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Prenatal Drug Exposure:
Infant and Toddler Outcomes

Emmalee S. Bandstra, MD
Connie E. Morrow, PhD

Elana Mansoor, PsyD
Veronica H. Accornero, PhD

ABSTRACT. This manuscript provides an overview of the current scientific literature on the impact
of maternal drug use, specifically opioids and cocaine, during pregnancy on the acute and long-term
outcomes of infants and toddlers from birth through age 3 years. Emphasis with regard to opioids is
placed on heroin and opioid substitutes used to treat opioid addiction, including methadone, which has
long been regarded as the standard of care in pregnancy, and buprenorphine, which is increasingly being
investigated and prescribed as an alternative to methadone. Controlled studies comparing methadone
at high and low doses, as well as those comparing methadone with buprenorphine, are highlighted
and the diagnosis and management of neonatal abstinence syndrome is discussed. Over the past
two decades, attention of the scientific and lay communities has also been focused on the potential
adverse effects of cocaine and crack cocaine, especially during the height of the cocaine epidemic in
the United States. Herein, the findings are summarized from prospective studies comparing cocaine-
exposed with non-cocaine-exposed infants and toddlers with respect to anthropometric growth, infant
neurobehavior, visual and auditory function, and cognitive, motor, and language development. The
potentially stigmatizing label of the so-called “crack baby” preceded the evidence now accumulating
from well-designed prospective investigations that have revealed less severe sequelae in the majority
of prenatally exposed infants than originally anticipated. In contrast to opioids, which may produce
neonatal abstinence syndrome and infant neurobehavioral deficits, prenatal cocaine exposure appears
to be associated with what has been described as statistically significant but subtle decrements in
neurobehavioral, cognitive, and language function, especially when viewed in the context of other
exposures and the caregiving environment which may mediate or moderate the effects. Whether these
early findings may herald more significant learning and behavioral problems during school-age and
adolescence when the child is inevitably confronted with increasing social and academic challenges is
the subject of ongoing longitudinal research.
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INTRODUCTION

Substance abuse among women of child-
bearing age remains a significant concern in
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the United States and internationally. Accord-
ing to the 2006-2007 combined National Sur-
vey of Drug Use and Health (NSDUH), 5.2%
of pregnant and 9.7% of nonpregnant women
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between 15 and 44 years reported past-month il-
licit drug use.1 The current report focuses on the
infancy and toddler outcomes of in utero expo-
sure to two major illicit drugs of abuse: cocaine
and opioids. Because mothers who abuse these
and other illicit drugs also frequently use vary-
ing combinations of alcohol, tobacco, and other
drugs, polysubstance use is a salient part of any
discussion of the scientific evidence for adverse
effects of in utero exposure to drugs of abuse.

Large percentages of both pregnant and non-
pregnant women report past-month alcohol con-
sumption and tobacco smoking, despite ubiq-
uitous health warnings. An estimated 11.6%
of pregnant women and 53.2% of nonpregnant
women aged 15 to 44 years reported current al-
cohol comsumption.1 In utero exposure to al-
cohol, although legal, is extremely hazardous.2

Fetal alcohol syndrome (FAS) is the leading
identifiable, nonhereditary cause of mental re-
tardation in the Western world.3 The hallmarks
are growth retardation, distinctive mid-facial
anomalies, and mental retardation associated
with central nervous system (CNS) deficits.4 Fe-
tal alcohol spectrum disorder (FASD) is the um-
brella term for FAS, partial FAS, alcohol-related
birth defects, and alcohol-related neurodevelop-
mental disorders.5 Among women aged 15 to
44 years, 16.4% of pregnant and 28.4% of non-
pregnant women reported past month cigarette
use.1 Tobacco smoking by pregnant women
has also been implicated in animal and hu-
man studies in the pathophysiology of fetal
growth restriction and newborn neurobehav-
ioral deficits.6,7 Furthermore, passive exposure
of pregnant women to second-hand tobacco
smoke is potentially deleterious to fetal and in-
fant development.8−10

OPIOIDS (HEROIN, METHADONE,
AND BUPRENORPHINE)

There is no substantive evidence from ei-
ther preclinical or clinical studies that ma-
ternal opioid abuse during pregnancy causes
congenital malformations. However, detrimen-
tal fetal effects of heroin exposure in terms
of prematurity and intrauterine growth restric-
tion have long been recognized.11,12 Infants ex-

posed to heroin have decreased birth weight,
length, and head circumference compared to
non-exposed infants; infants born to methadone-
maintained mothers have higher birth weights
than those born to heroin-dependent mothers not
maintained on methadone.13 Kandall observed
that methadone maintenance improves neonatal
growth parameters compared to heroin-exposed
infants, but this may be partially explained by
improved prenatal care and other medical and
psychosocial factors.14

