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Background: To assess the impact of prenatal cocaine exposure (PCE) on adolescent sexual risk behaviors.
Externalizing behavior, teen substance use, and early sexual intercourse were examined as pathways
mediating the effects of PCE on sexual risk behaviors.

Methods: Adolescents (N =364; 185 PCE, 179 non-cocaine exposure (NCE); 205 girls, 159 boys), primarily
African-American and of low socioeconomic status, were prospectively enrolled in a longitudinal study
at birth. Risky sexual behaviors were assessed at ages 15 and 17. Externalizing behavior at 12 years
was assessed with the Youth Self-Report. Substance use, via self-report and biologic assays, and early
(before age 15) sexual intercourse were assessed at age 15. Path analyses with the weighted least squares
estimator with mean and variance adjustments were performed.

Results: The final structural equation model-based path model, x2=31.97 (df=27), p=.23, CFI=.99,
TLI=.99, RMSEA=.021, WRMR =.695, indicated a direct effect of PCE on sexual risk behavior (8=.16,
p=.02). Although PCE was related to greater externalizing behavior (8=.14, p=.009), which in turn,
predicted early sexual intercourse (8=.16, p=.03), leading to sexual risk behavior (8 =.44, p<.001), boot-
strapping indicated a non-significant indirect effect (8=.01, p>.10). Substance use was correlated with
early sexual intercourse (r=.60, p<.001) and predicted sexual risk behavior by age 17 (8=.31, p=.01).
Conclusions: Prenatal cocaine exposure was related to more engagement in sexual risk behaviors, sug-
gesting the importance of reducing substance use among pregnant women as a means of prevention of
offspring substance use and sexual risk behavior.
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1. Introduction

Sexual risk behaviors, including multiple sexual partners, infre-
quent condom and contraceptive use, and having sex under the
influence of alcohol or drugs, contribute to unintended pregnancy
and sexually transmitted infections (STIs) including HIV. Data from
the 2013 Youth Risk Behavior Survey indicate that only 59% of
sexually active high school (grades 9-12) students reported con-
dom use during the last time they had sexual intercourse (Kann
et al., 2014). Although sexually active teens and young adults (ages
15-24) represent only 25% of the sexually active population, they
account for nearly half of new STI cases (Centers for Disease Con-
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trol and Prevention (CDC), 2014) and 26% of all new HIV cases in
the US (CDC, 2012). The 2003-2004 National Health and Nutrition
Examination Survey (NHANES) indicated 38% of sexually experi-
enced female adolescents aged 14-19 had laboratory evidence of
STI (Forhan et al., 2009).

Prenatal cocaine exposure (PCE) may increase the vulnerability
for adolescent sexual risk behavior (De Genna et al., 2014; Lambert
et al., 2013; Min et al., 2015). Approximately 214,000 infants are
exposed in utero to illicit drugs, including cocaine, each year in
the United States (Substance Abuse and Mental Health Services
Administration (SAMHSA), 2014); however, the effects of PCE on
adolescent sexual behavior have not been well-established, with
only three published studies from three prospective birth cohorts
todate(De Gennaetal., 2014; Lambertetal.,2013; Min etal.,2015).
Although these studies indicated that, compared to non-cocaine
exposed (NCE) adolescents, adolescents with PCE initiated sexual
intercourse earlier (De Genna et al., 2014) and were more likely
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to have sexual intercourse (Min et al., 2015) or oral sex before age
15 (Lambert et al., 2013), they mainly focused on the age at first
sexual intercourse. Only one study (Lambert et al., 2013) examined
PCE effects on other sexual risk behaviors, reporting significant PCE
effects on engaging in sex without a condom in boys only.

