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Abstract

Since, for obvious reasons, systematic testing of the teratogenic properties of
drugs in humans is not possible in the premarketing phase, the epidemiological
approaches to postmarketing risk evaluation are of major importance. Cohort
studies, with their prospective exposure assessment, their ability to study even
exposure to drugs not commonly used in pregnancy, and their ability to monitor
both adverse and beneficial fetal outcomes, seem to be the most promising study
type from amethodol ogical viewpoint. Although there are numerous cohort stud-
ies on the harmful effects of drug use in pregnant women, only a few have been
ableto demonstrate arisk in terms of an increasein the prevalence of malforma-
tions. Most studies with significant findings were those investigating the risk
potential of one group of drugs, the anticonvulsants. The lack of cohort studies
showing arisk for drug use in pregnancy, however, is not necessarily indicative
of some methodological deficiency. Rather, it may suggest that, for the mgjority
of drugs, their use in pregnancy is not associated with an increased risk of con-

genital malformations.

Only some decades ago, the general opinionwas
that the placenta served as a barrier to protect the
fetus from harmful agents. The rubella embryo-
pathy in the 1940s, however, demonstrated that
external factors such as maternal diseases or
even unapparent infections can affect the child's
development.[1] The thalidomide catastrophein the
1960s, with the birth of several thousands of se-
verely malformed babies, clearly showed that prep-
arations used by the mother can cross the placenta
and can have untoward effects on the fetus.[23] The
consequence of the thalidomide disaster wasan in-
creased awareness of the potential for drugs to
cause congenital malformationsand other devel op-
mental disorders and the necessity to investigate
this.! Since thalidomide, 30 drugs have been

proven as being teratogenic, not all of which are

currently in clinical use.[¥l The drugs and their ef-

fects on the embryo, fetus or neonate are sum-
marised below:

* ACE inhibitors: prolonged renal failurein neo-
nates, decreased skull ossification, renal tubular
dysgenesis

» aminopterin (not currently in clinical use), metho-
trexate: CNS and limb malformations

* anticholinergic drugs: neonatal meconium ileus

» antihyperglycaemic drugs: neonatal hypogly-
caemia

* antithyroid drugs[propylthiouracil and thiamazole

1 Theterms'‘congenital malformations' or ‘teratogenicity’
used within the text include all other untoward effects on the
newborn or the potential to cause them.
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(methimazole)]: fetal and neonatal goitre and
hypothyroidism, aplasiacutis (with thiamazole)

» carbamazepine: neural tube defects

« cyclophosphamide: CNS malformations, second-
ary cancer

« danazol and other androgenic drugs. masculin-
isation of female fetuses

 diethylstilbestrol (not currently in clinical use):
vaginal carcinoma and other genitourinary de-
fectsin female and male offspring

« lithium: Ebstein’s anomaly

* misoprostol: Moebius sequence

» nonsteroidal anti-inflammatory drugs: constric-
tion of the ductus arteriosus, necrotising entero-
colitis

» paramethadione (not currently in clinical use):
facial and CNS defects

» phenytoin: growth retardation, CNS deficits

» psychoactive drugs (barbiturates, opioids and
benzodiazepines): neonatal withdrawal syn-
drome (when taken in late pregnancy)

» gystemic retinoids (isotretinoin and etretinate):
CNS, craniofacial, cardiovascular and other de-
fects

 tetracyclines: anomalies of teeth and bone

« thalidomide: limb-shortening defects, internal
organ defects

 trimethadione (not currently in clinical use): fa-
cial and CNS defects

e valproic acid (sodium valproate): neural tube
defects

» warfarin: skeletal and CNS defects, Dandy-
Walker syndrome.