The National Institutes of Health Consen-
sus Panel considers methadone the standard of
care for pregnant opioid-addicted women, but
the most desirable dosing schedule continues
to be debated. In the early 1990s, the Cen-
ter for Substance Abuse Treatment Consensus
Panel recommended that methadone dosing be
individually determined to prevent withdrawal
in the mother.15 Some investigators advocate
a low methadone dosing regimen to reduce or
eliminate neonatal abstinence syndrome (NAS),
whereas others argue that lower doses may lead
to maternal withdrawal, craving, and supplemen-
tal use of illicit drugs, thus increasing fetal risk.
Dashe et al. reported a significant relationship
between maternal methadone dose and neonatal
abstinence scores, need for pharmacologic inter-
vention, and duration of hospital stay in affected
infants.16 In contrast, Berghalla et al. retro-
spectively reviewed 21 published investigations
on maternal methadone dosage and concluded
that maternal methadone dose, comparing <80
mg with ≥80 mg daily, does not correlate
with neonatal withdrawal.17

In 1996, buprenorphine was introduced in
France as an opioid substitute and, as discussed
in this supplement’s accompanying article on
the topic, maternal buprenorphine therapy is
being prescribed and investigated internation-
ally in the hopes of improving treatment and
decreasing maternal and neonatal side effects
of methadone maintenance. The logic behind
this assumption is that buprenorphine has mixed
agonist and antagonist properties with high
receptor affinity and low intrinsic activity, result-
ing in fewer or no autonomic signs and symp-
toms of opioid withdrawal following abrupt dis-
continuation in adults. In a review by Johnson
et al. of 21 published studies, including 309
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infants from 15 cohorts exposed in utero to
buprenorphine, 62% of the infants had NAS and
48% of those required therapy.18 The investi-
gators concluded that buprenorphine-associated
NAS is “similar to or less than” that result-
ing from methadone. Regardless of treatment
regimen, pregnant women and their fetuses un-
dergoing opioid substitution therapy should be
closely monitored by an addiction specialist
and an obstetrician experienced in such care
and supported by a multidisciplinary team. Fur-
thermore, because NAS is so common among
infants born to mothers using either illicit
opiates or prescribed opioid substitutes, physi-
cians and nurses should be well-trained to rec-
ognize and adequately treat withdrawal signs.
NAS usually relates to withdrawal from opi-
oids such as heroin or methadone, but other nar-
cotics, benzodiazepines, barbiturates, and even
alcohol can induce similar signs. The onset
of NAS is generally within 2 to 3 days of
birth, but may occur as late as 1 month post-
natal age. Clinically, NAS presents in 60% to
80% of infants exposed to heroin or methadone
and includes varying combinations of CNS,
gastrointestinal, metabolic, and autonomic
system disturbances. Seizures due to NAS are
easily controlled with anticonvulsants and sub-
sequent follow-up of affected infants at 1 year
has been shown to be comparable to that of
opioid-exposed infants with no seizures.19 Neu-
robehavioral effects among infants with prena-
tal opiate exposure include excessive sucking,
hypertonia, high pitched cry, difficulty being
consoled, irritability, and jitteriness.20,21 Central
and autonomic nervous system effects were of
greater magnitude among opiate-exposed infants
compared to those with cocaine exposure21 and
infants exposed to both appear to exhibit the
loudest and highest pitched cries.20

Supportive care for NAS, regardless of sever-
ity, includes provision of a quiet, dimly lit en-
vironment and avoidance of noxious stimuli.22

Loose swaddling may also be an effective ad-
junct in the supportive care of NAS, but it
should be accomplished with appropriate adher-
ence to supine positioning as recommended in
the latest American Academy of Pediatrics Task
Force on Sudden Infant Death Syndrome’s Pol-
icy Statement.23 Treatment of NAS depends on

the severity of withdrawal signs as noted clini-
cally or more appropriately as recommended by
standardized assessments administered serially
at 3 to 4 hour intervals following first appear-
ance of NAS signs to guide initiation and titra-
tion of pharmacologic substitutes. There are two
popular scoring tools for NAS, the Lipsitz Scale
(11 signs each rated from 0 to 3)24 and the more
detailed Finnegan Neonatal Abstinence Score (9
CNS signs, 8 metabolic/vasomotor/respiratory
signs, and 4 gastrointestinal signs with variable
sign-dependent rating scales),25 which requires a
trained observer. Both scales are more appropri-
ate for full-term infants because the clinical pre-
sentation of opioid-exposed premature infants
may be influenced by CNS immaturity.

The American Academy of Pediatrics has
published guidelines for treating NAS when in-
dicated using opioid substitution therapy. Mor-
phine in the form of diluted tincture of opium
(DTO) is preferred over paregoric due to con-
cerns about additives.26 Practices vary widely
and some clinicians advocate morphine or
methadone instead of DTO as pharmacotherapy
for opiate-induced NAS, thereby avoiding un-
wanted alcoholic extracts of various alkaloids in
the opium tincture.

Phenobarbital is recommended as an adjunc-
tive therapy, usually for anticonvulsant activity,
in NAS due to opiates and as a primary treat-
ment for NAS due to sedatives or hypnotics. Al-
though further studies are needed, a preliminary
prospective controlled trial of DTO plus pheno-
barbital compared to DTO alone in a small num-
ber of opiate-exposed infants with NAS showed
promise in terms of decreased severity of with-
drawal accompanied by shorter and less costly
hospital stays.27

Limited reports on the long-term effects of
prenatal opioid exposure on postnatal growth
and neurodevelopment are available. Method-
ological limitations in study design, including
small sample sizes, poorly defined compari-
son groups, and difficulty controlling for im-
portant environmental variables, make available
results difficult to interpret. Moreover, diffi-
culties associated with the studied population,
namely high attrition rates and the lifestyle
variability that characterizes the drug abuse
culture, have further contributed to the paucity
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of the literature.28 Nevertheless, available infor-
mation suggests that infants prenatally exposed
to opiates are at an increased risk for neurode-
velopmental impairment.28,29 Furthermore, the
home environment plays a significant modulat-
ing role in the developmental outcomes of ex-
posed children,28−30 although the magnitude of
this effect remains unclear.