Multiple mechanisms may account for the link between PCE
and sexual risk behavior. Maternal use of cocaine during pregnancy
directly impacts the developing fetal brain by altering/disrupting
the monoaminergic neurotransmitter system involving dopamine,
serotonin, and norepinephrine in the prefrontal cortex (Kosofsky
etal., 1994; McCarthy et al., 2014). Disruption in the prefrontal cor-
tex has beenimplicated in problems of inhibitory control, attention,
increased risk taking behaviors, and executive function (Thompson
et al., 2009), all of which likely contribute to sexual risk behav-
iors (Goldenberg et al., 2013; Khurana et al., 2012). In addition,
PCE may indirectly increase vulnerability to sexual risk behavior
through biological and environmental confounders, including pre-
natal exposure to other substances such as alcohol (Larkby et al.,
2011),tobacco (Maughan et al., 2004 ), and marijuana (Goldschmidt
et al.,, 2000), ongoing parental substance abuse (Elkington et al.,
2011)and psychological distress (Minnes et al., 2010), and elevated
lead (>10 pg/dL) levels (Lane et al., 2008; Min et al., 2009; Singer
etal., 2008). Further, poor quality of the home environment (Singer
et al., 2008) including poor attachment to caregiver (Warner et al.,
2011) and inadequate parental monitoring (Min et al., 2014a,b),
sexual victimization (De Genna et al.,, 2014), violence exposure
(Frank et al., 2011), and adoptive/foster care placement (Singer
et al., 2004) may obscure the effects of PCE. Prospective, lon-
gitudinal birth cohort studies demonstrated effects of PCE on
externalizing behavior (Ackerman et al., 2010; Buckingham-Howes
et al, 2013; Min et al., 2014a,b; Minnes et al., 2010) and substance
use (Frank et al., 2011; Minnes et al., 2014; Richardson et al., 2013),
well-known precursors to sexual risk behaviors (Ramrakha et al.,
2007; Wu et al., 2010).

The present study examined the impact of PCE on sexual risk
behaviors assessed at ages 15 and 17 using path analyses. We pre-
viously reported more externalizing behavior problems at age 12
(Min et al., 2014b) and greater alcohol, tobacco and marijuana use
(Minnes et al., 2014) and substance related problems (Min et al.,
2014a) at age 15 in adolescents with PCE. We also found that ado-
lescents with PCE were more likely to engage in early (<age 15)
sexual intercourse (Min et al., 2015). Thus, in the present study,
we examined externalizing behavior, substance use, and early sex-
ual intercourse as pathways mediating the effects of PCE on sexual
risk behaviors. We also tested whether PCE had unique effects on
sexual risk behavior over and above its indirect influences. We
hypothesized that PCE would be related to externalizing behav-
ior and that externalizing behavior would predict substance use
and early sexual intercourse, leading to sexual risk behaviors. Since
both substance use and early sexual intercourse were assessed at
age 15, correlation between these two variables was included in the
path model. A direct path from PCE to sexual risk behavior was also
specified in the model to indicate other unmeasured mediators of
PCE.

2. Method
2.1. Sample

This study included 364 (185 PCE, 179 NCE) adolescents
recruited at birth (September 1994-June 1996) from an urban
county hospital and their birth mothers or caregivers for a longi-
tudinal investigation of the effects of PCE. Pregnant women who
had a urine toxicology screening at delivery due to a lack of prena-
tal care, behavior suggesting intoxication, self-admitted substance

use, or a history of involvement with the Department of Human Ser-
vices, were eligible for the study. Women with a psychiatric history,
low intellectual functioning indicated in medical chart review, HIV-
positive status, or chronic medical illness were excluded, as were
infants with Down syndrome, fetal alcohol syndrome, or congenital
heart defects. A nurse recruiter approached 647 screened women
immediately before or after infant birth; of these 647 women, 54
were excluded, 155 refused to participate, and 23 did not come to
the enrollment visit.

Maternal and infant urine samples and infant meconium were
obtained shortly before or after infant birth and analyzed for
cocaine and other drug metabolites, including benzoylecgonine,
meta-hydroxybenzoylecgonine, cocaethylene, cannabinoids, opi-
ates, phencyclidine, amphetamines, and benzodiazepines. A total
of 415 newborns and their birth mothers were enrolled at birth,
of which 218 infants were identified as cocaine-exposed based on
positive screens of maternal and infant urine, infant meconium,
or maternal self-report to hospital or research staff. Infants who
were negative on all indicators of prenatal cocaine exposure were
identified as NCE. Subjects and their caregivers were assessed by
separate examiners who were blinded to exposure status at follow-
up assessments at 6, 12, and 18 months and 2, 4, 6, 9-12, 15, and
17 years postpartum.