» Knowledge of the safety of drugsin pregnancy
isextremely important. In someinstances, preg-
nant women may have an existing condition re-
quiring medical treatment, such as epilepsy,
diabetes mellitus or asthma, or they may de-
velop a pregnancy-induced condition. In both
situations drug use during pregnancy cannot be
avoided, and it is important to choose a prepa-
ration that represents the least risk to both
mother and child. Further, a substantial propor-
tion of pregnancies (about 50% in North Amer-
ica)l® are unplanned, so that exposure to drugs
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takes place before the pregnancy is diagnosed.
The consequence of aninadvertent exposurecan
be massive anxiety for the woman, which might
lead to additional diagnostic measures, such as
amniocentesis, and even the termination of oth-
erwise wanted pregnancies. In addition, a
woman who gives birth to a child with malfor-
mations after having taken medication during
pregnancy may develop feelings of guilt which
could have been avoided if reliable information
on the risk potential of the drug in question had
been available.

1. Methodological Issues

There are some specific methodological issues
involved in the investigation of the teratogenicity
of drugs. One is the sample size that is required to
be able to draw sound conclusions. Although the
prevalence of major malformations (those requir-
ing medical treatment and/or impairing quality of
life) isrelatively high (about 5 to 7%0),I5-81 it can be
difficult to collect a sufficiently large number of
cases if only certain types of malformations are to
be studied. For example, in Europe, neura tube
defects, which show a pronounced regional vari-
ability, occur with an average prevalence of 6.7 per
10 000 live births, and cleft lip (with or without
cleft palate) occurs with an average prevalence of
7.8 per 10 000 live births.!®! Khoury et al. calcu-
lated the sample size needed in a popul ation-based
cohort study to detect acertainincreasein the prev-
alence of malformations due to a teratogenic
drug.[2% They showed that for uncommon drug ex-
posures with a frequency of less than 1 per 1000
pregnant women [such as with valproic acid (so-
dium val proate)] and alow background malforma-
tion prevalence of 0.001, detection of the terato-
genic effects would require more than 1 000 000
births to be monitored, even though the relative
risk associated with the drug may be as high as 20
(i.e. leading to a20-fold increased risk of acertain
malformation). In contrast, for preparations which
are commonly used in pregnancy (e.g. by 2% of
women aswasthe casewith thalidomide) and which
are associated with an extremely high relative risk
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(such as 175), 1000 hirths would be sufficient to
detect the teratogenic potential, even when the
background malformation prevalence was as low
as 0.0024.119

Another important issue is the temporal relation-
ship of drug exposure to the effect on the embryo/
fetus. Exposure to harmful agents in very early
pregnancy (up to 15 days post conception) gener-
ally leads to abortion of the embryo that may not
be apparent to the woman. During organogenesis,
i.e. days 15 to 60 post conception (in humans), the
embryo is especially sensitive to teratogens.2 The
various organs and organ systems are susceptible
to teratogens at different times during this period.
Neural tube defects occur rather early, during
weeks 3 to 5 of organogenesis, whereas cleft lip
(with or without cleft palate) occursrelatively late
(during weeks 7 and 8). Exposure to harmful sub-
stances after the period of organogenesis may lead
to functional and behavioural disorders as well as
minor morphological anomalies. Inorder to beable
to postulate a meaningful relationship between
drug use during pregnancy and a congenital mal-
formation or some other untoward fetal outcome,
drug intake must have taken place during a gesta-
tional period in which the organ or organ systemis
sensitive to harmful agents. Thus, exact informa-
tion on the timing of exposureis crucial.

Thetemporal association of the use of aspecific
drug during pregnancy and the occurrence of con-
genital malformations does not necessarily mean
that the malformation was the result of the drug.
Regardless of whether adrug was or was not taken
during pregnancy, malformations will inevitably
occur with afrequency corresponding to the back-
ground risk. A causal relationship should only be
assumed if the prevalence of malformationsin the

2 Thelength of pregnancy is usuadly calculated using the
first day of the last menstrual period rather than the date of
conception. Using that method of cal culating gestational age,
you have to add 14 days to the time since conception to
determinethe critical phases of organogenesis. For example,
neural tube defects occur 3to 5weeksafter conceptionwhich
corresponds to 5 to 7 weeks after the first day of the last
menstrual period.
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children of women using a specific drug signifi-
cantly exceeded the background rate.

