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Objective.—The aim of this study was to examine how prenatal
drug exposure (PDE) and caregiving environment relate to cogni-
tive, academic, and behavioral performance at ages 6 and 7.
Methods.—A longitudinal follow-up was conducted of 111 chil-
dren with PDE and a community cohort of 62 non—drug-exposed
children (N = 173). Children completed standardized tests of
cognition (Stanford-Binet Intelligence Scales, Fourth Edition
[SB-IV]) and academic performance (Wide Range Achievement
Test 3). Caregivers completed ratings of child behavior problems
(Child Behavior Checklist [CBCL]). Multivariate analyses were
conducted, adjusting for gender, prenatal tobacco exposure, num-
ber of caregiver placement changes, and 3 caregiver variables
assessed at age 7, including depressive symptoms, employment
status, and public assistance status.

Results.—After adjusting for perinatal and environmental
variables, there were no significant exposure-group differences

in cognition, academic performance, or behavior problems. In
comparison with males, females had higher scores on overall
1Q and 4 of 8 SB-IV subtests, fewer caregiver-reported attention
and aggression problems, and higher reading achievement scores.
There were no significant gender-by-group interactions.
Conclusion.—When analyses were adjusted for perinatal and
environmental variables, most associations between PDE and
cognitive-behavioral functioning were attenuated. Regardless of
drug exposure history, males performed more poorly than females
on multiple cognitive-behavioral indices. Both exposed and non-
exposed children were from low-income families and obtained
scores substantially below normative expectations.
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rug abuse among women of childbearing age is
D a serious public health problem. Most of the re-

search on the effects of prenatal drug exposure
(PDE) has been conducted among young children; findings
on performance during the school-age years have been
mixed. Some investigators have found no associations be-
tween PDE and cognitive performance,l’2 play behavior,3
academic axchievement,z‘4 attention, or teacher-rated class-
room behavior.? In contrast, others have found associations
between PDE and behavior problems,'” symptoms of
oppositional defiant disorder and attention-deficit/hyperac-
tivity disorder,6 aggression,7 task persistence and attention
problems,®” and language performance.'® The inconsistent
findings may be partially attributed to methodological
inconsistencies and to failure to control for confounders,
ranging from prenatal tobacco and alcohol exposure' -4
to parental and family variables, such as mental health,
education, intelligence, and income. To ensure that vari-
ables contributing to children’s functioning were identified
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and controlled, this investigation was guided by develop-
mental-ecological theory,'” utilizing a bidirectional model
whereby children are influenced by their proximal environ-
ment, including their family, peers, and schools, and in
turn, impact their proximal environment through their
behavior.

Investigators have reported that effects of PDE on chil-
dren’s cognitive and behavioral functioning are moderated
by gender, with males displaying more adverse behavioral
and academic outcomes than females.”'®™'* Males are typ-
ically exposed to more violence than females, and socially
approved male role models are often aggressive, suggest-
ing that social learning may exert an influence in the devel-
opment of behavioral difficulties.® Neuroimaging studies
have described gender-specific differences in children’s
brain development, thought to be guided by genetic and
hormonal changes as early as the second trimester.”’
Differences include overall volumetrics, right greater
than left frontal asymmetry, and white and gray matter
ratios.””** These differences may explain the lag that
males experience in verbal development and their risk for
language-related learning disabilities.**

This study examines children with confirmed PDE, de-
fined by positive toxicology and self-report of frequent
use, and a nonexposed group of children from the same
community. We hypothesize that children with PDE have
worse scores on scales assessing cognitive, academic,
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and behavioral performance compared with children with
no exposure. We also hypothesize that males are more
vulnerable to the negative effects of PDE than females,
as evidenced by worse scores.

METHODS

Study Design and Participants

The participants were part of a longitudinal randomized
controlled trial of a home-based intervention among drug-
using women and their infants. Recruitment procedures
and the home intervention protocol have been reported pre-
viously.”> Women were recruited from a university hospital
that serves a largely inner-city, African American popula-
tion. Eligibility criteria included positive maternal or infant
urine toxicology screen at delivery or history of substance
abuse, gestational age >32 weeks, birth weight >1750
grams, and no congenital or medical problems requiring
admission to the neonatal intensive care unit. These criteria
were imposed so we could evaluate the impact of an early
intervention program on children’s development without
considerations imposed by severe intrauterine growth
restriction, congenital problems, or the need for other inter-
ventions. Recruitment began in 1991 and continued for 30
months. Women with a history of drug use were ap-
proached shortly after delivery; 265 completed the baseline
evaluation 2 weeks postdelivery and were randomized into
intervention or control groups. The intervention group
received biweekly developmentally oriented home visits
by a community-experienced outreach worker for 1 year,
based on the Infant Health and Development Program.?
The control group received brief monthly tracking visits.
Mothers and children were followed for evaluation visits
at regular intervals. Data were collected by research assis-
tants blind to intervention status. Mothers were paid for
evaluation visits.

At age 7 years, 128 children (48.3%) were available for
assessment. Causes of attrition were death 8 (3.0%), foster
care placement 37 (14.0%), moved out of state or family
withdrew 9 (3.3%), and noncompliance 83 (31.3%).
Women lost to follow-up were younger than women who
were retained (aged 26.2 vs 27. 7 years; P = .01). There
were no differences in neonatal characteristics, maternal
drug use, urine toxicology, or other demographic variables.

