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Prenatal cocaine exposure (PCE) may be associated with alterations in children's developing emotional
arousal and regulation systems.
Objective: We examined emotional responses to a frustrating task and subsequent behavior problems in 225
2 1/2 year olds (129 Prenatally Cocaine and Other Drug Exposed [PCE], 30 Non Cocaine but other drug
Exposed [NCE], 66 Non Drug Exposed [NDE]).
Method: Children's behaviors in a frustrating toy wait task at age 2 1/2 were coded for emotional arousal and
regulation behaviors.
Results: Findings indicated a trend for PCE toddlers to show greater agitated emotional arousal than NCE and
NDE toddlers. Further, PCE boys made more references to their caregivers in the task than NDE boys. Higher
agitated arousal at age 2 1/2 years was related to greater decreases in externalizing behaviors through age 5
1/2 years.
Conclusion: Findings suggest a link between cocaine exposure and emotional arousal and regulation and
highlight the need to understand complex relations between emotion and risk for later psychopathology in
exposed youth.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

The epidemic of crack-cocaine use in the late 1980's and early
1990's has lead researchers to examine the relationship between
mothers' use of cocaine during pregnancy and their children's
development over time. Research on prenatal cocaine effects on
child development, particularly intellectual/language development
and physical development, is inconsistent, with many studies findings
no or small effects [22,46,47] (but for exception, see [6]). However,
prenatal cocaine exposure may be associated, either through direct
teratogenic effects or mediated by associated poor economic and
caregiving conditions experienced postnatally, with subtle alterations
in children's attentional and emotional arousal and regulation
[13,22,31,44]. Emotional arousal and regulation differences are
important to examine in that they may set the stage for children's
development of behavior problems and, possibly, substance use
initiation in later childhood and adolescence.

Animal and human studies find that prenatal cocaine exposure
may alter developing emotional arousal and regulation systems,

including monoaminergic neurotransmitters systems in the mesocor-
tical and mesolimbic areas [24,31,38,41,45]. Behaviorally, prenatally
cocaine exposed human infants are found to be more excitable and
irritable with poorer state regulation [10,25,32,34], and greater
physiological lability [40] than non-exposed infants, although some
research finds reduced arousal in cocaine-exposed infants [4].

In toddlerhood, these emotion-related differences are likely to
persist and intensify, given that this is a period in which children
develop emotional self-regulation through repeated interactions with
caregivers [27]. However, little research has focused on emotional
arousal and regulation in cocaine-exposed toddlers. One study found
increased irritability/frustration in cocaine-exposed toddlers during a
free play [36] as compared to non-exposed toddlers. In addition to
free-play, it would be useful to understand toddlers' emotions in
emotionally-arousing situations. The present study examined prena-
tally cocaine exposed and non-exposed toddlers' reactions to a
frustrating situation, having to wait for an attractive toy for 6 min.

In addition to context, gender may be an important factor. Boys
tend to display greater levels of anger-related emotions, such as
agitation/frustration, in response to challenge than girls [12], and this
may be particularly true for cocaine-exposed boys. For example,
Dennis, Bendersky, Ramsay, and Lewis [21] found that cocaine
exposed preschool-aged boys (but not girls) showed more irritability
than non-exposed boys in a problem-solving task. Thus, gender may
moderate cocaine exposure associations with emotionality.
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Additionally, research is needed to understand the consequences
of altered emotionality for cocaine-exposed youth. Increased irrita-
bility and difficulties in dampening this arousal may contribute to the
later development of behavior problems, particularly as children
prepare to enter school and are faced with increasing demands to
regulate their emotional arousal [16,17]. Research has not yet
examined links between arousal/regulation patterns and the emer-
gence of behavior problems in cocaine-exposed children, although
these children may be at heightened risk for externalizing problems
[27], particularly for boys [20].

Along with prenatal cocaine exposure come associated risk factors,
complicating research in this area. Cocaine-using mothers typically
use other substances during pregnancy, including opiates, alcohol, and
tobacco, making it difficult to isolate cocaine-specific effects [42]. The
present study addressed this by excluding opiate-using mothers and
including a comparison group of demographically-similar children
who were exposed to tobacco, alcohol, and/or marijuana prenatally.
Also, cocaine exposure is associated with several risk factors, such as
low birthweight [8] and compromised caregiving, whichmaymediate
or moderate differences in emotional development [5,9]. The present
study included analyses of obstetric risk factors as a mediator and
parent-child relationship quality as a moderator of cocaine-exposure
“effects”. Finally, studies of cocaine-exposed children often focus on
one outcome time point, although data are often available on repeated
time points [42]. We used Hierarchical Linear Modeling (HLM) to
model change in externalizing symptoms over three years (six time
points). HLM is also able to estimate missing data, a common feature
in studies with substance-abusing samples [33].

