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This study investigated effects of prenatal cocaine exposure on infant sensorimotor development. One 

hundred and sixty-seven 12-month-olds (74 cocaine-exposed and 93 unexposed) were assessed using 

the Bayley Scales of Infant Development (BSID). Ninety-seven had previously been evaluated on the 

Movement Assessment of Infants and the Test of Sensory Functions in Infants at age 4 months. On the 

BSID, the cocaine-exposed infants performed less well on the Mental portion and were more fre- 

quently rated as behaviorally suspect. Cocaine-exposed infants also performed less well at four 

months on the motor and sensory measures. Early motor performance predicted 12 month BSI D men- 

tal, motor and behavioral outcomes. Cocaine exposure had an effect independent from confounders 

on general cognitive and specific motor and behavioral outcomes. 

sensorimotor development infant prenatal cocaine exposure 

INTRODUCTION tively new interest in teratogenic effects of 

prenatal cocaine exposure occurred in 

Investigators have recently began to study the response to the growing use, in the mid- 198Os, 

potential effects of prenatal cocaine exposure of a cheap, smokeable form of cocaine, 
on the development of infants (Chasnoff, “crack,” by women of childbearing age (Lane, 
Bums, Schnoll, & Bums, 1985). This rela- 1996). Although evidence indicates that pre- 
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natal cocaine exposure is associated with 
lower gestational age and growth parameters 
at birth, even after adjusting for prematurity 

(Lester, LaGasse, Freier, & Brunner, 1996), 
the few reports documenting longer term 
developmental effects have been contradictory 
(Chasnoff, Griffith, Frier, & Murray, 1992; 
Chiriboga et al., 1995; Hurt et al., 1995). 

A major issue in the developmental conse- 
quences of prenatal exposure to a potential 

toxin is that postnatal environmental factors 
also play an important role in determining 
long-term consequences. Sensorimotor skills, 

as opposed to skills such as language or social 
interactions, appear to have a greater neurobi- 
ological basis, may be relatively less affected 

by cultural factors, and may be less suscepti- 
ble to environmental influences (Singer, 
Yamashita, Lilien, Collin, & Baley, 1997). 

Thus, early sensorimotor skills may more 
directly reflect early effects from a potential 
neurotoxin such as cocaine. 

Volpe (1992) presented a convincing sum- 
mary of potential destructive neural effects 

secondary to fetal cocaine exposure. Although 
it was recognized that prenatal development of 
the central nervous system is susceptible to 

multiple influences, Volpe argued that in the 
case of prenatal cocaine exposure, the neuro- 
logic system is significantly affected by fetal 
hypoxemia, caused by impaired placental 
blood flow, that results in impaired fetal cere- 

brovascular autoregulation. Such impairments 
make the fetus highly vulnerable to changes in 
blood pressure and may lead to hemorrhages 
in the immediate neonatal period (Singer, 
Yamashita, Hawkins, Cairns, Baley & Klieg- 
man, 1994). Additionally, constriction of 
blood vessels after cocaine exposure, docu- 
mented in animals (Woods, Plessinger, & 
Clark, 1987), decreases oxygen and nourish- 
ment to the fetus, potentially reducing prenatal 
brain growth. 

Several studies have implicated reflexive 
and motor development as specific compo- 
nents of neurobehavior through which effects 
of prenatal cocaine exposure might be 
detected. One measure frequently used to 

assess early reflexive and motor development 

in drug exposed populations is the Movement 
Assessment of Infants (MAI). The MA1 sys- 
tematically evaluates muscle tone, primitive 
reflexes, automatic reactions, and volitional 
movements during the first year of life. 

Schneider and Chasnoff (1992) tested 30 
full-term 4-montb-olds prenatally exposed to 

cocaine and compared their scores on the MA1 
with scores from 50 unexposed infants 

selected from a convenience sample. The two 
groups differed significantly on the total risk 
score, with the exposed infants acquiring 

higher risk scores on the muscle tone, primi- 
tive reflexes, and volitional movements sub- 
scales. Rose-Jacobs, Frank, Brown, Cabral, 
and Zuckerman (1994) also reported compari- 

sons of cocaine-exposed and unexposed 
infants at 4 months of age on the MAI. Term 
infants participating in this study were classi- 

fied as either heavily cocaine-exposed, lightly 
cocaine-exposed, or unexposed. Using a 
regression model, an overall cocaine effect 

was found for the volitional movements sub- 
scale, with more heavily exposed infants hav- 
ing significantly poorer mean scores then 
either the more lightly exposed or the unex- 
posed. 

In a longitudinal study through 15 months, 
Fetters and Tronick (1996) compared 28 
cocaine-exposed infants to 22 unexposed 

infants who were repeatedly measured on the 
MAI, the Alberta Infant Motor Scale (Piper & 

Darrah, 1995), and the Peabody Developmen- 
tal Motor Scales (Folio & Fewell, 1983). 
Cocaine exposure had a significant negative 

effect on motor performance in late infancy. 
The effect, however, was relatively small when 
compared to the poor motor performance of 
both exposed and unexposed groups based on 
age norms. 

