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Abstract. OHDS]I, a fast growing open-science research community seeks to enable
researchers from around the globe to conduct network studies based on standardized
data and vocabularies. There is no comprehensive review of publications about
OHDSI's standard: the OMOP Common Data Model and its usage available. In this
work we aim to close this gap and provide a summary of existing publications
including the analysis of its meta information such as the choice of journals, journal
types, countries, as well as an analysis by topics based on a title and abstract
screening. Since 2016, the number of publications has been constantly growing and
the relevance of the OMOP CDM is increasing in terms of multi-country studies
based on observational patient data.
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1. Introduction

The Observational Medical Outcomes Partnership (OMOP) was formed in 2008
originally as public-private partnership to establish best practices of retrospective
observational research. To overcome technical challenges of executing a large number
of analytical methods in a network of multiple databases to detect 10 outcomes in 10
drug classes, standardization of data formats, content (coding) and methods became a
necessity[1]. The result was the development of a common data model (CDM). This
enabled other research groups around the world to exchange and use observational data
for research in a standardized way[2]. The OMOP project ended in 2013. Based on the
promising results of the OMOP project and the foundational CDM, an open-science
community named Observational Health Data Science and Informatics (OHDSI) was
founded in 2014.

The overall goal of the OHDSI community is to improve health care for patients [3].
Therefore, they provide an open-source software portfolio and methods for data
standardization and analysis. This includes the OMOP CDM that provides the foundation
for data storage. With it comes the OMOP Standardized Vocabularies for harmonizing
the data, guidelines and a set of tools for the development of ETL jobs to transfer data
into the OMOP CDM and a software framework for data analytics. It enables researchers
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around the globe to perform studies based on standardized data. Until now, the OHDSI
community is already represent in more than 19 countries, with more than 200 million
patient records from outside the US and with more than 2,500 collaborators [4].

Since its inception, the adoption of OHDSI has steadily increased. Examples in
Europe are (i) the European Health Data and Evidence Network (EHDEN) [5], (ii) the
collaboration with Health Level Seven International (HL7) [6] and (iii) the relevance in
the German Medical Informatics Initiative [7]. The EHDEN consortium is working on
patient record harmonization across 22 countries in Europe based on OMOP. In June
2020, the European Medicines Agency (EMA) announced a project for building a
research framework for multi-center studies on COVID-19 patients that includes the
collaboration with EHDEN and is also built on OMOP as data standardization foundation.
In March 2021, a collaboration between HL7 and the OHDSI community was
announced with the goal to create a single common data model that integrates HL7 Fast
Healthcare Interoperability Resources (FHIR) [8] and OMOP [9]. The consortium
"Medical Informatics in Research and Care in University Medicine" (MIRACUM) [10],
part of the German Medical Informatics Initiative, focusses on open-source software to
enable data integration and distributed analyses. Thus, a Clinical Trial Recruitment
Support System based on OMOP is being developed in MIRACUM [11].

All standards are as relevant as their adoption. There is no comprehensive overview
of the adoption rate of the OMOP CDM in the field of observational patient data research.
Therefore, we aim to provide this overview of the existing literature for the last 5 years.
Our scoping review includes details on the origin of the publications and a categorization
based on the content to gain a detailed overview of main research areas OMOP is used
for. Additionally, we discuss the current state of the usage of OMOP in Germany.

2. Methods

To ensure transparency and sufficient reporting of our scoping review we followed the
"Preferred Reporting Items for Systematic reviews and Meta-Analyses"
(PRISMA) statement for the process of paper identification, screening, eligibility
checking and inclusion [12].

2.1. Paper identification

To search for relevant paper to get included in our review, we used Pubmed, Web of

Science and IEEExplore. Table 1 provides a detailed overview on our search that was
executed on 22nd of February 2021.

Table 1. Search engine with search strings

search engine search string
Pubmed All Fields: OHDSI or OMOP or "Observational Health Data Sciences and
Informatics" or "Observational Medical Outcomes Partnership"”
Web of Science ALL FIELDS: OHDSI or OMOP or " Observational Health Data Sciences and
Informatics" or "Observational Medical Outcomes Partnership"”
IEEEXplore ("Full Text & Metadata":OMOP) OR ("Full Text & Metadata":OHDSI) OR ("Full

Text & Metadata":Observational Medical Outcomes Partnership) OR ("Full Text &
Metadata":Observational Medical Outcomes Partnership)
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2.2. Paper exclusion

The results from the three sources were imported to the Zotero Citation Manager [13]
into a new library. The exclusion process consisted of two steps. First, duplicate findings
were removed using the built-in function of Zotero for duplicate item handling. Second,
papers that are off topic, have no open access to full text, or are not in English were
excluded.

The exclusion of papers based on the above aspects was done by one author (IR)
based on the paper titles and abstracts as well as a check for access and language of full
text in English. A list of included publications has been exported as comma separated
(CSV) file for further categorization by content.

