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Background: The European Health Data Space (EHDS) regulation introduces
a transformative framework for the exchange of health data among EU stake-
holders. Among its interoperability measures is the inclusion of the International
Classification of Functioning, Disability and Health (ICF) as a standard for docu-
menting functioning in patient summaries and discharge reports. While ICF offers
a biopsychosocial lens to complement disease-centric classifications, the avail-
ability of interoperable ICF data remains uneven.

Objective: This structured narrative review examines the readiness of EU stake-
holders to exchange and utilize ICF data within EHDS. It explores current prac-
tices from the data availability and technical infrastructure perspectives, discusses
influencing factors such as legislative frameworks and socio-ethical conditions,
identifies gaps, and proposes actionable recommendations for the future.
Methods: Given the limited data available on this topic, a structured narrative
review was performed, including a structured literature search from five data-
bases. Additionally, targeted searches were performed in policy repositories and
institutional sources. The search included documents written in English, Finnish,
and ltalian, and the study objective defined the scope for the literature search.
Documents were analyzed to synthesize contextual information across stake-
holders, identify gaps, and gain strategic insights.

Results: In total, 78 studies and gray literature references are discussed in the
synthesis. The available evidence on ICF data infrastructures across EU stakehold-
ers reveals significant disparities. Many countries lack standardized EHR support
for structured ICF data storage. There is a need to include and map the ICF
to international key terminologies and health informatics frameworks to ensure
semantic interoperability. Low professional awareness further hinders data avail-
ability. Unequal digital literacy and limited citizen empowerment compromise
efficient use of ICF. To address these gaps, a three-phase roadmap is proposed:
(1) promoting ICF awareness and structured documentation, (2) advancing tech-
nical integration through FHIR and ontology development, and (3) aligning policy
and governance to support scaling.

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2026.1786004&domain=pdf&date_stamp=2026-04-20
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2026.1786004
mailto:linda.k.nieminen@pirha.fi
https://doi.org/10.3389/fpubh.2026.1786004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full

Nieminen et al.

10.3389/fpubh.2026.1786004

Conclusion: Integrating the ICF into EHDS is not merely a technical task; it rede-
fines how health is conceived and measured. By addressing readiness across
data, technical, legal, and socio-ethical dimensions, the EU can unlock the full
potential of functioning data to improve the well-being of its citizens.
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1 Introduction

As the European Health Data Space (EHDS) regulation
approaches implementation in the coming years, its implications are
closely examined across the European Union (EU) stakeholders.
EHDS facilitates the use and exchange of health data by harmonizing
national health data infrastructures and enabling seamless interoper-
ability among stakeholders across EU countries. EHDS enhances the
continuity of care and supports decision-making at both the clinical
and system levels by leveraging standardized health data, in compli-
ance with EU legislation, while maintaining the highest standards of
privacy and cybersecurity (1). It empowers and facilitates the use of
health data for all stakeholders, including citizens and patients, health-
care professionals, providers, researchers, industry and developers,
and governmental bodies (2). The EHDS regulation is expected to
apply to all European Economic Area (EEA) countries (3).

Under the regulation, data will be transferred between stakehold-
ers for both primary (including patient summaries, e-prescriptions,
medical imaging and reports, laboratory results, and discharge
reports) and secondary purposes (pseudo/anonymized data). It can
be imported from electronic health records (EHR), genetic data repos-
itories and biobanks, research data, and wellness applications (1). To
ensure interoperability, exchanged data must follow established stan-
dards. In patient summaries and discharge reports, the International
Classification of Functioning, Disability, and Health (ICF) is consid-
ered the standard for exchanging functioning-related data (4, 5).

The ICF is a comprehensive framework and a standardized lan-
guage developed by the World Health Organization (WHO) to sys-
tematically classify and describe health and health-related domains
(6). Unlike traditional disease-centric classifications, such as the
International Classification of Diseases (ICD), the ICF adopts a bio-
psychosocial model that comprises body functions, body structures,
activities and participation, and environmental factors. When imple-
mented in health care systems, the ICF has the potential to improve
personalized care by supporting assessments in health and social care,
chronic disease management, and disability services (7-9). The inclu-
sion of the ICF within the EHDS data exchange can enrich patient
profiles by adding health aspects beyond diagnosis, thereby improving
care, rehabilitation, and personalized treatment.

There cannot be interoperable ICF data without first ensuring that
functioning is assessed, documented, and stored systematically in
accordance with available structures. The shared common foundation,
which stores entities that can be differentially linearized to form all
three WHO reference classifications (ICD, ICF, and ICHI, the newly
developed International Classification of Health Interventions),
ensures the harmonized use of these structured descriptors across all
aspects of health (10). Interoperable, structured ICF data offers many
possibilities at the patient, professional, and system levels. For patients,

Frontiers in Public Health

it reduces redundant assessments, supports self-management, and
improves continuity of care (11). For professionals, it streamlines
workflows, enables timely decisions, and supports evidence-based
practice (11, 12). At the system level, it facilitates outcome monitoring,
resource allocation, and integrated service delivery through interoper-
able data (13, 14).

However, as a representation of the complexity of human func-
tioning, ICF is itself complex and may be difficult to manage without
strong technical support. Furthermore, while for other classifica-
tions the data source can be confidently limited to specific types of
clinical documents or specialties, human functioning data can, in
principle, be observed during any encounter or examination, even
outside a clinical setting. This makes their storage and retrieval even
more complex. The implementation of technical infrastructures to
enable recording and storing ICF-coded data in a standardized,
interoperable way has been slow, which in turn hinders its possibili-
ties to be exchanged within EHDS. There are gaps in data collection
and in technical solutions that would secure seamless interoperabil-
ity of ICF data. Additionally, it is necessary to consider the influenc-
ing legislative and socio-ethical factors when planning data
exchange and use (Figure 1). On the other hand, by recognizing the
opportunities offered by EHDS, we have the possibility to make a
big leap toward large-scale implementation of the ICE which would
bring huge benefits to the well-being and quality of life of
individuals.

Our paper examines the readiness of the EHDS stakeholders in
EU countries to exchange and use ICF data, while considering legisla-
tive and socio-ethical factors. The aim of this paper is to understand
the current state of the subject, identify gaps and challenges, and,
finally, propose a roadmap to ensure that ICF data will have the poten-
tial to be exchanged and used within EHDS.

2 Methods
2.1 Literature search

Since the evidence base on interoperable ICF data within EHDS
remains fragmented, a traditional scoping review was not feasible.
Instead, a structured narrative review approach was used. The search
strategy followed PRISMA 2020 guidelines (15) to enhance method-
ological clarity, while allowing the flexibility required for emerging
literature. Suitable elements of the PRISMA 2020 framework were
applied to ensure transparency of the search and selection process.
The applied PRISMA checklist and PRISMA flow diagram are
reported in the Appendix 1.

Firstly, targeted searches were performed in databases, policy
repositories, EU regulatory documents, and institutional sources
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FIGURE 1

Framework for interoperable ICF data in EHDS: influencing factors, infrastructure pillars, and stakeholder roles.

relevant to EHDS implementation, especially regarding legislative and
socio-ethical factors, and in health organization sources relevant to
ICF data use and infrastructures in EU countries (with search words,
such as EHDS and legislation/socio-ethical, ICF and “country x”). The
expertise of the research group guided the targeted searches. Secondly,
a systematic literature search was conducted across databases repre-
senting clinical, informatics, policy, and interdisciplinary domains:
PubMed/MEDLINE, Scopus, Web of Science, Google Scholar,
and CINAHL.

Search terms combined three key concepts: ICF, data or technical
enablers, and EHDS. Legislative and socio-ethical aspects were
excluded from the Boolean string since these topics are not unique to
ICE. The search structure was:

o (“ICF” OR “International Classification of Functioning*” OR
“functioning data” OR “functional data” OR “activity limitation”
OR “participation restriction”) AND

o (“electronic health record*” OR “EHR” OR “health data” OR “clin-
ical documentation” OR “ontology” OR “terminology” OR
“semantic interoperability”) AND

o (“European Health Data Space” OR “EHDS” OR “HealthData@
EU” OR “EU health data” OR “Europe*” OR “interoperability” OR
“cross-border”).
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Given the specific terminology of EHDS and ICE, the search strat-
egy did not include expanded synonym sets or controlled vocabulary.
Systematic searches from databases were conducted March 6, 2026.
No date restrictions were applied due to the novelty of the EHDS
regulation.

2.2 Study selection, screening, and data
synthesis

Eligible documents included peer-reviewed articles, conference
proceedings, EU policy texts, technical reports, web pages, and other
gray literature. Materials were included if they addressed

1 Interoperability within EHDS, including legal, technical, or
governance frameworks for exchanging structured health data
relevant to the ICE

ICF-related data infrastructures and standardization, includ-
ing efforts to integrate functioning data into health informa-
tion systems.

Data availability and technical enablers, such as semantic
mapping or other mechanisms relevant to ICF use in the EU.
Professional, organizational, or socio-ethical factors influenc-
ing the adoption of structured ICF data.
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Documents not addressing ICE, health data infrastructures or
results not transferrable to the context of ICF data exchange within
EHDS were excluded.

Titles were screened for relevance by one author. The abstracts
and full texts were reviewed by two authors to extract information on
the above-mentioned topics. Because the goal was thematic under-
standing rather than exhaustive mapping, no quantitative synthesis
was conducted. Qualitative data extraction was conducted to identify
the existing practices and determine gaps for future research and
development.

Extracted data were analyzed thematically. Findings were grouped
into four readiness dimensions defined by authors and supported by
the evidence: data availability, technical infrastructures, legislative
conditions, and socio-ethical factors.

After removing duplicates, 341 titles and abstracts were assessed
for eligibility, and finally, 78 studies and gray literature references were
included in the narrative review, which is presented in the next
chapter.

3 Current state and challenges

3.1 Data readiness: instruments for data
collection, storage, and practices of using
ICF data

Several tools and practices have been developed to support the
collection and use of ICF data across clinical, research, and policy
contexts. The ICF Core Sets are condition-specific selections of ICF
categories designed to streamline data collection in clinical settings
(16, 17). The WHO ICF ChecKklist (18) provides clinicians with a tool
for recording functioning and disability using a simplified subset of
ICF categories. The ICF framework has been used in the development
of questionnaires, such as the generic questionnaire WHODAS 2.0
(19) and those designed to collect data from specific groups, such as
children (20) or people with hearing difficulties (21). To streamline
ICF code searches, the ICF coding tool serves as an interactive online
search engine with both regular and flexible search options (22). The
harmonization of standardized data collection is facilitated by the ICF
linking rules (23), which have resulted in the development of
approaches in, for instance, mental health (24). Additionally, the
mICF (ICanFunction) mobile application represented a person-cen-
tered digital tool that allowed individuals to self-report functioning
data, facilitating personalized care (25).

