.06

(8.69) (9.16) (10.26) (9.46) (10.99) (8.78) (8.79)

15.7% 12.4% 22.5% 14.6% 20.2% 10.1% 7.9%

Postnatal alcohol use PCE 0.44 2.07 0.23 2.56 0.26 1.89 0.56
(1.28) (3.57) (0.68) (4.44) (0.69) (2.90) (1.90)

NPCE 0.16 2.87 0.08 291 0.16 2.59 0.19

(0.68) (3.95) (0.17) (3.88) (0.59) (2.90) (0.39)

Postnatal cigarette use PCE 6.34 5.24 6.60 6.18 6.45 5.64 5.81
(6.35) (6.40) (6.31) (7.31) (6.32) (7.84) (6.41)

NPCE 3.31 3.06 3.77 2.99 291 2.71 3.80

(5.02) (6.10) (5.33) (6.08) (4.78) (4.77) (5.26)

Postnatal marijuana use PCE 0.73 0.84 0.75 1.02 0.48 0.54 0.35
(4.73) (1.79) (2.14) (2.19) (1.13) (1.59) (1.04)

NPCE 0.28 0.57 0.53 0.81 0.44 0.46 0.39

(1.20) (1.43) (1.56) (1.71) (1.44) (1.31) (1.08)

Postnatal cocaine use PCE 3.98 2.99 4.28 5.34 5.00 4.05 3.29
(18.79) (9.52) (18.15) (23.15) (22.73) (20.93) (16.02)

NPCE 0 (0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)

Note: N = 196. The percentages for externalizing behavior problems refer to the percentage of children who were in the clinical range. PCE, prenatal cocaine

exposure; NPCE, non-prenatal cocaine exposure.

controlled for the main effects of caregiving environmental
risk and child sex (see Hypothesis 5 and Hypothesis 6 be-
low). Only caregiving environmental risk significantly pre-
dicted intercept (but not linear, b = —-0.004, p = .784, or
quadratic, b = 0.000, p = .754) differences in externalizing
behavior problems (b = 0.690, p < .001). In addition, these
models tested prenatal alcohol, cigarette, and marijuana ex-
posure; postnatal cocaine, alcohol, cigarette, and marijuana
exposure; whether children were in foster care or not; paren-
tal socioeconomic status; maternal age; parity; and race as
covariates. None of these variables were significant predic-
tors of intercept, linear, or quadratic differences in external-

Table 3. Means, standard deviations, and group
differences by PCE status for level two model variables

Exposure Group

NPCE PCE

M SD M SD t p
Maternal neg.
affect 128 038 158 0.61 —431 <.001
Caregiving
environ. risk 497 3.82 551 359 —1.02 0.31

Note: N=196. PCE, prenatal cocaine exposure; NPCE, non-prenatal cocaine
exposure.
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izing behavior problem trajectories and were thus dropped
from models to enhance model parsimony.

Hypothesis 4: Maternal negative affect would mediate the as-
sociation between PCE and trajectories of externalizing be-
havior problems in toddlers over time.

Maternal negative affect was tested as a hypothesized me-
diator between prenatal cocaine exposure and externalizing
behavior problems. Because PCE did not significantly predict
externalizing behavior problems (see Hypothesis 3), true
mediation cannot occur (Baron & Kenny, 1986). However,
indirect effects can still exist between the predictor variable,
a third variable, and the outcome variable outside of the pres-
ence of direct effects between the predictor and outcome vari-
ables (Shrout & Bolger, 2002; Sobel, 1982). As expected,
PCE significantly predicted greater maternal negative affect
(b = 0.308, p < .001). Moreover, maternal negative affect
significantly predicted externalizing behavior problem trajec-
tories. Maternal negative affect was associated with signifi-
cantly greater linear increase (b = 0.233, p = .019) as well
as marginally greater quadratic decline (b = -0.005, p =
.052) in externalizing behavior problems over time, but not
with intercept differences (b = —1.305, p = .296). Sobel tests
indicated significant indirect linear (2.042, p = .041, two
tailed), but not quadratic (—1.571, p = .116, two tailed) effects
(Sobel, 1982). Thus, in sum, results demonstrated that PCE
was indirectly related to a greater linear increase in external-
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Figure 1. The average curvilinear trajectory of externalizing behavior prob-
lems, plotted in clinical T scores, from 18 to 54 months of age.

izing behavior problems from about 18 to 30 months via
higher levels of maternal negative affect.