Although the evidence is mounting to indi- 

cate cocaine produces adverse short-term out- 
comes, little data are available on long-term 
consequences. Singer et al. (1997) have 
reported that children exposed prenatally to 
cocaine displayed delays in later development 
when measured on more general measures of 
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development, such as the Bayley Scales of 

Infant Development (BSID). Other investiga- 
tors, however, report no negative effects on 
the BSID performance attributable to cocaine 
exposure. Chasnoff reported that cocaine- 
exposed infants were similar to unexposed 
infants on the BSID at 24 months of age 
(Chasnoff et al., 1992) and on the Stanford- 
Binet Intelligence Scale at 36 months of age 
(Azuma & Chasnoff, 1993). Hurt et al. (1995) 
found that, in follow-up through 30 months, 
BSID Mental and Motor index scores did not 
differ between a cocaine-exposed and a unex- 
posed group of low socioeconomic status, but 
that the scores of both groups were substan- 
tially lower than published means from chil- 
dren of higher socioeconomic status. 
Jacobson, Jacobson, Sokol, Martier, and 
Chiodo (1996) found no effect on BSID Men- 
tal or Motor scores based on the presence or 
absence of cocaine exposure. 

In summary, previous findings suggest that 
cocaine-exposed infants may be at risk of 
delays in sensorimotor development. Studies 
of cocaine-exposed infants, however, have 
often not extended to the long term assessment 
of outcomes and those longitudinal studies 
that have been published often have inade- 
quate sample sizes, high attrition rates, contra- 
dictory findings, and other methodological 
problems (Neuspiel, 1995). 

The present study reports findings from 
first year assessments of a longitudinal study 
of motor development in a group of cocaine- 
exposed children. Given the potential for 
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cocaine to produce early deficits in sensorimo- 

tor development beyond those associated with 
other risk factors and that those deficits may 
negatively influence later development, we 
chose to test the following hypotheses: (a) 
cocaine-exposed infants will perform less well 
than a comparable group of unexposed infants 
at 1 year of age on standardized developmen- 
tal measures of sensorimotor development, (b) 
a cohort of cocaine-exposed infants tested at 4 
months of age will perform less well on stan- 
dardized, normative tests of sensory and motor 
functioning, and (c) a relationship between 
prenatal cocaine exposure and development 
will remain after controlling for potential con- 
founders. 

METHOD 

Participants 

This study incorporated a prospective, 
cohort-sequential design (see Table 1). Infants 
and young children were recruited simulta- 
neously into two age cohorts of newborns and 

1-year-olds. Both cohorts included cocaine- 
exposed infants and a comparison group of 
unexposed infants recruited from the same 
hospital-based population. The study was 
approved by the Institutional Review Board of 
the participating hospital and written informed 
consent was obtained for all participants. 

Mothers and infants were recruited from 
either the newborn nursery at the time of 

TABLE 1 
Study design: Type of test administered by cohort 

4 Month Visit 1 Year Visit 

COHORT 1 TSFI & MAI BAYL!ZY (MDI, PDI & IBR) 

(50/78) (41/56) 

COHORT 2 BAYLEY (MDI, PDI & IBR) 

(33/37) 

Numbers in parenthesis are number of cocaine-exposed and unexposed infants, respectively. 
TSFI = Test of Sensory Functions in Infants; 

MAI = Movement Assessment of Infano; 
BAYLEY = Bayley kales of Infant Development 
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delivery or at a well-baby visit within the first 
year after delivery. Drug exposure was deter- 
mined by a combination of medical chart 
review, maternal and/or infant urine toxicol- 
ogy results, and/or clinical interviews. Urine 
samples were obtained in the prenatal clinic or 
at the time of delivery through a hospital 

screening protocol based on the following risk 

factors: lack of adequate prenatal care, precip- 
itous delivery, history of drug use, self- 
reported drug use, previous involvement with 
the Department of Human Services concem- 
ing abuse/neglect of children, intoxication 
apparent to hospital staff, or impaired cogni- 
tive/emotional functioning. Samples were ana- 
lyzed by enzyme immunoassay using the Syva 

Emit method (Syva Company, Palo Alto, Cali- 
fornia), with assays performed for cocaine, 

barbiturates, amphetamines, marijuana, and 
heroin. When compared with an anonymous 
urine screen conducted at the same hospital, 

95% of positive women were identified by this 
combination of clinical indications, chart 
review, and voluntary urine testing. 

Initially, 22 1 participants were recruited, 9 1 
cocaine-exposed and 130 unexposed. Nine 

infants, all cocaine negative, were excluded 
because the mother was less than 17 years old. 

Two additional pairs (one cocaine-exposed 
and one unexposed) were excluded because 
the infant weighed 1500 grams or less at birth. 

