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Abstract
The current study estimates the longitudinal effects of severity of prenatal cocaine exposure on
language functioning in an urban sample of full-term African-American children (200 cocaine-
exposed, 176 noncocaine-exposed) through age 7 years. The Miami Prenatal Cocaine Study sample
was enrolled prospectively at birth, with documentation of prenatal drug exposure status through
maternal interview and toxicology assays of maternal and infant urine and infant meconium.
Language functioning was measured at ages 3 and 5 years using the Clinical Evaluation of Language
Fundamentals–Preschool (CELF-P) and at age 7 years using the Core Language Domain of the
NEPSY: A Developmental Neuropsychological Assessment. Longitudinal latent growth curve
analyses were used to examine two components of language functioning, a more stable aptitude for
language performance and a time-varying trajectory of language development, across the three time
points and their relationship to varying levels of prenatal cocaine exposure. Severity of prenatal
cocaine exposure was characterized using a latent construct combining maternal self-report of
cocaine use during pregnancy by trimesters and maternal and infant bioassays, allowing all available
information to be taken into account. The association between severity of exposure and language
functioning was examined within a model including factors for fetal growth, gestational age, and IQ
as intercorrelated response variables and child’s age, gender, and prenatal alcohol, tobacco, and
marijuana exposure as covariates. Results indicated that greater severity of prenatal cocaine exposure
was associated with greater deficits within the more stable aptitude for language performance (D =
−0.071, 95% CI = −0.133, −0.009; p = 0.026). There was no relationship between severity of prenatal
cocaine exposure and the time-varying trajectory of language development. The observed cocaine-
associated deficit was independent of multiple alternative suspected sources of variation in language
performance, including other potential responses to prenatal cocaine exposure, such as child’s
intellectual functioning, and other birth and postnatal influences, including language stimulation in
the home environment.
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INTRODUCTION
In the late 1980s and early 1990s, the United States experienced an “epidemic” of cocaine-
exposed deliveries due to the burgeoning numbers of women of child-bearing age who were
using cocaine and crack cocaine. The phenomenon of “cocaine abuse” by pregnant women
received widespread media attention due to observations of serious, life-endangering
consequences for the mother and fetus (Burkett et al., 1990; Critchley et al., 1988; Henderson
and Torbey, 1988; Mercado et al., 1989; Morild and Stajic, 1990). Known catastrophic
cardiovascular and central nervous system effects of cocaine use in adults (Cregler and Mark,
1986; Farrar and Kearns, 1989; Gawin and Ellinwood, 1988; Tarr and Macklin, 1987) clearly
raised concerns that maternal use of cocaine, especially crack cocaine, would cause long-term,
irreparable damage to the developing infant and young child. However, numerous limitations
in study design among the earliest published studies on the effects of in utero cocaine exposure
have been noted and results have been inconsistent for most aspects of infant and child
developmental outcomes (Bandstra and Burkett, 1991; Carmichael Olson and Toth, 1999;
Frank et al., 2001). In an attempt to curtail inappropriate labeling of cocaine-exposed children,
perinatal “drug abuse” researchers urged the application of scientifically rigorous prospective
study designs with sufficient samples to answer the analytic questions (Mayes et al., 1992;
Zuckerman and Frank, 1992a).

Early language development is one of the major domains of investigative interest in perinatal
“drug abuse” research since it may impair long-term social adaptation and academic success
(Donahue, 1986; Tallal, 1988). Cocaine may affect language development through alterations
in the developing monoaminergic neurotransmitter systems (Mayes, 1994, 1999) and through
indirect pathways related to cocaine-associated maternal hypertension, decreased uterine blood
flow, fetal vasoconstriction and hypoxemia (Mayes, 1994; Moore et al., 1986; Volpe, 1992;
Zuckerman and Frank, 1992b) and nutritional deficiencies (Church et al., 1998; Frank et al.,
1990; Jacobson et al., 1994; Zuckerman et al., 1989).

Early language development may also be affected by maternal cocaine use by “three different
but potentially interactive” pathways, hypothesized by Malakoff and colleagues as follows:
(1) subtle disregulation of attentional systems with potential for disrupting an infant’s ability
to extract and process available linguistic information, (2) disruptions in parental-child
linguistic interactions due to cocaine and other drug use, and (3) impoverished, unstable, and
endangering social and caregiving environments (Malakoff et al., 1999).

In a recent systematic review, Frank et al. (2001), reported that “there is no evidence that
prenatal cocaine exposure is associated with developmental effects that are different in severity,
scope, or kind from the sequelae of multiple other risk factors. Many findings once thought to
be specific effects of in utero cocaine exposure are correlated with other factors, including
prenatal exposure to tobacco, marijuana, or alcohol, and the quality of the child’s environment.”
Their conclusion with respect to language functioning, i.e., that there were no differences in
standardized language test results through age 3 years, was based on then available published
studies meeting stringent review criteria (Bland-Stewart et al., 1998; Hurt et al., 1997; Kilbride
et al., 2000). Subsequently, we reported language findings from the Miami Prenatal Cocaine
Study, a longitudinal study of the neurodevelopmental outcome of in utero cocaine exposure
conducted in a large sample of urban African-American children, prospectively recruited and
followed since birth (Bandstra et al., 2002; Morrow et al., 2003). In these reports, we presented
longitudinal evidence demonstrating that prenatally cocaine-exposed children performed more
poorly than noncocaine-exposed children on standardized tests of total language performance
from infancy through age 3 years (Morrow et al., 2003) and from age 3 through 7 years
(Bandstra et al., 2002). Using generalized estimating equation modeling under a general linear
model, there was an observed association between prenatal cocaine exposure, expressed
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dichotomously (yes/no), and deficits in total language functioning after statistically controlling
for child sex, visit age, prenatal exposure to other drugs, and other key suspected determinants
of language functioning.