COCAINE

Many published prenatal cocaine studies from
the 1980s and early 1990s included case reports
and relatively small series. These method-
ologically limited studies evoked considerable
media attention toward the plight of so-called
“cocaine” or “crack” babies with devastating
conditions such as congenital anomalies of the
brain and other organs, CNS hemorrhage and
infarction, and sudden infant death syndrome.
Subsequently, several large well-designed
prospective studies and meta-analyses have not
confirmed these associations.31−33

Anthropometric Growth

Maternal cocaine abuse has been shown to
be associated with significantly decreased infant
birth weight, length, and head circumference,
even in covariate-adjusted models accounting
for prenatal exposure to other substances.32,34

The mechanism whereby cocaine diminishes
fetal growth is hypothesized to be through
vasoconstriction of uterine and placental blood
flow as well as direct adverse effects on fetal
metabolism and fat deposition. Controlling for
gestational age, nutritional indicators such as
maternal weight gain, and prenatal exposure to
other drugs, cocaine-associated effects on birth
growth parameters34 and lean body mass34,35

prevail. In both animal and human studies, the
magnitude of in utero cocaine-associated fetal
growth decrements appear to depend on dose
and gestational timing.36−38

Studies have yielded mixed results regarding
the long-term effects of prenatal cocaine expo-
sure on postnatal growth. These inconsistencies
could be partly attributed to differences in cohort
size and characteristics, differences in measure-
ment of exposure, and the degree of statistical

control for potential confounders and moderat-
ing characteristics.39 A systematic review con-
ducted by Frank et al. concluded that after con-
trolling for level of exposure to other drugs, there
is no consistent effect on physical growth, in-
cluding weight, length, or head circumference,
among children 6 years or younger.40 Shankaran
et al. evaluated neonatal size at birth and sub-
sequent growth in prenatally exposed children
and found that significant differences in weight,
length, and head circumference at birth disap-
peared for weight and head circumference by
age 2 years and for height by age 3 years.41

Conversely, Covington et al. found that even af-
ter controlling for potential covariates, prenatal
cocaine exposure was associated with height and
weight deficits at age 7 years, particularly for
children born to mothers older than 30 years.42

Similarly, a recent study by Richardson et al. us-
ing a longitudinal growth-curve analysis found
that children exposed to cocaine during the first
trimester grew at a slower rate through 10 years
of age compared to unexposed children.43

Infant Neurobehavior, Visual
and Auditory Function

Numerous studies have documented subtle
neonatal neurobehavioral effects associated with
prenatal cocaine exposure, although findings
have lacked coherence. The most frequently
used assessment has been the Brazelton Neona-
tal Behavioral Assessment Scale (BNBAS),
which includes the domains of orientation, ha-
bituation, state regulation, autonomic stability,
reflexes, tone, motor performance, irritability,
alertness, and excitability. Eyler et al. con-
cluded that although subtle cocaine-associated
deficits in neurobehavioral functioning were ev-
ident across a range of neonatal studies pub-
lished between 1991 and 1998, there was no
consistent pattern of domain-specific findings.44

Subsequently, larger cohort studies of in utero
cocaine exposure have reported subtle impair-
ments in one or more BNBAS neurobehav-
ioral clusters,45−47 but with considerable vari-
ation regarding timing and level of exposure,
severity of dysfunction, and specific domains
affected.44,46,47 Morrow et al. found a modest
cocaine-associated adverse impact across all
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neurobehavioral domains except for the reflex
cluster score.46 These findings were partially
mediated by fetal growth and appeared dose-
dependent. In another large study, Behnke et al.
revealed a significant direct effect of prenatal
cocaine exposure on the BNBAS qualifier items,
but not on the cluster scores.47 Several investiga-
tors reported no significant cocaine-associated
findings on the BNBAS at birth48−51 but did
show cocaine-associated greater autonomic in-
stability and abnormal reflexes,50 impaired mo-
tor functions,48 and dose-dependent difficulties
with state regulation and excitability51 at 2 to 4
weeks postpartum.

