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Abstract

Background Because of the limited data concerning drug
risks in pregnancy, health professionals are often deprived
of relevant and sufficient information related to prescribing
or dispensing during pregnancy. However, previous studies
have emphasised the widespread French prescription of
several drugs (sometimes “typically French”) which have
not been assessed in pregnant women.

Objectives The aim of the present study was to create the
first French database of drugs prescribed and dispensed
during pregnancy and the outcome of these pregnancies.
Methods This feasibility study concerns pregnant women
who gave birth to a baby between 1 July 2004 to 30 June
2005 in Haute-Garonne and who are registered in the
French Health Insurance Service. Data sources include (1)
the French Health Insurance Database (drugs prescribed

EFEMERIS (Evaluation chez la Femme Enceinte des MEdicaments et
de leurs RISques)
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during pregnancy), (2) the Mother and Child Protection
Centre Database (newborn health at birth and 9 months
after) and (3) the Antenatal Diagnostic Centre Database
(medical pregnancy interruptions).

Results The database is composed of 10,174 “mother-
outcome” pairs. The prevalence rate of congenital
anomalies was 2.2%. Pregnant women were prescribed
11.3£8.2 different drugs. Among the 20 most frequently
prescribed drugs, around half of them have not been
evaluated in pregnant women.

Conclusions The first results of this study show that
implementation of a French database on prescription of
drugs and pregnancy outcomes is feasible. Compared
with several databases available in other countries,
EFEMERIS provides exact data on period of exposure
to drugs, pregnancy terminations, and follow up of the
baby 9 months after birth. Recording these data would
make it possible to assess the risk of malformations due
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to a greater number of drugs and would contribute to
international drug evaluation studies.

Keywords Drug prescription - Pregnancy -
Prescription database - Pharmacoepidemiology

Introduction

Evaluating the risks related to taking medication during
pregnancy runs up against the difficulty of the almost
complete lack (for ethical reasons) of clinical trials and the
paucity of epidemiological data. Because of the limited data,
physicians are often deprived of relevant and sufficient
information regarding the prescription of medicines during
pregnancy. However, studies carried out in France [1-6]
reveal an elevated number of drugs (6 to 16 different drugs
prescribed per woman according to the studies) during
pregnancy. Certain drugs (e.g., misoprostol, non-steroidal
anti-inflammatory drugs or converting-enzyme inhibitors
during the last 3 months of pregnancy) known to be
teratogenic, and for which the risk incurred exceeds the
expected benefit, are often prescribed. These studies also
show the widespread prescription of drugs which have not
been evaluated during pregnancy, in particular drugs only
marketed in France. Databases on drug prescriptions in
pregnancy exist in some other European countries (e.g.,
Nordic countries, United Kingdom) linking prescription
databases and birth registries.

The main aim of this study is to create the first French
database of the drugs prescribed and dispensed during
pregnancy and the outcome of these pregnancies (birth or
medical termination of pregnancy). It concerns a feasibility
study carried out in the Haute-Garonne Departement in the
south-west of France.

Methods

The French Health Insurance System, Caisse Primaire d’
Assurance Maladie (CPAM), refunds care and medications.
For pregnant women, the first 3 months are reimbursed at
35 or 65% depending on the drug. Thereafter, care and
medications are reimbursed at 100% until the end of
pregnancy. All expecting mothers declare their pregnancy
to the CPAM, which records the date of the beginning of
pregnancy and of childbirth (sent by maternity services for
reimbursement of hospital expenses). The Assurance Mal-
adie systematically records all the drugs prescribed and
dispensed to patients registered under general state cover-
age (80% of the population) in order to refund the costs.
Pharmacists who dispense medicines send the following
data to the CPAM: the name of the person covered by
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health insurance, who the prescription is for, the refundable
medicine, and the date it was dispensed. The collection of
the data by the CPAM is prospective; there is no recall bias
related to the occurrence or non-occurrence of any
malformations.

All children have three compulsory medical examina-
tions at 8 days, 9 months, and 2 years. The certificates filled
out during these examinations are sent to the administrative
services of the Mother and Child Protection Centre
(Protection Maternelle et Infantile; PMI) by the physician
who made out the certificate. Health certificates contain
data concerning the mother (surname, first name and date
of birth) and the child (weight, size, cranial circumference,
APGAR score, neonatal diseases, congenital malforma-
tions, death and psychomotor development). Finally, the
Antenatal Diagnostic Centre (Centre de diagnostic antena-
tal; CDA) centralizes all the occurrences of malformations
in the maternities of the region where termination of
pregnancy has been considered.

