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Background: Hypospadias is one of the most frequently occurring genital anom-Abstract
alies described in infants prenatally exposed to valproic acid (VA). However, to
our knowledge, only one publication has studied a potential causal relationship
between VA and hypospadias, only estimating the unadjusted global risk. Here we
present the results of a multivariate case-control study aimed at analysing and
quantifying the specific risk of hypospadias in newborn infants exposed to VA
during the first trimester of pregnancy.
Methods: The data analysed here were derived from the Spanish Collaborative
Study of Congenital Malformations (ECEMC), an ongoing, hospital-based, case-
control study and surveillance system in which collaborating paediatricians identi-
fy case and control infants. The paediatricians collect the same data for both case
and control infants, blinded to information on any prenatal exposure. The informa-
tion includes 312 items related to many prenatal exposures, including drug
exposure, reproductive and family history, and other characteristics. The sample
analysed included 2393 infants with hypospadias and 12 465 male controls.
Results: The results showed that the unadjusted risk of hypospadias in infants
prenatally exposed to VA was 5.23 (95% CI 2.31, 11.86; p < 0.00001). Once
adjusted for 13 potential confounding factors using conditional logistic regression
analyses, the value of the risk was of a similar magnitude (odds ratio = 5.71; 95%
CI 1.78, 18.36; p = 0.003). In addition, the frequency of hypospadias in the study
population was approximately 1.8/1000 births. This allowed us to calculate the
specific risk for an infant with hypospadias to be born to an exposed mother,
which was 1 child in 97 births to mothers using VA during the first trimester of
pregnancy. We consider this information much more useful for risk assessment
than the risk value itself.
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Conclusions: An alteration of placental gonadotrophic stimulation caused by
changes in gonadotropin-releasing hormone release produced by the effects of VA
on GABA is a possible pathogenic mechanism. Our results support the relation-
ship between prenatal exposure to VA and hypospadias.

Background common and strict methodology. The collaborating
paediatricians are trained to assess major and minor

Valproic acid (VA) is effective in inhibiting ab- anomalies that are described in a common opera-
sence seizures as well as partial and generalized tional manual. They examine the newborn infants
tonic-clonic seizures in humans. Currently, VA is just after birth and within the first 3 days of life, to
also used in the treatment of bipolar disorder and identify the case and control newborns. Once these
other affective disorders. It is well known that pre- infants have been identified, described clinically and
natal exposure to VA increases the risk of neural their data collected, the same paediatricians identify
tube and a number of other defects in newborn and interview the mothers of the case and control
infants,[1-4] constituting the so-called ‘fetal valproate infants (also during the first 3 days after delivery)
syndrome’. This syndrome is characterized by fea- using defined protocols, gathering the same infor-
tures including facial dysmorphism, prominent mation (up to 312 different datapoints) from both
metopic ridge, outer orbital ridge deficiency, groups of mothers. When the paediatricians select
bifrontal narrowing, cardiac defects, radial limb de- the case and control newborn infants, they are blind-
ficiencies, genital anomalies and developmental de- ed to the different maternal and family data that they
lay.[5-10] Among the genital anomalies observed in are going to collect. This information includes re-
infants prenatally exposed to VA, hypospadias, productive and family history, obstetrics data,
which presents as a malposition of the urethral open- maternal and paternal occupation, acute and chronic
ing on the underside of the penis, is one of the most maternal diseases and any exposures during preg-
frequently described.[5,11-15] However, to the best of nancy such as drugs, alcohol and tobacco. All the
our knowledge only one study has analysed the information on case and control infants is sent to the
potential relationship between VA exposure and coordinating group on a monthly basis. In Spain,
hypospadias, only estimating the unadjusted global 100% of the population is covered by the public
risk.[16]

health system and therefore, as 95% of the collabo-
Here we present the results of a multivariate case- rating hospitals belong to the public health system,

control study aimed at analysing and quantifying the the ECEMC samples are representative of the Span-
specific risk of hypospadias in newborn infants ex- ish population.
posed to VA during the first trimester of pregnancy. The coordinating group, located in Madrid, is

composed of experts in congenital defects epidemi-
Materials and Methods ology, clinical teratology, dysmorphology, clinical