When analysing the harmful effects of drugs,
specia consideration should be given to the phe-
nomenon of recall bias. Recall bias occurs when
the reporting accuracy is dependent on the out-
come.[11-13] The mothers of malformed infants may
tend to remember their drug intake during preg-
nancy more precisely than mothers of healthy in-
fants. Whereas, there are some studies examining
the effects of drug exposure on pregnancy outcome
in which bias could not be detected,['!] other stud-
ies showed exposure-specific recall bias.[*3 In the
paper by Klemetti and Saxen(14 recall bias could
neither be proven nor, because of some method-
ological problems, be ruled out. The extent to
which recall bias might occur is closely related to
the amount of information collected on the pa-
tient’s exposure to the drug being studied. The
more complete this information is, the less recall
bias will occur. The level of completeness is, of
course, closely related to the methods used to col-
lect the data. When investigating drug use during
pregnancy, structured questions about the indica-
tions for the drug and drug names have proven su-
perior to open-ended questionnaires.[!?] With data
from malformation registries, where exposure as-
sessments are usually done retrospectively, recal
bias is a common problem.

The assessment of the teratogenic effects of
drugs can never be complete without information
regarding stillborn infants and elective abortions,
among which the prevalence of malformations are
usually higher thaninlivebirths. Therelevant data,
however, are typically difficult to acquireand it is
virtually impossibleto beinformed about all cases.

2. Study Types Used to Assess the
Safety of Drugs in Pregnancy

It would, of course, be highly desirable to sys-
tematically investigate the teratogenic properties
of drugs in humans before they were marketed.
However, this is not possible because ethical rea-
sons prevent pregnant women, and quite often
women of childbearing potential, from being in-
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Table I. Possible study types used to investigate the teratogenic properties of drugs

Study type Advantages

Disadvantages

Animal/in vitro studies
drugs in humans

Case reports
certain drugs

Case-control studies
malformations

Prospective cohort studies

Can provide clues concerning the safety of

Cost efficient, fast, allow analysis of rare

Prospective exposure and outcome
assessment, allow analysis of rare exposures
(i.e. exposure to drugs not commonly used in

Extrapolation of findings is questionable

Have been useful in proving the teratogenicity of Findings more or less due to chance

Retrospective exposure assessment, recall bias,
generally focus on 1 congenital malformation,
usually little acceptance of results

Time consuming, more expensive than case-control
studies, low case numbers obtained, loss to
follow-up

pregnancy), temporal relationship between drug
exposure and gestational age can be
determined, no recall bias, results can be

extrapolated to a defined population,

comparatively high acceptance of the results

Historical cohort studies
studies, no recall bias
Randomised controlled trials

Systems based on

voluntary/spontaneous reporting  setting

Less time consuming than prospective cohort
Most reliable methodological approach

Possibility to investigate drugs in a ‘real life’

Retrospective exposure assessment, loss to
follow-up

Rarely suitable for the evaluation of teratogenic
properties of drugs

Incomplete data, outcome assessment often
retrospective, potential for under-reporting

cluded in phase | to Il clinical trials. Even post
marketing, the existing possibilitiesto evaluate the
teratogenicity of drugs are not sufficiently used. A
summary of the study types suitable to assess the
safety of drugsin pregnancy is presented intablel.

Animal reproductive toxicological studies,
which are mandatory in most countries, and invitro
studies on teratogenic effects of drugs are only of
limited value for humans because of the question-
able extrapolation of findings (e.g. thalidomide
proved to be safe in most animals). Case reports
are, from a methodological point of view, rather a
weak approach. Nevertheless, there are several ex-
amples of the teratogenic properties of drugs hav-
ing been discovered by case reports (thalidomide,
warfarin and isotretinoin). There are, however,
more systematic approaches to assess the safety of
drugs in pregnancy.

