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Résume

Les femmes enceintes n’étant généralement pas incluses dans les essais cliniques, la
plupart des médicaments sont mis sur le marché sans profil de sécurité établi pendant la
grossesse. L'évaluation clinique des médicaments pendant la vie prénatale est réalisée apres
I’autorisation de mise sur le marché. La pharmaco-épidémiologie constitue donc un outil
incontournable dans ce domaine. De nombreuses sources de données peuvent étre utilisées en
pharmaco-épidémiologie pour I’évaluation de la sécurité des médicaments pendant la grossesse
(publication numéro 1).

L’exposition a des médicaments pendant la vie intra-utérine peut provoquer, entre
autres, des dommages dont les conséquences ne seront observables que plus tard dans la vie,
comme par exemple des anomalies du développement. Malheureusement, les données
disponibles pour évaluer ce type d’effets sont insuffisantes. La cohorte POMME (PrescriptiOns
Médicaments Meres Enfants) a été mise en place pour I'évaluation des conséquences a long
terme de l'exposition aux médicaments pendant la vie prénatale (publication numéro 2).
POMME est une cohorte d’enfants nés en Haute-Garonne en 2010 ou en 2015. Elle détient des
informations médicales anonymes ainsi que des données sur les médicaments et les soins de
santé remboursés aux enfants, a partir du jour de leur conception jusqu'a leur enfance.

Cette cohorte a permis la réalisation de deux études sur les conséquences de I’exposition
médicamenteuse prénatale. La premiere est une étude de cohorte, dont I’objectif était d’évaluer
I'association entre l'exposition prénatale a des médicaments possédant des propriétés
atropiniques et le recours aux médicaments des troubles digestifs chez I’enfant entre 0 et 3 ans
(publication numéro 3). Cette eétude a mis en évidence que les enfants exposés avaient regu
significativement plus de prescriptions de médicaments des troubles digestifs que les non
exposes. La deuxieme étude est une étude cas-témoins, dont I’objectif était de comparer
I’exposition prénatale a I’ensemble des classes ATC (Anatomique, Thérapeutique et Chimique)
entre des enfants (0-8 ans) ayant un parcours de soin en neuropsychiatrie et des témoins
(publication numéro 4). Cette étude retrouvait une différence statistiquement significative
d’exposition prénatale aux médicaments du systeme nerveux (antalgiques exclus) entre les cas
et les témoins. Des différences ont également été observées pour d’autres classes ATC, comme
celle du systtme musculo-squelettique et celle du systeme génito-urinaire et hormones

sexuelles.



Récemment, le concept d’exposition pendant la période précoce de I’enfance, qui
considere la vie prénatale et la petite enfance comme un continuum, a émergé dans le contexte
des études de sécurité des medicaments a long terme. Une description de I’évolution, entre 2010
et 2015, de I'exposition médicamenteuse chez les enfants, depuis le jour de la conception jusqu'a
I'dge de deux ans, a été réalisee au sein de la cohorte POMME (publication numéro 5). Cette
étude a mis en évidence une diminution de la prescription médicamenteuse au cours de la
période précoce de I’enfance.

L’évaluation des effets a long terme des médicaments aprés exposition prénatale
constitue actuellement un enjeu majeur. Dans la mesure ou les mécanismes en jeu dans les effets
a long terme sont, pour certains, liés & des propriétés des médicaments bien établies, une
expertise en pharmacologie permet d’anticiper des potentiels effets a long terme des
médicaments en fonction de leurs propriétés pharmacodynamiques. Ce type d’effets nécessite,
pour pouvoir étre étudié en pharmaco-épidémiologie, de disposer d’outils adaptés, dont fait
partie la cohorte POMME. Il est important de considérer la vie prénatale et la petite enfance
comme un continuum, puisque I'exposition aux médicaments commence des le jour de la

conception.



Abstract

As pregnant women are generally not included in clinical trials, most medications are
placed into the market without an established safety profile in human pregnancy. Hence,
medications assessment during prenatal life is carried out after marketing authorization, mainly
through pharmacoepidemiological studies. Many data sources can be used in
pharmacoepidemiology for the assessment of medication safety during pregnancy (publication
number 1).

Medications exposure during intrauterine life can cause delayed side effects, such as
neurodevelopmental disorders. Unfortunately, there is a lack of data to assess such effects. The
POMME (Prescription Medications for Mothers and Children) cohort, was set up to assess long-
term consequences of prenatal medication exposure (Publication number 2). POMME is a
cohort of children born in Haute-Garonne in 2010 or in 2015. It holds anonymous medical
information as well as data about medicines and health care reimbursed for children, from the
day of their conception until their childhood.

Using this cohort, two studies on consequences of prenatal medication exposure were
carried out. The first is a cohort study that aimed at evaluating the association between prenatal
exposure to atropinic medications and the use of medications for digestive disorders in children
aged 0 to 3 years (publication number 3). This study highlighted that exposed children were
prescribed significantly more medication for digestive disorders than unexposed children. The
second study is a case-control study that compared prenatal exposure to all classes of drugs,
psychotropic or not, between children (0-8 years old) with a history of neuropsychiatric care
and children in a control group (publication number 4). This study showed a statistically
significant difference in prenatal exposure to nervous system drugs (excluding analgesics)
between the groups. Differences were also observed for other medication classes, such as
“Musculoskeletal” and “Genito-urinary System and Sex Hormones”.

Recently, the concept of early childhood exposure, which considers prenatal and early
childhood as a continuum, has emerged in the context of long-term medication safety studies.
A description of the evolution, between 2010 and 2015, of children medication exposure, from
the day of conception until the age of two was performed using the POMME cohort
(Publication number 5). This study emphasized a decrease in medication prescription during
the early childhood period.



Assessing long-term effects after medication prenatal exposure is crucial. An expertise
in pharmacology is an absolute prerequisite to anticipate potential long-term effects of
medications based on their pharmacodynamic properties. Suitable tools, such as the POMME
cohort, are necessary to study those effects in pharmaco-epidemiology. Prenatal life and infancy
should be considered as a continuum since medication exposure starts from the day of

conception.



Résumé court pour le grand public

La prise d’un médicament pendant la grossesse peut avoir des conséquences a long
terme pour I’enfant, comme par exemple la survenue de troubles neuro-développementaux. La
cohorte POMME a été mise en place pour I'évaluation de ce type d’effets. Elle a permis d’une
part d’étudier les consequences digestives entre 0 et 3 ans de I’exposition in utero a des
médicaments possédant des propriétés atropiniques et d’autre part de comparer I’exposition
prénatale a I’ensemble des classes médicamenteuses entre des enfants ayant un parcours de soin
en neuropsychiatrie et des témoins. Une expertise en pharmacologie permet d’anticiper les
potentiels effets a long terme des médicaments. Ce type d’effets nécessite, pour pouvoir étre
étudié en pharmaco-épidémiologie, de disposer d’outils adaptés, comme par exemple la cohorte
POMME. Il est important de considérer la vie prénatale et la petite enfance comme un

continuum, puisque I'exposition aux médicaments commence dés le jour de la conception.






