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ABSTRACT
Purpose: The use of common data models (CDMs) is increasing; however, the complexity of many CDM frameworks constitutes 
a barrier for their use. For many local and collaborative use cases, simpler CDMs can suffice. Here, we propose the EpiCore CDM, 
a simple CDM framework for use in Scandinavian pharmacoepidemiological studies.
Methods: The EpiCore CDM was developed based on a set of guiding principles. It should (i) accommodate the most common 
elements of typical data sources in the field and region, (ii) be accessible to users without needing advanced technical expertise 
or database infrastructure, (iii) prioritize structural and syntactic harmonization of data and defer clinical concept mapping 
to the analytical phase, (iv) be usable in both collaborative and single site settings, and (v) include support for quality control 
procedures.
Results: The EpiCore CDM comprises two mandatory administrative tables (person and observation), six optional event tables 
(diagnosis, procedure, encounter, drug, primcare, and cancer) and three optional lookup tables (drug_info, organisation_info, 
and prescriber_info). Each table, along with its columns and constraints is specified according to an EpiCore CDM specification 
template. This provides easy documentation and integrates with an R-package called EpiCoreAssistant, which provides quality 
control tools for testing the compliance of a CDM instance with the EpiCore specification. In the event that a project requires 
customization of the CDM, this is easily implemented in the template and testing. A step-by-step description is presented, demon-
strating the steps involved in a typical CDM-based collaborative pharmacoepidemiological study using the EpiCore CDM.
Conclusions: We present the EpiCore CDM, a specification template and an R package that offers a simple framework for im-
proved workflows, standardizations and collaboration, focused on Scandinavian pharmacoepidemiological studies and with 
relevance for a broad palette of register-based health care researchers.
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1   |   Introduction

Nationwide health registries can provide high validity data 
with long follow-up for entire populations [1]. Nevertheless, 
exposures or outcomes may be so rare that data from a single 
country do not provide sufficient statistical precision [2–4]. In 
other situations, one may want to test a result by independently 
replicating it on data from another data source [5]. Finally, some 
studies on, for example, disease patterns or drug utilization ben-
efit from being implemented across countries to document vari-
ation [6, 7]. A common solution in all these cases, is to run the 
same analysis in multiple countries and combine or compare the 
results.

Two main strategies are commonly used to accomplish this [8]. 
The “common protocol” strategy lets each site independently 
implement the same analysis based on an agreed-upon study 
protocol. The “common program” strategy instead lets each site 
run the same analytical code. The latter strategy requires a com-
mon data model (CDM), an agreed representation of data that 
specifies the naming of tables and columns, their content con-
straints, and the relationships between them.

CDM-based infrastructure provides several additional benefits 
in the local setting. For example, it encourages standardization 
of data cleaning processes, commonly referred to as extract, 
transform, load (ETL), sharing and streamlining of code and en-
ables better code review.

The choice of CDM depends on the nature and scale of the 
project or collaboration, as well as factors such as technical 
expertise, available infrastructure, CDM experience, existing 
workflows and rules for data access. General CDM frameworks 
[9] such as the Observational Medical Outcomes Partnership 
(OMOP) [10] and Sentinel [11], offer comprehensive data models 
for all kinds of health data and a rich ecosystem of tools, but 
require a substantial investment of resources and expertise to 
implement and maintain. Study-specific CDM frameworks [9], 
such as ConcepTION [12] are tailored to specific research do-
mains (e.g., medicines in pregnancy) and are typically populated 
on a project-by-project basis. While general CDMs like OMOP 

are well suited for large-scale international collaborations they 
can be unnecessarily complex for smaller domain-specific and 
project-based collaborations.

In this paper, we present the Epidemiological Core CDM 
(EpiCore), a pragmatic CDM designed for register-based phar-
macoepidemiological research in Scandinavia. EpiCore for-
malizes and extends data models originally developed for local 
studies and data management in Denmark, later refined and 
applied in published and ongoing multi-country collaborations 
involving Denmark, Norway, and Sweden [3, 5, 6]. The frame-
work includes the EpiCoreAssistant [13] R package with qual-
ity control (QC) functionality, including an excel template with 
the specification of the EpiCore CDM, where modifications are 
easily made. We aim for EpiCore to provide an accessible frame-
work that reduces the need for repetitive CDM design, supports 
the benefits outlined above, and facilitates streamlined, high-
quality collaborations. In this paper, we (i) outline the consider-
ations underpinning EpiCore's design, (ii) describe its structure, 
(iii) introduce the accompanying R package, (iv) illustrate a col-
laborative CDM-based workflow, and (v) discuss perspectives 
and future developments.

