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Abstract Pregnancy registries are the most commonly used data resource for the post-

marketing surveillance of drug teratogenicity. However, the limited sample size
and potential selection bias in these registries has led us to investigate the potential
of the UK General Practice Research Database (GPRD) as an alternative data
source for monitoring drug safety during pregnancy. In addition, a literature
review identified further observational data sources that monitor pregnancy
outcomes for future evaluation.

Initial feasibility studies focused on the ability of the GPRD to capture
pregnancy outcomes for a range of drug class exposures, all of which are currently
under investigation in pregnancy registries, during pregnancy. The comparator
pregnancy registries were identified via a MEDLINE search, whilst eligible
pregnancies, in which women received one or more prescriptions for the drug of
interest during pregnancy, were identified in the GPRD using the mother-baby



40

Charlton et al.

link. The number of pregnancy outcomes following exposure to medication for a
range of conditions with varying prevalence, including depression, migraine,
epilepsy, herpes simplex and HIV, captured by the two data sources were
compared. For depression, a relatively prevalent condition, the GPRD recorded
the same number of mean annual intrauterine exposures to fluoxetine as the
pregnancy registry (118 exposures/year). Ascertainment of intrauterine exposure
to drug treatments for less prevalent conditions was found to be higher for the
pregnancy registries than the GPRD; for the older antiepileptic drugs (valproate
and carbamazepine), the pregnancy registry recorded between four and five times
as many mean annual exposures as the GPRD. Virtually no antiretroviral expo-
sures (three) were identified during the time period of interest on the GPRD,
compared with 3946 in the Antiretroviral Pregnancy Registry.

Data from the GPRD meet established criteria for evaluating outcomes of
pregnancy. For prevalent conditions, it has the potential to replace or work
alongside standard pregnancy registries and the alternative data sources identified.
Further studies are now needed to assess its ability to replicate known teratogenic

associations.

Prescription medications are commonly used by
women of childbearing age.!!! Since it is estimated
that almost half of pregnancies in the US are unplan-
ned,”! there is the possibility of the fetus being
exposed to medication during the critical period of
organ and tissue development known as morpho-
genesis.!”! Even if a pregnancy is planned, certain
medical conditions such as epilepsy or depressive
disorders can make it inadvisable for women to
discontinue their medications given the risk that the
underlying condition poses to the health of both
mother and child.

Pregnant women are rarely included in clinical
trial programmes for ethical reasons; hence, data on
the potential teratogenicity (i.e. the ability to cause
malformations in the developing fetus) or other de-
velopmental effects on the fetus of new medical
treatments are often limited to those obtained from
animal experiments.’) However, the risk in animals
does not always accurately predict the risk in
humans,'*! which means that the safe use of a drug
during pregnancy cannot be totally assessed until the
drug is on the market, making post-marketing sur-
veillance a vital source of information.

At present, pregnancy registries are the most
common form of post-marketing surveillance for the
detection of drug teratogenicity, and are commonly
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seen as an essential part of an ongoing programme in
epidemiological safety monitoring. Registries are
voluntary, national or international prospective
studies. They aim to detect signals of major ter-
atogenicity, such as in the case of thalidomide (in
which 25% of exposed infants are malformed),
through the detection of substantial increases in the
occurrence of all malformation types. Registries can
monitor single drugs or a drug class and are usually
developed by the pharmaceutical industry sponsor
or by university-based research groups. Prospective
enrolment (before the pregnancy outcome is known)
is a key methodological strength of pregnancy regis-
tries as retrospective reporting (after the pregnancy
outcome is known) can bias towards the capture of
more severe outcomes.