The present study examined links between prenatal cocaine
exposure and agitated emotional arousal, self-regulation, and refer-
ences to caregivers during a frustrating toy wait task in 2 1/2 year-old
toddlers. We hypothesized that prenatally cocaine (and other drug)
exposed (PCE) toddlers would show greater agitated emotional
arousal and difficulty with self-regulation than non drug exposed
(NDE) toddlers, particularly PCE boys. Non-cocaine but other drug
exposed (NCE) toddlers would fall between PCE and NDE toddlers in
arousal and regulation. Further, greater agitated arousal and lower
self-regulation in toddlerhood (age 2 1/2) would predict increases in
externalizing symptoms through preschool age (age 5 1/2). This
might be particularly true for PCE children [11]. We conducted these
analyses with and without covarying for mothers' tobacco, alcohol,
and marijuana use in pregnancy. We also conducted secondary
analyses to examine the hypotheses that: 1. Obstetric complications
would mediate links between prenatal drug exposure and emotional
arousal/regulation, and 2. Parent–child relationship quality would be
a moderator of links between exposure and emotional arousal/
regulation, with lower parent–child relationship quality exacerbating
negative “effects” of prenatal cocaine exposure on emotional arousal/
regulation.

2. Methods

2.1. Participants

Participants were drawn from a larger longitudinal study of
emotional and cognitive development of cocaine-exposed and non-
exposed children. 370 families participated in the larger longitudinal
study (225 Prenatally Cocaine and other drug Exposed [PCE], 49 Non
Cocaine but other drug Exposed [NCE], and 97 Non Drug Exposed
[NDE]). These families were followed from the pregnancy or child's
birth onward, with biannual assessments. Of the 370 families, 225
attended the 30 month follow up session and completed the toy wait
task. These were the sample for the present study. Fifty eight children
attended the 30 month session, but did not complete the toy wait task
(due to the fact that the toy wait task was not instituted until a few
months into the assessments). Eighty seven families were contacted

by our team of schedulers, but did not attend the 30 month visit. All of
these families later attended the 36 month session. Those who did not
come at 30 months missed that session for a number of reasons—child
or parent illness, family temporarily away, or multiple cancellations.

The 225 families did not differ significantly from those who were
not in the present sample on drug exposure group, child sex, child
birth weight or mother's education level, race, age at delivery, or
frequency of cocaine or other substance (tobacco, alcohol, marijuana)
use during pregnancy (p'sN .10). Obstetric Complications Scale (OCS
[29]) scores tended to be higher (more optimal) for those who did not
attend the 30 month session than those who did (t(344)=1.94,
p=.05).

For the longitudinal HLM analyses of child behavior problems, data
on behavior problems were available at 2 1/2 years (time 1) for 191
children. These children did not differ from the overall sample of 225
on demographic variables or mother drug use during pregnancy.
Behavior problem data were available at 3 1/2 years for 151, at 4 years
for 140, at 4 1/2 years for 108, at 5 years for 125, and at 5 1/2 years for
133. 177 children had data for at least one data follow-up time point
and, thus, were included in the HLM model. These 177 were not
different from the overall 191 children on any demographic or mother
drug use variables except child sex. Girls weremore likely than boys to
have follow-up data (Chi2=4.49, pb .05), specifically 90 girls versus
87 boys had follow-up data. These 177 also did not differ from the
larger cohort of 370 on demographic or mother drug use variables
(p'sN .12), with two exceptions. There was a trend for OCS to be more
optimal for thosewhodid not attend the 30month session and provide
behavior problem data than those who did, t(343)=1.79, pb .10).
Mother cocaine use frequencywas higher for thosewho did not attend
the 30 month session and provide behavior problem data than those
who did (t[357.74]−equal variances not assumed)=2.13, pb .05).

2.1.1. Present study sample
The 225 children in the present study had a mean age of

30.54 months at time 1 (SD=1.1 month). 129 were Prenatally
Cocaine and other drug Exposed [PCE], 30 were Non Cocaine but other
drug Exposed [NCE], and 66 were Non Drug Exposed [NDE]). The
children's caregivers at the 30 month session were mostly biological
mothers (87%), with 9% familial foster care parents (aunts and
grandmothers), 4% non-familial foster care or adoptive mothers, 3%
biological fathers, 1% aunts, and 1% grandmothers. Primary caregivers
at the longitudinal follow-up sessions were also mainly biological
mothers (76% biological mothers at 42 months, 84% at 48months, 81%
at 54 months, 81% at 60 months, and 78% at 66 months).

2.1.2. Recruitment and drug exposure categorization
Participants' mothers were recruited over a five-year period from

women registering for prenatal care at the Women's Center of a large
urban hospital in the Northeast and, for those who did not receive
prenatal care, upon admission to the postpartum ward. The Women's
Center provided care primarily for inner-city women and served a
low-income primarily minority population.

