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A B S T R A C T   

Background: The FAIR principles, under the open science paradigm, aim to improve the Find
ability, Accessibility, Interoperability and Reusability of digital data. In this sense, the FAIR4
Health project aimed to apply the FAIR principles in the health research field. For this purpose, a 
workflow and a set of tools were developed to apply FAIR principles in health research datasets, 
and validated through the demonstration of the potential impact that this strategy has on health 
research management outcomes. 
Objective: This paper aims to describe the analysis of the impact on health research management 
outcomes of the FAIR4Health solution. 
Methods: To analyse the impact on health research management outcomes in terms of time and 
economic savings, a survey was designed and sent to experts on data management with expertise 
in the use of the FAIR4Health solution. Then, differences between the time and costs needed to 
perform the techniques with (i) standalone research, and (ii) using the proposed solution, were 
analyzed. 
Results: In the context of the health research management outcomes, the survey analysis 
concluded that 56.57% of the time and 16800 EUR per month could be saved if the FAIR4Health 
solution is used. 
Conclusions: Adopting principles in health research through the FAIR4Health solution saves time 
and, consequently, costs in the execution of research involving data management techniques.   

1. Introduction 

Open science is a movement that drives scientific research to be accessible at the level of researchers and professionals, including 
sharing data, software, publications, etc, and the corresponding diffusion, which is a real need in the field of health research [1]. The 
FAIR principles, formally published in 2016 by the Force11 community, are a set of guidelines with the aim of improving the Find
ability, Accessibility, Interoperability, and Reusability of digital data [2]. Although the FAIR principles are applicable to any scenario 
and kind of data, from 2016 the use of the FAIR principles in the health field is in an exponential growth. With the high-level objective 
to apply the FAIR principles in the health field, the FAIR4Health project [3] which started in December 2018 and ended in November 
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2021 aimed to encourage the European Union Health Research community to apply the FAIR principles, aiming to facilitate the health 
data sharing and reuse. This European project was founded by the European Commission Call ‘SwafS-04-2018’, in the topic 
‘Encouraging the re-use of research data generated by publicly funded research projects’. FAIR4Health project was coordinated by the 
Technological Innovation Group at Virgen del Rocio University Hospital as part of the Andalusian Health Service in Spain, and 
accounted for seventeen partners from eleven European and non-European countries, bringing together expertise from different do
mains like health research, data managers, medical informatics, software developers, standards and lawyers. 

Sharing health research data involves many challenges in different areas such as technical, conceptual and legal. The FAIR prin
ciples aim to ensure that data is shared in a way that enables and enhances the reuse of information by humans and machines. 
Numerous researchers have analyzed the advantages of applying FAIR principles in the field of health [4] and especially in the research 
of patients with chronic diseases [5,6]. In fact, it is essential to refer to a 2018 European Commission report [7] on the costs of NOT 
having FAIR data. That report estimates that: i) the cost of NOT having FAIR data is approximately €10.2bn per year for the EU; ii) 
besides, the open data economy suggests that the impact on innovation of FAIR could add another €16bn to the minimum cost esti
mated; and iii) that would make a total of at least €26.2bn per year. That is not even counting related reproducibility problems. In 
addition, as Barend Mons states [8], on average, 5% of overall research costs should go towards data stewardship. With €300 billion 
(US$325 billion) of public money spent on research in the European Union, we should expect to spend €15 billion on data stewardship. 

To make health data Findable, Accessible, Interoperable, Reusable, a FAIRificiation workflow was designed and developed based 
on the guidance proposed by the GO FAIR initiative [9], applying restrictions on existing steps and including new steps for specific 
requirements and needs of health data. Taking into account the specific aspects added by the data from Electronics Health Records 
(EHR) and other health data sources, as well as the sensitive nature of this kind of data, this new workflow was designed and published 
[10] to address the translation of raw data/metadata into FAIR data/metadata in the health research field. Fig. 1 shows the designed 
FAIRification workflow that was applied in the FAIR4Health project. 

Once the FAIRification workflow was designed, two applications were developed to cover the steps of this workflow. On the one 
hand, the Data Curation Tool (DCT) [11] aims to extract, transform and load existing healthcare and health research data into HL7 
FHIR repositories. On the other hand, the Data Privacy Tool (DPT) [12] was developed to handle the privacy challenges exposed by the 
sensitive health data through anonymisation and de-identification techniques. 

