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Abstract

This study examined the effect of prenatal cocaine use on infant physical, cognitive, and motor
development, and temperamental characteristics, controlling for other factors that affect infant
development. Women were, on average, 26.8 years old, had 12 years of education, and 46% were
African American. During the first trimester, 18% were frequent users of cocaine (> 1 line/day). The
infants were, on average, 14.6 months old at this follow-up phase. Women who used cocaine during
pregnancy rated their infants as more fussy/difficult and unadaptable than did women who did not
use cocaine. Cocaine use in the second trimester was associated with significantly lower motor scores
on the Bayley Scales of Infant Development (BSID) [9]. There was no effect of prenatal cocaine use
on BSID mental performance or on growth. These findings are consistent with other reports in the
literature and with the hypothesis that prenatal cocaine exposure affects development through
changes in neurotransmitter systems.
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1. Introduction

In the 2003 National Household Survey on Drug Abuse, 12.4% of 18- to 25-year-old women
reported they had ever used cocaine and 5% reported use during the past year [87]. Rates of
prenatal cocaine use have varied from 1% in the National Pregnancy and Health Survey [64]
t0 2.6% in a partially rural sample from Florida [33] to 18% in an inner-city sample from Boston
[96]. In our longitudinal study of prenatal cocaine exposure (PCE), 8% of women attending a
prenatal clinic reported first trimester cocaine/crack use [70]. Thus, the effects of prenatal
cocaine use on infant development are an important public health issue.

While the majority of the research on PCE has focused on neonatal effects, some investigations
have explored the effects of PCE during the infancy period. One outcome of interest has been
the growth of offspring exposed to cocaine. Chasnoff et al. [20] compared the offspring of
three groups of women at 3, 6, 12, 18, and 24 months: (1) cocaine, alcohol, and marijuana
users, (2) alcohol and marijuana users, and (3) non-drug-users. In the two drug-exposed groups,
the average head circumferences were smaller compared with the non-drug-exposed infants at
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each follow-up point, although the two drug groups did not differ from each other. Hurt et al.
[41] reported that cocaine-exposed infants had reduced weight and head circumference at 6,
12, 18, and 24 months, but there was no control for factors such as prenatal care, or prenatal
alcohol and tobacco use. By contrast, Jacobson, Jacobson, and Sokol [42] found no effects of
PCE on weight, length, or head circumference at 6% months, and in the same study at 13
months, PCE was associated with increased weight. Brown et al. [13], Chiriboga, Kuhn, and
Wasserman [21], Fetters and Tronick [34], and Kilbride et al. [48] also reported that there were
no effects of PCE on growth during infancy.

Researchers have also investigated the effects of PCE on infant cognitive and motor
development. There have been consistent reports of no detrimental effects of PCE on global
cognitive development during infancy, as measured by the Mental Development Index (MDI)
of the Bayley Scales of Infant Development (BSID [9] and BSID-I11 [10]) [4,12,13,20,21,32,
36,41,43,48,58-60,65]. Only a few studies have reported detrimental effects on MDI scores.
Alessandri, Bendersky, and Lewis [2] found an effect of PCE on the MDI at 18 months of age,
but not at 8 months. Singer et al. [82], in a sample recruited from a high-risk follow-up clinic,
reported that prenatal exposure to cocaine was associated with lower MDI scores at
approximately 17 months of age. In a different sample, Singer et al. [83] also found decreased
MDI scores at 12 and 24 months of age, after controlling for covariates of PCE. Behnke et al.
[11] found that PCE predicted 6-month development, defined as a latent construct including
MDI and PDI.

Most investigators have also not found detrimental effects of PCE on infant motor
development, as measured by the Psychomotor Development Index (PDI) of the BSID or by
the Peabody Developmental Motor Scales [2-4,12,13,21,34,36,41,43,58-60,65,83]. By
contrast, Singer et al. [82] found that PCE was associated with lower PDI scores at about 17
months. Fetters and Tronick [34] found that infants who were prenatally exposed to cocaine
had poorer motor performance on the Movement Assessment of Infants at 7 months of age.
Miller-Loncar et al. [62] reported that PCE was associated with poorer motor skills: The
exposed group showed gross motor deficits early in infancy, but by 18 months were not
different from the comparison group.

Only afew investigators have studied the effects of prenatal cocaine use on infant temperament.
Mayes et al. [58] reported that 3-month-old infants who were exposed to cocaine prenatally
were more fussy and irritable during an information processing task than were non-exposed
infants. Edmondson and Smith [32] found that 6-month-old infants who were prenatally
exposed to cocaine were reported by their mothers to be more difficult (defined as
uncooperative and arrhythmic) than non-exposed infants. However, in that study, there was no
statistical control for other factors that differed between the exposed and non-exposed groups.
By contrast, Arendt et al. [4], Frank et al. [36], and Messinger et al. [60] did not find an effect
of PCE on trained assessors’ ratings of the infant’s behavior, such as activity level, task
orientation, or emotion regulation, as assessed during the BSID administration.

