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OCAINE READILY CROSSES THE
placental and fetal brain bar-
riers'” and has a direct effect
on the developing fetal brain
through alterations in the central mono-
amine systems and an indirect effect
through maternal vascular disrup-
tions.* Brain glucose metabolism is de-
creased in animal studies of cocaine-
exposed offspring, also potentially
affecting neurodevelopment’ and rais-
ing concerns about long-term cogni-
tive outcomes.®
A number of methodologically sound
studies have found a relationship be-
tween fetal cocaine exposure and nega-
tive child developmental outcomes in
the first years of life,”** although oth-
ers have not.'®"” A few studies have
documented outcomes in the later pre-
school or early school years.!”* Long-
term studies are important because co-
caine may have “sleeper” effects that are
not detectable until complex func-
tional abilities are measurable.*"
Compensatory mechanisms may ame-
liorate negative effects,” while environ-
mental circumstances may exacerbate
or minimize the sequelae of early brain
insults.'®?* Findings in studies with
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Context Because of methodological limitations, the results of the few prospective
studies assessing long-term cognitive effects of prenatal cocaine exposure are incon-
sistent.

Objective To assess effects of prenatal cocaine exposure and quality of caregiving
environment on 4-year cognitive outcomes.

Design Longitudinal, prospective, masked comparison cohort study from birth (Sep-
tember 1994-June 1996) to 4 years.

Setting Research laboratory of a US urban county teaching hospital.

Participants A total of 415 consecutively enrolled infants identified from a high-
risk population screened for drug use through clinical interview, urine, and meconium
screens. Ninety-three percent retention for surviving participants at 4 years of age re-
sulted in 376 children (190 cocaine-exposed and 186 nonexposed).

Main Outcome Measure The Wechsler Preschool and Primary Scales of Intelligence-
Revised.

Results After control for covariates, prenatal cocaine exposure was not related to
lower full-scale 1Q (cocaine exposed [80.7] vs nonexposed [82.9]; P=.09) scores or
summary verbal (cocaine exposed [79.9] vs nonexposed [81.9]; P=.11) or perfor-
mance (cocaine exposed [85.5] vs nonexposed [87.5]; P=.18) IQ scores at age 4 years.
However, prenatal cocaine exposure was related to small but significant deficits on
several subscales (mean [SE]): visual-spatial skills (cocaine exposed [7.3 (0.22)] vs non-
exposed [8.2 (0.22)]; P=.01), general knowledge (cocaine exposed [6.1 (0.18)] vs non-
exposed [6.7 (0.17)]; P=.04), and arithmetic skills (cocaine exposed [6.2 (0.20)] vs
nonexposed [6.8 (0.20)]; P=.05). Prenatal cocaine exposure was also associated with
a lower likelihood of achievement of |Q above normative means (odds ratio, 0.26 [95%
confidence interval, 0.10-0.65]; P=.004). The quality of the caregiving environment
was the strongest independent predictor of outcomes. Cocaine-exposed children placed
in nonrelative foster or adoptive care lived in homes with more stimulating environ-
ments and had caregivers with better vocabulary scores, and they attained full-scale
and performance 1Q scores (83 and 87, respectively) similar to nonexposed children
in biological maternal or relative care (full-scale IQ, 82; performance IQ, 88) and higher
than cocaine-exposed children in biological maternal or relative care (full-scale 1Q, 79;
performance 1Q, 84).

Conclusions Prenatal cocaine exposure was not associated with lower full-scale, ver-
bal, or performance 1Q scores but was associated with an increased risk for specific
cognitive impairments and lower likelihood of IQ above the normative mean at 4 years.
A better home environment was associated with 1Q scores for cocaine-exposed chil-
dren that are similar to scores in nonexposed children.
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adequate control over confounding vari-
ables'®2%* have varied significantly, in-
cluding small 1Q effects,” no 1Q ef-
fects,'® lower 1Q in males only,' and
deficits attributable to impoverished en-
vironments.*

Although environmental factors are
known to relate to many child out-
comes,*** only a few studies of cocaine-
exposed children control for whether
children were placed in alternative care
environments. Hurt et al* found that
fewer cocaine-exposed than nonex-
posed children lived with their biologi-
cal parents at 3 and 5 years, but that chil-
dren who lived with their biological
parents performed better on cognitive
tests than children in foster or kinship
care. Similarly, adoptive care did not en-
hance cognitive functioning in one study
of prenatally cocaine-exposed in-
fants,”” but another study found that
children in relative and foster care had
higher IQ scores at 3 years than those
living with their biological mothers.”

Other confounding variables con-
sidered when evaluating cocaine ef-
fects include ethnicity, low socioeco-
nomic status, poor prenatal care, low
maternal education and 1Q, maternal
psychological distress, larger family size,
and additional drug exposure, all risk
factors that tend to cluster with mater-
nal cocaine use.?*>° Moreover, in most
studies, biological measures of sever-
ity of exposure have been lacking,!
which is important since some nega-
tive effects of cocaine have been dem-
onstrated only at heavier exposure
thresholds.