genetics and cytogenetics. They code the congenitalWe used data from the Spanish Collaborative
anomalies, perform the cytogenetic studies, includ-Study of Congenital Malformations (ECEMC) net-
ing fluorescent in situ hybridization (FISH) tech-work. The ECEMC is a hospital-based case-control
niques, and, in collaboration with the participatingstudy and surveillance system, with a methodology
paediatricians in the peripheral group, they establishaimed at investigating the characteristics of congen-
the diagnosis of the cases and perform the epidemio-ital defects, their clusters and causes. This network
logical analyses.is made up of two groups; the data collecting (peri-

pheral) group and the coordinating group.[17]
Case Definition

The peripheral group includes physicians in over
80 collaborating hospitals throughout Spain who, Once a paediatrician has identified a newborn
through their interest in congenital defects, collabo- infant with birth defects, this individual is selected
rate with the ECEMC programme, following its as a case and all the anomalies detected (major and/
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or minor) are described in detail in the ECEMC not answer the questions on epileptic drug use.
common protocol. In most instances, photographs, Thus, the total sample analysed in this study includ-
blood samples to enable high-resolution karyotyp- ed 2393 infants with hypospadias and 12 465 male
ing and FISH techniques, imaging studies, patho- controls without birth defects.
logy reports and the results of other studies are also Male infants were considered to have been ex-
gathered, sent to the coordinating group, stored and posed if their mothers were treated with VA during
made available for review. the first trimester of pregnancy. Cases and control

infants whose mothers did not use VA during the
Control Definition first trimester of pregnancy were considered as non-

exposed. The clinical indication for the treatmentFor each case, the next infant without birth de-
was epilepsy in all exposed mothers.fects of the same sex born in the same hospital is

selected as a control subject. Thus, the controls are
Statistical Analysesselected from the same population as the cases and

are representative of those who, had they developed To calculate the unadjusted global risk, we used
malformations, would have been selected as cases. 2 × 2 tables of case and control infants to estimate

the odds ratio (OR) and 95% CI and conducted
Drug Information, Coding and Exposure Fisher’s exact test when necessary. To perform the

stratified analysis, the Mantel-Haenszel (M-H) pro-In the ECEMC protocol, apart from an open-
cedure was used. To control for potential confound-ended question on drug consumption in general,
ers, a conditional logistic regression analysis (Stata/there are specific questions relating to drugs in 13
SE 8.0, Stata Corp., Texas, US) was applied, usingtherapeutic groups, including over-the-counter
male control infants from the total sample of con-medications. The information collected for each
trols who could be matched to cases by the designtype of drug includes the brand name, daily doses,
variables (i.e. year and region of birth). The selectedgestational age when administered and the duration
potential confounding factors were maternal age,of the treatment. Among these therapeutic groups,
maternal level of education, maternal epilepsy, otherthere is one that deals with anticonvulsant drugs. In
chronic maternal diseases, maternal ethnic group,addition, there are questions on maternal epilepsy
first degree relatives with congenital malformations,and other chronic maternal diseases.
first degree relatives with hypospadias, fever, smok-As stated previously, the ECEMC system allows
ing, alcohol consumption and maternal intake ofthe study of cases in relation to their clinical presen-
vitamins, sexual hormones and anticonvulsant drugstation, regardless of whether the underlying cause of
(other than VA) during the first trimester of preg-the congenital defect is known or unknown.[17]

nancy. p-Values for the logistic regression analysis
were calculated using the likelihood ratio test.Study Samples of Case and Control Infants

Between January 1986 and December 2004, the Results
ECEMC surveyed a total of 1 654 008 live births.
Among them, 23 986 were identified as having ma- The results of the current analysis show that
jor or minor congenital anomalies, and 22 860 in- prenatal exposure to VA increases the risk of hypos-
fants without congenital anomalies were selected as padias in the fetus, with a global and unadjusted risk
controls. Of the total of infants with congenital value of 5.23 (95% CI 2.31, 11.86; p < 0.00001,
anomalies, 2502 had hypospadias. For the present table I). The same analysis was carried out strati-
study, we considered only male infant controls (of fying the treatment of VA into monotherapy and
the total of 22 986 controls, 12 817 were male), and polytherapy with other antiepileptic drugs (table II).
we excluded those patients with hypospadias known In both strata, there were different values for the risk
to be caused by an underlying genetic or chromo- of developing hypospadias, suggesting a possible
somal syndrome and their respective controls, as interaction. However, as the test of homogeneity for
well as those patients and controls whose mother did the M-H strata was not statistically significant (p =

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (6)
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Table I. Unadjusted risk of hypospadias after prenatal exposure to valproic acid during the first trimester of pregnancy

Group Exposed Unexposed Total Proportion of exposed

Cases 14 2 379 2 393 0.0059a

Controls 14 12 451 12 465 0.0011

a Odds ratio = 5.23 (95% CI 2.31, 11.86) p < 0.00001.