Readiness to use ICF and its digital availability vary across coun-
tries and systems (see Table 1). While some countries, such as Italy,
France, Sweden, Finland, Iceland, and Germany, have made progress
in embedding the ICF into national or regional workflows, many still
rely on conceptual use without standardized coding (26). Broader
adoption is still emerging.

Ontology-based initiatives have demonstrated the feasibility of
formally representing ICF concepts. An early example is the Italian
ePlanning project (27), which developed an ontology-driven system
to support individualized education plans using the ICF-CY frame-
work. This work was built upon a formal ICF-CY OWL ontology (28).
The resulting SOFIA platform operationalized these ontological
models for real-world use, enabling semi-automatic structuring of
functioning information in educational and rehabilitation contexts.
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Maritz et al. (29) reviewed technical approaches for integrating
ICF into EHRs, including combining it with existing standards and
using natural language processing to select codes. The authors empha-
sized the need for developing an ICF ontology and linking it to clinical
terminologies like SNOMED-CT, although another study by Gongolo
(30) suggested that especially activities and participation related to
ICF categories are semantically and often lexically different from the
concepts of SNOMED-CT. Furthermore, integration of ICF into inter-
national health informatics standards remains limited. For example,
the ICF is not currently included among the standard vocabularies in
the Observational Health Data Sciences and Informatics (OHDSI)
framework, representing a significant gap in structured ICF data stor-
age and interoperability.

Fortunately, there are ongoing efforts to harmonize ICF to mul-
tiple classifications. For example, The Belgian SNOClass initiative (31)
aims to map SNOMED-CT to ICD, ICHI and ICE providing evidence
of multi-classification harmonization efforts. Recent developments
such as the ICPC-3 revision (32) demonstrate a conceptual shift
toward integrating functioning into primary care classifications using
the ICF framework. Although not yet semantically harmonized (33),
this indicates a broader trend of converging classification systems
around the ICF framework.

At the European level, semantic interoperability topics are
addressed through working-level discussions within the eHealth
Network, which support shared approaches to terminology and
coding across Member States. Although these activities suggest ongo-
ing collaboration on semantic harmonization, their scope and outputs
are not publicly documented.

The level of health professionals’ readiness is essential for ensuring
that ICF data is collected and available. Although training programs
and documentation guides exist (34, 35), barriers such as low aware-
ness, limited demand for ICF-coded data, and a lack of user-friendly
digital tools persist (26). Despite current efforts, further education and
system-level support are needed to ensure high competence and con-
sistent use across disciplines. To improve usability and reduce time
constraints, documentation systems should support clinical
workflows.

Artificial intelligence (AI)-assisted tools have shown potential in
enhancing documentation efficiency and accuracy by suggesting rel-
evant codes, identifying gaps, and supporting clinical reasoning (36).
Such technologies can reduce cognitive load and improve data quality,
especially in multidisciplinary settings (37).

Despite promising national initiatives and emerging digital tools,
global integration of the ICF into daily documentation workflows,
EHRs and national databases remains uneven, with gaps in harmo-
nized standards and professional readiness posing ongoing challenges.

3.2 Technical readiness: development and
coordination of interoperability and
technological solutions

To facilitate seamless cross-border exchange of ICF data and other
health data for primary and secondary purposes within EHDS,
national health data infrastructures must meet a comprehensive set of
requirements. As a general requirement, systems must ensure high
performance, patient safety, and uphold individuals’ rights to access
and control their data. Operational integrity and compatibility with
other digital health products are also mandated for both primary (e.g.,
EHR systems) and secondary use (including secure processing
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TABLE 1 ICF data use and supporting infrastructures across EU and EEA countries (26, 29, 35, 93-110).

Country

Main areas of use

Documentation
practices and EHR
integration

National
repositories,
legislation

10.3389/fpubh.2026.1786004

Interoperability
efforts

Training and
support

rehabilitation planning,
school inclusion for

children with disability

tools; EHR and registry-

related ICF use is developing

regulated by MoH,
Institutional repositories
of EHR

School records;

framework law on

disability

national infrastructure

supports interoperability

Austria Neurorehabilitation, Used mainly at unit/project None reported None reported Introduced in
dietetics level; no national EHR academic curricula
solution
Belgium Research in social None reported None reported No evidence of ICF data ICF Practical Toolbox
participation interoperability, high eHealth | provided by
maturity Rehabilitation
International Belgium
Bulgaria Individual needs None reported Endorsement by At recommendation stage Official Bulgarian
assessment (conceptual legislation as a concept translation of ICF
use), Children with special (persons with disabilities with guidance
educational needs act) documentation
Czechia Rehabilitation, social Not routinely used None reported None reported ICF e-learning tool
services available in Czech
Denmark ICF as a framework in Not routinely used No repositories No evidence of ICF data ICF e-learning tool is
health and social care, reported; Used as a interoperability, high eHealth | available in Danish
neurorehabilitation, general framework in maturity
assessment of outcomes policies
Finland Broad use in rehabilitation | ICF-based documents, Termeta metadata and FHIR profiles and semantic ICF e-learning tool is
and across health and structured data model, FHIR | code repository; interoperability; phased available in Finnish.
social care profile development Multiple social and FHIR implementation Manuals and training
health acts mandate during 2025-26 for structured
assessment of documentation
functioning provided by THL and
ICF educators.
France Disability assessment Limited in routine care; National disability Focus on consent and data ICF e-learning tool
(GEVA tool), research, GEVA tool used; no EHR survey protection available in French,
population surveys integration GEVA training for
professionals
Germany Rehabilitation, disability Partial and regionally varied BTHG and social law Digital transformation in Widely required and
services, needs assessment | assessment tools; EHR make ICF the basis for progress offered for social and
integration fragmented needs assessment health professionals
Hungary Population level disability | None reported Census database None reported None reported
reporting including ICF
concept
Iceland Work ability, disability and | Routine ICF coding in EHRs, | ICF-based integrated Not ongoing efforts, but ICF | ICF materials used in
rehabilitation needs not yet mandatory or fully expert disability supports semantic professional
assessment, vocational implemented assessment (from interoperability of education; VIRK and
rehabilitation (VIRK) 09/2025) functioning data across professional
services associations provide
ICF-based training
and guidance
Italy Disability evaluation, Regionally implemented Istat National repository | ICF used in ISTAT statistics, | ICF training for

teachers and

professionals
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TABLE 1 (Continued)

10.3389/fpubh.2026.1786004

Country Main areas of use = Documentation National Interoperability Training and
practices and EHR repositories, efforts support
integration legislation

The Netherlands Rehabilitation Not routinely used, no None reported None reported ICF e-learning tool is

(assessments of evidence of EHR integration available in Dutch,

functioning and need for mandatory training

aids), nursing, and for some

research professionals,
introduced in
academic curricula

Poland Rehabilitation, Pilot studies ongoing, ICF None reported No evidence of ICF data ICF e-learning tool is

physiotherapy Rehabilitation Set tested; no interoperability, high eHealth | available in Polish
EHR integration maturity
Romania Disability assessment for No systemic approach for Legislative endorsement; | None reported Limited training so
children (more conceptual | documentation, EHR no repositories available far, efforts for wider
use) integration not available support
Slovakia Social service needs None reported Legislative endorsement | None reported None reported
assessment on functioning (not
explicitly ICF); no
repositories

Slovenia Vocational rehabilitation None reported Legislative endorsement; | None reported None reported

and disability assessment no repositories

Spain Exploratory use in Not standardized, Academic None reported None reported ICF e-learning tool is

rehabilitation and and pilot contexts; no available in Spanish
physiotherapy evidence of EHR integration

Sweden Social care, elderly care, Implemented in regional Regional repositories in | Regional integration ICF e-learning tool is

psychiatric services EHRs; Structured social care available in Swedish.
documentation supported by Manuals and training
Socialstyrelsen provided by
Socialstyrelsen

BTHG, Bundesteilhabegesetz, Federal Participation Act (Germany); EHR, Electronic Health Record; FHIR, Fast Healthcare Interoperability Resources; GEVA Tool, Guide dévaluation
multidimensionnelle, multidimensional assessment guide (France); ICE, International Classification of Functioning, Disability and Health; ICF Rehabilitation Set, A subset of ICF categories
(Poland); ISTAT, Istituto Nazionale di Statistica, the Italian National Institute of Statistics; Kanta Services, Finland’s national digital health infrastructure; MoH, Ministry of Health (Italy);
Socialstyrelsen, Swedish National Board of Health and Welfare; Termeta, Metadata Repository (Finland); THL, Terveyden ja hyvinvoinnin laitos, Finnish Institute for Health and Welfare;
VIRK, Icelandic Vocational Rehabilitation Fund. None reported, No supportive evidence was found.

environments). Compliance with EU legislation is mandatory to
ensure security and cybersecurity. Mechanisms for user identification,
authentication, authorization, and event logging are required. Systems
must support structured data entry in compliance with established
standards (such as Fast Healthcare Interoperability Resources, FHIR)
and align also with other specifications defined in the European
Electronic Health Record Exchange Format (EEHRXF) (38). All health
data systems must comply with EHDS market surveillance mecha-
nisms, which include mandatory testing, registration, and ongoing
monitoring to ensure interoperability and data security (39).

The EEHRXF prioritizes six categories, including patient summa-
ries and discharge reports, which include the ICF as a standard for
exchanging functioning data (4, 5). The European Commission funds
and coordinates a number of projects that will ease the adoption of
EEHRXE, including Xt-EHR for primary use, XpanDH for ecosystem
building, and Xshare for data sharing (40).

Fast Healthcare Interoperability Resources (FHIR) profiling is
essential for enabling structured and interoperable exchange of ICF
data within EHDS. The WHO-FIC (Family of International
Classifications) network has emphasized the importance of FHIR
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profiles in operationalizing reference classifications (ICD, ICE, ICHI)
within EHDS (41). Concurrently, the PACIO Project has developed
FHIR-based models to represent functioning and post-acute care data.
In PACIO?s pilot, patient data was exchanged across 12 systems using
standardized HL7 FHIR resources, with ICF serving as the semantic
framework for describing functioning and participation throughout
the care continuum (42). These initiatives provide a valuable founda-
tion for developing an approach to EHDS-aligned health information
systems.