Women were screened for substance use by trained research
associates. Self-report information was obtained through a detailed
interview (the Addiction Severity Index — ASI [35]) that covered
lifetime use (number of years using) and frequency and amount of use
in the previous 30 days of cocaine, tobacco, alcohol, marijuana, and
other drugs (e.g., sedatives and opiates). Interviews were conducted
either during the first prenatal visit or (for those not receiving
prenatal care) directly after delivery. For all women, regardless of
reported drug use, urine samples were obtained for toxicology either
several times throughout the pregnancy (for those women attending
prenatal visits) and/or at delivery (for those not receiving prenatal
care). Every mother and infant had a urine screen at delivery. Urine
was screened for metabolites of cocaine (e.g., benzoylecognine),
opiods, benzodiazepines, and marijuana, using the Abbott TDx system
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and the recommended cutoff levels [39]. Meconium screening was
also instituted after two years of recruitment into the project.
Meconium screening did not identify any additional cocaine users
who were both interview and urine toxicology negative.

Mothers were considered to be in the cocaine and other drug using
group (PCE) if they reported cocaine use during pregnancy even if in
those instances, urine or meconium toxicological results were
negative. Also, if mothers reported that they did not use cocaine, but
urine toxicological or meconium results were positive for cocaine,
infants were considered exposed. Mothers who used opiates were
excluded from the study. As cocaine use frequently co-occurs with use
of nicotine, alcohol and/or marijuana, mothers in the cocaine using
group were not excluded if they used these other substances, and
other drug use was included as a covariate in secondary analyses.

Non-cocaine using women were eligible for recruitment into the
two comparison groups. If they reported or tested positive in a urine
screen for non-cocaine substances, such as alcohol, marijuana, or
tobacco, they were assigned to the non cocaine but other drug using
group (NCE). If they were negative in self-report and urine toxicology
for all substances, they were assigned to the no drug-use prenatally
(NDE) group.

2.1.3. Demographic and birth status
Demographic, birth status, and caregiver–child relationship infor-

mation is shown in Table 1. Forty nine percent of the overall sample
was male, with no exposure group differences in child gender. There
were exposure group differences in race and mother education
(summarized in Table 1). Since there were group differences in race
and mother education, these variables were covaried in all analyses
with exposure status as a predictor variable. Mother education data
were missing for 2 participants. Thus, these analyses only included
223 families.

Scores on the Obstetric Complications Scale (OCS [29]) are also
listed in Table 1. The OCS is a checklist of the number of favorable
conditions (out of 41 conditions) during the pregnancy and delivery,
including birth weight, gestation age, parity, mother age, bleeding
during pregnancy, and infections or acute medical conditions during

pregnancy. Higher scores on the OCS represent more optimal birth
factors. The OCS was completed through mother interview and
medical chart abstraction. OCS scores were calculated as the
percentage of optimal scores and then converted to the “converted
raw score”, following Littman and Parmelee [29].

As shown in Table 1, OCS scores differed by drug exposure group.
Post-hoc Bonferroni comparisons indicated that PCE children had less
optimal conditions than the NCE or the NDE children (p'sb .05), with
no significant differences between the NCE and NDE groups. Because
PCE children had less optimal birth conditions, we examined whether
OCS scores mediated associations between exposure status and
emotional arousal/regulation. Data were missing on the OCS variable
for 23 children, so these children were not included in the
meditational analyses.

Parent–child relationship quality wasmeasured by the Parent–Child
Dysfunctional Interaction (PCDI) subscale of the Parenting Stress Index
short form [1]. The PCDI scale is a parent-report of dissatisfaction with
their interactions with their children and with their children generally.
Primary caregivers completed this measure at the 24-month (2 year)
assessment point. PCDI information was available on 193 of the 225
children in the sample. As shown in Table 1, PCDI scores differed by
exposure group. Post-hoc comparisons indicated a trend for PCE
children to have greater parent–child dysfunctional interaction than
theNCEorNDE children (p'sb .08),with nodifferences between theNCE
and NDE groups. PCDI scores were examined as a moderator of
associations between exposure group and emotional arousal and
regulation.

2.1.4. Substance use during pregnancy
Mothers' reported levels of cocaine and other drug use in the

previous 30 days was obtained through interviews during pregnancy
or at delivery. Substance use information for PCE and NCE mothers is
provided in Table 2 (NDE mothers did not report any substance use).

PCE mothers reported using cocaine an average of 4.04 days per
month (SD=6.12 days) and used an average of .71 g (SD=1.11 g) per
occasion. PCE mothers reported using cocaine for an average of
5.85 years (SD=2.99). PCE mothers in this study typically reported
that they used cocaine from early in their pregnancy and throughout
the pregnancy.

Regarding other substances used during pregnancy, PCE mothers
weremore likely than NCEmothers to use tobacco, andmarijuana. The
percentage reporting use of tobacco was 67% for PCE and 43% for NCE

Table 1
Demographic and birth status information for Prenatally Cocaine Exposed (PCE), Non
Cocaine but other drug Exposed (NCE), and Non-Drug Exposed (NDE) groups.

