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Abstract. By disturbing steroid hormone balances in the fetus, the 
anticonvulsant drugs phenobarbital and phenytoin may affect certain aspects 
of cognitive functioning. In order to test this hypothesis, we studied hormone 
related cognitive functioning in 72 men and 75 women who had been 
prenatally exposed to these drugs and equal numbers of matched control 
subjects. The groups did not differ on word fluency, dichotic listening and a 
Water Level Test. On Card Rotations, however, anticonvulsant-exposed 
males and females obtained significantly lower scores than control subjects. 
These results suggest that in both males and females prenatal exposure to 
phenobarbital and phenytoin may affect holistic spatial processing. 
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There is growing evidence that gonadal hormones are 
involved in brain development of the fetus and newborn. 
Anatomical as well as functional differences between 
male and female brains have been found in structures 
that are related to both reproductive and non-reproduc- 
tive functioning (Collaer and Hines 1995). Animal re- 
search has shown that gonadal hormones play an 
important role in the development of neural tissue, and 
that pre- or perinatal manipulation of steroids, particular- 
ly testosterone, changes sex-specific behaviors (Collaer 
and Hines 1995, Panzica 1995). A couple of human 
studies have been performed on the relationship between 
prenatal circulating testosterone and certain aspects of 
cognitive functioning: these studies have been carried 
out in subjects who had been prenatally exposed to al- 
tered gonadal hormonal balances, caused by an idiopa- 
thic condition or by prenatal exposure to medication 
(Collaer and Hines 1995), and in non-clinical popula- 
tions (Jacklin et al. 1988, Finegan et al. 1992, Grimshaw 
et al. 1995, Udry et al. 1995). Although the interactions 
between prenatal steroids and cognitions appeared to be 
complicated, in both men and women indications were 
found that a higher level of pre- or perinatal testosterone 
is related to enhanced visuospatial abilities, and perhaps 
also to diminished verbal abilities. 

In male rodents early exposure to phenobarbital and 
phenytoin leads to demasculinization (Gupta et al. 1982, 
Reinisch and Sanders 1982). In females it disturbs repro- 
ductivity (Gupta 1980) and may enhance spatial process- 
ing (Fonseca et al. 1976, Mullenix et al. 1983). 

Phenobarbital and phenytoin have been and continue 
to be frequently prescribed anticonvulsant drugs. They 
are usually continued during pregnancy. This study was 
carried out in order to investigate whether prenatal ex- 
posure to phenobarbital and phenytoin influence cogni- 
tive functioning of human adults. It was hypothesized 
that if prenatal exposure to these anticonvulsants meta- 
bolize steroids in the fetus, cognitive abilities such as 
verbal and spatial abilities and functional asymmetry in 
processing of verbal stimuli, would be less pronounced. 

The study was carried out in subjects who have been 
prenatally exposed to phenobarbital and/or phenytoin 
with or without amphetamines and in control subjects 
matched for sex, age (born less than one week before or 
after an exposed child) and their mother's age (plus or 
minus two years). The subjects were born between 
January 1957 and December 1972 after at least 30 weeks 
of gestational age. Most mothers of the exposed subjects 
took medication because they had a seizure disorder, 22 

mothers took phenobarbital because of nausea, insomnia 
or emotional problems. In addition to their anticonvul- 
sant medication, 22 epileptic mothers received amphe- 
tamines to prevent anticonvulsant-induced drowsiness. 
By now, no teratogenic influences or long-term conse- 
quences of prenatal exposure to amphetamines, have 
been found (Briggs et al. 1994, Erikson and Zetterstrom 
1994). The mothers did not have any other pre-existing 
pathology and did not receive additional medication. 
Mothers of the control subjects neither had any pre-existing 
pathology, nor did they take medication during pregnancy. 

After their current addresses had been traced, the sub- 
jects received a letter in which they were informed about 
the study and were asked to participate. We contacted 
243 prenatally exposed and 222 control subjects. Of 
them, 72 prenatally exposed males, 75 prenatally ex- 
posed females and equal numbers of control males and 
females volunteered (response rates respectively 61 % 
and 66% among anticonvulsant-exposed and control 
subjects). 

In order to test for cognitive functioning, instruments 
were selected that are known to measure the largest sex- 
differences (Linn and Petersen 1986, Hyde and Linn 
1988): Card Rotations (Kit of Reference Tests for Cog- 
nitive Factors, Ekstrom 1976), the Water Level Test 
(Gladue 1990) and Word Fluency tests (Groninger Test 
for Intelligence, Snijders and Verhage 1983). A dichotic 
listening test was selected to measure functional asym- 
metry for auditory-verbal perception (Bouma 1984). 
Left and right handedness was assessed by a question- 
naire (Van Strien 1988). In addition, the similarities sub- 
test of the Wechsler Adult Intelligence Scales (WAIS) 
was used to have an estimate of the general level of in- 
tellectual functioning (Stinissen et al. 1970); this subtest 
has the highest correlation with total WAIS-score 
(Lezak 1983). Parental educational level and socio- 
economic status and the subjects education and socio- 
economic status were measured by means of a 
questionnaire. Socio-economic status was categorized 
according to a Dutch classification system (ITS 1991). 

