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Abstract

Background

Studies on medication safety in pregnancy are increasingly focusing on child neurodevelop-
mental outcomes. Establishing neurodevelopmental safety is complex due to the range of
neurodevelopmental outcomes and the length of follow-up needed for accurate assess-
ment. The aim of this study was to provide an inventory of European data sources for use in
pharmacoepidemiologic studies investigating neurodevelopment following maternal medi-
cation exposure.

Method

The EUROmediSAFE inventory of data sources in Europe for evaluating perinatal and long-
term childhood risks associated with in-utero exposure to medication was updated by con-
tacting colleagues across 31 European countries, literature review and internet searches.
Included data sources must record at least one neurodevelopmental outcome and maternal
medication use in pregnancy must be available, either in the data source itself or through
linkage with another data source. Information on the domain of neurodevelopment, mea-
sure/scale used and the approach to measurement were recorded for each data source.

Results

Ninety data sources were identified across 14 countries. The majority (63.3%) were created
for health surveillance and research with the remaining serving administrative purposes
(21.1% healthcare databases,15.6% other administrative databases). Five domains of
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neurodevelopment were identified—infant development (36 data sources,13 countries),
child behaviour (27 data sources, 10 countries), cognition (29 data sources, 12 countries),
educational achievement (20 data sources, 7 countries), and diagnostic codes for neurode-
velopmental disorders (42 data sources, 11 countries). Thirty-nine data sources, in 12 coun-
tries, had information on more than one domain of neurodevelopment.

Conclusion

This inventory is invaluable to future studies planning to investigate the neurodevelopmental
impact of medication exposures during pregnancy. Caution must be used when combining
varied approaches to neurodevelopment outcome measurement, the age of children in the
data source, and the sensitivity and specificity of the outcome measure selected should be
borne in mind.

Introduction

Studies on drug utilisation in pregnancy report that up to 70-90% of women use one or more
medications during pregnancy [1, 2]. Despite this, only 5% of all medications have been tested
for use in pregnancy and appropriate safety information recorded on the medication patient
information leaflet [3]. A review of drugs assessed by the Food and Drug Administration
(FDA) reported that 97.7% of the drugs were classified as having an “undetermined” terato-
genic risk in human pregnancy, and the mean time to determine a risk was 27 years [4]. There
is therefore an urgent need for knowledge of medication use and safety during pregnancy.

Historically research has concentrated on congenital anomalies but there is increasing
interest in the potential for medication exposure during pregnancy to adversely impact neuro-
development (ND) [5, 6]. The term ND covers a diverse range of brain functions including
intellectual abilities, language, attention, and cognition, but also encompasses motor develop-
ment, social skills, behavioural and emotional regulation. Such diversity means that there are
many outcomes which fall within the category of ND and even more numerous ways to define
and measure functioning in these skill areas. As different cognitive, motor, and social skill sets
mature at different ages certain effects will only become evident as age relevant skills emerge
and mature. For example, the expected complexity of social skills as a two-year-old is far less
than the complex abilities in both verbal and non-verbal social communication expected in the
adolescent years. As different domains of ND may be differentially impacted upon by terato-
gen exposure a wide variety of outcomes must therefore be assessed at appropriate ages to
establish ND safety [5].

It is a priority to increase efforts to detect medications which convey risk to the developing
child’s brain. This is a particular concern for medications, which affect the central nervous sys-
tem and which can cross the placental barrier [7-12], such as the antiseizure medications
(ASMs), antidepressants and antipsychotics. For example, exposure to the ASM valproate dur-
ing pregnancy has been associated with reduced IQ scores, particularly verbal IQ, attention
deficit hyperactivity disorder (ADHD) and Autism spectrum disorder (ASD) [13-15]. Isotreti-
noin exposure in utero has been found to reduce IQ scores, but had a more significant impact
on visual-spatial skills [16]. Finally, there is conflicting evidence regarding the risk of ASD
[17-21] following in utero exposure to selective serotonin reuptake inhibitor (SSRI) antide-
pressants. Recent investigations using detailed language assessments of every exposed child in
the cohort raise the possibility that the primary deficit may be in the language domain and in
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particular, pragmatic language [22]. There is therefore a clear risk of lifelong ND impairments
associated with certain medication exposures and efforts should be made to detect those which
carry this risk as soon as possible.

To date most evidence relating to the impact of medication exposure on ND has derived
from observational studies and population-based cohort studies utilising electronic records.
Both have inherent methodological limitations and strengths. Traditional observational cohort
studies recruit pregnant women directly within hospital or community-based health care set-
tings and the participants are followed up using study specific standardised protocols, often
utilising direct blinded assessment of the child through the postnatal years, with good control
over confounding variables. However, such methodologies may have lower statistical power,
have relatively short follow-up periods (typically only up to pre-school age) and can be finan-
cially costly. Cohorts derived from population based electronic records alternatively, offer
large numbers of exposed children often across a broader range of maternal indications. How-
ever, these are often based on diagnostic codes recorded or service referrals [23], data comes
from multiple assessors who are not blinded to the medication exposure history of the child
and often have more limited information on potential confounding variables (e.g. wider family
history of disorders, parental intellectual level etc). Thus, pharmacoepidemiology research in
relation to ND will require a combination of methodological approaches which cover a range
of outcomes, with investigations extending into the adolescent years.

The growth of secondary data sources, with mother-baby linkages and large population
sizes, raises the potential for timely evaluations of neurodevelopmental safety following mater-
nal medication use during pregnancy. The aim of this study was to provide an inventory of
European data sources with the potential to be used in pharmacoepidemiologic studies investi-
gating ND in relation to maternal medication exposure. The objectives of the study were to
capture how ND outcomes are recorded within these data sources and to consider their
strengths and limitations for assessing ND outcomes.

Material and methods

The Innovative Medicines Initiative ConcePTION Project is a large collaborative project
between academic, regulatory and industry partners [24], with the primary aim to create a sys-
tem of improved monitoring and communicating safety of medicines use in pregnancy and
breastfeeding. One of the tasks of the ConcePTION project was to “identify data sources that
can be used for medication utilisation and medication safety studies”. An inventory of avail-
able data sources in 28 EU Member States for evaluating perinatal and long-term childhood
risks associated with in-utero exposure to medication was published by the EUROmediSAFE
consortium in 2018 [25]. The full EUROmediSAFE inventory is available at http://www.
euromedicat.eu/content/EUROmediSAFE Inventory_Finalv2_2018_07_06.pdf. We reviewed,
updated and extended the EUROmediSAFE inventory to provide the ConcePTION Consor-
tium and other beneficiaries with a complete inventory of European data sources which could
be considered for medication utilization and medication safety studies in pregnancy available
at https://www.imi-conception.eu/wp-content/uploads/2019/09/ConcePTION_D1.1_
spreadsheet-containing-all-additional-data-sources-for-the-ConcePTION-Data-Source-
Catalogue.pdf. This article relates specifically to the identification of data sources which could
be used for investigations of longer-term ND outcomes in pharmacoepidemiologic studies.

Identification of data sources

A number of different methods were used to identify potential sources of information. First,
we contacted our colleagues in the EUROCAT (European surveillance of congenital
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anomalies) network /EUROmediCAT (European congenital anomalies and medication safety)
consortium with members in 21 countries and Euro-Peristat (European surveillance of perina-
tal health) with members in 31 countries. The purpose of the study was explained and they
were invited to review the contents of the EUROmediSAFE inventory and to provide updates
or add new electronic or linkable data sources that could potentially be useful for studies on
medication use and safety in pregnancy in their country. They were asked to specifically con-
sider data sources for capturing ND outcomes. This work was supplemented by a workshop
held at a Euro-Peristat meeting in 2019 which was attended by approximately 50 Euro-Peristat
members from across Europe and where we presented our findings and sought to identify
additional sources in the countries that had not responded to our email requests.

Secondly, we conducted a literature review using the Embase database to identify data
sources with outcomes following SSRI exposure during pregnancy in July 2019, which was
updated in July 2020. SSRIs were used to identify data sources as the authors are conducting
pharmacoepidemiologic studies on SSRI exposures in pregnancy, but other medications such
as antiepileptic drugs could equally have been used. The search terms used are included in S1
File. The search was limited to the English language and publications within the last 10 years.
Conference abstracts were excluded. Articles exploring ND outcomes were identified based on
the title and the abstract and their sources checked against those already identified for the
inventory.

The literature review was further supplemented by searches of national statistical organisa-
tion websites (for e.g. Statistics Denmark, Statistics Norway) and the https://www.
birthcohorts.net/ website was searched to identify any missing birth cohorts with maternal
medication exposure in pregnancy and ND outcomes [26].

Eligibility for inclusion of data sources in this inventory
o Secondary source of electronic data with potential to be linked (i.e. primary purpose of col-
lection was not for medication exposure investigations)

« Information on at least one ND outcome (e.g. behaviour, cognition, emotional regulation
outcomes) using diagnostic codes, questionnaires, medical charts etc.

o Information regarding maternal medication use in pregnancy, either in the data source itself
or through linkage with another data source.