0.54), we calculated the combined OR (M-H), infants), and along with congenital cardiac defects it
which gave a value of 3.52 (95% CI 1.55, 8.02; p = is the most frequent congenital abnormality.[18]

0.0023). Therefore, one would expect this anomaly to be one
Analysis of selected variables was carried out to of the most frequently observed in males among any

identify those that could confound the unadjusted group of individuals, including infants born to epi-
results. Table III shows 13 separate bivariate analy- leptic mothers, meaning the fact that hypospadias
ses between each factor and the main outcome. It have frequently been described in infants exposed to
was demonstrated that epilepsy, other chronic VA does not necessarily imply that the drug in-
maternal diseases, fever during the first trimester, creases the risk of hypospadias. To the best of our
smoking during the first trimester, having first de- knowledge, the only epidemiological study pub-
gree relatives with congenital defects, having first lished to date observed a global risk of hypospadias
degree relatives with hypospadias and intake of an- (OR 2.59, 95% CI 1.4, 4.7),[16] but there are particu-
tiepileptic drugs other than VA may all be con- lar characteristics of the study that make it difficult
founding factors for the current analysis. Thus, a to interpret their results. First, it was based on a
regression analysis was carried out to control for the series of infants with malformations born to mothers
potential effect of all those variables (table IV), and with a positive history of first trimester drug-expo-
the results indicate that maternal therapy with VA sure. That is, all of the infants studied had malforma-
increases the risk of having a child with hypospadias tions (both cases and controls), and all were exposed
5.71-fold (95% CI 1.78, 18.36; p = 0.003), indepen- to drugs prenatally. This design complicates the
dent of the effect of the included factors. interpretation of the results obtained because the OR

derived from such a sample does not represent the
Discussion risk of the exposure causing the defect.[19] Second,

the results of the study were unadjusted for con-Hypospadias is one of the most frequently occur-
founders. Thus, we considered it necessary to con-ring congenital defects in humans. The prevalence
firm this association by using a more appropriateof hypospadias at birth (all types included) ranges
methodology, and controlling for certain con-from 4.75 per 10 000 births in some regions of
founding factors.China, to 37.63 per 10 000 in Israel.[17] The frequen-

The strength of using the ECEMC programme tocy in Spain during the period 1980–1985 (before the
study the teratogenic effects of drugs during preg-law was passed permitting voluntary termination of
nancy not only lies in the large and unbiased seriespregnancy due to fetal defects) was 18.10 per 10 000

newborn infants (35.69 per 10 000 newborn male of consecutive newborn infants that are studied, but

Table II. Stratified analysis according to the exposure to other antiepileptic drugs 

Exposure Exposed to VA Unexposed to VA OR (95% CI) p-Value

Monotherapy

Cases 6 2 369 2.86 (0.87, 8.45) p = 0.04

Controls 11 12 432

Polytherapy

Cases 8 10 5.07 (0.91, 34.84) p = 0.03

Controls 3 19
OR = odds ratio; VA = valproic acid.
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Table III. Relationship between the selected potential confounding factors and the risk of hypospadias in the newborn. Each row is a
separate bivariate logistic regression between the factor and the outcome

Factors Odds ratio (95% CI) p-Value

Maternal age 1.00 (0.99, 1.01) 0.799

Maternal educational level 0.97 (0.91, 1.03) 0.312

Epilepsy 2.49 (1.57, 3.94) <0.0001a

Other chronic maternal diseases 1.17 (1.03, 1.34) 0.018a

Fever during first trimester 1.28 (1.01, 1.61) 0.037a

Smoking during first trimester 0.89 (0.80, 0.98) 0.021a

Alcohol consumption during first trimester 1.04 (0.88, 1.22) 0.637

Ethnic group 0.95 (0.88, 1.01) 0.116

Relative with congenital malformations 4.41 (3.74, 5.20) <0.0001a

Relative with hypospadias 48.52 (30.48, 77.24) <0.0001a

Vitamins during first trimester 1.06 (0.97, 1.16) 0.198

Sexual during hormones first trimester 1.25 (0.94, 1.66) 0.122

Other antiepileptic drugs than VA 4.28 (2.30, 8.00) <0.0001a

a These variables were included in the multivariate model (see table IV).