Controlled studies have found neurobehav-
ioral deficits among infants exposed to co-
caine or opiates using other neurological and
physiological assessments.20,21,32,52,53 For ex-
ample, cocaine-exposed infants exhibited less
arousal, poorer behavior regulation, and higher
excitability at 1 month of age than non-
exposed infants on the NICU Network Neu-
robehavioral Scale.20 Studies have also re-
ported mild cocaine-associated central and au-
tonomic system dysfunction as evidenced by
increased irritability, jitteriness, tremors, and
hypertonia.21,32 Using a modified still-face
paradigm, Bendersky and Lewis demonstrated
significant deficits in arousal modulation among
4-month-old infants with heavy in utero co-
caine exposure.52 Cocaine-exposed infants have
also been shown to display abnormal cry char-
acteristics, including high pitched cries and
fewer cry utterances, excessive sucking, and
sleep alterations.21,44,54,55 A dose-dependent ef-
fect was found, with heavy cocaine exposure
resulting in an increased number of cry utter-
ances and short cries, suggestive of an over-
aroused (excitable) pattern of neurobehavioral
functioning.20,54

Studies evaluating the impact of prenatal co-
caine exposure on infant cardiac and respira-
tory systems have shown dose-related alterations
in infant regulation. Heavy exposure was asso-
ciated with the highest increase in heart rate
and the greatest decrease in respiratory sinus
arrhythmia.53 In another study, infants with co-
caine exposure were found to have lower va-
gal tone and less heart rate variability at birth,
suggestive of decreased autonomic control of

the heart.56 In utero exposure to cocaine may
result in ocular/visual problems such as im-
paired visual attention and tracking,44 optic
nerve hypoplasia, delayed visual maturation,
eyelid edema, nystagmus, and strabismus.36 Re-
search on auditory brainstem responses has evi-
denced abnormalities in the peripheral auditory
system including varying degrees of hearing im-
pairment and slowed brainstem transmission of
sensory information among infants prenatally
exposed to cocaine36,57,58 and/or opiates.57,58

As may be seen in an emergent field of study,
early reports are often characterized by small
sample sizes and other methodological issues,
resulting in inconsistent findings and lack of gen-
eralizability. Later studies addressing method-
ological issues of concern have begun to docu-
ment modest cocaine-associated decrements in
overall neurobehavioral function rather than a
specific pattern of neurobehavioral deficits. In
addition, factors such as polydrug use, demo-
graphic and environmental influences, caregiv-
ing and family issues, and physical and psy-
chological disorders all have the potential to
result in inconsistent findings if inadequately
controlled.59 It is also possible that variations
across studies are a reflection of cohort-specific
differences in neurobehavioral outcomes among
infants with prenatal cocaine exposure. To date, a
preponderance of the evidence shows subtle im-
pairments in neurobehavioral outcomes due to
prenatal cocaine or opiate exposure. The impact
of these deficits on later functioning is unclear.
Therefore, it is imperative that future studies
consider the influence of mediating and moderat-
ing variables on the neurodevelopmental trajec-
tories of children with prenatal cocaine, opiate,
or polysubstance exposure.

Cognitive and Motor Development

Numerous published studies varying in
methodological rigor have evaluated the effects
of prenatal cocaine exposure on infant cognitive
and motor development. A review of published
studies between 1992 and 2000, including
only peer-reviewed reports of prospectively
enrolled birth cohorts that used examiners blind
to exposure status, found that five of the nine
studies reviewed reported no cocaine-related
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effect on mental or physical development, most
often assessed by the Bayley Scales of Infant De-
velopment (BSID).40 The remaining four studies
reported only subtle cocaine-related effects that
did not maintain significance with multivariate
statistical control or were evident only within
subgroup or cross-sectional analyses. The
review concluded that the effects of prenatal
cocaine exposure on cognitive development
during infancy were not readily discernable
from effects due to other contextual factors
including prematurity, assessment age, and
other prenatal drug exposures.40 Subsequently,
larger prospective cohort studies have suggested
a more complex picture in which the teratogenic
effects of prenatal cocaine exposure are subtle
and most evident when considering factors
such as mediating pathways and severity of
exposure. Five recent studies have documented
cocaine-related effects on the BSID Mental De-
velopment Index (MDI) (Table 1). Two studies
documented cocaine-related lower MDI scores
as well as dose-dependent effects on develop-
ment, findings not attenuated with statistical
control of covariates.60,61 Very low birth weight
(<1,500 g) has also been linked to increased risk
for cognitive impairment in prenatally cocaine-
exposed infants, with one study reporting a
10-point difference in mean MDI scores at age
3 for preterm cocaine-exposed children.62 Other
studies have shown more subtle cocaine-related
adverse effects on MDI in longitudinal models
including mediating influences, such as birth
weight and gestational age, head circumference,
and other prenatal drug exposures.47,63 An al-
most equal number of recent prospective studies
have reported no cocaine-related effects on MDI
after covariate adjustment,64−67 suggesting that
prenatal cocaine exposure is a marker for subtle
performance decrements in MDI that attenuate
with control for other variables such as low birth
weight, HIV exposure, disruptions in maternal
care, lower socioeconomic status, and maternal
vocabulary scores.67

Typical motor development, assessed by the
BSID Psychomotor Development Index (PDI),
has shown little teratogenic sensitivity to prena-
tal cocaine exposure. In the above-cited 2001 re-
view, only two studies found significant cocaine-
related effects on PDI.40 Our current review of

more recent studies reveals a similar picture,
with only one study showing a direct cocaine-
related effect on PDI scores in longitudinal anal-
yses spanning 12 through 36 months.61 How-
ever, several studies have reported PDI findings
specific to timing and degree of exposure. In one
study, lower PDI scores were predicted by sec-
ond trimester self-reported cocaine use,66 and in
another, there was a significant relationship be-
tween low birth weight and lower PDI scores in
children with heavier cocaine exposure.64 In a
recent longitudinal analysis of global motor de-
velopment from 1 to 18 months, motor skills for
infants with cocaine exposure were lower on av-
erage overall, but this finding was most evident
at the 1 and 4 month age points with recovery to
normal motor function by 18 months.68