Exclusion criteria

Prospective Studies such as case reports, clinical studies, randomised controlled trials and
adverse drug reaction databases were excluded as these have small sample sizes or selected
populations.

Classification of data sources

Data sources were classified according to the type of data available, see S2 File for more
information:
Healthcare databases:

« Hospital (Admission/Episode/Discharge) databases

o Primary care databases
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o Administrative health insurance claims databases

Child surveillance databases

Other administrative databases for the delivery of services, reimbursement of costs:

Educational databases

o Register of disability

Health surveillance and research databases:

Disease registries
o Birth cohorts

« Research Cohort by Data Linkage

Domain of ND

Information on the domain of ND, categorised based on the type of data collected, the mea-
sure/scale used (e.g. psychometric questionnaires, diagnostic codes) and the approach to mea-
surement (e.g. parent completed questionnaire, clinician judgement) were recorded for each
data source. This information was extracted by authors JG and RB from information publicly
available relating to the data source such as a website or publications.

Ethical approval was not required for this study.

Results

Fifty data sources with ND outcomes were listed in the EUROmediSAFE inventory and con-
tacts in EUROCAT/EUROmediCAT and Euro-Peristat identified an additional 27 data
sources. The literature search resulted in 2,798 citations. Based on manual review of the
abstract, articles were excluded when related to pre-clinical, genetic, epigenetic, case reports,
case series, where the outcome was out of scope (e.g. child’s depression; imaging, post-partum
depression, pulmonary hypertension), or the exposures / intervention were not SSRIs (other
drugs, stress, smoking). Thirteen data sources were identified in the literature (8 of these had
already been identified in the EUROmediSAFE inventory or by contacts). An additional 8 data
sources were identified by web searches.

In total 90 data sources were identified across 14 countries. The majority (63.3%) were cre-
ated for health surveillance and research with the remaining serving administrative purposes
(21.1% healthcare databases and 15.6% other administrative databases). As can be seen in Fig
1, half of the data sources were birth cohorts. While the other types of data source were less
numerous, these generally included much larger populations than the birth cohorts, for some
the entire population of a country, and so represented a much larger sample.

Across the data sources identified the ND outcomes available were categorised, based on
the type of data collected, into five domains of ND—infant development, child behaviour, cog-
nition, educational achievement, and the presence of diagnostic codes for neurodevelopmental
disorders. There is inevitable overlap between certain categories but this classification system
allows users to select data sources by area of ND which may be relevant to their investigations.
In 39 data sources, across 12 countries, it is possible to examine more than one domain of ND.

Information on infant development was available in 36 data sources across 13 countries, see
Table 1, and was recorded in all types of databases except for the education and health insur-
ance claims databases. Assessment of infant development varied, based on clinician
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Country

Denmark
Finland
France
Germany
Greece
Ireland

Italy
Netherlands
Norway
Poland
Slovakia
Spain
Sweden

UK - England
UK - National
UK - Northern Ireland
UK - Scotland
UK - Wales

UK - Wales, Scotland, Northern Ireland

M Birth cohort
m Educational database
Hospital databases

Primary care database

m Child surveillance databases

B Research Cohort by Data Linkage

B Register of disability

B Disease registry

o

4 6 8 10 12
Number of data sources

B Administrative health insurance claims database

Total
0 20 40 60

Percent of data sources

T

80 100
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Fig 1. Type of data source identified across each country and percent of all data sources by type.
https://doi.org/10.1371/journal.pone.0275979.g001

judgement/routine health care, direct/objective assessment and/or parental completed ques-
tionnaires. In the birth cohorts’ bespoke questionnaires and a wide range of recognised mea-
sures, such as the Ages and Stages Questionnaire, Bayley Scales of Infant Development and
Denver Developmental Screening Test were used to assess infant development. Such measures
were also available in some of the non-cohort data sources such as the child surveillance and
disease registries. Assessments made as part of routine healthcare were the predominant
source of information in the other types of data source. Here infant development was assessed
in routine health and developmental evaluations, service use records, READ (a coding system
used in UK primary care) and ICD-10 (International Classification of Disease 10th edition)
diagnosis codes, health visitor records and records of referral for support relating to develop-
mental delay.

Assessments of child behaviour were available in 27 data sources across 10 countries,
recorded in birth cohorts and child surveillance databases, see Table 2. Behaviour was based
on child self-report, direct/objective assessment, parent completed questionnaire/report and
teacher review/routine education. Behaviour was assessed using a variety of measurements/
scales such as the Strengths & Difficulties Questionnaire, Child Behavior Checklist, Child
Behavior Questionnaire, and bespoke questionnaires.

Measurements of cognition (e.g. intelligence, attention, language, memory skills) were
available in 29 data sources across 12 countries, recorded in birth cohorts, a child surveillance
database, and a register of disability, see Table 3. Cognition was assessed through a varied set
of approaches including clinician judgement/routine health care, direct/objective assessment,
parent completed questionnaire/report and teacher review/ routine education. As well as a
wide range of recognised measures such as the British Ability Scales and Weschler Intelligence
Scale for Children, cognitive difficulties could also be identified through records of referral for
services relating to cognitive difficulties.

Educational related outcomes were available in 20 data sources across 7 countries, recorded
in educational databases, birth cohorts and child surveillance databases, see Table 4. All assess-
ments were based on teacher review or routine educational data or requirement for specialist
educational support. In addition to routine educational outcomes, a cohort study and a child
surveillance database also had teacher Special Educational Needs ratings available.

Neurodevelopmental disorder diagnostic codes were available in 42 data sources across 11
countries, see Table 5. The presence of ND disorders was based on parent completed question-
naire/report, direct/objective assessment, child self-report, clinician judgement/routine health
care, teacher review/routine education and direct/objective assessment. Diagnoses recorded
using ICD-9, ICD-10, ICPC (International Classification for Primary Care), DSM (Diagnostic
and Statistical Manual of Mental Disorders) IV, and Read codes were available in all database
types except for education. ND measures such as the Checklist for autism in toddlers (CHAT),
Childhood Asperger Syndrome Test (CAST) and Attention Deficit/Hyperactivity Disorder
Test (ADHD) to identify children with autism, Asperger syndrome or ADHD were exclusively
found in birth cohorts, although one child surveillance database had results for the Modified
Checklist for Autism in Toddlers (M-CHAT).

Discussion

Pharmacoepidemiologic investigations into ND outcomes in children exposed to a medication
during pregnancy lag behind initiatives to understand risk of congenital anomaly. We
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Table 1. Data sources which record infant development.

Denmark Births at Skejby Hospital, Aarhus Birth Cohort Birth cohort Parent complete | ASQ
Denmark questionnaire/
report
Denmark Copenhagen County Copenhagen Child Cohort 2000 Birth cohort Direct/Objective | BSID-II (1.5 years)
(CCC2000) Assessment
Clinician Health visitor records
judgement/
routine health care
Denmark National Danish National Birth Cohort Birth cohort Parent complete | Bespoke Questionnaire;
questionnaire/ Developmental Coordination
report Disorder Questionnaire
Finland Northern Finland Northern Finland birth cohort of 1966 | Birth cohort Parent complete Bespoke Questionnaire
questionnaire/
report
France Haute-Garonne (south-west | EFEMERIS (Evaluation in Pregnant Research Clinician Bespoke Questionnaire
France) Women of MEdicaments and their Cohort by Data | judgement/
RISK) Linkage routine health care
France National EPIPAGE 2 Cohort Study Birth cohort Parent complete | ASQ
questionnaire/
report
Clinician GMFCS; SCPE diagnostic criteria
judgement/
routine health care
France National Etude Longitudinale Francaise depuis | Birth cohort Parent complete | CDI
I’Enfance (ELFE) questionnaire/
report
France Haute-Garonne (south-west | POMME (PrescriptiOn Médicaments | Research Clinician Routine examination
France) Meéres Enfants) Cohort by Data | judgement/
Linkage routine health care
Germany Leipzig LIFE Child Birth cohort Direct/Objective | BSID-III
Assessment
Greece Crete Mother Child Cohort in Crete Birth cohort Direct/Objective | BSID-III
(RHEA) Assessment
Ireland County Cork BASELINE: Babies after SCOPE Birth cohort Direct/Objective | BSID
Assessment
Italy National Nascita e INFanzia: gli Effetti Birth cohort Parent complete | Bespoke questionnaire
dell’Ambiente (NINFEA) questionnaire/
report
Italy Florence, Rome, Trieste, Piccolipiu Birth cohort Unclear Unclear
Turin and Viareggio
Italy Emilia Romagna Region SINPIA ER-Flusso informativo per i Hospital Clinician ICD-10; service use records
servizi di neuropsichiatria infantile database* judgement/
dell'infanzia e dell’adolescenza routine health care
dell’Emilia Romagna
Netherlands Rotterdam Generation R Birth cohort Direct/Objective | CDI; MB-CDI Short Form
Assessment
Netherlands Rotterdam Generation R Next Birth cohort Direct/Objective | Eye-tracking
Assessment
Netherlands Westelijke Mijnstreek region | LucKi Birth Cohort Study Birth cohort Direct/Objective | Van Wiechen classification of
Assessment psychomotor development;
Unknown language assessment
Netherlands National PRIDE Study (PRIDE: PRegnancy and | Birth cohort Parent complete | ASQ
Infant DEvelopment) questionnaire/
report
(Continued)
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Table 1. (Continued)