The inconsistencies in this literature could be due to a number of methodologic limitations,
including: 1) failure to control for differences in the demographic composition, health and
nutritional status, amount of prenatal care, and prenatal alcohol, marijuana, and tobacco use
between exposed and non-exposed groups [70]; 2) the methods used to ascertain drug use
[74]; 3) recall bias in studies that use retrospective reporting at delivery or in the postpartum
period of drug use over the entire pregnancy; and 4) high rates of subject loss and differential
rates of attrition between exposure groups. These factors limit the conclusions that can be drawn
from these studies and may seriously bias the interpretation of the findings.
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The present research is a longitudinal, prospective study of cocaine use during each trimester
of pregnancy. This study overcame the methodologic problems of some previous studies in the
following ways: 1) the sample, drawn from a group of women attending a large prenatal clinic,
represented a general population rather than a sample of women in drug treatment; 2) recall
bias was minimized by interviewing the women regarding their substance use at the end of
each trimester, and all women were interviewed at the same time points; 3) the quantity,
frequency, mode, and pattern of cocaine, crack, alcohol, marijuana, tobacco, and other drug
use were assessed for each trimester of pregnancy; and 4) data were collected on demographic
factors, home environment, and lifestyle of the mothers, allowing for control of potential
confounding variables. The purpose of this report is to evaluate the effects of prenatal exposure
to cocaine on infant physical, cognitive, and motor development, and temperamental
characteristics.

2. Methods
2.1. Study Design

The study sample consisted of women and infants participating in a longitudinal investigation
of the effects of prenatal cocaine/crack use. Written consent was obtained for both mothers
and infants according to guidelines established by the University’s Institutional Review Board
and by the Research Review and Human Experimentation Committee of Magee-Womens
Hospital. A Confidentiality Certificate, obtained from the Department of Health and Human
Services, assured participants that their responses could not be subpoenaed.

Women who were at least 18 years of age were initially interviewed when they came for
prenatal care during their fourth or fifth prenatal month. During this interview, information
was obtained about the use of cocaine and crack in the year prior to pregnancy and during the
first trimester, as well as the use of tobacco, alcohol, marijuana, and other illicit substances
during the same time periods. All women who reported any cocaine or crack use during the
first trimester were enrolled. The next woman interviewed who reported no cocaine or crack
use both during the year prior to pregnancy and during the first trimester was also enrolled.

Women selected into the study were interviewed at 7 months and at 24 hours postdelivery
about their substance use during the second and third trimesters, respectively. Demographic,
life-style, and psychological characteristics were also assessed at each phase. All infants
underwent comprehensive physical examination, generally within 24 to 48 hours of delivery,
by study nurse clinicians who were unaware of prenatal exposure status. The infant’s length
and head circumference were measured and gestational age was assessed with a modification
of the Dubowitz assessment [5]. Birth weight was transcribed from the medical records.

At approximately 1 year postpartum, mothers brought their babies to our project offices for
assessment. Infants who had been born prematurely were scheduled according to their adjusted
chronological age. A physical exam was conducted, the infant’s growth was measured, and the
infant’s medical history, including injuries, illnesses, and hospitalizations, was obtained from
the mother. Mental and motor development were assessed with the BSID MDI and PDlI,
respectively [9], by the nurse clinician or a psychology graduate student trained to administer
the BSID. (The BSID-II was not available at the initiation of the 1-year follow-up.) The
examiners also completed the Infant Behavior Record (IBR) of the BSID, after the
administration of the BSID. The IBR is a rating of the examiner’s perception of the infant’s
cooperativeness, fearfulness, responsiveness to people and objects, attention span, activity, and
reactivity. On the IBR, examiners also rated the adequacy of the BSID as an indicator of the
child’s characteristics. Examiners were blind to prenatal and current substance use status.

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 March 1.
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Mothers were interviewed about their substance use during the last year, and about their
demographic, social support, household composition, and psychological characteristics.
Maternal depression was assessed using the Center for Epidemiological Studies - Depression
Scale [68] and hostility was measured by the Spielberger State-Trait Anxiety Inventory [84].

The mother’s view of the infant’s temperament was measured using the Infant Characteristics
Questionnaire (ICQ) [7]. This scale consists of 32 items rated on 7-point scales describing four
dimensions of temperament: fussy/difficult, unadaptable, persistent, and unsociable. The scale
has been used extensively in research and has been demonstrated to have adequate reliability.
Cronbach’s alphas for the current sample were 0.73, 0.71, 0.72, and 0.41 for the fussy/difficult,
unadaptable, persistent, and unsociable scales, respectively. The unsociable scale was
eliminated from the analyses because of the low alpha.

Information on the home environment was obtained from the PROCESS scale [18]. The
developmental stimulation subscale includes items such as the amount of time spent talking
with the child and helping the child to learn new skills. The organization subscale includes
items that reflect the regularity of the child’s eating and sleeping habits. Cronbach’s alphas for
the current sample were 0.60 and 0.46 for the developmental stimulation and organization
scales, respectively. The organization scale was eliminated from the analyses because of the
low alpha.