We have set up the EFEMERIS database (Evaluation
chez la Femme Enceinte des MEdicaments et de leurs
RISque) using data on prescription drugs dispensed to
pregnant women and recorded by the CPAM of Haute-
Garonne and the outcomes of these pregnancies obtained
from both the PMI and the CDA.

All pregnant women with general state coverage admin-
istrated by the CPAM of Haute-Garonne having given birth
within a 1-year period from 1 July 2004 to 30 June 2005
were included in EFEMERIS. The women were informed
of the study by post sent by CPAM and could refuse that
information about them be recorded. We did not include
women for whom data concerning their newborn were
missing.

The data received from three sources (CPAM, PMI and
CDA) were made anonymous before any transmission to
the pharmacology service and before computer matching.
The surname, first name and date of birth were all
encrypted in the same way in the three databases generating
the same irreversible code. In order to reduce the risk of
different spellings of names in the three databases which
could have led to loss of data, before anonymization we
applied a program which removed spaces, accents and
characters other than the letters A to Z, turning double
letters into a single letter, replacing K by C, W by V etc. We
then used a two-level anonymization architecture. The first
level, configured via first-level secrecy, was carried out by
the three information providers (CPAM, PMI and CDA)
after selection and extraction of the data necessary to the
study and before transmission to the pharmacology service.
The second level, configured via second-level secrecy, was
applied to the anonymous identifiers of the already
encrypted first level by the pharmacology service before
cross-referencing the three data sources.
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For this study, we obtained the authorization to process
this personal information from the French government
agency for the protection of personal data, the Commission
Nationale de I’Informatique et des Libertés (CNIL).

Results

After anonymization, cross-referencing removed the infor-
mation on children for whom we did not find any data
concerning the mother and the files of mothers for whom
the outcome of pregnancy had not been recorded (those for
whom neither of the two certificates, 8 days or 9 months,
were available). We were then left with a database of
10,008 pregnancies with 10,174 mother-outcome pairs
(several multiple pregnancies) (Fig. 1). We checked that
women excluded had comparable characteristics (e.g., age,
prescribed drugs) as the included women (Table 1). We
estimated that, according to the national statistics agency,
INSEE [7], our sample accounts for 86% of the babies born
in Haute-Garonne over the considered period.

Table 2 shows the general characteristics of the 10,144
newborns (weight, size, sex and APGAR at 1 and 5 min).
One can observe a prematurity rate of 6.1%. Fifteen deaths
(1.5%o) in the first days of life were reported. Two hundred
newborns had a malformation, representing 2% of the
population.

We found 30 cases of medical pregnancy interruption;
45% during the second trimester of pregnancy and 55%
during the third. The medical pregnancy interruptions were
carried out on average at 28.4+4.6 weeks of amenorrhoea
(range 22 to 38 weeks). Twenty-nine medical pregnancy
interruptions were justified by the presence of malforma-
tions. In one case, the medical pregnancy interruption was

Fig. 1 Number of

mother-outcome pairs CPAM

v

11 500 pregnancies

undertaken because of anamnios following amniotic sac
rupture. Malformations having justified pregnancy inter-
ruption most frequently affected the central nervous system
(33% of the cases), the cardiovascular system (27%), the
urinary tract (20%), and the musculoskeletal system (20%)
(Table 3). In 23% of pregnancy interruptions, intrauterine
growth retardation was observed. In 20% of the cases, a
genetic abnormality was detected.

Altogether (for newborns and medical pregnancy inter-
ruptions), we observed a malformation rate of 2.2%: 228
newborns or foetuses (medical pregnancy interruptions) had
at least one malformation. Osteomuscular, urinary, cardio-
vascular, and nervous system malformations were most
frequent (Table 4).

The average age of the women was 30.2+5.0 years and
ranged from 15 to 47 years. The average length of
pregnancy was 37.6+1.7 weeks.

Ninety-five percent of the women had at least one drug
prescribed during their pregnancy (93% when iron and
vitamins were excluded). The number of different drugs
prescribed during pregnancy ranged from 0 to 76 with an
average of 114+8. We sorted the drugs prescribed according
to the ATC classification. The pregnant women had most
commonly taken drugs from the “alimentary tract and
metabolism” (80%), “nervous system” (67%), “respiratory
system” (58%) and “blood and blood-forming organs”
(56%) classes (Table 5).