All mothers whose records or interview identi- 
fied primary psychiatric problems or low intel- 

lectual status, those who were positive for 
HIV, and whose drug tests were positive for 
PCP, amphetamines, barbiturates or heroin 
were excluded (n = 10). Women who used 
alcohol, tobacco, or marijuana during preg- 
nancy were retained in both groups. Thus, 200 
infants were scheduled for visits at 4 and/or 12 

months (corrected ages) for testing. 

Thirty-one of 128 (24%) eligible 4-month- 

old infants did not return for the 12 month 
assessment. Of these, 9 (18%) were cocaine- 
exposed and 22 (28%) were unexposed. Two 
participants from the 12 month cohort who 
began the 12 month assessment were unable to 
complete the testing. Figure 1 includes a 

breakdown of the cocaine status of the final 
group of 167. 

Measures 

Maternal and infant demographic and med- 
ical characteristics were collected from medi- 

cal records. These included maternal age, race, 
gravidity, number of prenatal visits, and type 
of medical insurance. Infant birth outcomes 
included APGAR score, gestational age, 
length, weight, gender, and head circumfer- 
ence. 

The Maternal Post-partum Drug Interview 
(Streissguth, 1986) was administered to 84 
mothers whose infants were recruited at birth 
to identify and quantify maternal drug use. 
Mothers were asked to recall the amount and 
frequency of drug use per day for the month 
prior to conception and for each trimester of 
pregnancy. For tobacco use, mothers were 
asked to recall the number of cigarettes 
smoked per day, since it was assumed that 
those who smoked did so every day. Fre- 
quency (number of days) of use for alcohol, 
marijuana, and cocaine use was recorded for 
the same period. The number of marijuana 
joints per day and the number of drinks of 
beer, wine, or hard liquor per day, were also 
recorded. For cocaine, the number of “rocks” 
and amount of money spent was also com- 
puted. The frequency of use was then multi- 
plied by the amount used per day to compute a 
severity of use score. Scores from one month 

prior and the trimesters were then averaged for 
a mean total severity of use score over the 
entire pregnancy for each drug. Finally, the 
scores were subjected to a logarithmic trans- 
form to normalize distribution. 

The following measures were administered 
by examiners blinded to drug exposure status: 

The Movement Assessment of Infants 
(MAI) provides a detailed and systematic 
assessment of motor behavior during the first 
year of life (Chandler, Andrews, & Swanson, 
1980). The 65 item test evaluates muscle tone, 
primitive reflexes, automatic reactions, and 
volitional movements from a quantitative and 
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qualitative perspective. Infants’ reflexes, reac- 

tions, and movements are rated on a 4 part 

ordinal scale from most to least mature. Mus- 

cle tone is rated on a 6 part scale, ranging from 

hypotonic through normal to hypertonic. In all 

areas left/right asymmetries are recorded, 

while in the muscle tone section upper versus 

lower extremities distribution variations are 

also scored. Although normative data are not 

available, there is an a priori profile for the 4 
month age group. A risk point is given for 

each item scored in the questionable range in 
each of the four categories and summed for a 

total risk score. All of the MA1 exams were 

administered by the same licensed physical 

therapist. 

The Test of Sensory Functions in Infants 

(TSFI) is specifically developed to assess sen- 

sory processing and reactivity in 4 to 18 month 

old infants (DeGangi & Greenspan, 1989). 

The 24 items evaluate response to tactile deep- 

pressure, visual-tactile integration, adaptive 

motor, ocular motor, and reactivity to vestibu- 

lar stimulation. All TSFI exams were adminis- 

tered by the same occupational therapist, who 

was certified to administer the test. 

The Bayley Scales of Infant Development 
(BSID) are well-established measures of over- 

all infant cognitive and motor development 

(Bayley, 1969). The Bayley scales consists of 

three parts: Mental (PDI), Motor (MDI), and 
Infant Behavior Record (IBR). The Mental 

scale is a widely used measure of cognitive 

development designed to assess, among other 

abilities, sensory-perceptual activities and dis- 

criminations and the ability to respond to the 

environment. Raw scores on the Mental scale 

are converted into a standardized Mental 

Development Index (MDI) score. The Motor 

scale is designed to provide a measure of gross 
motor control, coordination abilities, and fine 

motor manipulatory skills. Performance on the 
Motor scale produces a standardized Psycho- 

motor Development Index (PDI) score. All of 

the Bayley exams were administered by the 

same research assistant, who had been trained 

by the first author. 

The Infant Behavior Record of the BSID 

assesses the nature of the infant’s orientation 
towards the environment on descriptive rating 
scales of attitudes, interests, emotions, energy, 

activity, and tendencies to approach or with- 
draw from stimulation. Wording and scoring 
criteria of the individual items varies. We, 

therefore, chose to use a combination of two 
methods, employing factors derived from the 

IBR by Matheny (1980) and IBR risk scores 
developed by Wolf and Lozoff (1985), to 
determine whether any group differences 
could be found on the IBR and whether any 
statistical differences were clinically relevant. 

Matheny (1980) conducted a principal 

components analysis of the 25 IBR items that 

are rated on a five- or a nine-point scale and 
derived five major factors used in the present 

analyses: Test Affect, Activity, Task Orienta- 
tion, Audio-Visual Coordination, and Motor 

Coordination. For the present study, the score 
a child received on each of these five factors 
was the sum of raw scores for those items 

loading on that factor. 