LANGUAGE DEVELOPMENT

A growing body of research suggests that
prenatal cocaine exposure may impact early
language development, increasing the risk for
language delays in early childhood. In a lon-
gitudinal analysis through age 3 years, Mor-
row et al. reported that children with prenatal
cocaine exposure had lower total language
scores than non-cocaine-exposed children, with
results partially mediated through fetal growth.69

In the same cohort, increasing level of prena-
tal cocaine exposure was associated with in-
creased decrements in expressive language func-
tioning at age 3 years.70 Singer et al. also noted
that expressive language skills were more ad-
versely affected in very low birth weight prena-
tally cocaine-exposed toddlers at age 3 years62

and reported that heavily cocaine-exposed in-
fants showed lower auditory comprehension
and total language on the Preschool Lan-
guage Scale-3 (PLS-3) than those with lighter
or no cocaine exposure.71 Prenatally cocaine-
exposed children aged 14 to 50 months scored
lower on the Sequenced Inventory of Commu-
nicative Development-Revised (SICD-R) total
score but were not different from non-cocaine-
exposed children on the Peabody Picture Vo-
cabulary Test, primarily a measure of receptive
vocabulary.72 In a contrasting study, no group
differences on the SICD-R were found at age 30

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
K
e
n
t
u
c
k
y
]
 
A
t
:
 
1
3
:
1
1
 
7
 
O
c
t
o
b
e
r
 
2
0
1
0



TA
B

LE
1.

In
fa

nt
an

d
To

dd
le

r
S

tu
di

es
R

ep
or

tin
g

on
P

re
na

ta
lC

oc
ai

ne
E

xp
os

ur
e

(P
C

E
)

an
d

C
hi

ld
M

en
ta

la
nd

M
ot

or
D

ev
el

op
m

en
t

(2
00

1
to

P
re

se
nt

)

S
am

pl
e

S
iz

e
an

d
C

on
tr

ol
le

d
fo

r
C

oc
ai

ne
-R

el
at

ed
M

en
ta

la
nd

M
ot

or
S

tu
dy

E
xp

os
ur

e
G

ro
up

s
M

ea
su

re
sa

C
hi

ld
A

ge
O

th
er

D
ru

g
U

se
D

ev
el

op
m

en
tF

in
di

ng
s

R
ic

ha
rd

so
n

et
al

.(
20

08
)66

61
P

C
E

1st
tr

im
es

te
r;

28
P

C
E

al
lt

rim
es

te
rs

;
14

4
no

n-
P

C
E

B
S

ID
1

ye
ar

Ye
s;

w
he

n
si

gn
ifi

ca
nt

,
re

ta
in

ed
in

re
gr

es
si

on
m

od
el

s

P
C

E
w

as
no

ta
si

gn
ifi

ca
nt

pr
ed

ic
to

r
of

M
D

Is
co

re
s;

2nd
tr

im
es

te
r

P
C

E
w

as
as

so
ci

at
ed

w
ith

si
gn

ifi
ca

nt
ly

lo
w

er
P

D
I.

B
ro

w
n

et
al

.(
20

04
)65

83
P

C
E

;6
3

no
n-

dr
ug

;
(2

34
bi

rt
h

co
ho

rt
;6

2%
re

te
nt

io
n)

B
S

ID
2

ye
ar

s
N

/A
du

e
to

ne
ga

tiv
e

fin
di

ng
s

in
un

co
nt

ro
lle

d
m

od
el

s

N
o

P
C

E
-r

el
at

ed
gr

ou
p

di
ffe

re
nc

es
on

M
D

Io
r

P
D

I.
P

C
E

ch
ild

re
n

ha
d

hi
gh

er
M

D
Iw

he
n

in
no

np
ar

en
ta

lv
s.

pa
re

nt
al

ca
re

.

Le
w

is
et

al
.(

20
04

)61
14

7
P

C
E

;8
9

no
n-

P
C

E
;

(3
61

bi
rt

h
co

ho
rt

;6
5%

re
te

nt
io

n)

B
S

ID
12

,1
8,

24
,

an
d

36
m

on
th

s

Ye
s

D
ire

ct
co

ca
in

e-
re

la
te

d
ef

fe
ct

s
on

M
D

I
an

d
P

D
Ii

n
lo

ng
itu

di
na

lm
od

el
s,

an
d

at
12

an
d

24
m

on
th

s
fo

r
M

D
Ia

nd
24

m
on

th
s

fo
r

P
D

Ii
n

cr
os

s-
se

ct
io

na
l

m
od

el
s;

do
se

-r
es

po
ns

e
P

C
E

-a
ss

oc
ia

te
d

ef
fe

ct
s

on
M

D
Ia

nd
P

D
I.