The FAIR4Health project has been considered the first proposal to translate the FAIR principles to health research data in Europe 
[13]. Following the design of the new FAIRification workflow to convert health data into FAIR data, the FAIR4Health platform [14] 
was developed with the aim of applying Artificial Intelligence (AI) algorithms on the FAIR health research datasets. In this way, to 
validate the technical solution provided by FAIR4Health, two pathfinder case studies were carried out. Firstly, identification of 
multimorbidity patterns and polypharmacy correlation on the risk of mortality in elderly [5]. And second one, an early prediction 
service for 30-days readmission risk in patients with Chronic Obstructive Pulmonary Disease [6]. Concretely, the FAIR4Health plat
form included Privacy-Preserving Distributed Data Mining (PPDDM) methods to carry out a federated use of different AI algorithms, to 
identify association between de data (like the FP-Growth algorithm), and to perform predictions (like the Support Vector Machine, 
Logistic Regression, Decision Trees, Random Forest, Gradient Boosted Trees). In both cases, taking into account the federated nature of 
the FAIR4Health platform, no data was shared between the clinical sites connected to the platform, AI partial models were generated in 
the facilities of each health data owner, and the platform generated merged models using these partial models. 

To validate and assess the FAIR4Health solution, after obtaining approvals from the local ethics committees of all clinical centres 
involved, a prospective observational study [6] was carried out between April 2021 and September 2021 related to the FAIR4Health 
pathfinder case studies. 

This paper aims to analyse the impact on health research management outcomes of the FAIR4Health solution by analysing the 
impact of the use of FAIR4Health tools on the time and costs of health research. For this purpose, a survey was designed and carried out 
to study whether the use of the tools and the new FAIRification workflow developed during the FAIR4Health project have an impact on 
health research if used in a real environment. So, researchers who participated in the study would have worked in both situations (with 
and without FAIR4Health tools) to be able to compare them. 

Fig. 1. FAIRification workflow implemented in FAIR4Health project.  
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2. Methods 

2.1. Data collection 

To understand how researchers manage their time during the research data management processes, a specific survey (Appendix 1) 
was designed to identify possible savings in time spent on scientists’ data practices and efforts on research, thus bringing economic 
savings for the whole research community, and also how FAIR principles implementation could be enhanced. Privacy, consent and 
anonymisation issues related to the survey responses were indicated to each participant on the first page of the survey (and are shown 
in Appendix 1 of the manuscript, page 20). 

The participants in the survey could identify what scientists are doing now in terms of data collection, use, storage, reuse, etc, 
aiming to achieve improvements in tools and processes for the application of FAIR principles into health research data. The in
terviewees answered the survey through a general email sent to tentative participants, representing academic and clinical institutions, 
among others. 

The survey collected data on the amount of time researchers spend on specific research activities, such as administrative work, care 
practice or research. Within the time spent exclusively on research, questions related to the different steps of data management to make 
data FAIR were also included. In addition, questions related to the perception of different obstacles that may hinder the imple
mentation of FAIR principles were included. 

The survey contained four different sections. The first one (General Information) was aimed to get to know the interviewee profile 
with details such as age, sex, organisation they work with, percentage of time dedicated to research activities, number of projects they 
are usually working, typical dataset size they work with, etc. The second one (General questions regarding Data Science) was aimed to 
understand how researchers perceive existing difficulties to find and access appropriate data, and deal with it to make it suitable for 
their research, and the endorsement towards FAIR principles for the organisations they work in. Also, this section contained technical 
questions, such as AI techniques, standards to represent data or repositories to deposit metadata that are being used. The third section 
(Standalone Research without FAIR4Health) had the objective to inform about the actual time investment that the interviewees are 
currently making for a research project they are involved with, including questions per each task in a typical data management process 
needed to run a health research project. Finally, the fourth section (Research with FAIR4Health) informed about the same time in
vestment needed to manage data when running health research projects, this time using FAIR4Health tools (DCT, DPT, and FAIR4
Health platform). That is, using a before and after comparison when the FAIR4Health solution becomes available. 

