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Abstract: Global management of regulatory documents improved through interoperable metadata standards
like the FAIR principles and HL7 FHIR. This study examines the possibilities of improving global
management of regulatory documents through interoperable metadata standards as the FAIR principles and
HL7 FHIR. Lack of regulatory harmonisation remains an issue, as there are still a number of fragmented
metadata systems and incompatible data exchange protocols, causing inefficiency and delays in the process
of compliance with regulations in the healthcare and pharmaceutical sectors. The study uses explanatory
research design as relying on secondary qualitative and quantitative data to analyse FAIR and FHIR can
positively affect data standardisation, accessibility, and interoperability. The results indicate that effective
incorporation of these standards can lead to enhanced regulatory submissions, data-coordination of patients,
and worldwide teamwork. The study recommends a hybrid metadata model that integrates FAIR and HL7
FHIR to facilitate ease of compliance, transparency, and ease of cross-border regulatory operations.
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[. INTRODUCTION
A. Background of the Study

The pharmaceutical and healthcare industries depend on fragmented systems, metadata inconsistencies, and a lack of
interoperability that challenge regulatory document management. These problems slow down the approvals, raise expenses,
and undermine good data quality. The development of worldwide efforts like the FAIR concepts is to have data findable,
accessible, interoperable, and reusable, encouraging effectiveness and openness [1]. The HL7 FHIR has transformed the
procedures by introducing a standardised and web-based representation of health data exchange. FAIR principles within
HL7 FHIR would provide a revolutionary chance to standardise regulatory data management practices on a worldwide
scale. This study outlines the ways in which acceptance of interoperable metadata to improve collaboration and streamline
submissions and enhance compliance with emerging regulatory demands.

B. Overview

This study explores the possibility of correlating interoperable metadata regulations, in this case the FAIR principles and
HL7 FHIR in enhancing the management of regulatory documents. It is concerned with how these structures can help
global harmonisation through the increased level of data transparency, accessibility, and international cooperation [2]. The
study investigates some of the current limitations with regulatory submissions, including using different data formats and
siloed systems, and discusses how a more standardised approach. The study evaluates current frameworks and stakeholder
requirements also propose a model that enables effective, regulatory compliant and future-proof document management
across regulatory authorities, life sciences companies, and global healthcare organisations.

C. Problem Statement

Inefficiencies in regulatory document management are based on the absence of standardised, interoperable frameworks of
metadata. Various countries and agencies may have different systems of documentations which causes duplications, delays
and additional burden on the operational activities of the regulatory professionals. This fragmented landscape limits
efficient data sharing, makes global submissions more challenging, and hinders the ability to keep up with dynamic
regulatory demands [3]. Although health and pharmaceutical industries are becoming increasingly digitalised, industry
traceability and automation are constrained by the lack of consistent metadata standards. The regulatory bodies and the
industry stakeholders find it hard to address the requirements of its speed, accuracy, and transparency unless there is a
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common approach. The research paper responds to the requirements of a globally converged, cross-compatible metadata
solution based on FAIR and HL7 FHIR.

D. Objectives

The objectives are: 1. To analyse present issues in the regulatory document metadata management of international
institutions. 2. To determine the relevance of the FAIR concept and HL7 FHIR in regulating regulatory data. 3. To
recommend an interoperable metadata model to improve global regulatory harmonisation.

E. Scope and Significance

The study is concerned with the area of applicability of interoperable metadata standards, especially in the context of the
FAIR principles and HL7 FHIR to regulatory document management systems. It examines how such frameworks can be
utilised to make data exchange standardised to ensure efficiency in relation to submissions and increase the integration of
global regulations [4]. The study involves an assessment of existing metadata practices in practice, interoperability issues
and the technological preparedness of players in regulatory, affairs and life sciences. Its significance is that it enhances a
future-proof regulatory environment, a consistent metadata-driven environment that enables rapid approvals, low
compliance risk and cross-border collaboration [5]. The study can support in further digital transformation initiatives in
healthcare-related organisations and in the pharmaceutical regulatory environment in an organisational and international
contexts through strategic insights and practical suggestions.

