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Abstract

Introduction and Objective The risks and benefits of medication use in pregnancy are typically established through post-
marketing observational studies. As there is currently no standardised or systematic approach to the post-marketing assess-
ment of medication safety in pregnancy, data generated through pregnancy pharmacovigilance (PregPV) research can be
heterogenous and difficult to interpret. The aim of this article is to describe the development of a reference framework of
core data elements (CDEs) for collection in primary source PregPV studies that can be used to standardise data collection
procedures and, thereby, improve data harmonisation and evidence synthesis capabilities.

Methods This CDE reference framework was developed within the Innovative Medicines Initiative (IMI) ConcePTION
project by experts in pharmacovigilance, pharmacoepidemiology, medical statistics, risk—benefit communication, clinical
teratology, reproductive toxicology, genetics, obstetrics, paediatrics, and child psychology. The framework was produced
through a scoping review of data collection systems used by established PregPV datasets, followed by extensive discussion
and debate around the value, definition, and derivation of each data item identified from these systems.

Results The finalised listing of CDEs comprises 98 individual data elements, arranged into 14 tables of related fields. These
data elements are openly available on the European Network of Teratology Information Services (ENTIS) website (http://
www.entis-org.eu/cde).

Discussion With this set of recommendations, we aim to standardise PregPV primary source data collection processes to
improve the speed at which high-quality evidence-based statements can be provided about the safety of medication use in
pregnancy.
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There are currently limited guidelines and recommenda-
tions on how data should be collected to assess the safety
of medicines in pregnancy.

In this article, we provide an expert consensus opinion
on the core data elements that should be collected when
performing studies of medication safety in pregnancy.

The aim of these recommendations is to standardise data
collection processes and improve the speed at which
high-quality evidence-based statements can be provided
about the safety of medication use in pregnancy.

1 Introduction

Medication is commonly used during pregnancy [1], with
some studies indicating that more than 80% of women use
at least one prescribed medication during pregnancy [2,
3]. When including over-the-counter medicines, nearly all
pregnant women use at least one medicine [4, 5]. Due to a
combination of ethical restrictions and practical complexi-
ties, the risks and benefits of medication use in pregnancy
are usually established through observational/non-interven-
tional studies in the post-marketing setting. Unfortunately,
there is currently no standardised or systematic approach
to post-marketing pregnancy pharmacovigilance (PregPV)
data collection. As such, evidence on the safety of a particu-
lar medication is typically slow to accumulate [6]. Pregnant
women and their healthcare providers are therefore often
faced with insufficient [7, 8] or conflicting [9] information
when making clinical decisions about medication use.

In 2019, the Innovative Medicines Initiative (IMI)
launched the ConcePTION project in acknowledgement
of the societal obligation to rapidly reduce the uncertain-
ties around the safety of medication use in pregnancy and
breastfeeding [10]. The project consortium exists as a
public—private partnership of research academics, health-
care professionals and pharmaceutical industry specialists
with wide-ranging expertise in fields relating to pharma-
covigilance/drug safety, epidemiology, medical statistics,
risk—benefit communication, clinical teratology, reproduc-
tive toxicology, and childhood health and development.
The aim of the project is to establish a trusted research eco-
system that can efficiently and systematically generate and
disseminate reliable evidence-based information about the
risks and benefits of medication use during pregnancy and
breastfeeding.

A\ Adis

Primary source data collection methods, where informa-
tion about medication exposure and pregnancy outcome is
collected directly from pregnant women and/or their health-
care providers, have been utilised for decades to provide
data for observational PregPV research. Whilst numerous
longstanding national and international primary source
PregPV datasets exist, these worldwide data are geographi-
cally fragmented and exist in various non-standardised for-
mats, in some cases, sub-optimally designed for this bespoke
purpose. This results in variable data quality and impedes
the ability to rapidly combine raw data and/or to assimilate
the evidence generated from different studies to decrease the
time taken to provide reliable conclusions about the safety
of medicinal products. The ConcePTION project aims to
develop a series of operational recommendations for primary
source PregPV datasets to optimise and standardise data col-
lection techniques, analysis, and reporting.

This article outlines the generation of a reference frame-
work of core data elements (CDEs) recommended for pri-
mary source data collection in PregPV. These recommenda-
tions aim to standardise data collection and data generation.
This standardisation will increase data harmonisation and
evidence synthesis capabilities, thereby improving the abil-
ity to provide high-quality evidence-based statements about
the risks and benefits of medication use in pregnancy in a
shorter timeframe.

2 Methods

2.1 Expertise of the CDE Recommendations
Development Group

The CDE recommendations expert working group (authors
MS, AM, YG, JLR, RLB, MBD, and LMY) was jointly led
by ConcePTION partners from industry pharmacovigilance
departments (Novo Nordisk and Novartis), a national clinical
teratology counselling service in the UK (UK Teratology
Information Service), a clinical-academic neurodevelop-
mental PregPV research group (Manchester University),
and clinical genetics units (Northern Genetics Service,
Newcastle Hospitals NHS Foundation Trust, and Univer-
sity of KwaZulu-Natal). Each of the leading members were
highly experienced in running PregPV monitoring systems
in industry, academic, or clinical settings, reporting findings
from these studies in the scientific literature or in regulatory
interactions, and critically appraising the scientific integrity
of such studies [11-32].

2.2 Structure of the CDE Recommendations

The CDE recommendations have been arranged into a series
of tables consisting of related data elements. These include
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tables describing CDEs that are required for administrative/
database functions, and those describing maternal demo-
graphic and obstetric, foetal outcome, and infant/childhood
outcome domains, for both the short- (up to infant age of
1 year) and longer-term (for ongoing assessment of child
health and neurodevelopment beyond 1 year).

Each of the data elements are described with a clinical
definition and a recommended data format. Where relevant,
elements that could be coded using recognised medical
coding systems such as Medical Dictionary for Regula-
tory Activities (MedDRA) or International Classification
of Disease (ICD, version 9 or 10) have been highlighted.
Individual data elements are also categorised as either essen-
tial or highly recommended for the generation of PregPV
data relating to short-term outcomes (such as pregnancy,
foetal, neonatal, infant outcomes up to 1 year of age) or
longer-term outcomes (childhood health and neurodevelop-
ment). Data elements identified as essential indicate that a
meaningful analysis of the data cannot be conducted with-
out their inclusion. Data elements not identified as essential
remain highly recommended, with their inclusion allowing
for a more optimal analysis of PregPV data, and ultimately
improving the quality of PregPV research outputs. It is noted
that different research objectives may alter which CDE:s are,
and are not, considered essential. An expected source, relat-
ing to whether the data would be collected directly from the
reporter or derived from other data elements, or potentially
both, is also provided for each of the elements. The expected
purpose in PregPV studies is also provided for each of the
data elements.

2.3 Development of CDE Recommendations

The CDE recommendations were developed in a five-step
process:

(1) Scoping review The primary step in the creation of
the CDE recommendations involved a critical review and
appraisal of existing PregPV guidance documentation and
established PregPV data collection systems. High-level
guidelines for the collection of PregPV data provided by
regulatory authorities including the US Food and Drug
Administration (FDA) [33] and the European Medicines
Agency (EMA) [34] were located and considered. Organi-
sations with a leading role in the collection, interpreta-
tion, and reporting of PregPV data were identified through
expert working group discussion (all authors). These
included international networks of teratology informa-
tion services (European Network of Teratology Informa-
tion Services [ENTIS]) [35] and specialists (Organization
of Teratology Information Specialists [OTIS]) [36], an
international disease-specific pregnancy registry (Inter-
national Registry of Antiepileptic Drugs and Pregnancy
[EURAP]) [37], national post-marketing surveillance

systems (Vaccines and Medications in Pregnancy Surveil-
lance System [VAMPSS]) [38], an international enhanced
pregPV monitoring system (PRegnancy outcomes Inten-
sive Monitoring [PRIM]) [39], a single medicinal product
pregnancy registry (Gilenya®/fingolimod) operated by a
pharmaceutical company (Novartis) [40], and direct-to-
patient online data collection systems (Best Use of Medi-
cines in Pregnancy [BUMPs] [41], the Dutch Pregnancy
Drug Register [42], and IMI PROTECT [43]). Details of
the guidelines, data dictionaries, and/or data collection
materials were either collected from publicly available
sources or requested from each of these organisations to
provide an overview of the most commonly collected data
elements in PregPV research. For the longer-term child-
hood health and neurodevelopment outcomes, discussions
were held with researchers operating the VAMPSS in the
US (as this already collects longer-term outcomes [38]),
and a Delphi method expert consensus project was com-
pleted with experts in childhood neurodevelopment to
identify CDEs specific to these outcomes [44]. It was not
considered practical to include a list of all possible child-
hood health and neurodevelopmental outcomes/conditions
within the framework. As such, only the most common
conditions, based on the clinical experience of the expert
working group, were included.