This study followed a large cohort of
cocaine-exposed infants recruited from
a sample prospectively enrolled from
birth at a large urban county hospital.
They were compared with nonex-
posed infants from the same popula-
tion on standardized, normative mea-
sures of cognitive development at 4
years of age after consideration of mul-
tiple confounding variables, including
quality and type of caregiving. Prior
studies of this sample found signifi-
cant cognitive deficits attributable to co-
caine exposure at 2 years of age,*® even
though the quality of the home envi-
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ronment was the strongest predictor of
child outcome.

METHODS
Subjects

Subjects included 4-year-old children
enrolled in a longitudinal study from
birth (September 1994-June 1996) who
had been seen for previous assess-
ments at 6, 12, and 24 months of
age.'01*2032 Mothers were paid volun-
teers recruited from a large urban
county teaching hospital from a high-
risk population screened for drug use.
Maternal and infant urine samples were
obtained immediately before or after la-
bor and delivery and analyzed for the
presence of cocaine metabolites, can-
nabinoids, opiates, phencyclidine, and
amphetamines. The Syva Emit method
(Syva Co, Palo Alto, Calif) was used for
urine analyses. Positive analyses were
followed up by gas chromatography.
Women at high risk for drug use due
to lack of prenatal care, behavior sug-
gesting intoxication, a history of prior
involvement with the Department of
Human Services, or self-admitted use
were given toxicology screenings (99%
of laboring women). Also, meconium
was collected from infants’ diapers in
the hospital and analyzed for cocaine
and other drug and metabolites at
birth, including benzoylecgonine,
meta-hydroxybenzoylecgonine, coca-
ethylene, cannabinoids, opiates, phen-
cyclidine, amphetamines, and benzo-
diazepines.>>>*

Screening assays were conducted us-
ing polarization immunoassay re-
agents (Fluorescence Polarization Im-
munoassay [FPIA], United States Drug
Testing Laboratories Inc, Des Plaines,
I1). Cutoff levels for drugs of interest
were as follows: cocaine and metabo-
lites, 25 ng/g; opiates, 25 ng/g; amphet-
amines, 100 ng/g; phencyclidine, 25
ng/g; and tetrahydrocannabinol, 25
ng/g. If screening assays were posi-
tive, confirmatory assays were con-
ducted using gas chromatography-
mass spectrometry operated in electron
impact selected ion monitoring mode.
In our prior studies, reasonable corre-
lations between maternal self-report and

meconium concentrations of benzoy-
lecgonine (0.57), meta-benzoylecgo-
nine (0.51), cocaine (0.46), and cocae-
thylene (0.29) were found.*

A nurse recruiter approached all
screened women shortly before or af-
ter infant birth. A total of 647 mothers
and their infants were identified, of
whom 54 were excluded (20 cocaine
positive, 34 cocaine negative). Rea-
sons for exclusion included no meco-
nium (15), infant with Down syn-
drome (2), maternal psychiatric history
(16), primary heroin use (2), HIV posi-
tive (5), maternal low IQ (1), fetal al-
cohol syndrome (1), maternal age
younger than 19 years (2), infant medi-
cal illness (3), maternal chronic ill-
ness (4), and other (3). One hundred
fifty-five women refused to partici-
pate (49 cocaine positive and 106 co-
caine negative), and 23 (9 cocaine posi-
tive, 14 cocaine negative) did not come
to the enrollment visit. Four hundred
fifteen women and their infants en-
rolled in the study (218 positive, 197
negative). Cocaine exposure status was
identified by a positive result on any
measure: infant meconium (n=_88
[46%]), infant urine (n=5 [2%]), ma-
ternal urine (n=118 [62%]), or mater-
nal report to hospital (n=153 [81%])
or research staff (n=180 [95%]).

From birth to 4 years, there were 11
child deaths, 8 cocaine positive and 3
cocaine negative (x?’=1.9; P=.17).
Causes of death for the cocaine-
exposed children were sudden infant
death syndrome (4), cardiopulmo-
nary arrest (1), pneumonia (1), acci-
dental asphyxia (1), and respiratory dis-
tress syndrome (1). Causes of death for
the nonexposed children were sudden
infant death syndrome (2) and respi-
ratory distress syndrome (1). From en-
rollment at birth, the retention rate was
93% (376) for living children at 4 years.
Of the 28 children who did not have test
results at 4 years of age, 20 were co-
caine positive. These 20 cocaine-
positive children were more likely to be
white, with lower Hobel risk scores®
at birth, and to have mothers with lower
scores on the picture completion sub-
scale of the Wechsler Adult Intelli-
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gence Scales-Revised (WAIS-R) than the
190 cocaine-positive participants. The
8 cocaine-negative children who did not
participate had higher alcohol expo-
sure prenatally, higher gestational age,
better Apgar scores, and lower Hobel
risk scores than the 186 participants.
They also had lower Bayley Psychomo-
tor Development Indices at 6 and 12
months.