The objective of the present investigation was to estimate the influence of severity of prenatal
cocaine exposure on the longitudinal development of language functioning in a large sample
of full-term African-American children enrolled prospectively at birth and residing in urban
neighborhoods. Within the context of the Miami Prenatal Cocaine Study, we sharpen the focus
on the issue of cocaine-associated language deficits by shifting the approach used in our prior
work (Bandstra et al., 2002; Morrow et al., 2003) to the method of longitudinal latent growth
curve (LLG) analysis, thus permitting evaluation of the degree to which aptitude and growth
trajectories of language performance might depend upon severity of prenatal cocaine exposure.
In the LLG model, each child has a relatively stable aptitude to perform well in verbal and
language tasks, expressed each time language performance is tested. Separately, individual
children differ in their development or growth of language performance over time, with some
demonstrating a steep slope or trajectory and others demonstrating a shallower slope or
trajectory of development during the preschool and early childhood years. The LLG allows the
variation in language development to be partitioned into these two separate components, while
also evaluating whether observed cocaine–language relationships are independent of variables
such as other prenatal drug exposures, maternal and infant birth parameters, psychosocial
characteristics of the primary caregiver and child at each follow-up visit, and language
stimulation in the home environment. Various forms of growth curve analyses have been used
previously to model the development of speech articulation (Burchinal and Appelbaum,
1991), verbal reasoning (Smith et al., 2000), and grammatical complexity (Caselli et al.,
1999).

METHODS
Study Design

The overall study design for the longitudinal Miami Prenatal Cocaine Study, briefly
summarized below, has been extensively detailed in an earlier report (Bandstra et al., 2001b).
As part of a larger epidemiological study, 476 mother-infant dyads were enrolled prospectively
into a follow-up cohort to evaluate the effects of prenatal cocaine exposure on long-term
developmental outcome. Subjects were recruited from the delivery service of the University
of Miami School of Medicine Jackson Memorial Medical Center (UM-JMMC). Research staff
asked postpartum women for their consent to participate in a study assessing the effect of
maternal health habits and lifestyle during pregnancy on infant outcomes. They were informed
that they would be asked to answer questions about their use of various medications, tobacco,
alcohol, and drugs as well as give permission for drug tests for themselves and their infants.
The study was approved by the Institutional Review Board and conducted under a federal
Department of Health and Human Services Certificate of Confidentiality.

The current report focuses upon the hypothesized impact of severity of prenatal cocaine
exposure on indicators of language functioning at 3, 5, and 7 years. A total of 376 children
(200 cocaine-exposed and 176 noncocaine-exposed) from the original follow-up cohort of 476
(79%) completed all three language measures and were included in the present investigation.

Study Participants
The original follow-up sample of 476 infants was recruited between November 1990 and July
1993 during the immediate postnatal period. The study sample was homogeneous with regard
to full-term gestational age (≥37 completed weeks), low socioeconomic status, inner-city
residence, and African-American race/ethnicity. Exclusion criteria included: maternal HIV/
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AIDS; prenatal exposure to opiates, methadone, amphetamines, barbiturates, benzodiazepines,
or phencyclidine; major congenital malformation; chromosomal aberration; or disseminated
congenital infection. Prenatal cocaine exposure was determined by maternal self-report of
cocaine use during pregnancy and/or by positive assay on one or more biological markers,
including maternal urine, infant urine, and meconium.

The original follow-up sample consisted of 253 cocaine-exposed (with or without concomitant
use of alcohol, tobacco, or marijuana) and 223 noncocaine-exposed infants, of whom 147 were
drug-free and 76 were exposed to varying combinations of alcohol, tobacco, or marijuana.
Criteria for inclusion in the prenatal cocaine exposure group included maternal self-report of
cocaine use during pregnancy and/or at least one gas chromatography/mass spectrometry (GC/
MS)-confirmed cocaine-positive biological marker, including maternal urine, infant urine, and
meconium. Of the 253 identified cocaine-exposed infants in the original follow-up cohort, 40
cases (16%) were identified as cocaine-exposed based solely on positive maternal self-report.
Conversely, in 80 cases (32%), the mother denied cocaine use during pregnancy but one or
more biological markers were cocaine-positive. Criteria for inclusion in the prenatal
noncocaine-exposed group included infants exposed to varying combinations of alcohol,
tobacco, or marijuana (ATM) or drug-free infants. Infants characterized as ATM-exposed had
mothers with a positive self-report for alcohol, tobacco, and/or marijuana use during pregnancy
and/or a positive biological marker for marijuana, as well as a negative self-report and
toxicology results for cocaine. Infants characterized as drug-free had mothers with a negative
lifetime history for cocaine use, a negative self-report during and 3 months prior to pregnancy,
and negative toxicology results on all specimens.

Data Collection Procedures
During the immediate postpartum period, experienced research staff performed a standardized
research interview and organized the collection of the biological specimens for analysis.
Trained research personnel, blinded to exposure status, performed the Ballard gestational age
assessment (Ballard et al., 1979) within 36 hours of delivery, and obtained occipital-frontal
head circumference and recumbent crown-heel birth length. Pertinent medical and
demographic data were collected from the hospital record at birth. Caregiver and child data
relevant to the present study were drawn from caregiver interviews and child neuro-
development assessments conducted at 3, 5, and 7 years of age. Examiners blinded to substance
exposure status performed all child assessments.

Drug Exposure Measures at Birth
Maternal Interview—A structured standardized postpartum interview to ascertain maternal
substance use and additional demographic information was conducted by separate research
staff distinct from the child assessment examiners. To enhance timeline recall, targeted recall
periods were outlined and anchored to important calendar dates. Drug use questions during
pregnancy were asked by trimester and included number of weeks used, most days per week,
fewest days per week, usual number of days per week, and usual dose per day.