In the “alimentary tract and metabolism” class, the most
prescribed drugs were antiemetics [metoclopramide (20%
of newborns exposed) and domperidone (17%)], and
antiacids and antispasmodics [phloroglucinol (37%)]. In
the “nervous system” class, 65% of the newborns were
exposed to analgesics, primarily paracetamol (63%). About
1% of women had at least one neuroleptic during their

PMI
13769 newborns

Drugs prescribed
during pregnancy

Issues data
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Table 1 General characteristics of included and excluded women

Table 2 General characteristics of the 10,144 newborns

Included
(mean or %)

Excluded
(mean or %)

Age of mothers (years) 30 30
Prescriptions (number of specialties) 9 9
Newborns
Weight (g) 3,264 3,263
Length (cm) 49 49
Sex male 52% 51%
Malformation rate 2% 2%

pregnancy, 2% antidepressants, 3% benzodiazepine, and
1% another hypnotic or anxiolytic. Bromazepam was the
most prescribed benzodiazepine. In the “respiratory sys-
tem” class, cold and cough drugs were the most prescribed
(37% of newborns exposed) with many prescriptions for
helicidine (22%), fusafungine (16%), chlorhexidine (16%)
and tuaminoheptane (15%). In the “blood and blood-
forming organs” class, there were mainly prescriptions for
iron, which was the second most commonly prescribed
drug for pregnant women, with 52% having taken them.

Table 6 presents the most often prescribed active
ingredients. Among the 20 most prescribed active ingre-
dients, there were well evaluated drugs such as paracetamol
and amoxicillin but also many insufficiently evaluated drugs
such as phloroglucinol, helicidine, hesperidin, diosmine,
domperidone, fusafungine, sodium alginate, chlorhexidine,
bacitracin and tuaminoheptane.

Discussion

We have described the implementation of EFEMERIS, the
first French database on the prescription of drugs to pregnant
women. This feasibility study, the first of its kind in France,
has made it possible to study 10,174 mother-outcome pairs.
Our sample of newborns represents nearly 86% of the
children born in Haute-Garonne over the period studied [7].
Databases on drug prescriptions during pregnancy have
already been implemented and used in many countries (e.g.,
the United Kingdom, Finland, Denmark, Sweden, the
Netherlands and Norway) [8—13]. They are used for drug
safety alerts on malformations. They also allow the
evaluation of physicians’ prescription practices. This kind
of monitoring system should exist in every country because
of the differences in the drugs available to prescribing
physicians and national prescription characteristics.

There are malformation registers in France. Their
objectives and methods (retrospective case-control studies)
differ and complement the studies carried out using

@ Springer

Characteristic

Value

Prematurity
Neonatal death
At birth (9,902 8-day certificates®)
Weight(g)
Length (cm)
Head circumference (cm)
Sex
Male
Female
NA
APGAR 1 min
<4
5-7
8-9
10
NA
APGAR 5 min
<4
57
8-9
10
NA
At 9 months (7,867 9-month certificates®)
Weight (g)
Length (cm)
Head circumference (cm)
Psychomotor capacity
Can sit
NA
Reacts to his/her name
NA
Repeats syllables
NA
Can move
NA

615 (6.1%)
15 (1.5%o0)

3,264 (£512)
49 (+£2.4)
34 (£1.7)

5,079 (51.3%)
4,771 (48.2%)
52

72 (0.7%)
185 (1.9%)
393 (4%)
7,223 (72.9%)
2,029

19 (0.2%)

28 (0.3%)
154 (1.6%)
8,954 (90.4%)
747

8,849 (1,032)
72 (+2.8)
45 (£1.7)

7,508 (95.4%)
196

7,602 (96.6%)
199

7,428 (94.4%)
205

6,060 (77%)
213

Values are number (%) or mean (+SD). N4 Not available

?For several babies, only one of the two certificates was available

prescription databases. There are also databases in
information centres (Centre de Référence sur les Agents
Tératogenes and Centres Régionaux de Pharmacovigi-
lance). These consist of recorded questions asked by
health professionals about “drugs and pregnancy” and the
outcomes of the pregnancies. Their objectives and
methods differ and complement the studies carried out
using prescription databases. Compared with several other
prescription databases related to pregnancy, EFEMERIS
has several advantages: it will elicit information to
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Table 3 Malformations having justified pregnancy interruption (n=29
foetuses)