Netherlands five municipalities in the Tracking Adolescents’ Individual Lives | Birth cohort Direct/Objective | Bespoke observation and tasks
North of The Netherlands Survey (TRAILS) NEXT Assessment
Parent complete Bespoke questionnaire
questionnaire/
report
Norway National Norwegian Mother, Father and Child | Birth cohort Parent complete | ASQ; Dale sentence complexity
Cohort Study (MoBa) questionnaire/ task; NVCC; SCQ
report
Poland Eight regions of Poland REPRO_PL Polish Mother and Child | Birth cohort Direct/Objective | BSID-III
Cohort Study Assessment
Slovakia Eastern Slovakia: Michalovce | Slovak PCB study Exposure to Birth cohort Direct/Objective | BSID-II
polychlorinated biphenyl Assessment
Spain Seven Spanish regions INMA-Environment and Childhood | Birth cohort Direct/Objective | BSID; Dubowitz Developmental
(Ribera d’Ebre, Menorca, Project (INMA Project) Assessment Screening Test
Granada, Valencia, Sabadell,
Asturias, and Gipuzkoa)
UK—England Avon, England ALSPAC-G2 (second generation of Birth cohort Parent complete | Bespoke developmental
The Avon Longitudinal Study of questionnaire/ questionnaire
Parents and Children) report
UK—England Avon, England Avon Longitudinal Study of Parents & | Birth cohort Parent complete | Denver Developmental Screening
Children/Children of the 90s questionnaire/ Test
(ALSPAC) report
UK—England Bradford, England Born in Bradford/Born in Bradford Birth cohort Direct/Objective | CKAT
Growing up Assessment
UK—England England Community Services Data Set (CSDS) | Child Parent complete | ASQ
surveillance questionnaire/
databases report
UK—England Southampton Southampton Women’s Survey Birth cohort Direct/Objective | WPPSI; CANTAB
Assessment
UK—England Wirral, England Wirral Child Health and Development | Birth cohort Direct/Objective BSID-III; NBAS; LabTAB;
Study Assessment Physiological responses
UK—Northern | Northern Ireland General Practitioner Information Primary care Clinician Read codes
Ireland Platform database judgement/
routine health care
UK—Scotland Scotland Child Health Systems Programme— Child Parent complete ASQ; PEDS; PEDS:DM; SOGS 1I;
Pre-School (CHSP Pre-School) surveillance questionnaire/ SSLM. For subset: M-CHAT,
databases report PEDS, PEDS:DM, SOGS II, SSLM,
Eyberg Child Behaviour Inventory,
UK—Scotland Scotland Growing up in Scotland (GUS) Birth cohort Parent complete | Bespoke milestone questionnaire
questionnaire/
report
UK—Scotland Scotland Support Needs System (SNS) Register of Clinician Referrals
disability judgement/
routine health care
UK—Wales Swansea, Wales Growing up in Wales Birth cohort Parent complete | Bespoke questionnaire
questionnaire/
report
UK—Wales Wales National Community Child Health Child Clinician Routine health and developmental
Database surveillance judgement/ evaluations
databases routine health care
(Continued)
PLOS ONE | https://doi.org/10.1371/journal.pone.0275979  October 14, 2022 9/23


https://doi.org/10.1371/journal.pone.0275979

PLOS ONE

Pharmacoepidemiologic inventory of European data sources with neurodevelopmental outcomes

Table 1. (Continued)

Country Geographic coverage
UK—Wales, Wales, Scotland, Northern
Scotland, Ireland

Northern

Ireland

* Admission, Episode, Discharge

Database name Sub-type of Approach to Measure/Scale Used/
data Measurement
The National Neonatal Research Disease registry | Parent complete | Bespoke questionnaire
database (NNRD) questionnaire/
report

Direct/Objective | BSID-IIL; Griffiths Test; SGS
Assessment

ASee S3 File for abbreviations of ND measurement tools

https://doi.org/10.1371/journal.pone.0275979.t001

identified 90 data sources, across 14 countries, which contain information on five domains of
ND-infant development, child behaviour, cognitive, education and ND disorders. It is hoped
that this inventory of potentially linkable data sources will expediate investigations into risk of
ND outcomes in children associated with medication exposures in pregnancy. When selecting
data sources for such research it is important to consider the ND outcome reported, the sensi-
tivity and specificity of measurement, variability in measurement approach and the trajectory
of skill development. For certain ND outcomes there is continued progress into the second
decade of life [27], due to continued development of the architecture in regions of the brain
[28]. Each of these is discussed in more detail below.

Although we grouped the ND outcomes available in the data sources into five domains, the
measure/scale used, including the presence or absence of medical diagnoses, results of psycho-
metric instruments (questionnaires or tests) completed by parents, teachers, or health care
professionals, educational assessments, and registration of children in disability registers and
how these were recorded, these varied within each domain. With such variation, the groups
are intended to be informative, highlighting data which could be available for that ND out-
come. It does not mean that data are collected in a similar enough manner across data sources
to be combined directly in analysis. For example, within the cognitive domain there were con-
tinually measured IQ scores as well as ICD-10 and other diagnostic codes relating to intellec-
tual disability. The former was measured with a variety of different measures on a continuous
scale, yet the latter represents a diagnosis which is likely to only refer to the most severe cases
of intellectual difficulties [29, 30]. The suggested groups should be used in future initiatives to
direct researchers to data sets that may be available, but mapping exercises, with expert input,
will be required to understand the comparability of the data available within each of the data
sources for specific research questions.

ND outcomes recorded in birth cohorts and child surveillance databases were more likely
to be based on psychometric tests performed on all children included in the cohort. ND out-
comes recorded in primary care databases, hospital databases and administrative health insur-
ance claims databases were nearly always based on diagnostic codes. Frequently, ND outcomes
based on psychometric instruments were recorded on a continuous scale, increasing the sensi-
tivity and specificity of the outcome data collected, as the functioning of the entire cohort is
available. Higher measurement sensitivity reduces the required cohort size and therefore
smaller sized cohorts with these measurements can be useful sources. When using diagnostic
codes as a marker of the presence or absence of a diagnosis (i.e., ASD or ADHD) it must be
recognised that these are based on routine care practices, which only capture the most affected
individuals and are only truly accurate in those who were formally reviewed for the diagnosis.
The level of social communication and interaction ability in those without the diagnostic code
for autism for example is unknown and there is clear evidence that diagnostic processes are
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Table 2. Data sources which record child behaviour.

Denmark Copenhagen County Copenhagen Child Cohort 2000 (CCC2000) | Birth cohort Parent complete CBCL/1.5-5, SDQ, ITSCL
questionnaire/report
Denmark National Danish National Birth Cohort Birth cohort Child Self-Report SDQ
Parent complete SDQ
questionnaire/report
Teacher Review/ SDQ
Routine Education
Denmark Municipality of Odense Odense Child Cohort Birth cohort Parent complete CBCL/1.5-5; CBCL/6-18,
questionnaire/report | SRS
Finland Southwest Finland Hospital FinnBrain Birth Cohort Study (FinnBrain) Birth cohort Parent complete IBQ-R; ECBQ-R
District and the Aland Islands questionnaire/report
Direct/Objective Lab-TAB
Assessment
Finland Helsinki Perinatal Adverse events and Special Trends | Birth cohort Parent complete CBCL
in Cognitive Trajectory (PLASTICITY) questionnaire/report
Child Self-Report CBCL-YSR, BS
Finland Prediction and Prevention of Preeclampsia Birth cohort Parent complete CBCL/1.5-5
and Intrauterine Growth Restriction questionnaire/report
(PREDO)
France Nancy and Poitiers EDEN—Study on the pre and early postnatal | Birth cohort Parent complete SDQ; EAS
determinants of child health and questionnaire/report
development
France Brittany PELAGIE study (Endocrine Disruptors: Birth cohort Parent complete SDQ
Longitudinal Study on Anomalies in questionnaire/report
Pregnancy, Infertility and Childhood)
Germany Munich, Leipzig, Wesel, and | Influence of life-style factors on the Birth cohort Parent complete SDQ
Bad Honnef, Germany development of the immune system and questionnaire/report
allergies in East and West Germany (LISA
PLUS)
Germany Leipzig LIFE Child Birth cohort Parent complete SDQ (10-18); Bespoke
questionnaire/report | Hyperkinetic Questionnaire
Ireland County Cork BASELINE: Babies after SCOPE Birth cohort Parent complete CBCL, Greenspan Social-
questionnaire/report | Emotional Growth Chart
Italy National Nascita e INFanzia: gli Effetti del’Ambiente | Birth cohort Parent complete Bespoke questionnaire; SDQ
(NINFEA) questionnaire/report
Netherlands | Amsterdam Amsterdam Born Children and their Birth cohort Teacher Review/ SDQ
Development (ABCD) Routine Education
Parent complete SDQ; Bespoke
questionnaire/report | Questionnaire
Netherlands | Drenthe GECKO Drenthe cohort (GECKO Drenthe) | Birth cohort Parent complete SDQ (Dutch)
questionnaire/report
Netherlands | Rotterdam Generation R Birth cohort Parent complete Bespoke (inc. IBQ-R, CBQ);
questionnaire/report | ICU
Netherlands | Westelijke Mijnstreek region | LucKi Birth Cohort Study Birth cohort Parent complete Unclear
questionnaire/report
Netherlands | Five municipalities in the Tracking Adolescents’ Individual Lives Birth cohort Parent complete Bespoke questionnaire
North of the Netherlands Survey (TRAILS) NEXT questionnaire/report
Norway National Norwegian Mother, Father and Child Cohort | Birth cohort Parent complete CBCL; ICQ-6; EAS; SDQ;
Study (MoBa) questionnaire/report | ITSEA; PPBS, RS-DBD
Sweden Sweden Child and Adolescent Twin Study in Sweden- | Birth cohort Parent complete TCI/TCI(J); Youth
CATSS questionnaire/report | Psychopathy Inventory;
Child Monitoring Scale
(Continued)
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Table 2. (Continued)