GlaxoSmithKline currently sponsors four pro-
spective pregnancy registries, the longest of which
has been running since 1989, yet no GlaxoSmith-
Kline registry has managed to reach the enrolment
milestone of 1000 pregnancies, considered by the
European Committee for Medical Products for
Human Use (CHMP) to be representative of wide-
spread exposure, during the first 10 years of market-
ing of the medication. In addition to low enrolment,
selection bias can be introduced through the volun-
tary nature of enrolment and loss to follow-up. This
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potential bias, combined with limitations in statisti-
cal power resulting from small sample sizes, restrict
the power of a registry to the identification of large
increases in risk. This led us to investigate the
potential of the UK General Practice Research Data-
base (GPRD) as an alternative data source to preg-
nancy registries. Numerical comparisons focused on
the ability of the GPRD to capture outcomes for a
range of drug-class exposures during pregnancy. An
additional literature review was completed to identi-
fy any further data sources using a cohort approach
capable of being used for the monitoring of out-
comes of pregnancy.

1. Data Sources and Methodology

The GPRD is the world’s largest computerized
database of anonymous, primary-care medical
records.! The database currently contains informa-
tion on approximately 3 million active patients from
some 400 general practices within the UK. Virtually
all prescriptions, non-drug interventions and refer-
rals issued by general practitioners (GPs) are record-
ed in the database, as are medical diagnoses, includ-
ing pregnancy. The GPRD contains a mother-baby
link (still to be officially validated) that enables the
medical records of mothers to be linked to the
medical records of their offspring if their child is
born alive and is registered with the same practice.
This is based on a practice-specific family identifi-
cation number (primarily based on address), con-
firmed by ensuring that the mother’s delivery date is
within = 60 days of the child’s date of birth.

Our analysis of alternative data sources for the
monitoring of drug teratogenicity, in terms of the
ascertainment of intrauterine drug exposure, focuses
on a comparison of the GPRD with drug- or indica-
tion-specific pregnancy registries. Data sources
were identified through a MEDLINE search using
the key search terms ‘pregnancy registry’, ‘preg-
nancy outcome’, ‘abnormalities’, ‘abnormalities,
drug-induced’ and ‘teratogens’. The search was lim-
ited to dates between January 1990 and March 2006
(inclusive) and to drugs licensed for use in the UK.
Registries were required to report details of first-
trimester exposure, a detailed methodology describ-
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ing how individuals were classified as drug-exposed
and the time period of data collection. The latest
interim reports of the GlaxoSmithKline-sponsored
pregnancy registries were also accessed.

All mother-baby pairs identified through the
mother-baby link on the GPRD, with a birth out-
come between January 1991 and October 2005 and
where the mother was aged between 14 and 49 years
at the inferred delivery date, were evaluated with
respect to medications under surveillance in the
registries identified above. As the mother-baby link
had been introduced only 2 years earlier, January
1991 was selected as the start date for GPRD data
extraction due to the very low number of mother-
baby pairs identified prior to this. Those pairs in
which the mother had not been followed for the
entire pregnancy period, taken as the 280 days prior
to the date of the birth, were excluded, as were pairs
registered at practices where the data provided was
not considered by the Medicines and Healthcare
products Regulatory Agency (MHRA) to be of suffi-
cient standard for research purposes.

In the GPRD, exposure to a drug during preg-
nancy was defined as the mother receiving one or
more prescriptions for the drug of interest during the
time period of 90-280 days prior to the date of the
birth. This time period was selected as a best esti-
mate in view of the difficulties in precisely identify-
ing the pregnancy start and end dates resulting from
the frequent unavailability of the date of the last
menstrual period for pregnant women in the GPRD,
and the range in gestational weeks that a pregnancy
can last. Both trade names and generic drug names
were searched to ensure that data were captured for
as many of the exposed mother-baby pairs as poss-
ible. The definitions of ‘exposure’ used in the indi-
vidual pregnancy registries, in terms of monother-
apy and polytherapy within a drug class and any
additional inclusion criteria, were used to enable a
direct comparison of exposure ascertainment to be
made between the pregnancy registries and the
GPRD.

The time period for which data was extracted
from the GPRD often differed from the time period
for which the pregnancy registries reported expo-
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sure data. To account for this, the comparison of
exposure ascertainment was based on the mean
number of pregnancy exposures recorded per year.
This was calculated by dividing the total number of
exposures identified by the number of years of data
collection. Where drug treatments were first market-
ed after the start date of data extraction from the
registry or GPRD, the calculations for the mean
number of annual exposures were based on the
month and year the drug was marketed for use.