Short abstract

Medications exposure during intrauterine life can cause delayed side effects, as for
example neurodevelopmental disorders. The POMME cohort was set up to assess such effects.
Using this cohort, on the one hand we examined the association between prenatal exposure to
atropinic medications and the onset of digestive disorders in children (0-3 years) and on the
other hand we compared prenatal exposure to all classes of drugs, between children (0-8 years)
with a history of neuropsychiatric care and controls. An expertise in pharmacology is a
prerequisite to anticipate potential long-term effects of medications. Suitable tools, such as the
POMME cohort, are necessary to study those effects in pharmaco-epidemiology. Prenatal life
and infancy should be considered as a continuum since medication exposure starts from the day

of conception.
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Introduction

1. Contexte

La prise d'un médicament souleve généralement de nombreuses interrogations pour une
femme enceinte, dans la mesure ou I'effet bénéfique qu’elle pourra retirer du médicament doit
étre mis en regard de ses effets indésirables potentiels, non seulement pour elle, mais également
pour son enfant a naitre. L’embryon et le feetus sont particulierement vulnérables aux effets des
médicaments, car ils constituent des étres en développement, et sont donc sensibles a des effets
spécifiques tels que les effets tératogenes et les effets a long terme. Pourtant, les femmes
enceintes sont, par le fruit du hasard ou de la nécessité, exposées a de nombreux médicaments.

Malheureusement, la plupart des médicaments sont mis sur le marché sans profil de
sécurité pendant la grossesse établi (effets tératogenes, foetotoxiques ou développementaux).*
Trois raisons principales expliquent cette situation. Premierement, pour des raisons éthiques,
les femmes enceintes ne sont généralement pas incluses dans les essais cliniques (sauf si le
médicament est spécifiquement destiné a étre utilisé pendant la grossesse?). Deuxiémement,
méme si chaque candidat médicament doit faire I’objet de tests de la reproduction chez I’animal
avant son autorisation de mise sur le marché (AMM), il est difficile d’extrapoler les données
animales a I’homme car la sensibilité aux effets tératogenes differe selon I’espéce.
Troisiemement, des effectifs importants sont nécessaires pour étudier des risques liés a des
expositions rares ou des effets indésirables rares, or les essais cliniques sont généralement
conduits sur un nombre trop restreint de sujets. Les risques liés a la prise de médicaments
pendant la grossesse, qu’ils soient de type tératogéne, foetotoxique ou développemental, sont
généralement faibles. Jusqu'a présent, peu de médicaments se sont révélés étre des tératogenes
majeurs, mais le risque d’effets tératogenes mineurs ou d'effets plus subtils sur le
développement embryo-feetal doit encore étre précisé pour la plupart des médicaments. Par
exemple, la plupart des anomalies congénitales se produisent a des taux faibles dans la
population générale (1 sur 1000 ou 10 000) et la plupart des tératogénes n‘augmentent le risque
que modérément.® Cela implique que I'évaluation des médicaments pendant la grossesse doit
étre effectuée par le biais d'études & grande échelle afin d’avoir une puissance suffisante pour
détecter des effets rares. De telles études nécessitent beaucoup de temps et plus le risque d’effet
indésirable d'un médicament pris pendant la grossesse est faible, plus le nombre de femmes
exposées nécessaires pour détecter ce risque sera €levé et plus il faudra de temps pour le
détecter. Par exemple, I’acide valproique a été commercialisé pour la premiére fois en 1967 et
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les premiéres données sur ses effets tératogénes ont été publiées dans les années 1980 *, soit 15
ans plus tard. Les premiéres données sur ses effets a long terme sur le neurodéveloppement ont
quant a elles été publiées au début des années 2000, soit pres de 40 ans plus tard.>®

Pour ces trois raisons, les seules données disponibles sur le risque potentiel d'un nouveau
médicament apres une exposition prénatale proviennent des essais chez I’animal. Les données
humaines sont recueillies pendant la phase de commercialisation du médicament, par hasard,
c’est-a-dire quand des femmes enceintes prennent des médicaments sans savoir qu’elles sont
enceintes, ou par nécessité, quand la prise de médicaments est inévitable et que I'absence de
traitement serait plus dangereuse que le médicament lui-méme.

La seule solution pour mieux connaitre les effets des médicaments pendant la grossesse
est de recueillir les données post-AMM d’exposition médicamenteuse pendant la grossesse
ainsi que les issues de ces grossesses, afin de réaliser des études de sécurité. Historiqguement,
les centres d’information sur les médicaments ont été les premiers a recueillir ces
informations.”® Plus récemment, les bases de données médicales ou administratives ont été
utilisées pour conduire des études sur la sécurité des médicaments pendant la grossesse. La
pharmaco-épidémiologie constitue donc un outil incontournable pour I’étude des risques des
médicaments pendant la grossesse chez I’lhnomme. Les études de pharmaco-épidémiologie sont
non-interventionnelles, donc éthiguement acceptables, et peuvent étre conduites sur de larges
populations.

Cependant, en pharmaco-épidémiologie, des contraintes spécifiques au domaine de la
grossesse doivent étre prises en compte. Tout d'abord, il est indispensable que les données
recueillies permettent d’établir avec certitude le lien entre la mére et son enfant, que ce soit lors
de naissance vivante, de naissance d’un enfant mort-né, de fausse couche ou d’interruption de
grossesse. Un suivi des enfants est nécessaire a plus ou moins long terme pour étudier soit des
effets observables a la naissance, tels que la plupart des malformations congénitales, soit des
effets dont le diagnostic est plus tardif, tels que les effets développementaux. Ensuite, des
informations précises sur la chronologie d’exposition a un médicament pendant la grossesse
sont requises car le risque dépend de la période d’exposition. Par exemple, la formation des
organes suit un calendrier précis, et une malformation survient en général lorsque I’exposition
a lieu pendant la période de formation de I’organe cible. Enfin, les études de pharmaco-
épidémiologie doivent prendre en compte de nombreux facteurs de confusion potentiels afin de
distinguer les effets du médicament de ceux de I’environnement, de I’indication pour laquelle

la mere prend le médicament, etc...
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Le grand nombre de femmes enceintes exposées a des médicaments constitue une
opportunité d’évaluer la sécurité des médicaments dans cette population. Plusieurs pays ont mis
en place différents systemes de surveillance de la consommation des médicaments pendant la

grossesse.