Country Geographic coverage
UK— Bradford, England
England

UK— Southampton
England

UK- Wirral, England
England

UK— National

National

UK— Scotland

Scotland

UK— Scotland

Scotland

UK—Wales | Cardiff, Wales
UK—Wales | Wales

Database name
Born in Bradford/Born in Bradford Growing
up

Southampton Women’s Survey

Wirral Child Health and Development Study

Millennium Cohort Study

Child Health Systems Programme—Pre-
School (CHSP Pre-School)

Growing up in Scotland (GUS)
Cardiff Child Development Study

National Community Child Health Database

ASee S3 File for abbreviations of ND measurement tools

https://doi.org/10.1371/journal.pone.0275979.1002

Sub-type of data Approach to

Birth cohort

Birth cohort

Birth cohort

Birth cohort

Child
surveillance
databases

Birth cohort

Birth cohort

Child
surveillance
databases

Measurement

Parent complete
questionnaire/report

Parent complete
questionnaire/report

Teacher Review/
Routine Education

Parent complete
questionnaire/report

Parent complete
questionnaire/report

Parent complete
questionnaire/report

Parent complete
questionnaire/report

Parent complete
questionnaire/report

Teacher Review/
Routine Education

Measure/Scale Used/
SDQ

SDQ

CBCL-TRF; SDQ
IBQ-R; ECBQ; CBQ;
BITSEA; CBCL; SDQ

SDQ

Eyberg Child Behaviour
Inventory

SDQ; CBQ; Pre-School
Activities Inventory

IBQ

Teacher behaviour ratings

influenced by family background, ethnicity, parental education and socioeconomic status [31,
32]. Thus, children may experience moderate levels of disruption of function but may not
either reach diagnostic thresholds or never be reviewed for the diagnostic code in question.
Therefore, different data sources may be utilised in different ways, to answer different ques-
tions and both will have their inherent strengths and limitations about the sensitivity and spec-
ificity of the measurement of the ND outcome.

Both the approaches to measuring ND outcomes include variability in assessment of ND
outcomes. The birth cohorts and child surveillance datasets included a broad selection of stan-
dardised psychometric instruments e.g., Bayley Scales of Infant Development to assess early
development, or Wechsler Preschool and Primary Scale of Intelligence to assess child 1Q.
National diversity in healthcare provision and practice also contributes to variability when
combining diagnostic data across healthcare systems and countries due to variability in
regional and national approaches to diagnosis [33]. It should also be recognised that the diag-
nostic criteria for certain disorders has varied over time and across countries. Variability needs
to be considered by the users of the data sources and steps taken to maximise the comparability
of data. For some data sources such as the primary care databases, which do not tend to be
standardised, this may include standardisation and validation of the data before they can be
used. This increases the time and cost of using the data and requires collaboration with local

data providers and experts [34].

The heterogeneity is even more pronounced when it comes to educational outcomes, where

educational systems and teacher’s assessment are country specific. One way to report a com-

mon indicator is to assess the proportion of children above or below the average or the propor-

tion of children considered to pass a specific routine exam. However, this proposal is not

without difficulties, as children sit formal examinations at different ages across Europe. For
instance, in the UK, children are tested at 4 key stages (ages 5-7, 8-11, 12-14, and 15-16). In
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Table 3. Data sources which record cognitive outcomes.

Denmark Copenhagen County Copenhagen Child Cohort 2000 | Birth cohort Direct/Objective | WISCIV (1 subtest)
(CCC2000) Assessment
Denmark Municipality of Odense Odense Child Cohort Birth cohort | Direct/Objective | WISC-V (4 subtest version)
Assessment
Finland Southwest Finland Hospital District FinnBrain Birth Cohort Study Birth cohort Unclear Unclear
and the Aland Islands (FinnBrain)
Finland Northern Finland Northern Finland birth cohort | Birth cohort Direct/Objective | WISC
of 1966 Assessment
Finland Helsinki Perinatal Adverse events and Birth cohort | Direct/Objective | ITPA, WISC, WAIS, WMS, Test of
Special Trends in Cognitive Assessment Motor Impairment, Michelsson
Trajectory (PLASTICITY) Neurodevelopmental Screen, Benton
Visual Memory Test, Goodenough
Drawing Test, Frostig Test of Visual
Perception, Dubowitz Developmental
Screening Test, Tapping
Finland 10 study hospitals (Jorvi Hospital in Prediction and Prevention of Birth cohort Parent complete | ASQ-III
Espoo, the Women’s Hospital and the | Preeclampsia and Intrauterine questionnaire/
Kitiloopisto Maternity Hospital in Growth Restriction (PREDO) report
Helsinki, the Hyvinkia Hospital in
Hyvinkii, the Kanta-Hame Central
Hospital in Himeenlinna, the Iisalmi
Hospital in Iisalmi, the North Karelia
Central Hospital in Joensuu, the
Kuopio University Hospital in
Kuopio, the Piijit-Hidme Central
Hospital in Lahti and the Tampere
University Hospital in Tampere)
France National Etude Longitudinale Francaise | Birth cohort Direct/Objective | BAS-II; BSRA; WISC
depuis 'Enfance (ELFE) Assessment
Parent complete | MB-CDI
questionnaire/
report
France Brittany PELAGIE study (Endocrine Birth cohort | Direct/Objective | WISC (subtests); Visual go/no go task
Disruptors: Longitudinal Study Assessment
on Anomalies in Pregnancy,
Infertility and Childhood)
Germany Munich and Nuremberg Childhood Obesity—Early Birth cohort | Unclear Unclear
Programming by Infant
Nutrition (CHOPIN)
Greece Crete Mother Child Cohort in Crete Birth cohort | Parent complete | CBCL/6-18; SDQ; ADHDT
(RHEA) questionnaire/
report
Direct/Objective | MSCA; N-Back; Attention Network
Assessment Test; Trail Making Test; Raven’s Test
Ireland County Cork BASELINE: Babies after SCOPE | Birth cohort | Direct/Objective | Kaufman Intelligence Test-II
Assessment
Italy eight Italian hospitals Multiple Births Cohort Study Birth cohort Unclear Unclear
(MUBICOS)
Netherlands | Amsterdam Amsterdam Born Children and | Birth cohort Direct/Objective | Amsterdam Neuropsychological Tasks
their Development (ABCD) Assessment
Netherlands | Rotterdam Generation R Birth cohort | Direct/Objective | NEPSY-II; BRIEF; Snijders-Oomen
Assessment Non-Vernal Intelligence Test
Netherlands | Utrecht and its surrounding areas YOUth Cohort study Birth cohort Direct/Objective | Penn word memory, Penn motor
Assessment praxis test, WISC-V
(Continued)
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Table 3. (Continued)

Country

Norway

Spain

Spain
Sweden

Sweden

Sweden

Sweden

UK—
England

UK—
England

UK—
England

UK—
National

UK—
Scotland

UK—Wales

UK—Wales

Geographic coverage

National

Seven Spanish regions (Ribera d’Ebre,
Menorca, Granada, Valencia, Sabadell,
Asturias, and Gipuzkoa)

Health Area I, VI and VII of the
Region of Murcia

Sweden

Stockholm County

Stockholm County

Virmland county

Avon, England

Bradford, England

Wirral, England

National
Scotland

Cardiff, Wales

Wales

Database name

Norwegian Mother, Father and
Child Cohort Study (MoBa)

INMA-Environment and
Childhood Project (INMA
Project)

NELA—Nutrition in Early Life
and Asthma (NELA)