To ensure that children in the PDE group were exposed
to illegal substances prenatally, we used self-report and
toxicology screens. Children were assigned to the PDE
group if their mother admitted using cocaine and/or heroin
at least twice a week for the final 6 months of pregnancy or
if the child or their mother had a positive toxicology screen
for heroin or cocaine. Children of mothers who reported
infrequent drug use throughout pregnancy and who did
not have a positive toxicology screen were excluded from
analyses (n = 15). Two children within the PDE group
were HIV infected and were excluded. Of the final eligible
sample of 111 children with a history of PDE, 12.5% of
mothers did not have a positive toxicology screen for
cocaine or heroin but admitted to frequent use during preg-
nancy. Of those with positive toxicology screens, 33.3%
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were positive for cocaine only, 16.2% were positive for
heroin only, 50.5% were positive for both cocaine and
heroin (Table 1).

Participants in a nonexposed community cohort group
served as a community standard for comparison. They
were recruited from the university primary care clinic
when they were 5 years old. Records were reviewed to
identify children who had been born in the university hos-
pital, both the mother and infant had negative toxicology
screens (administered routinely at all deliveries) and had
no history of drug use. We identified 120 eligible partici-
pants and 70 (58%) enrolled. There were no differences
in demographic characteristics between those who did
and did not enroll. Participants resided in the same commu-
nity as participants from the PDE group and were matched
for socioeconomic status, age of first pregnancy, and race.
Sixty-two of the 70 children (89%) from the community
cohort group were assessed at age 7.

Children in the PDE group had significantly lower birth
weight, length and head circumference, had more neonatal
problems, and stayed longer in the hospital compared with
the community cohort group (Table 1). The groups differed
in exposure to both illicit (eg, heroin and cocaine) and legal
substances (eg, tobacco).

Caregivers in the PDE group were significantly older
than caregivers in the community cohort group, although
there was no difference in age at first pregnancy, caregiver
education, or caregiver IQ (Table 1). In comparison with
mothers in the community cohort group, caregivers in the
PDE group were less likely to be employed, less likely to
be married, and more likely to receive public cash assis-
tance. Though groups did not differ in reported current
alcohol use, caregivers in the community cohort group
reported lower rates of current tobacco and cocaine/heroin
use. At age 7, 44.2% of the PDE children were living with
nonmaternal caregivers (Table 1); all community cohort
children resided with biologic mothers.

Child Measures

Children’s cognitive, academic, and behavioral perfor-
mance were measured by standardized scales with excel-
lent psychometric properties.

Cognition

The Stanford-Binet Intelligence Scales, Fourth Edition
(SB-IV) was administered to children aged 6 years.”’
The SB-IV assesses intelligence and cognitive abilities
and provides an overall test composite score and standard
age scores in 4 areas: verbal, quantitative, abstract/visual
reasoning, and short-term memory. Raw scores, based on
the number of correct items, are converted into standard
scores (M = 100, SD = 16).

Academic Achievement

The Wide Range Achievement Test 3 was administered
to children aged 7 years and measures basic skills in read-
ing, arithmetic, and spelling.”® Raw scores are converted
into standard scores (M = 100, SD = 15).
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Table 1. Participant Characteristics by Prenatal Drug Exposure Group and Gender

Drug Exposure Group Gender
Prenatally Drug Community P P
Neonatal Characteristics Exposed (n = 111) Cohort (n = 62) Value* Male (n = 78) Female (n = 95) Value*

Birth weight, gt 2780 (400) 3380 (570) <.001 2990 (540) 2930 (530) 49
Length, cmf 48.0 2.4) 50.4 (2.6) <.001 48.9 (2.5) 48.6 (2.9) 48
Head circumference, cm 32.7(1.4) 34.5 (1.6) <.001 33.4 (1.6) 33.1 (1.7) 28
Weight for gestational age, z scoref —.89(.7) —.03(9) <.001 —.56 (.9) —.61(.9) 74
Prenatal drug exposure type

No prenatal drug exposure 100% 37.2% 34.7%

Cocaine only 33.3% 19.2% 23.2% .55

Heroin only 16.2% 15.4% 6.3%

Cocaine and heroin 50.5% 28.2% 35.8%
Tobacco use during pregnancy 84.7% 27.4% <.001 64% 65% .90
Alcohol use during pregnancy 42.3% 30.6% .14 36% 40% .67
Caregiver Characteristics

Mother’s age at first pregnancy 18.6 (4.0) 19.5 (4.2) .30 19.0 (4.6) 18.1 (3.6) 24

Caregiver aget 40.3 (9.9) 31.0 (5.5) <.001 36.2 (8.0) 37.6 (10.9) .36
Primary caregiver

Birth mother 54.9% 100.0% 70.9% 70.8%

Nonmaternal relative care 44.2% 0% <.001 29.1% 28.5% 46

Nonrelative care 0.9% 0% 0% 0.6%
Caregiver educationt 11.4 (1.6) 11.7 (1.1) .19 11.5 (1.5) 11.5(1.4) .89
Caregiver K-BIT# composite scoref 81.2 (12.3) 81.7 (10.5) 78 83.0 (10.5) 80.6 (12.5) A1
Caregiver depressive symptoms (CESD){§ 11.7 (9.8) 12.9 (9.9) 48 12.0 (9.1) 12.2 (10.4) .89
Caregiver married 11.5% 19.4% 18 16.5% 12.5% 52
Caregiver public assistance 55.8% 45.2% 21 54.4% 50.0% .65
At least one caregiver employed 65.5% 91.9% <.001 78.5% 71.9% 38
Number of caregiver changes 1.1 (1.1) .03 (.2) <.001 .7 (1.0) 7(1.1) .96