En introduction de ce manuscrit, sera présenté le premier article réalisé dans le cadre de
ce travail de thése, qui avait pour objectif de donner un apergu des sources de données qui
peuvent étre utilisées en pharmaco-épidémiologie pour I’évaluation de la sécurité des
médicaments pendant la grossesse. Ensuite ce manuscrit sera développé en trois chapitres. Dans
le premier chapitre sera présentée la création de la cohorte d’enfants POMME, qui enregistre
de maniere prospective I’ensemble des médicaments et soins recus depuis le premier jour de
leur vie intra-utérine, permettant la réalisation d’études sur les effets a long terme aprés
exposition médicamenteuse prénatale. Dans le deuxiéme chapitre, deux exemples d’application
utilisant des méthodes différentes (cohorte et cas-témoins) seront présentés : (1) I’étude sur les
troubles digestifs chez les enfants exposeés in utero a des médicaments possédant des propriétés
atropiniques et (2) I’étude de I’exposition médicamenteuse prénatale des enfants présentant des
troubles neuropsychiatriques. Enfin, dans le troisieme chapitre sera présentée I’évolution entre
2010 et 2015, au sein de la cohorte POMME, des prescriptions pendant les périodes précoces

de la vie, en considérant la vie intra-utérine et la petite enfance comme un continuum.
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2. Les sources de données disponibles pour I’évaluation de la
sécuritée des medicaments pendant la grossesse (Publication
n°1)

Il existe de nombreuses sources de données disponibles pour I’évaluation de la sécurité
des médicaments pendant la grossesse. Historiqguement, la premiere source d’information a été
les cas rapportés dans la littérature. Par exemple les effets tératogenes de la thalidomide ont fait
I’objet d’une publication sous forme d’une petite série de cas dans les années 60. Cela a eu pour
conséquence la création de la Pharmacovigilance, qui enregistre systématiquement les
notifications d’effets indésirables aprés la prise de médicaments, notamment pendant la
grossesse. De méme, les services d’informations sur les médicaments tératogénes (TIS),
collectent systématiquement les données sur les expositions médicamenteuses et les issues des
grossesses ayant fait I’objet d’une demande d’information aupres des TIS. Les TIS ont été mis
en place dans de nombreux pays dans les années 1970 et certains ont collaboré sous forme de
réseaux européen (ENTIS) ou américain (OTIS). Les registres de malformations congénitales
enregistrent quant a eux les cas de malformations congénitale de fagon exhaustive sur un
territoire donné. Certaines firmes pharmaceutiques ont également mis en place des programmes
pour le suivi de certains médicaments, qui constituent des sources potentielles pour I’étude de
la sécurité des médicaments pendant la grossesse. Enfin, on assiste a un essor de I’utilisation
des bases de données en santé pour la réalisation d’études de pharmaco-épidémiologie dans le
domaine de la grossesse. Certaines contiennent des données provenant des dossiers médicaux,
comme par exemple le CPRD (Clinical Practice Research Datalink) au Royaume-Unis, alors
que d’autres contiennent des données administratives relatives au remboursement de
médicaments et soins, éventuellement « augmentées » grace au croisement avec des sources de
données contenant des informations médicales. A ce jour, seulement quelques bases de données
ont été spécifiguement mises en place pour I’étude des médicaments pendant la grossesse,
comme par exemple EFEMERIS (Evaluation chez la Femme Enceinte des MEdicaments et de
leurs RISques), qui recense I’ensemble des couples mere-issue de grossesse en Haute-Garonne
depuis 2004. De cette base de données est également née la cohorte POMME (PrescriptiOn
Médicaments Méres Enfants), qui permet I’étude des effets a long terme des medicaments pris
pendant la grossesse grace au suivi des enfants.

Chaque source de données présente des avantages et des limites. La diversité des sources
de données et des méthodes utilisées pour les études de pharmaco-épidémiologie, la mise en
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place de réseaux internationaux et I’amélioration de la détection des signaux sont necessaires

pour évaluer au mieux les risques des médicaments pendant la grossesse.

3. Publication n°1
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ABSTRACT

Introduction: Prescription of medications to pregnant women is usually a challenge as the drug benefit
has to be considered regarding its potential adverse effects. As medication use is common in pregnant
women, by chance or necessity, it gives the opportunity to evaluate the consequences of prenatal drug
exposure in real life through pharmacoepidemiologic studies.

Area covered: Data sources are numerous. Some of them have been created for the particular purpose
of assessing medications during pregnancy. Augmented databases enable the study of delayed effects
in late childhood and provide information on potential confounders. Each data source exhibits
strengths and weaknesses. Several designs can be used to assess the safety of medications during
pregnancy. Innovative designs have been developed in order to bypass major limits of classical
methods.

Expert opinion: An efficient system could follow up each pregnant woman, who had taken a medica-
tion, and consider her as a precious information for the knowledge of drug potential adverse actions
against the child, who must be followed up to identify long term-effects. The diversity of data sources
and approaches of pharmacoepidemiologic studies, the implementation of international networks as
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well as the improvement of adverse signal detection are the keystones of such an evaluation.

Prescription of medications to pregnant women is usually a
challenge as the beneficial drug’s effect on the mother has to
be considered regarding its potential adverse effects, not only
for her but also for her unborn child. In addition, there are
insufficient human data for the majority of drugs used by
women of reproductive age to precisely assess their prenatal
risk or safety.

1. Introduction

1.1 Lack of human data when a new medication is
introduced on the market

Each new candidate to become an approved drug usually needs
to go through preclinical tests such as achievement of reproduc-
tive toxicity experiments in animals (Segment I Fertility and early
embryonic development, Segment Il: Embryofetal development,
Segment Ill: Pre- and postnatal development) [1]. From the 60s,
after thalidomide drama, these premarketing studies have been
improved. However, whatever the results of these experiments
are (adverse effects or not), the future medication can be allowed
to proceed its development and to be marketed. The observed
adverse effect in animals will only be mentioned in the summary
of product characteristics (SPC).

On the other hand, for safety reasons, results from experimen-
tal data are not extrapolated to human beings because the sensi-
tivity to teratogenic effects can be different from a species to
another. For ethical reasons, the clinical trial program of a medic-
inal product under development rarely includes pregnant women

(unless the product is intended specifically for use during preg-
nancy [2]). For these reasons, the only data available on the
potential risk of a new medicinal product after prenatal exposure
when it is approved for marketing, arise from nonclinical studies.
Since it is ticklish to extrapolate results from animal studies to
human pregnancies, SPC of many medicinal products are subjects
to warnings (‘should not be used,’ ‘is not recommended,” ‘prefer-
able to avoid'...) or contraindications because they have not been
studied in pregnant women [3]. Such an information tends to
create the impression of a high level of risk, leading health profes-
sionals to overestimate the actual risk [4]. Reading these ‘official’
mentions in the SPC, physicians generally try to avoid these pre-
scriptions in pregnant women, leading to ‘the vicious circle’ of
drug evaluation during pregnancy, that is, ‘'no data, no prescrip-
tion/no prescription, no data.’

1.2 Nevertheless, two situations might allow us to get
out of this predicament: chance and necessity

Chance: Current estimates indicate that half of all the USA and
one out of three of European pregnancies are unintended or
unplanned [5,6]. Thereby, it is possible for a woman to have
taken one or several medications, for a chronic or intercurrent
disease, without knowing that she is pregnant. Moreover,
since several half-lives (around 7 half-lives to eliminate 99%
of the doses) are necessary to eliminate the drug, an embryo
can be exposed to a drug after his mother has stopped drug
intake.
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Article highlights

o Drug induced risks in pregnancy are considered as different phenom-
enon from other drug-induced hazards

¢ Since pregnant women are usually not included in clinical trials for
ethical reasons, post-marketing assessment of medication use during
pregnancy is mandatory.

o As the risk of specific malformations is rather low, studies must be
conducted on large size samples.