2. Comparison of the GPRD with
Pregnancy Registries

Within the GPRD, 377 408 mother-baby pairs
with a live birth outcome between January 1991 and
October 2005 were identified. Of these, 229 788 had
been followed for the entire pregnancy period, were
permanently registered with the practice, and the
quality of data for both the mother and baby was
considered to be of sufficient standard by the
MHRA.

Pregnancy registry data were available on drug
treatments for a range of conditions with varying
prevalence (epilepsy,!®” HIV,® migraine,” depres-
sion!!% and herpes virus infection!!!). All registries
included in the analysis, with the exception of the
UK Epilepsy and Pregnancy Registry, were interna-
tional and included data from a number of countries.
In some cases, however, the reporting to internation-
al registries was dominated by one particular coun-
try or region, for example, 89% of reports to the
International Antiretroviral Pregnancy Register
were from the US and 3.8% of reports from the
UK.B With the exception of registries for anticon-
vulsants, only one pregnancy registry per condition
was available for comparison with the GPRD. Com-
parisons with the UK Epilepsy and Pregnancy Reg-
ister’® were of particular interest as the registry has a
similar population base to the GPRD.

A comparison of the number of exposed preg-
nancy outcomes captured by pregnancy registries
and the GPRD for the above conditions and medica-
tions is described in table I. For the drug fluoxetine,
used to treat depression, the pregnancy registry!!%!
and the GPRD data sources captured the same num-
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ber of mean annual intrauterine exposures. The
number of mean annual intrauterine exposures to
acyclovir for the treatment of herpes virus infection
was greater in the GPRD than the international
pregnancy registry!!'l (121 vs 40 exposures/year).
Overall, exposure ascertainment of treatments for
epilepsy, HIV and migraine was lower in the GPRD
than for the pregnancy registries and, proportional-
ly, newer anticonvulsants had a higher representa-
tion in the UK Epilepsy and Pregnancy Register(®!
than in the GPRD (where representation mirrored
the market share). In the case of lamotrigine, this
could be in part due to the fact that the GPRD data
collection started immediately after the drug’s
launch, before it had had time to penetrate the mar-
ket. Further analysis showed that no intrauterine
exposures to lamotrigine are recorded on the GPRD
prior to 1996. Comparison of the mean number of
annual exposures for the same time period as the UK
Epilepsy and Pregnancy Register still found expo-
sure ascertainment to be considerably lower in the
GPRD than the pregnancy registry (8.3 and 77.6
exposures/year, respectively). For the older an-
tiepileptic drugs, such as valproate and carbamaze-
pine, the UK-based epilepsy register!® recorded four
to five times as many mean annual intrauterine
exposures as the GPRD. In the case of antiretroviral
drugs, a total of three intrauterine exposures to any
monotherapy or polytherapy antiretroviral regimen
were identified in the GPRD compared with 3946
reported to the international Antiretroviral Preg-
nancy Registry."® Based on the size of the US popu-
lation, the fact that 3.8% of registry reports came
from the UK and the fact that the GPRD covers
approximately a 5% sample of the UK population,
this is less than half the number of exposures to
antiretroviral drugs than would be expected.

3. Other Available Data Sources

Table II summarizes the additional data sources,
identified via the MEDLINE search, that captured
exposure to medications during pregnancy and cor-
responding outcomes. Data sources that used a co-
hort approach largely collected exposure data pro-
spectively and were grouped as follows: observa-
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tional studies with  voluntary recruitment;
population-based surveillance registers; and health-
care databases.

All cohort studies based on voluntary recruitment
were based within teratology information services
such as the Organization of Teratology Information
Services (OTIS) and European Network Teratology
Information Services (ENTIS) that offer counselling
to individuals concerned about aspects of their preg-
nancy. These use telephone help lines as a method
for recruiting cohorts of women who have been
exposed to particular drugs during pregnancy.