Procedures

As soon as possible after infants’ birth,
a research assistant saw infants and
caregivers. For infants in nonmater-
nal care, biological mothers were seen
separately. Caregivers were inter-
viewed regarding prenatal drug use.*
To quantify maternal drug use, moth-
ers 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 ciga-
rettes and marijuana joints smoked, and
the number of drinks of beer, wine, or
hard liquor per day was computed, with
each drink equivalent to 0.5 oz of ab-
solute alcohol. For cocaine, the num-
ber of “rocks” consumed and the
amount of money spent per day were
noted. For each drug, frequency of use
was recorded on a Likert-type scale
ranging from O (not at all) to 7 (daily
use), which was converted to reflect the
average number of days per week a drug
was used, except for cigarettes used,
which was collected as the number
smoked per day. Frequency was mul-
tiplied by the amount used per day to
compute an average use score for the
month prior to pregnancy and for each
trimester. This score was then aver-
aged to obtain a total score for the pre-
natal exposure for each drug. The ex-
posure measures were updated at each
follow-up, yielding assessments of post-
natal caregiver use for each drug.
Maternal education level and socio-
economic status were determined at the
neonatal visit. The Peabody Picture Vo-
cabulary Scale-Revised (PPVT-R),* the
block design and picture completion
subscales of the WAIS-R,*” and the Brief
Symptom Inventory®® were given to
mothers to obtain measures of mater-
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nal vocabulary, nonverbal intelli-
gence, and psychological distress, re-
spectively. The Global Severity Index
(GSI), a summary scale of the Brief
Symptom Inventory and a measure of
psychological distress, was used in data
analyses. Scores on the GSI range from
0 to 4, with a clinical cutoff raw score
of 1.19 or higher for women not re-
ferred for psychiatric illness.

Maternal race, age, parity, number of
prenatal care visits, type of medical in-
surance, infant gestational age, birth
weight, length, head circumference, and
Apgar scores were taken from hospital
records. The Hobel neonatal risk total
score” was derived from a checklist of
35 weighted neonatal health factors. To-
tals were summed to obtain a measure
of neonatal risk condition. Scores of 10
or higher have been used in previous
research to establish high-risk groups.

At 4 years of age (between Septem-
ber 1998 and June 2000), children were
seen at the research laboratory by ex-
aminers unaware of cocaine status and
administered the Wechsler Preschool
and Primary Scales of Intelligence-
Revised (WPPSI-R).* The WPPSI-R is
an individually administered, standard-
ized, normative measure for assessing
intelligence in young children, which
yields an overall IQ as well as verbal and
performance IQ scores. Six subscales
were administered, measuring arith-
metic, vocabulary, and verbal compre-
hension (verbal scale), and object as-
sembly, block design, and picture
completion (performance scale). Since
6 of 10 possible subscales were admin-
istered, summary IQ scores were com-
puted based on instructions for prorat-
ing (estimating) scores. The intraclass
correlations for the current sample are
0.99 for performance 1Q and 0.98 for
verbal 1Q; they range from 0.95 (vo-
cabulary) to 1.00 (block design).

The Home Observation of the Envi-
ronment (HOME)-Preschool ver-
sion* was administered to the care-
giver in an interview format to assess
the quality of the caregiving environ-
ment. For half this sample, the infant
version of the HOME scale had been ad-
ministered in interview format at 2 years

and was related to child cognitive de-
velopment (r=0.37; P<<.001).” The in-
traclass correlation between 2- and
4-year HOME scores was 0.57 for this
subsample. Also at 4 years, the child’s
placement (with biological mother or
relative/foster/adoptive caregiver) was
noted, and data on the current care-
giver were updated to provide concur-
rent measures of psychological dis-
tress and drug use, including tobacco,
alcohol, marijuana, and cocaine or other
drug use. For new caregivers, intellec-
tual measures were also performed.

This study was approved by the in-
stitutional review boards of the partici-
pating hospitals, and maternal care-
giver written informed consent was
obtained. Subjects were protected by a
writ of confidentiality, which pre-
vented the principal investigator from
being forced to release any research data
in which subjects are identified, even
under court order or subpoena. All care-
givers were given a stipend of $50,
transportation costs to the laboratory,
and lunches.

Statistical Analysis

Sample size for this study was calcu-
lated using data from a previous phase
of the study and pilot data. To detect a
10% difference in group means, a
sample size of 98 subjects per group was
needed, assuming 80% power, a sig-
nificance level of .01, and a 2-sample ¢
test. However, additional subjects were
recruited to account for attrition.
Prior to analysis, drug self-report
measures, the GSI, and meconium
quantification variables, all positively
skewed, were normalized by log (x+1)
transformation. Means and SDs are re-
ported in terms of the original distri-
bution, with transformations used in
analyses. Groups were compared on
demographic variables, frequency and
severity of drug use, and infant birth
and 4-year outcomes using t tests and
Wilcoxon Mann Whitney tests for con-
tinuous data and Pearson x* or the
Fisher exact test for categorical vari-
ables. The outcome measures, sub-
scales from the WPPSI-R, were exam-
ined for distributional characteristics.
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Stem-and-leaf and quantile-quantile
plots demonstrated that the subscales
did not substantially deviate from nor-
mality in this large sample to warrant
a transformation or use of nonparamet-
ric statistical methods.

Multivariate analysis of variance
(MANOVA) was conducted on the un-
adjusted WPPSI-R scores to assess over-
all group differences, followed by lin-
ear regression analyses to assess specific
drug effects. Adjusted WPPSI-R scores,
controlling for confounding variables
demonstrated to be significant in the re-
gression model, were calculated to com-
pare the cocaine-exposed and nonex-
posed groups.