Cocaine
exposed

Other drug
exposed

Non drug
exposed

Test of drug group
differences

Mean (SD) Mean (SD) Mean (SD)

Mother variables
Race: % in each group χ2(6, n=225)=

23.09⁎⁎
African American 89.1% 63.3% 72.7%
Asian American .8% 0% 0%
Hispanic .8% 16.7% 15.2%
Caucasian 9.3% 20.0% 12.1%

% Completed high school 59.4% 80.0% 83.1% χ2(4, n=223)=
13.53⁎⁎

Child variables
% male 52.7% 30.0% 51.5% χ2(2, n=225)=

5.20 (ns)
Obstetric complications
Scale scoresa

77.73
(16.97)

96.67
(16.24)

88.92
(19.86)

F(2, 199)=
16.07⁎⁎⁎

Caregiving variable
Parent–child dysfunctional
interaction (PCDI) score

20.31
(6.77)

17.00
(4.87)

17.91
(7.01)

F(2, 190)=4.10⁎

⁎pb .05, ⁎⁎pb .01, ⁎⁎⁎pb .001.
a Obstetric Complications Scale (OCS) includes 41 pregnancy and birth factors,

including birth weight, head circumference, mother age, and parity. Higher OCS scores
indicate more optimal birth conditions.

Table 2
Mothers' self reported substance use for Prenatally Cocaine Exposed (PCE) and Non
Cocaine but other drug Exposed (NCE) groups.

Cocaine exposed Other drug exposed Drug group
differences?Mean (SD) Mean (SD)

n=129 n=30

Substance use in pregnancy
Cocaine
Days used out of 30 4.04 (6.12) 0 ⁎

If used, # grams per day .71 (1.11) 0 ⁎

Alcohol
Days used out of 30 2.88 (5.30) .50 (.51) ⁎

If used, amount per day
(drinks)

2.66 (5.47)
(n =84)

.41 (.53)
(n =15)

⁎

Tobacco
Days used out of 30 1.81 (5.51) 1.37 (5.43) ⁎

If used, amount perday (packs) .80 (.55)
(n =85)

.83 (.39)
(n =12)

Marijuana
Days used out of 30 1.26 (3.74) .13 (.35) ⁎

If used, amountper day (joints) .88 (1.59)
(n =62)

.05 (04)
(n =4)

⁎

⁎Indicates statistically significant difference of pb .05 in Mann–Whitney test. The
Mann–Whitney test was used due to non-normal distribution of data.
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(Chi2(1, n=159)=5.64, pb .05), of alcohol was 65% for PCE and 50%
for NCE (Chi2(1, n=159)=2.37, ns), and of marijuana was 48% for
PCE and 13% for NCE (Chi2(1, n=159)=12.09, pb .01). The PCE group
was greater than the NCE group on measures of alcohol, tobacco, and
marijuana frequency of use (days per month) and amount used per
occasion (see Table 2). Since PCE and NCEwomen differed in their use
of other substances during pregnancy, whenever there was a
significant exposure group effect, we conducted a secondary analysis
including tobacco, alcohol, and marijuana use as control variables.

2.2. Toy wait task procedure

The toy wait task, a widely-used task with toddlers (e.g., [19]), was
used to elicit emotional arousal and regulation behaviors in the
children. In this task, the child was shown an attractive new toy by a
research assistant. The toy was then taken away and placed on a
counter just out of the child's reach. The child was instructed to wait
6 min for the toy and to instead play with other (less attractive) toys
that were displayed on the floor. The child's caregiver was present, but
was instructed not to initiate interaction with the child. If the child
asked for the toy, the caregiver was instructed only to “remind [child]
that there are the other toys for [child] to play with.” The child's
behavior was videotaped and later coded for arousal and regulation.

2.3. Measures

2.3.1. Arousal and regulation
Child behavior/affect in the task was coded for the frequency of:

1. agitated emotional arousal (e.g., whining, pouting, yelling, aggressive
behavior); 2. references to the prohibited toy (e.g., looks to, reaches
towards, or holds prohibited object); 3. references to the caregiver (e.g.,
looks to, approaches/reaches towards, physically contacts caregiver).
The references to the caregiver code may reflect an attempt to regulate
emotion by drawing in the caregiver [14].

Coders were unaware of children's drug exposure status. Inter-
rater reliability was assessed on 23% of the tapes and Kappas were .89
for agitated arousal and .91 for references to toy and caregiver.
Frequencies of each behavior were divided by total time in the task, to
control for slight differences in task length across children (usually
due to the research assistant coming in slightly early). Mean arousal
and regulation levels (and child behavior problem variables) are
summarized by exposure group in Table 3.