Hypothesis 5: Caregiving environmental risk would moder-
ate the effects of PCE on trajectories of externalizing behavior
problems in toddlers over time.

In line with expectation, caregiving environmental risk
marginally moderated the linear (b = —-0.051, p = .051)
and significantly moderated the quadratic (b = 0.001, p =
.045) effects of PCE to predict externalizing behavior prob-
lem trajectories over time. As shown in Figure 2, differen-
tial linear and quadratic growth in externalizing behavior
problems was seen depending on levels of PCE and care-
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giving environmental risk. Specifically, and as expected,
PCE children who experienced high caregiving environ-
mental risk had the highest overall trajectory of externaliz-
ing behavior problems (intercept: b = 14.510, p < .001; lin-
ear: b = —0.023, p = .812; quadratic: » = 0.000, p = .939),
followed by non-PCE children in high-risk environments
(intercept: b = 13.074, p < .001; linear: b = 0.339, p =
.004; quadratic: » = -0.010, p = .001), PCE children in
low-risk environments (intercept: b = 9.128, p < .001; linear:
b = 0.188, p = .079; quadratic: b = —-0.006, p = .053), and
non-PCE children in low-risk environments (intercept: b =
8.948, p < .001; linear: b = 0.195, p = .048, quadratic: b
= —0.006, p = .022), respectively. PCE children in high-
risk environments were the only children to not show quad-
ratic declines in externalizing behavior problems over time.
Moreover, these children maintained significantly elevated
levels of externalizing behavior problems at 54 months com-
pared to non-PCE children in high-risk environments as evi-
denced by a significant quadratic effect of PCE among high
caregiving risk children (b = 0.010, p = .005). A similar dif-
ference in quadratic decline was not found as a function of
PCE among children in low-risk caregiving environments
(b = 0.000, p = .892). This suggests that the combination
of PCE and a high-risk caregiving environment is uniquely
detrimental to children’s development, because these chil-
dren have the highest overall levels of externalizing behavior
problems during the toddler period, and that they do not ex-
perience a normative decline in these problems relative to
other children with fewer risk factors.

) =g Hi Risk Cocaine
i = 4= = Hi Risk No Cocaine
4~ LoRisk Cocaine

Lo Risk No Cocaine

42 L T T L
18m 24m 30m 36m

Child Age

48m 54m

Figure 2. Prenatal cocaine exposure (PCE) by caregiving environmental risk interaction predicting differential linear growth and quadratic de-
cline in externalizing behavior problem trajectories, plotted in clinical T scores, from 18 to 54 months of age. Low (Lo Risk) and high (Hi Risk)
values of caregiving environmental risk represent the 20th and 80th percentiles of the distribution, respectively.

https://doi.org/10.1017/50954579414000091 Published online by Cambridge University Press


https://doi.org/10.1017/S0954579414000091

524

54 |
53 |

52 A

51 il -
50 -
49
48
47 4
46
a5
44

Externalizing Behavior Problems
(T Scores)

42 T T T T

D. S. Molnar et al.

Vil ‘_,-l"‘-"".-:.\.,;._

<% “u =—#— Cocaine Boys
= 4= = Cocaine Girls
—=de== No Cocaine Boys

= 4= = No Cocaine Girls

18m 24m 30m 36m
Child Age

42m 48m 54m

Figure 3. Prenatal cocaine exposure (PCE) by child sex interaction predicting differential linear growth in externalizing behavior problem tra-

jectories, plotted in clinical T scores, from 18 to 54 months of age.

Hypothesis 6: Does child sex moderate the effects of PCE on
trajectories of externalizing behavior problems in toddlers
over time?