Child and Adolescent Twin
Study in Sweden- CATSS

Habilitation Register

Stockholm Youth Cohort

Swedish Environmental
Longitudinal, Mother and child,
Asthma and allergy study

Avon Longitudinal Study of
Parents & Children/Children of
the 90s (ALSPAC)

Born in Bradford/Born in
Bradford Growing up

Wirral Child Health and
Development Study
Millennium Cohort Study
Growing up in Scotland (GUS)
Cardiff Child Development
Study

National Community Child
Health Database

ASee S3 File for abbreviations of ND measurement tools
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Sub-type of
data

Birth cohort

Birth cohort

Birth cohort
Birth cohort
Register of

disability

Research
Cohort by
Data Linkage

Birth cohort

Birth cohort

Birth cohort

Birth cohort

Birth cohort
Birth cohort

Birth cohort

Child
surveillance
databases

Approach to
Measurement
Parent complete
questionnaire/
report
Direct/Objective
Assessment

Unclear

Direct/Objective
Assessment
Clinician
judgement/
routine health
care

Clinician
judgement/
routine health
care
Direct/Objective
Assessment

Direct/Objective
Assessment

Direct/Objective
Assessment

Direct/Objective
Assessment

Direct/Objective
Assessment
Direct/Objective
Assessment

Direct/Objective
Assessment

Teacher Review/
Routine
Education

Measure/Scale Used”

CDI; SLAS; CCC-2; Sprak20; EDI

MSCA; K-CPT; Batelle Developmental
Inventory; California Preschool Social
Competence Scale;

Unclear
WISC-IV; CGAS

Service referrals

ICD-10 codes

Swedish Language Development Scale

WPPSI; WISC; Griffiths Test

BPVS

CANTAB (IED, SWM, SOC); BPVS;
WASI; BAS; Executive Function
battery; Socio-Emotional Battery
BAS-II, All Wales Reading Test,
CANTAB (SWM/SOC)

BAS; Children’s Communication
Checklist

Self-regulation battery: Tower of
Cardiff; Snack Delay; Whisper Task;
Nonverbal Stroop card sorting test,
Amsterdam Neuropsychological Tasks.

Teacher developmental ratings

contrast, children in Finland sit their first examinations at age 16 years. Educational data and
child health surveillance data have been used much less frequently to determine ND risk than
other types of data. However, they have the benefit that data are available for the whole popula-
tion, not just those referred with a suspected diagnosis, and represent some domains of ND
over the long-term/teenage years.

Finally, it should be considered that all data sources have potential for bias. In countries or

regions with health registries, it may be comparatively cheap and fast to use diagnosis codes.
However, detection bias cannot be ruled out. For example, it is not possible to blind a child’s
exposure status from the health care professionals reviewing the child to rate the ND outcome.
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Table 4. Data sources which record educational outcomes.

Country Geographic coverage Database name Type of data Approach to Measure/Scale Used/
Measurement
Denmark National Academic Achievement Register Educational Teacher Review/ Routine Educational Outcomes
(AAR) database Routine Education
Denmark National Population’s Education Register Educational Teacher Review/ Routine Educational Outcomes
(PER) database Routine Education
Denmark National Student Register 1 Educational Teacher Review/ Routine Educational Outcomes
database Routine Education
Denmark National Student Register 2 Educational Teacher Review/ Routine Educational Outcomes
database Routine Education
Finland National Discontinuation of education Educational Teacher Review/ Routine Educational Outcomes
database Routine Education
Finland Helsinki Perinatal Adverse events and Birth cohort Teacher Review/ Routine Educational Outcomes
Special Trends in Cognitive Routine Education
Trajectory (PLASTICITY)
Finland National Upper secondary general school Educational Teacher Review/ Routine Educational Outcomes
education database Routine Education
Italy National Nascita e INFanzia: gli Effetti Birth cohort Teacher Review/ Parent reported grades
dell’ Ambiente (NINFEA) Routine Education
Netherlands | Amsterdam Amsterdam Born Children and Birth cohort Teacher Review/ CITO Index
their Development (ABCD) Routine Education
Norway National National Education Database Educational Teacher Review/ Routine educational outcomes
NUDB. database Routine Education
Sweden National The Swedish Register of Education | Educational Teacher Review/ Routine education outcomes
database Routine Education
UK— Avon, England Avon Longitudinal Study of Birth cohort Teacher Review/ Routine education outcomes;
England Parents & Children/Children of the Routine Education | teacher rated questionnaires
90s (ALSPAC)
UK— Bradford, England Born in Bradford/Born in Bradford | Birth cohort Teacher Review/ Routine education outcomes;
England Growing up Routine Education | local authority data
UK— England Community Services Data Set Child surveillance | Teacher Review/ Teacher Special Educational
England (CSDS) databases Routine Education | Need (SEN) ratings
UK— Two acute and one Mental Health | Early Life Cross Linkage in Research Cohort | Teacher Review/ Routine education outcomes
England Care National Health Service (NHS) | Research (eLIXIR) Partnership by Data Linkage | Routine Education
Provider in South London
UK— England National Pupil Database Educational Teacher Review/ Routine education outcomes
England database Routine Education
UK— National Millennium Cohort Study Birth cohort Teacher Review/ Teacher Special Educational
National Routine Education | Need (SEN) ratings; Routine
education outcomes
UK— Scotland Achievement of Curriculum for Educational Teacher Review/ Routine education outcomes
Scotland Excellence Levels database Routine Education
UK—Wales | Wales Education Attainment Educational Teacher Review/ Routine education outcomes
database Routine Education
UK—Wales | Wales National Community Child Health | Child surveillance | Teacher Review/ Teacher SEN ratings
Database databases Routine Education

ASee S3 File for abbreviations of ND measurement tools
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Whilst, this may be less of an influence early on, once an association between a medication
exposure and a child ND outcome has been established this may positively bias practice. For
example, only prescribing this medication to clinically severe patients whose disease cannot be
controlled with less teratogenic or toxic medications. Additional biases come from population
health behaviour. For instance, it is suspected that women exposed to a suspected teratogen, or
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Table 5. Data sources which record neurodevelopmental disorders.

Denmark National ADHD Database Disease registry Clinician ICD codes
judgement/
routine health
care
Denmark National (Denmark, Central Psychiatric Register Hospital databases® | Clinician ICD Codes
Greenland and the Faroes) judgement/
routine health
care
Denmark Copenhagen County Copenhagen Child Cohort 2000 (CCC2000) | Cohort study Parent complete | CHAT, DAWBA
questionnaire/
report
Clinician ICD-10, DSM IV codes
judgement/
routine health
care
Denmark National National Patient Register Hospital databases™ | Clinician ICD codes
judgement/
routine health
care
Denmark Municipality of Odense Odense Child Cohort Cohort study Parent complete | SRS; ADHD-Rating Scale
questionnaire/
report
Finland National Care Register for Health Care (HILMO) Hospital databases® | Clinician ICD-9; ICD-10 in recent
(replaced the Hospital Discharge Register in judgement/ years
1994) routine health
care
Finland Northern Finland Northern Finland birth cohort of 1966 Cohort study Direct/Objective | WISC
Assessment
Finland National Primary health care (AvoHILMO) Primary care Clinician ICD-10/ICPC codes
database judgement/
routine health
care
France National French national health data system (SNDS), | Hospital database | Clinician ICD-10 codes
health insurance claim and hospital judgement/
discharge databases routine health
care
Germany Munich and Nuremberg Childhood Obesity—Early Programming by | Cohort study Unclear Unclear
Infant Nutrition (CHOPIN)
Germany 17% of national population German Pharmacoepidemiological Research | Administrative Clinician ICD-10 codes
Database (GePaRD): Hospital data and health insurance judgement/
Outpatient data claims database routine health
care
Ireland National National Ability Supports System (created in | Register of Clinician ICD-10; service use
2018 by merging National Intellectual disability judgement/ records
Disability Database (NIID) and National routine health
Physical and Sensory Disability Database care
(NPSDD))
Italy Florence, Rome, Trieste, Turin | Piccolipiti Cohort study Unclear Unclear
and Viareggio
Italy Emilia Romagna Region SINPIA ER-Flusso informativo per i servizi | Hospital databases® | Clinician ICD-10; service use
di neuropsichiatria infantile dell'infanzia e judgement/ records
dell’adolescenza del’Emilia Romagna routine health
care
(Continued)
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Table 5. (Continued)

Italy

Tuscany

Tuscany SALM-mental health services

Hospital databases*

Clinician
judgement/
routine health
care

ICD-10

Netherlands

Rotterdam

Generation R

Cohort study

Child Self-Report

AQ-Short

Direct/Objective
Assessment

Autism Diagnostic
Interview—Revised

Parent complete
questionnaire/
report

SRS

Netherlands

25% of the Netherlands

PHARMO-PRN cohorts

Research Cohort by
Data Linkage

Clinician
judgement/
routine health
care

ICD codes

Netherlands

National

PRIDE Study (PRIDE: PRegnancy and
Infant DEvelopment)