(2) Identification of the CDEs Using the information col-
lected in the scoping review, and with expert review of key
statements and statistics needed to assess the safety of medi-
cation use in pregnancy, CDEs were identified and tabulated
into grouped categories. Several CDE items not identified in
the scoping review but considered valuable for the purposes
of PregPV by the expert working group were added to the
recommendations. Key statements and statistics that pregPV
studies should aim to provide include descriptions of the
prevalence of (1) pregnancy outcomes, including termina-
tions, miscarriages, intrauterine foetal deaths/stillbirths, and
live births; (2) foetal outcomes, including malformation and
growth; (3) neonatal/infant outcomes, such as neonatal com-
plications, infant health, and survival; and (4) longer-term
childhood outcomes, such as health and neurodevelopment.

(3) Definition of the CDEs Standard clinical or medical
definitions were used preferentially. Some CDE items either
lacked a standardised definition or conflicting definitions
were available. Where several clinical or medical defini-
tions were available, consensus over the most appropriate
definition was achieved through discussion, both internally
in the CDE recommendations working group and externally
with the wider expert partners in the ConcePTION project.
Preference was given to simple and practical definitions that
would not impede the collection or storage of raw data.

(4) Data format suggestions Ultilising the experience of the
working group, general recommendations were developed for
the format of each CDE item to ensure all relevant information
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is collected for each item. Preferences were given to metric
measurements.

(5) Essential status of the CDEs All data elements included
in the framework are highly recommended, and every effort
should be made to collect each data element when performing
PregPV research. Some data elements are considered essential
in that (1) follow-up of exposed pregnancies would not be pos-
sible without collection of the data; (2) appropriate statistics
on outcomes would not be possible to calculate without col-
lection of the data; or (3) the data element is very strongly
correlated with adverse outcome risk and therefore should be
considered in the data analysis phase. Consensus over whether
CDE items were essential for PregPV purposes was achieved
through extensive discussion. Where a consensus could not
be achieved, data elements were marked as very important
to collect.

2.4 Evaluation of CDE Recommendations

The CDE recommendations were internally evaluated in two
phases. The primary phase involved structured group dis-
cussions and the CDE expert working group circulating the
preliminary recommendations to the full working group (all
authors) for critical comments and suggestions for improve-
ment. This process was repeated until consensus was achieved.
The secondary phase involved attaining consensus with other
working groups of the wider ConcePTION project, includ-
ing academic and industry partners with expertise in utilis-
ing population-based administrative datasets for PregPV and
pregnancy pharmacoepidemiological research. Consensus
was achieved through workshops and group discussions. The
expertise of those involved in the second evaluation was wide
ranging, including clinical and academic experts from fields
including obstetrics, human genetics, neurology, paediatrics,
psychology, pharmacoepidemiology, pharmacovigilance,
and drug safety (see acknowledgements). A supplementary
review of the finalised CDE recommendations was under-
taken to ensure alignment with STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE) report-
ing checklists.

2.5 Inclusive Language Statement

As it is important to be inclusive yet unambiguous and concise
when providing recommendations for maternity, perinatal, and
postnatal health research [45], we use widely accepted terms
throughout the CDE documentation and this article to refer to
those who are pregnant and give birth.

A\ Adis

3 Results

The CDE recommendations are provided in 14 tables of
related data elements. The first peer-reviewed version of
these tables is provided in the supplementary appendix
(see the electronic supplementary material). Live versions
of the recommendations are also published in full on the
ENTIS website (http://www.entis-org.eu/cde). These rec-
ommendations will be updated when required to ensure
the data elements and their definitions remain aligned with
current PregPV research practices and needs. Below we
provide a brief overview for each of the CDE tables and
highlight important content/considerations.

3.1 Database Administrative Details

Online Table 1 describes data elements that would enable
administrative tasks and/or database functionality when
using primary source data collection methods in PregPV
research.

PregPV research often focusses on prospectively
reported pregnancies to limit the impact of inclusion or
sampling biases. The prospective and retrospective defini-
tions in Online Table 1 resulted in considerable discussion
and deliberation because there are multiple, sometimes
contradictory, definitions of a prospective pregnancy
report in both the literature and guidance documents from
regulatory authorities. Published definitions can also be
ambiguous and are potentially open to differing interpre-
tations. For example, the FDA define a prospective preg-
nancy report as being described ‘prior to any information
about the pregnancy outcome being available’. This may
be interpreted to include all pregnancies reported prior to
the end of pregnancy if ‘outcome’ refers to birth, miscar-
riage, or termination, but is ambiguous in the content of
congenital anomalies as a defined outcome. Through dis-
cussion within the CDE working group, the FDA definition
was interpreted as any pregnancy reported prior to prenatal
screening having been undertaken (to detect congenital
anomaly). However, the EMA definition describes a pro-
spective report as being described ‘prior to the knowledge
of the pregnancy outcome or prior to the detection of a
congenital anomaly at prenatal examination’. This was
interpreted slightly differently as any pregnancy reported
prior to any prenatal detection of congenital anomaly (and
thus could include pregnancies where prenatal screening
had been undertaken, but where no abnormalities were
detected). The CDE recommendations are also applicable
to retrospectively collected data.

For this reason, the definition of prospective status
provided in the CDE recommendations is the most basic;
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pregnancies reported to the data collection system whilst
the patient is still pregnant. This definition was considered
preferential as it was thought to be the least restrictive
upon study sample sizes. Furthermore, this definition can
be applied to studies investigating postnatal childhood
health and neurodevelopmental outcomes, recognising that
the outcomes remain unknown for the entire pregnancy.
However, the recommendations also highlight that alterna-
tive definitions for a prospective pregnancy report exist,
and that these may be used where preferred or required,
and may vary by the outcomes being studied. These defi-
nitions allow for the exclusion of pregnancies that have
been recruited either (1) after any prenatal screening has
been performed [33] or (2) after the prenatal detection
of congenital anomalies or any other adverse pregnancy/
foetal outcome [34]. The CDE recommendations therefore
also describe additional data elements that are of value to
collect, in order to apply other commonly proposed defini-
tions of a prospective pregnancy case.

3.2 Maternal/Paternal Details

Online Table 2 provides recommendations for important
co-variable risk factors relating to the pregnant woman
and the father of the conceptus. These include sociodemo-
graphic factors such as the pregnant woman’s age, income,
educational attainments, ethnicity, body mass index (BMI),
and details about smoking, alcohol, and recreational drug
use, among others, all of which were judged to potentially
impact on pregnancy/foetal/neonatal outcomes. Whilst many
of these co-variables apply to a range of such outcomes,
certain co-variables may pertain only to longer-term child
health or neurodevelopmental outcomes. Many data ele-
ments included in Online Table 2 are considered impor-
tant co-variable risk factors, and collection of these data is
highly recommended. For some of the data elements, such
as maternal ethnicity, there is a limited understanding of
the influence these variables have on pregnancy outcomes.
Inclusion of these variables in the CDE recommendations
may result in more research to understand these interactions.
Additionally, some of the data elements, such as maternal IQ
generated from a clinically validated tool, may not be readily
available. Where feasible, research tools and infrastructure
may need to be developed to allow for the collection of infor-
mation that is considered of high importance for the spe-
cific outcome under investigation. This may be particularly
relevant to child health and neurodevelopmental outcomes.