(birth to age 7)f
Ongoing alcohol use 61.9% 59.7% 24 67.1% 56.3% .16
Ongoing tobacco use 71.7% 33.9% <.001 57.0% 59.4% .76
Ongoing cocaine/heroin use 34.5% 1.6% <.001 29.1% 17.7% .10

*P values are for ¢ statistics when variable is continuous and the chi-square statistic when variable is categorical.

tMean (standard deviation).
#K-BIT indicates Kaufman Brief Intelligence Test.

§CES-D indicates Center for Epidemiological Studies Depression Scale.

Behavior

The Child Behavior Checklist (CBCL) was administered
to caregivers when children were aged 7 years.”~*® The
CBCL consists of 120 items related to behavior problems,
which are scored on a 3-point scale ranging from not true to
often true. Raw scores are converted to ¢ scores (M = 50,
SD = 10). The CBCL produces a total behavior problem
t score, internalizing and externalizing scales, and several
narrow band ¢ scores (eg, anxious/depressed, withdrawn,
somatic problems, social problems, thought problems,
attention problems, aggressive behaviors, and delinquent
behaviors).

Caregiver Measures

The Kaufman Brief Intelligence Test (K-BIT)31 was
used to measure intellectual ability among caregivers.
The K-BIT generates a composite score (M = 100, SD =
15), comprised of verbal and nonverbal abilities. The con-
vergent validity of the K-BIT has been established in
a range of populations, including urban, African American
populations.

The Center for Epidemiological Studies Depression
Scale was used to measure depressive symptoms.>> The
20-item scale addresses 6 aspects of depression: depressed

mood, guilt/worthlessness, helplessness/hopelessness,
lethargy, loss of appetite, and sleep disturbance. Respon-
dents rate the frequency of symptoms from O “rarely or
never” to 3 “most or all the time.” Higher summed scores
indicate more symptoms.

At each evaluation, respondents reported changes in
primary caregiver. The number of changes was summed,
providing a score representing caregiver changes. Care-
givers provided information on their level of education,
employment status, whether they were receiving public
cash assistance (eg, Aid To Families with Dependent Chil-
dren, Women, Infants and Children program, or unemploy-
ment benefits), marital status, and current substance use
derived from the Addiction Severity Index.>

Statistical Analysis

To identify confounding variables, we examined the in-
tercorrelations among prenatal tobacco and alcohol expo-
sure, infant birth weight for gestational age, number of
caregiver changes, and several caregiver variables recorded
at the 7-year visit: caregiver education, public assistance
status, employment status, depressive symptoms, and
ongoing drug use and their associations with PDE and
the cognitive-behavioral outcome variables (Table 2).



Table 2. Correlations Among Demographic and Study Outcome Variables (N = 173)

Variable 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17
1. PDET status S8FFE 12 —ATHEE L ARFEE AREEE (09 .11 —28***  —06 37EFE 154 —13+ -12 -11 A7 .02
2. Prenatal tobacco exposure 26%HF _FgEEE JORkE _34kek 5% .05 =22 .03 30%#Fk — 16 —.18% —.18% -.15% 16* .08
3. Prenatal alcohol exposure -12 .05 -.08 —.18% .08 .01 11 A3+ -.02 —-.02 -.05 -.04 .07 .02
4. Infant birth weight for gestational age —20HEk Dk .08 —144  23%* .06 —.22%* .09 .07 .07 -.02 .04 .04
5. No. of primary caregiver changes —63¥*Fk  _21%F 10 =23¥*%% 01 A7* —23¥*k - _19% -13+ -.07 A3+ .02
(birth to age 7)
6. Placement in nonmaternal care .09 -12 267k 144 .06 19% .08 .06 .05 —-11 -.03
7. Caregiver education -.19* 21F% 2200 12 12 .06 .07 .09 -.05 -.04
8. Caregiver receives public assistance =29%%% 10 .20% -17* -12 —.14+ -.10 -.02 .08
9. Caregiver employment status -.01 —20%#k T .02 .06 .06 .02 -.02
10. Caregiver depressive symptoms .09 —13+ -12 —22%%F 0% * 20FFE 4] EEE
(CES-D)#
11. Caregiver ongoing drug use -.09 -12 -11 -.02 .07 .03
12. Child SB-IV§ total composite SeFEE S5kEE - 5Q%EE - _ 154 —-.16*
standard score
13. Child WRAT3|| reading achievement 88HHE GO kE DOk DSk
14. Child WRATS3 spelling achievement O0FFE _DEHE _DDHE
15. Child WRATS3 arithmetic achievement —23%%  _QFEE
16. CBCLY externalizing behavior problems OTFEE
17. CBCL internalizing behavior problems
*P <.05.
**p < .01.
#EP <.001.

+PDE indicates prenatal drug exposure.

+CES-D indicates Center for Epidemiological Studies Depression Scale.