Wolf and Lozoff (1985), identified scores 
on the IBR items that were atypical or deviant 

from the norm. In addition, they developed a 
summary variable (General Suspect), a combi- 
nation of Matheny’s (1980) Test Affect and 

Task Orientation factor scores, to represent a 
best single indicator of risk. Suspect scores 
were summed within the five factors devel- 
oped by Matheny and the General Suspect fac- 
tor developed by Wolf and Lozoff to 
investigate clinical relevance of group differ- 
ences. 

Data Analyses 

Group Differences 

Groups were compared on demographic 
characteristics using t tests for continuous data 
and x2 analyses for categoric variables. To 
investigate differences in group means on the 

BSID, separate analyses of variance were con- 
ducted on MD1 and PDI scores. Separate mul- 



632 INFANT BEHAVIOR & DEVELOPMENT Vol. 21, No. 4,1998 

tivariate analysis of variance (MANOVA) of 
the six IBR factors were done, using those 
items that make up each factor as dependent 
variables and cocaine status as the indepen- 
dent variable. MANOVA’s of IBR factors were 
run using raw scores first and then with items 
coded as suspect or non-suspect. 

For those infants who were assessed on the 
MA1 and TSFI, MANOVA’s, using the 4 sub- 
scales on the MA1 or the 5 subscales on the 
TSFI as dependent variables and drug status as 
the independent variable, were used to investi- 
gate group differences. Pearson product- 
moment correlations between 4 month mea- 
sures and 12 month measures were then calcu- 
lated to explore the relationships between 

early and later measures. 

Confounding Variables and 

Multivariate Analyses 

The following variables were considered as 
possible confounders: infant race and gender; 
maternal number of prenatal care visits, mari- 
tal status, age at delivery, and education; fam- 
ily income and number of persons living in the 

home. Birth outcomes, including 5 minute 
APGAR score, gestational age, birth weight, 
length, and head circumference were also 
examined as potential confounders and possi- 
ble mediators. Because of the known preva- 
lence of polydrug use among cocaine users, 
severity of cigarette, alcohol, and marijuana 
use was also examined. 

For outcomes on which significant group 
differences were found, a check of relation- 
ships between possible confounding variables 
and outcome variables was conducted, using a 
correlation at the p < 0.1 significance level 
suggested by Jacobson and Jacobson (1995) as 
the criterion. Those variables that correlated 
with the outcomes were then entered into a 
series of hierarchical multiple regression anal- 
yses to assess whether the effects of cocaine 
remained significant after controlling for all 
potential confounders. Demographic and pre- 
natal confounding variables were entered first, 
followed by birth outcomes. Severity of prena- 

tal cigarette, alcohol, and marijuana exposure 
were entered next, in that order, with cocaine 

exposure/non-exposure and the summary mea- 
sure of severity of cocaine use entered alter- 
nately on the last step. 

RESULTS 

Demographic groups differences are shown in 
Table 2. There were no significant differences 
in maternal education, ethnicity, or marital sta- 
tus. Cocaine using mothers were significantly 
older, had higher parity, and received less pre- 
natal care. 

All families were receiving public assis- 
tance in one or more forms. There were no sig- 
nificant differences in the source of family 
income between groups. The large majority of 
both groups were receiving Aid to Dependent 
Children (ADC) as their primary means of 
support (89% of the exposed vs. 78% of the 
unexposed). This subsidy provided the family 
an income between $5,000 and $10,000 a 
year, based on family size. Although some of 
the mothers reported that either they or their 
partner had work income (9% of the cocaine 
users and 20% of the non-users), all of the 
children, both cocaine-exposed and unex- 
posed, qualified for Medicaid assistance. Fam- 
ilies receiving Medicaid through this program 
(Healthy Start) were limited to a reported 
income of $10,000 to $20,000 a year, depend- 
ing on the size of the family. 

Newborns exposed to cocaine were born at 

shorter gestation. Infant head circumference 

and weight at birth were not significantly dif- 

ferent after adjusting for gestational age. The 

cocaine-exposed group had a significantly 

shorter mean birth length, even after adjust- 

ment for gestational age. 

There were no differences in head circum- 

ference, birth weight, birth length, or 5 minute 

APGAR between those infants seen only at 

the four month assessment versus those seen 

at both four and twelve month assessments. 