2.2. Sample Characteristics

Women were recruited for the study between March 1988 and December 1992. Ninety percent
of those approached agreed to participate. Medical chart reviews of arandom sample of women
who refused to participate indicated that only 5% had a history of drug use during the current
pregnancy. Of the women initially interviewed, 320 (18%) met the inclusion criteria and were
enrolled into the study. Between enrollment and delivery, subjects were eliminated for the
following reasons: home delivery (N = 1), miscarriage/abortion/fetal death (N =5), moved (N
=11), lost to follow-up (N =1), and refused (N = 2). Thus, delivery assessments were completed
on 300 women. Four pairs of twins and 1 child with Trisomy 21 were excluded from additional
follow-up, resulting in a birth cohort of 295 mothers and infants. Births occurred from 1988
to 1993.

From birth to the 1-year follow-up phase, 4 children died, 4 mothers lost custody and the
children could not be traced, 6 families moved out of state, 7 mothers refused to participate,
and 13 were lost to follow-up. The 261 subjects interviewed at the 1-year follow-up represented
89% of the birth cohort (N = 295). Two percent of the children were not in the custody of their
biological mother at the 1-year follow-up. In these cases, the current caretaker was interviewed.
The 1-year follow-up was conducted from 1989 through 1995.

One infant who was unable to be tested and one infant who was assessed at home under
detrimental conditions were excluded from the BSID analyses. Thus, the final cohort for the
growth and temperament analyses included 261 mothers and infants; the BSID analyses
included 259 mothers and infants. The mothers who were not included in the 1-year analysis
had less education at the initial prenatal interview than those who were included in the analysis
(11.6 vs. 12.0 years, p < .05). There were no other significant differences in maternal
sociodemographic, prenatal substance use, or infant birth characteristics between those who
were included in this analysis and those who were not.

At birth, the mean gestational age was 39.7 weeks (range = 26 — 44). Six percent of the infants
were premature (< 37 weeks). The mean birth weight was 3271.9 grams (range = 930-5600).
At the 1-year follow-up, the median infant age at assessment was 13.8 months (mean = 14.6

months; range = 11 — 23; SD = 2.5). Ninety percent were seen by 18 months of age. Fifty-four
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percent of the infants were male. The average weight was 23.4 pounds (range = 17.3 — 32),
height was 30.6 inches (range = 26 — 35), and head circumference was 18.6 inches (range =
17-20). The mean Mental Development Index (MDI) and Psychomotor Development Index
(PDI) of the BSID were 114 (range = 52 — 150; SD = 17) and 113 (range = 62 — 150; SD =
17), respectively.

At the 1-year follow-up, the women were, on average, 26.8 years old (range = 19 — 57), 54%
were Caucasian, and 46% were African American. Women were of lower socioeconomic
status, with a median family income of $550 per month and an average educational level of
12.1years (range = 9 — 18). Twenty-seven percent of the women were married and 38% worked
or went to school.

2.3. Substance Use Measurement

For each substance, women were asked about the usual, maximum, and minimum quantity and
frequency of use. In addition, we developed a technique to enhance the accuracy of reporting
of first trimester substance use. Women often do not change their substance use patterns until
after they have confirmed their pregnancy, which may not occur until late in the first trimester.
Therefore, we asked women detailed information about the time periods from conception to
recognition, and from recognition to the diagnosis of the pregnancy, in order to get detailed
substance use information for the first trimester. We also asked whether their use during these
time periods was more like what they had reported for prior to pregnancy use or more like their
reported first trimester use. This allowed calculation of substance use during each month of
the first trimester and a weighted estimate of the average daily use for the first trimester. For
second and third trimester use, women reported use over the entire trimester. These methods
have also been used in our previous research on prenatal alcohol and marijuana exposure
[27].

2.4. Data Analysis

The quantity of cocaine or crack use was reported by the women in lines, grams, or rocks.
Reported use of lines or rocks was converted into gram equivalents in the following way: one
line was estimated as 1/30th (0.03) of a gram; one rock of crack was estimated to be equivalent
to 0.2 grams. These estimates were based on information from toxicology laboratories and law
enforcement officials in Pittsburgh. Usual, maximum, and minimum quantity and frequency
of cocaine/crack use were converted into the average number of grams per day. For descriptive
purposes, cocaine use was converted back to lines per day. The alcohol and marijuana variables
were expressed as average number of drinks or joints per day, respectively, and tobacco as
number of cigarettes per day. These variables were ascertained separately for each trimester
of pregnancy. For the multiple regressions, first trimester substance use variables were used
as continuous variables. For the second and third trimester analyses, alcohol, marijuana, and
tobacco use were continuous variables. Cocaine use was dichotomized into use/no use for the
second and third trimester analyses because the number of women who used during these
trimesters was small and did not adequately represent the spectrum of use for the regression
analyses.

