
Compatible Data Models at Design Stage of Medical Information Systems: 

Leveraging Related Data Elements from the MDM Portal 

Martin Dugasa, Stefan Hegselmanna, Sarah Riepenhausena, Philipp Neuhausa, Leonard Greulicha, 

Alexandra Meidta, Julian Varghesea 

aInstitute of Medical Informatics, University of Münster, Germany  

 

 

Abstract 

Compatible data models are key for data integration. Data 

transformation after data collection has many limitations. 

Therefore compatible data structures should be addressed 

already during the design of information systems. 

The portal of Medical Data Models (MDM), which contains 

20.000+ models and 495.000+ data items, was enhanced with 

a web service to identify data elements, which are frequently 

collected together in real information systems. Using Apache 

Solr, a fast search functionality to identify those elements with 

semantic annotations was implemented.  

This service was integrated into the metadata registry (MDR) 

component of MDM to make it available to the scientific 

community. It can be used to build intelligent data model 

editors, which suggest and import frequent data element 

definitions according to the current medical context. 
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Introduction 

Integration of medical data from different sources is a common 

but complicated task. There are many use cases for data 

integration, for instance in medical research: comparison of 

data from different sites, comparison of new study results with 

published data sources or merging of routine data with study 

data. In routine care, data integration is needed for quality 

assurance, for example to transfer a site-specific data set into a 

central database, or clinical decision support, for instance to 

apply standardized decision rules on local data sets. This list is 

not complete. However, there are many reports about data 

integration issues [1]. 

In many cases, collected data from different sources is similar 

in several aspects (e.g. regarding disease domain, patient group, 

assessment, therapy, outcome), but from a data analysis point 

of view, similar is not good enough. Instead, data shall be 

compatible to enable merging of data sources and joint analysis. 

A common approach to address this problem is data 

transformation after data collection. Data warehousing is a 

typical example for this approach: It applies extract-transform-

load (ETL) to generate an integrated data set from different 

sources. However, the transformation step has important 

limitations, such as information loss during aggregation or bias 

due to semantic differences of data elements. 

Why are there so many similar but incompatible data sources in 

medicine? This is caused by the semantic richness of medical 

terminology. SNOMED CT [2] contains more than 300.000 

non-synonymous terms. Even for a small data model like a case 

report form with only one sheet (e.g. 40 data elements), there is 

an astronomical number of different models. As a consequence, 

if two medical experts design a data model for a given medical 

topic independently, the probability for compatible models is 

extremely close to zero. 

Table 1 presents an example for data elements in two 

information systems, which are similar but incompatible: 

Myocardial infarction and atrial fibrillation are only a subset of 

heart diseases, i.e. a patient with myocardial infarction or atrial 

fibrillation has heart disease, but a patient with heart disease has 

not necessarily myocardial infarction or atrial fibrillation.  The 

value sets of pain level are not transformable between system 1 

(5 levels) and 2 (4 levels). This similarity has major drawbacks: 

joint data analysis of those systems is very limited and a joint 

algorithm for decision support is not applicable. 

Table 1– Similar data are problematic for data integration: 

Data from systems 1 and 2 are similar, but incompatible.  

System 1 System 2 

heart disease yes/no 

 

 

pain level  0-1-2-3-4

myocardial infarction yes/no 

atrial fibrillation yes/no 

 

pain level  0-1-2-3

 

The similarity of medical data models is a big challenge, but 

also an opportunity for standardization and thereby better 

compatibility. Data integration would be a lot easier if data 

models from different sources were more compatible, i.e. had a 

larger proportion of compatible data elements. Overall, it would 

be highly desirable to foster compatible data models at the 

design stage, because post-hoc transformations have 

limitations. 

The Portal of Medical Data Models (MDM-Portal) [3] 

addresses this problem with an open access approach to foster 

best practice sharing and thereby promotes re-use of existing 

data models. Users can search, comment, upload and download 

data models. An integrated metadata registry (MDR) 

component provides search functionality at the data element 

level to identify most frequent data element definitions for a 

medical concept such as weight or potassium. 