Cohort study

Clinician
judgement/
routine health
care

Routine medical records

Norway

National

Norwegian Mother, Father and Child
Cohort Study (MoBa)

Cohort study

Parent complete
questionnaire/
report

ESAT; M-CHAT; CAST;
CPRS-R

Norway

National

Norwegian Patient Registry (NPR)

Hospital databases*

Clinician
judgement/
routine health
care

ICD-10 codes

Norway

National

Norwegian Registry for Primary Health Care

Primary care
database

Clinician
judgement/
routine health
care

ICD-10/ICPC codes

Spain

Catalonia

Information system for research in primary
care (SIDIAP)

Primary care
database

Clinician
judgement/
routine health
care

ICD-10

Spain

Seven Spanish regions (Ribera
d’Ebre, Menorca, Granada,
Valencia, Sabadell, Asturias,
and Gipuzkoa)

INMA-Environment and Childhood Project
(INMA Project)

Cohort study

Clinician
judgement/
routine health
care

ADHD Ceriteria of
DSM-1V; CAST

Spain

Seven Spanish regions (Ribera
d’Ebre, Menorca, Granada,
Valencia, Sabadell, Asturias,
and Gipuzkoa)

INMA-Environment and Childhood Project
(INMA Project)

Cohort study

Parent complete
questionnaire/
report

ADHD Ceriteria of
DSM-1V; CAST

Sweden

South East

All Babies in Southeast Sweden (ABIS)

Cohort study

Clinician
judgement/
routine health
care

ICD-9/ICD-10 codes

Sweden

Sweden

Child and Adolescent Twin Study in
Sweden- CATSS

Cohort study

Child Self-Report

ADHD self-report scale

Clinician
judgement/
routine health
care

A-TAC; ASDI

Parent complete
questionnaire/
report

CBCL

(Continued)
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Table 5. (Continued)

Sweden

Stockholm County

Clinical Database for Child and Adolescent
Psychiatry in Stockholm

Hospital databases*

Clinician
judgement/
routine health
care

DSM-IV/ICD-10 codes

Sweden

National

National Patient Register

Hospital databases*

Clinician
judgement/
routine health
care

ICD-0 codes

Sweden

Stockholm County

Stockholm Adult Psychiatric Care Register

Hospital databases*

Clinician
judgement/
routine health
care

DSM-IV/ICD-10 codes

Sweden

Stockholm County

Stockholm Youth Cohort

Research Cohort by
Data Linkage

Clinician
judgement/
routine health
care

DSM-IV/ICD-10 codes;
Service referrals

Sweden

Stockholm County

VAL database

Hospital databases*

Clinician
judgement/
routine health
care

ICD-10 codes; referrals

UK—England

Two acute and one Mental
Health Care National Health
Service (NHS) Provider in
South London

Early Life Cross Linkage in Research
(eLIXIR) Partnership

Research Cohort by
Data Linkage

Clinician
judgement/
routine health
care

Read codes

UK—England

England

ResearchOne database

Research Cohort by
Data Linkage

Clinician
judgement/
routine health
care

ICD-10 codes; referrals
(Read codes)

UK—England

Wirral, England

Wirral Child Health and Development Study

Cohort study

Parent complete
questionnaire/
report

DAWBA; Connors
Checklist; SCQ

UK—National

National

Clinical Practice Research Datalink

Primary care
database

Clinician
judgement/
routine health
care

ICD-10 codes, referrals
(Read codes

UK—National

National

The Health Improvement Network (THIN)

Primary care
database

Clinician
judgement/
routine health
care

Read codes; referrals

UK—Northern
Ireland

Northern Ireland

General Practitioner Information Platform

Primary care
database

Clinician
judgement/
routine health
care

Read codes

UK—Scotland

Scotland

Child Health Systems Programme—Pre-
School (CHSP Pre-School)

Child surveillance
databases

Parent complete
questionnaire/
report

M-CHAT

UK—Scotland

Scotland

Child Health Systems Programme—School
(CHSP School)

Child surveillance
databases

Clinician
judgement/
routine health
care

ICD-10 codes, referrals

UK—Scotland

Scotland

Support Needs System (SNS)

Register of
disability

Clinician
judgement/
routine health
care

Referrals

(Continued)

PLOS ONE | https://doi.org/10.1371/journal.pone.0275979  October 14, 2022

18/23


https://doi.org/10.1371/journal.pone.0275979

PLOS ONE

Pharmacoepidemiologic inventory of European data sources with neurodevelopmental outcomes

Table 5. (Continued)

Country Geographic coverage Database name Sub-type of data Approach to Measure/Scale Used”
Measurement
UK—Wales Cardiff, Wales Cardiff Child Development Study Cohort study Parent complete | CBCL/1.5-5;
questionnaire/ Developmental
report Milestones
Questionnaire; Connors 3
ADHD Index-Parent
Report
Teacher Review/ | CBCL-TRF
Routine
Education
Direct/Objective | Preschool Age Psychiatric
Assessment Assessment
UK—Wales 70% of Wales Primary Care GP dataset Primary care Clinician ICD- 10 codes
database judgement/
routine health
care
UK—Wales, Wales, Scotland, Northern The National Neonatal Research database Disease registry Clinician Neurological diagnoses
Scotland, Ireland (NNRD) judgement/
Northern routine health
Ireland care

* Admission, Episode, Discharge

ASee S3 File for abbreviations of ND measurement tools

https://doi.org/10.1371/journal.pone.0275979.t005

women with a history of mental illness, may be more likely to get health or developmental
referrals for their children.

Strengths and weaknesses

It is not possible to confirm that every data source has been identified and is included in the
inventory. This is particularly true for databases that are not included in published papers,
databases that are used for medications other than SSRIs or in European countries with no
EUROCAT/EUROmediCAT or Euro-Peristat contact available. However, given the global
move towards using electronic administrative databases for research, it is likely that we have
identified the databases that are most accessible for pharmacoepidemiologic research.

A pre-requisite for inclusion was that a data source should contain information on maternal
medication use in pregnancy, either in the data source itself or through linkage with another
data source. The level of detail relating to maternal medication use will vary, potentially
impacting how useful these data sources are when examining the impact of medication use in
pregnancy on ND outcomes. Data sources which can be linked to, for example, large adminis-
trative prescribing databases could potentially provide quite detailed information such as spe-
cific drug name/code, dates of prescribing/dispensation, dose, and route of administration.
However, maternal use of over-the-counter medication would not be available. In contrast, in
birth cohorts, where the impact of maternal medication use in pregnancy is not the primary
research question, limited maternal medication use may be recorded. For example, exposure
to broad drug groups such as antibiotics or anticonvulsants may be recorded rather than the
specific drug. However, over the counter medication use may be available.

Data sources were not contacted to confirm if they would allow their data i.e. medication
exposure records or ND outcome data to be used in secondary research. In a similar piece of
work the response rate was just 52% from data sources contacted [35]. Where data sources, in
particular birth cohorts, do not have websites or publicly available documentation relating to
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methodology the determination of ND measures available relied on published articles. It may
be possible that such data sources hold more data relating to ND outcomes than have been
identified. For six birth cohorts it was not possible to determine the methods by which ND
was assessed (1 assessing infant development, 1 child behaviour, 4 cognitive and 2 neurodeve-
lopmental disorder assessments).

Conclusions

Ninety European data sources were identified with potential to be used to assess five domains
of ND following maternal medication use during pregnancy. These have great potential to be
used in pharmacoepidemiologic research into the safety of SSRIs and other medications in
pregnancy potentially associated with ND outcomes in children. Caution must be used when
combining varied approaches to ND outcome measurement and consideration regarding the
sensitivity and specificity of the outcome measure selected and the age of the child at review/
follow up should be borne in mind. This inventory is an invaluable resource for researchers
planning future studies to investigate the ND impact of medication exposures during
pregnancy.

Supporting information
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(DOCX)

S2 File. Types of data source with ND outcomes available.
(DOCX)
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(DOCX)

Acknowledgments

The research leading to these Results was conducted as part of the ConcePTION consortium.
This paper only reflects the personal views of the stated authors.

The authors would like to acknowledge their colleagues in EUROCAT, EUROmediCAT
and Euro-Peristat for providing information on data sources available in their countries. Pro-
tessor Helen Dolk for helping to shape the paper and Matthew Bluett Duncan for assistance
with the data collation.

Author Contributions

Conceptualization: Joanne Given, Maria Loane.

Data curation: Joanne Given, Rebecca L. Bromley, Sandra Lopez-Leon.
Funding acquisition: Rebecca L. Bromley, Florence Coste, Maria Loane.
Investigation: Joanne Given, Rebecca L. Bromley.

Methodology: Joanne Given, Rebecca L. Bromley, Florence Coste, Sandra Lopez-Leon, Maria
Loane.

Supervision: Maria Loane.
Validation: Joanne Given, Rebecca L. Bromley.

Visualization: Joanne Given.

