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ABSTRACT

Purpose: Metadata for data dIscoverability aNd study rEplicability in obseRVAtional studies (MINERVA), a European Medicines
Agency-funded project (EUPAS39322), defined a set of metadata to describe real-world data sources (RWDSs) and piloted meta-
data collection in a prototype catalogue to assist investigators from data source discoverability through study conduct.

Research from this project was presented at the 2022 International Conference of Pharmacoepidemiology (ICPE); August 2022. Copenhagen, Denmark: (1) MINERVA: Metadata for data
dIscoverability aNd study rEplicability in obseRVAtional studies; Pajouheshnia R. et al. Poster no. 163, Publication No. 1297, August 28, 2022; (2) MINERVA: Study Scripts Supporting Multiple
Common Data Models; Gini R. et al. Poster no. 137, Publication 1182, August 28, 2022; and (3) Data source heterogeneity in multidatabase pharmacoepidemiologic studies: An ISPE-sponsored
scoping review. DIVERSE Symposium, August 26, 2022.
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Methods: A list of metadata was created from a review of existing metadata catalogues and recommendations, structured inter-
views, a stakeholder survey, and a technical workshop. The prototype was designed to comply with the FAIR principles (finda-
ble, accessible, interoperable, reusable), using MOLGENTIS software. Metadata collection was piloted by 15 data access partners
(DAPs) from across Europe.

Results: A total of 442 metadata variables were defined in six domains: institutions (organizations connected to a data source);
data banks (data collections sustained by an organization); data sources (collections of linkable data banks covering a common
underlying population); studies; networks (of institutions); and common data models (CDMs). A total of 26 institutions were
recorded in the prototype. Each DAP populated the metadata of one data source and its selected data banks. The number of data
banks varied by data source; the most common data banks were hospital administrative records and pharmacy dispensation re-
cords (10 data sources each). Quantitative metadata were successfully extracted from three data sources conforming to different
CDMs and entered into the prototype.

Conclusions: A metadata list was finalized, a prototype was successfully populated, and a good practice guide was developed.
Setting up and maintaining a metadata catalogue on RWDSs will require substantial effort to support discoverability of data

sources and reproducibility of studies in Europe.

Summary

» We created a list of 442 metadata elements to describe
real-world healthcare data sources.

» Metadata were organized within six interconnected
domains: institutions, data banks, data sources, stud-
ies, networks, and common data models.

Collection of selected metadata was piloted for 26 in-
stitutions and 15 data sources in a catalogue prototype
using the MOLGENTIS software.

+ Qualitative metadata, describing how and why records
are collected in a data source, are essential to provide
context to quantitative metadata, such as event rates.

« Implementation of the full metadata list will require
substantial effort, and prioritization of metadata is
recommended.

1 | Introduction

Pharmacoepidemiologic researchers have for decades used real-
world data and generated real-world evidence (RWE) to support
regulatory decision-making on medicines. For many stakehold-
ers, increased data discoverability can have a clear, positive
impact; it allows more efficient and higher-quality studies and
enhances the transparency and reproducibility of data [1]. The
Heads of Medicines Agencies-European Medicines Agency
(HMA-EMA) joint Big Data Taskforce Phase II report identi-
fied the creation of sustainable and FAIR (findable, accessible,
interoperable, and reusable) [2] data sources and metadata cata-
logues as a challenge [3].

In November 2020, the MINERVA (Metadata for data dIscover-
ability aNd study rEplicability in obseRVAtional studies) proj-
ect (EUPAS39322) was initiated in response to the HMA-EMA
joint Big Data Task Force recommendation on “the identifica-
tion of metadata” for regulatory decision-making on the choice
of data source [2-5]. The MINERVA Consortium included 18 in-
stitutions and worked in collaboration with the EMA.

The project primarily aimed at defining a set of metadata to
describe data sources that could be used to support investiga-
tors throughout the phases of a study: from the identification of
suitable data sources to the interpretation and transparent re-
porting of results. The second objective was to pilot the list of
metadata in a proof-of-concept metadata catalogue (hereinafter
called prototype) to identify opportunities and challenges for fu-
ture implementations of a metadata catalogue. We report on the
methods and principal results of the MINERVA project.

2 | Methods
2.1 | Conceptual Framework

To acknowledge the heterogeneous landscape of European data
sources [6], we based the design of MINERVA metadata cata-
logue on a conceptual framework (Figure 1), which arose from
a prior qualitative study [7]. Based on the study, six domains of
the metadata list were chosen: institutions, data banks, data
sources, studies, networks, and common data models (CDMs).
A glossary of terms is provided in Supporting Information S1.