Several national systems are already taking steps toward EHDS
technical compliance, thus enabling interoperable use of ICF data. In
Finland, the Kanta services are implementing functioning data across
health and social care, with HL7 FHIR profiling underway and inte-
gration into the national data repositories planned to start in 2026
(43). Italy’s electronic health data repository (Fascicolo Sanitario
Elettronico, FSE 2.0), while regionally managed, is being expanded
through EHDS to include broader health and social data, creating a
pathway for ICF data. Although ICF is not yet explicitly included, the
system’s alignment with EHDS interoperability goals suggests readi-
ness for such integration (44). In Iceland (a European Economic Area
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country), the Heilsuvera platform provides centralized access to struc-
tured health data (such as prescriptions) and services (such as
appointment booking), and while ICF data is not yet documented, the
platform’s modular architecture and adherence to EU digital health
standards position it well for future adaptation (45). These examples
illustrate how national infrastructures can evolve to meet EHDS tech-
nical requirements while supporting both primary and secondary use
of structured functioning data.

Artificial Intelligence is increasingly used to automate the stan-
dardization of health and functioning data, including ICF data.
Different studies (12, 37, 46-50) demonstrate that Al systems using
Natural Language Processing (NLP) techniques can extract, classify,
and validate functioning data from diverse sources and contexts.
These systems have the potential to scale across professional domains
and wellness applications, reduce manual workflows, reduce inconsis-
tencies and enhance the secure interoperability of ICF data. As EHDS
develops, Al-powered curation tools will be essential for ensuring
structured, high-quality ICF data exchange across borders. As a new
emerging technology, agentic AI will bring new possibilities for data
interoperability and the integration of novel data sources (51). While
the possibilities are remarkable, agentic Al introduces a new layer of
cybersecurity challenges that should be studied thoroughly (52).

Achieving technical readiness among EU stakeholders requires
coordinated implementation of the above-mentioned requirements.
WHO-FIC interoperability hub provides a concrete guidance for inte-
grating WHO classifications into interoperable health systems (53).
WHO-FIC Foundation Component already provides a shared onto-
logical backbone for ICD-11, ICF and ICHI, but it does not in itself
constitute a domain-specific operational ontology for EHDS-level
functioning data exchange (54, 55). It must be noted that earlier ICF
ontologies are not harmonized to current requirements nor to
EU-wide interoperability (53). Further efforts are needed to align all
national infrastructures to these requirements, ensure semantic
interoperability across diverse data sources, and enable seamless cross-
border exchange while maintaining the highest security standards.

For secondary data use, multiple health data access bodies
(HDABs) may exist within one country. Establishing governance
structures for metadata stewardship and system certification for
secure processing environments are essential for the effective and
secure data exchange (56).

Although several national systems are progressing toward techni-
cal EHDS compliance, the integration of ICF data remains limited.
ICF is not yet part of key international standards, and semantic
interoperability is insufficient. Many EHR systems lack support for
structured ICF data, and Al tools for automation are still emerging.
Without efforts to align infrastructures and ensure interoperability,
the potential of ICF within the EHDS cannot be fully realized.

3.3 Legislative readiness: legal frameworks
and conditions for cross-border data use

EU-level and national legislations serve as primary external forces
shaping the conditions under which structured health data, including
but not limited to ICF data, is collected, exchanged, and utilized
within EHDS. The EHDS Regulation, in conjunction with the General
Data Protection Regulation (GDPR) and the Data Act, establishes a
comprehensive legal framework that governs both primary and sec-
ondary uses of health data across EU Member States (1). While the
GDPR remains the foundational regulation for personal data
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protection, the EHDS regulation introduces sector-specific provisions
for healthcare, such as enhanced data portability, harmonized interop-
erability standards, and the establishment of Health Data Access
Bodies (HDABs) to oversee secondary use requests (57).

The Data Act supplements these regulations by defining rights and
obligations concerning data generated by connected health technolo-
gies, such as wearables and medical devices. It strengthens user con-
trol and mandates fair access to data, thereby facilitating the
integration of ICF data from multiple sources (58).

The EHDS Regulation has a dual framework for health data use,
consisting of different provisions for primary and secondary use.
Currently, Member States differ in their capacity to implement them
effectively. Countries like Estonia and Finland have developed integrated
digital health infrastructures that align well with these goals (14, 59),
whereas others, such as Germany and Italy, face challenges due to frag-
mented systems and regional disparities (60, 61). To support the imple-
mentation, the European Commission has launched a series of strategic
projects (40). These projects play a critical role in operationalizing the
EHDS regulation and ensuring that structured health data exchange,
including ICF-based information, is aligned with mandated legislation.

Provisions for secondary use create a legal framework for the
reuse of health data in research, public health, and innovation, man-
aged by HDABs. For example, Finland’s Findata offers a ready-made
model for this (62), whereas many Member States are still developing
the required administrative and technical capacities.

Legislation can play a key role in advancing the use of ICE A
recent example is Italy’s disability law reform, which adopted ICF as
the national framework for assessing and supporting people with dis-
abilities. It also updates terminology and establishes a national author-
ity to oversee disability rights and individualized support plans (63).
This demonstrates how legislation can drive structured and inclusive
use of functioning data.

Legal fragmentation remains a key barrier. While the GDPR pro-
vides a common foundation, Member States hold discretion over sen-
sitive health data, leading to different interpretations and requirements
that complicate cross-border data exchange and use. Additionally, the
collaboration of organizations remains fragmented. Nordic experi-
ences show (64) that even with strong legislation, data exchange often
remains hindered by institutional border work between data holders
and authorities. Administrative capacity also varies. Health Data
Access Bodies are expected to evaluate data access requests for legal,
ethical, and technical compliance, including data minimization and
secure processing. This requires multidisciplinary expertise and suf-
ficient resources, which are not consistently available (65). Tehdas2, a
European Union-funded joint action project, develops guidelines and
technical specifications to support the cross-border secondary use of
health data and aims to prepare EU countries for this (66).

Effective implementation of EHDS requires more coordinated
efforts to harmonize legal frameworks, invest in infrastructure, and
strengthen stakeholders’ capacity. Without such alignment, disparities
in readiness may hinder the achievement of EHDS objectives and
restrict the equitable use of structured health data, including ICF data,
across Europe.

3.4 Socio-ethical readiness: equity, citizen
empowerment, and responsible use of data

The adoption of EHDS must consider multiple socio-ethical fac-
tors. These include finding balance with data usability (findable,
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accessible, interoperable, usable: FAIR principles), safeguarding pri-
vacy and security, ensuring equity and access to prevent discrimina-
tion and unintended consequences, promoting transparency and
explainability in data collection, and supporting the sustainability of
digital infrastructure (3, 67).

As the data and technical readiness to exchange and use health
data differ between countries, so does the level of health and technol-
ogy literacy among European citizens. The capacity of individuals to
engage with information and technology depends on multiple factors
(68). In 2023, approximately 56% of people aged 16 to 74 in the EU
possessed at least basic digital skills. The Netherlands (83%) and
Finland (82%) had the highest share of people with at least basic digi-
tal skills, while Romania (28%) and Bulgaria (36%) recorded the
lowest shares. Socio-demographic factors, including age and educa-
tion level, greatly influenced digital skill levels (69). Regarding
Al-supported systems, the AI Act (Article 4) shifts the responsibility
for skill development to providers and deployers, who should take
measures to ensure, to their best extent, a sufficient level of Al literacy
of their staff and users. The EU also underlines the importance of
increasing Al literacy among citizens through multiple initiatives (70).
Digitally disadvantaged and otherwise vulnerable population groups
stand to benefit the most from structured functioning data, yet they
are simultaneously at the highest risk of exclusion if digital inequalities
are not addressed (71).

In line with the GDPR, citizens have the right to deny consent to
use, store, or exchange ICF data, and not using these opportunities
should not be sanctioned or result in a lack of access to health services
(GDPR, Article 7, Conditions for consent) (72). At the same time,
citizens need to be informed and empowered so that no possible ben-
efits to promote their health are undermined. Citizens should be aware
of the intended purposes for using ICF data within EHDS. Health
literacy on ICF and the importance of functioning data should be
promoted.

The GDPR recognizes the individual as the primary owner of the
data, but the data controller determines the purpose and means of
processing the data (e.g., hospital or national data registry). My Data,
anon-profit association, envisions that within EHDS, the approach to
implementation should be individual-centric and not population-
centric, as proposed at the moment (73, 74). Whatever the means of
sharing data, trust in the shared data across the EU should be estab-
lished through patient/citizen portals, where individuals can see,
share, and correct any health information about themselves, including
ICF data. This could, with robust legislation (e.g., the AT act, Article
5) (75) and surveillance, minimize the risks posed by datafication (76).
It must be noted that approximately 65% of countries enable citizens
to exercise granular access control over which specific health informa-
tion can be shared and with whom (77), highlighting persistent varia-
tion in individual data sovereignty across Europe.

Although ICF does not include personal factors, the functioning
involves factors related to disabilities, everyday activities, and benefits
related to one’s income level. Additionally, there are cultural differ-
ences affecting activities and participation, as well as environmental
factors. With this in mind, diversity and non-discrimination in all
phases of data collection, sharing, and Al training have to be taken into
account (78). Multinational and multidisciplinary teams are needed to
avoid bias (79). It is also essential to incorporate multiple conceptual-
izations of disability, not only the medical model but also social and
biopsychosocial perspectives (80). It is important to note that stigma-
tization, discrimination and the misuse of data can occur even in the
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context of anonymous data in secondary use. Harmonization of ethical
oversight measurements should be discussed (81). Achieving transpar-
ency in collecting and sharing functioning data requires clearly defined
data-access mechanisms, formalized data-sharing agreements, and
avoiding informal data-sharing channels (82).

The EU is coordinating investments in Al in its Member States as
part of its digital strategy (83). However, there might be challenges
regarding equitable access to financial resources, and thus, to technical
interventions or advancing skills to use them. For example, consortia
that are driving digital transformation in countries with higher popu-
lation densities or with greater technical readiness may be at the fore-
front of funding opportunities (84). Sustainability of EHDS is not
limited to sustainable financing for EHDS primary and secondary data
ecosystems but also investing in innovation and fostering of skills and
talents (67), to name a few. Furthermore, the process of data transfer
imposes a considerable burden on the environment, given the con-
tinuous growth in computing demands. Balance between deletion or
storage of curated datasets must be reflected (85).