2.3.2. Child behavior problems
Child externalizing and internalizing problems were measured

with the caregiver-reported Child Behavior Checklist (CBCL). The CBCL
has been used extensively in research and applied settings, shows
good psychometric properties, and was normed on a nationally
representative sample [2,3]. CBCL/version 2–3 was used when child
was 2 1/2 –3 years old [3] and CBCL/4-18 when child was 4–5 1/
2 years old [2]. Analyses used externalizing and internalizing problem
raw scores. The CBCL/2-3 had 26 externalizing items and 25
internalizing items, whereas the CBCL/4-18 had 33 externalizing
items and 32 internalizing items. Because of the different numbers of
items, an average score for each subscale was used.

2.4. Data analyses

Exposure group differences in arousal and regulation (agitated
arousal, references to caregiver, and references to toy) were examined
with separate ANCOVAs, controlling for race and maternal education,
with gender main effects and exposure status×child gender interac-
tions included in the model. Cohen's d effect sizes were calculated for
ANCOVA findings using the difference (PCE minus NDE, PCE minus
NCE, NCE minus NDE) in estimated marginal means. The difference in

estimated marginal means was divided by the pooled standard
deviation.

Because PCE and NCE/NDE women differed in their other drug use
during pregnancy, whenever we found a significant exposure effect,
we conducted a secondary analysis including tobacco, alcohol, and
marijuana use as control variables. Results were similar (i.e., results
for exposure status that were significant remained significant) when
including the other drug use variables and so here we present the
findings without these covariates.

We also examined whether Obstetric Complications Scale (OCS)
scores mediated and whether parent–child dysfunctional interaction
(PCDI) scores moderated relationships between prenatal exposure
status and arousal/regulation. We conducted these analyses following
Baron and Kenny's [7] procedures for examination of mediators and
moderators. For mediation, if Baron and Kenny's criteria were met, we
also conducted a statistical test of mediation using the Sobel test [43].
These analyses also controlled for race and maternal education.

Hierarchical Linear Models with unstructured covariance matrices
were conducted (in SPSS 14.0 using the “Mixed” command) to
examine predictors of the trajectories of externalizing and internaliz-
ing problem scores from 2 1/2 to 5 1/2 years. Random intercept/
random slope models with unstructured covariance matrices were
used. The unstructured covariance matrix was chosen based on a
comparison of the −2 Restricted Log Likelihood Estimates across
various covariance structures. HLMs were first conducted for the
prediction of externalizing and internalizing behavior problems from
arousal/regulation variables, time, and their interaction. This was to
examine the hypothesis that arousal/regulation variables would be
associated with change in behavior problems over time. After these
were conducted, a second set of HLM models were conducted for the
prediction of externalizing/internalizing problems from arousal/
regulation variables, exposure status, time, and their interactions,
with race and mother education included as control variables. These
were to examine the secondary hypothesis that associations between
arousal/regulation variables and behavior problems would be greater
for cocaine exposed children than non-exposed children.

For the HLM analyses, time (age 2 1/2, age 3 1/2, age 4, age 4 1/2,
age 5, age 5 1/2) was entered as a random effects coefficient. Either
agitated arousal, references to caregiver, or references to toy was
entered as the time-invariant covariate. For the equations including

Table 3
Raw means and standard deviations for outcome variables by exposure group.

Cocaine
exposed

Other drug
exposed

Non drug
exposed

Significant
group difference

Mean (SD) Mean (SD) Mean (SD) (ANCOVAa)

Arousal and regulation
(frequency per minute)
Agitated emotional arousal .21 (.39) .08 (.17) .13 (.27) Trend
References to toy .83 (.78) .92 (.97) .77 (.67)
References to caregiver 3.37 (1.72) 2.81 (1.65) 2.79 (1.65) Trend

Child behavior problems
(average scores)

Externalizing at age 2 1/2 .56 (.35) .57 (.25) .49 (.33)
Internalizing at age 2 1/2 .40 (.32) .38 (.22) .35 (.24)
Externalizing at age 3 1/2 .54 (.36) .52 (.26) .37 (.27) ⁎

Internalizing at age 3 1/2 .42 (.30) .33 (.20) .32 (.22)
Externalizing at age 4 .37 (.27) .36 (.25) .30 (.21)
Internalizing at age 4 .18 (.20) .14 (.14) .14 (.13)
Externalizing at age 4 1/2 .29 (.24) .26 (.15) .29 (.21)
Internalizing at age 4 1/2 .12 (.11) .10 (.10) .13 (.09)
Externalizing at age 5 .31 (.20) .31 (.20) .31 (.23)
Internalizing at age 5 .15 (.17) .15 (.11) .15 (.14)
Externalizing at age 5 1/2 .30 (.22) .26 (.17) .25 (.18)
Internalizing at age 5 1/2 .13 (.14) .12 (.10) .14 (.15)

a Group differences tested with ANCOVAs, controlling for race and mother education
level.
⁎ pb .05, Trend pb .10.
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exposure status, exposure status was entered as a fixed effects factor.
Subjects was entered as a random effects factor.