The population-based surveillance registers can
be further divided into comprehensive or linked
registers, comprehensive registers providing a sin-
gle surveillance system for the reporting of details of
exposure to medication during pregnancy and re-
porting of birth outcomes (e.g. the Swedish Birth
Medical Register). Reporting is often mandatory in
countries with these registers. Linked registers re-
quire an additional step involving unique patient
identifiers (often as part of health insurance pro-
grammes) to link information in separate registers
monitoring maternal drug exposure (e.g. pharmacy
registers) and the health of the infant after birth (e.g.
congenital malformation registers) at the national
level. Information on the formal validation of moth-
er-baby linkage was not usually described for these
surveillance systems.

In addition, several medical claims insurance
databases from the US collecting pregnancy expo-
sure and outcome data were identified.

4. Observations

The starting point for this investigation was the
recognition of recruitment limitations and potential
selection bias inherent in the pregnancy registry
design. We have evaluated the potential ascertain-
ment of drug exposure in the GPRD and listed
complementary data sources that can be used to
evaluate teratogenicity (table II).

The comparison of drug exposure ascertainment
in pregnancy registries and in the GPRD makes it
apparent that the level of recording of intrauterine
drug exposure in the GPRD is dependent on disease
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prevalence, the length of time a drug has been on the
market, and UK prescribing practice. For example,
depression and migraine are two relatively prevalent
conditions in the UK (affecting >3% and >10% of
women of child-bearing age, respectively), yet
while the GPRD proved a potentially useful addi-
tional source of data to monitor teratogenic potential
of antidepressants, very few exposures to triptans
for acute treatment of migraine were identified. This
may reflect UK prescribing practice which rarely
treats triptans as a first-line migraine therapy, but is
in agreement with work carried out in 2004 by
Bakker et al.”®! Their study observed a decrease in
the rate of prescriptions for antimigraine medication
during the 3 months prior to pregnancy and during
the pregnancy period, with an increase during the 3
months post birth. They hypothesized that this could
be due to women experiencing considerably fewer
attacks during the period of pregnancy or the fact
that women may take alternative analgesics such as
paracetamol (acetaminophen), thought to be safe to
use during pregnancy. Although the mother-baby
link within the GPRD excludes those pregnancies
that do not result in live births (e.g. resulted in
abortions), this is unlikely to have significantly im-
pacted upon the estimated total number of exposures
in pregnancy to a particular drug treatment.

For drug treatments prescribed for conditions
with a lower prevalence (e.g. HIV and epilepsy),
pregnancy registries are clearly still the more effi-
cient and informative approach, providing informa-
tion on a considerably greater number of mean an-
nual exposures than the GPRD. This may reflect the
fact that treatment for those conditions is organized
through tertiary referral units, resulting in under-
recording of exposures in the GPRD, in addition to
the larger populations from which the registries are
recruiting.

Further data sources with the potential of being
used for monitoring pregnancy outcomes following
drug exposure were also identified and evaluated.
Previous studies have discussed additional data
sources for monitoring drug safety during preg-
nancy,*”! but in this review we focus specifically in
terms of seven main criteria emphasized in US FDA
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guidance.’” These criteria are discussed in more
details in sections 4.1-4.7 below.

4.1 Representativeness

Capturing a representative sample is important,
especially where the population is heterogeneous in
terms of factors that might modify the underlying
association with disease outcome, for example, dis-
ease severity or ethnicity in relation to specific de-
fects. A failure to capture such high-risk groups or
their over-representation could lead to erroneous
conclusions when applied at the population level.

The GPRD and national registries have an advan-
tage over pregnancy registries in terms of capturing
the general population or a representative sample of
the population. In the case of pregnancy registries, it
is harder to access representative samples of the
population because they rely on voluntary participa-
tion. However, within the GPRD, only 60% of preg-
nancies met the inclusion criteria and were followed
for the entire pregnancy period. In addition, because
of the restrictions in the actual definition of the
mother-baby link (e.g. only live births are included),
a large proportion of all pregnancies potentially of
interest have not been identified. Consequently,
there is the potential for selection bias that needs to
be investigated further and pregnancies not resulting
in live births need to be considered for inclusion.