Some institutions (e.g., insurance companies, governments) act-
ing as data originators mandate and sustain regular collections
of information on defined sets of healthcare-related services/
events for purposes normally unrelated to research (e.g., reim-
bursement) and store such data in electronic format. These col-
lections of data are herein called data banks. Each data bank
comprises tables, variables, values, and metadata labels that
can be annotated with the following information to support
interpretation:

« Prompts: record-prompting events (also called triggers), for
example, access to an emergency department, dispensation
of a reimbursable medication.

« Underlying population: population whose events prompt the
record creation, for example, the persons entitled to health-
care services funded by a specific payer, legal inhabitants of
a geographic area.
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FIGURE1 | Illustration of the conceptual framework underlying the metadata list.

Data banks can be grouped into families with similar record
prompts and originators.

Data sources are collections of data banks that relate to the same
or partially overlapping underlying populations, all linkable to
one another at the person level, either probabilistically or deter-
ministically. A data source could include one or more data banks.

Research institutions are institutions with expertise in conduct-
ing pharmacoepidemiologic studies, including interpreting their

results. A data access partner (DAP) is a research institution that
can obtain access to data, typically subject to local authorization
requirements, such as a protocol and/or ethical approval. DAPs
have experience and capabilities in generating RWE to support
health research, including regulatory decision-making. Data
originators themselves may have data access for research pur-
poses and act as DAPs, provided they have research expertise.

Research institutions (including DAPs) may form networks that
conduct studies.
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To conduct multi-database studies in networks, it may be use-
ful to transform the data from participating data sources from
their original native format into a CDM through data standard-
ization, for an efficient execution of programming code against
local data [8].

Figure 1 illustrates the relationships among the six domains.
In Figure 2, the conceptual framework is applied to the Danish
National Registers, whose selected data banks are all mandated by
government institutions and to the data source of ARS Toscana,
Italy, whose data banks have heterogeneous originators.

2.2 | Identification of the Metadata List

A search of the websites of key organizations and consor-
tia with experience in cataloguing health databases and their
metadata was conducted in January 2021. Recommendations
for metadata collection and relevant metadata fields were ex-
tracted from publications and catalogue tools identified by the
search (the full list of materials is available online [9]). An initial
list of unique metadata fields was derived from the extracted
information.

Next, structured interviews were conducted with represen-
tatives from eight organizations or networks with experience
in pharmacoepidemiological studies involving multiple data
sources or with expertise in metadata in the health domain:

« FDA Sentinel Initiative [10]

« CNODES [11]

« IMI-EHDEN [12]

INSTITUTIONS- DATA ORIGINATOR(S)

Danish Health Data Authority

SELECTED DATA BANKS

Hospital Pharmaocy Birth
Administrotive Dispensation '.
Records Records Registry

INSTITUTIONS-DAPs I

Danish Research Centers &

DATA SOURCE INSTITUTIONS-DAPs I

o IMI-ConcePTION [13]
« ASPEN [14]

« FAIRplus [15]

« Maelstrom [16]

« Aetion [17]

The interviews helped to refine the scope of the metadata list,
identify additional key metadata variables to collect, gather
additional resources to inform the metadata list, identify ex-
isting tools to access or visualize metadata, and identify chal-
lenges or barriers for implementing the prototype. Experts
consistently underscored the need of central quality checks on
the metadata entered in the visualization tools to ensure they
remain functional and that the updates are consistent with the
definitions.

Feedback on the preliminary metadata list was gathered
through a stakeholder survey and an EMA Technical Workshop
[18] in April 2021. The initial metadata list was updated and a
prioritization of key metadata for collection was made based on
feedback from the workshop.

2.3 | Metadata Collection in the Prototype

2.3.1 | Identification and Representativeness
of Data Sources

Implementation of the metadata list was piloted together with

DAPs by collecting metadata in a prototype catalogue (de-
scribed below). During the proposal phase, we identified 13

INSTITUTIONS- DATA ORIGINATOR(S)
+

National Institute
of Statistics

Hospital Pharmacy Induced Death
Administrative Dispensations Termination Regist
Records Records Registry Cdd 6

DATA SOURCE

FIGURE2 | Streamlined examples of the conceptual framework inspired by the Danish National Registers and by the ARS Toscana data source.

