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Abstract. The compliance of health terminology servers with the FAIR principles 
is crucial for establishing an interoperable digital health ecosystem that facilitates 
health data exchange. These servers must maintain high-quality standards while 
providing persistent, multilingual, and cross-lingual management of health 
terminologies. Implementing the FAIR principles is vital for creating consistent 
connections within One Digital Health, leading to better global healthcare outcomes 
and decision support systems by supporting international collaboration and 
facilitating interactions between all the actors involved in health data usage. Thus, 
this paper focuses on aligning the Health Terminology/Ontology Portal (HeTOP) 
with the FAIR principles, hosting the One Digital Health - Unified Terminology 
(ODH-UT). 
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1. Introduction 

Semantic interoperability is crucial for reusing healthcare data in Clinical Data 
Warehouses (CDWs). Utilizing terminologies or ontologies as a common data structure 
is key to achieving semantic interoperability for biomedical data. Health terminology 
servers (HTSs) manage ontologies, terminologies, and coding systems at a semantic level. 
They are essential for Electronic Health Records (EHR) and CDWs, enhancing the 
quality of data collected in EHR for various purposes such as research, hospital 
management, decision support systems, and coding optimization in CDWs [1,2]. 

Healthcare management organizations (HMOs) often use different software and 
terminologies to record health information, which can lead to discrepancies in electronic 
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health records. HTS can help by standardizing an HMO's health-related terminologies 
and mapping them to national or international reference terminologies. 

Accordingly, several HTSs have been created to store, search, and use multiple TOs 
simultaneously to allow mapping from one to the others. Among them are some 
internationally used, such as UMLS [3], the EBI Ontology Lookup Service [4], the 
National Center for Biomedical Ontology - BioPortal [5], and HeTOP [6]. HTSs also 
exist at the national level in several countries, such as the NHS (National Health Service) 
England Terminology Server, the Ontoserver in Australia, and SMT (a.k.a. Server Multi 
Terminologies) in France [7,8].  HeTOP is developed since 2007, at the Department of 
Digital Health of the Rouen University Hospital, Normandy, France. HeTOP is a cross-
lingual health termino-ontologies server [9], comprising in October 2024, over 100 
health terminologies in 55 languages. In contrast, other HTSs (e.g., BioPortal) comprise 
more than 1,000 ontologies, mainly in English, without integrating natively multilingual 
or crosslingual approaches.  

This complexity must be standardized to be persistent over time. Therefore, the ISO 
26162 standard comprises a model to manage terminology, knowledge, and content, 
particularly designing, implementing, and maintaining terminology management 
systems (or terminology servers). To put these recommendations into action, it is 
important to consider the FAIR (i.e., "Findability," "Accessibility," "Interoperability," 
and "Reusability") principles providing a framework for organizing research outputs so 
that they can be easily accessed, understood, exchanged, and reused digital resources, 
including datasets, codes, workflows, and research objects [10]. Few HTS developers 
and owners have analyzed and published their compliance with FAIR principles [11]. 

We aim to investigate how HTSs comply with FAIR principles and metrics in the 
context of One Digital Health (ODH) [12]. ODH uses digital technologies to create 
consistent links between education, environment monitoring, human and veterinary 
medicine, industry 4.0, and citizen engagement. Understanding HTSs' compliance with 
FAIR principles is crucial for establishing an interoperable digital health ecosystem 
capable of seamless, secure health data exchange and processing, considering the five 
ODH dimensions highlighted above [13]. Moreover, HeTOP hosts the ODH – Unified 
Terminology (ODH-UT) [14] as a part of the Medical Informatics and Digital Health 
Multilingual Ontology (MIMO) [15]. 

After introducing the HTSs and the FAIR principles above, we present our 
methodology for assessing compliance with the HTSs' properties and FAIR principles. 
Then, we present the example of the HeTOP cross-lingual terminology server in a 
synthetic and use case-based way. 

2. Methods 

To create effective terminology servers, it is crucial to ensure high-quality data that 
adheres to certain components such as availability, usability, reliability, relevance, and 
presentation quality. Additionally, data must align with various quality elements, 
including accessibility, timeliness, authorization, credibility, definition/documentation, 
metadata, accuracy, consistency, integrity, completeness, auditability, fitness, readability, 
and structure. These elements must also be in line with the FAIR principles.  

The FAIR guiding principles emphasize the need to enhance computational systems’ 
capabilities to manage digital resources’ monitoring, collection, processing, and 
stewardship with minimal human intervention. This is especially important in the health 

A. Benis et al. / Implementing FAIR Principles in Health Terminology Servers 1191



and medicine field, where the “big data” and “cloud computing” revolutions have 
increased data volume, velocity, and variability.  

3. Results 

HTSs should inherently align with FAIR principles, being findable, accessible, 
interoperable, and reusable. However, each principle requires careful assessment. For 
instance, HeTOP, a cross-lingual terminology server, meets most FAIR criteria. It 
ensures identifiers crucial for human-machine interoperability, supporting the “Open 
Science” vision, and offers rich metadata, searchable resources, and more. Yet, HeTOP 
does not fully adhere to all FAIR principles. Notably, it lacks versioning for 
terminologies (typically for ICD10), providing only the latest version online. This 
strategic decision was made to optimize response times and ease the end-user experience, 
although older versions are stored offline for historical relevance in clinical data. 

 
Table 1. FAIR principles applied to the HeTOP cross lingual terminology server 

FAIR principles HeTOP 

F1: (Meta)data are assigned a globally 
unique and persistent identifier. 