§SB-IV indicates Stanford-Binet Intelligence Scales, Fourth Edition.
|[WRAT3 indicates Wide Range Achievement Test 3.
YCBCL indicates Child Behavior Checklist.
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Covariates were selected based on significant associations
with independent and dependent variables of interest. In
analyses involving cognitive and academic outcomes, we
controlled for gender, prenatal tobacco exposure, number
of caregiver changes, public assistance status, employment
status, and caregiver depressive symptoms. In analyses on
the CBCL, we controlled for gender, prenatal tobacco
exposure, number of caregiver changes, and caregiver
depressive symptoms. We examined intervention status
within the PDE group and found no effects of intervention
or intervention by covariate interactions on the cognitive-
behavioral variables. Therefore, intervention status was
not included in the analyses.

To test the first hypothesis that children with PDE would
have lower scores on measures of cognitive, academic, and
behavioral performance at age 6 and 7 than nonexposed
children, we conducted multivariate analyses of variance,
followed by univariate analyses (ANOVA) to identify dif-
ferences within specific subtests. This strategy reduces
the likelihood of a type 1 error that might result from
conducting multiple ANOVAs. PDE and community cohort
were the independent variables. We began with unadjusted
analyses, followed by analyses adjusted for covariates.

To test the second hypothesis, that the effects of PDE
were modified by gender, we repeated the analyses and in-
cluded a gender-by-group interaction term, comparing
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children in the PDE and community cohort groups. Finally,
we analyzed gender as a main effect to examine whether
males were more vulnerable than females. According to
Cohen,** a sample size of 128 is required to detect group
differences with a medium effect size for a power of
0.80. Thus, this study (N = 173) has adequate power to
detect medium and large effect sizes.

RESULTS

Cognition

Unadjusted multivariate analyses indicated that children
in the PDE group scored lower than children in the commu-
nity cohort group on the SB-IV (F [8, 165] =2.27; P <.05),
and more specifically, for the 2 subtests absurdities (F [1,
172] = 5.59; P < .05) and memory for sentences (F [1,
172] = 14.38; P <.001).

After adjusting for covariates, there were no significant
differences by exposure group on the overall SB-IV
composite score, the 4 area scores, or on individual sub-
tests (Table 3). The gender-by-group interaction was not
significant.

There was a main effect for gender (see Table 3) such
that males had significantly lower performance than
females on the overall SB-IV test composite, 2 of 4 area
scores (verbal reasoning and short-term memory), and 4

Table 3. Cognitive and Academic Achievement Outcomes by Exposure Group and Gender

Drug Exposure Group Gender
Prenatally Drug Exposed Community Cohort Male Female
(n=111) (n =62) (n=78) (n =95)
Characteristics mean (SD) mean (SD) P Value* mean (SD) mean (SD) P Value*
SB-1VY (age 6)
Subtest
Vocabulary 43.7 (6.4) 45.4 (6.5) 45 433 (5.9) 45.2 (6.8) .04
Comprehension 47.1 (6.1) 48.3 (5.7) 53 45.5(5.3) 49.2 (6.0) <.001
Absurdities 43.7 (5.1) 45.5(4.3) 49 43.8 (4.9) 44.8 (4.9) .14
Pattern analysis 422 (5.4) 43.0 (6.4) .99 41.4 (4.9) 43.3 (6.3) .02
Copy 35.1 (3.9) 35.7 (3.3) 98 35.3(3.4) 35.2 (4.0) .87
Quantitative 44.7 (6.6) 46.4 (8.5) .80 44.6 (7.4) 459 (7.3) 21
Bead memory 41.2 (7.1) 41.0 (8.3) .58 40.2 (7.0) 41.9 (7.9) 15
Memory for sentences 43.2 (4.9) 46.1 (4.7) .07 43.3 (5.0) 45.0 (4.9) .01
Standard Area Scores
Verbal reasoning 88.4 (11.0) 91.3 (11.2) 46 87.0 (9.6) 91.4 (12.0) .01
Abstract/visual reasoning 73.8 (9.0) 75.4 (9.3) 97 73.2(7.7) 75.4 (10.1) 13
Quantitative reasoning 89.4 (13.2) 92.7 (16.9) .80 89.2 (14.8) 91.8 (14.6) 24
Short-term memory 81.6 (11.7) 84.7 (12.6) 71 80.6 (11.5) 84.5 (12.3) .03
Composite standard score (1Q) 80.1 (10.1) 83.3(11.2) .81 79.2 (9.5) 83.0(11.2) .01
WRAT3: (age 7)
Reading 93.3 (15.9) 97.6 (16.1) .86 92.2 (16.1) 96.9 (15.9) .05
Spelling 93.9 (14.7) 97.9 (17.8) 95 93.2 (16.4) 97.0 (15.5) .10
Arithmetic 87.4 (17.1) 91.4 (17.0) .60 86.8 (17.3) 90.5 (16.9) 14

*All multivariate comparisons between prenatal drug exposure and community cohort groups controlled for gender, prenatal tobacco exposure, number
of caregiver changes, caregiver depressive symptomatology, employment status, and public assistance status. In an examination of cognitive differences on
the SB-1V, there was not a significant prenatal drug exposure status x gender interaction, nor was there a significant main effect for prenatal drug exposure
status (F [8, 165] = 1.16; P = .33). Only child gender was significantly associated with cognitive functioning in the final model (F [8, 165] = 2.88;
P =.005). An examination of academic achievement differences on the WRAT3 indicated that there was not a significant prenatal drug exposure status
x gender interaction nor was there a significant main effect for prenatal drug exposure status (F [8, 165] = .30; P =.82), or child gender (F [8, 165] = 1.26;
P =.28). Caregiver depressive symptomatology (F [8, 165] = 5.30; P =.002) was a significant multivariate predictor of child academic achievement in the
final model.