The figure shows families of selected data banks included in the data sources and institutions involved as DAPs or as data originators. The specific

data banks may not exist in a linked state unless used for studies. In this example, the names of the data banks were replaced by the name of the

families as classified in the ontology referred to in the results section. ARS Toscana, Agenzia Regionale di Sanita della Toscana (Regional Health

Agency of Toscana), Italy; DAP, data access partner.
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real-world data sources (RWDSs) of interest and a correspond-
ing DAP with expert knowledge of the data source. Following
project initiation, the EMA proposed two additional RWDSs
and DAPs to provide an additional representation of registries
and biobanks. We mapped the data sources for inclusion in the
prototype to the general principles on suitability of healthcare
data sources for potential use in regulatory medicines decision-
making: accessibility, longitudinal dimension, recording of
exposure and outcomes, and generalizability [6, 19]. The data
sources comprised data collected continuously and consis-
tently; at the person level; timing of prescription, dispensation,
administration of medicinal products; in a structured manner
(i.e., no free-text only data sources); and compliant with data
privacy and confidentiality rules. The 15 data sources with
mapping to these criteria are described in tables 1 and 2 of
MINERVA deliverable 2 [20]. They provided wide geographic
representativeness and distribution across European regions in
different healthcare settings. From each data source, selected
data banks were included.

2.3.2 | Development of the Prototype

The prototype was implemented using MOLGENIS EMX2,
an open-source framework for FAIR scientific data available
online [21]. The catalogue tool is also used for multicenter co-
hort studies in H2020 projects such as EUCAN-Connect [22],
LifeCycle [23], LonglITools [24], Athlete [25], the European
Human Exposome Network [26], and IMI-ConcePTION [13].
This made the prototype natively interoperable with such
catalogues. Based on a file defining our catalogue structure,
MOLGENIS enables creation of FAIR catalogues via auto-
generated user interfaces to help users navigate metadata en-
tered in the catalogue and programmatic interfaces to promote
interoperability and reuse, such as DCAT [27] or FAIR Data
Point and semantic web Resource Description Framework
(RDF) export. We configured the MINERVA data model in
MOLGENIS and used these forms for data entry. Finally,
we developed a custom user interface on top of MOLGENIS
building blocks that enabled users to query and search the
metadata.

2.3.3 | Piloting Qualitative Metadata Collection
and Quality Assurance

Two processes to collect qualitative metadata were enacted
(Figure 3). For data sources that had previously submitted meta-
data to the ConcePTION Catalogue [13], metadata were automat-
ically retrieved, allowing us to examine whether the prototype
adhered to the FAIR principles of interoperability and reusabil-
ity (see Supporting Information S1 for an operational definition).
For the other data sources, DAPs were interviewed following a
standard process and answers were collected in a spreadsheet.
The resulting information was uploaded to the prototype. All
DAPs subsequently accessed the prototype and refined the con-
tent. Finally, a round of quality checks was performed by experts
for completeness, correct understanding of metadata items, and
typographical errors.

Gl s there another Data No
Catalogue available?

A process retrieves

Interview with DAP
existing metadata

representative using tool

Tool loaded in
the Catalogue

— —

Catalogue accessed by ‘

DAP to refine entry

]

Quality control ‘

FIGURE 3 | Flow diagram of the two processes enacted to populate
the qualitative metadata of the prototype. DAP, data access partner.

2.3.4 | Piloting Quantitative Metadata Collection

Retrieval of quantitative metadata (age and sex distribution of
the underlying population of a data source) was tested using a
mock-up dataset mapped to four different CDMs (Observational
Medical Outcomes Partnership [OMOP] [28], ConcePTION [7],
Nordic [29], and The ShinISS [30]) through an R programming
script that could run on multiple CDMs, based on a data process-
ing analysis [8]. The four output result datasets were proven to
be the same (exercise available on GitHub https://github.com/
ARS-toscana/MINERVA _samplescript). Four DAPs with map-
pings to at least one of the four CDMs were selected to run the
script on existing instances of their data sources to retrieve the
quantitative metadata.

3 | Results
3.1 | Metadata List

Supporting Information S2 (available at https://zenodo.org/
records/10422428) contains the final list of 442 proposed
metadata variables and definitions; 260 were labeled as prior-
ity variables for regulatory purposes, among which 202 were
collected during the pilot. The metadata variables are orga-
nized in tables within six domains—institution, data source,
data bank, study, network, and CDM—each including >1
tables plus 11 technical metadata (Table 1). Each table con-
tains the name of the metadata variables (with a hierarchical
code), a description of the content, the standard allowable val-
ues, and an explanation of how metadata should be entered
in the catalogue for each variable (e.g., by manual entry or
automized process), including variables that link and cross-
populate tables in the catalogue, and the unit of observation
of the metadata.
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TABLE1 | Metadata list domains and content.