As ICF has faced difficulties in its technical implementation, the
same might be ahead when using ICF in the context of EHDS. The
benefits of ICF (comprehensiveness, holistic approach, versatility) also
present implementation challenges. Other data standards, such as ICD,
are already embedded in many health care systems, and thus more
easily exchanged between different data holders. However, ICF
addresses the socio-ethical challenges posed by many other standards:
it can have an impact on all levels of society by concentrating on general
aspects everyday life rather than, for example, particular diseases (76).

Socio-ethical readiness for ICF data exchange within EHDS is
challenged by unequal digital literacy, limited public awareness, and
concerns regarding privacy, equity, and data bias. Cultural diversity
and trust in data use must be addressed through inclusive, transpar-
ent, and citizen-centric strategies. Investments in education, inclusive
design, and strong security are essential to realizing the benefits of ICF
data across Europe.

4 The roadmap for ICF data availability
in EHDS

Ensuring ICF data availability in EHDS requires a structured
roadmap that addresses the identified gaps in data readiness and tech-
nical infrastructure, while also ensuring legislative alignment and
consideration of socio-ethical factors. Ethical principles should be
integrated throughout all phases. Citizen-centric interfaces should be
prioritized by developing transparent portals that allow individuals to
view, manage, and understand their ICF data. Investments in equitable
access are essential to reduce discrimination. Artificial Intelligence
systems used for documentation should be explainable, inclusive, and
free from bias. The use of ICF data should reflect cultural and contex-
tual diversity. Guiding principles such as FAIR, non-discrimination,
and sustainability should inform all phases of implementation.
Regular ethical impact assessments should be implemented.

4.1 Phase 1: promote ICF awareness,
capacity building and data structuring

The first phase aims to enhance professional and public readiness

for ICF data utilization. Establishing a multinational,

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1786004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Nieminen et al.

multidisciplinary working group is recommended to advance the
development of a common ICF data model within EHDS, including
guidelines for the collection and documentation of functioning data.
Structured documentation practices should be promoted throughout
health and social care workflows, supported by targeted training pro-
grams and digital tools. The dissemination of Al-assisted solutions is
needed to reduce the manual work associated with ICF coding.
Practical measures to improve data availability include deploying
Al-supported documentation assistants, integrating ICF coding build-
ing blocks into existing EHR systems and citizen data portals, and
developing user-friendly interfaces to assist professionals in selecting
relevant ICF categories during routine workflows. Public awareness
campaigns should be launched to improve health and digital literacy,
ensuring citizens understand the relevance of functioning data in
their care.

4.2 Phase 2: promote technical integration
and interoperability

The second phase addresses technical barriers to ICF data
exchange. National EHR systems should be adapted to support struc-
tured ICF data using HL7 FHIR profiles and comply with all other
specifications outlined in the European Electronic Health Record
Exchange Format (EEHRxF), including requirements for system per-
formance, security, authentication, metadata management, and
semantic interoperability. Fast Healthcare Interoperability Resources
(FHIR) profiling is central in enabling structured and interoperable
exchange of functioning data, particularly in patient summaries and
discharge reports where ICF is defined as a standard. Traceability of
ICF data must be ensured (where, when, how, and by whom data was
collected) so that the data can be effectively used for secondary
purposes.

The WHO-FIC guidance on FHIR profile implementation and
data interoperability in general (41, 53), the PACIO Project outcomes
(42), and Finland’s structured data models for functioning (43) offer
concrete examples of technical integration of ICF into EHDS-
compliant systems. Pilot projects should be conducted to test cross-
border exchange of ICF data.

Semantic interoperability should be strengthened by further
developing ICF ontologies and linkages to ICD, ICHI, and interna-
tional terminologies such as SNOMED-CT. Inclusion of ICF into
international health informatics frameworks, such as OHDS]I, is essen-
tial to facilitate secondary use and research.

4.3 Phase 3: promote policy alignment,
governance and scaling

Policy alignment applies broadly to all health data exchange and
consists of harmonizing national legislation with the EHDS regula-
tion. From a governance perspective, health data access bodies
(HDABs) should be equipped with the capacity to evaluate requests
related to ICF data. The inclusion of ICF data in secondary use tax-
onomy requires the definition of its intended purposes and authorized
users. ICF data availability and quality on healthcare and social ser-
vices should be continuously monitored and the impact evaluated to
assess the effectiveness and enhance knowledge management. Best
practices that improve ICF data availability should be extended to all
EU member states. The transition from pilots to broader deployment
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should be funded and supported by the EU. Surveys should be used
to assess citizen and patient satisfaction, and co-creation among stake-
holders should be promoted.

To facilitate the implementation of the proposed roadmap, a com-
prehensive checklist covering all key focus areas is provided
(Appendix 2). While the checklist aligns specific focus areas with rel-
evant stakeholder groups, effective implementation of the roadmap
requires strong collaboration in practice.

5 Discussion

The inclusion of functioning data within EHDS is not merely a
technical enhancement. It reflects a fundamental shift in how health
is conceptualized and measured. Traditionally, health systems have
relied on mortality and morbidity as core indicators. Functioning, by
integrating biological health with lived health, can serve as the third
core indicator of health. This framing highlights the value of health for
both individual well-being and societal welfare and can drive invest-
ment and progress toward the United Nations Sustainable
Development Goal “Ensuring healthy lives and promote well-being
for all at all ages” (SDG 3) (86). Thus, functioning data, coded through
the ICFE, provides a more complete picture of health system perfor-
mance and enables monitoring across all five health strategies recog-
nized by the WHO’s universal health coverage initiative: promotion,
prevention, treatment, rehabilitation, and palliative care (87, 88).

Despite the strategic inclusion of ICF in the EHDS framework,
several key challenges must be addressed to ensure successful imple-
mentation. The roadmap presented in this paper addresses these chal-
lenges through a three-phased program that should be used as an
iterative cycle of development. Iteration could be triggered when new
standards or technologies, governance requirements, or semantic data
domains require reassessment of workflows and stakeholder roles.
Such cycle should be governed at EU level, possibly under the eHealth
Network or a dedicated ICF task force within the EHDS governance
structure, with national focal points responsible for monitoring imple-
mentation at the Member State level.

Strengths of the current roadmap include the alignment with
WHO’s comprehensive health strategies and the use of a standardized
classification that enables cross-sectoral and international comparabil-
ity. The EHDS initiative benefits from strong political momentum,
while the ICF framework provides a standardized basis for harnessing
the growing recognition of the importance of functioning data in
health systems.

Weaknesses to implement the suggested roadmap include limited
awareness among EU stakeholders regarding the ICF, fragmented data
infrastructures across member states, and the lack of integration
between clinical and administrative data systems. A significant limita-
tion is the scarcity of ICF implementation data. Even in contexts
where the ICF has been formally endorsed, the evidence on its utility,
data quality, and impact on clinical outcomes are limited. This gap
makes it difficult to strengthen the evidence base needed to support
large-scale ICF adoption within EHDS. Addressing this limitation
requires dedicated efforts to collect implementation data from ongo-
ing pilot projects, establish benchmarking frameworks for ICF data
quality, and promote the publication of implementation experiences
across Member States.
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The roadmap presents several opportunities, such as the potential
to improve equity in health service delivery, enhance rehabilitation
planning, and support wellbeing of individuals through better data-
driven insights. The integration of functioning data also opens pos-
sibilities for research and innovation.

Implementation of the roadmap faces systemic and external
threats that affect all health data exchanged within EHDS, not just ICF
data. Data privacy concerns may delay progress or reduce public trust.
Uneven digital capacity across EU regions could exacerbate health
inequities, while limited policy commitment and funding could
hinder long-term integration. WHO analyses (89) highlight that
strong national data governance frameworks are essential for ensuring
the quality, consistency and trustworthy use of health data. Without
clear governance and sustainable investment, ICF data may remain
underused despite its strategic inclusion in EHDS.

Since the roadmap was based on narrative synthesis, it is limited
by the heterogeneity of the evidence base and scarcity of empirical ICF
implementation data, which limits the strength of certain conclusions.
Targeted searches may have missed country-specific gray literature or
unpublished initiatives. Countries with unsuccessful or discontinued
ICF projects rarely publish results, which skews the evidence land-
scape. Given the expertise of researchers, there is a possibility of bias
in targeted searches.

Despite these limitations, we can argue that structured ICF-based
data enhances cost-effectiveness by reducing redundant assessments,
enabling automated data exchange, and supporting outcome monitor-
ing without the need for separate data collections. Evidence from a
cost-benefit analyses demonstrate that investments in ICF data archi-
tecture and distribution generate benefits as early as the second year,
and all investments are fully covered within less than a decade through
efficiency gains, improved resource allocation, and greater equity in
service delivery (90).

The maturity of EU stakeholders in deploying EHDS require-
ments, let alone in exchanging interoperable ICF data, varies consider-
ably across Member States. Some countries already possess robust
infrastructures and detailed deployment plans for ICF data exchange,
whereas others are still in the initial stages of establishing basic EHR
system infrastructure. Those at the forefront should prioritize acces-
sible and transparent documentation of their efforts, enabling other
stakeholders to apply these lessons and accelerate their own
development.

A viable approach to implementing all recommendations outlined
in the roadmap is to conceptualize the process through implementation
frameworks. Theoretical frameworks can help us understand facilitators
and barriers to implementation and inform strategies that ensure suc-
cessful dissemination. The context can be analyzed using the
Consolidated Framework for Implementation Research (CFIR) (91),
which provides a structured basis for strategy development. Additionally,
ERIC strategies (Expert Recommendations for Implementing Change)
provide a taxonomy of concrete actions designed to enhance adoption,
implementation, sustainment, and scale-up of practices (92). Applying
these strategies can also enable consistent reporting and facilitate com-
parison of implementation approaches among EU stakeholders.
Adopting a more practical approach, EIT Health Think Thank report
(67) shares key findings on stakeholder current capacity, and best prac-
tices for EHDS implementation.

When successfully implemented, ICF data can significantly
enhance the quality and equity of health and social care across
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Europe. It enables personalized care planning, supports multidisci-
plinary collaboration, and improves continuity of care. At the
system level, functioning data can inform resource allocation,
policy development, and service evaluation. For citizens, it offers a
more holistic representation of health, empowering individuals to
participate actively in their care and navigate services more
effectively.