II. LITERATURE REVIEW
A. Current Challenges in Global Regulatory Document Metadata Management

Regulatory document metadata remain a persistent issue in international institutions because of the inconsistent standards,
system disintegration, and interjurisdictional inability to operate simultaneously. Various compliance requirements and
absence of standard metadata schemas provide barriers to smooth data sharing, which causes delays, duplicates, and the
raise of compliance risks [6]. For example, the IDMP (Identification of Medicinal Products) standard adopted by the
European Medicines Agency may not be used in other regions, thus making them incompatible with global submissions
[7]. Moreover, there is a poor integration with contemporary digital tooling and legacy systems, which contributes to the
hardness to establish automated workflows [referred to Figure 1].
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Figure 1: Metadata Management Challenges

[7]
B. Relevance of FAIR and HL7 FHIR in Modern Regulatory Data Management

The FAIR principles and HL7 FHIR are mainly applicable in the change of managing data according to regulatory
requirement using findable, accessible, interoperable and reusable rules. The use of modern web technologies in HL7 FHIR
can provide structured (and real-time) data exchange required to support compliance and collaboration [8]. FAIR principles
promote the shared utilisation of metadata, boosting data transparency and combination. For example, HL7 FHIR became
the standard to exchange the patient data across European countries in the FAIR4Health project, which contributed to the
significant enhancement of the interoperability and regulatory reporting [9]. FAIR and FHIR collectively make regulatory
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processes more efficient, minimise redundancies, and bring international alignments to health/pharmaceutical data
management.

C. Proposed Interoperable Metadata Model for Global Regulatory Harmonisation

A hybrid metadata model that incorporates both FAIR principles and HL7 FHIR should be considered in order to assist
with global regulatory harmonisation [10]. This model enables semantic consistency, real-time data sharing and cross-
border collaboration in the use of standardised and machine-readable metadata. It makes regulatory information organised
and compliant with the global regulations [11]. As an example, the data model proposed by the European Medicines Agency
that is the SPOR as applied alongside HL7 FHIR APIs enables high efficiency of data submission [12]. This hybrid solution
enables international players to have common regulatory documentation language that results in the need to be open,
resulting in shorter approval cycles and enhanced traceability of details within an international jurisdiction.

III. METHODOLOGY
A. Research Design

This study uses an explanatory research design to explore the use of interoperable metadata standards to improve
regulatory document management and facilitate international harmonisation. Explanatory design is appropriate as it support
in emphasising the causal relations among standardisation frameworks and regulatory efficiency and collaboration [13].
Analysing current practices of metadata use and estimating the possibilities of using FAIR and FHIR allows addressing the
issues and understanding the implementation of prospective solutions. This approach is supported by the study as it attempts
to move beyond description to the identification of explanatory factors of how and why metadata-driven change in
regulatory processes has occurred, and provides contextually-grounded, scalable advice to stakeholders.

B. Data Collection

This study uses qualitative and quantitative secondary data to explain the details of interoperable metadata standards in
regulation documentation management. The sources of qualitative data are scholarly journals, industry reports, and case
studies that provide information on using the FAIR principles and HL7 FHIR [14]. Quantitative data are based on published
statistics, surveys and graphs to facilitate evidence-based analysis. This mixed-methods approach is appropriate because it
will allow triangulation, further ensuring validity of the findings. Secondary data enables the research to cover a large
number of practices and challenges worldwide in an effective manner and provide analysis with a lot of contexts without
the time and resource requirements.

C. Case Studies Examples
Case Study 1: Evaluating FHIR's impact on Health Data Interoperability

The case study emphasises the utility of HL7 FHIR in various medical contexts such as community health centres, clinics,
and big hospital systems. These practical examples show the versatility of FHIR in accommodating wearable devices,
EHRs, and PGD to achieve a better coordination and care delivery decision-making process. The case study shows that
FHIR-led data sharing promotes diagnostic accuracy, real-time response in the emergency units, and patient outcomes [15].
It also discusses the role of FHIR in the field of public health reporting and population health management. The research
emphasises the use of FHIR to provide patient-centred healthcare solutions and handle the issues of privacy and scale. The
case can contribute to understanding the study since it provides practical background to the technical concepts in the context
of healthcare environments.