TSB-1V indicates Stanford-Binet Intelligence Scales, Fourth Edition. Means and (standard deviations [SD]). Subtest mean = 50, SD = 8; Standard area
scores mean = 100, SD = 16.

£WRAT3 indicates Wide Range Achievement Test 3. Standard scores. Mean = 100, SD = 16.
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of the 8 subtests (vocabulary, comprehension, pattern
analysis, and short-term memory).

Academic Achievement

There were no significant associations between exposure
group and reading, spelling, or arithmetic achievement by
using unadjusted or adjusted comparisons (Table 3). The
gender-by-exposure group interaction was not significant.
Although there was not a significant multivariate effect
for gender on academic achievement, males had signifi-
cantly lower reading achievement scores than females.

Behavior

Unadjusted multivariate analyses indicated that children
in the PDE group were rated as having more behavioral
problems than children in the community cohort group
on the CBCL (F [8, 165] = 3.30; P < .01), and more spe-
cifically, aggression (F [1, 172] = 5.35; P <.05) and exter-
nalizing behavior problems (F [1, 172] = 4.95; P < .05).

After adjusting for covariates, there was a significant
multivariate main effect for exposure group on caregiver-re-
ported behavior problems on the CBCL (Table 4); however,
there were no significant differences on any of the individual
subscales or any of the broadband behavioral domains.
There was not a gender-by-exposure group interaction.

Males were rated as having more externalizing behavior
problems than females (Table 4). Males had significantly
higher aggression and attention behavior problem ratings
than females as well as marginally higher levels of
delinquent behavior problems.

DISCUSSION
This study yielded 3 major contributions to findings re-
lated to low-income, urban children with a history of PDE.
First, with the inclusion of perinatal and environmental
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covariates, there were few differences in cognitive, aca-
demic, and behavioral performance scores between the
children, based on PDE history. These findings are striking
because not only did we use maternal affirmation plus pos-
itive toxicology screens to confirm PDE status, but we re-
cruited a community comparison group that represented
families who resided in the same low-income communities
as the PDE children and that had experienced many of the
same environmental challenges associated with poverty,
but had not experienced PDE or the early caregiver disrup-
tions that frequently occur among drug-using families.>
Our analyses suggested that the perinatal, maternal, and
family covariates, selected on the basis of developmental-
ecological theory, explained more variance in early child
functioning than a history of PDE.

Some of the controversial findings in the field of PDE
may be related to inconsistent attention to potential con-
founders. The negative consequences of prenatal exposure
to alcohol and tobacco are well known,'*'* yet many in-
vestigators have not adjusted for them in their analyses.
In our bivariate findings, prenatal tobacco use occurred
more often in the PDE group than in the community cohort
group and was related to children’s lower functioning in
multiple domains at ages 6 and 7. Thus, ignoring prenatal
tobacco exposure could have led us to attribute more
negative effects to PDE than warranted.

Substance-using women are at risk for mental health
problems, including depressive symptoms that may inter-
fere with their caregiving ability.’® In our analyses, we
found associations between caregiver depressive symp-
toms and measures of children’s academic performance
and caregiver-reported behavior problems. Again, investi-
gators who have not considered caregiver depressive
symptoms may have attributed children’s performance pat-
terns to PDE rather than to caregiver depressive symptoms,
particularly if they relied on caregiver report measures.

Table 4. Parent-Reported Behavior Problems by Exposure Group and Gender at 7 Years

Drug Exposure Group Gender
Prenatally Drug Exposed Community Cohort Male Female
(n=111) (n=62) (n=78) (n=95)

CBCL*t scores (age 7) mean (SD) mean (SD) P Valuet mean (SD) mean (SD) P Valuet
Aggressive behavior 51.1 (10.6) 47.5 (8.3) .09 50.9 (10.6) 49.2 (9.4) .04
Anxious/depressed 50.5 (10.9) 479 (7.7) 13 50.3 (9.6) 49.4 (9.3) 73
Attention problems 51.0 (10.8) 48.7 (8.8) 51 51.9 (11.7) 48.5 (8.2) .006
Delinquent behavior 50.6 (10.8) 48.3 (7.5) .84 51.2.(9.7) 48.7 (8.2) .08
Social problems 50.9 (10.3) 48.7 (9.1) .60 51.6 (10.8) 48.5 (8.2) 47
Somatic complaints 49.5 (9.4) 50.5 (10.3) 75 49.3 (9.6) 50.5 (10.3) 21
Thought problems 50.2 (10.0) 50.1 (11.0) .86 50.2 (8.6) 49.9 (10.7) .61
Withdrawn behavior 49.1 9.7) 51.2 (10.8) 15 51.2 (10.6) 49.2 (9.2) 11
Internalizing problems 49.8 (10.2) 49.4 (9.3) .84 50.4 (9.2) 49.6 (9.4) 22
Externalizing problems 51.0 (10.8) 47.6 (8.0) .19 51.0 (10.5) 49.0 (9.1) .04
Total behavior problems 50.7 (10.4) 48.3 (8.8) 28 51.2 (10.8) 48.7 (8.9) .06

*CBCL indicates Child Behavior Checklist; SD indicates standard deviation. Mean = 50, (SD = 10).