¢ Data sources are numerous and each of them exhibit strengths and
weaknesses that can be exceeded using innovative designs

o The diversity of data sources and approaches as well as the imple-
mentation of international networks are the keystones of drug eva-
luation in pregnancy

This box summarizes key points contained in the article.

Necessity: Besides, medication intake is sometimes unavoid-
able in the treatment of pregnant women, for instance, among
women diagnosed with severe chronic diseases. In such con-
ditions, the absence of treatment would be more hazardous
than the medication itself. When the treated pregnant patient
is followed up, her pregnancy outcome can be registered by a
Pharmacovigilance center, a Teratogen Information Service
(TIS) or the ‘ad hoc’ registry (see below).

Thus, it requires a lot of time to get information on drug
exposed pregnancies and to evaluate the teratogenic risk and
even more to evaluate effects on neurodevelopment. For
example, valproate has been marketed for the first time in
1967 and the first data on a teratogenic effect have been
published in the 1980s [7], that is to say 15 years after. The
lower the teratogenic risk of a drug is, the higher the number
of exposed women required to detect this risk will be and the
longer it will take to detect it. First data on valproate long
term effects on neurodevelopment were published in the early
2000s, almost 40 years after.

1.3 And yet, several studies show that medication use is
common in pregnant women

In total, 25-99% of women take some form of medicine during
pregnancy, estimates varying depending on the country, pro-
duct types, and calendar time. For example, a prescription
study performed in France in the late 90s showed a large
prescription of drugs during pregnancy (with, on average, 16
different active ingredients per woman), possibly associated
with self-medication (for 1 out of 5 women) [8,9]. Moreover,
around 80% of these women were exposed to drugs for which
no evaluation data were available [10].

This large number of exposed women is of concern, but
represents also an opportunity to evaluate the used product
safety in real life. Several countries have implemented differ-
ent systems to monitor this drug use [11]; for example, elec-
tronic healthcare database servers collecting healthcare data
have been used to evaluate the safety of medication in preg-
nancy. Others have collected information on birth diseases
and deaths from healthcare facilities. Information, stored in
various national health registers and information on pre-
scribed drugs dispensed by pharmacies are recorded in spe-
cific drug registers.

This review describes the different data sources allow-
ing pharmacoepidemiologic studies in pregnancy and sev-
eral examples of the used methods. Studies are numerous
and we will mostly choose examples in Europe, with a
French focus.

2. Description of data sources

(1) Case report and pharmacovigilance databases

Spontaneous reporting of adverse outcomes is an important
source of information and the teratogenicity of drugs such as
thalidomide, isotretinoin and more recently, mycophenolate
[12-15] has been identified through case series. Similarly,
repeated feature of early reports of exposure to maternal ther-
apy with angiotensin-converting enzyme inhibitors is the
occurrence of severe oligohydramnios and/or neonatal anuria.
Several babies died in the perinatal period, in renal failure, or
needed peritoneal dialysis [16].

Thus, the occurrence of several reports of a same adverse
effect in the newborns, with a same drug, supports the
hypothesis of a potential teratogenicity or fetal toxicity of
this drug

In the 1960s, thalidomide drama was the first event that has
made aware of the importance of risk assessment during preg-
nancy. It was closely followed by the emergence of pharmacov-
igilance. In subsequent years, several countries have set up a
pharmacovigilance system to prevent such drug-related disas-
ters. In 1968, the World Health Organization (WHO) International
Drug monitoring Program was implemented to identify the ear-
liest possible pharmacovigilance signals. The program now has
more than 80 member countries from all parts of the world
contributing individual case safety reports (ICSRs) to the WHO
Global ICSR Database System: VigiBase [17].

Nevertheless, pharmacovigilance often appears inadequate
to identify the magnitude of the risk of medication in preg-
nancy because of the under-reporting bias. What is reported
may be considered as the tip of the iceberg compared to what
we do not know. In addition, the number of pregnant women
exposed to the drug is missing and the level of the risk cannot
be quantified. In most cases, case reports constitute a signal
that should be confirmed later in pharmacoepidemiologic
studies. Therefore, pharmacovigilance often foreruns in time
pharmacoepidemiology in drug risk evaluation during
pregnancy.

(2) Information centers on drug and pregnancy

Since adverse effect recording is insufficient to determine their
prevalence, teratology information services (TIS) were set up
from the 1970s to collect data on drug exposure during
pregnancy [18-20]. Indeed, pregnant women or healthcare
professionals are frequently looking for information about
the risk of a drug taken or planned to be taken during preg-
nancy. TIS provide them with tailor-made information and
seize the opportunity to collect relevant information on preg-
nancy and drug exposure.

TIS are affiliated with hospitals, universities, or health insti-
tutions and are independent of pharmaceutical firms. They are
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nonprofit entities and offer services for free. In 1990, 33
European TIS collaborated to establish ENTIS (European
Network of Teratology Services) [21] in order to harmonize
and optimize procedures in risk assessment, communication,
and recommendation made by the TIS to health care profes-
sionals and patients [22]. ENTIS also pools data from each TIS
to carry out health monitoring.

Often, pharmacovigilance centers are Drug Information
Centers and carry out an activity similar to TIS. For example,
French Pharmacovigilance Centers answering questions about
pregnant women contribute to Terappel database which con-
tains pregnancy follow ups and participate to the ENTIS [18].

All pregnant women and healthcare professionals have
access to TIS. They voluntarily contact them for information
about one (or more) drug safety at a specific time of pregnancy.
Data collection is carried out prospectively, insofar as the out-
come of pregnancy is not known on the first call. The caller
answers questions regarding age, medical and family history,
pregnancy disease, medical treatment, drugs and other sub-
stance exposure and antenatal diagnosis. The patient or her
doctor is then contacted shortly after the expected date of
delivery to get information on the actual taking of medicines
after the first call and the pregnancy outcome.

Several studies have been performed with these data. For
example, a study was conducted to assess the embryotoxic poten-
tial of methotrexate treatment at dosages typically used in the
treatment of rheumatic diseases. Data on methotrexate-exposed
and comparison women were obtained from pregnancies identi-
fied by members of the ENTIS, as well as from the Organization of
Teratology Information Specialists (OTIS) (a similar network in the
USA and Canada). The main result is that postconception admin-
istration of methotrexate was associated with an increased risk of
major birth defects and spontaneous abortion. Such evidence was
not found after preconception administration [23].