Finally, results indicated that child sex marginally moder-
ated the linear (b = —0.369, p = .056), but did not moderate
the quadratic (b = 0.008, p = .113), growth effects of PCE on
externalizing behavior problems over time or intercept differ-
ences. As shown in Figure 3, the linear interaction was driven
by the fact that only PCE boys showed negative linear growth
in externalizing behavior problems over time, whereas boys
not exposed to cocaine, PCE girls, and girls not exposed to
cocaine showed positive growth. However, follow-up tests re-
vealed that this negative linear growth for PCE boys was not
statistically significant. The positive linear trends for PCE and
non-PCE girls were also not statistically significant. Only
boys who were not exposed to cocaine showed a significant
positive linear trend (b = 0.294, p = .004). Thus, despite
these linear trends being significantly different from one an-
other, no significant increases in externalizing behavior prob-
lems were found as a function of PCE between boys and girls,
indicating that child sex did not moderate the association be-
tween PCE and externalizing behavior problem trajectories

Discussion

Few studies of PCE have examined indirect pathways to exter-
nalizing behavior problems trajectories or moderators of risk
other than child sex. Indirect pathways that are prospective
may be especially important because they suggest a cascade
of events that may predict risk for a particular child outcome,
with implications for timing and content of preventive interven-
tions. Results from the current study highlight the role of mater-
nal negative affect during mother—infant play interactions as an
important mediator of risk. That is, PCE was indirectly related
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to a greater linear increase in externalizing behavior problems
via higher levels of maternal negative affect. The results are
also supportive of diathesis—stress models indicating that a
combination of prenatal cocaine exposure and high caregiving
environmental risk was associated with the most risky trajecto-
ries of externalizing behavior problems in early childhood. Fi-
nally, results indicated that child sex did not moderate the asso-
ciation between PCE and externalizing behavior problems.
Overall, toddlers in the present study followed the normative
externalizing behavior problem trajectory, with externalizing
behavior problems increasing until approximately 3 years of
age and then decreasing from 3 to 4 years of age. This pattern
reflects the typical development of externalizing behavior prob-
lems during this developmental period (e.g., Campbell, 1995;
Cummings et al., 1989; Nagin & Tremblay, 1999). PCE did
not directly predict trajectories of externalizing behavior prob-
lems in the present work. This finding is in line with a number
of previous studies that have also reported no direct association
between PCE and externalizing behavior problems (e.g., Ac-
cornero et al., 2002; Bennett et al., 2002; Chaplin et al.,
2009; Richardson, Conroy, & Day, 1996). However, it is at
odds with studies reporting direct associations between PCE
and externalizing behavior problems (e.g., Bada et al., 2007,
Richardson et al., 2009). One possible explanation for these
mixed findings may be due to differences in amount, duration,
and timing of exposure that are difficult to determine. A second
explanation is variations in quality of care, including custody
changes and type of foster care across different studies. A third
explanation may be differences in sample size that may lead to
nonsignificant findings for small effects, and control for differ-
ent covariates. A fourth explanation may be the role of cumula-
tive caregiving environmental risk and the possibility of indirect
pathways in the absence of direct associations. The present
work demonstrates that the effects of PCE on externalizing tra-
jectories before school age depend on specific mediating and
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moderating variables. Evidence from studies using neuroimag-
ing indicate subtle differences between PCE and control chil-
dren in brain structure and function in cortical areas that may in-
crease over time, because these areas continue to develop
throughout childhood and adolescence (see Ackerman, Rig-
gins, & Black, 2010). Thus, developmental trajectories of exter-
nalizing problems among PCE compared to non-PCE children
may be quite different in later childhood and adolescence.

Although there were no direct effects of PCE, results indi-
cated that there was a significant indirect association between
PCE and trajectories of externalizing behavior problems via
maternal negative affect. These findings are in line with pre-
vious studies of substance-exposed children. Yumoto, Jacob-
son, and Jacobson (2008), for instance, found that the emo-
tional responsiveness of the primary caregiver and the
emotional climate of the home were the most important pre-
dictors with regard to behavioral outcomes such as aggression
and delinquency in school. Moreover, Bailey et al. (2012)
found that the link between early illicit drug use disorder
among parents and children’s externalizing behavior prob-
lems was accounted for by parental negative affect. More spe-
cific to PCE, Bennett et al. (2002) reported that other facets of
parenting, such as harsh discipline, predicted behavior prob-
lems in PCE children. Finally, Eiden, Schuetze, Veira, et al.
(2011) found a similar pattern of results when examining
the association between PCE and self-regulation at 3 years
of age, because they found that maternal harshness mediated
the link between PCE and self-regulation. These results are
further supported by evidence from animal models indicating
that gestational cocaine treatment results in overtly aggressive
behavior toward an intruder (Heyser, Molina, & Spear, 1992;
Johns, Noonan, Zimmerman, Li, & Pedersen, 1994; Johns
et al., 1998). Moreover, subsequent disruption in maternal
care and increased aggression can be “transmitted” to next-
generation offspring either through prenatal exposure to
cocaine or through the rearing experience when reared by a co-
caine-treated dam (Johns et al., 2005; McMurray et al., 2008).
Thus, maternal parenting behavior may be a critical pathway
to greater linear increases in externalizing behavior problems
in the toddler period among cocaine-exposed toddlers.