Creation of Prenatal Substance Exposure Variables—Dosage was measured in
number of cigarettes smoked; number of marijuana joints smoked; number of drinks of beer,
wine, or hard liquor; and number of cocaine lines/rocks, recorded in increments of usual daily
dose, usual number of days per week, and number of weeks used. Standardized definitions
(Schneiderman, 1990) were used for determining the one-drink unit for each type of alcohol
(beer 12 oz., wine 5 oz., and liquor 1.5 oz.). Pregnancy exposure composites were calculated
for each drug by multiplying the number of weeks used by the usual number of days per week
and the usual dose per day. The total pregnancy self-report composites are presented
descriptively in Table 1 to reflect the median cohort exposure levels based on self-report data.
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Pregnancy exposure composites for alcohol, tobacco, and marijuana were included in all
analysis models.

Biological Markers (Urine and Meconium)—Screening of urine and meconium for
cocaine metabolite (benzoylecgonine) was performed by EMIT® (Syva D.A.U.), at a cut-off
of 150 ng/mL urine and 150 ng/gm meconium, respectively, and cocaine-positive specimens
were confirmed by GC/MS (Mulé and Casella, 1988). Urine specimens were also assayed by
EMIT® for marijuana (cannabinoids), opiates, amphetamines, barbiturates, benzodiazepines,
and phencyclidine. Meconium specimens were also assayed by EMIT for marijuana and
opiates. Of the total sample, 100% had at least one biological marker, 96% had at least two
biological markers, and 68% had all three biological markers.

Child Measures
Language Functioning Measures—The Clinical Evaluation of Language Fundamentals–
Preschool (CELF-P) (Wiig et al., 1992), conducted at the age 3- and 5-year research visits, is
an individually administered test of expressive and receptive language ability for children ages
3 through 6 years. The test yields standard scores for three receptive subtests (Linguistic
Concepts, Sentence Structure, and Basic Concepts) and three expressive subtests (Recalling
Sentences in Context, Formulating Labels, and Word Structure), and a composite Total
Language score. The CELF-P was standardized on 800 preschoolers, representative of the U.S.
population with regard to gender, race/ethnicity, parent education level, and geographical
region. Internal consistency estimates for the three composite scores ranged from 0.73 to 0.96
across age groups, and test-retest coefficients for 2- to 4-week intervals were generally high
(i.e., 0.87–0.97). The CELF-P has been shown to correlate with the Preschool Language Scale–
3 (0.90) and with the Verbal IQ Scale of the Wechsler Preschool and Primary Scale of
Intelligence–Revised (0.72). The CELF-P also discriminates with reasonable accuracy (i.e.,
71–74%) between children with and without diagnosed language disorders.

The language core domain of the NEPSY: A Developmental Neuropsychological Assessment
(Korkman et al., 1997), age-standardized and normed for children aged 3–12, was administered
at age 7 years. The NEPSY is an individually administered test of neuropsychological
development which measures skills in the core domains of attention/executive functions,
language, sensorimotor functioning, visuospatial processing, and memory and learning. The
Language Core Domain, the focus of the present study, is comprised of three core subtests
(Phonological Processing, Speeded Naming, and Comprehension of Instructions) and a
composite standard score for Total Language. The NEPSY was standardized with a stratified
sample of 1000 children, ranging from 3 to 12 years old, that was representative of the U.S.
population with respect to gender, race/ethnicity, geographic region, and parent education
level. The Total Language Core Domain score was shown to correlate well with the Verbal IQ
score on the Wechsler Intelligence Scale for Children–Third Edition (0.62) and to discriminate
significantly between children with and without diagnosed language disorders. Internal
consistency estimates for the Total Language Core Domain score ranged from 0.87 to 0.90
across age groups, and test-retest coefficients for 2- to 10-week intervals ranged from 0.73 to
0.78.

Intellectual Functioning Measures—To control for the potential confounding of
cognitive ability on language performance, age-appropriate standardized measures of
intellectual functioning were used as covariates in the LLG model. The McCarthy Scales of
Children’s Abilities (McCarthy, 1972), an assessment of cognitive and motor development in
children ages 2 through 8 years with established reliability and validity, was used as an overall
measure of child cognitive functioning at age 3 years. The McCarthy General Cognitive Index
(GCI) (standardized mean 100, standard deviation 16) is comprised of the Verbal, Perceptual-
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Performance, and Quantitative scales. At age 5 years, the Full Scale IQ Score (mean 100,
standard deviation 15) of the Wechsler Scale of Preschool and Primary Intelligence–Revised
(WPPSI-R) (Wechsler, 1989) was used in the analyses. At the 7-year assessment visit, a short
form of the Wechsler Intelligence Scale for Children-III (WISC-III) (Wechsler, 1991) was
given. The WISC-III Short Form included the following subtests: Information, Similarities,
Vocabulary, Picture Arrangement, and Block Design. An estimated Full Scale IQ Score (mean
100, standard deviation 15) was calculated from these five subtests based on the method
developed by Sattler (Sattler, 1992) who reported an internal reliability coefficient of 0.94 and
a validity coefficient of 0.90, representing the relationship between the Short Form and the
Full Form of the WISC-III.

Behavioral Audiometry—Hearing was assessed at age 3 using play audiometry techniques
for children sufficiently mature to respond appropriately to sound stimulation through
earphones. For children who were unable to complete the play audiometry task, visual
reinforcement audiometry in the sound field was used to obtain reasonable estimates of hearing
sensitivity in at least the better ear. All testing and interpretations were performed at the
University of Miami Mailman Center for Child Development by a licensed, certified pediatric
audiologist. For the purposes of the current longitudinal total language analyses, behavioral
audiometry results were coded as normal in at least one ear or bilaterally abnormal. Minimum
response levels of 30 dB were considered abnormal.