The strength of TIS is that patients and healthcare professionals
who call them are motivated responders because they get infor-
mation for free. Many data are collected, including over the
counter drugs intake and many potential confounding variables.
In most cases, requests involve drugs poorly evaluated during
pregnancy, which is a good way to increase knowledge on
them. Moreover, prospective data collection minimizes recall
bias. TIS constitute a valuable tool to precisely document courses
of pregnancies under treatment with rare drugs or those sus-
pected to be developmentally toxic. Data can also be evaluated
through observational cohort studies comparing the occurrence
of a specific outcome between a group of pregnant women
exposed to a drug suspect to be embryotoxic or foetotoxic and
a nonexposed group. With this objective, ENTIS has implemented
a control pool, including women exposed to only well evaluated
and non-teratogenic drugs [24].

TIS limitations are first the absence of sensitive information
that patients do not want to provide on the phone, as, for
example, alcohol consumption, smoking, self-medication, socio-
economic level, or abortion failure. Second, TIS are not appro-
priate for long-term effects of in utero drug exposure studies.
Indeed, follow up is done shortly after the birth; which is too early
to diagnose functional deficits that may come later in childhood.
Another limitation relates to the voluntary nature of enrolment
of women and the potential selection bias associated. Thus,
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women with better education are overrepresented. As social
insecurity is a known risk factor for neonatal mortality, congenital
anomalies, premature delivery, and low birth weight [25], it may
be possible that women who contact TIS are at lower risk of
adverse pregnancy outcome. However, this limitation may not
lead to underestimation of risk if an appropriate comparison
group is selected [26].

(3) Registries set up by industry

Pharmaceutical companies might set up pregnancy registries to
monitor specific drugs or drug classes. For example, the
AntiRetroviral Pregnancy Registry was established in 1989 by
several pharmaceutical companies to evaluate prenatal expo-
sure to antiretrovirals. These registries do not have exactly the
characteristics of a registry because of the voluntary nature of
the enrolment and the non-exhaustiveness of collected cases.
Such registries are sometimes recommended by Healthcare
Agencies (The European Medicines Agency (EMA) or the Food
and Drug Administration in the USA (FDA)) when a drug
recently approved is likely to be used by pregnant women.

Data collection in registries is, most of the time, done pro-
spectively. Women are enrolled themselves or through their
doctor at the beginning of pregnancy and before any prenatal
diagnosis to limit selection bias. As for TIS, many data on the
mother (diseases, medical history, drug exposure...) and the
pregnancy outcome are collected from the enrollment until a
short period after delivery. Data from registries are periodically
analyzed to detect major congenital malformations.

An example of study conducted using registry set up by
industries is the one using the Antiretroviral Pregnancy Registry
to assess the risk for ventricular septal defects and congenital
heart defects following zidovudine exposure during pregnancy.
The authors found that the prevalence of such cardiac anomalies
among infants exposed to zidovudine antiretroviral regimens
was not significantly different from infants exposed to non-zido-
vudine antiretroviral regimens [27].

Strengths of registries set up by industry are on the one
hand the large amount of data that can be collected, probably
because enrolled women are voluntary and willing to give
information. On the other hand, such registries are good tools
to perform signal-generating studies. These signals should later
be investigated using a more comprehensive data source.

The weakness of registries is first the potential selection
bias since volunteer women who participate may be more
health conscious and at lower risk of adverse pregnancy out-
come. Conversely, women with a serious disease requiring
medical follow up may be more enrolled through their doctor.
The second weakness of registries is the low level of enrol-
ment. There are also a significant number of lost to follow-up
patients, which results in a large amount of missing data. Thus,
studies performed using such registries often suffer from poor
statistical power. Another weakness of registries is the diffi-
culty in identifying an appropriate comparison group.

(4) Congenital anomaly registries

Population-based registries of children born with congenital
malformations were implemented after the thalidomide
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disaster in order to detect teratogenic potential of new drugs
as soon as possible. Registries continuously and comprehen-
sively collect nominative data relevant to congenital malfor-
mations in a defined geographical area. Data collection is
carried out retrospectively after the pregnancy outcome is
known. To that end, field agents perform an active and sys-
tematic review of medical records.

Registries provide a systematic epidemiological surveillance
of birth defects since they detect unexplained variations in the
frequency of malformations. In 1979, the European Surveillance
of Congenital Anomalies (EUROCAT) was implemented to
develop a health monitoring system of congenital anomalies.
This network brings together 43 registries in 23 European
countries and covers 29% of European birth population [28]. It
is a powerful tool to detect new teratogen risks. However, the
main limitation when using registry data is the lack of informa-
tion, especially on drug exposure during pregnancy, in medical
records. This is an important consideration because knowing
precisely the exposure time is necessary to evaluate medication
during pregnancy.

(5) Case-control surveillance

Case-control surveillances have been implemented to identify
infants with birth defects and evaluate antenatal medication
exposure associated with the occurrence of birth defects. Here
are presented 3 examples of case-control surveillances. The
first is the Slone Epidemiology Unit Birth Defects Study at
Boston University, which was started in 1976. It is an ongoing,
case-control study in North America that focuses on the risks
and safety of antenatal medication exposure in relation to
specific major birth defects. Infants with a wide range of
major malformations are identified through birth hospitals in
North America. The second example is the National Birth
Defects Prevention Study. It has been implemented in 1997 to
establish population-based cases with birth defects and live-
born controls without birth defects in 10 US states for the
purpose of identifying potential teratogenic risk factors. Cases
are identified from birth defect registries and controls are
selected randomly from birth certificates or birth hospital
records. A telephone interview is administered between
6 weeks and 24 months after the infant’s due date to collect
data on pregnancy characteristics, family history, medical care,
diet, lifestyle, and occupational history [29]. The third example
is the Hungarian case-control surveillance of congenital
abnormalities, which was created in 1962 and collects the
mandatory notifications from health professionals of patients
(cases) with different congenital abnormalities diagnosed from
birth until the end of the first postnatal year in Hungary. This
enables the implementation of a national/population-based
dataset, which is appropriate for the estimation of recorded
baseline rates of different congenital abnormalities and for
the detection of congenital abnormality signals [30].
Case-control surveillances are useful to detect new terato-
gens. They enable case-control studies to be realized, which
often present the advantage of having a high statistical power.
As in the sources previously described, medical records con-
tain a lot of data. Furthermore, birth defects are, in most cases,

well documented and comprehensive when identified from
birth defect registries. Nevertheless, the main limitation of
case-control surveillances is the recall bias because data on
drug exposure during pregnancy are only collected after the
birth. Moreover, the necessary information is sometimes miss-
ing and data on time drug exposure inaccurate.

(6) Healthcare databases

The limitations of previous data sources and the rather recent
availability of health or administrative databases encouraged
the emergence of electronic healthcare databases as data
sources for pharmacoepidemiologic research. There are two
types of databases: those whose data come from medical
records and those using administrative claims for drug reim-
bursement that can be augmented/improved with medical
data. A database that can be used for risk assessment of
medication during pregnancy must provide information on
mother linked to information on her child.