PLOS ONE | https://doi.org/10.1371/journal.pone.0275979  October 14, 2022 20/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275979.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275979.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275979.s003
https://doi.org/10.1371/journal.pone.0275979

PLOS ONE

Pharmacoepidemiologic inventory of European data sources with neurodevelopmental outcomes

Writing - original draft: Joanne Given.

Writing - review & editing: Joanne Given, Rebecca L. Bromley, Florence Coste, Sandra

Lopez-Leon, Maria Loane.

References

1.

10.

11.

12.

13.

14.

15.

Bakker MK, Jentink J, Vroom F, Van Den Berg PB, De Walle HEK, De Jong-Van Den Berg LTW. Drug
prescription patterns before, during and after pregnancy for chronic, occasional and pregnancy-related
drugs in the Netherlands. BJOG. 2006; 113: 559-68. https://doi.org/10.1111/j.1471-0528.2006.00927 .x
PMID: 16637899

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. https://doi.org/10.
1136/bmjopen-2013-004365 PMID: 24534260

Mazer-Amirshahi M, Samiee-Zafarghandy S, Gray G, Van Den Anker JN. Trends in pregnancy labeling
and data quality for US-approved pharmaceuticals. Am J Obstet Gynecol. 2014; 211: 690.e1-690.e11.
https://doi.org/10.1016/j.ajog.2014.06.013 PMID: 24912093

Adam MP, Polifka JE, Friedman JM. Evolving knowledge of the teratogenicity of medications in human
pregnancy. Am J Med Genet Part C Semin Med Genet. 2011; 157: 175-182. https://doi.org/10.1002/
ajmg.c.30313 PMID: 21766440

Hjorth S, Bromley R, Ystrom E, Lupattelli A, Spigset O, Nordeng H. Use and validity of child neurodeve-
lopment outcome measures in studies on prenatal exposure to psychotropic and analgesic medica-
tions—A systematic review. Martinuzzi A, editor. PLoS One. 2019; 14: e0219778. https://doi.org/10.
1371/journal.pone.0219778 PMID: 31295318

Bromley RL, Leeman BA, Baker GA, Meador KJ. Cognitive and neurodevelopmental effects of antiepi-
leptic drugs. Epilepsy Behav. 2011; 22: 9-16. https://doi.org/10.1016/j.yebeh.2011.04.009 PMID:
21684214

Semczuk-Sikora A, Czuczwar S, Semczuk A, Kwasniewska A, Semczuk M. Valproic acid transfer
across human placental cotyledon during dual perfusion in vitro. Ann Agric Environ Med. 2010; 17:
153-7. https://doi.org/10.1001/jama.1885.02390930010002 PMID: 20684493

Coste J, Blotiere PO, Miranda S, Mikaeloff Y, Peyre H, Ramus F, et al. Risk of early neurodevelopmen-
tal disorders associated with in utero exposure to valproate and other antiepileptic drugs: a nationwide
cohort study in France. Sci Rep. 2020; 10: 1—11. https://doi.org/10.1038/s41598-020-74409-x

Pogliani L, Falvella FS, Cattaneo D, Pileri P, Moscatiello AF, Cheli S, et al. Pharmacokinetics and phar-
macogenetics of selective serotonin reuptake inhibitors during pregnancy: An observational study. Ther
Drug Monit. 2017; 39: 197—-201. https://doi.org/10.1097/FTD.0000000000000370 PMID: 28045861

Merwood A, Chen W, Rijsdijk F, Skirrow C, Larsson H, Thapar A, et al. Genetic Associations Between
the Symptoms of Attention-Deficit/Hyperactivity Disorder and Emotional Lability in Child and Adolescent
Twins. J Am Acad Child Adolesc Psychiatry. 2014; 53: 209—-220.e4. https://doi.org/10.1016/j.jaac.2013.
11.006 PMID: 24472255

Rampono J, Simmer K, llett KF, Hackett LP, Doherty DA, Elliot R, et al. Placental transfer of SSRI and
SNRI antidepressants and effects on the neonate. Agut-Quijano Begg, Bellantuono, Brazelton, Casper,
Challis, Chambers, Chambers, Cox, Dietz, Ferreira, Finnegan, Heikkinen, Heikkinen, Hendrick, Hostet-
ter, llett, Isbister, Koren, Kristensen, Kristensen, Kristensen, Laine, Lane, Levinson-Castiel, Moor, Mo
B, editor. Pharmacopsychiatry. 2009; 42: 95-100. https://doi.org/10.1055/s-0028-1103296 PMID:
19452377

Hendrick V, Stowe ZN, Altshuler LL, Hwang S, Lee E, Haynes D. Placental passage of antidepressant
medications. Am J Psychiatry. 2003; 160: 993-996. https://doi.org/10.1176/appi.ajp.160.5.993 PMID:
12727706

Gentile S. Risks of neurobehavioral teratogenicity associated with prenatal exposure to valproate
monotherapy: A systematic review with regulatory repercussions. CNS Spectr. 2014; 19: 305-315.
https://doi.org/10.1017/S1092852913000990 PMID: 24571806

Christensen J, Grngborg TK, Sreensen MJ, Schendel D, Parner ET, Pedersen LH, et al. Prenatal
valproate exposure and risk of autism spectrum disorders and childhood autism. JAMA—J Am Med
Assoc. 2013; 309: 1696—1703. https://doi.org/10.1001/jama.2013.2270 PMID: 23613074

Christensen J, Pedersen L, Sun Y, Dreier JW, Brikell I, Dalsgaard S. Association of Prenatal Exposure
to Valproate and Other Antiepileptic Drugs With Risk for Attention-Deficit/Hyperactivity Disorder in Off-
spring. JAMA Netw open. 2019; 2: €186606. https://doi.org/10.1001/jamanetworkopen.2018.6606
PMID: 30646190

PLOS ONE | https://doi.org/10.1371/journal.pone.0275979  October 14, 2022 21/23


https://doi.org/10.1111/j.1471-0528.2006.00927.x
http://www.ncbi.nlm.nih.gov/pubmed/16637899
https://doi.org/10.1136/bmjopen-2013-004365
https://doi.org/10.1136/bmjopen-2013-004365
http://www.ncbi.nlm.nih.gov/pubmed/24534260
https://doi.org/10.1016/j.ajog.2014.06.013
http://www.ncbi.nlm.nih.gov/pubmed/24912093
https://doi.org/10.1002/ajmg.c.30313
https://doi.org/10.1002/ajmg.c.30313
http://www.ncbi.nlm.nih.gov/pubmed/21766440
https://doi.org/10.1371/journal.pone.0219778
https://doi.org/10.1371/journal.pone.0219778
http://www.ncbi.nlm.nih.gov/pubmed/31295318
https://doi.org/10.1016/j.yebeh.2011.04.009
http://www.ncbi.nlm.nih.gov/pubmed/21684214
https://doi.org/10.1001/jama.1885.02390930010002
http://www.ncbi.nlm.nih.gov/pubmed/20684493
https://doi.org/10.1038/s41598-020-74409-x
https://doi.org/10.1097/FTD.0000000000000370
http://www.ncbi.nlm.nih.gov/pubmed/28045861
https://doi.org/10.1016/j.jaac.2013.11.006
https://doi.org/10.1016/j.jaac.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24472255
https://doi.org/10.1055/s-0028-1103296
http://www.ncbi.nlm.nih.gov/pubmed/19452377
https://doi.org/10.1176/appi.ajp.160.5.993
http://www.ncbi.nlm.nih.gov/pubmed/12727706
https://doi.org/10.1017/S1092852913000990
http://www.ncbi.nlm.nih.gov/pubmed/24571806
https://doi.org/10.1001/jama.2013.2270
http://www.ncbi.nlm.nih.gov/pubmed/23613074
https://doi.org/10.1001/jamanetworkopen.2018.6606
http://www.ncbi.nlm.nih.gov/pubmed/30646190
https://doi.org/10.1371/journal.pone.0275979

PLOS ONE

Pharmacoepidemiologic inventory of European data sources with neurodevelopmental outcomes

16.

17.

18.

19.

20.