M
es

si
ng

er
et

al
.(

20
04

)67
52

2
P

C
E

;7
05

no
n-

P
C

E
;9

8
op

ia
te

;
1,

12
9

no
n-

op
ia

te

B
S

ID
-I

I
1,

2,
an

d
3

ye
ar

s
Ye

s
M

D
Is

co
re

s
w

er
e

lo
w

er
by

1.
6

po
in

ts
in

P
C

E
vs

.n
on

-P
C

E
gr

ou
ps

in
un

co
nt

ro
lle

d
m

od
el

s,
bu

tw
er

e
no

ts
ig

ni
fic

an
tly

di
ffe

re
nt

af
te

r
co

va
ria

te
ad

ju
st

m
en

t.
G

ro
up

di
ffe

re
nc

es
in

bi
rt

h
w

ei
gh

td
id

no
t

m
ed

ia
te

th
e

ef
fe

ct
.N

o
P

C
E

-r
el

at
ed

gr
ou

p
di

ffe
re

nc
es

w
er

e
no

te
d

fo
r

P
D

I.

M
ay

es
et

al
.(

20
03

)63
26

5
P

C
E

;6
6

no
n-

P
C

E
;

12
9

no
n-

dr
ug

(4
60

bi
rt

h
co

ho
rt

;r
et

en
tio

n
ac

ro
ss

vi
si

ts
69

%
to

87
%

)

B
S

ID
-I

I
3,

6,
12

,1
8,

24
,a

nd
36

m
on

th
s

N
ot

as
co

va
ria

te
s

bu
ti

n
th

e
co

nt
ex

to
fg

ro
up

in
g

M
D

Is
co

re
s

w
er

e
lo

w
er

in
P

C
E

vs
.

no
nP

C
E

gr
ou

ps
ac

ro
ss

al
la

ss
es

sm
en

t
ag

es
;t

he
P

C
E

-r
el

at
ed

ef
fe

ct
w

as
en

tir
el

y
m

ed
ia

te
d

th
ro

ug
h

bi
rt

h
w

ei
gh

ta
nd

ge
st

at
io

na
la

ge
.P

D
Id

ec
lin

ed
in

al
l3

gr
ou

ps
ov

er
tim

e;
P

C
E

ch
ild

re
n

sh
ow

ed
a

no
ns

ig
ni

fic
an

tt
re

nd
to

w
ar

d
a

gr
ea

te
r

de
cr

ea
se

th
an

ch
ild

re
n

in
th

e
ot

he
r

gr
ou

ps
.

C
on

tin
ue

d
on

ne
xt

pa
ge

251

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
K
e
n
t
u
c
k
y
]
 
A
t
:
 
1
3
:
1
1
 
7
 
O
c
t
o
b
e
r
 
2
0
1
0



TA
B

LE
1

(C
on

tin
ue

d)

S
am

pl
e

S
iz

e
an

d
C

on
tr

ol
le

d
fo

r
C

oc
ai

ne
-R

el
at

ed
M

en
ta

la
nd

M
ot

or
S

tu
dy

E
xp

os
ur

e
G

ro
up

s
M

ea
su

re
sa

C
hi

ld
A

ge
O

th
er

D
ru

g
U

se
D

ev
el

op
m

en
tF

in
di

ng
s

B
eh

nk
e

et
al

.(
20

02
)47

B
ir

th
co

ho
rt

:1
54

P
C

E
;

15
4

no
n-

P
C

E
B

N
B

A
S

;B
S

ID
B

ir
th

,1
an

d
6

m
on

th
s

Ye
s

D
ire

ct
P

C
E

-r
el

at
ed

ef
fe

ct
s

at
bi

rt
h

an
d

6
m

on
th

s
on

a
“D

ev
el

op
m

en
t”

la
te

nt
co

n-
st

ru
ct

w
hi

ch
in

cl
ud

ed
th

e
M

D
I

an
d

P
D

I
in

S
E

M
lo

ng
itu

di
na

lm
od

el
in

g;
in

di
re

ct
ef

-
fe

ct
s

at
bi

rt
h,

1
m

on
th

an
d

6
m

on
th

s
m

e-
di

at
ed

by
pr

en
at

al
al

co
ho

l
an

d
to

ba
cc

o
ex

po
su

re
an

d
bi

rt
h

he
ad

ci
rc

um
fe

re
nc

e.

Fr
an

k
et

al
.(

20
02

)64
75

P
C

E
/li

gh
t;

38
P

C
E

/h
ea

vy
;9

0
no

n-
P

C
E

;(
25

2
bi

rt
h

co
ho

rt
;8

1%
re

te
nt

io
n)

B
S

ID
6,

12
,a

nd
24

m
on

th
s

Ye
s

N
o

P
C

E
-r

el
at

ed
m

ai
n

ef
fe

ct
fo

r
le

ve
l

of
co

ca
in

e
ex

po
su

re
on

M
D

Io
r

P
D

Is
co

re
s;

he
av

ily
P

C
E

ch
ild

re
n

w
ho

re
ce

iv
ed

ea
rly

in
te

rv
en

tio
n

ha
d

hi
gh

er
M

D
I

sc
or

es
th

an
al

lo
th

er
gr

ou
ps

;f
or

ch
ild

re
n

w
ith

he
av

ie
r

co
ca

in
e

ex
po

su
re

,
lo

w
bi

rt
h

w
ei

gh
t

w
as

re
la

te
d

to
lo

w
er

P
D

Is
co

re
s.