An electronic medical record such as the CPRD (Clinical
Practice Research Datalink) in the UK contains anonymized
longitudinal medical data routinely input by the general practi-
tioner (GP) [31]. CPRD provides much information related to
mother characteristics and disease, pregnancy, antenatal diag-
nosis and all types of pregnancy outcomes (live deliveries,
stillbirth, spontaneous pregnancy losses, and induced termina-
tions). Maternal and children medical records can be linked
using a family number. CPRD also contains data on congenital
anomalies and on children health status. Mother drug exposure
is captured through the prescription issued by GPs. Information
on Over The Counter drug exposure might also be available in
the CPRD if the mother informs her GP. In addition, data some-
times include information on lifestyle factors as for example
alcohol or smoking. Nevertheless, all medical information is not
available since the GP is the only one to implement the data-
base (information from a specialist or from hospitalizations is
not systematically relayed to the GP). Moreover, the main limit
of the CPRD for studying drug safety in pregnancy is the vague-
ness in the dates of beginning and end of pregnancy as well as
in the dates of drug exposure.

The second type of databases is claims databases. Information
on drug exposure come from reimbursement data of drug pre-
scribed and dispensed. Some of these claims databases have
been augmented/improved with other types of data and/or
linked to other databases that contain medical information (e.g.
national or regional birth registry data, maternal survey data). For
example, the Nordic countries (Denmark, Finland, Iceland,
Norway, and Sweden) have pooled together information about
births (livebirths and stillbirth), hospitalization, cancer diagnosis,
dispensed drugs and causes of death from different registries
[32]. This is possible thanks to the personal identification number
(PIN) assigned to each Nordic inhabitant [33].

Furthermore, some databases have been created for the
particular purpose of assessing medication during pregnancy.
For example, the Quebec Pregnancy Cohort (QPC) gathers
data on pregnancies and children born in Quebec since
1997. Information comes from the linking of four claim data-
bases including the RAMQ (public health insurance) with
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medical and drug exposure data, the hospitalization database,
the birth and death registry and the database of the Ministry
of Education.

EFEMERIS (Evaluation chez La Femme Enceinte Des MEdicaments
et de leurs RISques) is another database intended specifically to
evaluate drug safety in pregnancy [34]. At the present time, this
French database includes 115,890 mother-child pairs from 1 July
2004 until 31 December 2015 in South West France [35]. Data
come from four different sources (Figure 1). First, the French
Health Insurance System records all reimbursed drugs (name,
ATC code, date of dispensing, prescriber) prescribed and dis-
pensed to patients under general state coverage. Second, the
Mother and Child Protection Centre (PMI) records data from chil-
dren certificates filled out during the compulsory medical exam-
inations at birth, 9 and 24 months (according to the French law).
These health certificates contain data about the health of the
mother (maternal characteristics, some pathologies during preg-
nancy) and the child (weight, size, Apgar score, neonatal pathol-
ogies, psychomotor development, congenital malformations). The
examinations are performed by a general practitioner or a pedia-
trician, using the certificates standardized questionnaire. Third, the
Prenatal Diagnosis Centre (CPDPN) centralizes data corresponding
to all occurrences of major and minor malformations in mater-
nities of the region where therapeutic termination has been con-
sidered (cause and date of termination). Fourth, the French
hospital medical information system (PMSI) provides the nature
and date of termination (legal termination, stillbirth, and sponta-
neous abortion) from the Toulouse University Hospital centre.
Data on both the mother and her outcome (live birth or preg-
nancy loss) are linked with an anonymous irreversible code.
EFEMERIS provides exact data on the period of exposure to
drugs (based upon pharmacy dispensing data), pregnancy termi-
nations, and follow up of the babies 9 months and 2 years after
birth. It is incremented each year with around 10 000 new preg-
nancies. EFEMERIS can be used to monitor the prescription of
reimbursed drugs to French pregnant women as well as to identify
adverse pregnancy outcomes such as congenital malformations or
effects on the child psychomotor development.

Finally, some healthcare databases are augmented with
clinical data collected during the infant follow-up, enabling
the study of outcomes that can only be diagnosed later in
childhood. For example, POMME (PrescriptiOn Médicaments

Figure 1. The four data source of the EFEMERIS database.
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Meres Enfants) is a French cohort implemented in 2011 to
evaluate long-term effects of in utero exposure to drugs. For
now, the children recorded in POMME are born between the
1st of July 2010 and the 30th of June 2011, to women
covered by the Health Insurance System in south-west
France. POMME provides anonymous medical data about
mothers and children. POMME yearly collects, from the
French Health Insurance System, anonymous data about
prescribed and reimbursed drugs and medical care to chil-
dren. Thus, POMME holds information about drugs reim-
bursed to children during prenatal life (from conception)
and infancy [36].

The main weaknesses of healthcare databases are the lack
of information on over-the-counter exposures and whether
the woman actually took the drug. Noncompliance may lead
to exposure misclassification. It should be noted that data-
bases capturing reimbursement data are probably more accu-
rate than those capturing prescription data since the patient
has picked up the medicine at the pharmacy. In addition, the
exact timing of drug use is rather uncertain in healthcare
databases. This problem is especially encountered when
studying drugs used sporadically. In many healthcare data-
bases (apart from those created to study drugs in pregnancy),
congenital malformation diagnoses are also incomplete.
Moreover, claims databases often have missing information
on potentially important confounders as for example comor-
bidities, drugs dispensed during hospitalization, use of alco-
hol, smoking, socioeconomic level, and body-mass-index.

Nevertheless, healthcare databases are valuable tools to
assess the drug safety during pregnancy. Since they provide
large size samples, they make possible epidemiologic studies
with good statistical power. The large amount of data avail-
able allows studying several outcomes or several medications.
The method for recording patient and for collecting data
presents the advantage to limit both selection and recall bias.

3. Examples of methods for pharmacoepidemiologic
studies in pregnancy

Several epidemiologic study designs can be used to assess
medication safety during pregnancy. The first one is the drug
utilization study. As many drugs are not approved in



AUV ILIVAUVU U)Y LYY Woilv L dul vabldlivijat VJ.1 7 &1 JAUsgUot &V 1/

6 (&) C.DAMASE-MICHEL ET AL.

obstetrics, they are often used off-label and it becomes impor-
tant to know the drug exposure among pregnant women.
Such a study has been performed using the EFEMERIS data-
base for example. It focused on prescriptions for asthma med-
ications before and during pregnancy [37]. A change in the
type of asthma medication during pregnancy was highlighted
with an increase in the prescribing of better evaluated medi-
cations. This observation has guided the following research to
study the potential impact of such changes for fetuses and
newborns and to give better information for health profes-
sionals. Drug utilization studies are important because they
provide the denominator data needed in pharmacovigilance.
They also give information about the drug utilization in real
life. However, such studies are descriptive and do not allow for
the identification of associations between drug exposure and
pregnancy outcome.