Since birth, 12 (9 PCE, 3 NCE) enrolled children died from sud-
den infant death syndrome (4 PCE, 2 NCE), cardiopulmonary arrest
(1 PCE), pneumonia (1 PCE), accidental asphyxia (1 PCE), respi-
ratory distress syndrome (1 PCE, 1 NCE), and unknown illness (1
PCE). The present study utilizes data from 364 adolescents who
completed sexual behavior assessment at age 15 and/or 17 years,
representing 90% retention of the 403 living participants in the orig-
inal study. Among the 364 participating adolescents, 92.6% (n=337)
were assessed at both 15 and 17 years of age. Of the 39 adoles-
cents not included in these analyses (19 drop-out, 18 lost contact,
2 low intellectual functioning (IQ<50)), the 24 PCE adolescents
did not differ from the 185 participating PCE adolescents. The 15
NCE adolescents not included in the study were more likely to
be white, have birth mothers who were older, more likely to be
married, and had more years of education compared to the 179
participating NCE adolescents. The Institutional Review Board of
the participating hospital approved this study. All participants were
given a monetary stipend, lunch, and transportation costs if needed.
Parental written informed consent was obtained, with child assent
beginning at age 9. A Certificate of Confidentiality (DA-09-146) was
obtained from the U.S. Department of Health and Human Services
to protect identifiable research information from forced disclosure.

2.2. Measures

2.2.1. Prenatal cocaine and other substance exposure. At the new-
born visit, birth mothers were asked to recall frequency and amount
of drug use for the month prior to and for each trimester of preg-
nancy. The number of tobacco cigarettes and marijuana joints
smoked, and the number of drinks of beer, wine, or hard liquor
per week was computed, with each drink equivalent to 0.5 oz.
of absolute alcohol. For cocaine, as the majority of women (97%)
in our study used the crack cocaine form, the number of “rocks”
consumed and the amount of money spent per day were noted,
which was converted to a standard “unit” of cocaine, referring to
$20 worth of cocaine. No sociodemographic difference was found
between women (n=11) who used a non-crack cocaine form and
353 women who used crack cocaine. However, the 11 women used
more marijuana, and less alcohol and cocaine compared to the 353
women who reported using crack cocaine. Frequency of use was
recorded for each drug on a Likert-type scale ranging from 0 (not
at all) to 7 (daily use) and converted to reflect the average number
of days per week a drug was used, except for cigarettes, which was
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collected as the number smoked per day. Frequency was multiplied
by the amount used per day to compute an average use score for the
month prior to pregnancy and for each trimester. These scores were
then averaged to obtain a total average score. The drug assessment
was updated with the child’s current caregiver at each follow-up
visit to obtain an assessment of recent (prior 30 day period) postna-
tal, caregiver drug use. The average drug summary variables were
used in path analyses.

2.2.2. Sexual risk behaviors. Risky sexual behaviors were assessed
atages 15 and 17 using items from the Youth Risk Behavior Surveil-
lance System (YRBSS; CDC, 2009): (1) >2 sexual partners during
the past 3 months, (2) drank alcohol or used drugs before sexual
intercourse, (3) no condom use, (4) no method used to prevent
pregnancy in the last time of sexual intercourse, and (5) ever
been pregnant or made someone pregnant. These five variables
were combined to form a composite sexual risk behavior variable.
Respondents reporting >1 risky sexual behavior(s) at either the 15
or 17 year assessment were coded 1 (yes).