2.3. Paper categorization

The categorization of paper has been done by country, journal and thematic focus. To
categorize paper by country, we determined the country of the first author. Furthermore,
we checked the origin of the clinical data that has been used in the publication and
marked all paper when the usage of multi country data was described in the methods
section of each paper. To categorize by journal we first used the item type that provides
information whether a publication is a journal paper, a conference paper, a book or
another type of publication. We categorized all journal paper by journal and grouped the
journals into the three categories medical journals, medical informatics journals and
informatics journals. Additionally, all paper abstracts and if needed the full text were
screened by three co-authors (IR, FB, MZ) for categorization by content. Based on an
initial tagging during the title-abstract-screening the reviewers agreed on six major
thematic dimensions (see Figure 1). The dimension “usage” is very generic and covers a
large number of subjects. Figure 1 contains nine subcategories for this dimension that
provide more inside on the usage of OMOP. We determined that tool development based
on OMOP is an important topic in research and therefore we checked each paper for this
criterion as well. From the three annotations of the co-authors, a final result was agreed
upon. The paper categorization process resulted in a single CSV file to be used for the
next step of the paper analysis.
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Figure 1: Paper categorization by content
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3. Results

The number of publications identified by the initial search was 415 from all three data
sources. After the removal of duplicates, 267 publications remained for the initial
screening to check the eligibility for inclusion in the review. Of these, 94 publications
were excluded because of missing full-text, no full text in English or paper are off topic.
The latter ones are the result of us including authors that are involved in OHDSI research
and have been picked up by the search, but may also write on unrelated subjects. Figure
2 shows the PRISMA flow chart result for the literature review. A complete list of
publications included in our analysis is available here http://doi.org/10.5281/
7enodo.4635599.

The literature research led to an inclusion of 173 publications, 53 of which are
conference papers and 120 of which are journal publications. While the number of
conference articles remains constant over the last five years, the number of journal
publications is growing linearly.

181 publications 147 publications 87 publications
identified through identified through identified through
Pubmed Web of Science IEEE Xplore

148 duplicates
removed

267 publications
screened

94 publications
excluded

173 publications
included

Figure 2: PRISMA flow chart diagram

Figure 3 provides an overview of the number of paper per journal type that are
informatics, medical (med) and medical informatics (mi). We determined a constantly
growing number of publications in mi journals. Moreover, the number of publication in
medical journals increased to 14 in the year 2020.

The analysis of publications regarding the country of the authorship (Figure 5)
shows a high activity in the United States (109 single + 2 joint main authorships with
other countries). This is followed by South Korea (17 single main authorships), UK (7
single + 2 joint main authorships with other countries) and Germany (10 single main
authorships).

We additionally marked those publications that are using data from multiple
countries and counted 21 multi country publications in terms (full list of literature [14],
column “country of data”). This led to a total number of 14 publications with multi
country publication in the subcategory studies (Figure 4).
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The analysis of the dimensions shows an extensive growth of the usage of OMOP
in 2020 in comparison to the last years (see Figure 6). All other dimensions remain
relatively steady.

The analysis of the subcategories (see Figure 7) from the main category “usage”
shows that OMOP CDM is mostly used for conducting studies (29 publications) and for
machine learning and prediction (25 Publications). Other important topics
are phenotyping, Natural Language Processing (NLP), data quality (DQ) and patient
recruitment for clinical studies. Most of the publications in the subcategory NLP are
related to the extraction of inclusion criteria out of free-text to improve the overall
recruitment process identifying potential participants for clinical studies. The results of
the simple text and abstract free text analysis indicate a good match to the developed
content dimensions and subcategories as shown in Figure 1.
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Figure 7: Distribution of articles by specific usage (subcategories)

A further analysis led to the identification of 34 publications that present newly
developed tools based on OMOP CDM.
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4. Discussion

Our review includes all publications listed on PubMed, Web of Science and IEEEXplore
on OHDSI and OMOP. This covers the overwhelming part of the existing scientific work
in this area. However, our review is limited since it does not reflect the complete range
of research work done within the OHDSI community during regular community
meetings or OHDSI symposia, because those publications are not indexed in the
databases, we used for the paper identification.

Our work showed a steady growth of publications year by year since 2016, in
particular the number of journal publications increased substantially. Compared to the
years before and in contrast to the other dimension the “usage” of OMOP, the 2020 rates
more than doubled compared to the previous years. Additionally we determined a high
correlation between publications using patient data from multiple countries and
publications that used OMOP for clinical network studies. This matches the goal of the
OHDSI community to establish a worldwide research network for multi country studies
on observational patient data to improve healthcare [3].

In the subcategory “mapping”, we found many research publications from outside
the United States (e.g., France, Austria, Germany and others), developing solutions to
map local data terminologies to predefined and standardized vocabulary. The reason
might be that as a precondition for joining the worldwide research network studies within
the OHDSI community these countries had to do some catch up to do. Furthermore, the
mapping and transfer of data to the OMOP CDM is a constantly seen topic since 2016.
We identified only one publication that covers the topic of incremental data transfer to
OMOP. The incremental load of data to OMOP is still an open issue and requires higher
focus on the quality assurance process [15]. However, a generic concept on how to
process changing data over time to the OMOP CDM is not available.

Another interesting fact is the low correlation between OHDSI OMOP and FHIR in
the reviewed literature by now. FHIR is an international standard for exchanging
healthcare data with increasing impact and popularity [15, 16]. Only one publication in
the year 2017 was published in the context of FHIR and OMOP.

We identified 10 publications from German author teams but none of them is related
to a clinical study based on observational patient data with a medical background [10,
11, 17-24]. All of them are related to mapping issues, architectural concepts or tool
development based on OMOP. Though in 2020 two new data partners in Germany for
the EHDEN project have been announced [26], Germany did not participate on multi
country OHDSI OMOP studies based on observation in-patient data. Hence, it is crucial
to empower the German research community to use OMOP productively to participate
on international network studies on observational patient data.

5. Conclusions

This paper provides a review of existing publications on OHDSI OMOP over the last 5
years, showing the focus of groups while adopting the standard and putting it to use. We
investigated the existing publications based on different aspects. We complemented our
review by outlining latest trends and confirmed an increasing importance of OHDSI
OMOP conducting network studies with observational patient data across different
countries. This will help research teams to quickly explore relevant research topics
around OMOP.
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