The results of the present work also highlight the nested
quality of risk characteristics as described by transactional mod-
els of development (Rutter, 1987; Sameroff et al., 1993). While
the characteristics under study may independently predict the
development of externalizing behavior problems, transactional
theorists underscore the importance of examining aggregations
of risk, granting an opportunity to study the general context of
development concerning parent, child, and family characteris-
tics. This approach is especially appropriate when studying
PCE children who often vary considerably in risk structure
(Brown et al., 2004; Eiden et al., 2007).

With a few exceptions (see Bennett et al., 2002), the major-
ity of studies of PCE have investigated the effects of prenatal
exposure after statistically accounting for the effects of envi-
ronmental risk. However, our results are supportive of a vulner-
ability model (Luthar & Zelazo, 2003), indicating that in the
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presence of prenatal cocaine exposure, higher caregiving envi-
ronmental risk confers vulnerability by predisposing children
to the highest average levels of externalizing behavior prob-
lems and by slowing the normative declines in these problems
in the preschool years. In addition, these findings statistically
accounted for the mediating effects of maternal negative affect,
suggesting that the detrimental impact of caregiving environ-
mental risk extends beyond the impact of maternal negative af-
fect. The present findings are also in line with animal studies
that have revealed links between PCE and increased sensitivity
to environmental stressors (Sobrian et al., 1990; Spear, Camp-
bell, Snyder, Silveri, & Katovic, 1998).

Finally, although initial results indicated an interaction be-
tween PCE and child sex in the prediction of externalizing be-
havior trajectories, follow-up tests revealed that the associa-
tion between PCE and these trajectories did not vary for
boys and girls. Thus, the present work failed to provide clear
evidence that child sex moderates the association between
PCE and trajectories of externalizing behavior problems.
The current findings are in line with previous studies of
PCE that have examined sex differences in externalizing be-
havior problems. Results across these studies are generally
mixed, with some studies indicating that the association var-
ies by child sex, although the direction differs across studies
(Bailey et al., 2005; Delaney-Black et al., 2004; Sood et al.,
2005), while others indicate no sex-related differences or
moderation by sex (Bada et al., 2011). However, many of
the studies reporting sex-related differences consist of older
children. It is possible that the demand of the school context
at higher grades leads to higher variability in child behavior
problems. Thus, the association between cocaine exposure
and externalizing behavior problems may begin to vary as a
function of child sex at older ages. Another possibility is
that there are sex-related differences in the extent to which
children “mature out” of externalizing problems in general
(Colder, Mott, & Berman, 2002) and in substance-exposed
samples of children (Edwards, Eiden, Colder, & Leonard,
2006), resulting in more apparent sex-related differences at
older ages. Future studies examining prospective changes in
externalizing behavior problems from preschool to the school
years may be better able to address this question.

Limitations

First, the measure of externalizing behavior problems was
only assessed via maternal report. The depression—distortion
hypothesis (Richters & Pelligrini, 1989) indicates that dys-
phoria associated with maternal depression and other psycho-
pathology may activate a negative perceptual bias in maternal
ratings of child behavior, leading to the overreporting of child
behavior problems. However, it is difficult to attain other eval-
uations of child behavior problems at these ages, especially for
samples with low levels of male caregiver involvement.
Second, although care was taken in this study to identify
substance use in this sample, the accurate assessment of sub-
stance use is problematic. Pregnant and postpartum women
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are often reluctant to disclose information concerning their
substance use, especially of illicit substances such as cocaine.
A strength of the present work, however, was the use of multi-
ple methods to assess prenatal substance use, which to a de-
gree mitigated this limitation even though the urine toxicol-
ogy information was abstracted from medical records.
There were, nonetheless, no biological markers employed
in the present work for assessing prenatal alcohol consump-
tion or cigarette smoking. It is conceivable that mothers
may have misrepresented their use of these substances as a re-
sult of inaccurate memory or refusal to disclose usage.

Conclusion

In conclusion, the results of this study built upon previous lit-
erature examining the role of PCE on trajectories of external-
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