2.2.3. Confounders. Birth, demographic, and medical character-
istics (e.g.,, maternal age and marital status at birth, years of
education of the biological mother, child’s race and gender, infant
head circumference, etc.) were extracted from hospital birth
records. Maternal/caregiver self-reported psychological distress
was assessed using the Global Severity Index («=.95), a sum-
mary scale of the Brief Symptom Inventory (BSI; Derogatis, 1992)
at birth and each follow-up visit. The child’s placement (with
either biological mother/relative or adoptive/foster caregiver) was
also noted at each visit, with updated assessment of the current
caregiver’s psychological distress if there had been a change in
caregiver. Blood lead (ug/dL) was assessed for a subset of chil-
dren at ages 2 and 4 years. Venous blood samples could not
be obtained from some children due to lack of parental con-
sent, excessive stress related to having blood draw, child sickness
or logistical difficulties. Valid hematologic measures were avail-
able for 143 two-year and 274 four-year old children. If blood
lead was measured at both assessments, then measures were
averaged (n=122). A greater percentage of African-American and
married women and a lower percentage of foster parents consented
to blood collection. Parental attachment (o« =.80) and monitoring
(a=.74), violence exposure («=.75), and pubertal development
(a=.82 for girls; a=.76 for boys) were all assessed at the 12 year
visit using The Assessment of Liability and Exposure to Substance
Use and Antisocial Behavior (ALEXSA; Ridenour et al., 2009) an
illustration-based, audio, computer-assisted self-report of antiso-
cial behavior, substance involvement and associated risk factors
for children ages 9-12. The quality of the caregiving environment
was also assessed at the 12 year visit using the Home Observation
of the Environment-Early Adolescent version (EA-HOME; « =.83;
Caldwell and Bradley, 2003). Adolescents’ intelligence was assessed
at age 15 using the Wechsler Intelligence Scales for Children-
Fourth Edition (Wechsler, 2003). Sexual victimization was assessed
(1=yes; 0=no) retrospectively at age 17 using the Juvenile Victim-
ization Questionnaire (Hamby et al., 2004).

2.3.4. Mediators. Externalizing behavior (aggression and rule-
breaking behavior) was assessed at age 12 using the Youth
Self-Report (Achenbach and Rescorla, 2001), a 105-item child self-
rating of his or her own behavior designed to assess emotional,
behavioral and social problems in the last 6 months. T-scores
were standardized for gender and age, with higher scores indi-
cating more problem behaviors («=.87). Adolescent’s substance
use was assessed at age 15 using self-report and biologic assays.
Self-reported alcohol, tobacco, and marijuana use were assessed
using the YRBSS. Research nurses from the university’s NIH-funded

Clinical Research Unit collected samples of participants’ urine, hair,
and/or bloodspots, which were sent to the United States Drug Test-
ing Laboratory for analysis (see Minnes et al., 2014 for a complete
description of drug use assessment). Respondents who were pos-
itive on either self-report or biologic assays for a particular drug
were coded 1 (yes) for that drug. Seventy-eight percent (87/111)
of adolescents who were positive on tobacco use were based on
self-report only, with 4.5% (n=5) and 17% (n=19) based on bio-
logical samples and both measures respectively. For alcohol, 95%
(129/136) of adolescents who were positive on alcohol use were
based on self-report only, with 1.5% (n=2)and 3.7% (n="5) based on
biological samples and both measures respectively. For marijuana,
71% (76/107) of adolescents who were positive on marijuana use
were based on self-report only, with 3.7% (n=4) and 25.2% (n=27)
based on biological samples and both measures respectively. Sub-
stance use was specified as a latent variable («=.74) with three
indicators (alcohol, tobacco, and marijuana) for path analyses. Early
sexual intercourse, defined as sexual intercourse prior to age 15,
was assessed at age 15 using the YRBSS.

2.3. Data analyses

Path analyses were conducted using Mplus version 7.11 to eval-
uate the direct and indirect effects of PCE as well as associations
between observed and latent variables. Since the primary outcome
variable was binary, the weighted least squares estimator with
mean and variance adjustments (WLSMV) was used, which com-
putes ordinary least squares parameter estimates for continuous
outcomes and probit parameter estimates for categorical out-
comes. Model fit was evaluated with the robust WLSMV chi-square,
comparative fit index (CFI), Tucker-Lewis Index (TLI), root mean
square error of approximation (RMSEA), and the weighted root
mean square residual (WRMR). Values >.95 for CFI and TLI, <.06
for RMSEA (Hu and Bentler, 1998), and <.09 for WRMR (Yu and
Muthén, 2002) indicate a good fit. Missing data on endogenous
variables were estimated as a function of the observed exoge-
nous variables under the assumption of missing completely at
random. Violence exposure, home environment quality, lead level,
and sexual victimization were included in the model as covari-
ates since they were correlated (p <.10) with the outcome. Sex was
also included as a covariate since our previous study (Min et al.,
2015) indicated greater likelihood of boys engaging in early sexual
intercourse than girls. Other covariates including other prenatal
substance (alcohol, tobacco, marijuana) exposure were not related
to the endogenous variables and were not included in the model A
bootstrap approach in which the standard error is computed based
on 5000 bootstrap replicates was used to test for indirect effects
(Preacher and Hayes, 2008). Competing nested models were com-
pared using the derivatives difference test (Muthén and Muthén,
2012), which compares nested models under the WLSMV estima-
tor.