Logistic regression analyses were con-
ducted to assess effects of cocaine on the
likelihood of 1Q scores in the range of
mental retardation and on those above
the normative mean. Associations be-
tween cocaine exposure and other
predicted factors were expressed as ad-
justed odds ratios (ORs) and corre-
sponding 95% confidence intervals
(CIs). Cocaine-exposed children in fos-
ter or adoptive care and biological ma-
ternal or relative care and nonexposed
children were compared on environ-
mental, drug, and outcome character-
istics. Analysis of variance (ANOVA) was
used to assess these comparisons. To
control the overall significance level, in
the event of a significant group effect,
follow-up pairwise tests were per-
formed using the Tukey test.

Spearman rank order correlations
were used to assess the relationship of
severity of prenatal and concurrent drug
exposure measures to child outcomes.
Variables significantly correlated with
the outcomes at P<<.10 were entered
into the model stepwise. If, on entry,
covariates were significant at P<<.10,
they remained in the model. The or-
der of entry was designed to account
for demographic, environmental, and
medical factors prior to drug expo-
sure factors, consistent with a terato-
logic model***? and to reduce the num-
ber of redundant variables in the
statistical model. Demographic and pre-
natal factors were considered first, fol-
lowed by infant caregiving and envi-
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ronmental variables and drug exposure
variables as follows: HOME score; ma-
ternal age; parity; number of prenatal
care visits; maternal years of educa-
tion; marital status; socioeconomic sta-
tus; biological and current caregiver
PPVT-R, WAIS-R block design, and pic-
ture completion scores; nonmaternal
care and foster care status; biological
maternal and current caregiver psycho-
logical distress; and prenatal as well as
current caregiver measures of ciga-
rette, alcohol, and marijuana expo-
sure, prior to cocaine exposure.

The GSI was included last because
psychological distress can be both a pre-
cipitant of and an effect of cocaine use.
Because infant birth parameters or
medical condition can also be affected
by cocaine exposure,'® birth out-
comes, which differed between expo-
sure groups, were assessed as possible
mediating variables by entering them
into the regression equation after all
other variables. Infant race and sex,
which did not differ between expo-
sure groups, were considered modera-
tor variables with their effects tested
through interaction terms. A P value of
<.05 was used to determine signifi-
cance levels for all outcome variables.
All analyses were performed using SAS
statistical software, version 8.2 (SAS In-
stitute Inc, Cary, NC).

RESULTS
Sample Characteristics

Women who used cocaine were older,
had more children, and were less likely
to have prenatal care (TABLE 1). The ma-
jority of both groups were African
American of low-income status. Women
who used cocaine were less likely to be
married or to have completed high
school, had lower vocabulary scores, and
higher psychological distress scores than
women who did not use cocaine.

For all trimesters, women who used
cocaine also used alcohol, marijuana,
and tobacco more frequently and in
higher amounts than nonusers. Co-
caine users averaged 24.6 (SD=46.0)
“rocks” of cocaine per week over the
pregnancy, with median use approxi-
mately 8.2 units. The highest average

use over pregnancy reported in the
sample was 80 cigarettes per day, with
median use of 10; 30 joints per week
with median use of 0; 111 drinks per
week with median use of 3.7; and 386
“rocks” of cocaine per week. The means
and ranges of the concentration (ng/g)
of cocaine metabolites in meconium
were as follows: cocaine, 142 (0-
3112); cocaethylene, 18 (0-419); ben-
zoylecgonine, 552 (0-9998); and meta-
benzoylecgonine, 264 (0-9998).

Cocaine-exposed infants were of
lower gestational age, birth weight, head
circumference, and length than non-
exposed infants (TABLE 2), and were
more likely to be preterm, low birth
weight, small for gestational age, and
in nonmaternal care. The median num-
ber of placements for exposed chil-
dren was 1 (range, 0-7) vs O (range, 0-5)
for nonexposed infants (z=-9.49
P<.001). The majority of the current
caregivers for nonexposed children
were biological mothers (95%); the re-
mainder (5%) were adoptive (3) or fos-
ter mothers (5) or relatives (1). For the
cocaine group, 55% (95) were biologi-
cal parents, 12% (23) were adoptive
parents, 10% (19) were foster moth-
ers, and 23% (44) were relatives. For
the 42 cocaine-exposed children who
were adopted or placed in foster care,
50% (21) were in their current homes
for 48 months, 12% (5) for 36 to 47
months, 24% (10) for 24 to 35 months,
7% (3) 12 to 23 months, and 7% (3) for
less than 12 months. There was no
group difference in preschool partici-
pation (49% [93] of cocaine-exposed
children vs 44% [81] of nonexposed
children). There were no group differ-
ences in HOME scores.

Developmental Outcomes

MANOVA performed on unadjusted
WPPSI-R scores indicated a signifi-
cant overall effect of exposure on the
summary IQ and several subscale
scores, with univariate effects on full-
scale and performance 1Qs, object as-
sembly, and information and a nonsig-
nificant trend on verbal IQ (P=.08) and
arithmetic (P=.06) (verbal, perfor-
mance, and full-scale IQ: Wilks A=0.98
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[F=3.13, df=3, 372, P=.03] and for
subscale scores: Wilks A=0.95 [F=3.39,
df=6, 368, P=.003]).