Case-control studies, which are comparatively
economical, represent one such approach. These
studies consist of 2 groups of participants, 1 group
(the cases) with the disease being studied and the
other group (the controls) without the disease. The
2 groups are compared in terms of the frequency of

0 Adis International Limited. All rights reserved.

exposure to a factor that is suspected to cause the
disease. Generally, the controls are matched for
certain criteria, such as age, gender of the infant,
and smoking status, to takeinto account the effects
of confounding variables. Since the starting point
of a case-control study is the occurrence of a dis-
ease, thistype of study readily allowsinvestigation
of diseases with long latency periods. With case-
control studies it is usually possible to obtain the
case numbers needed to provide sufficient power
to evaluate the risks and safety of drug use during
pregnancy, even when the malformation being
studied is uncommon.

In spite of these advantages, case-control stud-
ies do have some drawbacks, the most important
one being recall bias. Since there are studies show-
ing that recall of drug intake during pregnancy, es-
pecially some exposures such asoral contraceptive
use after conception, 13! is better in mothers of chil-
dren with malformations than in those of healthy
children, the value of case control studies with
healthy controlsis questionable. Researcherstry to
overcome this problem by using mothers of chil-
dren with other unrelated malformations as con-
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trols, thus reducing the danger of recall bias. The
optimal approach suggested by some authorg1€! is
to select children with avariety of other malforma-
tions (of which the aetiology is already known) as
controls. Another disadvantage of case-control
studiesisthat they generally focus on the aetiology
of one particular congenital malformation, and the
acceptance of the study results in the scientific
community is usually rather low.

Prospective cohort studiesfollow up 2 different
cohorts (one group exposed to a certain agent and
the other not exposed to this agent) and anayse
differencesin the subsequent occurrenceof thedis-
ease under study in these 2 groups (see section 3).
They are more complex and generally more expen-
sive than case-control studies, but they allow the
analysis of rare exposures, i.e. exposure to drugs
not commonly used in pregnancy, the collection of
reliable dataon exposure and outcome and the gen-
eralisation of the results to a defined population.
The outstanding advantage of prospective cohort
studies certainly is the prospective exposure as-
sessment, i.e. the ascertainment of exposure takes
place before the outcome is known and thus, recall
bias can be avoided. In terms of studies assessing
the risks of drug use in pregnancy, cohort studies
allow the exact temporal relationship between drug
exposure and gestational age to be established, an
important prerequisite for the postulation of a
causal relationship between drug intake and unto-
ward fetal outcome.

A disadvantage of cohort studiesisthelow case
numbers usually obtained when investigating un-
common diseases.[*] This can be overcome by us-
ing a sufficiently large cohort, a sufficiently long
study period or amulticentre approach. If the study
period is of considerable length, such as severa
years, drug use patterns may change over time, so
that the datamay no longer be of clinical relevance
once the study is completed.[6! In addition, there
isthe problem of loss to follow up, and it may not
be possible to obtain information on the outcome
variable for some subjects enrolled in the study,
especially when the study spans several years.

0 Adis International Limited. All rights reserved.

One possihility for assessing the safety of drug
usein pregnancy in a‘real life' setting using a co-
hort study approach is prescription event monitor-
ing (PEM).[18] Here, data on drug exposure are ob-
tained from prescriptions, and outcome data are
usually provided by the prescribing physicians.
Thus, this study type does not lend itself to the
investigation of over-the- counter drugs. PEM
mainly monitors newly marketed drugswhich phy-
sicians are usually reluctant to prescribe to women
of child-bearing potential and whose main indica-
tionsaremost often not prevalent in thisage group.
Because of this the case numbers in PEM studies
can be quite low; in 1 study with 11 000 patients,
only 307 pregnancies were reported.[19