The objective of this work is to go one step further and answer 

the following question: For a given data element (or a set of 

data elements) - what other data elements are collected most 

frequently together with this data element in real information 

systems? 
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This list of related data elements can contribute to the design of 

new information systems. It supports completeness of data 

models by identification of data elements, which are frequently 

covered in many related data sources; and, importantly, it 

fosters compatibility of data models by re-use of data element 

definitions from existing data sources wherever possible. 

A concrete example: What lab values (or any other medical 

characteristics) are frequently collected together with 

"bilirubin"? And what are the precise data element definitions 

of these related data elements? 

This type of relatedness goes beyond terminological 

relationship (like atrial fibrillation is a subtype of heart disease) 

- it is about actual data elements used in real medical data 

sources. 

Methods 

Semantic annotation of data elements 

Semantic annotation is needed to identify meaningful related 

data elements because item names can be ambiguous [4]. Figure 

1 presents an example: an attribute named "size" could refer to 

body height, tumor size or shoe size. By assigning a semantic 

code – such as a UMLS [5] or SNOMED CT code – the medical 

concept of an item name can be specified and a reference to a 

more detailed description is available. 

 

 

 

Figure 1– The need for semantic annotation: "size" is 

ambiguous, it can refer to body height, tumor size or shoe 

size. 

Open access to medical data models 

To identify related data elements, the MDM portal is used as a 

source of data models. Figure 2 presents the overall architecture 

of this system, which is described in more detail in [3,6]. As of 

March 2019, MDM contains more than 20,000 data models 

with approximately 495,000 semantically annotated data 

elements. To our knowledge, it constitutes the largest collection 

of medical data models in Europe. Each data element consists 

of name, textual description (which can be multilingual), data 

type, and semantic code. Optionally, a code list, value range or 

unit can be provided. These data elements are defined according 

to ISO 11179 [7], i.e. for each element, a concept domain and a 

value domain are specified. An MDR component provides 

search functionality and frequency counts based on data 

element name, data type, range, unit, values (code list) and 

semantic coding. 

 

 

Figure 2– Overall approach of the MDM portal: an open 

access platform for medical data models 

Relationship of data elements 

Each data model consists of a list of context-specific data 

elements; therefore any two data elements can be defined as 

related, if these elements belong to the same data model. This 

means that these two data elements are collected together in the 

same documentation setting.  

Results 

Web service to identify related data elements 

Apache Solr is used to index data elements in the MDM portal 

[8]. This open-source search platform is selected due to its fast 

full-text search and query language. A web service is 

implemented with the Java web framework Spring Boot. Java 

libraries SolrJ and JAXB are applied for the communication 

with Solr and to process the XML-format of ODM files within 

the MDM portal. 

The overall architecture of the web service "related items" is 

depicted in figure 3. There are two variants of this service: 

Variant 1 identifies all data elements, which are jointly 

collected with a given data element (indicated by data element 

ID). Variant 2 identifies all data elements, which are jointly 

collected with a set of data elements with the same name (e.g. 

"age"). In both variants, results are ordered by frequency of co-

occurrence. 

The MDR component of MDM is enhanced with this web 

service using JavaScript to demonstrate the search functionality 

for related data elements. It is available at https://medical-data-

models.org/ under actions / metadata registry (after free 

registration). 
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Figure 3– Architecture of the web service "related items". 

MDM items are indexed with Apache Solr. For a given query, 

jointly collected data elements are reported in JSON format, 

ordered by frequency of co-occurence. 

 

 

 

Figure 4 presents the output of the MDR for search term 

"Bilirubin". The most frequent definition (n=30) for items 

named "Bilirubin" is data type float, unit mg/dl and UMLS code 

C0005437. By clicking on the green button "Search for related 

items" a list of related data elements, ordered by frequency, is 

displayed (figure 5). For instance, AST is on this list. This is 

plausible from a medical perspective, because AST and 

bilirubin are laboratory tests, which are frequently elevated in 

certain liver diseases. 

Because the system architecture is web service based, this 

search functionality for related items can also be used by 

external systems. 