4.2 Capture of Exposure Data

Self-reported exposure, as in some pregnancy
registries, national surveillance registers (e.g. those
in Sweden) and cohorts from teratology information
services, raises the question of information accura-
cy, especially in terms of the dosage and duration of
exposure to a particular drug. The Swedish register,
relying on self-reported exposure data, has estimat-
ed that only 60-70% of antiepileptic drug use was
reported.'¥ Such under-reporting may introduce se-
lection bias, which may be a problem when investi-
gating early, first-trimester events and under-report-
ing is also likely to have statistical power implica-
tions, especially in the case of rarer treatments.

The GPRD has the advantage that exposure data
are recorded prospectively and routinely by the pre-
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scriber. However, even when exposure data are re-
ported through the physician, an assumption needs
to be made that the medication prescribed was actu-
ally taken and taken close to the time the prescrip-
tion was written. For chronic conditions like epilep-
sy, this seems a fair assumption to make; however,
for episodic conditions, such as migraine, where
drugs are frequently prescribed in anticipation of a
future acute event, the dates of prescribing may not
necessarily mark the beginning of actual drug
use.?! In addition, a Danish study found that only
43% of drugs (of any kind) dispensed to pregnant
women were reported to be taken?! and therefore
there is the issue of misclassification of exposure. In
the pregnancy registries, this is more likely to be
differential, leading to an overestimation of risk,
whereas in databases it will be non-differential and
likely to lead to an underestimation of risk.

4.3 Loss to Follow-Up of Women and Infants

The voluntary nature of recruitment to pregnancy
registries can result in loss to follow-up, which has
the potential to introduce bias if cases lost to follow-
up were to differ systematically in terms of their
malformation risk to those remaining in the register.
In the GPRD, loss to follow-up is only possible due
to patients moving practices or practices ceasing to
contribute to the database. National surveillance
registers can sometimes reduce loss to follow-up
through mandatory reporting and linkage of multi-
ple outcome registers as in the case of birth, hospital
and congenital malformation registers in Sweden for
example.

4.4 Ascertainment of Outcome Data

The completeness and accuracy of the infant
medical report depends on the reporter and the level
of detail may vary widely. Pregnancy registries are
likely to provide the most accurate information be-
cause most cases are reviewed by an expert in tera-
tology and the reporter is usually the obstetrician
attending the birth or the infant’s paediatrician. The
GPRD, as well as other population-based registers,
are more limited in this regard and further work is
needed to validate specific outcomes of interest
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within the database. One advantage of the GPRD,
however, is the opportunity to request and obtain
additional information recorded in the free text com-
ments section of the infant’s medical record and to
send questionnaires to the patients’ GPs, which will
allow such validation to be carried out.

The reporting of malformations at birth restricts
studies to malformations that have survived to birth,
those that have not been detected by prenatal screen-
ing and those that are detected at birth. Advances in
prenatal screening means that diagnoses of malfor-
mations are often made earlier in pregnancy which,
for some individuals, results in the decision to have
a pregnancy termination. The extent to which data
sources capture these cases varies and it is therefore
essential that when reporting rates of congenital
malformations that both the numerator and denomi-
nator are clearly defined. The current mother-baby
link in the GPRD only covers live births and further
work is needed to evaluate how comprehensively
data can be collected on induced abortions in the
database. However, this issue is common to all data
sources considered, and the lack of systematic eval-
uation of all induced abortions and stillbirths re-
mains an important limitation. One further limita-
tion in terms of ascertainment of outcome is related
to the variable proportion of fatal pregnancy out-
comes for which autopsies are carried out. This,
again, is an issue common to all the data sources
considered.