Each health concept integrated into HeTOP has its own Uniform 
Resource Identifier (URI), which includes one identifier for each 
terminology and a code for each language. 

F2: Data are described with rich 
metadata (defined by R1 below). 

(+) HeTOP manages data with rich metadata, including rich 
relations for concepts and mappings between different 
terminologies. The metadata comprises internal and external 
descriptions for imported controlled vocabularies and 
metathesaurus. 

F3: (Meta)data clearly and explicitly 
include the identifier of the data they 
describe. 

(+) In HeTOP, each piece of data has a global and unique 
identifier: HID (HeTOP ID). When available, the ID from the 
original data source is also included, such as CUI for UMLS 
concepts or IDs for reference terminologies like MeSH or NCIT. 

F4: (Meta)data are registered or 
indexed in a searchable resource. 

(+) HeTOP is a terminology server that indexes searchable 
resources of imported and house-made metadata sets. Its internal 
model requires analysis to integrate new terminologies or 
ontologies. The data is reusable and can be indexed on a platform 
for medical informatics and digital health academic teaching 
resources. Additionally, HeTOP's searchable resource is based on 
a semantic search engine previously designed to index health 
resources. 

A1: (Meta)data are retrievable by 
their identifier using a standardized 
communications protocol. 

(+) HeTOP metadata are retrievable using a standardized 
communications protocol (http, ftp) and XML-based standard data 
exchange formats (e.g., OWL, JSON). 

A1.1: The protocol is open, free, and 
universally implementable. 

(-) HeTOP hosts some terminologies under a commercial license. 
Thus, access to HeTOP is partially free, and for some parts of 
HeTOP, it is restricted to authorized/granted users. 

A1.2: The protocol allows for an 
authentication and authorization 
procedure, where necessary. 

(+) In some terminology, Access to HeTOP is restricted to 
authorized users. After registering and granting access, users are 
required to use an ID and a password. 
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A2: Metadata are accessible, even 
when the data are no longer available. 

(-) HeTOP does not allow automated access to old and not up-to-
date metadata. To do this, a special request is necessary to restore a 
specific backup in a dedicated area. 

I1: (Meta)data use a formal, 
accessible, shared, and broadly 
applicable language for knowledge 
representation. 

(+) HeTOP metadata are accessible, sharable, and (re)usable 
regarding the use of well-known knowledge representation 
languages such as OWL, JSON, RDF, and CSV. 

I2: (Meta)data use vocabularies that 
follow FAIR principles. 

(+) HeTOP manages controlled vocabularies that are FAIR 
compliant per se, such as SNOMED and LOINC. 

I3: (Meta)data include qualified 
references to other (meta)data. 

(+) This is a fundamental principle of HeTOP and, by extension, 
of multi-terminologies servers. The HeTOP metadata include 
qualified references to other metadata. 

R1: (Meta)data are richly described 
with a plurality of accurate and 
relevant attributes 

(+) This is a fundamental principle of any multi-terminologies 
server. 

R1.1: (Meta)data are released with a 
clear and accessible data usage 
license. 

(+) HeTOP is freely accessible for freely accessible and non-
licensed terminologies. The final user must own a commercial 
license for license-based terminologies, whereas HeTOP owns a 
specific research license. A login is necessary to access HeTOP 
for these last ones.  The released (meta)data include clear and 
accessible data usage information for each license adaptation. 

R1.2: (Meta)data are associated with 
detailed provenance. 

Each metadata is clearly stated in HeTOP (e.g., there is a clear 
difference between metadata from terminologies and HeTOP or its 
partners (e.g., the French National Digital Health Agency).  

R1.3: (Meta)data meet domain-
relevant community standards. 

(+) The metadata meets the medical informatics and digital health 
standards by linking 1-N terminologies and 1-N languages (e.g., 
English, French, Spanish). 

4. Discussion and Conclusions 

HTSs are crucial in healthcare for exchanging health information. The FAIR principles 
emphasize that health terminologies should be findable, accessible, interoperable, and 
reusable. HTSs are essential tools for managing and providing access to terminological 
resources. HTSs centralize access to terminologies, making it easier for all the actors 
involved in health data usage to discover needed information through advanced search 
functions and comprehensive metadata. High-quality metadata and integration with 
wider search systems are essential for enhancing findability. HTSs improve accessibility 
by offering various access methods and ensuring interoperability through standardized 
formats and protocols. However, without adequate access controls or support for diverse 
data formats, the accessibility of sensitive resources could be compromised. 
Compatibility issues and inconsistencies in interpreting terms across domains can also 
reduce the benefits of TSs. In the future, we can expect a strong focus on standardization 
and harmonization to improve interoperability among HTSs. Semantic technologies like 
Linked Data and artificial intelligence processes will enhance HTS's FAIRness. The user 
interfaces will also become more intuitive, personalized, and integrated with knowledge 
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graphs to provide intelligent and contextualized terminological services. FAIR metrics 
will emerge to evaluate adherence to these principles. Adhering to these principles is also 
essential for internationalizing new healthcare concepts, facilitating harmonized cross-
border collaboration, and promoting global interoperability in using and exchanging 
health data. Applying FAIR principles improves HTSs usability and interoperability by 
promoting vocabularies (e.g., ODH-UT [14]) dealing with each one of the five ODH 
dimensions: education, environmental monitoring, human and veterinary medicine, 
industry 4.0, and citizen engagement in real-world applications [16]. 
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