Number of metadata

Domain variables?

Content of metadata variables

Institution 39

Describe contributors to the prototype and other institutions

connected to >1 data sources and/or data banks—such as a DAP, data
originator—or with other roles, for example, investigators.

Data source 128

Describe the underlying population, a list of institutions with access to

it, the data banks that make up the data source, quantitative descriptors,
ETL specifications for mapping of the data source to a CDM, and
a list of studies and publications related to the data source.

Data bank 177

Describe the data bank's originator, the data bank's family and content,

records-creation prompts, the underlying population, the tables' data model,
regularity of updates and time lags, qualitative descriptions of quality, and
qualitative and quantitative descriptors of completeness. The data sources
including the data bank and the institutions that have access to it.

CDM 15
Network 8

CDMs to which data sources described in the prototype had been previously converted.

Describe research networks that the institutions are part of. Provide information on

how data sources and institutions’ expertise may be brought together for the purpose
of a study and could potentially interface with the ENCePP Resources Database.

Study 64

Designed to interface with the EU PAS Register to link information on studies

with information on use, content, and quality of data sources, and data banks.
This domain is key to reproducibility. Metadata of data sources and data banks
used in the study are duplicated in each study (additionally to the 64 metadata
variables) to create a snapshot of the metadata specifications at the time of
the study. Software used for extraction and processing of data (including
ETL to a CDM, if any) are part of the metadata. It also captures expertise
and lessons learnt specific to the study, specifically for study variables.

Abbreviations: CDM, common data model; DAP, data access partner; ENCePP, European Network of Centres for Pharmacoepidemiology and Pharmacovigilance; ETL,
extract, transform, load; EU PAS Register, European Union electronic Register of Post-Authorization Studies.
2An additional 11 technical metadata to support catalogue entry and maintenance are included in the list.

For the metadata “data bank family” (C5.1), a draft ontology
was created and stored in BioPortal (https://bioportal.bioontol-
ogy.org/ontologies/DFO).

3.2 | Summary of Metadata Collected in
the Prototype

Data from 26 institutions were collected in the prototype, in-
cluding all institutions in the Consortium plus other institutions
listed as DAPs and/or data originator.

Each of the 15 DAPs in the Consortium populated the meta-
data of 1 data source and at least 1 data bank from the data
source. Table 2 lists each DAP with its data source, the num-
ber of data banks entered into the prototype and the number
of mappings to different CDMs available for each data source.
The number of data banks per family of data bank entered in
the prototype is summarized in Supporting Information S3.
Five data sources included one data bank, 6 included 3-10 data
banks, and 4 included >10 data banks. The most common fam-
ilies of data banks were hospital administrative records and
the pharmacy dispensation records (both available in 10 data
sources each). Selected data banks from 12 data sources had

been converted into >1 and 7 into >2 of the following CDMs:
ConcePTION CDM, OMOP CDM, Nordic CDM, and ShinISS.

Collecting all the metadata of each data source and data bank
was unfeasible due to time and effort constraints: data source
metadata completeness ranged from 21% to 67% and data bank
metadata completeness ranged from 3% to 78%. Three DAPs suc-
cessfully ran the script to compute quantitative metadata, and
results were uploaded into the prototype; one DAP was unable
to obtain authorization to run the script in time and instead pro-
vided aggregated counts from a public source. To demonstrate
the functionality of the other catalogue domains in the proto-
type, mock-up metadata were entered for four studies, three net-
works, and one CDM.

3.3 | Recommendations

Based on piloting the prototype, instructions for how to create
an entry in the catalogue de novo were developed and can be
found in Supporting Information S4. A detailed discussion of
the full results of the pilot and lessons learned are presented in
the final deliverable of the project: Final Good Practice Guide for
Metadata Collection for Real-World Data Sources [31].
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4 | Discussion

The MINERVA Consortium, in collaboration with the EMA and
experts from international RWE research networks, along with
the input of stakeholders during a public workshop, developed a
metadata list and tested it within a catalogue prototype.