Case Study 2: Implementing the FAIR Data Principles in precision oncology: review of supporting initiatives

The case study is concerned with implementing the FAIR Data Principles to the context of the precision oncology through
standardised and effective data sharing between research centres. The initiative promotes the use of interoperable models
and globally agreed standards, such as the Genomic Data Commons model of clinical data, WHO classifications of
diagnosis and medication, and that of the Genome Analysis Toolkit Best Practices of the bioinformatics workflow [16].
The standards of the Human Genome Variation Society are used to maintain standards in naming of the variants. It is
underpinned by centralised IT infrastructure so that users can join federated networks, such as the Beacon Networks, that
allow secure data sharing to scale. The case supports in comprehending the study by demonstrating how FAIR can be
implemented in real-life complex healthcare research.
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D. Metrics of Evaluation

Metric

Description

Purpose of Evaluation

Metadata Interoperability Score

Measures the consistency and
compatibility of metadata across
systems.

current
cross-platform

To evaluate how well
standards support
data exchange [2].

Interoperable, Reusable) [5].

Compliance Efficiency Rate Assesses the time and accuracy of | To determine the impact of
regulatory  submissions  using | interoperable standards on
metadata models [3]. submission timelines and quality.

FAIRness Assessment Index Rates metadata against FAIR | To assess how closely regulatory
principles (Findable, Accessible, | data aligns with FAIR guidelines.

FHIR Adoption Level

Tracks implementation progress of
HL7 FHIR in regulatory systems.

To monitor the extent and depth of
digital  standardisation
regions [7].

across

Harmonisation Effectiveness Score

Measures alignment of document
formats across global agencies.

To evaluate the success of global
regulatory integration.

Table 1: Evaluation Metrics
(Source: Self-developed)

The table describes major metrics of evaluation employed to evaluate metadata interoperability, regulatory effectiveness,
and international harmonisation, highlighting the influence of FAIR and HL7 FHIR standards on compliance as well as
digital change [referred to Table 1].

IV. RESULTS

A. Data Presentation
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Figure 2: Global Regulatory Information Management Market
[17]

The graph demonstrates the worldwide market share of Regulatory Information Management Systems according to
geographic area in 2023. North America tops the list with 35%, Europe follows with 30% and Asia Pacific with 27% which
is an indication of robust regime and digitalis ability in these localities. Latin America has 5% and Middle East & Africa
3% [17]. The distribution reflects high market concentration in the developed countries with a well-established compliance
structure. The graph is useful in the study because it identifies the geographic target areas where interoperable metadata
standards, including FAIR principles and HL7 FHIR may potentially have the most direct regulatory influence [referred
to Figure 2].
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Figure 3: Adoption Rates of FAIR4Health solutions
[18]

The chart shows the rates of different health informatics standards acceptance in the FAIR4Health solution. The most
frequently reported standard is ICD 10 and 9 with 22 and HL7 FHIR with 15 interviewees, followed by SNOMED CT
12.5, LOINC 11. Other standards such as ISO/CNE, openEHR and HL7 CDA have moderate usage and some standards
are less commonly used such as Dublin Core, ICPC, CDISC, epidemiological and W3C standards [18]. The results indicate
a high compatibility with FAIR ideas in terms of widely used metadata and semantic standards. This chart provides a direct
contribution to research in the way of providing essential standards that may be integrated in order to increase
interoperability around the global scale [referred to Figure 3].