3. Results
3.1. Sample characteristics

Table 1 presents characteristics of birth mothers, caregivers at
age 12, and adolescents. The birth mothers of adolescents with PCE
were older, less educated, had greater psychological distress, were
less likely to be married, and reported greater use of tobacco, alco-
hol, and marijuana over their pregnancy than birth mothers of NCE
adolescents. The average amounts of drug use generally declined
over the course of pregnancy in both groups: 83% (n=154) of
cocaine using mothers reported 36 (SD =62) units of crack cocaine
per week in the month prior to pregnancy on average, compared to
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Table 1
Sample characteristics.
PCE (n=185) NCE (n=179) p
n (%) M (SD) n (%) M (SD)
Biological mother
Mother’s age at birth 29.77 (5.01) 25.45(4.72) <.001
Education, years 11.56 (1.67) 11.92 (1.38) .02
BSI Global Severity Index® .83(.75) .51 (.54) <.001
Married 15(8.11) 28(15.64) .03
Low SES 180 (97.83) 175 (97.77) .97
African-American 152 (82.16) 146 (81.56) .88
Substance use during pregnancy®”
Tobacco, cigarettes per day 157 (84.86) 11.55(11.08) 69 (38.55) 3.85(7.13) <.001
Alcohol, drinks per week 145 (78.38) 9.80(17.64) 72 (40.22) 1.38 (4.64) <.001
Marijuana, joints per week 77 (41.62) 1.35(3.48) 16 (8.94) .61(3.55) <.001
Cocaine, units per week 185 (100) 22.61(38.05) - - -
Caregiver at age 12
Education, years 12.04 (2.39) 12.74 (1.89) .003
BSI Global Severity Index .35 (.45) .36 (.49) .95
Home environment 47.83 (6.86) 49.06 (6.28) .07
Substance use in the past 30 days®"<
Tobacco, cigarettes per day 86 (46.49) 5.30(7.41) 64 (35.75) 3.83(6.72) .04
Alcohol, dose per week 53 (28.65) 1.45 (3.74) 57 (31.84) 1.75 (5.54) 51
Marijuana, dose per week 8(4.32) .91 (7.18) 4(2.23) .10 (1.09) .26
Adolescents
Gestational age, weeks 37.82(2.78) 38.47 (2.88) .03
Hobel neonatal risk score 7.27 (15.70) 5.88(15.95) 40
Birth weight, grams¢ 2714 (645) 3104 (702) <.001
Birth length, cm¢ 47.33(3.89) 49.15 (3.76) <.001
Head circumference, cm? 32.31(2.11) 33.47 (2.40) <.001
Blood lead level, pg/dL*® 7.07 (4.14) 8.04 (4.66) .06
Parental attachment" 2.10(.68) 2.27(.61) .01
Parental monitoring’ 2.42 (.65) 2.49 (.58) 32
Violence exposure®! .63 (.77) .58 (.80) 47
Pubertal development’ 1.27(.57) 1.25(.57) 79
YSR Externalizing behavior® 50.99 (10.05) 47.79 (9.75) .002
WISC-IV Full Scale 1Q# 81.35(11.27) 83.80(14.01) .07
Male 74 (42.05) 85(48.02) .26
African-American 151 (81.62) 145 (81.01) .88
Receiving medicaid® 152 (85.39) 129 (75.00) .01
Receiving free lunch at school® 148 (83.62) 143 (84.62) .80
Always in birth parents’ care# 57 (30.81) 134 (74.86) <.001
Placement at 15 <.001
Birth parents’ care 95 (51.35) 160 (89.39)
Relative care 37(20.00) 6(3.35)
Non-kinship care 44 (23.78) 6(3.35)
Others 9(4.86) 7(3.91)
Sexual victimization 36(21.05) 34(19.77) 77
Substance use at age 15
Tobacco 64 (35.36) 47 (27.17) .10
Alcohol 72 (39.56) 64 (36.57) .56
Marijuana 64 (35.16) 43 (24.57) .03
Early (<age 15) sexual intercourse 69 (38.33) 49 (28.16) .04