The MINERVA metadata list included 442 variables. A selection
of variables was collected from 26 institutions, 15 data sources
and selected data banks, and dummy data were generated for
four studies, three networks, and one CDM. Two different
methods to populate the metadata list were piloted following
the FAIR principles. For most DAPs and data sources, meta-
data could be retrieved from the catalogue of another project
and transferred to the MINERVA prototype, demonstrating the
potential efficiency if metadata catalogues are designed to be
interoperable.

4.1 | Metadata to Support Data Discovery
and Interpretation of RWE

The prototype was designed to assist investigators throughout
the phases of a study. For example, if an investigator wanted to
investigate the safety of a specific medicinal product, they could
first search the Study section of the catalogue for protocols of
other studies investigating the medicinal product (Supporting
Information S2, Section F2), which data sources were used,
and their strengths and limitations (Section F3). They could
then search the corresponding Data Source and Data Bank sec-
tions for details on the coverage and contents of the data source
(Sections B1, B4-B6 and C1, C5-C8), data quality (Section C9),
as well as governance and access (Sections B2 and C2). Finally,
they could identify Institutions with expertise in working with
the data source for collaboration (Sections A1-A4). If the investi-
gator could not find a suitable data source, they could search for
a data bank that contains information on the medicinal product
of interest. They might then search for other data banks with a
similar underlying population (e.g., geographic region and eligi-
bility) to identify data banks that could potentially be linked to

create a new data source. In this case, epidemiological expertise
is essential to understand whether the data source would con-
tain the necessary components for a study.

Qualitative metadata can help investigators conduct analyses
and interpret the results. In most data sources included in the
prototype, the dates of entry and exit of each individual from
the underlying population are recorded in one of the data banks.
Whether these dates are captured in a data bank can be in-
ferred from the data dictionary of the data bank (Supporting
Information S2, Section C6). In such cases, the underlying pop-
ulation can be seen as an epidemiological cohort, where persons
can be observed over a defined time period, and the linked data
banks allow investigators to derive study variables that can be
analyzed to provide quantitative metadata at the data source
level. Simple examples include distributions of age and sex, both
of which can be captured in data source Section B6 and data
bank Section C7 of the prototype.

When the underlying population of a data source represents a
general population (e.g., it includes all the inhabitants of a geo-
graphic area), quantitative metadata are comparable across data
sources. However, when this is not the case, metadata on the
underlying population and prompts will support investigators to
draw comparisons across data sources. For example, differences
in the prompts of the data sources in Table 3 will cause the oc-
currence of diabetes in data source A to be higher than in B,
and lower than C, even though the true population prevalence
may be the same. If the population is not representative of a gen-
eral population, this has an important impact: in data source
D, occurrence is higher than E and lower than F. Quantitative
metadata providing estimates of occurrence of a disease in a
population must be designed, implemented, and interpreted
using research expertise.

4.2 | Challenges Identified in the Pilot

We encountered several challenges when piloting the prototype.
This included a need to find ways to authenticate contributions

TABLE 3 | Comparability of the occurrence of diabetes across data sources.

Prompt for
Data source diagnoses records Population Context required for interpretation
A Primary care visits Diagnoses must be interpreted as an occurrence
of access to primary care for diabetes
B Inpatient visits Diagnoses must be interpreted as an
occurrence of hospitalization for diabetes
Cc Primary care visits and/ Diagnoses must be interpreted as the
or inpatient visits occurrence of either hospitalization or
access to primary care for diabetes
D General population Diagnoses must be interpreted as
occurrence in the general population
E Pediatric population Diagnoses must be interpreted as
occurrence in the pediatric population
F Population in a Diagnoses must be interpreted as
diabetes registry occurrence in the diabetes population
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to the catalogue and apply version control (metadata for this are
described in Supporting Information S2, Section M1), a need to
bring together the expertise of DAPs on data sources and exper-
tise on the conceptual framework of the catalogue, and a lack of
existing persistent identifiers and ontologies, which are needed
for the catalogue to be interoperable with other catalogues.