Blood Lead Levels—At the 3- and 5-year follow-up visits, screening lead levels were
performed by capillary sample and processed at the State of Florida Department of Health
Laboratory. Abnormal capillary lead levels, i.e., ≥10 μg/dL, were confirmed by repeat
specimen obtained by venipuncture. The higher blood level at either the 3- or 5-year visit was
categorized dichotomously as <10 and ≥10 μg/dL and used as a single composite covariate in
the LLG analyses for this report.

Postnatal Caregiving and Environmental Measures
Psychosocial Interview—A structured psychosocial interview was conducted with the
mother/primary caregiver of each child at each assessment visit. The primary caregiver was
defined as any family member or custodial guardian responsible for the physical, emotional,
and financial well-being of the child. Biological mothers residing with and parenting the child
were always prioritized for interview purposes as the primary caregiver. In the present report,
selected key postnatal caregiver and child covariates obtained primarily from the 3-year visit
were used in the LLG analyses (Table 2).

Assessment of Language Stimulation in the Home Environment—The Caldwell
Home Observation for Measurement of the Environment (HOME) Inventory–Early Childhood
Version (Caldwell and Bradley, 1984), conducted when the children were 4½ years old, is a
measure of the quality and quantity of stimulation and support available to a child in the home
environment. The Early Childhood Version, used with children ages 3 to 6 years, is
administered by a combination of observation and semistructured interview conducted in the
home when the child and his/her primary caregiver are present. The HOME Inventory has 55
items and yields a total score and eight subscale scores: Learning Materials, Language
Stimulation, Physical Environment, Responsivity, Learning/Academic Stimulation, Modeling,
Variety, and Acceptance. The Language Stimulation subscale scores were used in the present
analyses. Internal consistency estimates for the HOME total score range from 0.53 to 0.93 and
interobserver agreement typically has been reported as 90%. The HOME has been shown to
have low to moderate correlations (generally 0.3 to 0.6) with socioeconomic status, IQ and
achievement measures, and teacher behavioral ratings, and to have a factor structure that
generally supports division of the instrument into the subscales (Sugland et al., 1995).
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Statistical Analyses
Longitudinal Latent Growth Curve Analysis (LLG)—The current analyses
investigating the association of severity of prenatal cocaine exposure build from the analytic
strategy described in our first report on longitudinal language functioning in this sample
(Bandstra et al., 2002). In the present report, Muthén and Muthén’s “multiple indicators,
multiple causes” structural equations model and latent growth curve analysis adapted for
discrete categorical indicator variables was used, as implemented in the Mplus software
(Muthén and Muthén, 1998). Figure 1 depicts a conceptual model for the latent growth curve
analysis, with both self-report and bioassay methods used to assess levels of prenatal cocaine
exposure. Within the framework of the latent growth curve analysis, the intercept of the growth
curve (i.e., the relatively time-invariant aptitude for language performance) and the slope of
the growth curve (i.e., the time-varying trajectory of language performance) have been
expressed as a function of the severity of prenatal cocaine exposure. Other elements within
this conceptual model are exogenous covariates that might influence language functioning, as
well as three endogenous response variables, i.e., fetal growth, maturation (gestational age),
and child IQ. These elements are described in more detail below.

Severity of Prenatal Cocaine Exposure—A latent variable for maternal cocaine/crack
usage severity during pregnancy was measured by separate categorical summaries of first,
second, and third trimester self-report (0 = no self-reported cocaine/crack use, 1 = 1–24 uses,
2 = 25–180 uses, 3 = 180+uses; note: a priori cut-offs represent approximate thirds of the
distribution from the originating birth sample (n = 476), with the condition of a minimum of
30 infants per cell). A second latent variable to quantify cocaine exposure level by bioassay
was also constructed, measured by cocaine-positive (yes/no) infant urine, infant meconium,
and maternal urine, and log-transformed levels of cocaine metabolite benzoylecgonine
determined by GC/MS assays. These self-report and bioassay results were then combined into
a single summary latent variable that placed each infant on a single dimension, allowing all
available information to be taken into account in estimating level of prenatal cocaine exposure.
This approach allowed for bioassay results to characterize cocaine exposure levels for all
infants, including the known cocaine-positive infants whose mothers denied cocaine use.
Further detailed discussion of this approach has been reported in previous reports with this
sample (Bandstra et al., 2001a).

Language Functioning—In order to facilitate interpretation of effect estimates across two
different measures, language scores for each assessment visit were standardized by converting
the sample mean for each visit to zero, with a standard deviation of 1. As described by Cherlin
et al. (1998), the standardization accommodates the need for administration of age-appropriate
measures across developmental phases, produces a flat growth curve for the sample as a whole,
but permits the study of between-individual differences. Espy et al. (2001) suggest that the
standard score metric used to describe children’s academic performance aids in the
interpretability of the study results. They analyzed the effects of different environmental
measures on individual intellectual growth patterns and found that the results of the growth
curve analyses were similar using standardized and raw scores.

The LLG analysis partitions sources of variation in language functioning into two separate
components: the sustained aptitude to perform well, and the time-varying trajectory of growth
or change in performance from one age to the next. Analyses are split into these two components
in order to determine with more specificity if there is a cocaine-associated deficit in language
functioning.

Covariates—Indicators of fetal growth, maturation, and general intelligence were
incorporated into the initial model based on a theoretical specification and prior evidence that
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they might depend upon prenatal cocaine exposure. Fetal growth was measured by a latent
construct including birth weight, length, and head circumference, all of which are
intercorrelated manifestations of a fetal growth process that has been previously shown to be
responsive to prenatal cocaine exposure (Bandstra et al., 2001b). Fetal maturation was
measured by gestational age. Intellectual functioning was measured by WISC-III short form
given at the 7-year assessment. Additional covariates were included subsequently in the model
as specified in the Results section below.