The roadmap presented in this paper provides a structured
ICF data
EHDS. However, its successful implementation requires coordi-

approach to advancing availability =~ within
nated efforts among EU institutions, national governments, and
stakeholder groups. Investments in Al-assisted documentation
tools, citizen-centric data portals, and inclusive training programs

are critical.

6 Conclusion

Integrating the ICF within EHDS represents a transformative
opportunity for public health in Europe. Realizing this vision requires
immediate and coordinated actions to strengthen data infrastructures
and interoperability, ensuring that ICF data becomes a cornerstone of
sustainable, data-driven health systems.

Author contributions

LN: Project administration, Formal analysis, Methodology, Data
curation, Writing — original draft, Writing - review & editing,
Conceptualization, Investigation, Visualization, Funding acquisition.
HA: Visualization, Data curation, Writing - review & editing, Formal
analysis, Writing — original draft, Conceptualization, Investigation.
HK: Writing — review & editing, Data curation, Writing — original
draft, Conceptualization. MZ: Conceptualization, Writing — original
draft, Supervision, Data curation, Writing — review & editing. AM:
Writing - original draft, Conceptualization, Data curation, Writing -
review & editing, Supervision. VD: Writing - original draft,
Conceptualization, Funding acquisition, Writing - review & editing,
Supervision, Data curation.

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This study was financially supported by
the Finnish State Research Funding (project number T67724).

Conflict of interest

HK was employed by Headai Ltd.

The remaining author(s) declared that this work was conducted
in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1786004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Nieminen et al.

The author AM declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

References

1. European Commission, Directorate-General for Health and Food Safety. European
health data space regulation (EHDS). Available online at: https://health.ec.europa.eu/
ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en#what-
is-the-ehds-regulation-about [Accessed March 17, 2025]

2. EHTEL (the European Health Telematics Association), stakeholders group. Joint state-
ment on the EHDS implementation. (2024). Available online at: https://ehtel.eu/activities/
ehtel-eu-affairs/ehds-stakeholder-coalition.html [Accessed September 30, 2025]

3. European Parliament and the Council of the European Union. Regulation (EU)
2025/327 of the European Parliament and of the Council of 11 February 2025 on the
European Health Data Space and Amending Directive 2011/24/EU and Regulation (EU)
2024/2847. (2025). Available online at: http://data.europa.eu/eli/reg/2025/327/0j
[Accessed September 11, 2025]

4. eHealth Network. Guideline on the electronic exchange of health data under cross-
border directive 2011/24/EU. Guidelines on patient summary. (2024). Available online
at: https://health.ec.europa.eu/system/files/2023-10/ehn_guidelines_patientsummary_
en.pdf [Accessed August 20, 2025]

5. eHealth Network. Guideline on the electronic exchange of health data under cross-
border directive 2011/24/EU. Guidelines on hospital discharge report. (2024). Available
online at: https://health.ec.europa.eu/system/files/2024-01/ehn_hdr_guidelines_en.pdf
[Accessed August 20, 2025]

6. World Health Organization. WHO classifications. International Classification of
Functioning, Disability and Health (ICF). Available online at: https://www.who.int/stan-
dards/classifications/international-classification-of-functioning-disability-and-health
[Accessed December 17, 2024]

7. World Health Organisation WHO. ICF beginner’s guide: towards a common language
for functioning, disability and health. (2002). Available online at: https://www.who.int/
publications/m/item/icf-beginner-s-guide-towards-a-common-language-for-functio-
ning-disability-and-health [Accessed January 22, 2025]

8. Stucki G, Bickenbach J, Negrini S. Methodological notes on applying the international
classification of functioning, disability and health in rehabilitation. Eur | Phys Rehabil
Med. (2017) 53:132-3. doi: 10.23736/5S1973-9087.16.04571-8

9. Cerniauskaite M, Quintas R, Boldt C, Raggi A, Cieza A, Bickenbach JE, et al.
Systematic literature review on ICF from 2001 to 2009: its use, implementation and
operationalisation. Disabil Rehabil. (2011) 33:281-309. doi: 10.3109/09638288.
2010.529235

10. Della Mea V, Almborg A-H, Martinuzzi M, Tu SW, Martinuzzi A. Harmonization of
ICF body structures and ICD-11 anatomic detail: one foundation for multiple classifica-
tions. PLoS One. (2023) 18:¢0280106. doi: 10.1371/journal.pone.0280106

11. Nieminen L, Ketamo H, Vuori ], Kankaanpaa M. Using graph machine learning to
identify functioning in patients with low back pain in terms of ICE. Sci Rep. (2025)
15:22914. doi: 10.1038/541598-025-06429-4

12. Newman-Griffis D, Maldonado JC, Ho PS, Sacco M, Silva R], Porcino J, et al. Linking
free text documentation of functioning and disability to the ICF with natural language
processing. Front Rehabil Sci. (2021) 2:742702. doi: 10.3389/fresc.2021.742702

13. Sabariego C, Fellinghauer C, Lee L, Kamenov K, Posarac A, Bickenbach J, et al.
Generating comprehensive functioning and disability data worldwide: development
process, data analyses strategy and reliability of the WHO and World Bank model
disability survey. Arch Public Health. (2022) 80:6. doi: 10.1186/s13690-021-00769-z

14. Social Insurance Institution of Finland (Kela), Kanta services. Priorities of the Kanta
services. (2025). Available online at: https://www.kanta.fi/en/professionals/priorities-of-
the-kanta-services [Accessed September 30, 2025]

Frontiers in Public Health

11

10.3389/fpubh.2026.1786004

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its manu-
facturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/
full#supplementary-material

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BM]J.
(2022) 372:n71. doi: 10.1136/bmj.n71

16. Stucki G, Cieza A, Ewert T, Kostanjsek N, Chatterji S, Ustiin TB. Application of the
international classification of functioning, disability and health (ICF) in clinical practice.
Disabil Rehabil. (2002) 24:281-2. doi: 10.1080/09638280110105222

17. ICF Research Branch. In: Bickenbach J, Cieza A, Selb M and Stucki G, editors. ICF
Core Sets — Manual for Clinical Practice, 2nd Edn. Géttingen: Hogrefe Publishing
GmbH (2020)

18. World Health Organization. ICF Checklist. Version 2.1a, Clinician Form. (2003).
Available online at: https://www.who.int/publications/m/item/icf-checklist [Accessed
November 25, 2025]

19. Ustiin TB, Chatterji S, Kostanjsek N, Rehm J, Kennedy C, Epping-Jordan J, et al.
Developing the World Health Organization disability assessment schedule 2.0. Bull World
Health Organ. (2010) 88:815-23. doi: 10.2471/BLT.09.067231

20. Williams U, Rosenbaum P, Gorter JW, McCauley D, Gulko R. Psychometric properties
and parental reported utility of the 19-item ‘about my child’ (AMC-19) measure. BMC
Pediatr. (2018) 18:174. doi: 10.1186/s12887-018-1147-2

21. Afghah T, Alfakir R, Meis M, van Leeuwen L, Kramer SE, Hammady M, et al. The
development of a self-rated ICF-based questionnaire (HEAR-COMMAND tool) to evaluate
hearing, communication, and conversation disability: multinational experts’ and patients’
perspectives. Front Rehabil Sci. (2022) 3:1005525. doi: 10.3389/fresc.2022.1005525

22. Celik C, Della Mea V, Donada M, Kostanjsek N, Jakob R, Chute CG. The ICD plat-
form: end-user and developer tools. BMC Med Inform Decis Mak. (2025)
21 (Suppl 6), 389. doi: 10.1186/s12911-025-03317-9

23. Cieza A, Fayed N, Bickenbach J, Prodinger B. Refinements of the ICF linking rules to
strengthen their potential for establishing comparability of health information. Disabil
Rehabil. (2019) 41:574-83. doi: 10.3109/09638288.2016.1145258

24. Black MH, Buitelaar J, Charman T, Ecker C, Gallagher L, Hens K, et al. Conceptual
framework for data harmonisation in mental health using the international classification
of functioning, disability and health: an example with the R2D2-MH consortium. BMJ
Mental Health. (2024) 27:€301283. doi: 10.1136/bmjment-2024-301283

25. Snyman S, de Camargo O, Anttila H, van der Veen S, Stallinga H. The ICanFunction
mHealth solution (mICF): a project bringing equity to health and social care within a
person-centered approach. ] Interprofessional Workforce Res Develop. (2019) 2.

26. Leonardi M, Lee H, Kostanjsek N, Fornari A, Raggi A, Martinuzzi A, et al. 20 years
of ICF-international classification of functioning, disability and health: uses and applica-
tions around the world. Int ] Environ Res Public Health. (2022) 19:11321. doi: 10.3390/
ijerph19181 1321

27. Cramerotti S, Tanes D. An ontology-based system for building individualized educa-
tion plans for students with special educational needs. Procedia Soc Behav Sci. (2016)
217:192-200. doi: 10.1016/j.sbspro.2016.02.062

28. Rospocher M, Cardillo E, Donadello I, Serafini L. (2014). On the Collaborative
Development of Application Ontologies: A Practical Case Study with a SME. In:
Janowicz, K., Schlobach, S., Lambrix, P., Hyvonen, E. (eds) Knowledge Engineering and
Knowledge Management. EKAW 2014. Springer, Cham: Lecture Notes in Computer
Science, 8876:469-84. doi: 10.1007/978-3-319-13704-9_36

29. Maritz R, Aronsky D, Prodinger B. The international classification of functioning,
disability and health (ICF) in electronic health records. A systematic literature review.
Appl Clin Inform. (2017) 8:964-80. doi: 10.4338/ACI-2017050078

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1786004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1786004/full#supplementary-material
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en#what-is-the-ehds-regulation-about
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en#what-is-the-ehds-regulation-about
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en#what-is-the-ehds-regulation-about
https://ehtel.eu/activities/ehtel-eu-affairs/ehds-stakeholder-coalition.html
https://ehtel.eu/activities/ehtel-eu-affairs/ehds-stakeholder-coalition.html
http://data.europa.eu/eli/reg/2025/327/oj
https://health.ec.europa.eu/system/files/2023-10/ehn_guidelines_patientsummary_en.pdf
https://health.ec.europa.eu/system/files/2023-10/ehn_guidelines_patientsummary_en.pdf
https://health.ec.europa.eu/system/files/2024-01/ehn_hdr_guidelines_en.pdf
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/publications/m/item/icf-beginner-s-guide-towards-a-common-language-for-functioning-disability-and-health
https://www.who.int/publications/m/item/icf-beginner-s-guide-towards-a-common-language-for-functioning-disability-and-health
https://www.who.int/publications/m/item/icf-beginner-s-guide-towards-a-common-language-for-functioning-disability-and-health
https://doi.org/10.23736/S1973-9087.16.04571-8
https://doi.org/10.3109/09638288.2010.529235
https://doi.org/10.3109/09638288.2010.529235
https://doi.org/10.1371/journal.pone.0280106
https://doi.org/10.1038/s41598-025-06429-4
https://doi.org/10.3389/fresc.2021.742702
https://doi.org/10.1186/s13690-021-00769-z
https://www.kanta.fi/en/professionals/priorities-of-the-kanta-services
https://www.kanta.fi/en/professionals/priorities-of-the-kanta-services
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1080/09638280110105222
https://www.who.int/publications/m/item/icf-checklist
https://doi.org/10.2471/BLT.09.067231
https://doi.org/10.1186/s12887-018-1147-2
https://doi.org/10.3389/fresc.2022.1005525
https://doi.org/10.1186/s12911-025-03317-9
https://doi.org/10.3109/09638288.2016.1145258
https://doi.org/10.1136/bmjment-2024-301283
https://doi.org/10.3390/ijerph191811321
https://doi.org/10.3390/ijerph191811321
https://doi.org/10.1016/j.sbspro.2016.02.062
https://doi.org/10.1007/978-3-319-13704-9_36
https://doi.org/10.4338/ACI-2017050078

Nieminen et al.