B. Findings

The findings indicate that the overall adoption of regulatory information management systems occurs in areas having robust
digital infrastructure and compliance standards like North America, Europe, and Asia Pacific. These indicate that these
areas are better-positioned to adopt interoperable metadata such as FAIR and HL7 FHIR [17]. The adoption rate of health
informatics standards in FAIR4Health also suggests that there is a standby for established and semantically rich frameworks
that enable interoperability and reuse of data [18]. The standard usage reliability demonstrates the replicability of the
implementation of the FAIR-aligned metadata in regulatory frameworks. These results demonstrate the objective of the
study by discerning not only the geographical preparedness but also the technical norms that have the potential to improve
global harmonisation.

C. Case Study Outcomes

Case Study Key Outcomes

Case Study 1: Evaluating e HL7 FHIR facilitates interconnection between different health data,
FHIR's impact on Health such as connected wearables, EHRs, and patient-generated data, and
Data Interoperability helps improve clinical operations [15].

e FHIR enhances accuracy in diagnosis, real-time emergency
management, and enhanced patient care planning and patient outcomes.

Case Study 2: Implementing e The use of FAIR in oncology will allow the effective and uniformed
the FAIR Data Principles in sharing of data across institutions to help in scaled, Collaboratory cancer
precision oncology: review of research.

supporting initiatives L . .
- - e The aim of using international standards and federated IT infrastructure,

which allows secure and cross-border exchange of health data across
global networks [16].

Table 2: Case Studies Key Outcomes

(Source: Self-developed)

Vol: 2025 | Iss: 01 | 2025 1255



Computer Fraud and Security
ISSN (online): 1873-7056

The table overviews of two case studies as supporting benefits of FHIR and FAIR to interoperable health data, which
reflects the beneficial clinical care, research collaboration, standardisation, and secure sharing of health data across the
various environment of healthcare [referred to Table 2].

D. Comparative Analysis of Literature Review

Authors Focus Key Findings Gaps Identified
[6] Enterprise-wide metadata | Identified inconsistent | Lack  of  centralised
practices in industry. practices and insufficient | metadata frameworks
metadata governance [6]. within enterprises.
[7] Metadata challenges between | Revealed semantic mismatches | Absence of shared
publishers and libraries. and coordination issues in data | metadata standards across
sharing. domains.
[8] FAIR-aligned automated | Demonstrated successful | Limited generalisability
health data integration. automation of FAIR data in a | and scalability of the
hospital environment. model [8].
[9] HL7 FHIR applications in | Showed how FHIR improves | Need for unified adoption
clinical research [9]. clinical data sharing and tool | and broader standard
interoperability. integration.
[10] Interoperable healthcare | Highlighted FHIR’s flexibility | Inconsistent global
service design with FHIR. for modular, standardised data | implementation and
exchange. limited real-time
capabilities [10].
[11] Metadata standards for | Emphasised the role of | Weak cross-disciplinary
microbiome and omics data. harmonisation in supporting | metadata alignment.
integrative research.
[12] Structural models for clinical | Reviewed interoperability | Fragmentation and
data interoperability. frameworks and integration | complexity of models
techniques [12]. hinder practical
implementation.

Table 3: Comparative Analysis of Literature
(Source: Self-developed)

The table outlines important literature on metadata and interoperability and shows how FAIR and FHIR can enhance the
sharing of data, but also how gaps still exist in many areas of standardisation, governance, and implementation around the
world [referred to Table 3].

V. DISCUSSION
A. Interpretation of Results

The results show that the possibility of using interoperable metadata standards, such as HL7 FHIR or FAIR principles, is
higher in the regions where the level of digital infrastructure and regulatory framework is advanced. HL7 FHIR is also
highly effective in unifying disparate healthcare data and enhancing diagnostics as well as real-time decision-making due
to its wide adoption in healthcare systems [18]. In the same way, FAIR principles have become central to precision
oncology and reveal the practical utility of standardised data sharing and international harmonisation. The results reflect
the expanding international demand of aligning regulatory information via interoperable standards. This alignment
enhances access and reuse of data sources in addition to enhancing compliance with approvals, collaboration, and
innovation of healthcare and life sciences.
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B. Practical Implications

The results of the study have major practical contributions to the field of regulatory bodies in the healthcare sector, IT
developers, and policy designers. The adoption of FAIR standard and HL7 FHIR will optimise the process of regulatory
submissions, streamline duplication, and improve the accuracy of information between respective systems. The seamless
exchange of data between healthcare organisations can help provide better coordination, real-time decisions and patient
outcomes to healthcare organisations [12]. Also, the use of standardised metadata facilitates international harmonisation
initiatives, and working across borders becomes more effective. These implications emphasise the effectiveness of strategic
investments in interoperable infrastructure and establishment of uniform policies that promote the prevalence of using these
data sharing standards.