Although the standard approach with cohort
studiesisto prospectively assess exposure and out-
come, it is aso possible to assemble the cohort
using historical records (e.g. prescription data,
hospital records). Such astudy iscalled ahistorical
or retrospective cohort study. The term retrospec-
tive describesthe way the cohort is defined but not
the ascertainment of disease occurrence. Although
exposure assessment is based on historic informa-
tion, i.e. it is done retrospectively with al the cor-
responding disadvantages, the cohort is defined
before the disease status of the individuals is
known, thus recall bias does not occur. The meth-
ods for data analysis in historical cohort studies are
the same asthose used in prospective cohort studies.

Randomised controlled studies are the study
type that yield the most reliable results because of
the experimental nature of the studies, the exact
assessment of exposure, the standardised proce-
dure and the optimal control of bias and confound-
ing variables. Since pregnant women and women
of childbearing potential are generally not in-
cludedintheseclinical trials, it isnot easy to assess
the risk of drug use in pregnancy using this ap-
proach. In the US, however, this situation has re-
cently started to change. Efforts are now being
made to include women of child-bearing age in
clinical trials during the drug development pro-
cess, but pregnancy or lack of contraceptive pro-
tection remain an exclusion criterion.[20 In 1993,
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the US Food and Drug Administration reversed its
decision to exclude women from clinical trials and
permitted the participation of women of childbear-
ing potential in Phase | and Il drug trials. Mean-
while, they have progressed even further and are
able to refuse the approval of trials in which the
gender distribution of the study population does
not reasonably reflect the gender distribution of the
disease for which the drug is intended.

Another approach used to evauate the terato-
genic risk of adrug after it has been introduced to
the market is a system based on health profession-
als voluntarily reporting fetal exposures to drug
manufacturers. This method can be helpful in gen-
erating early signals about adverse and teratogenic
drug reactions.[21] It allows inadvertent drug expo-
sure to be investigated and it can be a useful tool
for aninitial analysis of the safety of drugsin preg-
nancy.l22 However, this method does have some
disadvantages. Since it is based on voluntary re-
porting, there is always the potential danger of un-
der-reporting. Moreover, the pregnancy rate tends
to below during the early postmarketing period. In
addition, exposure assessment is generally done
retrospectively, the data are often incomplete to a
substantial degree and, since the total humber of
women exposed often remains unknown, risk as-
sessment becomes very difficult.[®] Spontaneous
reporting of alleged drug-induced congenital mal-
formations to national or international voluntary
reporting programmes currently playsonly aminor
role in assessing the teratogenicity of drugs be-
cause of the extremely low case numbers actually
reported.[23]

3. Prospective Cohort Studies for
Assessing Drug Use in Pregnancy

Taking into account the methodological issues
involved in assessing the risk of drug use in preg-
nancy, prospective cohort studies seem to be an
ideal tool for investigating this area. They possess
most of the characteristics required to establish
causal relationships between drug exposure and
untoward pregnancy outcome (seesection 2). Their
only major disadvantage is the low case numbers
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obtained when investigating certain types of con-
genital malformations, e.g. cleft lip (with or with-
out cleft palate) or neural tube defects. Neverthe-
less, to date, only few cohort studies have actually
been able to demonstrate therisk potential of drugs
in pregnancy. Thismay, in part, be because the use
of most drugs during pregnancy is actually not as-
sociated with an increased risk of congenital mal-
formations or other types of untoward fetal out-
come. With regards to the drugs with known risk
potential discussed in the introduction, only the
teratogenic properties of anticonvulsants have
been demonstrated by prospective cohort stud-
ies.[24-27] For the other drugs either no prospective
cohort studies have been conducted or these studies
did not actually prove that there was an increased
risk of malformations.