30. Gongolo F. The Integration of WHO Classifications and Reference Terminologies to
Improve Information Exchange and Quality of Electronic Health Records: the SNOMED-
CT ICF Harmonization within the ICD-11 Revision process. University of Udine. (2015).
Available online at: https://air.uniud.it/handle/11390/1132892 [Accessed October 20, 2025]

31. Roumier J, De Sa e Silva B, Van Hecke O “SNOClass: three coordinated Belgian ter-
minology projects to map SNOMED CT to classifications: health interventions (ICHI);
functioning (ICF) and primary care (ICPC-3)” 25th WONCA World Conference
Lisboa (2025).

32. van Boven K, Ten NH. ICPC-3 International Classification of Primary Care. New York:
CRC Press (2021).

33. Soler JK, Buono N, Cardillo E, Frese T, Vinker S, Ungan M. The fractured lens: a
controversial revision of the international classification of primary care. Front Med
Lausanne. (2024) 10:1230987. doi: 10.3389/fmed.2023.1230987

34. Leonardi M, Bickenbach ], Raggi A, Sala M, Guzzon P, Valsecchi MR, et al. Training
on the international classification of functioning, disability and health (ICF): the ICF-
DIN basic and the ICF-DIN advanced course developed by the disability Italian network.
] Headache Pain. (2005) 6:159-64. doi: 10.1007/s10194-005-0173-2

35. Finnish Institute for health and welfare (THL). Social and health care processes and
documenting. (2024). Available online at: https://thl.fi/en/topics/information-manage-
ment-in-social-welfare-and-health-care/steering-of-information-management/social-
and-health-care-processes-and-documenting [Accessed November 25, 2025]

36. Lee C, Britto S, Diwan K. Evaluating the impact of artificial intelligence (AI) on clini-
cal documentation efficiency and accuracy across clinical settings: a scoping review.
Cureus. (2024) 16:€73994. doi: 10.7759/cureus.73994

37. Nieminen L, Ketamo H, Kankaanpaa M. Validation of a self-supervised architecture
for automated ICF coding in electronic health records. Discov Artif Intell. (2025) 5:247.
doi: 10.1007/s44163-025-00514-3

38. Xt-EHR Joint Action. Technical Requirements for Electronic Health Record (EHR)
Systems and key system Interfaces (D5.1) & Technical Requirements for European
Electronic Health Record Exchange Format (EEHRxF) Metadata (D5.2): Stakeholder
Consultation Briefing Document. (2025). Available online at: https://health.ec.europa.eu
[Accessed October 3, 2025]

39. European Commission, Directorate-General for Health and Food Safety. Certification
of EHR systems. Available online at: https://health.ec.europa.eu/ehealth-digital-health-
and-care/certification-ehr-systems_en [Accessed October 1, 2025]

40. European Commission, Directorate-General for Health and Food Safety. Projects
supporting EHDS. Available online at: https://health.ec.europa.eu/ehealth-digital-health-
and-care/ehds-action/projects-supporting-ehds_en [Accessed September 30, 2025]

41. World Health Organization. ICD-API homepage. FHIR Support (prerelease).
Available online at: https://icd.who.int/docs/icd-api/ICDAPI-FHIR-Support/ [Accessed
November 24, 2025]

42. MITRE Corporation. (2025). The PACIO project. Available online at: https://pacio-
project.org/ [Accessed October 24, 2025]

43. Social Insurance Institution of Finland (Kela), Kanta services. FHIR technology and
Kanta. (2025). Available online at: https://www.kanta.fi/en/system-developers/thir-tech-
nology-and-kanta [Accessed October 3, 2025]

44. AGENAS. (2025). Fascicolo Sanitario Elettronico. Available online at: https://www.
agenas.gov.it/agenzia-per-la-sanit%C3%A0-digitale/progetti-strategici/fse [Fascicolo...o
- AGENAS] [Accessed October 1, 2025]

45. Directorate of Health. Heilsuvera. Iceland’s national health portal. (2025). Available
online at: https://www.heilsuvera.is/en/ [Accessed October 1, 2025]

46. Meskers CGM, van der Veen S, Kim J. Automated recognition of functioning, activity
and participation in COVID-19 from electronic patient records by natural language process-
ing: a proof-of-concept. Ann Med. (2022) 54:235-43. doi: 10.1080/07853890.2021.2025418

47. Marfeo E, Sacco M, Maldonado JC, Coale K, Silva R, Parks R, et al. Applying NLP
methods to code functional performance in electronic health records using the interna-
tional classification of functioning, disability, and health. Disabil Health J. (2025)
18:101888. doi: 10.1016/j.dhjo.2025.101888

48. Habenicht R, Fehrmann E, Blohm P, Ebenbichler G, Fischer-Grote L, Kollmitzer J,
et al. Machine learning based linking of patient reported outcome measures to WHO
international classification of functioning, disability, and health activity/participation
categories. ] Clin Med. (2023) 12:5609. doi: 10.3390/jcm12175609

49. Roitero K, Martinuzzi A, Armellin MT, Paparella G, Maniero A, Della Mea V.
Automated ICF coding of rehabilitation notes for low-resource languages via continual
training of language models. Stud Health Technol Inform. (2023) 302:763-7. doi: 10.3233/
SHTI230262,

50. Kurban Z, Khassenov D, Burkitbaev Z, Bulekbayeva S, Chinaliyev A, Bakhtiyar S,
et al. Artificial intelligence-enhanced mapping of the international classification of func-
tioning, disability and health via a mobile app: a randomized controlled trial. Front Public
Health. (2025) 13:1590401. doi: 10.3389/fpubh.2025.1590401

51. Karunanayake N. Next-generation agentic Al for transforming healthcare. Informatics
Health. (2025) 2:73-83. doi: 10.1016/j.infoh.2025.03.001

52. Adabara I, Olaniyi Sadiq B, Nuhu Shuaibu A, Ibarahim Danjuma Y, Venkateswarlu M.
A review of agentic Al in cybersecurity: cognitive autonomy, ethical governance, and quan-
tum-resilient defense. F1000Res. (2025) 14:843. doi: 10.12688/f1000research.169337.1

Frontiers in Public Health

12

10.3389/fpubh.2026.1786004

53. World Health Organization. WHO-FIC interoperability hub. (2025). Available online
at: https://www.who.int/standards/classifications/who-fic-interoperability-hub [Accessed
December 9, 2025]

54. World Health Organization. WHO family of international classifications (FIC).
(2026). Available online at: https://www.who.int/standards/classifications/4 [Accessed
March 7, 2026]

55. Tu SW, Almborg A-H, Martinuzzi A, Della Mea V, Giannangelo K, Chute CG, et al.
Linking health terminologies: a unified approach to the WHO family of international classi-
fications. Stud Health Technol Inform. (2024) 316:1333-1337. doi: 10.3233/SHT1240659,

56. Bernal-Delgado E, Cascini E, Dinis S, Estupifidn-Romero F, Fonseca Y, Gonzélez-
Garcia ] Report on architecture and infrastructure options to support EHDS services for
secondary use of data (milestone 7.6). (2023). Available online at: https://tehdas.eu
[Accessed November 25, 2025]

57. Svingel LS, Jensen CE, Kjeldsen GF. Shaping the future EHDS: recommendations for
implementation of health data access bodies in the HealthData@EU infrastructure for
secondary use of electronic health data. Eur ] Pub Health. (2025) 35:iii32-8. doi: 10.1093/
eurpub/ckaf033

58. European Commission, Directorate-General for Communications Networks Content
and Technology. Data act. Available online at: https://digital-strategy.ec.europa.eu/en/
policies/data-act [Accessed September 30, 2025]

59. Estonian business, innovation agency. E-health. (2025). Available online at: https://e-
estonia.com/solutions/e-health-2/e-health-records/ [Accessed September 30, 2025]

60. Rau E, Tischendorf T, Mitzscherlich B. Implementation of the electronic health record
in the German healthcare system: an assessment of the current status and future develop-
ment perspectives considering the potentials of health data utilisation by representatives
of different stakeholder groups. Front Health Serv. (2024) 4:1370759. doi: 10.3389/
frhs.2024.1370759

61. The Lancet Regional Health-Europe. The Italian health data system is broken. Lancet
Reg Health Eur. (2025) 48:101206. doi: 10.1016/j.lanepe.2024.101206

62. Findata. Finnish Social and Health Data Permit Authority. EHDS. (2025). Available
online at: https://findata.fi/en/services-and-instructions/ehds/ [Accessed October
1, 2025]

63. Ministero del Lavoro e delle Politiche Sociali. Decreto legislativo 3 maggio 2024, n.
62. Definizione della condizione di disabilita, della valutazione di base, di accomoda-
mento ragionevole, della valutazione multidimensionale per lelaborazione e attuazione
del progetto di vita individuale personalizzato e partecipato (Italian). (2024). Available
online  at:  https://www.normattiva.it/uri-res/N2Ls?urn:nir:stato:decreto.legisla-
1iv0:2024;062 [Accessed October 25, 2025]