BSI=Brief Symptom Inventory; WISC-IV = Wechsler Intelligence Scales for Children-Fourth Edition. YSR = Youth Self Report.

2 Data were normalized using a log transformation.

b p-value based on n (%).

¢ No caregivers reported cocaine use in the past 30 days.
d Adjusted for gestational age.

¢ Sub-sample of 145 PCE and 139 NCE.

f Assessed at age 12.

g Assessed at age 15.

74% (n=136) of cocaine using mothers reported 16 (SD=31) units
of crack cocaine per week in the third trimester. No difference was
found in caregiver characteristics at age 15, except that caregivers
of the adolescents with PCE had less education and smoked more
cigarettes in the past 30 days than the caregivers of NCE adoles-
cents. Adolescents with PCE had a shorter gestational age, lower
birth weight, length, and head circumference; reported a lower
level of parental attachment and more externalizing behavior prob-
lems at age 12; and were less likely to be continuously cared for
by their birth parents than the NCE adolescents. Although sim-

ple group comparisons indicated a PCE group difference only in
marijuana use, multivariate analyses controlling for confounders
indicated significant PCE effects on alcohol and tobacco, as well
as on marijuana (Minnes et al., 2014). PCE adolescents were more
likely to engage in sexual intercourse before age 15.

The prevalence of sexual risk behaviors is presented in Table 2.
By age 17, 76% (n=140) of adolescents with PCE and 68% (n=121)
of adolescents with NCE experienced sexual intercourse. Almost
half (46%, n=85) of PCE adolescents and 38% (n=68) of NCE ado-
lescents reported sexual risk behaviors, indicating 61% of PCE and
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Table 2
Risky sexual behavior by cocaine status and age (N =364).

Total

15 year 17 year

PCE (n=185) NCE(n=179) p

PCE (n1=180) NCE(n=174) p  PCE(n=172) NCE(n=175) p

Test age, M (SD) - - 15.69(27)  15.67 (.27) 53 17.82(26) 17.79(26) .37
Ever had sexual intercourse, n (%) 140 (75.68) 121(67.60) .09 88(48.9) 69 (39.7) .08 128(74.4) 112 (64.4) .04
Risky sexual behavior, n (%) 85 (46.0) 68 (38.0) 12 24(13.3) 28 (16.9) 46 77 (44.8) 59 (33.7) .035

>2 sexual partners during the past 3 months 28(15.14) 36(20.11 21 12 16 25 26

Drank alcohol or used drugs before sexual intercourse® 20 (14.18) ]0 (8.33) 14 7 4 13 7

No condom use* 45 (31.91) 2 (26.89) 38 12 12 37 27

No method used to prevent pregnancy® 23(12.50) 26 (14.53) 57 6 11 17 17

Ever been pregnant or made someone pregnant 30(16.85) 25(14.12) 48 4 1 30 25
2 In the last time of sexual intercourse.

Table 3
Correlations among observed variables in a path model.
1 2 3 4 5 6 7 8 9 10 11 12

1. Prenatal cocaine exposure? - -.03 —.04 —.04 09 —-.09 13 001 .07 07 09 13
2. Gender, male - .08 —.08 05 -.03 06 04 .02 10 24 07
3. Violence exposure - -.07 08 13 42 06 14 23 28 22
4. Home score - .07 —.15 —-.09 —-.02 -.04 —12 -17" -13
5. Sexual victimization - 003 18" 10 277 157 17" 20"
6. Blood lead level® - —-.05 07 .02 .10 20 15
7. Externalizing behavior - 09 20 18 24 14
Substance use
8. Alcohol - 43 A7 26 24
9. Tobacco - 56" .33 24
10. Marijuana - 467 A1
11. Early sex - 46
12. Sexual risk behavior -
M 1.18 - —-.94 48.44 - 1.86 49.41 - - - - -
SD .1.48 - 1.11 6.60 - .57 10.02 - - - - -
% - 46.70 - - 20.41 - - 38.10 31.36 29.97 33.33 42.03

2 Cocaine units per week, log transformed.
b Sub-sample of 284.

" p<.05.