S
in

ge
r

et
al

.(
20

02
)60

B
ir

th
co

ho
rt

:2
18

P
C

E
;

19
7

no
n-

P
C

E
;

re
te

nt
io

n:
6

m
on

th
s

=
33

9
(8

4%
);

12
m

on
th

s
=

36
4

(9
0%

);
2

ye
ar

s
=

37
9

(9
4%

)

B
S

ID
6

an
d

12
m

on
th

s,
2

ye
ar

s
(c

or
re

ct
ed

ag
e)

Ye
s

D
ire

ct
P

C
E

-r
el

at
ed

ef
fe

ct
on

M
D

I(
6-

po
in

t
m

ea
n

gr
ou

p
di

ffe
re

nc
e

at
2

ye
ar

s)
;

P
C

E
ch

ild
re

n
w

er
e

tw
ic

e
as

lik
el

y
to

ha
ve

si
g-

ni
fic

an
t

de
ve

lo
pm

en
ta

l
de

la
y.

M
D

I
w

as
re

la
te

d
to

hi
gh

er
co

ca
in

e
m

et
ab

ol
ite

s
in

m
ec

on
iu

m
an

d
hi

gh
er

m
at

er
na

l
se

lf-
re

po
rt

of
am

ou
nt

an
d

fr
eq

ue
nc

y
of

co
-

ca
in

e
us

e
du

rin
g

pr
eg

na
nc

y.
P

D
I

sc
or

es
w

er
e

un
re

la
te

d
to

P
C

E
.

S
in

ge
r

et
al

.(
20

01
)62

31
P

C
E

V
LB

W
b ;

38
no

n-
P

C
E

V
LB

W
;7

6%
of

41
P

C
E

an
d

93
%

of
41

no
n-

P
C

E
ha

d
B

S
ID

da
ta

at
ag

e
3

B
S

ID
3

ye
ar

s
N

ot
re

po
rt

ed
D

ire
ct

P
C

E
-r

el
at

ed
ef

fe
ct

on
M

D
I

(1
0-

po
in

t
m

ea
n

di
ffe

re
nc

e)
an

d
P

D
I

sc
or

es
(1

3-
po

in
tm

ea
n

di
ffe

re
nc

e)
.A

hi
gh

er
pe

r-
ce

nt
ag

e
of

P
C

E
ch

ild
re

n
(4

6%
)

vs
.

no
n-

P
C

E
(1

6%
)

sc
or

ed
in

th
e

de
la

ye
d

ra
ng

e.

P
C

E
=

pr
en

at
al

ly
co

ca
in

e-
ex

po
se

d
w

ith
ot

he
r

dr
ug

s;
no

n-
P

C
E

=
no

co
ca

in
e

ex
po

su
re

bu
tp

os
si

bl
e

ex
po

su
re

to
ot

he
r

dr
ug

s
(u

su
al

ly
al

co
ho

l,
to

ba
cc

o,
an

d/
or

m
ar

iju
an

a)
;B

S
ID

=
B

ay
le

y
S

ca
le

s
of

In
fa

nt
D

ev
el

op
m

en
t;

P
D

I
=

P
sy

ch
om

ot
or

D
ev

el
op

m
en

t
In

de
x;

no
n-

dr
ug

=
no

kn
ow

n
dr

ug
ex

po
su

re
;

M
D

I
=

M
en

ta
lD

ev
el

op
m

en
t

In
de

x;
B

S
ID

-I
I

=
B

ay
le

y
S

ca
le

s
of

In
fa

nt
D

ev
el

op
m

en
t,

2n
d

ed
iti

on
;B

N
B

A
S

=
B

ra
ze

lto
n

N
eo

na
ta

lB
eh

av
io

ra
lA

ss
es

sm
en

tS
ca

le
.

a
A

ll
in

cl
ud

ed
st

ud
ie

s
us

ed
m

ea
su

re
s

ad
m

in
is

te
re

d
by

tr
ai

ne
d

ex
am

in
er

s
bl

in
de

d
to

ex
po

su
re

st
at

us
.

b
V

LB
W

=
ve

ry
lo

w
bi

rt
h

w
ei

gh
t(

le
ss

th
an

15
00

gm
).

252

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
K
e
n
t
u
c
k
y
]
 
A
t
:
 
1
3
:
1
1
 
7
 
O
c
t
o
b
e
r
 
2
0
1
0



Bandstra et al. 253

months, but prenatally cocaine-exposed children
were more restricted and delayed in semantic
representations in language samples.73 In studies
using coding of language samples during play,
qualitative cocaine-associated deficits in the use
of complex language74 and discourse pragmatics
and syntax structure75 were discerned in children
with prenatal cocaine exposure.