2   |   Considerations (i)

In this section, we present the specific considerations that 
were used to guide the process of designing and presenting the 
EpiCore CDM framework.

2.1   |   One Size Fits Most

We deliberately prioritized simplicity over comprehensiveness. 
Accordingly, the EpiCore CDM consists of a core set of tables 
intended to accommodate key information, from the most rel-
evant data sources for register-based pharmacoepidemiological 
research in the Scandinavian region. This focus is justified by 
the contextual similarities in these countries and by our expe-
rience that most local and collaborative studies are fully sup-
ported by this core set.

To accommodate future development and project-specific needs, 
the framework allows flexible extension of the model with new 
tables for currently unsupported data domains, such as, for ex-
ample, perinatal data. The flexibility extends to things like add-
ing columns and codebook values to existing tables in those rare 
use cases where this is required.

2.2   |   Simple Technical Requirements

We wanted the EpiCore CDM to offer an accessible, pragmatic 
framework, with technical and administrative requirements 
that align with those of a typical researcher or research group 
in our field and region. In our experience, that means a file-
based framework with few dependencies, that can easily be set 
up both locally and within protected analytical environments 
where the researchers often have limited administrative privi-
leges. Although database systems (as required e.g., by OMOP) 
generally offer better performance over files, many researchers 

Summary

•	 The EpiCore CDM provides a streamlined framework 
tailored for Scandinavian pharmacoepidemiological 
studies, with lower complexity compared to existing 
CDMs.

•	 The EpiCore CDM is designed for users without ad-
vanced technical expertise and accommodates com-
mon data elements while allowing customization for 
specific research needs.

•	 The EpiCore CDM prioritizes syntactic and structural 
data harmonization, deferring clinical concept map-
ping to the analytical phase.

•	 The EpiCore CDM is accompanied by the 
EpiCoreAssistant R package, to support implementa-
tion and compliance with the CDM specification and 
to enhance data quality control.

 10991557, 2025, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pds.70241 by U

niversity L
ibrary O

f Southern D
enm

ark, W
iley O

nline L
ibrary on [19/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3 of 8Pharmacoepidemiology and Drug Safety, 2025

still have little or no experience using them, let alone installing 
and administrating them. In Denmark databases are not even 
available on the national analysis environments.

2.3   |   No Concept Mapping

We believe that a simple CDM should focus on the techni-
cal aspects of data harmonization. That is, an agreed repre-
sentation of tables, columns and their relational constraints 
(structural harmonization) and codebooks, formats and data-
types (syntactic harmonization). EpiCore does not require 
mapping of native vocabularies to a single standard vocabu-
lary of clinical concepts. Instead, it stores the original codes 
and coding systems—a design like the approach taken by 
ConcePTION CDM.

This shifts the standardization and documentation of meaning 
(semantic harmonization) to the analytical level rather than the 
CDM level. This allows (and requires) each site to specify study 
variables in terms of the local codes and contexts they know 
best, typically based on a draft in the project protocol. This ap-
proach can accommodate the inherent heterogeneity between 
sites and avoids the false sense of comparability that a shared 
vocabulary can sometimes create.

Naturally, thorough documentation of this process is required, 
but we do not consider it part of the EpiCore CDM itself. Instead, 
resources such as the HARPER protocol are recommended to 
guide this documentation at the project level [14].

2.4   |   Supporting Internal Workflows

The research groups behind this paper have found great 
value in adopting CDM-based infrastructures in our internal 
workflows. These simplify complex source data into clean, 
research-ready formats accessible to non-experts, promote 
code reuse, and encourage well-documented, tested functions 
for common tasks. They also support internal code review 
and quality control. We envision EpiCore CDM as a practi-
cal choice for local research infrastructures, enabling easier 
scaling from local studies to multinational collaborations and 
external validations.