3.3 Pregnancy Details
The CDE items listed in this Online Table 3 are valuable for

data collection administrative duties, such as identifying when
pregnancy outcome follow-up attempts should be performed,

for deriving alternative prospective/retrospective definitions,
and certain pregnancy outcomes. Specifically, the table con-
tains the expected date of delivery (EDD), which is a vital data
item for PregPV purposes. This data item provides an anchor-
ing point for several essential CDE items, including the trimes-
ter of pregnancy at set time points and exposure time periods
(when reported by date only), and is informative for pregnancy
outcomes such as gestational age at delivery (prematurity) and
expected birth weight (small or large for gestational age). In
the CDE, the pregnancy monitoring period is deemed to start
from the date of last menstrual period (LMP) where this is
available. In most pregnancies, this is approximately 2 weeks
prior to the approximate date of conception. For PregPV
studies utilising primary source data collection, the LMP is
a useful date of reference for data collection purposes. It also
allows estimation of gestational age at set time points early
in gestation, before a more accurate dating of the pregnancy
has been established through ultrasound dating scans. Alterna-
tive methods to calculate gestation are described for instances
where the LMP is not available or is unreliable (for example,
due to an irregular menstrual cycle).

3.4 Maternal Medical History Details

Online Table 4 contains a single CDE item that provides
recommendations about collecting details of maternal medi-
cal conditions that existed prior to pregnancy. Of note, the
details collected here can reflect the indication(s) for medi-
cation use (details of which are collected in Online Table 6),
both for any medication/medicinal product under investiga-
tion and for any concomitant medications. In many cases, it
would be valuable to collect information about the severity
of the condition(s), particularly whether these conditions are
active at the time of conception. Recommendations regard-
ing essential variables for specific maternal diseases were
beyond the scope of the ConcePTION project. Investigators
are therefore strongly encouraged to liaise with maternal
disease specialists to develop disease-specific variables that
may correlate with adverse pregnancy outcome or impaired
child health and/or neurodevelopment. Maternal illness
may be an important co-variable risk factor for the analysis
(at either the individual case level or in statistical covari-
ate analysis) of certain adverse pregnancy/foetal/neonatal/
infant outcomes. Details regarding maternal mental health
conditions are considered particularly valuable for studies
investigating longer-term child health and neurodevelopmen-
tal outcomes.

3.5 Family Medical History and Obstetric History
Details

The items described in Online Table 5 relate to relevant fam-
ily medical history, including those of genetic conditions,
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congenital anomalies, neurodevelopmental impairments, and
obstetric history, including the number of prior pregnancies
and their outcomes. Such information may be important as co-
variable risk factor(s) for the analysis (at either the individual
case level or in statistical covariate analysis) of certain adverse
pregnancy/foetal/neonatal/infant outcomes.

3.6 Pregnancy Medication Exposure Details

Collection of high-quality data around the timing, dose, route
of administration, and indication for medication use in preg-
nancy is crucial when performing PregPV research. Each of
the CDE items listed in Online Table 6 should be repeated for
each instance of medication use during pregnancy. An instance
of medication use is a time period when a medication was
used at regular intervals. Should an individual medication
be stopped and then restarted later in pregnancy, it is recom-
mended that this is logged as a separate instance of use.

Several of the CDE items in this table required significant
discussion and debate, particularly for the definitions pro-
vided for the timing of peri-LMP exposures and the trimes-
ters of pregnancy. The first trimester has various definitions
in the literature, both in terms of when the period begins
and also when it ends. Some PregPV studies state that the
first trimester period starts at the date of LMP, whereas oth-
ers define the first trimester period begins from conception
(approximately 2 weeks post-LMP). This minor discrepancy
can impact on exposure classification and hence adverse out-
come risk estimates.

Similarly, there is no standard definition for the period
before the pregnancy began during which effects of exposure
to medications may persist into pregnancy (here referred to
as the peri-LMP period). Researchers may need to adapt the
definition of the peri-LMP period (see Online Table 6) at the
analysis stage depending on the medication exposure under
study, taking consideration of the pharmacokinetics and
pharmacodynamics of a particular medication. For example,
medications with long half-lives may be discontinued prior
to conception, but clinically relevant concentrations of the
medication may remain in the systemic circulation into the
sensitive period of organogenesis. Alternatively, medications
that are used to treat acute conditions may only be used for
short time periods and be discontinued between the LMP
date and the date of conception. Provided these medications
have a short half-life, pre-conception/peri-LMP exposures
probably have limited relevance with regard to malformation
risks in the developing foetus.

A\ Adis

3.7 Maternal llinesses and Obstetric Complications
Details

Online Table 7 describes items that relate to medical con-
ditions arising during pregnancy and are important co-
variable risk factors for assessing aetiological relation-
ships between gestational medication use and adverse
pregnancy/foetal/infant outcomes. Some of these items
may themselves also be important outcome variables for
certain medications, for example, the occurrence of gesta-
tional diabetes in a study of glucose-lowering medications.
The aim for these items is to collect information on any
new maternal illnesses that develop during the pregnancy,
including conditions related to pregnancy such as gesta-
tional diabetes, pre-eclampsia, or nausea and vomiting in
pregnancy/hyperemesis gravidarum and non-pregnancy
specific conditions. As shown by the recommended data
format, it is strongly encouraged that data are collected on
the gestational age when conditions arise. Collection of
this detail will allow researchers to analyse the impact of
maternal complications/illnesses at aetiologically relevant
time points in the pregnancy.

3.8 Pregnancy Outcome Details

Collection of high-quality data about pregnancy outcome
is vital. Online Table 8 describes the recommended data
elements relating to pregnancy outcomes. The data items
spontaneous abortion (SA) (miscarriage) and stillbirth
(intrauterine foetal death) required extensive debate. Defi-
nitions vary in the literature for the gestational age when
a foetal demise is termed a miscarriage or an intrauterine
death. This likely stems from international variation in
definitions about when a foetus reaches a stage (based on
gestational age alone or in combination with estimated
foetal weight) where preterm birth could result in sur-
vival. Definitions in the literature range from 20 to 28
weeks gestational age (post-LMP) as the upper limit of
when a foetal demise would be considered an SA/miscar-
riage [46—48]. Some definitions require the foetus to have
reached a weight of at least 500 g before the demise is
defined as an intrauterine foetal death [49]. After exten-
sive discussion within the CDE recommendations working
group, and externally with expert members of the Con-
cePTION project, the definition for SA/miscarriage was
determined to be a foetal demise before the start of the
22nd week of pregnancy (< 153 days post LMP), with any
foetal demise after this point being defined as a stillbirth
(intrauterine foetal death). As stated previously, collection
of gestational age at foetal demise is strongly encouraged
as it allows outcome definition standardisation within the
dataset, as well as the flexibility to undertake sensitivity
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analyses using different definitions if required. Data from
datasets that have used varying definitions for SA/miscar-
riage and stillbirth could also be standardised for combina-
tion in common data models.

3.9 Delivery Details

Online Table 9 describes the recommendations for informa-
tion regarding delivery details. These data elements may
provide supplemental data of relevance for the analysis of
certain adverse pregnancy outcome events, such as perinatal
death or neonatal complications. It is recommended that the
CDE items listed in this table are collected for each deliv-
ery event in the reported pregnancy. On rare occasions in
multiple-foetus pregnancies, there may be more than one
delivery event at different times and delivery methods may
vary for each foetus/infant.

3.10 Live/Stillborn Birth Outcome Details

The CDE items listed in Online Table 10 should be collected
for each live or stillborn infant.

3.11 Live Born Neonatal/Infant Outcome Details

The CDE items listed in Online Table 11 should be collected
for each live born infant. The data item ‘Product/disease-
specific outcomes’ included in this table is deliberately
non-restrictive to allow researchers to customise their data
collection efforts to gather information on relevant postnatal
outcomes, defined by the medication and/or the primary out-
come under investigation. For example, researchers inves-
tigating immunosuppressive medication use in pregnancy
may wish to expand on the CDE recommendations to collect
information about postnatal immune function, such as the
number of infections experienced over a set period of time.
Details relating to neonatal/infant death are also included
in this table.