Adjusted Differences
In linear regression models adjusting
for potential confounding variables,

]
Table 1. Maternal and Current Caregiver Characteristics by Cocaine Status

Cocaine Statistic
Users  Nonusers | 1 P
Characteristic (n=190) (n=186) X2 t df  Value
Biological Maternal Categorical Variables, No. (%)
Black race 1568 (83.2) 150(80.7) 0.4 .53
Received prenatal care 1583 (80. 5) 169(90.9) 82 .01
Married 6 8.4 321720 65 .01
Low socioeconomic status 185 (97. ) 182 (9790 0.01 .98
<High school graduate 89 (46.8) 59(31.7) 9.0 .01
Drug use during pregancy
Alcohol 156 (85.7) 116 (65.2) 20.6
Marijuana 89 (48.9) 23(12.9) 54.4 <.001
Tobacco 159 (87.4) 72 (40.5) 86.1
Amphetamine* 5(2.8) 2(1.1) 12 45
Barbiturate™ 1(0.6) 1(0.65) 0.01 .99
Heroin* 4(2.2) 0 4.0 12
Phencyclidine* 10 (5.5) 0 10.0 .002
Biological Maternal Continuous Variables, Mean (SD)
Age, y 29.7 (.00 25.6(4.9 -82 3747
Parity 35(1.8) 2.7(1.8 -43 374
Gravida 5023 36(2.1) -6.0 374
No. of prenatal obstetric visits 52(4.6) 88(4.9 74 373
Amount of drug use during pregnancy <.001
Tobacco (mean No. of cigarettes 11.6(11.2) 4.1(7.7) -10.4 358
per day)
Alcohol (mean No. of drinks per day X 9.7(17.5) 1.4 (4.6) -10.6 358
mean No. of days per week)
Marijuana (mean No. of joints per day X 1.4 (3.5) 0.6 (3.5) -4.3 358 _|
mean No. of days per week)
Cocaine (mean No. of rocks per day X  24.6 (46.0)
mean No. of days per week)
Test scores
PPVT-R 73.6 (15.3) 77.9 (14.9) 2.7 360 .01
WAIS-R BD 9@. ) 2(2.1) 1.4 362 a7
WAIS-R PC 7@ 1(2.4) 1.4 362 15
Global Severity Index 0.53 (0.73) 0.35 (0.53) -52 347 <.001
Current Caregiver at 4 y Continuous Variables, Mean (SD){
Test scores
PPVT-R 78.8(17.4) 78.2 (15.5) -0.34 350 74
WAIS-R BD 823 7221 16 354 A1
WAIS-R PC 923 7.0(24 0.45 354 .65
Global Severity Index 0.32 (0.38) 0.38(0.43) 1.25 344 .21
Amount of drug use past 30 d
Tobacco (mean No. of cigarettes 7284) 44(7.5 -41 342 <.001
per day)
Alcohol (mean No. of drinks per day X 246.7) 21(7.9 -0.8 344 .45
mean No. of days per week)
Marijuana (mean No. of joints per day X 0.2 (0.8) 0.4 (3.2) 09 344 .38
mean No. of days per week)
HOME score 42.0(6.4) 41.7(6.7) -05 374 .64

Abbreviations: HOME, Home Observation for Measurement of the Environment; PPVT-R, Peabody Picture Vocabulary
Test-Revised; WAIS-R BD, Wechsler Adult Intelligence Scale-Revised Block Design; WAIS-R PC, Wechsler Adult
Intelligence Scale-Revised Picture Completion.

*Based on Fisher exact test.

TPrimary female caregiver to child at 4 years of age.

2452 JAMA, May 206, 2004—Vol 291, No. 20 (Reprinted)

there was a nonsignificant trend for co-
caine-exposed children to have lower
full-scale IQ scores. There were no sig-
nificant effects of prenatal cocaine ex-
posure on the prorated summary ver-
bal or performance 1Q measures.
However, there were specific effects of
prenatal cocaine exposure on several
subscales, with cocaine-exposed chil-
dren having lower information, arith-
metic, and object assembly scores than
nonexposed children (TABLE 3). Pre-
natal cocaine exposure was unrelated
to block design, vocabulary, and pic-
ture completion scores after control-
ling for covariates.

Evaluation of moderating factors
yielded a significant prenatal cocaine
exposure by sex interaction for arith-
metic (t[df, 363]=-2.2, P<.03), indi-
cating that only boys were adversely
affected. The adjusted means of arith-
metic scores are 5.4 (0.3) for cocaine-
exposed boys, 6.7 (0.3) for nonex-
posed boys, and 6.9 (0.3) for girls
regardless of the exposure. There were
no moderating effects of race.