FTMultivariate comparisons between prenatal drug exposure and community cohort groups controlled for gender, prenatal tobacco exposure, number of
caregiver changes, and caregiver depressive symptoms at age 7 visit. Separate analyses were run for subscales, internalizing and externalizing scores, and
the total CBCL score. There was not a significant prenatal drug exposure status x gender interaction; there was a significant main effect for prenatal drug
exposure status (F [8, 165] = 2.48; P =.02). Child gender (F [8, 165] = 2.29; P =.02) and caregiver depressive symptoms (F [8, 165] = 4.85; P <.001)

were significant predictors of child behavior problems in the final model.
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Children who were born with PDE had lower scores than
children in the community cohort group on the total score
of caregiver-reported behavior problems, even after
adjusting for perinatal and environmental factors. How-
ever, the lack of differences on the internalizing or
externalizing scales or on any of the narrow band scales
suggests that there may have been subtle differences that
only reached significance when all behaviors were consid-
ered together.

Caution is warranted when interpreting the present find-
ings because there is evidence that PDE may be a risk fac-
tor for subtle, specific neurodevelopmental deficits, rather
than global deficits. Arousal and attentional systems appear
to be particularly vulnerable to the effects of PDE.*’ Ri-
chardson and colleagues® reported that even when there
were no differences between PDE children and a matched
comparison group at age 6 years on intellectual ability,
academic performance, or teacher ratings, PDE children
had deficits in sustained attention. Bendersky and
colleagues’~® have provided evidence that exposure to co-
caine in utero has a negative effect on inhibitory control
functioning and is associated with aggressive behavior
problems at age 5. Although other investigations have
also found that PDE children display more externalizing
and total behavior problems than children with similar
backgrounds who were not exposed to drugs prenatally,
covariate adjustment has varied.”>%'®

These findings suggest that the effects of PDE must be
considered in the context of the home environment.**”-!>
In an analysis among PDE children at 18 months, we
showed that parenting stress and child abuse potential
were higher for caregivers with 5 or more risk factors com-
pared with caregivers with fewer risk factors.*® Although at
that time children’s developmental status did not differ by
caregiver risk status, it is possible that sustained exposure
to caregivers who find parenting stressful and have an incli-
nation toward abuse or harsh parenting could eventually
result in behavioral and developmental problems. Both
cocaine-exposed and nonexposed fourth grade children in
low-income families have better cognitive functioning
and academic performance when they are raised in better
functioning homes.* However, in keeping with develop-
mental-ecological theory, findings should be interpreted
from a bidirectional perspective. That is, children are not
only influenced by their environment, but children
influence their environment through their behavior.

A second finding is that males demonstrated more vul-
nerability than females in 4 of 8 subtests of the SB-IV,
the aggression and attention subscales from the CBCL,
and reading scores from the Wide Range Achievement
Test 3. Effect sizes related to cognitive functioning ranged
from small to medium (Cohen’s d, 0.3—0.6) and were small
for behavioral and academic findings (Cohen’s d,
0.2-0.3).** These data are consistent with findings regard-
ing vulnerability among males in general, including those
prenatally exposed to illegal substances,”'®'74%4! with
deficits commonly noted in sustained attention, concentra-
tion, self-regulation, and working memory, skills that are
associated with activation of the prefrontal cortex.
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Gender differences in brain development occur as early as
18 weeks gestation when males begin producing testoster-
one, which leads to several hormone-related changes in the
brain. Males develop greater hemispheric asymmetry (right
hemisphere larger than left), slightly larger overall brain
volume, proportionately less gray matter relative to white
matter, a thinner corpus callosum, and more cerebrospinal
fluid surrounding the brain than females. Although such neu-
roanatomical differences may contribute to certain advan-
tages for males in spatial abilities and a propensity towards
physical action, they may also put males at an increased
risk for attention, language, and information processing
deficits, because males tend to share information between
hemispheres less efficiently than females.****

In our data, the absence of gender-by-exposure interac-
tions indicates that the effects of gender and PDE were
not synergistic. In other words, males had worse perfor-
mance than females across several measures of cognition
and behavior, regardless of PDE status.

Finally, the children’s low cognitive and academic
achievement scores, regardless of PDE history, are consis-
tent with findings from other samples of low-income chil-
dren with and without PDE.*** Poverty has an insidious
effect on multiple aspects of child functioning, particularly
when it occurs in the context of maternal depressive symp-
toms.** Recent evidence from the National Institute of
Child Health and Human Development Early Child Care
Research Network® has shown that 9-year-old children in
chronically impoverished families had lower cognitive per-
formance and more behavior problems than children who
were not exposed to poverty, partially explained by a lack
of enriching parenting behaviors and home experiences.