Differences between prenatally anticonvulsant-ex- 
posed and control groups were tested by analyses of vari- 
ance (anova) for correlated measurements. In order to 
find differences between the medication groups, ana- 
lyses were repeated in the phenobarbital monotherapy 
and phenobarbital plus phenytoin groups and their con- 
trols; in these analyses medication was taken as a factor. 
Since no differences were found between the various 
medication groups, only those results are presented in 
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which all drug-exposed groups are compared to the con- 
trol group. Data on the socio-economic status and edu- 
cation were analyzed by means of Wilcoxon matched 
pairs rank sum tests. Results revealed that groups did not 
differ on socio-economic status, parental educational 
level or parental socio-economic status. 

On Card Rotations anticonvulsant-exposed subjects 
obtained lower scores than control subjects (P=0.01). 
However, it was also found that more anticonvulsant-ex- 

posed subjects had attended specialized schools for 
children with learning problems (P=O.OO). Further ana- 
lyses demonstrated that these subjects with learning 
problems had significantly lower scores on most cogni- 
tive tests and tended to lower the scores of the entire anti- 
convulsant-exposed group (Dessens 1996). To check 
whether the significant differences between groups on 
Card Rotations was caused by differences in intelligence 
between groups, an additional analysis of covariance 

TABLE I 

Results on spatial and verbal processing and hemispheric asymmetry 

Group 

Card Rotations 
exposed 
controls 
exposed 
controls 

Water Jars 
exposed 
controls 
exposed 
controls 

Word Fluency 
animals exposed 

contros 
exposed 
controls 

Professions exposed 
controls 
exposed 
controls 

Dichotic Listening 
right-handed subjects1 exposed 

controls 

exposed 

controls 

Sex 

males 
males 
females 
females 

males 
males 
females 
females 

males 
males 
females 
females 

males 
males 
females 
females 

males 

males 

females 

females 

right ear 
left ear 
right ear 
left ear 
right ear 
left ear 
right ear 
left ear 

Mean SD P-value 

109 (21) 
112 (21) sex: 0.000 
93 (23) condition: 0.001 
106 (25) sex by condition: 0.07 

76 (1 11) 
57 (104) sex: 0.000 
162 (142) condition: 0.13 
134 (138) sex by condition: 0.76 

25 (6) 
25 (6) sex: 0.76 
25 (5) condition: 0.97 
25 (5) sex by condition: 0.83 

18 (6) 
20 (4) sex: 0.15 
17 (4) condition: 0.02 
19 (5) sex by condition: 0.63 

(7.5) 
(8.7) sex: 0.60 
(6.8) condition: 0.66 
(7.2) ear: 0.00 
(7.2) sex by condition: 0.38 
(7.3) sex by ear: 0.39 
(6.7) condition by ear: 0.88 
(6.4) sex by condition by ear: 0.94 

The dichotic listening test was not done in subjects with hearing problems. As only one left-handed female prenatally anti- 
convulsant-exposed and control pair remained for analysis, this analysis has not been carried out in left handed subjects. 
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with the subject's score of the WAIS similarities subtest 
as the covariate was performed. Despite a significant in- 
fluence of the covariate, the difference~ between groups 
on Card Rotations remained significant. Anticonvul- 
sant-exposed subjects also made more mistakes on the 
Water Level Test, but the difference between the groups 
was not significant (P=O. 13). As expected, males outper- 
formed females on the selected tests for mental rotation 
(P=O.OO for sex on both Card Rotation's and Water Level 
Test). Contrary to expectation, no differences between 
groups or sex were found on the two trials of the word 
fluency test and the dichotic listening task. No interac- 
tion effects here found on the tests used in this study. 

Results are summarized in Table I. 
In this study it was found that subjects prenatally ex- 

posed to phenobarbital and phenytoin and their matched 
controls performed similarly in several cognitive func- 
tions that may be influenced by prenatal exposure to sex 
hormones. Spatial ability seemed to be slightly deterior- 
ated by prenatal exposure; the effect was observed in 
both males and females. This last finding indicates that, 
in general, anticonvulsant-exposed subjects had more 
difficulties in mental rotation than control subjects. The 
fact that no significant effect was found for the Water 
Level Test may be due to differences between the two 
tests in their demand for abstract and concrete thinking, 
which, in the case of the Water Level Test, makes it ea- 
sier to rely on verbal strategies or learning experiences. 
These stategies are probably not useful in the case of the 
Card Rotations. It is assumed that Card Rotations is more 
heavily dependent on holistic visuospatial processing, a 
cognitive action in which the right temporo-parietal lobe 
is strongly involved (Lezak 1983). 

Research in animals on effects of early hormonal ac- 
tions on brain development showed that, in male rats, an- 
drogens suppress left cortex growth (Steward and Kolb 
1994) so that the right cortex becomes thicker than the 
left (Diamond et al. 1981). Androgen deficiency may 
prevent this organizing influence which may lead to a 
disadvantage in spatial ability that will never disappear. 
It is unknown whether this theory, which is based on 
findings in animals, also applies to human brain devel- 
opment. The results in our study suggest that prenatal 
changes in steroid balances had some influence on cog- 
nitive functioning in humans, but the effect in humans 
seems to be different from that in animals, as impaired 
mental rotation ability was not only observed in men but 
also in women. Geschwind and Galaburda (1985) have 

of the right hemisphere, but the precise mechanism by 
which these steroids affect the lobe is still unknown. 
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