C. Challenges and Limitations

Although the interoperability of metadata standards has its advantages, it has a number of challenges and restrictions.
Maintaining HL7 FHIR and FAIR principles would be very costly in infrastructure, training and system integration matters,
which can be challenging to resource-limited areas. Full interoperability may not be achieved because of technical
constraints, including variations in data formats and legacy systems [6]. Furthermore, privacy of data, risk of cybersecurity
and discrepancies in regulations across nations are obstacles in smooth transmission of data. Adoption is further slowed by
resistance to change and low levels of awareness by stakeholders [7]. These problems indicate the necessity of coordinated
activities, coherent policies, and scalable solutions to eliminate implementation obstacles.

D. Recommendations

The stakeholders must focus on implementing the HL7 FHIR and FAIR-compatible frameworks to increase regulation data
interoperability. Effective implementation requires investments in digital infrastructure, training and capacity-building.
The data policies and standards should be harmonised in different regions by governments and regulatory bodies [12].
Cooperation among healthcare providers, IT developers and policymakers needs to be intensified ensuring secure and
scalable solutions. Advocating the value of interoperable metadata will further enable proper adoption and sustainable
digital transformation.

VI. CONCLUSION AND FUTURE WORK

This study identifies the importance of the interoperable metadata standards, specifically HL7 FHIR and FAIR principles,
that would revolutionise the management of regulatory documents. The results indicate that the use of these frameworks
can greatly improve data sharing, accuracy and compliance within healthcare structures all across the world. It emphasises
that well-organised metadata enhances care coordinates and collaborative research, and reporting of the public health also
promotes the objectives of regulatory convergence and the digitalisation of the healthcare sector.

Future research should include research on scalable methods to implement FAIR and FHIR in low-resourced environments
with infrastructure restrictions and Patient overseeing dissemination. The longitudinal studies may evaluate the impact of
interoperability in patient outcomes and system efficiency. Furthermore, the involvement of the stakeholders in pilot
programs and cross-border collaborations is necessary to the refining of standards, maintaining flexibility, and increasing
the pace of global alignment of regulatory information systems and healthcare data ecosystems.

VII. REFERENCES

[1] Ulrich, H., Kock-Schoppenhauer, A.K., Deppenwiese, N., Gott, R., Kern, J., Lablans, M., Majeed, R.W., Stohr, M.R.,
Stausberg, J., Varghese, J. and Dugas, M., 2022. Understanding the nature of metadata: systematic review. Journal of
medical Internet research, 24(1), p.e25440.

[2] Sawadogo, P. and Darmont, J., 2021. On data lake architectures and metadata management. Journal of Intelligent
Information Systems, 56(1), pp.97-120.

[3] Sohail, S.A., Bukhsh, F.A. and van Keulen, M., 2021. Multilevel privacy assurance evaluation of healthcare
metadata. Applied Sciences, 11(22), p.10686.

[4] Martinez-Garcia, A., Cangioli, G., Chronaki, C., Lobe, M., Beyan, O., Juehne, A. and Parra-Calder6n, C.L., 2022.
FAIRness for FHIR: towards making health datasets FAIR using HL7 FHIR. In MEDINFO 2021: One World, One
Health—Global Partnership for Digital Innovation (pp. 22-26). IOS Press.