2.5   |   Supporting Quality Control

EpiCore should include standardized quality control tools to 
verify that a CDM instance resulting from ETL complies with 
the specification. This allows problems to be caught early—be-
fore shared analysis scripts fail or produce incorrect results, sav-
ing time and avoiding frustration. The QC tools do not dictate 
the ETL process itself; responsibility for implementing, testing 
and versioning the ETL remains with the site.

3   |   CDM Design (ii)

In this section we describe the elements of the EpiCore CDM 
and their relations, which are graphically illustrated in Table 1 

and Figure 1. For the full specification, including a number of 
details and specific scenarios, please refer to the CDM specifica-
tion document provided as Supporting Information S1

3.1   |   Instance

We use the word “instance” to describe any realization of the 
EpiCore CDM. That is, an instance is the product of running an 
ETL process, for example for a specific project. As the EpiCore 
CDM is file-based, an instance consists of one file per CDM 
table, stored together in a single folder.

In principle, any file format may be used if the content complies 
with the specification. However, the current EpiCoreAssistant 
package supports .csv and .fst (from the R fst package [15]). 
The  .fst format offers substantially faster read and write per-
formance than .csv, which can greatly improve downstream 
analyses.

3.2   |   Tables

We distinguish between three types of tables in the EpiCore 
CDM: (i) administrative tables, (ii) event tables, and (iii) look-up 
tables.

3.2.1   |   Administrative Tables

The EpiCore CDM consists of two required administrative ta-
bles, the person table and the observation table. Records in the 
persons table capture the key demographic data of the CDM 
population and assign each person a unique identifier, the id. 
The observation table defines the periods of time a person has 
been eligible for data capture by the data sources that supply 
data for the CDM. In the Scandinavian countries, data capture 
is mandatory and nationwide across all source registers, so there 
is typically no need to register observation periods by source. It 
is enough to capture the non-overlapping periods of residency 
for each person. Observation periods are truncated by death, 
emigration or data censoring. Any person must have at least one 
observation period.

3.2.2   |   Event Tables

Event tables capture discrete facts about persons in the CDM 
such as a diagnosis code, a prescribed drug or other medical 
events. Each event table contains additional columns of at-
tributes that provide context to the fact, such as the date, the 
health care setting, type of fact, or classification. EpiCore is de-
signed to accommodate clinical data from the following health 
care settings: (i) Primary care, comprising, for example, general 
practice, is captured in the CDM table primcare, (ii) secondary 
healthcare, comprising in and outpatient encounters, is cap-
tured in the CDM tables diagnosis, procedure and encounter, 
and (iii) prescription fills are captured in the CDM table drug. 
Finally, (iv) the cancer table is specifically intended for records 
of cancers coming from dedicated cancer registries. All event 
tables are in principle optional.
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3.2.3   |   Look-Up Tables

Look-up tables do not contain individual level data. They provide 
a way to link facts or attributes in administrative or event tables 
to additional (less frequently used) attributes. This reduces com-
plexity and table size of the administrative and event tables. The 
drug_info table links distinct drug_id's (Nordic article numbers 
[“varenummer”] in the Scandinavian setting) in the drug table, 
to additional attributes, such as strength, administration route, 
name, etc. The organisation_info look-up table, links, for ex-
ample, information about a department or provider (e.g., their 
medical specialty) to a record in an event table. Finally, the pre-
scriber_info lookup table links a prescriber in the drug table to 
additional attributes about the prescriber.

3.3   |   Constraints

Constraints act as assumptions about data, that users can expect 
to hold. In addition to the constraint given by the table and col-
umn names, the EpiCore CDM specification template, imposes 
additional constraints at the (i) table, (ii) column, and (iii) rela-
tion level.

3.3.1   |   Table Level Constraints

The main table level constraint is the primary key, which de-
scribes the set of columns in the table, across which every record 
must be unique. In the persons table, this is the id alone, but in 

TABLE 1    |    Description of tables, columns, and relationships of the EpiCore CDM. See Supporting Information S1 for all details. Categorical 
columns are underlined. See Supporting Information S1 for codebook of allowed key-label pairs.