3.12 Malformations Details

The CDE items listed in Online Table 12 should be collected
for each infant or foetus from the reported pregnancies.
These details may not be available for foetuses that have
been terminated due to non-medical reasons and are unlikely
to be available for pregnancies that resulted in an SA/mis-
carriage. Where foetuses/infants are identified as having
congenital anomalies, the CDE recommendations advise
that full details of each anomaly are collected. The CDE
recommendations currently endorse the use of EUROCAT
guidelines to categorise each anomaly present in the foetus/
infant. The CDE also makes provision for the recording of
the classification of the case (as opposed to classification

of individual anomalies). This section should only be com-
pleted following expert committee review, preferably whilst
blinded to exposure status. Currently proposed categories
include genetic/cytogenetic anomalies, major malformation,
minor malformation, or malformations not otherwise stated
(NOS). More details about classification are provided in the
table. It is recommended that each congenital malformation
event, and the resulting classification of the infant or foetus,
should be judged by experienced adjudicators (qualified pae-
diatrician, clinical geneticist, teratologist, paediatric neurol-
ogist, nephrologist, toxicologist, or clinical pharmacologist).

3.13 Longer-Term Child Health
and Neurodevelopmental Outcome Details

Many PregPV systems are not structured to investigate
longer-term child health or neurodevelopmental outcomes.
Recently, experts within the field have recommended the
inclusion of child neurodevelopment outcomes more cen-
trally, to reduce the latency between a medication’s approval
and the development of conclusive evidence regarding neu-
rodevelopmental risk [22].

Child health and neurodevelopmental outcomes are
numerous, can vary over time, and can be investigated to
different levels of sensitivity. Longitudinal follow-up is rec-
ommended due to the prolonged period of development. It
is recognised that a single study or initiative may not be
able to investigate all outcomes to a high level, but it is rec-
ommended that as comprehensive a range as possible be
included in all initiatives.

The data items included in Online Table 13 relate to child-
hood health outcomes, whilst Online Table 14 describes the
data items recommended for assessing neurodevelopmental
outcomes. The recommended child health questions have
been devised from a list of common child health difficulties
[50] and are considered sufficient to provide a high-level
overview of childhood health. Child health is very complex,
and numerous conditions may present. For the purposes of
the CDE recommendations, it was not considered practical
to include all of these possible conditions as essential ele-
ments. If researchers are aware of any specific conditions
related to either an exposure or outcome of interest, these
should also be included specifically. There may also be ben-
efit in including detail on condition severity.

Neurodevelopmental outcomes represent the development
and functioning of the central nervous system and are a set
of independent, but interlinked, skills that evolve over time.
Given the variety of PregPV data collection initiatives that
may wish to adopt the CDE recommendations, only high-
level neurodevelopmental domains have been included in
Online Table 14. Measurement of these functions will vary
by study design, investigator expertise, and the age of the
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children at assessment. Expert consultation should be under-
taken to design the appropriate investigations.

It is recognised that not all child longer-term outcomes
will be covered by the data items in these tables; however,
the listed elements can be complimented by more detailed
and in-depth studies investigating specific developmental
attainments and health endpoints/outcomes.

4 Discussion

This article presents the IMI ConcePTION CDE recom-
mendations for primary source PregPV data collection. The
list comprises 98 data elements, including 73 identified as
essential for the analysis of either immediate or long-term
pregnancy outcomes following in utero medication expo-
sure. The CDE framework described here compliments that
developed within ConcePTION for PregPV studies using
electronic healthcare record or administrative datasets [51].

Accurately establishing and communicating the risks
and benefits of perinatal medication use is essential for sup-
porting optimal prescribing practices, and for ensuring that
maternal medical conditions are adequately treated dur-
ing pregnancy with the least risk for the foetus and mother
[52, 53]. Given the ethical, scientific, legal, and regulatory
complexities surrounding medication use in pregnancy,
which have historically resulted in the exclusion of preg-
nant women from clinical randomised controlled trials,
very limited data are generally available prior to marketing
authorisation [54]. Such data must be collected opportunisti-
cally using observational non-interventional studies in the
post-marketing phase. However, several factors, including
medicinal product labelling information, which usually rec-
ommends against use in pregnant women during the early
years of market authorisation, and inconsistencies in how
PregPV data are collected and collated limit the speed at
which these data accumulate [6]. Additionally, when data are
provided from observational/non-interventional studies, the
lack of standardisation, both in terms of data collection and
analytical outputs, produces highly heterogenous datasets
that can complicate the comparison of safety data for differ-
ent medicinal products. Improving the speed at which safety
data become available to healthcare professionals and preg-
nant women alike, and the ability to compare safety results
for different medicinal products, may be achieved through
developing approaches to standardise global PregPV data
collection and analysis methods.

It is hypothesised that an optimised and standardised
approach to data collection could be an important com-
ponent in decreasing heterogeneity of outcome reporting,
thereby improving the confidence in the synthesis of results
from different studies in systematic literature reviews and
meta-analysis studies. Furthermore, a standardised approach
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will facilitate the combination of high-quality and detailed
data from multiple sources using a common data model
approach [55, 56], which in turn would facilitate faster
generation of evidence. However, application of the CDE
standards will not remove potential data-collection biases
inherent to observational study designs, and as such, the
associated methodological limitations will need to be con-
tinually considered during data synthesis and interpretation
stages. Medicines regulatory authorities may also benefit
from this standardised reference framework of CDEs, which
they can promote to researchers and the pharmaceutical
industry when undertaking primary source PregPV studies.
Finally, the CDE recommendations may be useful to apply
to spontaneous reporting data collection frameworks, which
currently lack dedicated fields for pregnancy cases. This
could be achieved through updates to the ICH-E2BR3 data
standards [57], with these CDE recommendations providing
a valuable basis for the development of pregnancy optimised
clinical trial databases. This would align with the current
work plan and recognition of the importance of including
pregnant women in clinical trials [22, 53, 58].

Efforts to provide core data recommendations for general
PregPV have previously been undertaken [33, 34, 59]. A
core dataset for prospective pregnancy registries specifically
investigating inflammatory rheumatic diseases was pub-
lished in 2020 [60]. However, these recommendations only
included high-level suggestions, lacking definitions, data
structure recommendations, and explanations of their pur-
pose. A systematic review published in 2017 did not identify
any core dataset recommendations relating to PregPV [61].
We believe that the CDE recommendations presented here
are the first multi-expert, rigorous, consensus-based set of
recommendations for general PregPV to provide detailed
definitions and examples of data structure, source, and pur-
pose for each of the data elements. The primary aim of these
recommendations was to provide PregPV researchers with a
reference framework to aid the development of new datasets
using primary source data collection methodologies. There
is no expectation that researchers with existing PregPV pri-
mary source datasets will amend or redevelop their datasets;
however, investigations about alignment with the recom-
mended definitions and/or the potential to transform data
for synthesis of results is encouraged.

The development of these recommendations involved
a robust scoping review of published guidelines and data
dictionaries of established PregPV data collection systems.
Experts in PregPV undertook extensive discussions and con-
sideration of the validity and necessity of each data element
identified. In comparison with previously published guid-
ance for PregPV [33, 34], the main advantage of these CDE
recommendations involves the provision of detailed defini-
tions, and descriptions of data structures, source, and pur-
pose for each of the data elements. This information provides
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researchers with a sufficient level of detail to develop new
PregPV data collection systems, or may aid the standardisa-
tion and harmonisation of existing datasets. Although the
list of CDEs included in the tables is large (94 elements),
the recommendations provide the framework for a robust
and complete collection of the data required for an optimal
PregPV assessment/investigation. These recommendations
also recognise that pregnancy exposures require longer-
term follow-up of live born offspring to assess childhood
health and neurodevelopmental outcomes. Data elements
are described that are valuable for immediate pregnancy,
neonatal, and infant outcomes and also for longer-term child-
hood/adolescent health and developmental outcomes. It is
accepted that the collection of longer-term outcomes may
be limited in some settings, but efforts must be made to
extend investigations routinely to include these important
outcomes. A key benefit of primary source data collection
involves the potential to capture a rich dataset containing
details that cannot be routinely captured using secondary
source methodologies (such as population-based healthcare
registries). The collection of such complete datasets thereby
can allow for the more accurate assessment of medication
safety in pregnancy, through the consideration of important
co-variable risk factors. To aid researchers in identifying
which CDE:s are essential for basic evaluation of medication
use in pregnancy, a description is provided for how essential
each element is. It is important to note that missing data for
essential items may not mean that the case cannot be used in
data analysis; however, careful assessment of the impact of
missing data for those elements marked essential is advised.

