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P O L I C Y  FORUM: D R U G  A B U S E  deviations (SD) (or in some cases less than 
1.5 SD) below the mean on standardized 

Cocaine Exposure and Children a tests. This would correspond to IQ scores 
of <70 or <78). In a normal distribution (a 
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arly reports led to the fear that expo- 
sure to cocaine during prenatal life 
caused brain damage and intellectual 

and social impairment (I). But more re- 
cent evidence has presented a different 
picture, in which the effects of cocaine are 
more subtle (2). This view should not in- 
spire complacency. From a public health 
perspective, these subtle effects can have 
profound consequences for the success of 
these children in school and for the cost of 
special education services. 

To investigate the magnitude of these 
effects, we examined the studies in our 
Robert Wood Johnson database (3), a col- 
lection of the published literature on pre- 
natal cocaine exposure and child outcome. 
Of the published studies, 101 met method- 
ological inclusion criteria (original re- 
search, published in an English-language 
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in which effects from different studies are 
pooled to provide a better estimate of the 
effect size, in this case prenatal cocaine 
exposure, than can be determined from a 
single study (12). A list of the 101 studies 
in the database and key details from each 
of the eight studies used in the meta-analy- 
sis can be found at Science Online at 
www.sciencemag.org. 

In our meta-analysis, for each study a Z 
value was computed directly from the t 
statistic derived from mean differences be- 
tween cocaine-exposed and control cases. 
These Z values were then weighted by the 
size of the cocaine-exposed group. Only 
the exposed group was used in weighting, 
because one study used a large normative 
sample as its control group, which would 
have unduly skewed the meta-analysis re- 
sults toward that single study. The standard 

good model f i r  IQ scores), 2.28% of chG- 
dren will score <70 (2 SD) and 6.68% of 
children will score <78 (1.5 SD). When 
the IQ distribution is shifted downward by 
3.26 IQ points, the number of children at 
the low end of the distribution will in- 
crease (see the table) to 3.75%. This re- 
sults in a 1.6-fold increase in the number 
of children with IQs <70 and to a 10.03% 
or a 1.5-fold increase in the number of 
children with IQs <78. These distribution- 
al changes then allow estimation of some 
of the costs to society that are associated 
with prenatal cocaine exposure. 

The National Pregnancy and Health 
Study (NPHS), which is based on maternal 
self-reporting, estimates that 45,000 co- 
caine-exposed children are born each year 
(13). The U.S. General Accounting Office 
reviewed hospital records and concluded 
that upwards of 375,000 cocaine-exposed 
children are born each year (14). These 
figures predict that the number of children 
affected by this 3.26-point difference in 
IQ is estimated to be between 1688 and 

refereed journal, human subjects with pre- 
natal cocaine exposure, neurobehavioral 
outcome measures, and inclusion of a con- 
trol or comparison group with statistical 
analysis). Only eight of these studies were 
completed with school-age children 
(4-11); most were studies of infants and 
preschoolers. Intelligence quotient (IQ) 
was measured in five studies, receptive 
language in four, and expressive language 
in five, making it possible to get our first 
systematic glimpse of the long-term ef- 
fects of prenatal cocaine exposure. 

We quantified these cocaine effects us- 
ing meta-analysis, a statistical procedure 
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test for the pooled weighted Z's provided 
the significance criterion for the combined 
effect size. Effect sizes for each study 
were computed by taking the difference 
between the means of the exposed and 
control groups, divided by the pooled stan- 
dard deviation. Finally, standard "file 
drawer" estimates were conducted to iden- 
tify the number of studies with no differ- 
ence between groups that was necessary to 
reduce the meta-analysis findings to non- 
significance. As shown in the table, the 
difference in IQ between cocaine-exposed 
and control groups in the studies examined 
is 3.26 IQ points. This difference, although 
small, is statistically significant and can 
have a substantial impact on society. 

Early intervention and special educa- 
tion services are typically provided for 

14,062 at <2 SD and between 4514 and 
37,612 at <1.5 SD. According to the U.S. 
National Center for Education Statistics 
(15), special education services (additional 
services for special education) cost $6335 
per child per year. The added costs of 
these special educational services for the 
number of cocaine-exposed children with 
IQs <70, based on a 3.26-point IQ differ- 
ence, is $4 million to $35 million per year 
and $10 million to $80 million per year for 
children with an IQ of <78. 