Type Table Description
PK: id
FK:
Other: birthdate, sex, deathdate

PK: id, obs_start
FK: id
Other: obs_end, end_reason

PK: enc_id
FK: id

org_id
Other: enc start, enc end, encsetting, enctype

PK: id, diag, dxdate, enc_id
FK: id

enc_id
org_id

Other: dxtype, classification
PK: id, proc, pxdate, enc_id
FK: id

enc_id
org_id

Other: pxtype, classification
PK: No primary key
FK: id

presc_id
drug_id

Other:
atc, rxdate, ddd, amout, drug_setting, ddd, 
amount, indication, indi_classification

PK: id, pmc_date, pmc_code
FK: id

org_id
Other: classification, nrdups

PK:
id, ccode, cdate, morpho

FK: id

Other: classification

PK: drug_id
FK:

Other:
strength, dose form, package_amount, 
adm_route, ..

PK: org_id
FK:
Other: org_name, org_setting, org_specialty, 

org_locality, …..

PK: presc_id
FK:
Other: presc_type, locality, presc_specialty …, 

Ad
m

in
is

tra
tiv

e
(R

eq
ui

re
d)

person

One record for each person in the CDM. The id from 
person acts as foreign key in all other data tables of the 
CDM

observation

One record for each non-overlapping period of time a 
person is eligible for data capture by all the register 
sources that contribute data. In DK, NO and SE, this 
corresponds to periods of national recidency. Each 
person must have at least one record in observation

drug

One record for each drug event. Most commonly a 
record corresponds to a drug redeemed at a pharmacy, 
but can be any relevant prescription, dispensing or 
other exposure to a drug. presc_id allows linking 
addition attributes of the prescriber. drug_id (vnr in the 
Scandinavian setting) allows linking additional 
attributes of the specific drug

primcare

Columns and relationships between columns

One record for each primary care diagnosis or service 
associated to a person. The definition of primary care 
may differ in different countries and may e.g. include 
services provided by private specialists (Denmark)

cancer

One record for each new registered cancer associated 
to a person. Intended for cancer registrations coming 
from dedicated (and typically validated) cancer 
registers. It is possible for the same information to be 
both in the diagnosis table and cancer table

Lo
ok

up
(O

pt
io

na
l)

drug_info

One record for each distinct drug id used in the drugs 
CDM table. Allows joining of elevant attributes to drug 
records.

organisation_
info

One record for each unique org_id referenced in the 
CDM event tables. An org_id can e.g. specify a hospital 
department or GP clinic. Allows joining additional 
attributes of the org_id to those event records.

prescriber_
info

One record for each unique presc_id referenced by a 
record in the drug table. A presc_id can e.g. specify a 
unique prescriber person or a clinic or department 
responsible for the prescription

Ev
en

t
(O

pt
io

na
l)

encounter

One record for each health care encounter associated 
to a person in the CDM. Encounters are characterized 
by a setting (e.g. hospital) and a type (e.g. inpatient). 
Encounters can span one or multiple days. Org_id 
allows linking additional attributes of the health care 
provider to the encounter

diagnosis

One record for each diagnosis associated to a person. 
Multiple diagnosis records may be linked to the same 
encounter id in the encounter table (if that table is 
included). Org_id allows direct linking of additional 
attributes of the health care provider to the diagnosis

procedure

One record for each procedure associated to a person. 
Multiple procedure records may be linked to the same 
encounter id in the encounter table (if that table is 
included). Org_id allows direct linking of additional 
attributes of the health care provider to the procedure

Note: Relationships between columns in different tables are represented as lines with crow's foot notation:  : one to zero or more.  : one to one or more. 
PK: Primary key. No duplicate rows allowed across identical value(s) of primary key column(s). FK: Foreign key. A foreign key column must reference a primary key in 
another table.
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other tables it may involve multiple columns. In the diagnoses 
table for example, the same person cannot have two records on 
the same date, with the same diagnoses code linked to the same 
encounter_id.