Potential mechanisms for prenatal cocaine ex-
posure’s effect on language function include dis-
ruptions in attention processing due to direct
impact on the monoaminergic neurotransmit-
ter systems during fetal development, impaired
parent-child dyadic interchanges critical to lan-
guage development, and impoverished caregiv-
ing environments often associated with parental
drug use and poverty.74 Because language de-
velopment during early childhood is clearly
determined by many interacting genetic and en-
vironmental influences, from a clinical perspec-
tive, viewing prenatal cocaine exposure through
the lens of cumulative risk may help to iden-
tify affected children in need of remediation.
In addition, the study of language development
in prenatally cocaine-exposed children into later
school age and adolescence will be necessary to
elucidate pathways linking language functioning
to other critical childhood outcomes, including
social, academic, and behavioral outcomes.76

Behavioral Teratology: Interpreting
Prenatal Drug Effects in Infants
and Toddlers

Traditional behavioral teratology models es-
poused by Vorhees and others incorporate the
gradient of effects a toxin may have, extend-
ing from morphological abnormalities to func-
tional and behavioral impairments, and acknowl-
edge the role of genetics and the environment
in the expression of a teratologic effect.77,78

Much of the research studying the effects of pre-
natal substance exposure has been conceptual-
ized from a teratologic approach that acknowl-
edges that the effects of a toxin may not be
evident at birth, but may arise later in devel-
opment as functional and behavioral capacities
develop. As noted by Fried, traditional models of
behavioral teratology are based primarily on ani-
mal research in which control of the postnatal en-

vironment is optimized.79 However, infants and
children develop within the context of complex
social and environmental conditions that also
influence functional and behavioral capacities,
making it difficult to ascertain a drug-specific
teratogenic effect on developmental processes.79

In addition, the environment may directly impact
the expression or degree of a toxin’s effect. For
example, the influence of prenatal cocaine expo-
sure on behavioral regulation in children may be
exacerbated by stressful environmental condi-
tions or disruptive caregiving environments that
have been associated with ongoing parental drug
use.80,81

Research in the area of developmental
psychopathology has long established the
importance of responsive parenting to optimal
development during infancy and the toddler
years. Children with prenatal substance ex-
posure are at increased risk for premature
birth, low birth weight, impairments in state
regulation and arousal modulation and, es-
pecially with opioid exposure, withdrawal
symptoms.82 Infants exposed prenatally to
drugs have often been described as irritable,
lethargic, unresponsive, and/or easily over-
stimulated; these characteristics may impede
healthy dyadic interchanges and have the
potential to impair the quality of mother-child
interactions.83−85 In the case of prenatal cocaine
exposure, deficits in infant attention may result
in maternal difficulty sustaining interactions
with their infant.84,86,87 In addition, infants
exposed to both opiates and cocaine have
been found to exhibit higher levels of arousal,
and their mothers have been found to be less
sensitive and stimulating and more likely to
disengage and terminate feeding sessions.82

Continued cocaine use following delivery
among mothers with comorbid depression or
anxiety has also been related to greater maternal
insensitivity and negative parenting behaviors
during feeding interactions.88 Similarly, mother-
child interactions during play sessions were most
impaired among children with both prenatal
cocaine exposure and ongoing maternal cocaine
use.89 It is important to recognize that multiple
factors may moderate or mediate the effects
of prenatal substance exposure on the care-
giving attachment relationship and, ultimately,
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FIGURE 1. Comprehensive prevention and intervention services for substance-abusing mothers
and their infants.

infant development. For example, mothers
who use cocaine during pregnancy often
abuse other substances, such as alcohol,
marijuana, and nicotine, and typically reside
in high-risk environments characterized by
low-income neighborhoods, poverty, poor nu-
trition, ongoing caregiver substance use, family
instability and homelessness, and limited social
support.83,85,88,90 Illicit substance use during
pregnancy combined with these contextual risk
factors may exacerbate maternal stress, compro-
mise parenting quality, and negatively impact the
caregiving relationship and infant development.

The current manuscript provides an overview
of the scientific literature regarding the effects
of prenatal opioids and cocaine use on infant
and toddler growth and development. Both drugs
have the potential to cause significant growth
deficits at birth and through the toddler years.
In contrast to opioids, which may produce se-
vere NAS and infant neurobehavioral deficits,
prenatal cocaine exposure appears to be asso-

ciated with what has been described as sub-
tle decrements in neurobehavioral, cognitive,
and language function. However, even subtle
deficits can be extremely costly when they re-
sult in significantly higher proportions of chil-
dren ultimately requiring services for language
delays or learning disabilities.91 Furthermore,
these early findings may herald even more sig-
nificant learning and behavioral problems as the
academic and social challenges of the school
and community environment create additional
stress during early school-age and adolescence.
The next article by Lester et al. describes the
post-toddler age outcomes of prenatally drug-
exposed children. These children, their families,
and society in general would be well-served
by providing appropriate prevention and inter-
vention services to address the unique needs of
substance-abusing pregnant women and their de-
veloping offspring. Figure 1 depicts a preven-
tion and intervention model for substance-using
mothers and their infants that has inspired the
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development of various initiatives supported by
multiple streams of federal, state, county, and
private foundation funding over the past two
decades in our Perinatal Chemical Addiction
Research and Education Program at the Univer-
sity of Miami Miller School of Medicine. Given
the complexities of the environmental context
of maternal drug use and the myriad of factors
that affect risk and resiliency of their infants
and toddlers, we and others92 are convinced that
prevention-intervention programs achieve the
most success when maternal and child services
are well-integrated and delivered with strong
family support, including care coordination to
reduce the family’s barriers to accessing avail-
able services.
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