The metadata list was designed to be extensive to support the
entire cycle of a study, as well as to provide a candidate master
data model to which future metadata lists could be mapped.
However, a substantial amount of time and effort was needed
to collect and enter metadata during the pilot. It was unfeasible
to implement the full set of 442 metadata variables in the cat-
alogue prototype and to populate the metadata fields for each
DAP in the consortium within the timeframe of the study. This
motivated the selection of a set of 260 priority metadata vari-
ables for regulatory purposes, which were the focus of the pilot
and catalogue prototype. It was determined by the research
team that this priority set of metadata would be sufficient to
support the most important regulatory use cases. Despite this
selection, it was still not feasible for DAPs to complete all en-
tries for all data banks of each data source within the study
time frame, for example, in the case of quantitative metadata,
where four DAPs were selected to pilot these metadata fields.
In addition, we did not implement some technical metadata
specifically to describe catalogue entries, such as contact de-
tails of the person making or editing a catalogue entry, as this
would have required links between parts of the catalogue data
model that were complex to add to the prototype. The larg-
est investment was required when making a catalogue entry
de novo. We found that fewer resources were required to
update existing entries, which were imported from the IMI-
ConcePTION catalogue [13], and we could allocate more time
for quality checks.

During the pilot, we considered reusing data previously approved
in the context of a different study to compute simple quantita-
tive metadata (age/sex distributions). However, this proved more
challenging than expected because reusing the data to produce
the same numbers in a different way for a different project was
perceived as “data repurposing” and not authorized by the gov-
erning authority. This highlights the limitations of data use out-
side of a specific study and is an important consideration for the
European Health Data Space [32].

Recommendations for how to overcome these challenges for fu-
ture catalogue implementations are presented in a commentary
article in this issue Pharmacoepidemiology and Drug Safety [33].

4.3 | Strengths and Limitations

We provide a comprehensive metadata list based on a conceptual
framework that can describe heterogeneous data sources. The
catalogue prototype was piloted by a broad range of European
data sources/DAPs, including two registries and a biobank.
The definitions, standards, and rules for data entry (Supporting
Information S2), and manual for creating metadata entries de
novo (Supporting Information S3), as well as further publicly
available guidance and recommendations [34], will help future
adoption of the metadata list.

In this study, we piloted only a subset of the total metadata list
in the prototype. The pilot did not cover all conceivable fami-
lies of data banks, such as collections of data from wearable
devices or social media. However, we anticipate the metadata
list will accommodate these types of data. Further testing will
help to identify areas for improvement for future catalogue
implementations.

4.4 | Implementation and Follow-Up

The MINERVA metadata list is currently in use in the cata-
logue of the IMI-ConcePTION Project and in the catalogue of
the international nonprofit association Vaccine Monitoring
Collaboration for Europe (VAC4EU) [13, 35]. Both catalogues
use MOLGENIS software [36]. A comparison between the work
developed in MINERVA and other real-world data catalogues
and catalogues representing cohorts has been published [37],
and the MINERVA metadata list is compatible with recom-
mendations to describe diversity across data sources generating
RWE identified in a recent scoping review [38].

On the basis of the results of the MINERVA study and the con-
sultation of the ENCePP community and other stakeholders,
the HMA-EMA Catalogues of real world-data sources and stud-
ies have been developed:

« The catalogue of studies covers studies performed on
the data sources, enhancing and replacing the EU PAS
Register [39].

« The catalogue of data sources covers information on real-
world databases, enhancing and replacing the ENCePP re-
sources database [40].

« The HMA/EMA draft Good Practice Guide for the use of
the Metadata Catalogue of Real-World Data Sources V 1.0 is
publicly available [41].

5 | Conclusion

The MINERVA project's key publicly available deliverables
are the list of metadata and the related guidance document.
Based on the experience of the MINERVA pilot, setting up and
maintaining an operating metadata catalogue on RWDSs will
require a substantial effort to implement the FAIR principles,
adhere to data protection rules, and effectively support dis-
coverability of data sources and reproducibility of studies in
Europe. The research community will value a transparent pre-
sentation of metadata related to the strengths and limitations of
data sources.

5.1 | Plain Language Summary

Collections of data relating to patient health status and/or the
delivery of health care routinely generated from a variety of
sources (so-called “real-world data sources”) are used to gen-
erate scientific evidence. The MINERVA project defined a list
of 442 characteristics of data sources (metadata) that should be
collected to describe a data source comprehensively. The list
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includes many dimensions that describe not only the content
of the data source, but also the context that defines the data,
the institutions that are involved in generating and using the
data source, the network of such institutions, the studies they
conduct, and the technical aspects of the conduct of the stud-
ies. To pilot the list, we collected a selection of the metadata in
a sample of 15 data sources and displayed them in a prototype
using an open-source software called MOLGENIS (www.molge
nis.org/). The investigators identified features of the metadata
list and the prototype that will help support the use of real-world
data sources to study the safety and effectiveness of medicines,
as well as important considerations for the future collection of
metadata.
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