3.3.2   |   Column Level Constraints

The values of any column in any table must comply with one 
of the following types: character (e.g., diagnosis codes), integer 

FIGURE 1    |    Relationship diagram for tables and columns in the EpiCore CDM. Blue tables: Administrative mandatory tables. Yellow tables: 
Optional event tables. Purple tables: Optional lookup tables. Relationships between columns in different tables are represented as lines with crow's 
foot notation: one to zero or more. one to one or more. For example, any record in person must have at least one record in observation, 
but not necessarily any records in encounter.
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(e.g., id columns), numeric (numerical columns not compatible 
with integer), date (e.g., diagnosis date), datetime (e.g., encoun-
ter start), or categorical (integer column with a finite set of al-
lowed values that are further specified in a codebook). A column 
can be designated as required, meaning it must exist in the table, 
and it can also be characterized by whether missing values are 
allowed for individual records. For more details, see Supporting 
Information S1.

3.3.3   |   Relational Constraints

Relationships describe the constraints imposed by links be-
tween columns in different tables, known as foreign key 
constraints. For example, all event tables have an id column 
with a many-to-one foreign key relationship to the id column 
of the person table. This constraint dictates, that any record 
in these tables must reference an id in the persons table, and 
that any id in the person table may have zero or more records 
in the linked table. A similar many-to-one relationship exists 
between records in the event tables diagnosis and procedure 
with the event table encounter and between columns linked to 
look-up tables, like the drug_id column in the drug table and 
the drug_info look-up table.

4   |   R Package and Quality Control (iii)

It is essential to have a standardized way to assert that 
the EpiCore CDM instance resulting from an ETL proce-
dure, conforms with the specification. We have built an R 
package “EpiCoreAssistant [13]” that includes a quality con-
trol module to accomplish this. It uses the CDM specification 
document (Supporting Information  S1) as the standardized 
template for the test and outputs QC results in an easy-to-read 
html report.

Tests for conformance are applied stepwise at different levels: 
(level 1) Compares available tables in the CDM instance to ex-
pected tables in the specification and tests if they are readable, 
(level 2) Compliance tests within each table for constraints such 
as data types, categorical values, formats, missingness and 
primary keys, (level 3) Tests between tables of relational con-
straints. The EpiCoreAssistant is described and documented in 
the R package documentation.

5   |   CDM Based Workflow (iv)

In this section we describe what an EpiCore-based workflow in 
a collaborative multisite project might look like. In Supporting 
Information S2, we provide a similar description of a local (sin-
gle site) EpiCore-based workflow. Once the current and long-
term aim and scope of the collaboration are agreed, the project 
follows these steps.

5.1   |   Data Source Clarification

Which data elements from available data sources in each site 
will be required to answer study questions.

5.2   |   CDM Specification and Dissemination

Starting from the EpiCore CDM specification, determine if mod-
ifications are needed to accommodate the required data. This 
may include adding new tables for additional data domains (e.g., 
laboratory results or perinatal data) or leaving out tables not rel-
evant to the project (e.g., the procedure table). Column-specific 
modifications are also possible such as adding additional al-
lowed categorical values. The agreed model is documented in 
the CDM specification template and shared within the proj-
ect group.

5.3   |   Data Transformation

Each site develops an ETL package, to transform source data 
into an instance of the agreed CDM representation. The ETL 
program should be versioned, with a clear indication of the 
EpiCore CDM version that is the target of the ETL. The instance 
is tested for compliance using the EpiCoreAssistant package. 
Any incompliance is resolved by adjusting the ETL program, 
until the compliance test is passed.

5.4   |   Analysis Program

Based on the protocol, the analysis scripts are developed and 
versioned by one of the study sites and then shared among sites. 
Each site contributes site-targeted study variable specifications 
in a structured format that acts as inputs to the analysis scripts, 
which are otherwise ideally identical for all sites. Each site runs 
the analysis and shares aggregate results and estimates with the 
coordinating site.

6   |   Future Developments (v)

We consider the EpiCore CDM proposed in this paper a sta-
ble release; however we recognize that some data domains are 
not well accommodated. This includes, for example, perinatal 
data, laboratory results, causes of death and sociodemographic 
information. We plan to release separate table templates for 
these domains, to act as extensions to the original EpiCore data 
model. We will draw inspiration from existing CDM work in the 
Scandinavian setting such as, for example, the NorPreSS CDM 
[16] for perinatal data.