The outcome variables for the growth analyses were unadjusted weight, height, and head
circumference. The analyses were also run using age- and gender-adjusted Z scores for weight,
height, and head circumference [19], eliminating age and gender as covariates from the models.
Age-adjusted scores were used for the MDI and PDI of the BSID for the infants who had been
born prematurely (< 37 weeks). The IBR was analyzed using the factors defined by Matheny
[55,56]: task orientation, affect, and activity. The ICQ variables were fussy/difficult,
unadaptable, and persistent [7].

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 March 1.
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The first step in the analyses was to use stepwise multiple regression analyses to select
significant covariates for the final model. To explore the stability of the variables entering the
regression model, the initial significance level of entry and removal of the variables was set to
0.10. For the final model, only variables that were significant at an alpha level of 0.05 were
retained. The covariates considered for inclusion in the analyses are listed in Table 1. They
represent infant characteristics, maternal sociodemographic and psychosocial characteristics,
environmental variables, and maternal prenatal and current substance use. These domains were
selected because of their association with the outcomes and/or cocaine use, and based on
findings in the literature and prior analyses of these data. A stepwise regression was used to
obtain the most parsimonious set of covariates related to the outcomes.

In the second step of the analyses, PCE was forced into the model containing the significant
covariates, regardless of its significance. Because this is a study of the effects of a potential
teratogen, all regressions were run separately for the first, second, and third trimesters to assess
the effects of exposure during each time period. For the final regression models, residuals and
the modified Cook’s statistic [22] were used to identify possible outliers and influential points.
This report includes only those effects due to cocaine that remained stable after removal of the
influential cases. There was one influential point for each of the following outcomes: fussy/
difficult, unadaptable, persistent, and MDI. In addition, the tolerance of each predictor (a
measure of intercorrelation among the predictors) was examined to assure that the effect size
was not due to multicollinearity.

A descriptive group analysis was also conducted to investigate the impact of duration of cocaine
use. Three groups were defined: women who abstained from cocaine throughout pregnancy
(“Never”) (N = 144); those who used first trimester only (“Stopped”) (N = 61); and those who
used both first and third trimesters (“Continued”) (N = 28).

3.1. Descriptive Analyses

The prevalence of cocaine/crack use is described in Table 2. For descriptive purposes, women
who reported using one or more lines of powder cocaine per day, or the equivalent in crack,
were classified as frequent users. Women who reported less than one line per day of cocaine
(or the equivalent in crack) were classified as occasional users. Abstainers were women who
did not use cocaine. During the first trimester, 18.4% of the women were frequent users. The
prevalence of reported cocaine use declined over pregnancy. Only 13% of the women who
used first trimester also used second and third trimester. By the third trimester, 6.2% of the
women were frequent users. All of the women who used second and third trimester had used
first trimester. The prevalence of frequent cocaine use did not change significantly during the
first year postpartum from that of the third trimester.

The sociodemographic characteristics and other substance use associated with first trimester
cocaine use are shown in Table 3. Women who used cocaine during the first trimester were
significantly more likely to be older, African American, single, less likely to be working or
attending school, and to have lower incomes than the women who did not use first trimester.
First trimester cocaine users were also more likely to use alcohol, cigarettes, marijuana, and
other illicit drugs than were the first trimester non-cocaine users. For example, 55% of the
women who used cocaine also used marijuana compared with 17% of the women who did not
use cocaine, and the women who used cocaine drank an average of 2 drinks/day compared with
0.4 drinks/day for those who did not use cocaine. These same characteristics also applied to
the women who continued to use during the third trimester (Table 3). One notable difference
is that the women who continued to use cocaine in the third trimester were much more likely
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to be African American than were the women who never used and than those who used cocaine
first trimester and then discontinued their use later in pregnancy.

Infants who were exposed to cocaine during the first trimester had lower gestational age and
birth weight compared to those infants who were not exposed during the first trimester (Table
4). They also were more likely to be premature and low birth weight, to have lower PDI scores,
and to have been rated as more fussy/difficult and unadaptable by their mothers on the 1CQ.
The infants who were exposed throughout pregnancy had lower PDI scores and were rated as
more fussy/difficult and unadaptable than were the infants who were exposed first trimester
only or who were never exposed (Table 4).

As shown in Table 5, women who used cocaine/crack at the 1-year follow-up were older, less
likely to be married, and more likely to report symptoms of hostility than were women who
did not use cocaine at the 1-year phase. Cocaine users also provided less stimulating home
environments, as measured by the PROCESS scale [18], and were more likely to use alcohol,
cigarettes, and marijuana than were women who did not use cocaine at the 1-year phase.