There are several important limitations. Primarily, the
definitions provided, data formats recommended, and the
assessments as to whether elements should be considered
essential are reflective of consensus agreements and com-
promise. Some of these compromises reflect what experts
in the working group considered to be achievable with data
collection, rather than what would be optimal. Secondly, it
is well-established that the severity or activity of maternal
medical conditions during or prior to pregnancy should be
considered during data analysis. However, due to the mul-
tiplicity of possible medical conditions and measurements
of disease activity/severity, it was not considered feasible
to provide recommendations around the collection of these
data. Researchers investigating specific-disease areas must
adapt the recommendations to collect this detail in collabo-
ration with disease specialists. Finally, local adaptations to
data formats may be required, and additional data derivation
steps may be needed to ensure these data can be standard-
ised/harmonised for potential combination with data col-
lected in other locations.

Further evaluation of the IMI ConcePTION CDE recom-
mendations is currently underway. In this evaluation, mul-
tiple PregPV data providers from academia and industry

participating in the ConcePTION project are attempting to
assess whether a subset of their existing prospective data-
sets match the definitions provided in the CDE recommen-
dations. Future refinement and additional developments of
the CDE recommendations will be considered, dependent
on the results of the evaluation. It is currently planned that
members of the ENTIS will maintain the recommenda-
tions and be responsible for keeping the recommendations
aligned with current PregPV processes and guidance. It is
also planned that the CDE recommendations will be submit-
ted to the EMA for endorsement consideration through their
Innovation Task Force and Qualification Advice procedures.
Additionally, technical proposals for the structure of a data-
set utilising the CDEs detailed in these recommendations,
which could be used as the basis for a multi-site common
data model, have not yet been undertaken. Such develop-
ment, which could utilise existing data transfer systems such
as ICH E2B(R3) [62] optimised for the inclusion of PregPV
CDE items, should be considered in a further step to aid data
harmonisation and speed up global data collection efforts.

5 Conclusion

With this set of CDE recommendations, we aim to standard-
ise global PregPV data collection processes to improve the
quality and speed at which evidence-based information can
be provided about the risks and benefits of medication use
in pregnancy. Future wide-scale promotion of the recom-
mendations will be integral to the success of this approach.
The collection of user feedback will provide opportunities
to improve the CDE framework, allowing the recommenda-
tions to evolve and meet the needs of PregPV researchers,
and ultimately patients/healthcare professionals.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-023-01291-7.

Acknowledgements Begum Benli Peker (Associate Director, Interna-
tional PV Excellence and Operations Head at Bristol Myers Squibb),
Professor Helen Dolk (Professor of Epidemiology & Health Services
Research, Ulster University), Professor Joan Morris (Professor of
Medical Statistics, St George’s University of London), Barbara Hen-
drickson (Immunology Therapeutic Area Head, Pharmacovigilance and
Patient Safety, AbbVie), Gweneth Levy (Medical Director at AbbVie),
Professor Torbjorn Tomson (EURAP), Nathan George (Senior Medi-
cal Information Scientist, UK Teratology Information Service), and
the Expert Working Group on Neurodevelopment who informed the
neurodevelopmental longer-term outcome domains.

Declarations

Funding The ConcePTION project is jointly funded by the Innovative
Medicines Initiative (call 13, topic 9, grant agreement number 821520)
and through benefit in kind contributions from European Federation
of Pharmaceutical Industries (EFPIA) companies. The contribution
of EFPIA partners to this manuscript has involved the provision of

A\ Adis


https://doi.org/10.1007/s40264-023-01291-7

488

J. L. Richardson et al.

personnel time and expertise only. No academic/clinical partners have
received financial incentives from EFPIA partners during the perfor-
mance of this task. All of the recommendations provided required
consensual agreement.

Conflict of interest JLR, EvP, YRJVRW, MBD, AMO, UW, GF, and
KKH declare no conflicts of interest, no other financial relationships
with any organisations that might have an interest in the submitted
work in the previous 3 years, and no previous or ongoing relationships
or activities that could appear to have influenced the submitted work.
RLB’s institution has received a consultancy fee from UCB pharma for
her work on a Women’s Health Advisory Board. AM was a Novartis
associate whist working on this manuscript and other aspects of the
ConcePTION project, and holds shares in Novartis Pharma AG. AA
and BR are Novartis associates and hold shares in Novartis Pharma
and Incyte. YG is an employee of Novartis Pharma AG. MS is an em-
ployee of Novo Nordisk A/S. LMY provided consultancy for Sanofi
Genzyme South Africa on two occasions in 2021 relating to genetic
testing in Gaucher’s disease (April 2021) and a conference lecture
on genetic testing in cardiac clinics (September 2021). DJL is a full-
time employee of Novartis Pharma GmbH and owns shares in Alcon,
Novartis, and GlaxoSmithKline, and stock options in Novartis. DIL is
Honorary Senior Lecturer (Clinical), School of Life and Medical Sci-
ences, University of Hertfordshire.

Ethics approval Not applicable.
Consent to participate Not applicable.
Consent for publication Not applicable.

Availability of data and materials The CDE recommendations are pro-
vided in 14 tables of related data elements. The first peer reviewed
version of these tables is provided in the supplementary appendix.
Live versions of the recommendations are also published in full on the
ENTIS website (http://www.entis-org.eu/cde). These recommendations
will be updated when required to ensure the data elements and their
definitions remain aligned with current PregPV research practices and
needs. Copies of the latest CDE recommendations are available from
the authors on written request, or via contact through the ENTIS web-
site (Www.entis-org.eu/contact-us).

Code availability Not applicable.

Author contributions LMY, DJL, JLR, AM, and RLB identified the
need for these recommendations, designed the format of the frame-
work, and led the preliminary development of the recommendations.
JLR, AM, RLB, MS, YG, MBD, UW, and LMY undertook the scop-
ing review and identified the CDEs to be included in the framework
and developed the initial definitions and data recommendations for
these elements. All authors provided multiple rounds of feedback in the
development of the framework. JLR and AM developed the first draft
of the manuscript. All authors provided multiple rounds of feedback
to finalise the manuscript. All of the authors have contributed equally
to the preparation of this manuscript. All authors read and approved
the final version.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the

A\ Adis

material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

5. References

1. Daw JR, Hanley GE, Greyson DL, Morgan SG. Prescription drug
use during pregnancy in developed countries: a systematic review.
Pharmacoepidemiol Drug Saf. 2011;20(9):895-902.

2. Lupattelli A, Spigset O, Twigg MJ, Zagorodnikova K, Mardby
AC, Moretti ME, et al. Medication use in pregnancy: a cross-
sectional, multinational web-based study. BMJ Open. 2014;4(2):
e004365.

3. Palmsten K, Hernandez-Diaz S, Chambers CD, Mogun H, Lai
S, Gilmer TP, et al. The most commonly dispensed prescription
medications among pregnant women enrolled in the U.S. Medic-
aid Program. Obstet Gynecol. 2015;126(3):465-73.

4. Gerbier E, Favre G, Tauqgeer F, Winterfeld U, Stojanov M, Oliver
A, et al. Self-reported medication use among pregnant and post-
partum women during the third wave of the COVID-19 pandemic:
a European Multinational Cross-Sectional Study. Int J Environ
Res Public Health. 2022;19(9):5335.

5. Haas DM, Marsh DJ, Dang DT, Parker CB, Wing DA, Simhan
HN, et al. Prescription and other medication use in pregnancy.
Obstet Gynecol. 2018;131(5):789-98.

6. Adam MP, Politka JE, Friedman JM. Evolving knowledge of the
teratogenicity of medications in human pregnancy. Am J Med
Genet C Semin Med Genet. 2011;157C(3):175-82.

7. Byrne 1], Saucedo AM, Spong CY. Evaluation of drug labels fol-
lowing the 2015 pregnancy and lactation labeling rule. JAMA
Netw Open. 2020;3(8): e2015094.

8. Mazer-Amirshahi M, Samiee-Zafarghandy S, Gray G, van
den Anker JN. Trends in pregnancy labeling and data qual-
ity for US-approved pharmaceuticals. Am J Obstet Gynecol.
2014;211(6):6901 e1-6911.