Malformations Number” Percentage of foetuses (%)
Nervous system 10 33

Cardiovascular system 8 27

Chromosomal 6 20

abnormalities

Urinary system 6 20

Musculoskeletal system 6 20

Eye, ear, face and neck 4 13

Digestive system 3 10

Respiratory system 1 3

?One foetus can be affected by several malformations

evaluate drug risk in pregnancy since pregnancy outcomes
are available and will provide information on children up
to the age of 2 years (9 months for the feasibility study).
EFEMERIS contains real dates for the beginning of
pregnancy, i.e., the exact period of drug exposure is
known. It also contains data concerning therapeutic
terminations which can be due to a teratogenic drug.
Among the limitations of the EFEMERIS database, it
should be pointed out that the CPAM does not record drugs
taken during hospitalization, drugs only dispensed at
hospital or drugs which are not reimbursed. We do not
have data on self-medication. There is therefore the
possibility of underestimating the number of drugs taken
by the women in our study. Conversely, there might be an
overestimating factor since we cannot be sure that the
patients included in the study really took the prescribed
drugs. However, our study concerns drugs prescribed but
also dispensed by the pharmacist. Under the method used,

Table 4 Most frequent malformations

Malformations Number Per mille (%o)
Musculoskeletal system 58 5.7
Urinary system 55 5.4
Cardiovascular system 45 4.4
Nervous system 25 2.5
Spina bifida 2
Genital organ 22 2.2
Chromosomal abnormalities 20 2.0
Trisomy 21 4
Digestive system 15 1.5
Cleft lip and palate 8 0.8
Eye, ear, face and neck 7 0.7
Respiratory system 2 0.2
Other 2 0.2

we also could not include women who had a spontaneous
miscarriage. These biases are also present in the other
European studies of prescription drugs. Moreover, we have
checked that excluded women have the same characteristics
as the included ones.

Data concerning neonates (weight, size and prematurity
rate) in our study are comparable with those of the French
general population, according to the results of the National
Perinatal Investigation in 2003 including 15,378 births in
France as a whole [14]. The 2.2% malformation rate and
the distribution of the various types of malformations are
also consistent with the data in the literature [15—17]. The
medical pregnancy interruption rate is similar to that
reported in the National Perinatal Investigation (0.3 versus
0.4%).

This study demonstrates that drugs are widely prescribed
to pregnant women, which tallies with the study we carried
out 10 years ago [6]. The rate of pregnant women having
received at least one drug prescription is as high as in many
other studies carried out in the United States, Germany or
Norway [13,18,19]. In other countries such as Finland,
Italy, the Netherlands and the United Kingdom [8, 12, 20—
22], the rate is slightly lower [63, (70, 75), 79 and 65%,
respectively). The average number of different active
ingredients prescribed per woman is still higher in France
compared with the other countries (11.3 versus 1.2 to 7).
Nguyen et al. have shown that the prescription status or the
level of refunding does not account for the differences in
drug consumptions observed among countries such as
England, Germany and France [23].

The most prescribed classes of drugs differ considerably
from country to country. In several studies, anti-infectives
were the drugs most prescribed during pregnancy [8, 13,
19, 21]. “Alimentary tract and metabolism” class drugs,
which are at the top in our study, were prescribed far less
frequently in other countries (80% versus 4 to 10%
depending on the study). This difference undoubtedly arises
from the mass use of phloroglucinol in France (37% of the
women). In the “nervous system” class, 6% of women are
exposed to psychotropic drugs (anxiolytics, antidepressants
or antipsychotics). This rate is rather high compared with
what is observed in other countries: in Finland, a study on
nearly 8,000 women [24] resulted in a rate of 1.5%, and
Marchetti et al. [25] studying 15,000 women in 22
countries found 3.5%. Compared to the latter study, the
rates of women exposed to various psychotropics were
similar (neuroleptics and benzodiazepines) except for
antidepressants with 20 times more women having taken
them in our study. Concerning benzodiazepines, oxazepam,
with its favourable pharmacokinetic profile (intermediate
half life and no active metabolites) only comes in the sixth
position of the benzodiazepines most prescribed during
pregnancy. The most prescribed benzodiazepines during the
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Table 5 Most often prescribed

ATC classes ATC classes

Exposed newborns (1)  Exposed newborns (%)