3. Results

3.1. Data inspection and transformations

Measures were examined for normality. The agitated arousal,
references to prohibited toy, and externalizing problems variables
were positively skewed, so square root transformations for these were
used in analyses, although untransformed values were presented in
tables and the figure for ease of interpretation (except for Table 4). The
internalizing problems variable was also positively skewed and
kurtotic and so a log transformation was used in analyses.

3.2. Arousal and regulation: exposure status by gender effects

3.2.1. Agitated arousal
The gender×exposure status interactionwas not significant and so

was removed from the equation. The main effect of exposure status
was a trend (F(2, 218)=2.58, pb .10), with follow-ups indicating
trends for greater arousal in PCE than NCE (F(1, 154)=2.84, pb .10,
Cohen's d effect size=.26) and NDE toddlers (F(1, 189)=2.74, pb .10,
Cohen's d effect size=.18), with no differences between NCE and NDE
toddlers (see Fig. 1).

3.2.2. References to prohibited toy
There were no significant main effects or interactions for references

to toy.

3.2.3. References to caregiver
Findings revealed a significant exposure status×gender effect (F(2,

216)=3.48, pb .05, see Fig. 2). Follow-ups indicated that references to
caregivers were higher for PCE than NDE boys (F(1, 96)=7.73, pb .01,
Cohen's d effect size=.44) and for NCE than NDE boys (F(1, 39)=
3.97, p=.05, Cohen's d effect size=.47). There were no significant
exposure group differences for girls. In addition, there was a trend for
an exposure status main effect (F(2, 216)=2.52, pb .10), with the PCE
group higher than the NDE group (F(1, 189)=3.93, pb .05, Cohen's d
effect size=.22).

3.3. Obstetric complications and parent–child relationship as mediator/
moderator

We examined whether Obstetric Complications Scale (OCS) scores
mediated the relationship between prenatal cocaine exposure status
and arousal/regulation variables, following Baron and Kenny's [7]
procedures. The first condition of mediation (that the predictor
variable is associated with the outcome variable) was met for agitated
arousal and references to caregiver: PCE children showed greater
references to caregiver than NDE children and PCE children tended to
show greater agitated arousal than NCE and NDE children. As argued
by MacKinnon et al., the first condition may not be necessary for
mediation to be present as long as the other conditions are met [30].
As such, we also tested for the other conditions for references to the
prohibited toy.

The second condition of mediation (that the predictor variable is
associated with the mediator) was met — PCE children were lower
than NCE and NDE children in OCS scores (Bonferroni follow-ups
p'sb .001). The third condition of mediation (that the mediator is
associated with the outcome variable in the presence of the predictor
variable) was met for references to the prohibited toy (β for OCS
scores=.16, t=2.11, pb .05), but not for agitated arousal or references
to caregiver. The fourth condition (that the predictor variable's
association with the outcome variable decreases or falls to zero
when the mediator variable is included) was not met for references to
the prohibited toy. The Beta for the relation between exposure status
and references to toy actually increased when OCS scores were
included in the equation. The Sobel test for mediation by references to
toy was not significant (Sobel test statistic=− .02, ns). Thus,
mediation was not found for any arousal/regulation variable.

We examined whether parent–child relationship quality moder-
ated relations between exposure status and arousal/regulation by
including an interaction between parent and child relationship quality

Table 4
Estimates and standard errors for HLM analyses of square root of agitated emotional
arousal predicting externalizing behavior problems.

Equations Estimate Standard
error

T-statistic Significance

Intercept only model
Intercept 1.15 .01 177.54 ⁎⁎⁎

Intercept and time model
Intercept 1.33 .01 89.04 ⁎⁎⁎

Time − .003 .00 −13.36 ⁎⁎⁎

Intercept, time, and square root of
agitated arousal model
Intercept 1.37 .05 26.76 ⁎⁎⁎

Time − .003 .00 −13.38 ⁎⁎⁎

SQRT (agitated arousal) − .03 .05 − .76 ns
Intercept, time, agitated arousal, and
time×agitated arousal model
Intercept 1.11 .11 9.77 ⁎⁎⁎

Time .001 .002 .77 ns
SQRT (agitated arousal) .21 .11 1.95 p=.05
Time×SQRT (agitated arousal) − .004 .002 −2.53 ⁎

Note. SQRT indicates that the square root of the variable was used in analyses;
⁎pb .05, ⁎⁎⁎pb .001, ns not significant.

Fig. 1. Agitated affect frequency byexposure status, controlling race andmother education.

Fig. 2. References to caregiver frequency by exposure status and gender, controlling race
and mother education.
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and exposure status in equations predicting arousal/regulation.
Interactions were not significant, so moderation was not supported.