" p<.01.

" p<.001.

56% of NCE sexually experienced adolescents engaged in sexual
risk behaviors. Table 3 summarizes bivariate correlations among
observed variables included in the path model.

3.2. Model estimation

Fig. 1 represents the final structural equation model-based
multivariate path model resulting from iterative model-fitting pro-
cedures. Our initial model included: (1) paths from PCE (average
summary score) to all four endogenous variables (externalizing
behavior, substance use, early sexual intercourse, and sexual risk
behavior); (2) paths from externalizing behavior to the other three
endogenous variables; (3) paths from substance use latent variables
and early sexual intercourse to sexual risk behavior; (4) a correla-
tion between substance use and early sexual intercourse; and (5)
paths from each exogenous variable (sex, violence exposure, home
environment, and sexual victimization) to each of the four endoge-
nous variables, creating a saturated model. Correlations were
assumed for all exogenous variables in the model. This initial model
produced a good fit, x2 (16)=20.35, p=.20, CFI=.995, TLI=.985,
RMSEA =.029(90% CI=.000-.063), WRMR =.449.In order to achieve
amore parsimonious model and to minimize the number of param-
eters that were estimated, paths coefficients with significance
level of p>.15 were set to 0 (Hosmer and Lemeshow, 2000), pro-
ducing insignificant differences, x2 (27)=31.97, p=.23, CF=.994,
TLI=.990, RMSEA=.021 (90% CI=.000-.052), WRMR =.695, A x2
(11)=12.91, p=.30. We also evaluated the relative fit of the full-
mediation model (i.e., no direct path from PCE to sexual risk
behavior), yielding a significant decrease in fit compared with the

reduced partial mediation model, x2 (28)=37.48, p=.11, CFI=.988,
TLI=.981, RMSEA=.033 (90% CI=.000-.058), WRMR=.765, A x2
(1)=5.53, p=.02. Thus, the partial mediation model was supported
and was selected as the final path model (Fig. 1).

All paths reported in Fig. 1 were significant except the one path
from externalizing behavior to substance use (8=.12, p=.10), after
adjusting for gender, home environment, violence exposure, and
sexual victimization. Fig. 1 shows two pathways from PCE to ado-
lescent sexual risk behaviors: (1) direct effect of PCE on sexual
risk behavior (8=.16, p=.02); and (2) PCE is related to greater
externalizing behavior at age 12 (8=.14, p=.009) and, in turn,
predicts early sexual intercourse (8=.16, p=.03), leading to later
sexual risk behaviors (8=.44, p<.001). However, bootstrapping
indicated a non-significant indirect effect (8=.01, 95% CI=—.002
to.022, p=.18). Substance use was correlated (r=.60, p<.001) with
early sexual intercourse and predicted sexual risk behavior (§=.31,
p=.01). Boys and poor home environment were related to earlier
sexual intercourse. Greater violence exposure and sexual victim-
ization were related to more externalizing behavior problems,
substance use, and early sexual intercourse. Including preschool
blood lead level in the path model did not change the effect of
PCE, the effects of proposed mediators (externalizing behavior,
substance use, and early sexual intercourse), or interrelationships
among variables. Yet, higher lead level was related to early sexual
intercourse (8=.22, p=.005). Due to the absence of changes in the
effect of PCE on exogenous variables and reduced sample size, the
path model without lead was presented. Approximately 49% of the
total variation in sexual risk behavior was accounted for by the final
model.
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Fig. 1. The impact of prenatal cocaine exposure on adolescent sexual risk behaviors. Rectangles indicate observed variables, and oval represents latent constructs. All path
coefficients are standardized. x? (27)=31.97, p=.23, CF1=.99, TLI=.99, RMSEA =.021 (90% CI=.000-.052), WRMR =.695. fp <.10, *p <.05, **p<.01, ***p<.001.