Second comes risk assessment studies. This includes case/non-
case study, which can be performed using Pharmacovigilance
databases. This approach measures disproportionality of combi-
nation between a drug and a particular adverse pregnancy out-
come. A study conducted in VigiBase(®), the WHO Global ICSR
database, evaluated signals of congenital malformations with
antipsychotics [38]. The authors found a signal of disproportionate
reporting for antipsychotics and gastrointestinal congenital
abnormalities, which requires further studies using different
designs to be confirmed.

Another type of risk assessment study is case—control study. In
this design, the exposure rate among cases (individuals with a
specific outcome, for example a congenital malformation) is
compared with the exposure rate among controls. The main
advantage of this approach is the high statistical power when
studying specific malformations, provided that the sample size
and prevalence of exposure are adequate. This requires impor-
tant consideration of the potential confounders. However, case-
control studies that collect information from parental surveys or
interviews are prone to recall bias that may often limit the results
interpretation. The same does not apply for case-control studies
conducted using electronic databases, which would not be
prone to recall bias. Registries are good tools to perform case
control studies. For example, the Hungarian case-control surveil-
lance of congenital abnormalities was used to determine in utero
drug exposure that could lead to isolated esophageal atresia [39].
The authors found that mother of children with this birth defect
were more often treated with nifedipine for essential hyperten-
sion than controls.

Finally, risk assessment studies also include prospective
cohort studies that consist in following groups of exposed
and unexposed pregnant women and studying the outcomes.
The main advantage of cohort studies is that it enables the
quantification of risks. Nevertheless, as for case-control stu-
dies, potential confounders (maternal disease, medications,
demographic factors...) have to be taken into account to
measure the exact link between drug exposure and outcome.
Moreover, such study requires to be conducted on a large
sample size to observe rare events. For example, the safety
of AH1IN1 vaccination in France was assessed in pregnancy
through a cohort study [40]: a group of 1645 women who
were administered A/H1N1 vaccine during pregnancy were

compared to 3290 nonvaccinated women. The authors con-
cluded that vaccination with a non-adjuvanted A/H1N1 vac-
cine during pregnancy was not significantly associated with an
increased risk of adverse pregnancy outcomes. Cohort study
designs are also appropriate to assess long term effects of in
utero drug exposure. A study conducted in EFEMERIS has
evaluated the effect of prenatal exposure to drugs with atro-
pinic properties on infant psychological development [41].
Data for psychological development were extracted from chil-
dren’s medical certificates completed at 9 and 24 months. This
study showed a significant association between in utero expo-
sure to atropinic drugs and fewer infant cognitive acquisitions
at 24 months.

In conclusion, relevant assessment of drug safety in preg-
nancy can be carried out by summarizing results of studies
performed using different sources and different designs.

4. Expert opinion
4.1. Characteristics of medication risk during pregnancy

A medication-induced birth defect is considered as an unac-
ceptable risk by our society, since medications have been
created by humans to improve health and happiness. It is
therefore crucial to quantify drug-induced adverse reactions
in pregnant women to make patients feel confident with their
treatment. This evaluation is delicate since multiple factors
might increase the chances of having a baby with a birth
defect, such as alcohol, family antecedents, environmental or
bio-hazards, certain medical conditions and some medica-
tions. The Center for Disease Control (CDC) indicates that
every 4.5 min, a baby is born with a birth defect in the USA
[42]. Defects attributable to drug therapy represent about 1%
of congenital defects of known etiology [43]. However, the
special status of collateral victim or ‘innocent bystander’ of the
fetus explains why drug induced risks in pregnancy are con-
sidered as different phenomena from other drug-induced
hazards [44]. Thus, pregnant women represent a population
where the risk of medication intake exhibits some character-
istics that require special consideration leading to a particular
evaluation.

First, for ethical reasons, pregnant women are usually not
included in clinical trials. Therefore, the risk of in utero drug
exposure (teratogenic, foetotoxic, or developmental disorders)
is not assessed in humans prior to the marketing authoriza-
tion. In any case, even if women had been included in clinical
trials, the available data would have been insufficient to deter-
mine the security profile of medication during pregnancy
because of the ‘5 toos’ of clinical trials [45]: there would be
too few patients included to detect a low risk since the num-
bers targeted to assess benefit are insufficient to assess risks of
specific birth defects. Those included are too simple (no multi-
ple illnesses, no polypharmacy...) and too median aged.
Clinical trials are also too narrow, meaning that only patients
who met indication criteria are included; and too brief, which
does not leave time to observe delayed effects.

Second, the risk of specific malformations is rather low (1
out of 1000 or 10 000). Most congenital abnormalities occur at
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low rates in the general population and most teratogens
increase the risk only ‘moderately.” Medication assessment in
pregnancy should therefore include rare adverse pregnancy
outcomes.

Third, risk assessment in pregnancy requires precise infor-
mation about time exposure and the dates of beginning and
end of pregnancy. Indeed, depending on the period of expo-
sure (period of drug intake plus 7 half-lives of the drug and/or
its metabolite(s)) during pregnancy, drugs may have a differ-
ent impact on the embryo/fetus. During the first 12 days of
pregnancy (3rd and 4th gestational week), exposure to a
teratogenic agent may lead either to the death or to a normal
pre-embryo according to the ‘all or nothing rule:’ zygotes
contain omnipotent stem cells without any differentiation,
therefore, if seriously damaged pre-embryos will not survive,
or when less seriously damaged they will survive with com-
plete regeneration. During the following two months (period
of organogenesis), exposure to a teratogenic agent may
induce major malformation, or death, while exposure during
the second or third trimester may mainly induce growth retar-
dation, stillbirth and functional deficits such as renal insuffi-
ciency, neurological disorders, etc.

Fourth, some of the adverse consequences of prenatal drug
exposure can be observed lately. Indeed, drug exposure dur-
ing a period of high sensitivity and development vulnerability
may lead to effects not visible at birth.

4.2. Pharmacoepidemiology for real-life evaluation: an
increasing number of large databases

Post-marketing assessment of risks and benefits of medication
use during pregnancy is therefore essential. Many sources
(described above) have been available for a long time.
Nevertheless, some of their limitations (selection bias, small
sample size, retrospective data collection) remain obstacles to
a fair assessment of medication risks during pregnancy. Hence,
electronic databases have been increasingly used in recent
years. Databases, augmented on purpose, combine different
healthcare sources, for drug assessment in pregnancy [35].
Moreover, some of them have extended the period of follow
up of the prenatally exposed infant in order to capture
delayed effects such as developmental disorders (for example
the cohort POMME, see above). Fetal development is a critical
period for shaping the lifelong health of an individual. The
‘fetal programming’ hypothesis proposes that alterations dur-
ing fetal development result in adaptations that permanently
change structure, physiology and metabolism which can lead
to adverse long-term health consequences. For example, glu-
cocorticoids drive changes in gene regulation that are neces-
sary for normal growth and maturation. The fetal
hypothalamic-pituitary-adrenal axis is particularly susceptible
to long-term programming by glucocorticoids; these effects
can persist throughout the life of an organism. Moisiadis VG
et al. showed that dysfunction of the hypothalamic-pituitary-
adrenal axis as a result of fetal programming is associated with
impaired brain growth, altered behavior and increased sus-
ceptibility to chronic disease (such as metabolic and cardio-
vascular disease) [46,47].
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Thus, the increase in both the number of registered vari-
ables and the duration of the follow up expands the prob-
ability to detect a low signal.