RESULTS
Sample Characteristics

Among the 476 participants in the follow-up study, 376 children completed all three language
assessments at 3, 5, and 7 years of age. Of the 100 children excluded because they did not have
all three language assessments, 33 children had no language scores, 28 children had only one
language score (21 at the 3-year assessment only; 2 at the 5-year assessment only; and 5 at the
7-year assessment only), and 39 children had only 2 language scores (17 at the 3- and 5-year
assessments only; 10 at the 3- and 7-year assessments only; and 12 at the 5- and 7-year
assessments only). Detailed attrition analyses showed no differences in birth characteristics
between the subsample of 376 children with language test results and the subsample of 100
who were missing one or more language test results. There were no differences in attrition by
group.

Table 3 includes selected maternal and child characteristics measured at birth for this study
subsample, including the key covariates introduced in the longitudinal analyses. In general,
cocaine-using mothers were older, utilized less prenatal care, were less likely to be
primigravida, and were more likely to be currently unemployed than were noncocaine-using
mothers. Cocaine-exposed infants exhibited decrements on birth growth measures and
gestational age relative to noncocaine-exposed infants (all p<0.01).

Table 1 presents data from this study sample on the self-reported rates and median amounts of
alcohol, tobacco, marijuana, and cocaine use during pregnancy, including only mothers who
admitted use. Median amounts are reported due to the significant skew in self-report data.
Patterns of cocaine use ranged from mild/moderate to more severe use. Among cocaine-using
mothers compared with noncocaine-using mothers, the percentage who reported alcohol,
tobacco, and marijuana use during pregnancy was higher. In addition, the median tobacco use
for cocaine-using mothers was higher than for noncocaine-using mothers (all p<0.05).

Table 2 depicts selected social and demographic characteristics measured primarily at the 3-
year assessment visit. In general, primary caregivers of cocaine-exposed infants were more
likely to report ongoing cocaine, marijuana, and tobacco use. Cocaine-exposed children were
less likely to be in the care of their biological mothers and had a higher mean number of
caregiving changes in the past year than noncocaine-exposed children. They were also more
likely to be in day care, but less likely to be in Head Start or formal prekindergarten programs.
The mean Caldwell HOME Language Score was lower for the cocaine-exposed children than
for the noncocaine-exposed children (all p<0.05).

Although mothers in the cocaine group were more likely than those in the noncocaine group
to report ongoing tobacco, marijuana, and cocaine use at the 3-year visit, there were no group
differences in self-reported overall psychological functioning as measured by the Symptom
Checklist–90–Revised, a 90-item instrument with a summary score, the Global Severity Index
(GSI), that assesses a broad range of psychological symptoms such as depression, anxiety,
somatization, obsessive-compulsion, and phobias over the last 7 days (Derogatis, 1993). At
the 3-year visit, 42.7% of the mothers or caregivers in the cocaine-exposed group and 48.6%
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of the mothers or caregivers in the noncocaine-exposed met criteria for a concerning level of
psychological symptoms (GSI score or at least two subscale scores ≥63).

Table 4 summarizes mean language scores for the standardized language assessments and
examination ages by group at the 3-, 5-, and 7-year visits for the 376 children who had available
data for all three exams. At each visit, in addition to the children whose language assessment
was missing due to failure to attend, a small number of children attended but did not complete
the language assessment due to severe cognitive or behavioral difficulties. However, there were
no between-group differences in the noncompletion rates for any of the visits.

Longitudinal Latent Growth Curve Analyses of the Language Measures at 3, 5, and 7 Years
Initial Model—The initial model (see Fig. 1 and Table 5) examined the links between severity
of prenatal cocaine exposure and both the relatively stable aptitude for language functioning
(i.e., the intercept of the LLG model) and the developmental trajectory of language
development (i.e., the slope of the LLG model). Included in the model were the covariates of
fetal growth, gestational age, and IQ as described above, as well as terms labeled in Fig. 1 as
“initial covariates,” which included age at the time of each assessment session, gender of the
child, and prenatal exposure to alcohol, tobacco, and marijuana. Age in months at the time of
each assessment was included in the model in order to take into account any possible failure
of age standardization to account for age-related differences across levels of prenatal cocaine
exposure. A term for child gender was included in order to take into account the frequently
observed gender-based differences in longitudinal language development, observed not only
in this study sample, but also in many other samples (Bandstra et al., 2002). Terms for the
levels of prenatal use of alcohol, tobacco, and marijuana were included to ensure that the
estimated size of the cocaine-associated language deficits would be independent of any deficit
associated with the use of these other drugs.

Results indicated that there was a cocaine-associated deficit (see Fig. 1 and Table 5) across 3,
5, and 7 years in the relatively stable aptitude for language performance with an effect estimate
of −0.071, (95% CI = −0.133 to −0.009; p value = 0.026). There was no evidence to support a
cocaine-associated deficit on the developmental trajectory of language development across 3,
5, and 7 years. Therefore, further analyses focused on the relatively stable component of
language development.

Birth Covariates—In order to probe the robustness of the observed estimate of cocaine-
associated deficits in aptitude for language development, 7 covariates measured at birth,
including maternal age, educational level, primigravida, marital status, employment status,
prenatal care visits, and infant Apgar score at 5 minutes, were introduced one at a time to the
model described above and then removed. Sample size constrained the ability to include all
the covariates simultaneously. Each estimate conveys the size of the cocaine-associated deficit
in the aptitude for language to the extent that this deficit is independent of other covariates
controlled in the initial model. Results shown in Table 5 reveal that the cocaine-associated
deficit estimate does not change appreciably for any of the covariates included in the model
(range of estimates = −0.073 to −0.064; all p<0.05).