9. Norby U, Noel-Cuppers B, Hristoskova S, Desai M, Harmark L,
Steel M, et al. Online information discrepancies regarding safety
of medicine use during pregnancy and lactation: an IMI ConceP-
TION study. Expert Opin Drug Saf. 2021;20(9):1117-24.

10. Thurin NH, Pajouheshnia R, Roberto G, Dodd C, Hyeraci G,
Bartolini C, et al. From inception to ConcePTION: genesis of a
network to support better monitoring and communication of medi-
cation safety during pregnancy and breastfeeding. Clin Pharmacol
Ther. 2022;111(1):321-31.

11. Bluett-Duncan M, Kishore MT, Patil DM, Satyanarayana VA,
Sharp H. A systematic review of the association between perina-
tal depression and cognitive development in infancy in low and
middle-income countries. PLoS ONE. 2021;16(6): €0253790.

12. Bromley RL, Bluett-Duncan M. Neurodevelopment following
exposure to antiseizure medications in utero: a review. Curr Neu-
ropharmacol. 2021;19(11):1825-34.

13. Budhram S, Vannevel V, Botha T, Chauke L, Bhoora S, Balie GM,
et al. Maternal characteristics and pregnancy outcomes of hos-
pitalized pregnant women with SARS-CoV-2 infection in South
Africa: an International Network of Obstetric Survey Systems-
based cohort study. Int J Gynaecol Obstet. 2021;155(3):455-65.

14. Charlton RA, McGrogan A, Snowball J, Yates LM, Wood A, Clay-
ton-Smith J, et al. Sensitivity of the UK clinical practice research
datalink to detect neurodevelopmental effects of medicine


http://www.entis-org.eu/cde
http://www.entis-org.eu/contact-us
http://creativecommons.org/licenses/by-nc/4.0/

Core Data Elements for Pregnancy Pharmacovigilance

489

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

exposure in utero: comparative analysis of an antiepileptic drug-
exposed cohort. Drug Saf. 2017;40(5):387-97.

. Damkier P, Hodson K. Shelter from the storm: Acetaminophen

(paracetamol) in pregnancy, urogenital malformations, and child-
hood neurodevelopment. Obstet Med. 2022;15(2):77-8.

Dao K, Shechtman S, Diav-Citrin O, George N, Richardson JL,
Rollason V, et al. Reproductive safety of trazodone after maternal
exposure in early pregnancy: a comparative ENTIS cohort study.
J Clin Psychopharmacol. 2023;43(1):12-9.

Einarson A, Smart K, Vial T, Diav-Citrin O, Yates L, Stephens S,
et al. Rates of major malformations in infants following exposure
to duloxetine during pregnancy: a preliminary report. J Clin Psy-
chiatry. 2012;73(11):1471.

Favre G, Maisonneuve E, Pomar L, Daire C, Poncelet C, Quibel T,
et al. Maternal and perinatal outcomes following pre-Delta, Delta,
and Omicron SARS-CoV-2 variants infection among unvaccinated
pregnant women in France and Switzerland: a prospective cohort
study using the COVI-PREG registry. Lancet Reg Health Eur.
2023:100569.

Fujii H, Goel A, Bernard N, Pistelli A, Yates LM, Stephens
S, et al. Pregnancy outcomes following gabapentin use:
results of a prospective comparative cohort study. Neurology.
2013;80(17):1565-70.

Ghalandari N, Crijns HJ, Dolhain RJ, Hazes JM, van Puijenbroek
EP. Dilemma of belimumab therapy (dis)continuation during
pregnancy: Results of a retrospective study in eudravigilance.
Lupus. 2022:9612033221143286.

Hartwig CAM, Robiyanto R, de Vos S, Bos JHJ, van Puijenbroek
EP, Hak E, et al. In utero antidepressant exposure not associated
with ADHD in the offspring: a case control sibling design. Front
Pharmacol. 2022;13:1000018.

Knight R, Craig J, Irwin B, Wittkowski A, Bromley RL. Adap-
tive behaviour in children exposed to topiramate in the womb: an
observational cohort study. Seizure. 2023;105:56-64.

Lewis DJ, McCallum JF. Utilizing advanced technologies to aug-
ment pharmacovigilance systems: challenges and opportunities.
Ther Innov Regul Sci. 2020;54(4):888-99.

McAllister-Williams RH, Baldwin DS, Cantwell R, Easter A, Gil-
varry E, Glover V, et al. British Association for Psychopharmacol-
ogy consensus guidance on the use of psychotropic medication
preconception, in pregnancy and postpartum 2017. J Psychophar-
macol. 2017;31(5):519-52.

Rezaallah B, Lewis DJ, Pierce C, Zeilhofer HF, Berg BI. Correc-
tion: social media surveillance of multiple sclerosis medications
used during pregnancy and breastfeeding: content analysis. ] Med
Internet Res. 2020;22(2): €18294.

Rezaallah B, Lewis DJ, Zeilhofer HF, Berg BI. Risk of cleft lip
and/or palate associated with antiepileptic drugs: postmarketing
safety signal detection and evaluation of information presented to
prescribers and patients. Ther Innov Regul Sci. 2019;53(1):110-9.
Richardson JL, Damkier P, Diav-Citrin O, George N, Greenall
Al, Oliver AM, et al. A critical appraisal of controlled studies
investigating malformation risks following pregabalin use in early
pregnancy. Br J Clin Pharmacol. 2023;89(2):630—40.
Richardson JL, Stephens S, Chappell LC, Campbell H, Amirthal-
ingam G, O’Boyle S, et al. Monitoring the safety of COVID-19
vaccination in pregnancy in the UK: A national study using the UK
Obstetric Surveillance System (UKOSS), UK Teratology Informa-
tion Service (UKTIS) and Vaccination in Pregnancy (VIP) safety
monitoring systems. Obstetr Med. 2022:1753495X221076713.
Robiyanto R, Schuiling-Veninga CCM, Bos JHJ, Hak E, van Pui-
jenbroek EP. Exposure to psychotropic drugs before and during
pregnancy: what has changed over the last two decades? Arch
Womens Ment Health. 2023;26(1):39-48.

Russell MD, Dey M, Flint J, Davie P, Allen A, Crossley A, et al.
British Society for Rheumatology guideline on prescribing drugs

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

in pregnancy and breastfeeding: immunomodulatory anti-rheu-
matic drugs and corticosteroids. Rheumatology (Oxford). 2022.
van Gelder MMHJ, Beekers P, van Rijt-Weetink YRJ, van Dronge-
len J, Roeleveld N, Smits LJM. Associations between late-onset
preeclampsia and the use of calcium-based antacids and proton
pump inhibitors during pregnancy: a prospective cohort study.
Clin Epidemiol. 2022;14:1229-40.

Winterfeld U, Merlob P, Baud D, Rousson V, Panchaud A, Rothui-
zen LE, et al. Pregnancy outcome following maternal exposure to
pregabalin may call for concern. Neurology. 2016;86(24):2251-7.
US Food and Drug Administration (FDA). Postaproval pregnancy
safety studies guidance for industry [draft guidance] 2019. http://
www.fda.gov/media/124746/download. Accessed Feb 2023.
European Medicines Agency (EMA). Guideline on good pharm-
covigilance practices (GVP). Product or poulation specifc con-
siderations III: Pregnanct and breasffeeding women 2019. http://
www.ema.europa.eu/en/documents/scientific-guideline/draft-
guideline-good-pharmacovigilance-practices-product-population-
specific-considerations-iii_en.pdf. Accessed Feb 2023.
European Network of Teratology Information Services (ENTIS).
Organisation's website 2022. http://www.entis-org.eu. Accessed
Feb 2023.

The Organization of Teratology Information Specialists (OTIS).
About OTIS 2022. https://mothertobaby.org/about-otis/. Accessed
Feb 2023.

International Registry of Antiepileptic Drugs and Pregnancy
(EURAP). About EURAP 2022. Available from: https://eurap
international.org/about/. Accessed Feb 2023.

Vaccines and Medications in Pregnancy Surveillance System
(VAMPSS). Organisation's website 2022. http://www.aaaai.org/
about/strategic-relationships/vampss.