also in the way that several methodological biases birth, when mothers who have just delivered an
infant with congenital defects are not psychological-are controlled or minimized.[20] Firstly, selection
ly predisposed to answer questions on their recentbias is unlikely to be introduced since the paedia-
pregnancy. The opposite occurs with mothers hav-tricians select all consecutive newborns with any
ing delivered healthy infants (controls) during thetype of birth defects as cases without having any
same period, who collaborate actively and acceptprior hypothesis or interest in a particular defect.
the interview. Consequently, the control mothersThe collection of data is not focused towards any
may respond more accurately than case mothers andparticular study, but is a permanent and systema-
thus, any potential bias would favour the null hypo-tized registry to gather data independent of aetiology
thesis.[21]or causality. In addition, as the same paediatrician

interviews the mothers of both the case and control The mechanism by which VA may induce hypos-
infants, any bias that might be introduced in the padias in humans remains unknown. Experimental
interview will be the same for both case and control studies in rats have shown that the ano-genital dis-
infants and thus, will not affect the results. More- tance was not reduced in male offspring exposed to
over, in the protocols of the ECEMC there are VA in utero.[22] This contrasts with the classic ef-
specific questions for the type of drugs belonging to fects of the antiandrogenic drugs such as flutamide,
each one of the 13 main therapeutic groups, includ- cyproterone or finasteride, leading some authors to
ing over-the-counter medications. The maternal in- consider that VA may not cause hypospadias in
terview is performed during the first 3 days after humans through its antiandrogenic effects.[22] How-

Table IV. Results of the conditional logistic regression analysis for having a child with hypospadias after prenatal exposure to valproic acid
and other factors during the first trimester of pregnancy

Factors Odds ratio (95% CI) p-Value

Valproic acid during first trimester 5.71 (1.78, 18.36) 0.003

Epilepsy 0.62 (0.21, 1.84) 0.390

Other chronic maternal diseases 1.08 (0.93, 1.25) 0.290

Fever during first trimester 1.35 (1.05, 1.73) 0.021

Smoking during first trimester 0.86 (0.77, 0.96) 0.009

Relative with congenital malformations 1.71 (1.34, 2.19) <0.0001

Relative with hypospadias 28.33 (16.41, 48.90) <0.0001

Other antiepileptic drugs during first trimester 4.29 (1.35, 13.66) 0.014
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ever, a possible pathogenic mechanism implicated Conclusion
in the association between VA and hypospadias

The magnitude of the risk of developing hypos-could be the effect of VA on gonadotrophic stimula-
padias after prenatal exposure to VA is 5.71 times

tion, along with the concomitant effect on androgen higher than in non-exposed infants. If we assume
production by embryonic testes. The embryonic pro- that the frequency of hypospadias in the population
duction of testosterone is mediated by placental is as high as 1.8/1000 births,[18] then the risk of
rather than hypophyseal gonadotrophin. It is well having an infant with hypospadias is 1 case in every
known that VA produces an increase in the levels of 97 women treated with VA. This information is of
the neurotransmitter gamma aminobutyric acid great importance for risk assessment, not only be-
(GABA). This neurotransmitter could stimulate the cause it is more accurate but also because unlike

other major congenital malformations associatedproduction of placental gonadotropin-releasing hor-
with VA (i.e. spina bifida, congenital heart defects,mone (GnRH) and this hormone may control the
limb anomalies and others), hypospadias cannot belocal biosynthesis and secretion of human chorionic
easily detected by current prenatal diagnostic tech-gonadotropin (hCG).[22] Moreover, GABA can also
niques.[14]
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of males with GnRH agonist analogues leads to lano), Suay M (Cuenca), Vázquez MS (Albacete). Castilla y

León: Aparicio P (Burgos), Burón E (Valladolid), Centeno Fimpotence, decreased libido and reversible oligos-
(Valladolid), Marugán VM (Zamora) Mousallem AG (Medi-permia, due to a concomitant fall in serum testoster- na del Campo), Nieto C (Segovia). Cataluña: Alsina MN

one concentration.[24] All these issues are highly (Calella), Martínez S (Girona), Marco JJ (Lleida), Moral A
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(Valencia), Vizcaíno C (Elche). Extremadura: Arroyo I (Cá-ruled out at present, at least as a possible pathogenic
ceres), Galán E (Badajoz), Contreras J (Coria), Gómez H
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