The key feature of the EpiCoreAssistant R package is the com-
pliance checking. We hope to improve this beyond testing con-
formance (structure and syntax), to include a small selection of 
tests for completeness and plausibility [17] It is also planned to 
add support for the .parquet file format [18], as this format has 
great potential for optimizing performance and cross-platform 
analytics in a file-based CDM setup like EpiCore.

7   |   Discussion (vi)

We have presented EpiCore, a pharmacoepidemiological CDM 
designed for the types of projects that constitute a large part of 
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both collaborative and internal pharmacoepidemiological re-
search in the Scandinavian countries. The design is intention-
ally simple, which we view as both feasible and appropriate 
given the many similarities across Scandinavian healthcare sys-
tems in terms of national coverage, underlying structures, and 
data source availability [1].

To facilitate adoption, we have developed an accompanying 
R package (EpiCoreAssistant) together with a standardized 
approach for documenting and adapting the EpiCore CDM 
specification. Together, these tools constitute an accessible 
framework and suggested workflow for register-based re-
search. The technical expertise and infrastructure required 
to implement this framework are within the reach of any re-
search unit or individual researcher with basic experience 
in handling register data. We acknowledge that a file-based 
implementation may, in some settings, pose technical perfor-
mance challenges compared to database systems, particularly 
for high-concurrency or transactional use cases. However, we 
believe these are outweighed by the advantages in accessibility 
and ease of use. Moreover, modern columnar file formats such 
as .fst and .parquet offer competitive performance in terms of 
access speed, compression, and memory efficiency, thereby 
mitigating many of the limitations traditionally associated 
with file-based designs.

Although we like pragmatic solutions whenever possible, we 
also recognize the value of more complex CDM initiatives. 
For large-scale international collaborations and infrastruc-
ture projects, more sophisticated CDMs are often required. 
For example, the Data Analysis and Real World Interrogation 
Network (DARWIN EU [19]) project, which aims to conduct 
over 140 annual studies on drug use, safety, and effective-
ness across the European Union, relies on the OMOP CDM 
to harmonize healthcare data across participating countries. 
However, adopting the OMOP CDM requires technical skills, 
infrastructure and resources that may not be realistic in many 
research groups, particularly those with limited experience in 
CDM-based workflows.

To realize the benefits of CDM-based research, transforming 
source data into the CDM must be as streamlined as possible. 
ETL development is complex and requires detailed knowledge 
of source data, creating a strong incentive to standardize ETL 
procedures. In Denmark, we plan to release an ETL package for 
selected source data, with similar efforts in Norway and Sweden 
to follow and be shared as they become available.

Our hope is that the EpiCore CDM will gain traction, as a start-
ing point for many collaborative CDM-based studies in the 
Scandinavian setting. Moreover, we believe that it can serve as a 
valuable training platform for broader CDM skill development, 
thereby equipping research groups with the expertise needed to 
adopt more complex frameworks in the future.

7.1   |   Plain Language Summary

High-quality research in healthcare requires contributions from 
many individuals and, ideally, multiple countries or settings. Since 

data are generally not allowed to be combined across sites, CDMs 
are used to ensure data are represented consistently, enabling the 
same analyses to run smoothly everywhere.

In many cases, simple CDMs are sufficient, particularly in com-
parable settings such as the Scandinavian countries. However, 
many existing CDMs demand significant resources, infrastruc-
ture, and expertise to implement. The EpiCore CDM presented 
in this paper is a pragmatic and user-friendly model specifi-
cally designed for pharmacoepidemiological research using 
Scandinavian register data.

EpiCore supports the key data sources most commonly used in 
this research area, including prescribed drugs, hospital encoun-
ters, and associated diagnoses and procedures. It is designed to 
be flexible, allowing users to adjust the model when needed, for 
example, to incorporate additional data sources. We also believe 
that EpiCore can enhance the way researchers manage and ana-
lyze data in their local settings.

To complement the CDM, we have developed an automated 
tool, EpiCoreAssistant, which helps researchers verify that their 
source data have been correctly transformed into the EpiCore 
CDM structure.
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