3.2. Regression Analyses

3.2.1. Growth—There were no effects of prenatal cocaine/crack use on weight, height, or
head circumference at the 1-year follow-up. Table 6 presents the results with the raw growth
scores, controlling for age and gender. The same results were obtained using the Z scores. Two
additional regression models were run, one including gestational age and one including birth
weight: There were no changes from the original model in the effects of PCE. Significant
predictors of increased growth included older child age at assessment, gender (male), and
maternal height. Decreased growth was predicted by maternal depression, and prenatal tobacco
and alcohol use. The amount of variance explained by the models that did not include birth
weight or gestational age was 22% for weight, 47% for height, and 34% for head circumference.
The effects of prenatal tobacco use on height at the 1-year assessment were no longer significant
when birth weight was added to the model. Thus, the effects of prenatal tobacco exposure on
height were mediated by the effects of tobacco use on birth weight.

3.2.2. BSID—PCE was not a significant predictor of the BSID mental development scores
(Table 7). Significant predictors of higher MDI scores were higher scores on the PROCESS
developmental stimulation scale, Caucasian race, and the examiner’s judgement of the
assessment as being an average to excellent indicator of the child’s ability. Lower MDI scores
were predicted by older age of the child at assessment, more children in the household, the
presence of a male in the household, and prenatal alcohol use.

Second trimester cocaine use was a significant predictor of poorer psychomotor development
scores, when controlling for all other significant covariates (Table 7). Lower PDI scores were
also predicted by older age at assessment, prenatal alcohol exposure, and more children in the
household. Prenatal cocaine use was not a significant predictor of the IBR factors. The amount
of variance explained by the models was 31% for the MDI, 13% for the PDI, and from 2 to
4% for the IBR.

3.2.3. Temperament—Cocaine exposure during the first and second trimesters of pregnancy
were significant predictors of the unadaptable factor of the Bates ICQ Scale (Table 8). Cocaine
use during the second and third trimesters significantly predicted increased fussiness/
difficultness. There were no significant effects of prenatal cocaine use on the persistent scale.
Additional significant predictors of more difficult or unadaptable temperament scores included
younger age of the child at assessment, lower maternal education, more hospitalizations,
maternal depression, more children in the household, third trimester marijuana exposure, and
higher levels of current maternal substance use. Less difficult temperament was predicted by
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the presence of an adult male in the household and by more developmental stimulation in the
home. The amount of variance explained by the models was 16%, 19%, and 11% for the
unadaptable, fussy/difficult, and persistent scales, respectively.

4. Discussion

Thisisareport from an ongoing, longitudinal study of prenatal cocaine exposure. Women were
enrolled prenatally and interviewed about their drug use at the end of each trimester of
pregnancy. At birth, infants who were exposed to cocaine prenatally were smaller and had
reduced gestational age compared to those who were not exposed [73]. The exposed infants
also had poorer autonomic stability, state regulation, and motor maturity on the Brazelton
Neonatal Behavioral Assessment Scale (BNBAS) at birth [72], and less mature brain
development on EEG-sleep studies at both birth and 1 year of age [77]. These effects were
associated both with cocaine use during early pregnancy and with continued use throughout
pregnancy.

This report investigated the effects of PCE on infant growth, development, and temperament.
The most consistent effects of prenatal cocaine use were on the maternal ratings of infant
temperament. Infants who were exposed to cocaine during pregnancy were rated as more fussy/
difficult and unadaptable than were infants who were not exposed to cocaine. These findings
were significant after controlling for prenatal and current maternal use of alcohol, tobacco, and
marijuana, for infant characteristics, and for maternal sociodemographic and environmental
factors. The descriptive analyses showed that the infants who were exposed throughout
pregnancy were the most affected; those exposed during the first trimester only were also
affected. Although there have been only a few published reports investigating the effects of
cocaine exposure on infant temperament, our findings are consistent with those that reported
an increase in fussiness and difficultness as a result of prenatal cocaine use [32,58]. The effects
of cocaine use on infant temperament may result from the changes in autonomic stability, state
regulation, and brain maturation that were found at birth. These aspects of neonatal behavior
and later infant temperament have been found to be related in other research. Green, Bax, and
Tsitsikas [40] reported a significant relationship between BNBAS state control at 2 weeks and
unadaptability at 6 months, and Tirosh and Scher [90] found that the BNBAS autonomic
stability and state regulation clusters at birth predicted the unadaptability score of the ICQ at
4 months of age.

We found an association between second trimester cocaine use and infant motor development
in the regression analyses, and in the descriptive group analyses. This association between PCE
and motor development has been reported previously by some researchers [34,82], but not by
others [2,4,43,58]. This is an area that is in need of further investigation.

There were no significant relationships between prenatal cocaine use and infant size. The
relationships between cocaine use and growth that were present at birth were no longer
significant at the 1-year follow-up. This lack of effect of PCE on infant growth is consistent
with previous research [34,35,42,47].