When covariates were examined, the
quality of the caregiving environment
was the strongest independent predic-
tor of all outcomes. When the prorated
full-scale IQ was considered, the HOME
score, maternal marital status, and par-
ity accounted for 6 IQ points in con-
trast to the 2.2 IQ points accounted for
by cocaine exposure. There was also a
significant cocaine exposure by foster or
adoptive care interaction for perfor-
mance and full-scale IQ scores (t tests
[df, 363] =2.33; P values <.02), indi-
cating that cocaine-exposed children in
foster or adoptive care had higher scores
than cocaine-exposed children in bio-
logical maternal or relative care. This
effect was mediated by the environmen-
tal characteristics associated with fos-
ter or adoptive care as shown in TABLE 4.
There was no difference in outcomes be-
tween nonexposed children in foster or
adoptive care and those in biological ma-
ternal or relative care, but the number
of children in foster or adoptive care may
have been too small to detect differ-
ences (n=8). Biological maternal vo-
cabulary and block design scores were
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also related to 4-year child IQ scores and
to specific subscale abilities (Table 3).
Higher caregiver psychological distress
was significantly related to a child’s lower
fund of knowledge. There were addi-
tional covariates (Table 3) that bore first-
order relationships to outcomes, but
these relationships were not significant
once other factors were controlled.

Mediating Variables

All birth parameters were positively re-
lated to all WPPSI-R outcomes. The Ho-
bel neonatal risk score was negatively
related to all outcomes. When birth
outcomes were evaluated as potential
mediators of cocaine effects, head
circumference and length at birth had
a partially mediating effect on the
WPPSI-R arithmetic subscale score.

Environmental Effects

Because a significant percentage of co-
caine-exposed children were removed
from maternal care, comparisons were
made of the environmental, drug, and
outcome characteristics of children
placed in biological relative care vs chil-
dren who were in adoptive or nonrela-
tive foster care and those who re-
mained in biological maternal care
(Table 4). Since there were no differ-
ences between those in biological ma-
ternal or relative care within the co-
caine-exposed group, the 2 groups were
combined. Comparisons indicated that
cocaine-exposed children in foster or
adoptive care lived in more stimulat-
ing home environments and their care-
givers had better vocabulary scores than
those of cocaine-exposed children in
biological maternal or relative care
and nonexposed children. In addi-
tion, cocaine-exposed children in fos-
ter or adoptive care had verbal, perfor-
mance, and full-scale IQs equivalent to
nonexposed children, while cocaine-
exposed children in biological mater-
nal or relative care had lower full-
scale and performance 1Q scores than
nonexposed children, despite the fact
that children in foster or adoptive care
had twice the severity of cocaine expo-
sure as measured by maternal report
of the average number of “rocks” of
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cocaine used weekly over the preg-
nancy. Moreover, the duration of place-
ment in foster or adoptive care was posi-
tively related to full-scale IQ (Spearman
r=0.30; P=.05).

The percentages of children who
scored in the range of mental retarda-
tion (IQ <70) and those who scored
above the normative mean (IQ >100)

were also examined. Cocaine-exposed
children in nonrelative adoptive or fos-
ter care had the lowest occurrence of
1Q scores in the range of mental retar-
dation (10%) and were similar to non-
exposed children (16%). Cocaine-
exposed children in biological maternal
or relative care had the highest rate of
mental retardation (25%) and differed

Table 2. Infant Birth Characteristics

Statistic
Cocaine Users Nonusers [ | P
(n=190) (n=186) X2 F t Value
Categorical variables, No. (%)
Male sex 85 (44.7) 90 (48.4) 0.2 .48
Prematurity (<37 wk 55 (30.0) 35(18.8) 5.3 .02
gestational age)
Low birth weight (<2500 g) 70 (36.8) 34 (18.3) 16.2 <.001
Very low birth weight (<1500 g)* 12 (6.3) 7(3.8) 1.3 .26
Small for gestational age 24 (12.8) 4(2.2) 156.2 <.001
Continuous variables, mean (SD)
Birth weight, gt 2700 (645.3) 3103 (696.1) 38.6
Birth length, cmT 47.3 (3.9 49.1 (8.7) 18.7 <.001
Head circumference, cmt 32.2 (2.1) 33.5 (2.4) 26.0 _J
Gestational age, wk 37.8(2.8) 38.5(2.8) 24 .02
Apgar score
1 min 8.0 (1.4) 7.9(1.7) -05 .62
5 min 8.8 (0.6) 8.8(0.7) -0.1 .93
Hobel Neonatal Risk score, 7.5 (16.6) 5.8(15.7) -1.1 .29

mean (SD)F

*Groups were matched for very low birth weight.

FComparison was adjusted for gestational age using analysis of covariance.
FHobel Neonatal Risk score derived from checklist of 35 weighted neonatal health factors. Scores of 10 or higher have

been used to establish high-risk groups.

]
Table 3. Adjusted Wechsler Preschool and Primary Scales of Intelligence-Revised Scores

at 4 Years™

Cocaine Users Nonusers P

(n =190) (n =186) F df Value

Chronologic age, y 1(0.18) 1(0.19) 0.06 1,374 .81
Verbal IQt 79.9 (0.87) 81.9(0.88) 2.6 3,372 A1
Information$ 1(0.18) 7(0.17) 4.2 4, 341 .04
Arithmetic§ 2 (0.20) 8 (0.20) 3.9 3, 360 .05
Vocabularyt 6(0.18) 6(0.18) 0.0 3,372 .99
Performance 1Q)| 85.5 (1.03) 87.5(1.03) 1.8 5, 356 18
Object assemblyq] 3(0.22) 2(0.22) 8.4 5, 356 .01
Block design# 3(0.16) 7(0.17) 2.3 2,373 13
Picture completion** 4 (0.24) 6 (0.25) 0.13 4, 370 72
Full-scale 1Q** 80.7 (0.92) 82.9 (0.93) 2.9 4, 371 .09

*Data are presented as mean (SE). The following additional variables that did not remain in the model because they
were not significant at P<<.10 were evaluated: presence of foster/adoptive care; years of biological maternal educa-
tion; number of prenatal care visits; average tobacco, alcohol, and marijuana use during pregnancy; and current

caregiver average tobacco use.