Postnatal Covariates—Additional analyses were conducted by adding 14 covariates
measured after birth one at a time to the initial model and then removing them. In general, data
collected for each covariate at the earliest available study age were used in the LLG model.
Covariates measured at 3 years of age included whether the child was residing with biological
mother, number of primary caregiver changes since birth, caregiver educational level and
employment status, past-year use of cocaine, marijuana, alcohol, and cigarettes, day care
placement, IQ, and hearing. The blood lead level covariate was a 3/5-year composite as

Bandstra et al. Page 9

Subst Use Misuse. Author manuscript; available in PMC 2009 February 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



previously described. Placement in Head Start/Pre-kindergarten was noted at the 5-year visit.
The Caldwell HOME Language Stimulation was assessed at age 4½ years.

Results shown in Table 5 indicate that the estimates for the cocaine-associated deficit in
aptitude for language did not change appreciably for any of the covariates included in the model
(range of estimates = −0.088 to −0.041; all p<0.05). The largest observed reduction in the
estimate occurred with the introduction of the covariate of IQ at age 3 years, when the estimate
had a value of −0.041 (95% CI = −0.079, −0.004; p = 0.032). However, even when IQ at both
3 years and 7 years has been taken into account, the cocaine-associated deficit in language
functioning was still observed.

DISCUSSION
The current report from the Miami Prenatal Cocaine Study extends evidence previously
reported (Bandstra et al., 2002) supporting a possible cocaine-associated deficit in language
functioning across a developmental span from age 3 to 7 years. Longitudinal latent growth
curve analyses were used to examine two components of language performance, a more stable
aptitude and a time-varying developmental trajectory, across the three time points and their
relationship to varying levels of prenatal cocaine exposure. Severity of prenatal cocaine
exposure was characterized using a latent construct combining self-report and bioassays,
allowing all available information to be taken into account. The association between severity
of exposure and language performance was examined within a model including factors for fetal
growth, gestational age, and IQ as intercorrelated response variables and child’s age, gender,
and prenatal alcohol, tobacco, and marijuana exposure as additional covariates. Results
indicated that greater severity of prenatal cocaine exposure was associated with greater deficits
within the more stable aptitude of language performance (D = −0.071, 95% CI = −0.133,
−0.009; p = 0.026). There was no relationship between severity of prenatal cocaine exposure
and the time-varying trajectory of language development. The observed cocaine-associated
deficit was independent of multiple alternative suspected sources of variation in language
performance, including other potential responses to prenatal cocaine exposure, such as child’s
intellectual functioning, and other birth and postnatal influences, including language
stimulation in the home environment. Although the magnitude of the difference between
cocaine-exposed and noncocaine-exposed children in language functioning was relatively
subtle, Lester et al, (1998) emphasize that even subtle findings may have significant individual,
public health, and societal consequences as more prenatally cocaine-exposed children require
expensive and resource-consuming special services to prevent or ameliorate language
problems. Indeed, Angelilli et al. (1994) observed in a retrospective case-control study in a
primary care clinic setting that children ages 24–48 months with language delay were more
likely to have been exposed to cocaine in utero than children with normal language
development. Furthermore, Delaney-Black et al. (2000) found that 6-year-old children with
prenatal cocaine exposure were two-and-a-half times more likely to be classified as having a
low language ability than nonexposed children.

Several studies of cocaine-exposed and nonexposed children have observed no association
between prenatal cocaine exposure and language development measured by standardized
assessments (Bland-Stewart et al., 1998; Espy et al., 1999; Hawley et al., 1995; Hurt et al.,
1997; Phelps and Cottone, 1999). Others have noted results consistent with the findings of the
present study, but the sample sizes were appreciably smaller and none reported results past the
preschool period. These studies have reported cocaine-associated deficits on various
standardized tests of total language (Johnson et al., 1997; Singer et al., 2001a), expressive and
receptive language (Chapman, 2000; Koren et al., 1998; Nulman et al., 1994, 2001; van Baar
and de Graaff, 1994), expressive but not receptive language (Singer et al., 2001a), and receptive
but not expressive language (Bender et al., 1995). Additional supportive evidence for cocaine-
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associated language deficits is provided by studies of small groups of children in whom
spontaneous language samples have been coded to assess semantic and syntactical processing
elements of language. These studies have documented less complex language skills (Malakoff
et al., 1999), differences in discourse pragmatics and syntactic development (Mentis and
Lundgren, 1995), phonological delay (Madison et al., 1998), and more restricted and delayed
semantic representations (Bland-Stewart et al., 1998) among prenatally cocaine-exposed
compared to noncocaine-exposed children.

Establishing a dose-response relationship between prenatal cocaine exposure and specific
developmental outcomes is important in defining the teratological influence of cocaine (Lester
et al., 1995). To our knowledge, only three studies to date have examined the relationship
between severity of prenatal cocaine exposure and language performance. Two of these
investigations relied solely on self-report methods to define exposure severity. Hurt and
colleagues (Hurt et al., 1997) found no group differences in language outcome between children
whose mothers reported frequent cocaine use in pregnancy (defined as more than once per
week) and children whose mothers reported less frequent use. Van Baar and de Graaff
(1994) constructed a global index of severity of prenatal exposure to all drugs in which higher
scores indicated self-report of greater quantities of drugs, higher frequencies of use, and more
invasive routes of administration. There was no relationship between this severity measure and
language outcome. Singer and colleagues (Singer et al., 2001b) found that more heavily
exposed infants (defined by maternal self-report >70th percentile or >75th percentile of
meconium benzoylecgonine concentration) had lower auditory comprehension scores than the
nonexposed infants, and lower total language scores than the lighter and nonexposed infants.
Further work with a consistent approach to define severity with a combination of bioassay and
self-report methods is needed to clarify these conflicting findings (Carmichael Olson and Toth,
1999).