Although pharmacoepidemiologic studies have limita-
tions, they provide the advantage that they use real-life
data. Unlike clinical trials, patients captured by databases
are rather representative of the general population (multiple
ilinesses, polypharmacy). Another potential strength of phar-
macoepidemiologic studies is their ability to detect rare
effects provided that they are conducted using sources with
adequate sample size. For example, to detect a doubled risk
of malformation after prenatal exposure to drugs, the mini-
mum number of exposed subjects who need to be enrolled
in the study is higher than 1000. To detect an increase in the
risk of a specific malformation which prevalence in the gen-
eral population is 0.1% (such as oral cleft), 20 times more
patients are required: in a database of 100 000 pregnant
women, at least one out of five must have taken the medica-
tion. A review of European health care databases in 2014
showed that the number of pregnancies in these databases
ranges from 27 000 to 130 000 according to the country [48].

Thus, when focusing on a specific congenital abnormality
and infrequently used medications, the study should be con-
ducted using a so large-sized sample that a single database
might be not sufficient. To that end, consortiums have been
developed in recent years enabling multicentric studies. For
example, EUROmediCAT is a European research consortium
dedicated to improving medication safety in pregnancy [49].
It started work on 1 March 2011 with financial support pro-
vided by the European Union and was established as a daugh-
ter project to EUROCAT (European Surveillance of Congenital
Anomalies. Since then, EUROmediCAT has diversified its fund-
ing sources, as can be seen under EUROmediSAFE, which is an
Independent Research Consortium comprising of 11 partner
institutions from Belgium, France, Germany, Italy, the
Netherlands and the UK. It focuses on studies involving med-
ication use during pregnancy [50].

In return, studies are prone to bias resulting from con-
founding factors, even if these biases often can be considered
in statistical analysis. There are also concerns about the quality
of data recorded in electronic databases. Indeed, missing data,
misclassification of exposure and inaccurate information on
pregnancy outcome are likely to impair the medication eva-
luation. For example, pregnancy terminations are sometimes
missing [48] and only live births are described. This is an
important issue, since some pregnancies might have been
terminated due to drug-induced malformation in the fetus. If
the information is missing, the teratogenic risk could be
underestimated. Only considering live births could cover up
drug-induced pregnancy losses.

Other times, regulatory rules imply that individual data,
from different databases, cannot be pooled. This constraint
can be bypassed by conducting meta-analysis. This approach
was used to evaluate adverse neonatal outcomes and conge-
nital malformations after prenatal exposure to neuraminidase
inhibitors in Europe [51]. The authors performed a multina-
tional population based register study, including mother—child
pairs in the Scandinavian countries (Denmark, Norway, and
Sweden) and those recorded in the EFEMERIS database in
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France. The results of this meta-analysis were in favor of the
safety of neuraminidase inhibitors in pregnancy.

4.3. Beyond the boundaries thanks to different ways of
analyzing data

Nonclassical drug utilization studies offer an alternative to esti-
mate in utero drug exposure. For example, a recent study has used
the Trajectory Method to identify profiles of exposure (in terms of
intensity and evolution during pregnancy) and evaluate the
effects of in utero exposure to anxiolytics and hypnotics on the
adaptation to extra uterine life [52,53]. Pregnant women were
classified according to their profile exposure, which was deter-
mined in three steps: (a) Conversion of prescription data into
exposure variables (using ATC-DDD), (b) Construction of individual
trajectories of exposure, and (c) Clustering of individual trajectories
of exposure. A significant difference in ‘neonatal pathologies’ rates
depending on the exposure profiles was found. High anxiolytic—
hypnotic burden throughout pregnancy may affect newborn
health. Conversely, a low constant level of exposure to these
drugs during pregnancy or a decrease during the first trimester
of pregnancy to low level of exposure does not appear to affect
newborn health. However, it cannot be excluded that the different
profile exposure might indicate maternal conditions that increase
risk of neonatal pathologies. This bias has been limited by adjust-
ing on maternal factors such as the number of drugs that have
been taken during pregnancy.

Epidemiological studies are often criticized because of the
existence of confounding factors that may limit the results
interpretation. Indeed, it is important to separate an effect
caused by the medication from the underlying risk associated
with environmental and genetic factors.

One of the solutions to consider potential confounders is to
implement a propensity score, which is the conditional prob-
ability of receiving a medication given a vector of measured
and unmeasured covariates. On the one hand, exposed and
unexposed subjects can be matched on the propensity score.
This ensure of the comparability of subjects. On the other
hand, propensity score can be used as adjustment variable in
statistical models when assessing causal effects. For example,
antipsychotic drug use in pregnancy was evaluated through a
high dimensional propensity score matched cohort study [54].

Some different designs, such as the case-time-control, can
also be used to evaluate the effect of intermittent exposures
on the risk of acute events. The design uses subjects as their
own controls. Self-matching of cases eliminates the threat of
control-selection bias and increases efficiency. Hernandez-Diaz
S et al. realized a study to assess the advantages of using case-
crossover and case-time-control designs in birth defects
research. They compared these two innovative approaches
with a traditional case-control study design that evaluated
the association between use of folic acid antagonists during
the second and third pregnancy months and the risk of cardi-
ovascular defects. Their results suggested that innovative
designs would be advantageous over the case-control design
only in certain limited setting [55].

Another possible solution to avoid bias is to perform ‘sib-
ling’ controlled studies. This design provides an effective
approach to control for maternal factors, since siblings grow

in the same family environment and have in common half of
their DNA. Only discordant siblings are informative because
they may only differ on prenatal drug exposure. Such studies
need to be performed on a large epidemiological cohort to
ensure enough discordant pairs. For example, Brandlistuen
et al. conducted a sibling controlled study in the population-
based Norwegian Mother and Child Cohort Study in order to
evaluate the association between prenatal antidepressant
exposure and behavioral problems [56].

Finally, there is often a gap between observations issued of
pharmacoepidemiologic studies and the understanding of the
teratogenic action of a drug. Except for folate antagonists or
for drugs inducing neural, endocrine or vascular disruption,
oxidative stress or specific receptor- or enzyme-mediated ter-
atogenesis [57], etiologies of birth defects are still not com-
pletely understood. Using a backward identification process
has been proposed, i.e. going from pharmacoepidemiologic
studies to animal studies, one could improve the knowledge
on the mechanisms of teratogenic effects [58,59].

Thereby, experimental studies are complementary to phar-
macoepidemiologic approach.

To prevent the drama of a drug-induced adverse effect in
the womb, we could imagine an efficient system in which the
follow up of each pregnant woman, who had taken a medica-
tion by chance or necessity, would be considered as a precious
information for the f