There were no significant differences between 

those participants who were seen only once 
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TABLE 2 
Sociodemographic characteristics of cocaine-exposed and unexposed groups 

Maternal age M (SD) 

Exposed 

(n = 74) 

28.OC5.0) 

Unexposed 

(n = 93) 

23.0(5.5) 

t, F or x2 test 

fdfl 

tf159) = 6.1*** 

Parity M (SD) 

Prenatal visits M (SD) 

Marital Status f%) 

Married 

Single 

Divorced 

Separated 

Widowed 

Other (Common Law, Unsure) 

Maternal Ethnicity (%) 

Black 

White 

Hispanic 

Other(Mixed/Oriental) 

Maternal Education (%) 

Less than High School 

High School 

College 

Yearly Income (%) 

SO-$1 0,000 

$1 o,ooO-$20,000 

Greater than $20,000 

Work Status (%) 

Full time 

Part time/at home 

Unemployed 

No of People living in Home M(SD) 

Newborn’s Gender f% Female)) 

Infant M(SD 

Gest. age (weeks) 

5 Minute APCAR 

Head Circ.a (cm) 

Birth Weighta (grams) 

Birth Lengtha (cm) 

’ Gestational age covaried; 

*p < .05 ‘p < .Ol ***p < ml. 

2.7t1.8) 

3.9(4.5) 

10 

76 

4 

9 

0 

1 

99 

0 

0 

36 30 

45 40 

19 30 

89 78 

9 20 

2 2 

7 11 

11 15 

82 74 

4.3l2.4) 4.2f1.7) 050) = 0.17 

47 44 x2(1) = 0.1 

37.7t2.2) 38.90.8) 059) = 4.0*** 

8.7f1.2) 8.8fO.7) 1(144) = 0.6 

32.9(0.2) 33.4tO.2) 41, 148) = 2.7 

2978(58) 31 OS(50) ft1,152) = 2.8 

1.6(1 .O) tfl64) = 4.9*** 

7.4f3.2) tfl57) = 5.7*** 

x2(5) = 7.0 

13 

82 

2 

0 

2 

x2(3) = 4.0 

92 

6 

x*(2) = 4.7 

x2(2) = 4.9 

x2(2) = 5.2 

47.7to.31 48.8fO.2) F(1, 148) = 6.6* 



634 INFANT BEHAVIOR & DEVELOPMENT Vol. 21, No. 4,1998 

and those who were seen at both times on 

MA1 and TSFI scores. 

Severity of Drug Exposure 

Mothers who used cocaine (C), when com- 
pared to non-users (NC), also smoked more 
cigarettes per day (C M = 10.3 (SD = 11.2) and 
NC M = 0.9 (SD = 2.1), t(38) = 5.0, p < .OOl), 
consumed more alcoholic drinks per week (C 
M = 2.0 (SD = 1.7) and NC M = 0.2 (SD = 
0.5), t(40) = 6.1, p c .OOl) and used more mar- 
ijuana joints per week (C M = 0.9 (SD = 1.6) 
and NC M = 0.0 (SD = O.l), t(34) = 3.4, p c 
.OOl). These results are consistent with prior 
reported patterns of polydrug use among preg- 
nant women who use cocaine (Singer et al., 
1997). 

Developmental Outcomes 

Twelve-Months 

At 1 year of age, there was a trend for the 
cocaine-exposed infants to perform less well 
than the unexposed infants (103.6 vs. 107.6) 
on the MD1 scores, t(165) = -1.88, p = .06. 
The mean scores of both groups, however, fell 
within the normal range. The difference in the 
groups’ PDI scores (101.2 vs. 104.5), while in 
the same direction, was not significant. Given 
the difference in the groups’ level of prematu- 
rity, analyses were repeated adjusting for ges- 
tational age. When gestational age was 
covaried, the cocaine-exposed group also dis- 
played a trend for lower PDI scores (see Table 

3). 
Results of separate multivariate analysis of 

variance using IBR raw scores identified sig- 
nificant differences on the Activity, Task Ori- 
entation, Visual, Motor, and General factors. 
After adjusting for gestational age, the Activ- 
ity, Audio-Visual, and General remained sig- 
nificant, the Task Orientation and Motor 
factors were reduced to a trend, and the Affect 
factor became significant (see Table 3). 

When the IBR factors were coded as sus- 
pect or non-suspect, the cocaine-exposed 

group exhibited significantly greater suspect 
behavior on the Activity, Audio-Visual, Test 
Orientation, and General factors. When gesta- 
tional age was added as a covariate, the contin- 
ued difference on the Activity factor, t( 1,148) 
= 3.2, p < .OOl, indicated that the infants in the 
cocaine-exposed group were more often 
viewed as inactive or listless relative to the 
unexposed infants. The continued difference 
on the Audio-Visual factor, t(1,148) = 2.6, p c 
.Ol, after controlling for gestational age indi- 
cated a lower interest in sights, sound, and/or 
tactile exploration among the cocaine-exposed 
group as compared with the unexposed group. 
The General factor also remained significant, 
t( 1,148) = 2.0, p < .05. 