FAdjusted for Home Observation for Measurement of the Environment (HOME) test and parity.

FAdjusted for HOME, parity, and current caregiver psychological distress.

§Adjusted for HOME and biological maternal Wechsler Adult Intelligence Scale-Revised Block Design.

||Adjusted for HOME, parity, biological maternal marital status, and Peabody Picture Vocabulary Test-Revised (PPVT-R)

at birth.

YAdjusted for HOME, parity, biological maternal marital status, and PPVT-R at birth.

#Adjusted for HOME.

*#*Adjusted for HOME, parity, and biological maternal marital status at birth.
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]
Table 4. Comparisons of Key Environmental Characteristics That Mediate Child Outcomes, by Caregiver Group™

Cocaine Exposed

Model 1:
Biological Model 2: Model 3: Statistic
Maternal/Relative Foster/Adoptive Nonexposed [ ] P
Characteristic (n=148) (n=42) (n=186) F df X2 Value
Prenatal cocaine exposuret 20 (36) 39 (70) 4.8 1,188 .02
Environmental characteristics
HOME score 41 (6) 45 (5) 42 (7) 7.9 2,373 .001%
Current caregiver PPVT-R score 76 (16) 89 (18) 78 (15) 8.4 2,349 .001%
Current caregiver Global Severity Index 0.35(0.4) 0.22(0.2) 0.38 (0.4) 2.2 2,343 12
Child unadjusted outcomes
Verbal IQ 79 (12) 839 82 (13) 3.1 2,373 .05§
Performance 1Q 84 (15) 87 (13) 88 (15) 3.0 2,373 .05]|
Full-scale 1Q 79 (13) 83 (10) 83 (14) 3.8 2,373 .02||
Full-scale IQ >100, No. (%) 7 (5) 1) 23(12) 8.5 019
Full-scale IQ <70, No. (%) 37 (25) 4(10) 30 (16) 6.9 .03#

Abbreviation: PPVT-R, Peabody Picture Vocabulary Test-Revised.
*Data are presented as mean (SD) unless otherwise indicated.
FMean number of “rocks” per day X mean number of days per week.

FModel 2 differs from models 1 and 3.

§No difference by group.
|| Model 1 differs from model 3.
Model 1 differs from model 3; combined models 1 and 2 differ from model 3.

#Model 1 differs from models 2 and 3; model 2 does not differ from model 3.

from both exposed children in foster or
adoptive care and from nonexposed
children. When the 3 groups were com-
pared on the percentage of children
with IQ higher than 100, a lower per-
centage (5%) of cocaine-exposed chil-
dren in biological or relative care or fos-
ter or adoptive care (2%) scored higher
than 100 than the nonexposed group
(12%). When logistic regression was
used to assess risk factors predicting IQ
scores higher than 100, after control for
confounding factors of the HOME en-
vironment and biological maternal vo-
cabulary, cocaine-exposed children
were 74% less likely to achieve an 1Q
score above the normative mean than
the control group (adjusted OR=0.26
[95% CI, 0.10-0.65]; P=.004).

Relationships of Meconium
Metabolites With Outcomes
Relationships between the concentra-
tion of meconium metabolites of co-
caine and test outcomes were also com-
puted, with control for confounding
variables. Full-scale IQ higher than 100
was inversely related to the concentra-
tion of benzoylecgonine (OR=0.71
[95% CI, 0.51-1.00]; P=.05). Meta-
hydroxybenzoylecgonine was also nega-
tively related to verbal IQ (8=-0.55,
SE=0.31, P = .08) and arithmetic score
(B=-0.16,SE=0.7, P = .03).

2454 JAMA, May 206, 2004—Vol 291, No. 20 (Reprinted)

COMMENT
After controlling for confounding vari-
ables, prenatal cocaine exposure was
not associated with lower full-scale, ver-
bal, or performance IQ scores at age 4
years, but did predict significant defi-
cits in specific cognitive skills under-
lying intellectual functioning and at-
tenuated the incidence of IQ scores
above the normative mean, even for
children in better home environ-
ments. Further, higher concentra-
tions of cocaine metabolites in infant
meconium were significantly related to
lower verbal IQ and arithmetic scores.
Importantly, however, the quality of the
caregiving environment appeared to
have substantial compensatory effects
on cocaine-exposed children placed
in adoptive or foster care. Cocaine-
exposed children placed in adoptive
care achieved performance similar to
nonexposed children living in less
stimulating, lower socioeconomic sta-
tus home environments. Indeed, envi-
ronmental intervention through fos-
ter or adoptive care was associated with
a lower likelihood of mental retarda-
tion among cocaine-exposed chil-
dren, despite heavier drug exposure.
In the same cohort at 2 years of age,
cocaine exposure per se had a larger
effect size on cognitive outcome, rais-
ing the possibility that drug effects

may diminish over time, especially in
the context of environmental inter-
ventions. Alternatively, the prorated
WPPSI-R assessment at 4 years of age
may be less sensitive than the 2-year
evaluation.