A Alimentary tract and metabolism 8,085 80
N Nervous system 6,771 67
R Respiratory system 5,867 58
B Blood and blood-forming organs 5,695 56
D Dermatologicals 4,276 42
J Anti-infectives 4,228 42
C Cardiovascular system 3,573 35
G Genitourinary system and sex 3,503 34
M Musculoskeletal system 1,805 18
H Systemic hormonal preparations 1,476 15
S Sensory organs 1,038 10
Homeopathic 665 7
\% Various 502 5
P Antiparasitic products 271 3
Z Others 62 0.6
L Antineoplastic and immunomodulating agents 16 0.2

third trimester of pregnancy, bromazepam, diazepam and
prazepam, are long half-life drugs (2-150 h). Studies
showed that floppy infant syndrome and neonatal with-
drawal syndrome were less frequent or shorter and less
severe when shorter half-life benzodiazepines such as
oxazepam were used. As in the Dutch [12] and German

Table 6 Most often prescribed drugs

Drugs Percentage of newborns exposed (%)
Paracetamol 63
Iron 52
Folic acid 44
Phloroglucinol 37
Magnesium 31
Amoxicillin 26
Econazole 24
Helicidine 22
Hesperidin 20
Metoclopramide 20
Diosmin 20
Pyridoxine 18
Domperidone 17
Fusafungine 16
Sodium alginate 16
Chlorhexidine 16
Bacitracin 15
Tuaminoheptane 15
Cholecalciférol 14
Salbutamol 11

@ Springer

[19] studies, a major reduction in the prescription of
psychotropic drugs towards the end of pregnancy, in
particular of neuroleptics and antidepressants, was seen
(one-sixth as many women were exposed). The cause of
this is worth looking into. Wasn’t the drug needed? Or was
it the fear of some neonatal condition that led to the drug
being stopped? If so, there is a risk of aggravating the
patient’s pathology.

Among the 20 most prescribed drugs, half were drugs
which have not been evaluated during pregnancy. Some of
them, such as phloroglucinol (antispasmodic), helicidine
(mucoglycoprotein extracted from snail mucus used as
cough suppressant), tuaminoheptane (sympathomimetic
used as nasal decongestant) and veinotonics, are only
marketed in some European countries. Others are marketed
in many countries, in particular in English-speaking ones
but they have not been subjected to follow-ups in pregnant
women, perhaps because they are less often prescribed than
in France. This is true for domperidone, which is widely
prescribed in France to pregnant women to treat nausea,
vomiting and gastro-oesophageal reflux, whereas no data
have been published on its prescription to humans. Thus,
the EFEMERIS database will elicit information to evaluate
these drugs which are less frequently taken in other
countries.

Among the drugs for which human data are available,
some with proven teratogenic or foetotoxic effects (the
risks being higher than the potential benefit obtained)
were prescribed and dispensed to patients included in the
EFEMERIS database. This is true, for example, for
retinoids which are highly teratogenic drugs, with 20
newborns exposed in utero including 16 during the first
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trimester. Non-steroidal anti-inflammatory drugs
(NSAIDs) are formally contraindicated after the begin-
ning of the sixth month of pregnancy because of their
foetal and/or neonatal cardiac toxicity (premature closure
of the ductus arteriosus) and/or renal toxicity which is
sometimes fatal. Nevertheless, in the third trimester of
pregnancy, 337 women received at least one prescription
and dispensing for NSAID. The number of women
exposed to these drugs and currently included in
EFEMERIS is insufficient to analyze the outcomes of
these pregnancies.

Conclusions

The first results of this study show that implementation
of a French database on prescription of drugs and
pregnancy outcomes is perfectly feasible. Compared
with several databases available in other countries, it
provides data on period of exposure to drugs, pregnancy
terminations, and follow-up of the babies 9 months after
birth.

Recording these data would make it possible to assess
the risk of malformations due to a greater number of drugs
or, on the contrary, to demonstrate the innocuousness of
others. This database would constitute a monitoring centre
for the prescription of drugs to pregnant women and would
allow the impact of measures implemented by health
authorities to be evaluated. Topics requiring additional
dissemination on the risks of particular drugs during
pregnancy to health professionals could be highlighted.
Finally, it would also enable drugs which are less
prescribed in other countries to be evaluated and enable
participation in European or international pharmacoepide-
miological studies to evaluate drugs prescribed to pregnant
women.
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