Finally, the adverse effects of drugs during preg-
nancy are not necessarily limited to teratogenic ef-
fects. While both the pregnancy registries and the
purpose-built monitoring systems tend to focus on
congenital anomalies because they cover all routine-
ly recorded medical history, such as birth weight and
gestational age, healthcare databases offer the op-
portunity to evaluate other effects such as intrauter-
ine growth and/or early onset of labour.

4.5 Data on Additional Factors and
Influences on Pregnancy
Outcome (Confounders)

Information on maternal risk factors varies great-
ly between sources. The effects of very high-risk
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teratogens are likely to outweigh concerns surround-
ing adjustment for confounders, and can still be
informative. Additional data on potential confound-
ers do, however, prove beneficial when quantifying
actual risk associated with moderate increases in
risk. Pregnancy registries often encourage recruit-
ment and follow-up by minimizing the effort for the
physician and participant in terms of paperwork and
time, which may mean the collection of less addi-
tional information. This trend commonly extends to
national surveillance registers, although in Sweden
antenatal health interviews by midwives collect ex-
tensive data on covariates. The GPRD contains data
on additional drug exposures during pregnancy as
well as maternal health. The level of detail and
accuracy of reporting (e.g. smoking status, alcohol
intake) may vary by covariate.

4.6 Internal Control Group

For single-drug pregnancy registries, there is no
internal control group, although one can argue that
an appropriate control group is not possible (as
women with a given condition not on medication are
likely to differ inherently from those on med-
ication). The problem can be limited by compari-
sons with a general population group and cohorts
from the literature of women exposed to other
monotherapies.

Healthcare databases such as the GPRD enable
access to internal control groups, which should be
subject to the same recruitment biases as the ex-
posed group of interest. Multiple internal controls
are possible, including women exposed to other
drugs in the same class, women with the same
condition not taking medication and general popula-
tion controls. National surveillance systems tend to
rely on the general population for comparison; how-
ever, if the underlying disease itself increases the
risk of congenital malformations then the general
population will not be an ideal control and lead to
overestimated risks.

4.7 Statistical Power

The statistical power to detect an existing in-
crease in risk is related to the frequency of outcome
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and/or exposure (depending on study design) as well
as the size of the relative risk to be detected. We
have already discussed the issues surrounding sam-
ple size and factors that might influence the sample
size captured, but in terms of relative risk, preg-
nancy registries are best suited for the detection of
large increases in risk or the detection of increases in
all malformation types. This commonly limits preg-
nancy registries to the generation of hypotheses
related to teratogenicity associated with increases in
the risk of specific defect types representing rare
outcomes (e.g. a baseline risk of 1 in 1000). The
ability of the GPRD to further the aims of pregnancy
registries appears to be highly dependent on the
condition being studied. The case-control surveil-
lance design, however, has greater power to detect
moderate teratogenicity. It is for this reason that it is
recommended that cohort studies are initiated to
exclude major teratogenicity followed by the case-
control approach, used to complement and test
hypotheses around specific malformations.!

5. Conclusion

One of the main aims of teratogen surveillance is
to collect information and make it available to preg-
nant women and GPs as soon as possible after a drug
is first launched. Pregnancy registries remain the
most frequently used surveillance method; when
they are set up internationally, they are the most
likely to collect information on large numbers of
pregnancies relatively quickly. However, as drugs
remain on the market for longer periods of time,
reporting to such registries decreases and for preva-
lent conditions of a chronic nature the GPRD has the
potential to replace or work alongside standard preg-
nancy registries. For less prevalent conditions, the
potential remains for the GPRD to continue surveil-
lance and replicate findings once the pregnancy
registry has acquired the cohort of 200 exposed
newborns required to provide some assurance that
the drug in question is not a major teratogen.*4
However, further validation of the mother-baby
link, refinement in determining the timing of expo-
sure, information on specific birth outcomes and the
potential to capture outcomes for induced abortions
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are needed prior to studies demonstrating the
GPRD’s ability to replicate known teratogenic as-
sociations. Alternative data sources, including na-
tional surveillance registers, also exist and may not
be known to all researchers and are therefore un-
derutilized.
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