4. Discussion

The present study extends previous findings by examining the
effects of PCE on sexual risk behaviors assessed at ages 15 and
17. To our knowledge, this is one of the first studies to examine
the prospective associations among PCE, preadolescence external-
izing behaviors, adolescent substance use, early sexual behaviors,
and sexual risk behavior simultaneously controlling for relevant
confounders. Higher amount of PCE was related to more engage-
ment in sexual risk behavior. The significant direct path, adjusting
for covariates and possible mediators, may reflect a long-lasting
effect of PCE. Although individual paths from PCE to externalizing
behavior at age 12, to early sexual intercourse, and to later sexual
risk behaviors by age 17 were all significant, the overall indirect
effect did not reach significance. Three studies examined child-
hood/preadolescence behavioral adjustment and/or substance use
as mediators of PCE on early sexual behavior. De Genna et al.
(2014) reported that the effect of PCE on early sexual behav-
ior was fully mediated by marijuana and alcohol use prior to
age 15, but not by caregiver-reported externalizing behavior at
age 7. Another prospective study (Lambert et al., 2013) reported
that the effect of PCE on oral sex before age 15 was partially
mediated by caregiver-reported attention problems at age 13.
We also reported that the effect of PCE on early (<age 15) sex-
ual intercourse was fully mediated by self-reported externalizing
behavior at age 12 in girls, but not in boys (Min et al., 2015). These
somewhat inconsistent findings may reflect methodological dif-
ferences among studies in measuring mediators, ages when the
mediators were assessed, and confounders adjusted, with different
operationalization used in assessing confounders, all of which, nev-
ertheless, collectively suggest non-ignorable impairment resulting
from PCE.

Our study also demonstrated the global impact of adversity,
indexed as violence exposure and sexual victimization, which was
pervasive across ages, affecting externalizing behavior, early sex-
ual behavior, and substance use. Adverse environments result in
neurostructural changes, including reduction of the hippocampus
and corpus callosum, and have consistently been associated with
the development of behavioral problems, substance use, and psy-
chopathology (Buckingham-Howes et al., 2013; Keyes et al., 2011;
Senn et al., 2008). Given that PCE often co-occurs with adverse envi-

ronments, understanding the role of adversity in the context of
PCE, as an additive, independent risk or a moderator exacerbat-
ing the effect of PCE, will extend our knowledge of the effects of
PCE.

Limitations in our study should be noted. In measuring sexual
risk behavior, the number of items and response category (yes/no)
did not allow for a more detailed account of risk behaviors. Partici-
pants’ endorsement of “made someone pregnant” is limited to the
pregnancies that participants were aware of and willing to report.
Similarly, assessment of sexual risk behaviors relied on adoles-
cents’ self-report, subject to recall error and social desirability bias,
as is the case of maternal/caregivers’ self-report on prenatal and
postnatal substance use. These two factors may underestimate the
effects of PCE on sexual risk behaviors. The relatively small sam-
ple size for WLSMV precluded us from addressing possible gender
variations in the path model using multiple group analysis, forc-
ing us to treat gender as a covariate in the analysis. The sample
composition limits generalizability of the findings to low-income,
urban, predominantly African-American adolescents. Finally, our
observational design cannot rule out that the apparent effects of
PCE could be attributable to unmeasured genetic factors (D’Onofrio
etal., 2013). Nevertheless, the present study has multiple strengths
including the prospective design, assessment of a large number of
adolescents and caregivers since birth with 90% retention, use of
biological measures to classify exposure status as well as adolescent
substance use, a large number of covariates evaluated including
violence exposure, sexual victimization, and blood lead levels, and
simultaneous evaluation of multiple mediators and their interrela-
tionships.

In conclusion, adolescents with PCE were more likely to engage
in risky sexual behavior by age 17, supporting the hypothesis of a
persistent effect of PCE on behavior. Continued studies into adult-
hood will elucidate whether the childhood behavioral problems
and early indications of substance use and sexual risk behavior in
adolescence persist through early adulthood and affect social and
vocational adjustment.
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