The current study utilized a novel approach to examine two components of language
functioning, the child’s relatively stable aptitude to perform well in verbal and language tasks,
and the time-varying developmental trajectory of performance. This approach has allowed a
more precise exploration of the cocaine-associated deficit and reveals that the effect of
exposure is expressed in the relatively stable aptitude for language development, but not in the
trajectory of language development during the preschool years leading up to age 7.

Important features of the current report include an examination of two components of language
development with a growth curve model, the inclusion of a latent construct combining bioassay
and self-report data to assess severity in relation to the outcome measure, and the examination
of longitudinal data extending through age 7 while accounting for many birth and postnatal
covariates. Data for this study emanate from one of the nation’s largest, single-site follow-up
studies of prenatal cocaine exposure. The Miami Prenatal Cocaine Study has numerous
inherent strengths, including prospective enrollment of study participants at birth and detailed
maternal interviews and biological markers to determine exposure to cocaine and other drugs.
The cohort is relatively homogeneous with regard to full-term gestation, race-ethnicity, and
inner-city residence. Examiner-blinded standardized child assessments of language and
cognition, comprehensive primary caregiver interviews, and an observational research measure
of language stimulation in the home environment (Caldwell and Bradley, 1984) further
strengthen the inferences of the results.

Notwithstanding these strengths, the study has several limitations. The study sample was
restricted to full-term, relatively healthy African-American children residing in socially
disadvantaged inner-city neighborhoods. This restriction of sample range was intended to
promote homogeneity and greater similarities between cocaine-using and nonusing mothers
with regard to health and social conditions that might influence child outcome, with a resulting
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enhanced capacity to infer language effects of prenatal cocaine exposure and somewhat
increased statistical power to detect differences between cocaine-exposed and nonexposed
children. These sampling techniques, however, result in an associated restriction of inference
that precludes generalizing the cocaine–language estimate to other populations or settings. In
addition, the cocaine–language association was examined taking into consideration an
extensive, albeit not exhaustive, number of pertinent child and caregiver risk factors. Due to
sample size restrictions, many of these factors needed to be evaluated individually within the
model, precluding the simultaneous examination of multiple influences.

Misclassification due to erroneous maternal self-report or toxicology assays might have
occurred, but in studies involving illicit drugs such as cocaine, misclassifications most likely
affect the comparison group, and this would tend to draw the study conclusions toward the
null. Recruitment of the study cohort in the postpartum period rather than prenatally may have
hampered precise measurement of prenatal drug use. Finally, the approach to defining the latent
construct of severity will require replication and validation in future work.

In summary, the present analyses focused on the estimated relationship between severity of
prenatal cocaine exposure, measured as a latent construct combining bioassay and self-report
measures, and language components derived from the CELF-P at 3 and 5 years and the NEPSY
at 7 years. The evidence tends to support an inference of a modest cocaine-associated deficit
for the stable aptitude for language performance during early childhood through age 7 years,
with a gradient in which greater severity of cocaine exposure is associated with increased
deficits in language functioning. There was no evidence to support a cocaine-associated deficit
with the time-varying trajectory of language functioning. The cocaine-associated language
deficit was not appreciably altered by inclusion of key demographic and psychosocial risk
factors measured at birth and postnatally.

These findings suggest that professionals working with substance-using women with young
children should monitor the language functioning of the children since early detection of subtle
impairments can provide opportunities for intervention. Kilbride et al. (2000) found that among
prenatally cocaine-exposed children who remained with their biological mothers, those who
had received case management services had higher verbal scores at 36 months than those who
had received routine management. Language difficulties during the toddler and preschool years
can lead to learning, social, and/or academic problems during later years, thus highlighting the
emphasis on careful early surveillance and standardized assessments when warranted.
Although the findings from the current study are suggestive of subtle impairment in child
language functioning, further evidence from other scientifically rigorous study designs with
sufficient sample sizes are needed to make more definitive recommendations for professionals
working with substance-using pregnant and postpartum women with young children. It remains
critical to understand the mechanisms by which prenatal cocaine exposure may impact child
language functioning, whether through teratological and/or environmental factors, and more
broadly the ways in which substance use by mothers affects the outcome of their children. With
this information, effective interventions targeting factors critical to child development in
language and related neuropsychological domains can be designed and implemented.

Future research directions include the examination of receptive vs. expressive language
functioning using the analytic strategy applied in this study of total language and replication
with larger samples to allow for simultaneous inclusion of multiple covariates thought to impact
the relationship between prenatal exposure and language functioning. Finally, the performance
of similar studies examining the effects of prenatal cocaine exposure on the development of
language in children of other linguistic cultures would permit probing of the generalizability
of these findings.
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Figure 1.
This figure depicts a conceptual model for the longitudinal latent growth curve analysis, the
elements of which are presented in the accompany text.
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Table 1
Maternal self-reported alcohol, tobacco, marijuana, and cocaine use during pregnancy (n = 376).

Noncocaine-exposed (n = 176) Cocaine-exposed (n = 200)

Substance Median (Min, Max)a % (n) Median (Min, Max)a % (n)

Alcohol (# drinks) 61 (2, 1680) 31 (54) 102 (1, 3823) 67 (134)

Tobacco (# cigarettes) 1008 (21, 5880) 16 (29) 2058 (1, 8820) 78 (156)

Marijuana (# joints) 32 (1, 807) 12 (21) 28 (1, 1229) 46 (93)

Cocaine/crack (# lines/rocks) 136 (1, 19320) 69 (139)

a
Median values based only on mothers reporting usage, calculated using total exposure composites: (# weeks used) × (usual number of days per week)

× (usual dose per day).
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Table 2
Caregiver and child demographic sample description at follow-up examsa (n = 376).