A large prospective cohort study on risk factors
in pregnancy was conducted by Koller and col-
leagues in Germany in the 1960s.[28] One of the
major goals of the study was to evaluate the risk of
drug use during pregnancy. Between 1964 and
1970 a total of 14 774 pregnant women were en-
rolled in this study and data from 7870 women
were analysed. Intake of all drugs was recorded
prospectively, using interviews and diaries, and in-
vestigated with regard to impaired fetal develop-
ment in terms of spontaneous abortion, perinatal
mortality, congenital malformations, etc. The most
commonly used groups of drugsin thefirst trimes-
ter were female sex hormones (23%), vitamins A,
B, C, iron (22.3%), laxatives (21.1%) and anti-
emetics and antihistamines (17.0%). After adjust-
ing for confounding factors (e.g. maternal age), no
stetistically significant association between drug
use during pregnancy and untoward fetal outcome
could be detected. Another very large cohort study
of Michigan Medicaid recipients with 229 101
completed pregnancies was conducted between
1985 and 1992. The results have not yet been pub-
lished but arereferred to by Briggset al.[2% in their
book on the safety of drug use in pregnancy and
|actation and are used for risk evaluation.

A prospective cohort study, known as the
PEGASUS-project, is currently under way in Mu-
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nich, Germany to assess the risks of drug exposure
in pregnancy.[3%31 A specially designed report
form is posted in a prenatal care log-book which
pregnant women receive from their gynaecolo-
gists. Information on all drugs taken during preg-
nancy (including the name of the drug, dosage, du-
ration of treatment, reasons for use and whether it
was an over-the-counter or a prescribed drug) is
documented prospectively on this form by the
pregnant women and/or their physicians. In Mu-
nich, about 75% of women visit a gynaecologist
within the first 3 months of pregnancy so that for
the vast majority of women recording drug usage
starts within the first trimester. Information on the
medical history of pregnancies, deliveries (i.e. de-
livery mode, duration of delivery, delivery-related
medical problems, etc.) and fetal outcome is pro-
vided by the Bavarian Perinatal Study which rou-
tinely collectsdataon all birthsin hospitalsin Mu-
nich. To date, record linkage of drug usage and
fetal outcome data has been completed for 1037
children, 20 of whom have had mgjor congenital
malformations. These numbers are still too small
to evaluate the teratogenic properties of single sub-
stances.

The teratology information services (T1S), that
have evolved during the last few years, also pro-
spectively collect information on drug exposure
during pregnancy. For selected exposures, follow-
up studies are conducted. One of the outstanding
TISisthe Motherisk Programme which was estab-
lished in 1985 at the Hospital for Sick Children in
Toronto, Canada. They receive about 100 inquiries
per day and follow up pregnancies with exposures
to agents of specia interest such as known terato-
gens or drugs for which information is still insuf-
ficient. In the past few years, they have published
theresultsof prospective cohort studieson calcium
antagonists,® histamine H, antagonists,!32 topical
tretinoin,[33 mesalazine (mesalamine),’34 selec-
tive serotonin (5-hydroxytryptamine; 5-HT) re-
uptake inhibitors,[39 fluoroquinolones,3® suma-
triptan,[37 and omeprazolel3® with cohort sizes
ranging from 80 to 267 in the exposed groups.
None of the Motherisk studies have, as yet, dem-

0 Adis International Limited. All rights reserved.

onstrated an elevated risk of malformationsin the
children of exposed women.