Geissbuhler Y, Rezaallah B, Moore A. An alternative to product-
specific pregnancy registries? PRIM PRegnancy outcomes Inten-
sive Monitoring. Reprod Toxicol. 2020;94:13-21.

Geissbuhler Y, Vile J, Koren G, Guennec M, Butzkueven H, Til-
son H, et al. Evaluation of pregnancy outcomes in patients with
multiple sclerosis after fingolimod exposure. Ther Adv Neurol
Disord. 2018;11:1756286418804760.

Best Use of Medicines in Pregnancy (BUMPs). About us 2022.
https://medicinesinpregnancy.org/About-Us/. Accessed Feb 2023.
Vorstenbosch S, Te Winkel B, van Gelder M, Kant A, Roeleveld
N, van Puijenbroek E. Aim and design of pREGnant, the Dutch
Pregnancy Drug Register. Drug Saf. 2019;42(1):1-12.

Dreyer NA, Blackburn SC, Mt-Isa S, Richardson JL, Thomas
S, Laursen M, et al. Direct-to-patient research: piloting a new
approach to understanding drug safety during pregnancy. JMIR
Public Health Surveill. 2015;1(2): e22.

Bromley RL, Bickle Graz, M, Bluett-Duncan, M, Chambers C,
Damkier P, Dietrich K, Dolk H, Forsberg L, Grant K, Mattson S,
Meador K, Nordeng, H, Oberlander T, Ornoy A, Revet A, Rovet,
J, Schuler-Faccini L, Smearman E, Simms V, Vorhees, C, Wide
K, Wood A, Yates L, Ystrom E, Supraja TA, Adams, J Expert
consensus on the inclusion of neurodevelopmental outcomes in
pregnancy pharmacovigilance studies [In Press]. Front Pharmacol.
2022.

Gribble KD, Bewley S, Bartick MC, Mathisen R, Walker S, Gam-
ble J, et al. Effective communication about pregnancy, birth, lac-
tation, breastfeeding and newborn care: the importance of sexed
language. Front Glob Womens Health. 2022;3: 818856.

Dugas C, Slane VH. Miscarriage. Treasure Island: StatPearls..
2022.

Royal College of Obstetricians and Gynaecologists (RCOG). The
investigation and treatment of couples with recurrent miscarriage
(Green-top Guideline No. 17) 2011. www.rcog.org.uk/guidance/
browse-all-guidance/green-top-guidelines/the-investigation-and-
treatment-of-couples-with-recurrent-miscarriage-green-top-guide

A\ Adis


http://www.fda.gov/media/124746/download
http://www.fda.gov/media/124746/download
http://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-good-pharmacovigilance-practices-product-population-specific-considerations-iii_en.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-good-pharmacovigilance-practices-product-population-specific-considerations-iii_en.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-good-pharmacovigilance-practices-product-population-specific-considerations-iii_en.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-good-pharmacovigilance-practices-product-population-specific-considerations-iii_en.pdf
http://www.entis-org.eu
https://mothertobaby.org/about-otis/
https://eurapinternational.org/about/
https://eurapinternational.org/about/
http://www.aaaai.org/about/strategic-relationships/vampss
http://www.aaaai.org/about/strategic-relationships/vampss
https://medicinesinpregnancy.org/About-Us/
http://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/the-investigation-and-treatment-of-couples-with-recurrent-miscarriage-green-top-guideline-no-17/#:~:text=Summary%3A%20Miscarriage%20is%20defined%20as,until%2024%20weeks%20of%20gestation
http://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/the-investigation-and-treatment-of-couples-with-recurrent-miscarriage-green-top-guideline-no-17/#:~:text=Summary%3A%20Miscarriage%20is%20defined%20as,until%2024%20weeks%20of%20gestation
http://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/the-investigation-and-treatment-of-couples-with-recurrent-miscarriage-green-top-guideline-no-17/#:~:text=Summary%3A%20Miscarriage%20is%20defined%20as,until%2024%20weeks%20of%20gestation

490

J. L. Richardson et al.

line-no-17/#:~:text=Summary %3 A %20Miscarriage %20is %20def
ined%20as,until%2024%20weeks%200f%20gestation. Accessed
Feb 2023.

48. World Health Organization (WHO). Why we need to talk about
losing a baby 2022. http://www.who.int/news-room/spotlight/
why-we-need-to-talk-about-losing-a-baby#:~:text=Pregnancy%
20loss%20is%20defined % 20differently,after %2028 %20weeks %
20are%20stillbirths. Accessed Feb 2023.

49. Nguyen RH, Wilcox AJ. Terms in reproductive and perinatal epi-
demiology: 2 Perinatal terms. J Epidemiol Community Health.
2005;59(12):1019-21.

50. Essex MJ, Boyce WT, Goldstein LH, Armstrong JM, Kraemer
HC, Kupfer DJ, et al. The confluence of mental, physical, social,
and academic difficulties in middle childhood. II: developing the
Macarthur health and Behavior Questionnaire. J] Am Acad Child
Adolesc Psychiatry. 2002;41(5):588-603.

51. Damase-Michel CaW, K, Beau AB, Bénévent J, Hurault-Delarue
C, Bromley RL, Dolk H, Loane M, Given J, Geldhof A, Jordan
S, Li H, Stellfeld M, Mglgaard-Nielsen D, Morris J, Pryce M,
Nordeng H, Sabido M, Zeitlin J. D12 Core evidence elements
for generating medication safety evidence for pregnancy using
population-based data. Core data elements, design and analyti-
cal foundations 2021. http://www.imi-conception.eu/wp-content/
uploads/2021/03/ConcePTION-D1.2.pdf. Accessed Feb 2023.

52. Cumberlege J. First Do No Harm. The report of the independ-
ent medicines and medical devices safety review 2020. http://
www.immdsreview.org.uk/downloads/IMMDSReview_Web.pdf.
Accessed Feb 2023.

53. Manningham-Buller EaB, P. Healthy mum, healthy baby, healthy
future. The case for UK leadership in the development of safe,
effective and accessible medicines for use in pregnancy 2022.
http://www.birminghamhealthpartners.co.uk/wp-content/uploa
ds/2022/05/Final-Healthy-Mum-Healthy-Baby-Healthy-Future-
Report-AW_Accessible-PDF-REDUCED-FILE-SIZE. pdf.
Accessed Feb 2023.

54. American College of Obsetrics and Gynecology (ACOG) Com-
mittee on Ethics. ACOG Committee Opinion No. 646: ethical con-
siderations for including women as research participants. Obstet
Gynecol. 2015;126(5):e100-7.

Authors and Affiliations

- Alan Moore3
- Ursula Winterfeld®

- Kenneth K. Hodson'
15,16

Jonathan L. Richardson'?
Matthew Bluett-Duncan*
Yrea R. J. van Rijt-Weetink'®
David J. Lewis'>'*® . Laura M. Yates

UK Teratology Information Service, The Regional Drug
and Therapeutics Centre, Newcastle upon Tyne Hospitals
NHS Foundation Trust, 16/17 Framlington Place,
Newcastle upon Tyne NE2 4AB, Tyne and Wear, UK

Institute of Health and Society, Newcastle University,
Newcastle upon Tyne, UK

Quantitative Safety and Epidemiology, Novartis Pharma AG,
4002 Basel, Switzerland

Division of Neuroscience, University of Manchester,
Manchester, UK

E Royal Manchester Children’s Hospital, Oxford Road,
Manchester, UK

% Novo Nordisk A/S, Sgborg, Denmark

A\ Adis

55.

56.

57.

58.

59.

60.

61.

62.

- Rebecca L. Bromley**
- Guillaume Favre®
- Bita Rezaallah"

Cohen JM, Cesta CE, Kjerpeseth L, Leinonen MK, Halfdanarson
(), Karlstad @, et al. A common data model for harmonization in
the Nordic Pregnancy Drug Safety Studies (NorPreSS). Norsk
Epidemiologi. 2021;29(1-2).

Rho MJ, Kim SR, Park SH, Jang KS, Park BJ, Choi LY, editors.
Development common data model for adverse drug signal detec-
tion based on multi-center EMR Systems. In: 2013 International
conference on information science and applications (ICISA); 2013
24-26 June 2013.

International Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use (ICH). E2B(R3) Indi-
vidual Case Safety Report (ICSR) Specification and Related Files
2021. https://ich.org/page/e2br3-individual-case-safety-report-
icsr-specification-and-related-files. Accessed Feb 2023.

US Food and Drug Administration (FDA). Pregnant Women: Sci-
entific and Ethical Considerations for Inclusion in Clinical Tri-
als Guidance for Industry 2018. http://www.fda.gov/files/drugs/
published/Pregnant-Women--Scientific-and-Ethical-Considerat
ions-for-Inclusion-in-Clinical-Trials.pdf. Accessed Feb 2023.
Schaefer C, Ornoy A, Clementi M, Meister R, Weber-Schoendor-
fer C. Using observational cohort data for studying drug effects
on pregnancy outcome—methodological considerations. Reprod
Toxicol. 2008;26(1):36—41.

Meissner Y, Fischer-Betz R, Andreoli L, Costedoat-Chalumeau N,
De Cock D, Dolhain R, et al. EULAR recommendations for a core
data set for pregnancy registries in rheumatology. Ann Rheum
Dis. 2021;80(1):49-56.

Duffy J, Rolph R, Gale C, Hirsch M, Khan KS, Ziebland S, et al.
Core outcome sets in women’s and newborn health: a systematic
review. BJOG. 2017;124(10):1481-9.

European Medicines Agency (EMA). ICH guideline E2B (R3)
on electronic transmission of individual case safety reports
(ICSRs)—data elements and message specification—imple-
mentation guide 2013. www.ema.europa.eu/en/documents/scien
tific-guideline/international-conference-harmonisation-technical-
requirements-registration-pharmaceuticals-human-use_en-4.pdf.
Accessed Feb 2023.

- Michael Stellfeld® - Yvonne Geissbiihler’
- Amalia Alexe’® - Alison M. Oliver’
- Eugene P.van Puijenbroek'%?

Evidence and Launch Excellence, Novartis Pharma AG,
4002 Basel, Switzerland

Swiss Teratology Information Service and Clinical
Pharmacology Service, University Hospital, Lausanne,
Switzerland

QPPV and PRRC Office, Novartis Pharma AG, 4002 Basel,
Switzerland

Pharmacovigilance Centre Lareb, ‘s-Hertogenbosch,
The Netherlands

Chief Medical Office and Patient Safety, Novartis Pharma
AG, 4002 Basel, Switzerland


http://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/the-investigation-and-treatment-of-couples-with-recurrent-miscarriage-green-top-guideline-no-17/#:~:text=Summary%3A%20Miscarriage%20is%20defined%20as,until%2024%20weeks%20of%20gestation
http://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/the-investigation-and-treatment-of-couples-with-recurrent-miscarriage-green-top-guideline-no-17/#:~:text=Summary%3A%20Miscarriage%20is%20defined%20as,until%2024%20weeks%20of%20gestation
http://www.who.int/news-room/spotlight/why-we-need-to-talk-about-losing-a-baby#:~:text=Pregnancy%20loss%20is%20defined%20differently,after%2028%20weeks%20are%20stillbirths
http://www.who.int/news-room/spotlight/why-we-need-to-talk-about-losing-a-baby#:~:text=Pregnancy%20loss%20is%20defined%20differently,after%2028%20weeks%20are%20stillbirths
http://www.who.int/news-room/spotlight/why-we-need-to-talk-about-losing-a-baby#:~:text=Pregnancy%20loss%20is%20defined%20differently,after%2028%20weeks%20are%20stillbirths
http://www.who.int/news-room/spotlight/why-we-need-to-talk-about-losing-a-baby#:~:text=Pregnancy%20loss%20is%20defined%20differently,after%2028%20weeks%20are%20stillbirths
http://www.imi-conception.eu/wp-content/uploads/2021/03/ConcePTION-D1.2.pdf
http://www.imi-conception.eu/wp-content/uploads/2021/03/ConcePTION-D1.2.pdf
http://www.immdsreview.org.uk/downloads/IMMDSReview_Web.pdf
http://www.immdsreview.org.uk/downloads/IMMDSReview_Web.pdf
http://www.birminghamhealthpartners.co.uk/wp-content/uploads/2022/05/Final-Healthy-Mum-Healthy-Baby-Healthy-Future-Report-AW_Accessible-PDF-REDUCED-FILE-SIZE.pdf
http://www.birminghamhealthpartners.co.uk/wp-content/uploads/2022/05/Final-Healthy-Mum-Healthy-Baby-Healthy-Future-Report-AW_Accessible-PDF-REDUCED-FILE-SIZE.pdf
http://www.birminghamhealthpartners.co.uk/wp-content/uploads/2022/05/Final-Healthy-Mum-Healthy-Baby-Healthy-Future-Report-AW_Accessible-PDF-REDUCED-FILE-SIZE.pdf
https://ich.org/page/e2br3-individual-case-safety-report-icsr-specification-and-related-files
https://ich.org/page/e2br3-individual-case-safety-report-icsr-specification-and-related-files
http://www.fda.gov/files/drugs/published/Pregnant-Women--Scientific-and-Ethical-Considerations-for-Inclusion-in-Clinical-Trials.pdf
http://www.fda.gov/files/drugs/published/Pregnant-Women--Scientific-and-Ethical-Considerations-for-Inclusion-in-Clinical-Trials.pdf
http://www.fda.gov/files/drugs/published/Pregnant-Women--Scientific-and-Ethical-Considerations-for-Inclusion-in-Clinical-Trials.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-4.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-4.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-4.pdf
http://orcid.org/0000-0003-3494-9559
http://orcid.org/0000-0002-6049-2540
http://orcid.org/0000-0003-4008-0917
http://orcid.org/0000-0001-8528-6818
http://orcid.org/0000-0002-7539-6746
http://orcid.org/0000-0002-9926-7164
http://orcid.org/0000-0001-6181-3126
http://orcid.org/0000-0003-3016-8579
http://orcid.org/0000-0002-4564-9984
http://orcid.org/0000-0002-5997-3718
http://orcid.org/0000-0003-3091-6952
http://orcid.org/0000-0001-6351-8235
http://orcid.org/0000-0002-2236-1398
http://orcid.org/0000-0001-9576-3489
http://orcid.org/0000-0002-7963-625X

Core Data Elements for Pregnancy Pharmacovigilance

491

12 PharmacoTherapy, Epidemiology and Economics, Groningen

Research Institute of Pharmacy, University of Groningen,
Groningen, The Netherlands

Novartis Global Drug Development, Novartis Pharma
GmbH, Oeflinger Strasse 44, 79664 Wehr, Germany

School of Life and Medical Sciences, University
of Hertfordshire, Hatfield, England

15

16

KRISP, University of KwaZulu-Natal, Durban, South Africa

Institute of Genetic Medicine, Newcastle upon Tyne
Hospitals NHS Foundation Trust, Newcastle upon Tyne, UK

A\ Adis



	Core Data Elements for Pregnancy Pharmacovigilance Studies Using Primary Source Data Collection Methods: Recommendations from the IMI ConcePTION Project
	Abstract
	Introduction and Objective 
	Methods 
	Results 
	Discussion 

	1 Introduction
	2 Methods
	2.1 Expertise of the CDE Recommendations Development Group
	2.2 Structure of the CDE Recommendations
	2.3 Development of CDE Recommendations
	2.4 Evaluation of CDE Recommendations
	2.5 Inclusive Language Statement

	3 Results
	3.1 Database Administrative Details
	3.2 MaternalPaternal Details
	3.3 Pregnancy Details
	3.4 Maternal Medical History Details
	3.5 Family Medical History and Obstetric History Details
	3.6 Pregnancy Medication Exposure Details
	3.7 Maternal Illnesses and Obstetric Complications Details
	3.8 Pregnancy Outcome Details
	3.9 Delivery Details
	3.10 LiveStillborn Birth Outcome Details
	3.11 Live Born NeonatalInfant Outcome Details
	3.12 Malformations Details
	3.13 Longer-Term Child Health and Neurodevelopmental Outcome Details

	4 Discussion
	5 Conclusion
	Anchor 30
	Acknowledgements 
	References