3.4. Emotional arousal/regulation predicting the trajectory of externalizing
and internalizing problems through age 5 1/2

Random Slope/Random Intercept HLM models were conducted for
the prediction of externalizing and internalizing problems. For inter-
nalizing problems, the random slope/random intercept models did not
converge, possibly due to a lack of variability in the internalizing scores.
Thus, for internalizing problems, a random intercept only model was
used.

3.4.1. Arousal/regulation
We tested the hypothesis that arousal/regulation variables would

predict change in externalizing and internalizing problems over time. For
agitated arousal, there was a significant (and negative) time×agitated
arousal interactionpredicting externalizing problems (estimate=− .004
[SE=.002], t[192.95]=−2.53, p=.01). This indicated that higher
agitated arousal at age 21/2 predicted a greater decrease in externalizing
problems over time (see Table 4, Fig. 3). Agitated arousal did not predict
change in internalizing symptoms over time.

References to caregiver and to prohibited toy (and their interactions
with time) were not associated with externalizing or internalizing
symptoms.

3.4.2. Arousal/regulation by exposure status interactions
We also conducted HLM analyses to test the second hypothesis of an

interaction between exposure status and arousal/regulation predicting
behavior problems over time (including race andmaternal education as
covariates). Arousal/regulation×exposure status interactions and arou-
sal/regulation×exposure status×time interactionswere not significant
for externalizing or internalizing problems. There was one non-
significant trend for an interaction between agitated affect×exposure
status×timeonexternalizingproblems, F (190.70)=2.53,pb .10. Follow
up HLMs indicated that agitated arousal×time effects were significant
for children in the PCE group (Estimate=− .01, SE=.002, t[111.60]=
−2.72, pb .01), but not for the NDE or NCE groups. Thus, the effect of
agitated arousal by time on externalizing symptoms may be driven by
cocaineexposed children (although the interaction termwasonlyanon-
significant trend).

3.4.3. Exposure status
It is also possible to find exposure status effects on change in

behavior problems over time. We conducted exploratory HLM

analyses to test this. Analyses revealed that exposure status was not
a significant predictor of externalizing or internalizing problems or of
change in those problems over time. Time was a significant predictor
of externalizing problems (F[1, 157.69)=138.12, pb .0001) and
internalizing problems (F[1, 689.20)=261.35, pb .0001), with both
externalizing and internalizing problems decreasing over time.

Mean levels of externalizing and internalizing problems at each
time point by exposure status group are summarized in Table 3. Out of
12 comparisons, there was only one significant exposure group
difference in symptoms — PCE and NCE children had higher
externalizing symptoms than NDE children at age 3 1/2 years. This
one significant finding out of 12 is little more than would be expected
to occur 5% of the time.

4. Discussion

The present study was one of the few to examine links between
prenatal cocaine and other drug exposure and risk for emotional
arousal and regulation difficulties in toddlerhood — a period of rapid
growth in emotion regulation capacities. The study found links
between drug exposure (both prenatal cocaine and other drug
exposure) and children's greater tendency to reach out to their
caregiver in a frustrating task for boys. In addition, there was a trend
for prenatal cocaine exposure specifically to be related to greater
observed agitated emotional arousal, arousal that was linked to a
greater decrease in externalizing behavior problems over a three-year
follow up. The findings for prenatal drug exposure and emotional
arousal and regulation were found controlling for demographic
variables (race and maternal education) and were not mediated by
birth complications or moderated by caregiver-reported caregiver–
child relationship quality.

When confronted with a frustrating task (waiting for an attractive
toy for 6 min), cocaine exposed and other drug (alcohol, tobacco, and/
or marijuana) exposed boys were more likely than non-exposed boys
to approach their caregivers. Interestingly, this pattern was not seen
for girls, with both exposed and non-exposed girls showing a similar
moderate level of attention to their caregivers. Also of note, boys'
references to caregivers were not different between the cocaine
exposed group and the Non Cocaine but other drug Exposed group,
suggesting that it is not cocaine-specific effect. Further, the effect was
not accounted for by the child's level of birth complications or by
caregiver-reported parent–child relationship quality.

What might explain exposed boys' greater references to caregivers
in the frustrating task? This may signify an adaptive ability of exposed
boys to use their caregivers to help them regulate emotion in this
frustrating task. During toddlerhood, caregivers often help their
children regulate emotion, which leads children to develop indepen-
dent emotion regulation skills [27]. Thus, exposed boys' greater
references to caregivers may represent a protective factor for their
development, particularly if caregivers respond positively to their bids
for attention. If caregivers are not responsive or respond negatively, as
caregivers with a history of substance use may do [37], this strategy
may not be optimally effective. We conducted a follow-up analysis
examining whether parent–child relationship quality moderated any
relationship between references to caregiver and behavior problems
over time. We did not find moderation or prediction from references
to caregiver, suggesting that references to caregiver did not predict
behavior problems, regardless of whether parenting quality was good
or bad. References to caregiver may predict other facets of social/
emotional development and this could be examined in future
research.