Four-M on ths 

In a MANOVA, the cocaine-exposed group 
performed significantly more poorly on the 
TSFI and the MA1 than the unexposed group, 
F(5, 88) = 2.9,~ < .05 and F(4, 90) = 2.8,~ < 
.05, respectively. Both results remained signif- 
icant after adjusting for gestational age. On the 
MAI, differences were most evident on the 
primitive reflexes (3.1 vs. 2.2, t(93) = 2.0, p < 
.05) and automatic reactions (1.5 vs. 0.8, r(93) 
= 2.6, p < .Ol) subscales, with the cocaine- 
exposed group displaying greater risk on both. 
On the TSFI, the cocaine-exposed group 
showed significantly poorer performance on 
the reaction to tactile stimulation (9.1 vs. 9.5, 
t(92) = 2.3, p c .05), adaptive (7.2 vs. 8.3, 
t(92) = 2.3, p c .Ol), and visual (7.6 vs. 8.5, 
t(92) = 2.8, p c .Ol) subscales. 

Correlations Between 4- and 72- 
Month Outcome 

The 4 month MA1 Total Risk score corre- 
lated significantly with all three scores from 
the 12 month Bayley (for MD1 r = -.23, p < 
.05; for PDI r = -.36, p < .Ol; for IBR General 
Risk Factor r = .24, p < .05). The TSFI total 
score did not significantly correlate with any 
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TABLE 3 

Group differences on Bayley scales of infant development 

Exposed 

(N = 74) 

M LSD) 

Unexposed 

(N = 93) 

M (SD) t or f Test 

Test age (months) 

MDla 

PDla 

IBR Facto? 

General 

Test affect 

Activity 

Orientation 

Audio-Visual 

Motor 

11.9 (0.6) 

103.8 (1.6) 

100.6 (1.7) 

3.4 (0.4) 

1.2 (0.2) 

0.6 (0.1) 

1.5 (0.2) 

1.5 (0.1) 

0.5 (0.1) 

12.1 (0.5) 

107.9 (1.5) 

105.0 (1.5) 

2.3 (0.3) 

0.9 (0.2) 

0.2 (0.1) 

1.1 (0.1) 

1.1 (0.1) 

0.4 (0.1) 

1(1 ,165) = 2.5 * 

F(1, 158) = 3.2 * 

F(1, 158) = 3.5 ’ 

F(15, 133) = 2.6” 

F(6, 142) = 2.3’ 

f(3, 146) = 3.5’ 

F(4, 145) = 2.2# 

F(3, 145) = 3.6’ 

F(2,147) = 2.7” 

MDI = Mental Development Index; 

PDI = Psychomotor Development Index; 

IBR = Infant Behavior Record; 

s C&rational Age Covaried; 

“p< .Ol; ‘p< .os; ‘P< .lO. 

of the Bayley scores. In regression analyses, 
neither gestational age nor any of the 4 month 
measures accounted for a significant amount 
of variance in 12 month scores. 

Confounding Variables 

The lack of group differences in maternal 
education, ethnicity, and marital status elimi- 
nated those variables from further consider- 
ation as confounders. Birth length did not 
correlate with any of the outcome measures. 
None of the confounding variables were corre- 
lated with the Bayley Mental or Motor Scores. 
The General Suspect Behavior score, how- 
ever, correlated with maternal age, r(148) = 
.16,p = .05, parity, r(154) = .13,p = .09, num- 
ber of prenatal visits, r(147) = -.14, p = .09, 
and infant gestational age, r(148) = -.13, p = 
.lO. On the IBR factors with significant group 
differences, none of the confounders corre- 
lated with Affect or Audio-Visual scores. 
Maternal age, parity, and number of visits cor- 
related with Activity scores, ~(145) = .24, p = 

.Ol, r(155) = .33, p = .OOl, r(148) = -.19,p = 

.02, respectively. 
Maternal age correlated with MA1 total 

score, r(88) = .18, p = .09. On subscales for 
which group differences were detected, num- 
ber of cigarettes and number of drinks per 
week correlated with Primitive Reflex scores, 
r(69) = .29, p = .Ol and 469) = .20, p = .lO, 
maternal age and number of visits correlated 
with Automatic Reactions, 489) = .20, p = .06 
and r(89) = -. 19, p = .06. 

Both gestational age and number of prena- 
tal visits correlated with the TSFI total score, 
~(92) = -.17, p = .09, and 488) = .19, p = .07. 
On those TSFI subscales that showed group 
differences, parity, number of prenatal visits, 
and number of joints per week correlated with 
Adaptive Motor scores, r(92) = -.19, p = .07, 
r(88) = .24, p = .02, r(66) = -.24, p = .05; 
number of prenatal visits and cigarettes per 
week correlated with Tactile-Visual coordina- 
tion scores, r(88) = .2O,p = .06, r(70) = -.27,p 
= .02; and cigarettes per week correlated with 
Tactile Reactivity scores, r(70) = -.21, p = .08. 
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Effects of Other Factors Versus 

Cocaine on Outcome 

To test the relative influence of confounders, 
including other drugs, versus cocaine exposure 
on outcomes, a series of hierarchical regression 
analyses were performed on those variables in 
which group differences were identified. In the 
first series, MAI, TSFI, MDI, PDI, and lBR 
General Suspect scores were used as the depen- 
dent variables. For each outcome, the appropri- 
ate confound variables, as described above, 
were entered on the initial steps. These were 
followed by severity of cigarette, alcohol, and/ 
or marijuana use where those drugs were identi- 
tied was a correlate of the outcome considered. 
On the final step cocaine exposure, coded as 
exposed or unexposed, and severity of use were 
alternately entered. 