These IQ differences may also be 
thought of as an effect size in which the 
cocaine effect is expressed in SD units 
(16). For example, the standardized IQ 
score has a mean of 100 and a SD of 15. 
A difference of 7.5 IQ points would repre- 
sent an effect size of 0.50. Effect size is a 
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useful construct because all measures are 
expressed in the same units (SD units); 
therefore, effects on different tests can be 
compared even if they use different scales 
of measurement. Effect sizes are graded 
as small ( 4 5  SD), medium (0.5 to 0.75 
SD),  and large (>0 .75  SD).  The table 
shows the mean effect sizes weighted for 
the number of  children in the exposed 
groups and standard errors for the IQ 
studies, as well as the studies of receptive 
and expressive language (receptive lan- 
guage refers to understanding or compre- 
hension; expressive language refers to  
competence in language production or 
competence in  spoken language). The 
analyses of effect sizes showed that co- 
caine-exposed children had significantly 
lower scores on tests of IQ (Z = 2.61, P < 
0.01), receptive language (Z = 4.44, P < 
0.001), and expressive language (Z = 3.99, 
P < 0.001). The language studies showed 
a ~ n e d i u ~ n  effect size as compared with 
the small effect size shown in the IQ 
studies. The effect size for receptive lan- 
guage was more than twice the effect size 
for IQ, and expressive language showed 
an effect size 1.8 times greater than IQ. 
The table also shows the follow-up calcu- 
lations for the percent of children newly 
affected at <2 SD and <1.5 SD, the num- 
ber of children newly affected each year, 
and the cost of added special education 
services for these children annually. These 
estimates are higher for the IQ effect size 
than for the IQ difference score, because 
the variance for the effect size calculation 
is based on the children in the published 
studies rather than the IQ distribution in 
the general population. The moderate ef- 
fect sizes in language result in a 2.7- to 
4.3-fold increase in children who will be 
affected at clinically significant levels. 
For expressive language, this translates to 
between 3636 and 68,025 children newly 
diagnosed annually who will need special 
education services, resulting in additional 
costs of $17  nill lion to $272 million per 
year. As these estimates are for additional 
costs due to cases newly diagnosed annu- 
ally, the costs are underestimates because 
the costs and burden would be accrued, 
with the annual addition of children with 
the specific deficits identified. 

It is also likely that these findings are 
underesti~nates for three other reasons. 
First, the NPHS found significant under- 
reporting of  cocaine use when maternal 
self-reporting (the method used to gener- 
ate the lower value for this analysis) was 
compared with urine toxicology results. 
Second, the IQ distribution used in our 
estimates is based on that of the general 
population, but inner-city children fall 
disproportionately in the lower end of the 

distribution, especially as they grow older 
( 1  7). This is a case of "double jeopardy": 
T h e  addi t iona l  b u r d e n  o f  coca ine  is  
placed on children who are already des- 
tined by social-economic and environ- 
nlental factors to cross the boundary into 
the range where special education ser- 
vices are typically provided. Third inter- 
vention services for language disabilities 
may be different from those required for 
low IQ. Thus, services may be additive, 
and other services not yet identified inay 
be needed to address attentional, behav- 
ioral, and e~notional problems. 

These meta-analyses and follow-up 
cost estimates are based on a relatively 
small number of studies. Therefore. it is 
possible that with additional studies, the 
results could change. MJe can, however, es- 
timate the nuinber of studies with a null 
effect size (studies finding zero difference 
between exposed and control children), 
which if added to the meta-analysis would 
result in a nonsignificant difference across 
the aggregate of studies. These analyses 
show that it would take 15 additional zero- 
effect studies to negate the 0.33 IQ effect 
size, 18 zero-effect studies to negate the 
0.71 effect size for receptive language, and 
23 zero-effect studies to negate the 0.60 
effect size for expressive language. We al- 
so conducted a test of heterogeneity for 
each of the cocaine effects. We found no 
significant heterogeneity of  effect size, 
which indicates that there is no evidence 
for differences between the studies that 
need to be accounted for in the analysis. 

Finally, we know that cocaine use often 
occurs in the context of poverty and other 
known risks to young children, including 
cigarette sinoking and other drug use (3); 
thus, one might interpret the observed ef- 
fects as resulting from these other factors. 
Two factors mitigate against such an ex- 
planation. First, studies were considered in 
our analysis only if they controlled for fac- 
tors such as poverty. Second. control for 
the use of drugs other than cocaine was at- 
tempted either by exclusion or by includ- 
ing other drugs in both the cocaine and 
comparison groups. In the meta-analysis, 
findings were aggregated across studies; 
therefore, unless all studies had similar 
confounding variables (which they did 
not), we can conclude that these are reli- 
able cocaine effects. 

In summary, the published follow-up 
studies of cocaine-exposed children show 
that cocaine is associated with reliable 
decre~nents in cognitive development that 
are subtle in two ways. First, the effects 
are subtle in that they are of small magni- 
tude as shown by the IQ findings. The 
small magnitude of the effects is in sharp 
contrast to the sensationalistic reports in 

popular media on the effects of prenatal 
cocaine exposure (1). Second, the effects 
are subtle in that we found larger effect 
sizes on more subtle domains of function, 
that is, specific language abilities than on 
global IQ. The public health consequences 
of both of these kinds of subtle effects are 
substantial, indicating that we should not 
equate s~na l l  magnitude with lack of im- 
portance. Prenatal cocaine exposure may 
not cause devastating brain damage, but it 
inay result in anatoinical and molecular 
subtle brain damage, which are the basis 
for the cognitive and language deficits that 
we have described. Nevertheless, prenatal 
cocaine exposure will significantly in- 
crease the number of chlldren who will 
fail in school and need special education 
services, at an estimated additional cost of 
up to $352 lnillion per year. The "good 
news" is that these children are not h o ~ e -  
lessly damaged and destined to become a 
burden to society. Instead, we can view 
them as children who can be helped to be- 
come productive members  of  society. 
Meanwhile. orevention efforts need to be 
directed toward ridding society of the co- 
caine problem and toward treatment pro- 
grams for drug-using pregnant women in 
order to prevent the harm caused by co- 
caine use. 
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