64. Am H, Jensen LG, Hansen RM, Snell K, Tarkkala H, Tupasela A. The politics of
constructing health data spaces: border work and the stickiness of fragmentation. Big
Data Soc. (2025) 12. doi: 10.1177/20539517251320012

65. Quinn P, Ellyne E, Yao C. Will the GDPR restrain health data access bodies under the
European health data space (EHDS)? Comput Law Secur Rev. (2024) 54:105993. doi:
10.1016/j.clsr.2024.105993

66. The Finnish innovation fund Sitra. Second joint action towards the European health
data space - TEHDAS2. (2025) Available online at: https://tehdas.eu/ [Accessed
September 30, 2025]

67. EIT Health Think Tank. Implementing the European health data space across Europe.
(2024). Available online at: https://eithealth.eu/wp-content/uploads/2024/04/EIT_
Health_ThinkTank_Implementing_the_EHDS_across_Europe_23.04.24.pdf [Accessed
June 25, 2025]

68. Brall C, Schroder-Bick P, Maeckelberghe E. Ethical aspects of digital health from a
justice point of view. Eur ] Pub Health. (2019) 29:18-22. doi: 10.1093/eurpub/ckz167

69. European Commission, Eurostat. Skills for the digital age. (2024). Available online at:
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Skills_for_the_digi-
tal_age#Explore_further [Accessed June 23, 2025]

70. European Commission, Directorate-General for Communications Networks Content
and Technology. AT talent, Skills and Literacy. (2025). Available online at: https://digital-
strategy.ec.europa.eu/en/policies/ai-talent-skills-and-literacy [Accessed November
25,2025]

71. Julesz M. A perspective on the European health data space. Informdciés Tirsadalom.
(2023) 23:9. doi: 10.22503/inftars. XXII1.2023.4.1

72. European Parliament and the Council of the European Union. Regulation (EU)
2016/679 of the European Parliament and of the council of 27 April 2016 on the protec-
tion of natural persons with regard to the processing of personal data and on the free
movement of such data (general data protection regulation). Off ] Eur Union (2016)
Available online at: https://eur-lex.europa.eu/eli/reg/2016/679/0j/eng  [Accessed
November 25, 2025]

73. de Zegher I, Norak K, Steiger D, Miiller H, Kalra D, Scheenstra B, et al. Artificial
intelligence based data curation: enabling a patient-centric European health data space.
Front Med (Lausanne). (2024) 11:1365501. doi: 10.3389/fmed.2024.1365501

74. de Zegher I. EU Health Data Space must be Individual-centric to Benefit all
Stakeholders. (2023) Available online at: https://mydata.org/2023/12/13/eu-
health-data-space-must-be-individual-centric-to-benefit-all-stakeholders/
[Accessed June 23, 2025]

75. European Parliament and the Council of the European Union. Regulation (EU)
2024/1689 of the European Parliament and of the council of 13 June 2024 laying down

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1786004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://air.uniud.it/handle/11390/1132892
https://doi.org/10.3389/fmed.2023.1230987
https://doi.org/10.1007/s10194-005-0173-2
https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/steering-of-information-management/social-and-health-care-processes-and-documenting
https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/steering-of-information-management/social-and-health-care-processes-and-documenting
https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/steering-of-information-management/social-and-health-care-processes-and-documenting
https://doi.org/10.7759/cureus.73994
https://doi.org/10.1007/s44163-025-00514-3
https://health.ec.europa.eu
https://health.ec.europa.eu/ehealth-digital-health-and-care/certification-ehr-systems_en
https://health.ec.europa.eu/ehealth-digital-health-and-care/certification-ehr-systems_en
https://health.ec.europa.eu/ehealth-digital-health-and-care/ehds-action/projects-supporting-ehds_en
https://health.ec.europa.eu/ehealth-digital-health-and-care/ehds-action/projects-supporting-ehds_en
https://icd.who.int/docs/icd-api/ICDAPI-FHIR-Support/
https://pacioproject.org/
https://pacioproject.org/
https://www.kanta.fi/en/system-developers/fhir-technology-and-kanta
https://www.kanta.fi/en/system-developers/fhir-technology-and-kanta
https://www.agenas.gov.it/agenzia-per-la-sanit%C3%A0-digitale/progetti-strategici/fse
https://www.agenas.gov.it/agenzia-per-la-sanit%C3%A0-digitale/progetti-strategici/fse
https://www.heilsuvera.is/en/
https://doi.org/10.1080/07853890.2021.2025418
https://doi.org/10.1016/j.dhjo.2025.101888
https://doi.org/10.3390/jcm12175609
https://doi.org/10.3233/SHTI230262
https://doi.org/10.3233/SHTI230262
https://doi.org/10.3389/fpubh.2025.1590401
https://doi.org/10.1016/j.infoh.2025.03.001
https://doi.org/10.12688/f1000research.169337.1
https://www.who.int/standards/classifications/who-fic-interoperability-hub
https://www.who.int/standards/classifications/4
https://doi.org/10.3233/SHTI240659
https://tehdas.eu
https://doi.org/10.1093/eurpub/ckaf033
https://doi.org/10.1093/eurpub/ckaf033
https://digital-strategy.ec.europa.eu/en/policies/data-act
https://digital-strategy.ec.europa.eu/en/policies/data-act
https://e-estonia.com/solutions/e-health-2/e-health-records/
https://e-estonia.com/solutions/e-health-2/e-health-records/
https://doi.org/10.3389/frhs.2024.1370759
https://doi.org/10.3389/frhs.2024.1370759
https://doi.org/10.1016/j.lanepe.2024.101206
https://findata.fi/en/services-and-instructions/ehds/
https://www.normattiva.it/uri-res/N2Ls?urn:nir:stato:decreto.legislativo:2024;062
https://www.normattiva.it/uri-res/N2Ls?urn:nir:stato:decreto.legislativo:2024;062
https://doi.org/10.1177/20539517251320012
https://doi.org/10.1016/j.clsr.2024.105993
https://tehdas.eu/
https://eithealth.eu/wp-content/uploads/2024/04/EIT_Health_ThinkTank_Implementing_the_EHDS_across_Europe_23.04.24.pdf
https://eithealth.eu/wp-content/uploads/2024/04/EIT_Health_ThinkTank_Implementing_the_EHDS_across_Europe_23.04.24.pdf
https://doi.org/10.1093/eurpub/ckz167
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Skills_for_the_digital_age#Explore_further
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Skills_for_the_digital_age#Explore_further
https://digital-strategy.ec.europa.eu/en/policies/ai-talent-skills-and-literacy
https://digital-strategy.ec.europa.eu/en/policies/ai-talent-skills-and-literacy
https://doi.org/10.22503/inftars.XXIII.2023.4.1
https://eur-lex.europa.eu/eli/reg/2016/679/oj/eng
https://doi.org/10.3389/fmed.2024.1365501
https://mydata.org/2023/12/13/eu-health-data-space-must-be-individual-centric-to-benefit-all-stakeholders/
https://mydata.org/2023/12/13/eu-health-data-space-must-be-individual-centric-to-benefit-all-stakeholders/

Nieminen et al.

harmonised rules on artificial intelligence (artificial intelligence act). Off ] Eur Union
(2024) L1689. Available online at: https://eur-lex.europa.eu/eli/reg/2024/1689/0j/eng
[Accessed November 25, 2025]

76. Paccoud I, Leist AK, Schwaninger I, van Kessel R, Klucken J. Socio-ethical challenges
and opportunities for advancing diversity, equity, and inclusion in digital medicine.
Digital Health. (2024) 10:20552076241277705. doi: 10.1177/20552076241277705

77. WHO Regional Office for Europe. The Ongoing Journey to Commitment and
Transformation: digital Health in the WHO European Region. Copenhagen: WHO Regional
Office for Europe. (2023).

78. Shams RA, Zowghi D, Bano M. Al and the quest for diversity and inclusion: a sys-
tematic literature review. Al Ethics. (2025) 5:411-38. doi: 10.1007/s43681-023-00362-w

79. Baumgart DC. An intriguing vision for transatlantic collaborative health data use and arti-
ficial intelligence development. NPJ Digit Med. (2024) 7:19. doi: 10.1038/s41746-024-01005-y

80. Newman-Griffis D, Rauchberg JS, Alharbi R, Hickman L, Hochheiser H. Definition
drives design: disability models and mechanisms of bias in AI technologies. First Monday.
(2023) 28. doi: 10.5210/fm.v28i1.12903

81. Staunton C, Shabani M, Mascalzoni D, MeZinska S, Slokenberga S. Ethical and social
reflections on the proposed European health data space. Eur ] Hum Genet. (2024)
32:498-505. doi: 10.1038/s41431-024-01543-9

82. Andanda P, Mlotshwa L. Streamlining the ethical-legal governance of cross-border
health data sharing during global health emergencies. Res Ethics. (2024) 20:812-834. doi:
10.1177/17470161241261907

83. European Commission, Directorate-General for Communications Networks Content
and Technology. European approach to artificial intelligence. Available online at: https://
digital-strategy.ec.europa.eu/en/policies/european-approach-artificial-intelligence
[Accessed October 2, 2025]

84. Chinoracky R, Stalmasekova N, Madlenak R, Madlenakova L. Are nations ready for
digital transformation? A macroeconomic perspective through the lens of education qual-
ity. Economies. (2025) 13:152. doi: 10.3390/economies13060152

85. Donia J, Marelli L. Anticipating ethical and social dimensions of the European health
data space: a rapid systematic review. Health Policy. (2025) 162:105443. doi: 10.1016/j.
healthpol.2025.105443

86. Bickenbach J, Rubinelli S, Baffone C, Stucki G. The human functioning revolution: impli-
cations for health systems and sciences. Front Sci. (2023) 1:1118512. doi: 10.3389/
£8¢i.2023.1118512

87. World Health Organization. Strengthening rehabilitation in health systems. Resolution
EB152(10), 152nd session of the Executive Board. (2023). Available online at: https://apps.
who.int/gb/ebwha/pdf_files/EB152/B152(10)-en.pdf [Accessed November 26, 2025]

88. Stucki G, Bickenbach J. Functioning: the third health indicator in the health system
and the key indicator for rehabilitation. Eur ] Phys Rehabil Med. (2017) 53:134-8. doi:
10.23736/51973-9087.17.04565-8

89. WHO Regional Office for Europe. Health data Governance in the age of artificial
Intelligence: Policy Imperatives for the WHO European Region. Copenhagen: WHO
Regional Office for Europe. (2025).