In addition to the association between PCE and temperament that was identified in this study,
we have previously reported that first trimester cocaine use was a significant predictor of
reduced gestational age [73] and neurobehavioral and neurophysiological changes at birth
[72,77]. Brain development during pregnancy is characterized by a complex interaction of
genetic, neurochemical, and environmental factors [29]. Animal models of PCE demonstrate
a direct neurobiological link between PCE and deficits in behavior. Cocaine exposure during
gestation can alter critical events during neural development. For example, PCE has a direct
effect on the development of monoaminergic systems in rats [61,75,78,93], which play a crucial
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regulatory role in neuronal proliferation and migration [14,51,53]. PCE has also been shown
to delay cell proliferation and migration in rats, causing a disruption in cortical architecture
[79,95]. Thus, the laboratory studies demonstrate that PCE can alter the normal course of neural
development, which results in long-lasting effects on brain function and behavior. While the
results of our study do not specify underlying mechanisms for the effects of PCE, animal studies
have demonstrated direct effects of PCE on the developing nervous system, which may have
further implications for brain structure and function.

We also found that continued cocaine use throughout pregnancy was associated with changes
in neonatal neurobehavioral status [72] and infant temperament. It is not possible, however, to
determine the independent effects of cocaine use during the third trimester in human samples
because all of the third trimester users also used in the first trimester.

The validity of our findings is strengthened by their consistency with other reports in the
literature. We found that gender and maternal height were associated with growth, as did
Karlberg et al. [45] and Kuczmarski et al. [49]. We also found that prenatal tobacco exposure
was a significant predictor of height during the infancy period, as did Day et al. [24]. Prenatal
alcohol exposure was associated with head circumference during infancy, a finding reported
by some researchers [6,26], but not others [37,66]. There were no effects of prenatal marijuana
exposure on infant growth, a finding that is also consistent with the literature [24,39]. Predictors
of cognitive development such as home environment and prenatal alcohol exposure have also
been found by other investigators [69,83,89]. In fact, our finding of a relationship between
prenatal alcohol exposure and the BSID MDI is supported by a meta-analysis conducted by
Testa et al. [89]. We did not find an effect of prenatal marijuana exposure on infant cognitive
development, consistent with the findings of Frank et al. [36] and Fried et al. [38]. Additional
evidence of the validity of our findings is that the correlates of infant temperament in this study,
e.g., maternal depression and home environment, have also been reported by other researchers
[16,54,60,88].

Our findings of changes in neurobehavioral and neurophysiological function at birth and
temperament at the 1-year assessment are consistent with the hypothesis that PCE affects
arousal, attention, mood, and state regulation through changes in neurotransmitter systems
[46,47,57,77]. This hypothesis has also been supported in animal studies [1,8,15,30,63,67,
85,86,92,94]. The prefrontal cortex is one site that is thought to control arousal, attention, and
mood, as well as executive functioning (the ability to plan and carry out actions) [17,23]. As
the children in this cohort develop, we use more specific measurements designed to assess the
domains controlled by the prefrontal cortex in order to test this hypothesis.

This study represents an improvement over previous studies because of its prospective design,
large number of subjects, and statistical control for confounding factors. The study design also
allows us to assess light to moderate levels of PCE and the effect of the timing of exposure on
infant development. Women enrolled in this project represent a healthy population from a
prenatal clinic and all women received prenatal care by their fourth or fifth month of pregnancy.
Additionally, all women were interviewed at the same time points and at frequent intervals to
minimize recall bias. Furthermore, the interview techniques have been used in previous studies
of substance use in pregnancy and have been shown to be reliable and valid [25,28,71].

A potential limitation of this study is that biological measures were not used to document drug
use. While it is possible that some women who used drugs denied use on interview and were
misclassified, this would reduce the differences between groups and would not affect the
significant findings in this report. In addition, while urine screening can identify women who
deny use, it fails to detect many cocaine users because of the short time period for detection,
about 3 days [44,91]. Our interviews identified a higher percentage of users than did urine
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screening [73], a finding also reported by Lester et al. [50] and Zuckerman et al. [96]. Detailed,
confidential interviewing close to the time of use is an effective way to identify users and to
characterize the quantity, timing, and pattern of use, especially during the first trimester [70,
74]. Moreover, our rates of cocaine use and our findings are comparable to reports from other
studies of PCE.

Another issue to consider is whether the association between PCE and maternal ratings of infant
temperament reflects the infant’s behavior or the mother’s perception of the infant’s behavior.
We found that PCE predicted the mother’s ratings of the infant’s behavior, but not the
examiner’s ratings. One possible explanation for this difference is that the ICQ [7] and the IBR
[9] are measuring different aspects of the infant’s behavior. On the ICQ, the mother is asked
to rate how her infant typically acts in a variety of settings. The items focus on irritability and
fussiness in different settings and on adaptation to new situations. By contrast, the examiner
rates the infant on the IBR in terms of how s/he behaved solely during the BSID administration.
In addition, the items reflect different aspects of behavior than are measured on the ICQ, for
example, object orientation and activity. Another possible explanation for the different findings
between the two measures is that women who use cocaine have different psychological
characteristics than women who do not use cocaine and therefore they perceive their infant’s
behavior differently. PCE and depression were not related in our study, and other studies have
also not found differences in psychological characteristics between women who used cocaine
prenatally and those who did not [52,76,82]. Maternal depression was associated with infant
temperament in our study, but when we controlled for maternal depression, PCE was still a
significant predictor of temperament.