  

Figure 4– Search for items "Bilirubin" in the MDR component 

Figure 5– Related items to "Bilirubin": AST is a marker for liver disease like bilirubin 
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Discussion 

Data from different sources should be as compatible as possible 

to facilitate data integration. Syntactic and semantic 

interoperability of Electronic Health Records (EHR) is a well-

known challenge [9]. Definition of data elements is a key step 

in the design of medical information systems. A huge number 

of similar, but incompatible data models can be designed due to 

the semantic richness of medical terminology. For this reason, 

re-use of data element definitions from already existing 

information systems should be fostered. The MDR component 

of MDM supports this re-use with lists of data element 

definitions for a given item name. 

This work goes one step beyond: It identifies data elements, 

which are collected frequently together with a given data 

element in real information systems. 

The aspect of frequency is important to select most suitable 

elements for data collection: In a typical medical setting, data 

consumers want to analyze many data elements with high data 

quality, but data producers can provide only a limited number 

of data elements due to resource constraints. For example, what 

laboratory tests should be collected in a certain medical setting? 

Each additional lab value provides potentially interesting 

information, but is also associated with costs. The cost of data 

collection is a limiting factor for the number of patients, which 

can be documented. 

With the new web service, designers of information systems 

can learn from already available data sources. If certain data 

elements were collected frequently together with a given data 

element, then those elements should also be considered for the 

new system. This facilitates joint data analysis in the future, in 

particular if the data element definitions from previous sources 

can be re-used without modifications. 

Related data elements can provide a link between medical 

terminology and real information systems. The MDM portal 

provides a large collection of real data models from different 

sources. In contrast to terminology services, MDM contains 

information, which data elements are collected together. This 

goes beyond terminological relationships like "atrial fibrillation 

is a subtype of heart disease". MDM can answer the following 

questions: What data element definitions are available for 

"atrial fibrillation" and how frequent are these definitions being 

used? The new web service extends this functionality: What 

data elements are frequently collected together with the data 

element "atrial fibrillation"? The answer to this question 

provides the opportunity to harmonize and improve information 

systems already at the design stage. 

At present, most IT frameworks for information systems 

provide its own data model editor. Relatively few of these 

editors can import external data model definitions. If it was 

easier to re-use data models from existing data sources, 

compatible data structures would be fostered and data 

integration would be easier. In addition, a lot of resources to 

maintain and use thousands of different data model editors 

could be saved. 

A key idea of the new web service is to make data model editors 

more intelligent: with this web service, the editor can suggest 

new data elements, which are related to the current model 

context. For instance, suitable laboratory values for a given 

setting could be suggested. 

There are many format options for data model definitions. In 

the field of clinical research, CDISC Operational Data Model 

(ODM) [10] is a growing standard and due to its endorsement 

by regulatory authorities more and more software solutions 

adopt it. For this reason MDM provides data models in ODM 

format, but also in many other formats like HL7 FHIR [11], 

Archetype Description Language as well as office and 

statistical formats. 

There are many other approaches to foster compatible data 

models at the design stage of medical information systems. In 

particular, there are several initiatives to develop and consent 

common data elements (CDEs), such as the NIH CDE 

Repository [12]. Archetypes [13] are another major initiative to 

foster compatible data structures. Several libraries for 

standardized measures and instruments are being developed, 

such as PhenxToolkit [14] and ICHOM [15]. To our 

knowledge, none of these initiatives provide a service to 

identify related data elements from real data sources. 

The current implementation of the web service for related data 

elements is a proof of concept and therefore has limitations, 

which should be addressed in future work: 

1. It should be validated for a large number of data 

elements. 

2. It relies on the contents of the MDM portal, which 

covers only a small subset of all medical data models. 

3. It needs to be evaluated externally in the design of 

information systems, specifically regarding its 

contribution to the compatibility of data models. 

Conclusions 

Compatible data models should be implemented at the design 

stage of information systems. A novel web service to foster re-

use of data element definitions is available for the scientific 

community. This service is based on the MDM portal and 

identifies data elements which are collected frequently together 

in real information systems. 
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