Methodological Limitations

There are several methodological limitations that should
be considered in interpreting the data. First, although we
relied on toxicology screens and self-report of frequent
drug use to determine the level of substance exposure, it
is possible that there may have been some misclassification
among women who used substances early in their preg-
nancy—but not at the time of delivery— and failed to re-
port substance use. Second, due to the limited sample
size and the high prevalence of polysubstance use, we
could not detect small, drug-specific differences, and we
could not examine whether the severity of exposure was
related to children’s behavior and development. However,
most drug-using women use multiple substances, which
makes this a fairly representative sample.'**> Third, we
may have eliminated the highest risk infants by including
only infants who were relatively healthy at birth. Thus,
findings do not generalize to infants with intrauterine
growth restriction, prematurity, or congenital problems.
Fourth, although the gender differences were consistent
with other reports, they were relatively small, raising
questions about their clinical significance.

Finally, we limited our control of the caregiving environ-
ment to demographic, psychological, and self-report vari-
ables. Although we included multiple confounders based
on developmental-ecological theory, it is likely that
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additional environmental variables play a substantial role
in children’s behavior and academic performance.

Future Directions

In summary, once theoretically and empirically derived
confounders were included in the analyses, most differ-
ences in the children’s cognitive, behavioral, or academic
performance at ages 6 and 7 years were attenuated. Future
investigations of PDE children should adjust for potential
confounders to ensure that attributions to PDE are accurate.
In addition, it may be useful to examine subtle aspects of
neurocognitive functioning, which may be more sensitive
to PDE than global assessments of functioning. It is also
possible that performance differences related to PDE could
occur as children age and use alternative cognitive and
problem-solving strategies.

Low-income children, especially males, are at risk for
poor cognitive and behavioral functioning. Interventions
are needed to ensure that children in low-income families,
regardless of their history of PDE, receive developmentally
enriching opportunities early in life to avoid the cognitive
and behavioral consequences that can undermine subse-
quent success.

ACKNOWLEDGMENT

This study was supported by the National Institute of Drug Abuse
(RO1-DA07432 [Dr Nair] and RO1-DA021059 [Dr Black]).

REFERENCES

1. Chasnoff 1J, Anson A, Hatcher R, et al. Prenatal exposure to cocaine
and other drugs:outcome at four to six years. Ann N Y Acad Sci. 1998;
846:314-328.

2. Richardson GA, Conroy ML, Day NL. Prenatal cocaine exposure:
effects on development of school-age children. Neurotoxicol Teratol.
1996;18:627-634.

3. Accornero VH, Morrow CE, Bandstra ES, et al. Behavioral outcome
of preschoolers exposed prenatally to cocaine: role of maternal behav-
ioral health. J Pediatr Psychol. 2002;27:259-269.

4. Hurt H, Brodsky NL, Roth H, et al. School performance of children
with gestational cocaine exposure. Neurotoxicol Teratol. 2005;27:
203-211.

5. Bada HS, Das A, Bauer CR, et al. Impact of prenatal cocaine exposure
on child behavior problems through school age. Pediatr. 2007;119:
e348-e359.

6. Linares TJ, Singer LT, Kirchner HL, et al. Mental health outcomes of
cocaine-exposed children at 6 years of age. J Pediatr Psychol. 2006;
31:85-97.

7. Bendersky M, Bennett D, Lewis M. Aggression at age 5 as a function
of prenatal exposure to cocaine, gender, and environmental risk.
J Pediatr Psychol. 2006;31:71-84.

8. Bandstra ES, Morrow CE, Anthony JC, et al. Longitudinal investiga-
tion of task persistence and sustained attention in children with prena-
tal cocaine exposure. Neurotoxicol Teratol. 2001;23:545-559.

9. Ornoy A, Segal J, Bar-Hamburger R, Greenbaum C. Developmental
outcome of school-age children born to mothers with heroin depen-
dency: importance of environmental factors. Dev Med Child Neurol.
2001;43:668-675.

10. Beeghly M, Martin B, Rose-Jacobs R, et al. Prenatal cocaine exposure
and children’s language functioning at 6 and 9.5 years: moderating ef-
fects of child age, birthweight, and gender. J Pediatr Psychol. 2006;
31:98-115.

11. Brown JV, Bakeman R, Coles CD, et al. Prenatal cocaine exposure:
a comparison of 2-year-old children in parental and nonparental
care. Child Dev. 2004;75:1282-1296.

12.

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

36.

Prenatal Drug Exposure and Child Functioning 161

Frank DA, Augustyn M, Knight WG, et al. Growth, development, and
behavior in early childhood following prenatal cocaine exposure:
a systematic review. JAMA. 2001;285:1613-1625.

Cornelius MD, Ryan CM, Day NL, et al. Prenatal tobacco effects on
neuropsychological outcomes among preadolescents. J Dev Behav
Pediatr. 2001;22:217-225.

. Jacobson JL, Jacobson S. Methodological issues in research on devel-

opmental exposure to neurotoxic agents. Neurotoxicol Teratol. 2005;
27:395-406.

Bronfenbrenner U, Ceci SJ. Nature-nurture reconceptualized in de-
velopmental perspective: a bioecological model. Psychol Rev. 1994;
101:568-586.

Delaney-Black V, Covington C, Norstron B, et al. Prenatal cocaine:
quantity of exposure and gender moderation. J Dev Behav Pediatr.
2004;25:254-263.

Nordstrom BB, Sood BG, Sokol RJ, et al. Gender and alcohol moder-
ate caregiver reported child behavior after prenatal cocaine. Neurotox-
icol Teratol. 2005;27:191-201.