To provide some idea of how these studies are
conducted, the study on H, antagonists has been
briefly described.[32 This study prospectively en-
rolled 230 women who contacted Motherisk be-
tween 1985 and 1993 regarding gestational expo-
sure to Hy, antagonists. At the time of first contact
with Motherisk, information on the mother, the
pregnancy, duration of H, antagonist exposure, in-
dication for H, antagonist therapy and on other
drug exposures were collected. After the expected
date of delivery, data on the delivery and the child,
including congenital malformations and develop-
mental disorders, were collected by telephone in-
terview. The non-exposed cohort consisted of
women who had contacted Motherisk because of
exposures to agents which were not known or sus-
pected to beteratogenic or fetotoxic, such asdental
x-rays, and was matched according to maternal
age, smoking status and alcohol consumption. The
primary outcome variable of this study was the
prevalence of major congenital malformations and
secondary end-points included pregnancy out-
come, gestational age at delivery, the number of
preterm deliveries, birth weight, the number of ne-
onateswho were small for their gestational age, the
method of delivery, the incidence of neonatal
health problems and Denver Developmental Mile-
stones (a screening test to assess whether achild's
gross and fine motor, language, socia-emotional,
and cognitive skills are appropriately developed
given the child’s age). Of the 230 enrolled women,
52 were lost to follow-up, so that complete infor-
mation on 178 exposed women (77.4%) was avail-
able. A significant difference could not be detected
between the exposed and the non-exposed groups
in any of the outcome variables. The authors con-
cluded that H, antagonists do not represent amajor
congenital risk. A methodological deficiency in
this study is that a group of drugs, rather than a
single agent, was assessed. An increased malfor-
mation risk with only 1 of the agents in the class
of drugs under study could easily be masked by
other drugs in the same group not increasing the
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malformation prevalence. Yet, such an in-depth
analysis would require case numbers that are not
readily obtained.

With regards to assessments of the teratogenic
potential of drugs carried out by drug companies,
a manufacturer of aciclovir together with the US
Centersfor Disease Control has conducted a study
on the use of thisdrug in pregnancy (the Acyclovir
in Pregnancy Registry).l3 A total of 1002 known
pregnancy outcomes were followed prospectively
between 1984 and 1996, and the results were not
indicative of an increased risk of malformations
with the use of aciclovir in pregnancy.

4. Conclusions

Sincethethalidomidedisaster itiswell accepted
that drugs can have adverse effects on the unborn
child. Although numerous studies show that medica-
tion use during pregnancy is wide-spread,[30:31,4041]
there is still a serious lack of comprehensive and
valid dataon the utilisation and risks of drug usein
pregnant women. As pregnant women are excluded
from clinical trials, the teratogenicity of drugs can-
not be evaluated in the premarketing phase. There
are, however, several possibilities to assess the
safety of drugs in pregnancy once they have been
marketed. One of them is the use of prospective
cohort studies which have a number of method-
ological advantages compared with other study
types. Cohort studies permit the systematic inves-
tigation of drug safety on a population basis. As-
sessment of exposure is done prospectively, mak-
ing it possible to obtain complete, detailed and
reliable data on al drug intakes as well as on the
gestational stage at which they were taken. Thus,
the information necessary to establish a temporal
relationship between exposureto acertain drug and
the occurrence of congenital malformationsis pro-
vided. In addition, with prospective exposure as-
sessment recall bias can be avoided.

In every epidemiological study on the terato-
genic properties of drugsit is essential to takeinto
account the effect of confoundersi.e. factorswhich
are associated with an increased risk for congenital
malformations but which are not the end-point of
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the study. Some such factors include maternal dis-
eases and infections (rubella, toxoplasmosis), cer-
tain chemicals, maternal smoking, drug and alco-
hol abuse and genetic factors. Usually, cohort
studies offer ample opportunities to control for
confounding variables. One of the problems in-
herent in the cohort study approach isthe low case
numbers usually obtained when analysing specific
drugs or malformations. Multicentre studies and
international cooperations offer the possibility to
overcome this difficulty.

It is important to note that the use of drugs in
pregnancy should not exclusively be perceived as
apotentia risk —some drugs can a so be beneficial
for the child’s development. The most striking ex-
ample of thisis probably the prevention of neural
tube defects by folic acid supplementation before
and during the first weeks of pregnancy. Prospec-
tive cohort studies are also a suitable tool for eval-
uating such benefits.
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