Noncocaine-exposed Cocaine-exposed

Group n Mean (SD) Group n Mean (SD)

Caregiver education (years)

 3-year visit 176 11.3 (1.5) 198 11.2 (1.7)

Caregiver unemployment

 3-year visit 175 65.1% 197 72.1%

Caregiver past year cocaine use

 3-year visit 176 1.7% 194 22.2%

Caregiver past year alcohol use

 3-year visit 175 43.4% 193 40.9%

Caregiver past year tobacco use

 3-year visit 175 17.7% 192 55.7%

Caregiver past year marijuana use

 3-year visit 176 12.5% 194 21.1%

Biological mother as caregiver

 3-year visit 176 97.2% 199 71.9%

Child intellectual functioning Mean (SD) Mean (SD)

 3-year visit 176 83.4 (12.7) 200 81.1 (11.7)

Child day care

 3-year visit 176 31.8% 199 52.8%

Child hearing deficit (bilateral)

 3-year visit 172 3.5% 191 3.1%

Caregiver changes in past year (n) Mean (SD) Mean (SD)

 3-year visit 174 0.11 (0.45) 193 0.28 (0.59)

Head start/prekindergarten

 5-year visit 173 71.7% 190 60.0%

Caldwell HOME language score Mean (SD) Mean (SD)

 4½-year visit 174 5.8 (1.3) 199 5.4 (1.6)

Child blood lead ≥10 μg/dL

 3- or 5-year visit 175 7.4% 200 14.0%

a
Group n’s include only subjects with available language data at the specified visit.
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Table 3
Maternal and infant demographic sample description at birth (n = 376).

Noncocaine-exposed n = 176 Cocaine-exposed n = 200

Maternal characteristics

 Maternal age 24.0 (5.5) 29.0 (4.8)

 Prenatal care (≥4 visits) 86.4% 68.5%

 Primigravida 22.2% 6.5%

 Never married 87.5% 91.0%

 Unemployed 82.4% 94.5%

 Education (years) 11.3 (1.4) 11.1 (1.4)

Infant characteristics

 Birth weight (gms) 3315 (501) 2942 (455)

 Birth length (cm) 50.8 (2.3) 48.8 (2.5)

 Birth head circumference (cm) 33.8 (1.4) 33.0 (1.5)

 Gestational age (weeks) 39.7 (1.4) 39.3 (1.4)

 Apgar score (5 min) 8.7 (0.7) 8.7 (0.7)

 Male 48.9% 49.5%

Note: Numbers represent means (standard deviations) or percentages where indicated.
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Table 4
Means and standard deviations of language scores from 3 to 7 years.

Language measure n Standard Score mean (SD) Exam age

CELF-Pa (3-year exam)

 Noncocaine-exposed 176 76.1 (9.8) 39.7 (1.7)

 Cocaine-exposed 200 72.9 (9.5) 39.6 (2.4)

CELF-Pa (5-year exam)

 Noncocaine-exposed 176 86.4 (12.1) 66.2 (2.3)

 Cocaine-exposed 200 83.4 (12.1) 65.9 (2.5)

NEPSY Language Core Domainb (7-year exam)

 Noncocaine-exposed 176 87.3 (13.3) 88.6 (4.1)

 Cocaine-exposed 200 84.1 (12.0) 88.3 (3.7)

a
Clinical Evaluation of Language Fundamentals–Preschool (CELF-P); Standard Score (mean = 100, SD = 15).

b
NEPSY—A Developmental Neuropsychological Assessment; Standard Score for Core Domains (mean = 100, SD = 15).
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Table 5
Estimated cocaine-associated deficit in stable aptitude for language development under multiple covariate models for
total language standard scores in children at 3, 5, and 7 years of age.

Est. difference (D) 95% C.I. p value

Initial model: includes severity of cocaine exposure, fetal
growth, gestational age, IQ, child’s age and gender, and self-
reported levels of prenatal alcohol, tobacco, and marijuana
exposure

−0.071 −0.133, −0.009 0.026

Additional covariates:

 Birth covariates:

  Maternal age −0.073 −0.136, −0.009 0.025

  Maternal education level −0.064 −0.125, −0.004 0.037

  Primigravida (yes/no) −0.073 −0.136, −0.009 0.025

  Marital status (never/ever) −0.069 −0.132, −0.007 0.028

  Maternal employment (never/ever) −0.068 −0.130, −0.006 0.031

  Prenatal care visits (0–3 vs. 4+) −0.073 −0.140, −0.005 0.034

  Apgar score at 5 minutes −0.067 −0.129, −0.004 0.036

Postnatal covariates: (measured at 3-year visit unless otherwise
noted):

 Child resides with biological mother (yes/no) −0.088 −0.167, −0.010 0.027

 Caregiver education level (years) −0.072 −0.132, −0.012 0.019

 Caregiver employment (yes/no) −0.072 −0.133, −0.012 0.020

 Number of caregiver changes (0–36 mos.) −0.068 −0.132, −0.003 0.041

 Past-year reported cocaine use −0.074 −0.140, −0.007 0.030

 Past-year reported marijuana use −0.078 −0.143, −0.013 0.018

 Past-year reported alcohol use −0.078 −0.142, −0.013 0.019

 Past-year reported cigarette use −0.069 −0.133, −0.006 0.032

 Day care placement (yes/no) −0.075 −0.138, −0.012 0.020

 IQ score −0.041 −0.079, −0.004 0.032

 Hearing −0.070 −0.131, −0.008 0.026

 Lead exposure level (ng/dL) −0.074 −0.139, −0.009 0.025

 HOME language stimulation score (4½ years) −0.060 −0.120, −0.001 0.047

 Head Start/Pre-kindergarten placement (5 years) −0.068 −0.128, −0.008 0.027
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