This study used the 1969 version of the BSID because the BSID-II was not available at the
time these data were beginning to be collected. The outdated 1969 BSID norms contribute to
inflated scores: The mean MDI and PDI scores for this sample were approximately one standard
deviation above average. However, this does not affect the finding of an association between
PCE and the BSID PDI scores.

This report of prenatal exposure to light to moderate levels of cocaine documents effects of
cocaine use on infant temperament and motor development. The associations with
temperament are particularly important as previous literature has shown that aspects of infant
temperament, such as difficultness and unadaptability, are associated with later behavior
problems [31,80,81]. Future reports from this cohort will address the development of the
children at 3, 7, and 10 years of age, when we evaluated physical, cognitive, and behavioral
development.
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Infant Characteristics

Age at assessment

Gender

Number of illnesses

Number of injuries

Number of hospitalizations

Current Maternal Characteristics
Age

Race

Education

Marital status

Work status

Social support

Depression

Height

Current Environmental Characteristics
Number of children in the household
Adult male in the household
PROCESS developmental stimulation
Family income

Adequacy of the BSID®

Current Substance Use

Cocaine

Alcohol

Tobacco

Marijuana

Other illicit drugs

Prenatal Substance Use (for each trimester)
Cocaine

Alcohol

Tobacco

Marijuana

Other illicit drugs

aIBR judgement of test as being indicator of child’s characteristics
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Table 2
Prevalence of Cocaine Use (%)
- . Level of Use

Time Period None Occasional® Frequentb
Year prior to pregnancy (N = 261) 55.6 234 211

First trimester (N = 261) 59.0 22.6 18.4
Second trimester (N = 234) 92.7 3.0 4.3

Third trimester (N = 258) 89.1 4.7 6.2
One-year follow-up (N = 261) 85.1 7.7 7.3

a . . .
Occasional: > 0 and < 1 line/day or gram equivalent of crack

b . . .
Frequent: >1 line/day of cocaine or gram equivalent of crack
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No cocaine use 1% trimester

Cocaine use 1% trimester

First Trimester Characteristics N =154 N=107
Mean Age (yrs) 24.0 2637
Mean Education (yrs) 12.1 119
% Caucasian 59.7 44.9
% Married 27.3 13.1**
% Work/Attend School 46.8 336"
% Income < $500/month 40.5 604"
% Drink Alcohol 56.5 89.7°"
Mean # Drinks/Day .36 2,0***
% Smoke Cigarettes 44.2 748"
Mean # Cigarettes/Day 6.2 10.6***
% Use Marijuana 16.9 551"
Mean # Joints/Day .07 _49***
% Use Other Drugs (excluding cocaine) 3.2 112"
Never Used? Stoppedb Continued®
Third Trimester Characteristics N =144 N =61 N =28
Mean Education (yrs) 121 12.0 119
% Caucasian 61.8 62.3 10.7
% Married 31.2 16.4 1077
% Work/Attend School 16.0 115 7'}**
% Income < $500/month 43.6 60.7 78.6
% Drink Alcohol 31.9 52.5 60.7°°"
Mean # Drinks/Day .05 13 12"
% Smoke Cigarettes 37.3 67.2 77.8***
Mean # Cigarettes/Day 5.6 9.0 8.6
% Use Marijuana 6.2 16.4 3217
Mean # Joints/Day .02 A1 07

a_. . . .
Did not use cocaine during any trimester

b A .
Used cocaine first trimester only

c . ] o
Used cocaine both first and third trimesters

*
p<.05

Fk

p<.01

Fokk

p <.001
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No cocaine use 1%

Cocaine use 1% trimester

trimester
N =154 N= 107
Gestational age (wks) 40.0 3937
Birth weight (gms) 3361.2 31433
% Premature (< 37 wks) 3.2 1037
% Low birth weight (<2500 gms) 5.2 121°*
Age (mos)a 14.5 14.6
Weight (Ibs)? 235 233
Height (ins)® 30.7 305
Head circumference (ins)2 18.6 18.6
BSID Mental Development Index? 1153 1129
BSID Psychomotor Development Index® 114.7 0.7,
ICQ Scale: Fussy/Difficult® 29.2 310,
ICQ Scale: Unadaptable® 15.7 173,
1CQ Scale: Persistent® 13.0 13.9
Never? Stoppedc Continued®