Vol: 2025 | Iss: 01 | 2025 1257



Computer Fraud and Security
ISSN (online): 1873-7056

[5] Queralt-Rosinach, N., Kaliyaperumal, R., Bernabé, C.H., Long, Q., Joosten, S.A., van der Wijk, H.J., Flikkenschild,
E.L., Burger, K., Jacobsen, A., Mons, B. and Roos, M., 2022. Applying the FAIR principles to data in a hospital:
challenges and opportunities in a pandemic. Journal of biomedical semantics, 13(1), p.12.

[6] Eichler, R., Giebler, C., Groger, C., Hoos, E., Schwarz, H. and Mitschang, B., 2021, July. Enterprise-wide metadata
management: an industry case on the current state and challenges. In Business Information Systems (pp. 269-279).

[7] Attanasio, P., 2022. New challenges in metadata management between publishers and libraries. JLIS: Italian Journal of
Library, Archives and Information Science= Rivista italiana di biblioteconomia, archivistica e scienza
dell'informazione: 13, 1, 2022, pp.116-122.

[8] Parciak, M., Suhr, M., Schmidt, C., Bonisch, C., Lohnhardt, B., Kesztyiis, D. and Kesztyiis, T., 2023. FAIRness through
automation: development of an automated medical data integration infrastructure for FAIR health data in a maximum
care university hospital. BMC Medical Informatics and Decision Making, 23(1), p.94.

[9] Duda, S.N., Kennedy, N., Conway, D., Cheng, A.C., Nguyen, V., Zayas-Caban, T. and Harris, P.A., 2022. HL7 FHIR-
based tools and initiatives to support clinical research: a scoping review. Journal of the American Medical Informatics
Association, 29(9), pp.1642-1653.

[10] Nan, J. and Xu, L.Q., 2023. Designing interoperable health care services based on fast healthcare interoperability
resources: literature review. JMIR Medical Informatics, 11(1), p.e44842.

[11] Cernava, T., Rybakova, D., Buscot, F., Clavel, T., McHardy, A.C., Meyer, F., Meyer, F., Overmann, J., Stecher, B.,
Sessitsch, A. and Schloter, M., 2022. Metadata harmonization—Standards are the key for a better usage of omics data
for integrative microbiome analysis. Environmental Microbiome, 17(1), p.33.

[12] Ait Abdelouahid, R., Debauche, O., Mahmoudi, S. and Marzak, A., 2023. Literature review: clinical data
interoperability models. Information, 14(7), p.364.

[13] Sharma, L.R., Bidari, S., Bidari, D., Neupane, S. and Sapkota, R., 2023. Exploring the mixed methods research design:
types, purposes, strengths, challenges, and criticisms. Global Academic Journal of Linguistics and Literature, 5(1),
pp-3-12.

[14] Taherdoost, H., 2022. What are different research approaches? Comprehensive review of qualitative, quantitative, and
mixed method research, their applications, types, and limitations. Journal of Management Science & Engineering
Research, 5(1), pp.53-63.

[15] Saini, V., Reddy, S.G., Kumar, D. and Ahmad, T., 2021. Evaluating FHIR’s impact on Health Data
Interoperability. IoT and Edge Comp. J, 1(1), pp.28-63.

[16] Vesteghem, C., Brondum, R.F., Senderkaer, M., Sommer, M., Schmitz, A., Bedker, J.S., Dybker, K., El-Galaly, T.C.
and Bogsted, M., 2020. Implementing the FAIR Data Principles in precision oncology: review of supporting
initiatives. Briefings in bioinformatics, 21(3), pp.936-945.

[17] Precedence Research, (2024). Regulatory Information Management System Market Size, Share and Trends. Available
at: https://www.precedenceresearch.com/regulatory-information-management-system-market. [Accessed on: 18th
November, 2024].

[18] Martinez-Garcia, A., Alvarez-Romero, C., Roman-Villaran, E., Bernabeu-Wittel, M. and Parra-Calderén, C.L., 2023.
FAIR principles to improve the impact on health research management outcomes. Heliyon, 9(5).

Vol: 2025 | Iss: 01 | 2025 1258


https://www.precedenceresearch.com/regulatory-information-management-system-market