21,

22,

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Adams J, Lammer EJ. Neurobehavioral teratology of isotretinoin. Reprod Toxicol. 1993; 7: 175-177.
https://doi.org/10.1016/0890-6238(93)90273-a PMID: 8499668

Mezzacappa A, Lasica PA, Gianfagna F, Cazas O, Hardy P, Falissard B, et al. Risk for autism spectrum
disorders according to period of prenatal antidepressant exposure: A systematic review and meta-anal-
ysis. JAMA Pediatr. 2017; 171: 555-563. https://doi.org/10.1001/jamapediatrics.2017.0124 PMID:
28418571

Brown HK, Hussain-Shamsy N, Lunsky Y, Dennis C-LE, Vigod SN. The Association Between Antenatal
Exposure to Selective Serotonin Reuptake Inhibitors and Autism. J Clin Psychiatry. 2017; 78: e48—e58.
https://doi.org/10.4088/JCP.15r10194 PMID: 28129495

Kobayashi T, Matsuyama T, Takeuchi M, Ito S. Autism spectrum disorder and prenatal exposure to
selective serotonin reuptake inhibitors: A systematic review and meta-analysis. Reprod Toxicol. 2016;
65: 170-178. https://doi.org/10.1016/j.reprotox.2016.07.016 PMID: 27474253

Man KKC, Tong HHY, Wong LYL, Chan EW, Simonoff E, Wong ICK. Exposure to selective serotonin
reuptake inhibitors during pregnancy and risk of autism spectrum disorder in children: A systematic
review and meta-analysis of observational studies. Neurosci Biobehav Rev. 2015; 49: 82—89. https:/
doi.org/10.1016/j.neubiorev.2014.11.020 PMID: 25498856

Kaplan YC, Keskin-Arslan E, Acar S, Sozmen K. Prenatal selective serotonin reuptake inhibitor use and
the risk of autism spectrum disorder in children: A systematic review and meta-analysis. Reprod Toxi-
col. 2016; 66: 31—43. https://doi.org/10.1016/j.reprotox.2016.09.013 PMID: 27667009

Smearman EL, Hendrix CL, Winiarski DA, Johnson KC, Smith AK, Ousley OY, et al. School-age social
behavior and pragmatic language ability in children with prenatal serotonin reuptake inhibitor exposure.
Dev Psychopathol. 2020; 32: 21-30. https://doi.org/10.1017/S0954579418001372 PMID: 30728091

Mansournia MA, Etminan M, Danaei G, Kaufman JS, Collins G. Handling time varying confounding in
observational research. BMJ. 2017;359. https://doi.org/10.1136/bm|.j4587 PMID: 29038130

ConcePTION. [cited 2 Aug 2021]. Available: https://www.imi-conception.eu/

Gkori M, Morris J. EUROmediSAFE INVENTORY Inventory of available data sources in all 28 EU Mem-
ber States for potential use when evaluating the long-term risks for children associated with in-utero
exposure. 2018. pp. 1-63. Available: http://www.euromedicat.eu/content/EUROmediSAFEInventory
Finalv2_2018_07_06.pdf

Loane M, Given J, Coste F, Zeitlin J. D1. 1 Spreadsheet containing all additional data sources for the
ConcePTION Data Source Catalogue. 2020. Available: https://www.imi-conception.eu/wp-content/
uploads/2019/09/ConcePTION_D1.1_spreadsheet-containing-all-additional-data-sources-for-the-
ConcePTION-Data-Source-Catalogue.pdf

Anderson VA, Anderson P, Northam E, Jacobs R, Catroppa C. Development of Executive Functions
Through Late Childhood and Adolescence in an Australian Sample. Dev Neuropsychol. 2001; 20: 385—
406. https://doi.org/10.1207/S15326942DN2001_5 PMID: 11827095

Klingberg T, Vaidya CJ, Gabrieli JDE, Moseley ME, Hedehus M. Myelination and organization of the
frontal white matter in children. Neuroreport. 1999; 10: 2817—2821. https://doi.org/10.1097/00001756-
199909090-00022 PMID: 10511446

Dekker MC, Koot HM. DSM-IV disorders in children with borderline to moderate intellectual disability. I:
prevalence and impact. J Am Acad Child Adolesc Psychiatry. 2003; 42: 915-22. https://doi.org/10.
1097/01.CHI.0000046892.27264.1A PMID: 12874493

Maulik PK, Mascarenhas MN, Mathers CD, Dua T, Saxena S. Prevalence of intellectual disability: A
meta-analysis of population-based studies. Res Dev Disabil. 2011; 32: 419-436. https://doi.org/10.
1016/j.ridd.2010.12.018 PMID: 21236634

Kelly B, Williams S, Collins S, Mushtag F, Mon-Williams M, Wright B, et al. The association between
socioeconomic status and autism diagnosis in the United Kingdom for children aged 5-8 years of age:
Findings from the Born in Bradford cohort. Autism. 2019; 23: 131-140. https://doi.org/10.1177/
1362361317733182 PMID: 29113453

Nowell KP, Brewton CM, Allain E, Mire SS. The Influence of Demographic Factors on the Identification
of Autism Spectrum Disorder: A Review and Call for Research. Rev J Autism Dev Disord. 2015; 2: 300—
309. https://doi.org/10.1007/s40489-015-0053-x

Zaroff CM, Uhm SY. Prevalence of autism spectrum disorders and influence of country of measurement
and ethnicity. Soc Psychiatry Psychiatr Epidemiol. 2012; 47: 395-398. https://doi.org/10.1007/s00127-
011-0350-3 PMID: 21293843

Loane M, Given JE, Tan J, Reid A, Akhmedzhanova D, Astolfi G, et al. Linking a European cohort of
children born with congenital anomalies to vital statistics and mortality records: A EUROIInkCAT study.
Ehrhardt H, editor. PLoS One. 2021; 16: e0256535. https://doi.org/10.1371/journal.pone.0256535
PMID: 34449798

PLOS ONE | https://doi.org/10.1371/journal.pone.0275979  October 14, 2022 22/23


https://doi.org/10.1016/0890-6238%2893%2990273-a
http://www.ncbi.nlm.nih.gov/pubmed/8499668
https://doi.org/10.1001/jamapediatrics.2017.0124
http://www.ncbi.nlm.nih.gov/pubmed/28418571
https://doi.org/10.4088/JCP.15r10194
http://www.ncbi.nlm.nih.gov/pubmed/28129495
https://doi.org/10.1016/j.reprotox.2016.07.016
http://www.ncbi.nlm.nih.gov/pubmed/27474253
https://doi.org/10.1016/j.neubiorev.2014.11.020
https://doi.org/10.1016/j.neubiorev.2014.11.020
http://www.ncbi.nlm.nih.gov/pubmed/25498856
https://doi.org/10.1016/j.reprotox.2016.09.013
http://www.ncbi.nlm.nih.gov/pubmed/27667009
https://doi.org/10.1017/S0954579418001372
http://www.ncbi.nlm.nih.gov/pubmed/30728091
https://doi.org/10.1136/bmj.j4587
http://www.ncbi.nlm.nih.gov/pubmed/29038130
https://www.imi-conception.eu/
http://www.euromedicat.eu/content/EUROmediSAFEInventory_Finalv2_2018_07_06.pdf
http://www.euromedicat.eu/content/EUROmediSAFEInventory_Finalv2_2018_07_06.pdf
https://www.imi-conception.eu/wp-content/uploads/2019/09/ConcePTION_D1.1_spreadsheet-containing-all-additional-data-sources-for-the-ConcePTION-Data-Source-Catalogue.pdf
https://www.imi-conception.eu/wp-content/uploads/2019/09/ConcePTION_D1.1_spreadsheet-containing-all-additional-data-sources-for-the-ConcePTION-Data-Source-Catalogue.pdf
https://www.imi-conception.eu/wp-content/uploads/2019/09/ConcePTION_D1.1_spreadsheet-containing-all-additional-data-sources-for-the-ConcePTION-Data-Source-Catalogue.pdf
https://doi.org/10.1207/S15326942DN2001%5F5
http://www.ncbi.nlm.nih.gov/pubmed/11827095
https://doi.org/10.1097/00001756-199909090-00022
https://doi.org/10.1097/00001756-199909090-00022
http://www.ncbi.nlm.nih.gov/pubmed/10511446
https://doi.org/10.1097/01.CHI.0000046892.27264.1A
https://doi.org/10.1097/01.CHI.0000046892.27264.1A
http://www.ncbi.nlm.nih.gov/pubmed/12874493
https://doi.org/10.1016/j.ridd.2010.12.018
https://doi.org/10.1016/j.ridd.2010.12.018
http://www.ncbi.nlm.nih.gov/pubmed/21236634
https://doi.org/10.1177/1362361317733182
https://doi.org/10.1177/1362361317733182
http://www.ncbi.nlm.nih.gov/pubmed/29113453
https://doi.org/10.1007/s40489-015-0053-x
https://doi.org/10.1007/s00127-011-0350-3
https://doi.org/10.1007/s00127-011-0350-3
http://www.ncbi.nlm.nih.gov/pubmed/21293843
https://doi.org/10.1371/journal.pone.0256535
http://www.ncbi.nlm.nih.gov/pubmed/34449798
https://doi.org/10.1371/journal.pone.0275979

PLOS ONE Pharmacoepidemiologic inventory of European data sources with neurodevelopmental outcomes

35. Murray ML, Insuk S, Banaschewski T, Neubert AC, McCarthy S, Buitelaar JK, et al. An inventory of
European data sources for the long-term safety evaluation of methylphenidate. Eur Child Adolesc Psy-
chiatry. 2013; 22: 605-618. https://doi.org/10.1007/s00787-013-0386-x PMID: 23508655

PLOS ONE | https://doi.org/10.1371/journal.pone.0275979  October 14, 2022 23/23


https://doi.org/10.1007/s00787-013-0386-x
http://www.ncbi.nlm.nih.gov/pubmed/23508655
https://doi.org/10.1371/journal.pone.0275979