There was a trend for prenatally cocaine exposed toddlers to show
greater agitated emotional arousal in the frustrating task than non-
exposed or non cocaine but other drug-exposed toddlers. This is
consistent with previous findings of greater negative emotional
arousal in cocaine-exposed than non-exposed infants [32]. Further,

Fig. 3. Mean level of externalizing problems by agitated arousal (none/some to high)
from age 2 1/2 to 5 1/2 years.
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because there was a trend for cocaine exposed toddlers to be higher in
agitated arousal than other drug exposed toddlers, changes in
emotional arousal levels may be seen as a cocaine-specific outcome
rather than one associated with drug exposure in general. Of course,
the mechanism by which cocaine exposure might be linked to greater
arousal could be a number of things, including direct biological effects
of cocaine on developing emotional systems and post-natal environ-
mental conditions experienced by children of cocaine using mothers.
We did not find that obstetric complications or caregiver–child
relationship quality accounted for this trend-level relationship.
However, there are other environmental factors (such as a high
number of residence changes) that should be explored in future
studies.

Notably, higher levels of agitated arousal in the frustrating task,
experienced more often by cocaine-exposed toddlers, predicted
greater decreases in externalizing behavior problems from toddler-
hood to the preschool years. Normatively, externalizing behaviors
decrease from age 2 into school age [15,23], so it is notable that
toddlers with low agitated arousal showed less of a decrease in these
problems. The prediction of externalizing problem trajectory was not
found for references to caregiver or to the prohibited toy, so may have
been specific to emotional arousal in the task. Expressing some
amount of negative emotion in a frustrating task may be normative,
appropriate behavior for toddlers. A lack of affect expression may
reflect overregulation of negative affect [18]. Over-regulated negative
emotion has been hypothesized to lead to externalizing behavior
problems in early childhood and to internalizing disorders in late
childhood and adolescence [19,26]. Low levels of negative emotion
may also reflect a physiological under arousal, or a “blunted” affect,
which is linked to conduct problems among youth [28]. Interestingly,
there was a trend for cocaine-exposed children to show higher
agitated arousal levels than other toddlers, which may represent a
protective factor for them from such conduct problems. Indeed, there
was a trend-level interaction between cocaine exposure status and
agitated arousal in predicting change in externalizing behaviors over
time, indicating that the strongest relation between high arousal and
lower externalizing problems was for the prenatally cocaine and other
drug exposed children. Interestingly, cocaine exposure status on it's
own did not predict the trajectory of behavior problems.

Emotional arousal and regulation did not predict children's
trajectory of internalizing behavior problems through age 5 1/2,
however. This may be due to a lack of variability in internalizing
symptoms in the present sample. Normatively, internalizing symp-
toms tend to increase gradually during the preschool years [23],
however, in this sample, the internalizing symptoms started out low
and decreased slightly over time. It is possible that children from high
risk, drug abusing families, show a different trajectory of internalizing
symptoms. Further research is needed to test this hypothesis. It is also
possible that internalizing problems may be better evaluated using
child self-reports, which could be collected in later childhood or
adolescence.

4.1. Summary/limitations

In sum, the present findings showed a trend for an association
between prenatal cocaine and other drug exposure and altered
emotional arousal and a significant association between cocaine
exposure and emotion regulation attempts for boys. The findings are
important in that emotional arousal and regulation have implications
for risk for or protection from the development of psychopathology.
However, the study had limitations that should be addressed in future
research. First, we examined children whose mothers consented to
study participation when pregnant or at delivery and attended a
session 2 1/2 years later, mothers who may have lower addiction
severity than those who did not do this. Consistent with this, families
who did not have behavior problem data through the follow-ups had

mothers who used cocaine more frequently during pregnancy than
those who were included in behavior problem analyses. Thus, the
families studied here may not generalize to the larger population of
cocaine and other drug exposed toddlers, who may show more
difficulties with emotional arousal and regulation. Nonetheless, even
in this less at-risk group, we see a trend for exposure-related
differences in emotional arousal and interesting protective links
between arousal and future behavior problems.

A second limitation is that the study examined cocaine exposure as
a categorical variable and, due to lack of information, we were unable
to examine associations between level of cocaine exposure and
emotional outcomes. In addition, we did not have information on
mothers' post-partum drug use, which may also affect child develop-
ment. Third, although we did examine parent–child relationship
quality as a moderator, our measure was obtained at age 2 and was a
parent-report of their satisfaction with the relationship and their
child. Future studies should examine more objective measures, such
as a report of specific parenting behaviors. Despite these limitations,
the present study showed a trend for a link between prenatal cocaine
exposure and greater negative emotional arousal in toddlerhood,
arousal that was a protective factor from the development of
externalizing problems across the preschool years.
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