The effect of gestational age was a signifi- 
cant predictor of the total score of the TSFI 

(see Table 4). Number of prenatal visits also 
showed a trend towards predicting TSFI total 
score. After consideration of all potential con- 

founders, cocaine exposure accounted for a 
trend in TSFI total score. Maternal age dis- 

played a trend towards predicting the total 
score of the MA1 and the IBR General Suspect 
score. 

Result of hierarchical regression on the 

TSFI subscales indicated that number of pre- 
natal visits predicted Adaptive Motor, while 

severity of cigarette use displayed a trend in 
predicting Tactile Responsivity and Visual- 

Tactile coordination (see Table 5). Cocaine use 
also showed a trend in predicting Adaptive 
Motor scores. On the MA1 subscales, severity 
of cigarette use predicted Primitive Reflexes, 
while maternal age and cocaine exposure, 
entered last, showed a trend towards predict- 
ing Automatic Reactions. On the IBR sub- 
scales, maternal age, number of visits, and 

parity predicted Activity scores. 

TABLE 4 
Hierarchical regression analyses predicting summary scores 

Variable B (SE) B AR2 

Criterion: TSFl 

Step 1: number of visits 0.21 (0.11) 

Step 2: gestational age -0.54 (0.26) 

Step 3: cocaine use 1.88 (1.02) 

Criterion: MAI 

Step 1: maternal age 

Step 2: cigarettes/week 

Step 3: cocaine use 

0.15 (0.09) 

0.99 (0.68) 

-1.75 (1.27) 

Criterion: IBR 

Step 1: maternal age 

Step 2: number of visits 

Step 3: parity 

Step 4: gestational age 

SteD 5: cocaine use 

0.08 (0.04) 0.15 

-0.08 (0.06) -0.11 

0.28 (0.17) 0.14 

-0.13 (0.13) -.08 

-0.67 (0.54) -0.11 

0.19 

-0.22 

0.20 

0.17 

0.21 

-0.17 

0.04# 

0.04’ 

0.04# 

0.03# 

0.05 

0.00 

0.02# 

0.01 

0.01 

0.00 

0.01 

MAI = Movement Assessment of lniants Total Risk Score 
TSFI = Test of Sensory Functions in Infants Total Score 

IBR = Infant Behavior Record General Suspect Score 

“p< .lO; l p< .05. 
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TABLE 5 

Hierarchical regression analyses predicting subscale scores 

Variable B 63 B AR’ 

TSFI 

Criterion: Tactile Responsivity 

Step 1: cigarettes/week 

Step 2: cocaine use 

Criterion: Adaptive Motor 

Step 1: number of visits 

Step 2: parity 

Step 3: marijuana joints/week 

Step 4: cocaine use 

Criterion: Visual-Tactile 

Step 1: number of visits 

Step 2: cigarettes/week 

Step 3: cocaine use 

MAI 

Criterion: Primitive Reflexes 

Step 1: cigarettes/week 

Step 2: drinks/week 

Step 3: cocaine use 

Criterion: Automatic Reactions 

Step 1: maternal age 

Step 2: number of visits 

Step 3: cocaine use 

IBR 

Criterion: Activity 

Step 1: maternal age 

Step 2: number of visits 

Step 3: parity 

Step 4: cocaine use 

-0.13 (0.07) 

0.30 (0.27) 

0.12 (0.05) 0.24 0.06’ 

-0.20 (0.14) -0.15 0.02 

-1.02 (0.76) -0.17 0.05 

0.81 (0.46) 0.19 0.03# 

0.07 (0.04) 

-0.27 (0.16) 

0.72 (0.61) 

0.57 (0.22) 

-0.08 (0.50) 

-0.61 (0.83) 

0.04 (0.02) 

-0.05 (0.03) 

-0.55 (0.30) 

0.03 (0.01) 0.23 

-0.03 (0.01) -0.18 

0.14 (0.04) 0.28 

-0.05 (0.14) -0.04 

-0.20 

0.20 

0.20 0.04# 

-0.20 0.06’ 

0.22 0.02 

0.29 0.08’ 

-0.02 0.04 

-0.13 0.01 

0.19 

-0.17 

-0.22 

0.04# 

0.02 

0.04* 

0.03 

0.03# 

0.05” 

0.03’ 

0.07” 

0.00 

MAI = Movement Assessment of Infants Total Risk Score; 
TSFI = Test of Sensory Functions in Infants Total Score; 

IBR = Infant Behavior Record General Suspect Score; 

‘p < IO; ‘p < .05; “p < .Ol 

DISCUSSION juana. At 4 months of age, these drug exposed 
infants displayed poorer sensory reactivity and 