90. Anttila H, Jeskanen J, Konttinen R, Mikeld M, Tyo- ja toimintakykytiedon konsepti
(Finnish) [the concept of work ability and functioning data]. (2021) Available online at:
https://urn.fi/URN:NBN:fi-fe2021120158260 [Accessed November 26, 2025]

91. Reardon CM, Damschroder L], Ashcraft LE, Kerins C, Bachrach RL, Nevedal AL,
et al. The consolidated framework for implementation research (CFIR) user guide: a five-
step guide for conducting implementation research using the framework. Implement Sci.
(2025) 20:39. doi: 10.1186/s13012-025-01450-7

92. Lovero KL, Kemp CG, Wagenaar BH, Giusto A, Greene MC, Powell BJ, et al.
Application of the expert recommendations for implementing change (ERIC) com-
pilation of strategies to health intervention implementation in low- and middle-
income countries: a systematic review. Implement Sci. (2023) 18:56. doi: 10.1186/
s13012-023-01310-2

93. Aftenberger H, Taxer B. ICF in bachelor degree programs—the implementation of
the ICF in the clinical reasoning process of physical therapists for neurological

Frontiers in Public Health

13

10.3389/fpubh.2026.1786004

patients—optimizing the health curriculum for comprehensive patient care. Front Rehabil
Sci. (2024) 5:1412163. doi: 10.3389/fresc.2024.1412163

94. Aftenberger H, Schwarze G, Salchinger B, Rother A. The international classification
of functioning, disability and health (ICF) in neurorehabilitation in Austria. Int ] Health
Prof. (2017) 4:137-46. doi: 10.1515/ijhp-2017-0024

95. European Commission. Disability Assessment — Country Report: Slovakia (ANED
2017-18). Academic Network of European Disability Experts (ANED). (2018). Available
online at: https://share.google/7pck3cEX200qrCP0J [Accessed November 25, 2025]

96. Fellinghauer C, Posarac A, Bickenbach J, Jasarevic M. (2022). Bulgaria: Options for
Including Functioning into Disability Status Assessment. Available online at: https://
reform-support.ec.europa.eu/system/files/2022-12/Bulgaria%20-%200ptions%20for%20
Including%20Functioning%20into%20Disability%20Status%20
Assessment_13102022%201.pdf [Accessed November 24, 2025]

97. Frattura L, Malara P. ICF Implementation in Italy: regional Policies and national
Needs. Tokyo: WHOFIC Annual Meeting (2016) Available online at: https://www.
researchgate.net/publication/311592762_ICF_implementation_in_Italy_regional_poli-
cies_and_national_needs [Accessed November 23, 2025]

98. Foldvari M, Koncz I. (2024). Disability in Hungary. Available online at: https://www.
washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Country_Disability_
Reports/WG_Country_Disability_Report_-_Hungary_ WG_09.19.2025_.pdf [Accessed
November 25, 2025]

99. Damyanov K. Application of the international classification of functioning, disability
and health for children and adolescents (ICF-CY) in the context of inclusive education
policies. Strateg Policy Sci Educ. (2025) 33:421-31. doi: 10.53656/str2025-5-2-app

100. Directorate of Health. Classification systems in health services. Available online at:
https://island.is/en/classification-system-in-health-services/icf [Accessed November
25,2025]

101. European Commission, Directorate-General for Communications Networks
Content and Technology, Capgemini Invent. 2025 digital Decade Ehealth indicator Study -
Final Report. Luxembourg: Publications Office of the European Union (2025). doi:
10.2759/2737039

102. Polish Chamber of Physiotherapists. (2021). ICF in the Polish Healthcare system —
Facts, Myths, real Needs. Available online at: https://kif.info.pl/english-version/ [Accessed
September 30, 2025]

103. Rehabilitation International Belgium. Practical toolbox: prediction of return to work
and labour market inclusion of people with disabilities. (2021). Available online at: https://
disabilityatwork.be/build/pdf/practical-toolbox.pdf [Accessed November 25, 2025]

104. Finnish institute for health and welfare (THL). Termeta metadata repository
(Finnish). (2025). Available online at: https://thl.fi/aiheet/tiedonhallinta-sosiaali-ja-ter-
veysalalla/koodistopalvelu/jakelualustat/termeta [Accessed November 25, 2025]

105. Uzis CR. The Institute of Health Information and Statistics of the Czech Republic.
International classification of functioning, disability, and health (ICF). (2010). Available online
at: https://www.uzis.cz/index-en.php?pg=record&id=2058 [Accessed October 3, 2025]

106. Van den broecke M, de Jong S, Kiasuwa Mbengi R, Vanroelen C. Development of
ICF-based patient-reported outcome and experience measures to study social participa-
tion among people with chronic diseases: a mixed-methods protocol. BMJ Open. (2024)
14:¢087798. doi: 10.1136/bmjopen-2024-087798

107. World Bank. Romania - Diagnosis Report on the Current Disability Assessment System
(English). Washington, D.C.: World Bank Group. (2021).

108. Cuenot M. Mapping of the GEVA items to the ICF: preliminary results based on the
content of a tool guide used to assess the needs of persons with disabilities in France. Front
Rehabil Sci. (2021) 2:721685. doi: 10.3389/fresc.2021.721685

109. Hernéndez-Lazaro H, Mingo-Gémez MT, Jiménez-del-Barrio S, Simarro-Martin A,
Wisniowska-Szurlej A, Ceballos-Laita L. Development of an ICF core set for the manage-
ment of musculoskeletal conditions in primary care physiotherapy services in Spain: a
Delphi study. Disabil Rehabil. (2025) 47:4759-68. doi: 10.1080/09638288.2025.2460723

110. OECD. Disability, Work and Inclusion in Slovenia. Paris: OECD Publishing (2022).

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1786004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://eur-lex.europa.eu/eli/reg/2024/1689/oj/eng
https://doi.org/10.1177/20552076241277705
https://doi.org/10.1007/s43681-023-00362-w
https://doi.org/10.1038/s41746-024-01005-y
https://doi.org/10.5210/fm.v28i1.12903
https://doi.org/10.1038/s41431-024-01543-9
https://doi.org/10.1177/17470161241261907
https://digital-strategy.ec.europa.eu/en/policies/european-approach-artificial-intelligence
https://digital-strategy.ec.europa.eu/en/policies/european-approach-artificial-intelligence
https://doi.org/10.3390/economies13060152
https://doi.org/10.1016/j.healthpol.2025.105443
https://doi.org/10.1016/j.healthpol.2025.105443
https://doi.org/10.3389/fsci.2023.1118512
https://doi.org/10.3389/fsci.2023.1118512
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152(10)-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152(10)-en.pdf
https://doi.org/10.23736/S1973-9087.17.04565-8
https://urn.fi/URN:NBN:fi-fe2021120158260
https://doi.org/10.1186/s13012-025-01450-7
https://doi.org/10.1186/s13012-023-01310-2
https://doi.org/10.1186/s13012-023-01310-2
https://doi.org/10.3389/fresc.2024.1412163
https://doi.org/10.1515/ijhp-2017-0024
https://share.google/7pck3cEX2ooqrCP0J
https://reform-support.ec.europa.eu/system/files/2022-12/Bulgaria%20-%20Options%20for%20Including%20Functioning%20into%20Disability%20Status%20Assessment_13102022%201.pdf
https://reform-support.ec.europa.eu/system/files/2022-12/Bulgaria%20-%20Options%20for%20Including%20Functioning%20into%20Disability%20Status%20Assessment_13102022%201.pdf
https://reform-support.ec.europa.eu/system/files/2022-12/Bulgaria%20-%20Options%20for%20Including%20Functioning%20into%20Disability%20Status%20Assessment_13102022%201.pdf
https://reform-support.ec.europa.eu/system/files/2022-12/Bulgaria%20-%20Options%20for%20Including%20Functioning%20into%20Disability%20Status%20Assessment_13102022%201.pdf
https://www.researchgate.net/publication/311592762_ICF_implementation_in_Italy_regional_policies_and_national_needs
https://www.researchgate.net/publication/311592762_ICF_implementation_in_Italy_regional_policies_and_national_needs
https://www.researchgate.net/publication/311592762_ICF_implementation_in_Italy_regional_policies_and_national_needs
https://www.washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Country_Disability_Reports/WG_Country_Disability_Report_-_Hungary__WG_09.19.2025_.pdf
https://www.washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Country_Disability_Reports/WG_Country_Disability_Report_-_Hungary__WG_09.19.2025_.pdf
https://www.washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Country_Disability_Reports/WG_Country_Disability_Report_-_Hungary__WG_09.19.2025_.pdf
https://doi.org/10.53656/str2025-5-2-app
https://island.is/en/classification-system-in-health-services/icf
https://doi.org/10.2759/2737039
https://kif.info.pl/english-version/
https://disabilityatwork.be/build/pdf/practical-toolbox.pdf
https://disabilityatwork.be/build/pdf/practical-toolbox.pdf
https://thl.fi/aiheet/tiedonhallinta-sosiaali-ja-terveysalalla/koodistopalvelu/jakelualustat/termeta
https://thl.fi/aiheet/tiedonhallinta-sosiaali-ja-terveysalalla/koodistopalvelu/jakelualustat/termeta
https://www.uzis.cz/index-en.php?pg=record&id=2058
https://doi.org/10.1136/bmjopen-2024-087798
https://doi.org/10.3389/fresc.2021.721685
https://doi.org/10.1080/09638288.2025.2460723

	A call for action to strengthen stakeholder readiness for ICF data exchange in European health data space: a structured narrative review
	1 Introduction
	2 Methods
	2.1 Literature search
	2.2 Study selection, screening, and data synthesis

	3 Current state and challenges
	3.1 Data readiness: instruments for data collection, storage, and practices of using ICF data
	3.2 Technical readiness: development and coordination of interoperability and technological solutions
	3.3 Legislative readiness: legal frameworks and conditions for cross-border data use
	3.4 Socio-ethical readiness: equity, citizen empowerment, and responsible use of data

	4 The roadmap for ICF data availability in EHDS
	4.1 Phase 1: promote ICF awareness, capacity building and data structuring
	4.2 Phase 2: promote technical integration and interoperability
	4.3 Phase 3: promote policy alignment, governance and scaling

	5 Discussion
	6 Conclusion

	References