Our findings are consistent with and
expand on other studies of preschool
cocaine-exposed children in which spe-
cific but not global 1Q deficits were
found. Bennett et al,'® using a differ-
ent IQ measure, found lower 1Qs for
4-year-old boys who were exposed pre-
natally to cocaine and specific deficits
in working memory and quantitative
reasoning for both boys and girls. In the
current study, quantitative skills were
also affected, albeit only in boys, and
the largest effects for both sexes were
found on object assembly, a task re-
quiring visual-spatial skills related to
mathematical competence. The latter
finding is consistent with studies in
which rats treated with cocaine dur-
ing the period corresponding to the
third trimester in humans had im-
paired spatial learning.>***

The acquisition of general knowl-
edge was also negatively affected in co-
caine-exposed children. Cocaine may
affect later learning by negatively regu-
lating neuronal path finding and
ultimately synaptic activity through
disruption of dopaminergic and nor-
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adrenergic systems prenatally.” Dopa-
minergic and noradrenergic innerva-
tion within the ventral hippocampus
can disrupt spatial working memory
and attentional processes necessary for
learning and test performance.** Our
prior studies found that prenatal co-
caine exposure predicted poorer vi-
sual and auditory attention and recog-
nition memory in the first year of
life'®**** and decrements in general cog-
nitive functioning at 2 years.?

Of significant interest is the influ-
ence of the more stimulating caregiv-
ing environments of children adopted
or placed in nonrelative care on the per-
formance of cocaine-exposed chil-
dren. These children had measurably
better home environments and better
educated, more intelligent caregivers
than both nonexposed children and ex-
posed children in biological family care,
and these environmental attributes were
associated with better child perfor-
mance. Foster or adoptive care was also
associated with a lower occurrence of
mental retardation despite heavier pre-
natal exposure, suggesting that early en-
vironmental intervention can prevent
mental retardation for some cocaine-
exposed infants.

Moderating effects of sex were ap-
parent as arithmetic skills were nega-
tively affected in boys only. Similarly,
only boys showed IQ deficits in the
study by Bennett et al'® of cocaine-
exposed children at 4 years of age, con-
sistent with research indicating that
boys may be differentially vulnerable to
prenatal insults.

While substances other than co-
caine had first-order relationships with
WPPSI-R outcomes, they disappeared
once confounders were controlled. The
absence of a relationship of tobacco and
alcohol to outcomes is specific to the
WPSSI-R at 4 years on this sample.
However, we have detected alcohol, to-
bacco, and marijuana effects on other
outcomes at different ages.'*!*2

The psychological distress of the
caregiver was negatively related to chil-
dren’s acquired fund of knowledge, ex-
tending previous findings of a relation-
ship of maternal mental health to
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children’s development.** Maternal
psychological distress was also related
to poorer fetal growth'® and atten-
tional abnormalities in the neonatal pe-
riod" in this sample. These findings un-
derscore the importance of considering
the effects of additional risk factors, par-
ticularly maternal mental health, on the
development of cocaine-exposed in-
fants. Substance-abusing women have
high rates of comorbid psychological
disorders,'%*” and their combined risk
jeopardizes the cognitive develop-
ment of their children.

The current study has several advan-
tages that may have increased the like-
lihood of detecting significant drug
effects. Maternal drug status was de-
termined through both biological and
clinical means, enhancing the reliabil-
ity of classification.’! Moreover, other
drug use was quantified, reducing the
likelihood that the effects of other drugs
were undercontrolled. Infants were pro-
spectively recruited at birth, and char-
acteristics of caregivers were carefully
documented at each follow-up visit.

This study has several limitations.
Since drug assessments were con-
ducted retrospectively, the reliability of
maternal report may have been af-
fected. In a separate study, however, we
found that measures of meconium con-
centration confirmed maternal self-
report.’! Another limitation was that
only the prorated form of the WPPSI-R
was administered, restricting the range
of cognitive functions assessed. The par-
tial assessment of cognitive ability may
have been less sensitive than the full ver-
sion. Also, the placement of a substan-
tial number of cocaine-exposed chil-
dren into more environmentally
stimulating homes was unanticipated.
Because the nonexposed comparison
group was initially selected to control for
the negative environmental effects as-
sociated with cocaine exposure in prior
studies, the control group may not have
had an adequate representation of more
advantaged environments, and some
drug effects may have been masked. We
do not have information on quality of
day care or preschool or other interven-
tions. Finally, since the sample was

drawn from a high-risk population in
one city, the results cannot be general-
ized without confirmation.

Despite the above limitations, the
prospective enrollment, large sample
size, excellent retention, masked evalu-
ations, and careful control for con-
founding variables in this study sup-
port the validity of the findings. These
findings indicate that prenatal cocaine
exposure is associated with an in-
creased risk for specific cognitive im-
pairments and a lower likelihood of
above average 1Q at 4 years of age. In
addition, our findings underscore the
beneficial effects of environmental in-
tervention in the prevention of mental
retardation for cocaine-exposed chil-
dren. Drug treatment and education for
this population of pregnant women,
along with intensive intervention for
their offspring, are essential to help
maximize the future well-being of these
families.
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