. Chatterji M. Reading achievement gaps, correlates, and moderators of

early reading achievement: evidence from the early childhood longi-
tudinal study (ECLS) kindergarten to first grade sample. J Educ Psy-
chol. 2006;98:489-507.

Smith JR, Brooks-Gunn J, Klebanov PK. The consequences of living
in poverty for young children’s cognitive and verbal ability and early
school achievement. In: Duncan GJ, Brooks-Gunn J, eds. Conse-
quences of Growing up Poor. New York, NY: Russell Sage Foundation
Press; 1997:132-189.

Farrell AD, Bruce SE. Impact of exposure to community violence on
violent behavior and emotional distress among urban adolescents.
J Clin Child Psychol. 1997;26:2-14.

Blanton RE, Levitt JG, Peterson JR, et al. Gender differences in the
left inferior frontal gyrus in normal children. Neuroimage. 2004;22:
626-636.

Gur RC, Turetsky BI, Matsui M, et al. Sex differences in brain gray
and white matter in healthy young adults: correlations with cognitive
performance. J Neurosci. 1999;19:4065-4072.

Reiss AL, Abrams MT, Singer HS, et al. Brain development, gender,
and IQ in children: a volumetric imaging study. Brain. 1996;199:
1763-1774.

Shaywitz BA, Shaywitz SE, Pugh KR, et al. Sex differences in the
functional organization of the brain for language. Nature. 1995;373:
607-609.

Schuler ME, Nair P, Black MM. Ongoing maternal drug use, parent-
ing attitudes, and a home intervention: effects on mother-child inter-
action at 18 months. J Dev Behav Pediatr. 2002;23:87-94.

Infant Health and Development Program. Enhancing the outcomes of
low-birth weight, premature infants. JAMA. 1990;263:3035-3042.
Stanford-Binet Intelligence Test, Fourth Edition. Chicago, Ill: The
Riverside Publishing Company; 1987.

Wilkinson GS. Wide Range Achievement Test 3. Lutz, Fl: Psycholog-
ical Assessment Resources, Inc; 2001.

Achenbach TM. Manual for Child Behavior Checklist and 1991
Profile. Burlington: University of Vermont; 1991.

Mattison R, Spitznagel E. Long-term stability of Child Behavior
Checklist profile types in a child psychiatric clinic population. J Am
Acad Child Adolesc Psychiatry. 1999;38:700-707.

Kaufman AS, Kaufman NL. Kaufman Brief Intelligence Test (K-BIT).
Bloomington, Minn: Pearson Assessments; 1990.

Radloff LS. The CES-D scale: a self-report depression scale for
research in the general population. Appl Psych Meas. 1977;1:385-401.
McLellan AT, Luborsky L, O’Brien CP, et al. An improved diagnostic
instrument for substance abuse patients: the Addiction Severity Index.
J Nerv Ment Dis. 1980;168:26-33.

Cohen J. A power primer. Psychol Bull. 1992;112:155-159.

Nair P, Black M, Schuler M, et al. Risk factors for disruption in
primary caregiving among infants of substance abusing women. Child
Abuse Negl. 1997;21:1039-1051.

Suchman NE, McMahon TJ, Slade A, Luthar SS. How early bonding,
depression, illicit drug use, and perceived support work together to



162

37.

38.

39.

40.

Nair et al

influence drug-dependent mothers’ caregiving. Am J Orthopsychiatry.
2005;75:431-445.

Mayes LC. A behavioral teratogenic model of the impact of prenatal
cocaine exposure on arousal regulatory systems. Neurotoxicol Tera-
tol. 2002;24:385-395.

Bendersky M, Gambini G, Lastella A, et al. Inhibitory motor control
at five years as a function of prenatal cocaine exposure. J Dev Behav
Pediatr. 2003;24:345-351.

Nair P, Schuler ME, Black MM, et al. Cumulative environmental risk
in substance abusing women: early intervention, parenting stress,
child abuse potential, and child development. Child Abuse Negl.
2003;27:997-1017.

Dennis T, Bendersky M, Ramsay D, et al. Reactivity and regulation
in children prenatally exposed to cocaine. Dev Psych. 2006;42:
688-697.

41.

42.

43.

44.

45.

AMBULATORY PEDIATRICS

Vathy I. Effects of prenatal morphine and cocaine on postnatal behav-
iors and brain neurotransmitters. NIDA Res Mono Ser. 1995;158:
88-114.

Gur RC, Alsop D, Glahn D, et al. An fMRI study of sex differences in
regional activation to a verbal and a spatial task. Brain Lang. 2000;74:
157-170.

Bradley RH, Corwyn RF. Socioeconomic status and child develop-
ment. Annu Rev Psychol. 2002;53:371-399.

Petterson SM, Albers AB. Effects of poverty and maternal
depression on early child development. Child Dev. 2001;72:
1794-1813.

National Institute of Child Health and Human Development Early
Child Care Research Network. Duration and developmental timing
of poverty and children’s cognitive and social development from birth
through third grade. Child Dev. 2005;76:795-810.



	Children’s Cognitive-Behavioral Functioning at Age 6 and 7: Prenatal Drug Exposure and Caregiving Environment
	Methods
	Study Design and Participants
	Child Measures
	Cognition
	Academic Achievement
	Behavior
	Caregiver Measures
	Statistical Analysis

	Results
	Cognition
	Academic Achievement
	Behavior

	Discussion
	Methodological Limitations
	Future Directions

	References