The current study found that infants exposed 
to cocaine during gestation were also more 
likely to be exposed to other known terato- 
gens, particularly, alcohol, nicotine and mari- 

an at-risk level of motor development in com- 
parison to a group of infants of similar race, 
gender, age, and socioeconomic status whose 
mothers did not use cocaine during pregnancy. 
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At 12 months, the drug exposed group showed 

a trend to perform less well than the unex- 
posed group on the mental portion of the Bay- 
ley Scales of Infant Development. Drug 

exposed 1-year-olds were also more likely to 
exhibit behavior rated atypical and less adap- 
tive than the comparison group. Because 
scores from the Bayley Mental Scale and the 

Affect and Audio-Visual subscales of the Bay- 
ley IBR were not correlated with any of the 

confounding variable, group differences on 
these outcomes may be independent effects of 
cocaine exposure. The early motor measure 
(MAI), but not the early sensory measure 

(TSFI) was significantly correlated with 12 
month outcome on the Bayley Scales. 

After accounting for confounders, cocaine 
exposure also accounted for a trend in the vari- 
ance of the TSFI total score, Adaptive Motor 

subscale of the TSFI, and the Automatic Reac- 
tions subscale of the MAI. Maternal age 

accounted for a tend in the variance of the 

MA1 total score and the IBR General score 
and, in addition to cocaine exposure, parity 
accounted for a significant proportion of vari- 
ance in the IBR Activity factor. The number of 
cigarettes smoked per week by mothers was a 
significant predictor of the MA1 Primitive 

Reflex subscale score, and a trend on the Tac- 
tile Responsivity and Visual-Tactile subscales 
of the TSFI. Because number of cigarettes rep- 
resents severity of exposure, these finding sug- 
gest a dose response. 

Differences on the Primitive Reflexes and 
Automatic Reactions subscales of the MA1 
suggest a disruption in the typical course of 
neurological maturation. Similarly, TSFI sub- 
scale differences suggest specific sensory dis- 
ruptions in children prenatally exposed to 
drugs. 

Differences found on the IBR suggest that 
the scale detected clinically relevant differ- 
ences in the behavior of 12-month-olds related 
to both prenatal factors such as maternal age, 
number of prenatal visits and parity, as well as 
4-month-old motor performance. Although 
scores from the Mental and Motor portions of 
the BSID are not considered predictive of later 

development, Wolf and Lozoff (1985) found 

relative consistency in the distributions of rat- 
ings between 6 and 30 months of age. 

Findings from the IBR factors also prompt 
the notion that differences reported in the per- 

formance of drug-exposed children may be 
related to low level of energy and movement 
(Activity), a relative lack of attention to sights 
and sounds (Audio-Visual), and difficulty in 

interactions with caregivers (Affect) related to 
at-risk prenatal factors. These results, how- 
ever, are also consistent with the model pro- 

posed by Lester and Tronick (1994) of 

negative prenatal drug exposure effects on an 
infant’s neuroregulatory capacity to control 
attention, arousal, affect, and action. Further 
follow-up of the infants will be necessary to 
determine if reliable differences in activity, 
attention, and affect associated with prenatal 

drug exposure can be identified at older ages. 

There are several limitations to the present 

study. Although presence or absence of 

cocaine exposure was established through a 
review of medical records that included urine 
drug testing and interviews, quantification of 
cocaine use and other drug use was based on 
maternal report, which may be unreliable 
(Zuckerman, Amaro, & Cabral, 1989). We had 

made extensive efforts to establish a rapport 
with the mothers and to assure them the infor- 
mation was confidential to minimize incen- 

tives to misrepresent use. In a study conducted 
on a different sample of infants born to women 
recruited from the same inner-city population, 
only 9 mothers of 143 identified cocaine users 
denied use and were subsequently identified 
through meconium analyses (Arendt, Singer, 
Minnes, Robinson, & Salvator, 1998). In other 
words, 94% of cocaine using women were 
identified by a similar combination of clinical 
indications, historical information, and volun- 
tary urine testing used in the current study. 

Another question arises, however, because 
of the retrospective nature of the drug data. 
Given the time between the actual drug use 
and the interview, it is likely that, even with a 
sincere effort, the mothers were able to pro- 
vide only rough estimates of their drug use. 
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Had we been able to collect more reliable 
information, either through prenatal inter- 
views, meconium or hair analysis, we would 
have had greater power to detect differences 
between infant outcomes. 

Although assessments were done by exam- 
iners masked to drug exposure status, infants 
were tested with their caregivers present and it 
may have been possible to identify exposure 
status from infant or caregiver’s characteristics 
or behaviors. The possibility of examiner bias, 
therefore, cannot be ruled out. 

Although the findings of early negative 
effects in motor development of drug exposed 
infants in this study support a neurological 
mechanism, it is important to note that the 
influence of environmental factors cannot be 
overlooked. This is particularly evident from 
the small amount of variance in the 12 month 
outcome scores accounted for by prenatal drug 
exposure. Other postnatal factors, such as 
parenting practices, life style, or maternal 
mental health, are likely to have varied 
between groups because of drug use (Singer et 
al., 1995) and these factors have a major role 
to play in a child’s development (Singer, 
Arendt et al., 1997). 
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