. N =144 N =61 N = ,%Q
Gestational age (wks) 40.1 40.1 39.3
Birth weight (gms) 3359.9 3345.6 3056.0**
% Premature (< 37 wks) 35 3.3 14,3**
% Low birth weight (<2500 gms) 5.6 4.9 143
Age (mos)? 14.5 14.5 15.9
Weight (Ibs)? 235 23.2 24.2
Height (ins)® 30.7 30.8 30.9
Head circumference (ins)2 18.6 18.6 18.7
BSID Mental Development Index? 115.6 114.5 109.6
BSID Psychomotor Development Index® 1154 112.9 1083
ICQ Scale: Fussy/Difficult? 29.1 29.5 335
ICQ Scale: Unadaptable® 15.7 16.6 1837
ICQ Scale: Persistent® 13.0 13.5 14.4

a
Measured at 1-year follow-up phase
b_. . . .
Did not use cocaine during any trimester
c s .
Used cocaine first trimester only
dUsed cocaine both first and third trimesters
*
p<.10

*

*
p<.05

FokKk

p<.01
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No Cocaine Use Cocaine Use

N= 222 N=39
Mean Age (yrs) 26.6 282"
Mean Education (yrs) 12.2 12.0
% Caucasian 53.4 58.3
% Married 29.7 13.9
% Work/Attend School 40.2 27.8
Mean Income/Month ($) 847 795
Depression (total CES-D score) [68] 19.6 221,
Hostility (total STAI score) [84] 17.4 20.7
PROCESS Developmental Stim. [18] 452 432"
% Drink Alcohol 76.1 94_9**
Mean # Drinks/Day 76 2_4**
% Smoke Cigarettes 51.8 89.7***
Mean # Cigarettes/Day 7.9 14_4::
% Use Marijuana 23.9 61.5
Mean # Joints/Day 13 177
% Use Other Drugs (excluding cocaine) 7.7 12.8
*

p<.05
*k
p<.01
*kk
p <.001
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Table 6
Significant Predictors of Growth?
Raw Beta Standardized Regression Coefficient

Weight (Total R = .22
Child age at assessment 41 .33
Gender 131 22
Maternal height 19 19
Maternal depression -.04 -.15
Height (Total R? = .47)
Child age at assessment 10.72 .63
Maternal height 2.50 17
Gender 11.20 13
Maternal depression -.52 -12
Prenatal tobacco use

1% trimester -.61 -14

2" trimester —.44 -.09

3" trimester —-42 -.09
Head Circumference (Total R? = .34)
Gender 13.41 43
Child age at assessment 211 .33
Maternal height 1.01 .18
Prenatal alcohol use (2nd trimester) -6.37 -.14

a . . . . - T .
Listed in order of standardized regression coefficient, an indication of the magnitude of the effect.

b0=female; 1=male
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Raw Beta Standardized Regression Coefficient
Mental Development Index (MDI) (Total R? = .31)
Child age at assessment -2.32 —-.36
Adequacy of the BSIDP -13.70 —.22
Developmental stimulation .83 21
Race 4.60 14
Prenatal alcohol use
1% trimester -3.78 -14
3" trimester -5.70 -12
Man in household® -3.92 -12
Number of children in household -1.48 -.10
Psychomotor Development Index (PDI) (Total R =.13)
Child age at assessment -1.25 -.20
Prenatal alcohol use
1% trimester -4.28 -17
2" trimester -7.19 -.16
3" trimester —6.24 -13
Prenatal cocaine use
2" trimester -7.32 -12
Number of children in household -1.69 =11
Infant Behavior Record (IBR) Task (Total R? = .04)
Number of hospitalizations 71 13
Current maternal marijuana use -1.36 -13
Affect (Total R% =.02)
Prenatal marijuana use
1% trimester -1.22 -13
2" trimester —4.37 -17
3" trimester -2.82 -13
Activity (Total RZ = .03)
Child age at assessment .15 17

a . . . . - T .
Listed in order of standardized regression coefficient, an indication of the magnitude of the effect.

IBR judgement of test as being indicator of child’s characteristics (O=average to excellent; 1 = minimal or fairly adequate)

®PROCESS Scale [18]

dO:African American; 1=Caucasian

e
0=not present; 1=present
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Raw Beta Standardized Regression Coefficient

Unadaptable (Total R? = .16
Number of children in household .87 .18
Current maternal alcohol use 1.59 17
Maternal education —.60 -.16
Developmental stimulation® -.18 -15
Prenatal cocaine use

1% trimester 1.60 14

2" trimester 2.33 13
Prenatal marijuana use (3rd Trimester) 3.79 A1
Fussy/Difficult (Total RZ = .19)
Maternal depression .16 22
Current maternal alcohol use 2.33 .19
Number of hospitalizations 2.39 17
Developmental stimulation —.24 -.15
Child age at assessment -.38 =14
Marital status® 177 12
Prenatal cocaine use

2" trimester 2.99 12

3" trimester 2.61 12
Persistent (Total RZ = .11
Maternal depression .06 22
Man in household -.83 -.14
Current maternal tobacco use .04 13

aListed in order of standardized regression coefficient, an indication of the magnitude of the effect.
b

Bates et al. [7]
®PROCESS Scale [18]

dO=Not married; 1=Married
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