Before disseminating the survey to potential respondents, the questionnaire was validated by established researchers currently 
involved in the consortium who are experts in data science. 

In order to quantify research impact, and taking into account all data management processes, researchers were asked to think of a 
research project they had recently worked on. Questions were then asked about the time spent on different data management tasks in 
their projects, i.e. without using the FAIR4Health FAIRification workflow tools (stand-alone research) and using the FAIR4Health 
FAIRification workflow tools. 

These tasks were as follows: (i) The ’data cleaning (pre-processing, curation and validation)’ phase covered the processing and 
checks performed to ensure data quality in a specific investigation, taking into account the time needed to improve data and/or 
metadata quality or to transform data where necessary (e.g. identify and fix problems). (ii) In the "data normalisation, standardisation, 
semantic modelling, data integration and data interoperability" phase, data from different sources were consolidated into a homo
geneous useable dataset, covering the transformation of two or more datasets into a machine-readable and harmonised format, 
considering the use of interoperability standards and/or semantic models. (iii) With the metadata record (link, licence, version, index 
and others), the data were adequately described accurately using all relevant data and/or metadata. In this case, consideration was 
given to the timing of recording the data and/or metadata and keeping this specific database up to date with a certain level of suit
ability for future research purposes. (iv) Publication of data and/or metadata in open public repositories covered the publication of the 
data and/or metadata so that it could be found. Consideration was given here to all the time in the publication processes that might 
vary between repositories, thus increasing the time. (v) Considering the sensitive nature of health data, one of the challenges for 
implementing FAIR principles in the health context is the legal one, related to compliance with the General Data Protection Regulation 
(GDPR). The FAIR4Health platform managed this challenge by using the PPDDM techniques explained in the introduction, and by 
offering the possibility to perform data anonymisation and/or de-identification. (vi) The activity "data processing and/or AI tech
niques" in the research cycle was ultimately aimed at extracting useful information to find insights and formulate conclusions and 
observations. 

2.2. Statistical analysis 

When doing the quantitative analysis, quantifying all costs of time spent by the research community when conducting standalone 
research (without using the FAIR4Health solution). Then, the same costs with using the FAIR4Health solution were aimed, thus 
obtaining an estimated measure of the potential savings. The revealed cost of Person/Month (PM) reported by each interviewee’s 
institution was considered. Also, how much percentage of the time each interviewee dedicated fully to research efforts were 
considered. 

Regarding the needed time to conduct a research without using the FAIR4Health tools, these were the times per average asked to 
the researchers, in order to cover all steps in the data management process: raw data extraction, data cleaning, make data interop
erable, metadata registration, publication in open public repositories, make data anonymized and de-identified, and data processing. 
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On the other hand, those same questions with the scenario of using the FAIR4Health solution were asked to measure the percentage 
of time saved. Regarding using the FAIR4Health solution, all the steps concerning data cleaning, data normalisation, standardisation, 
semantic modelling, data integration and interoperability, metadata registration and data and/or metadata publication could be done 
using the DCT. By other hand, the DPT copes with the challenge of data anonymisation and/or de-identification. Finally, processing 
data and/or using AI techniques to find reproducible results is covered by the FAIR4Health platform, which is key to finding already 
made research efforts and leveraging them. 

A data crossover plan was done, considering the previously mentioned tasks covered by each FAIR4Health tool in the whole data 
management process from a health research project. The time on average spent was asked in relation to the following. 

According to that, answers for questions two (time spent on data cleaning), three (time spent on data normalisation, semantic 
modelling and data interoperability), four (time spent on metadata registration), and six (time spent on (meta)data publication in 
open/public repositories) in the section ‘Standalone Research without FAIR4Health solution’ were compared versus answers for the 
first question (time spent on those processes using the FAIR4Health DCT) in the section ‘Research with FAIR4Health solution’, to get to 
know time saved by applying the DCT. 

Following the same logic, answers for questions five (time spent on data anonymisation and de-identification) in the section 
‘Standalone Research without FAIR4Health solution’ and second one (time spent on anonymisation and de-identification applying the 
DPT) in the section ‘Research with FAIR4Health solution’ were compared against. 

And the same occurred with questions related to the time on average spent on data processing and AI techniques. Answers from the 
questions seven in the section ‘Standalone Research without FAIR4Health solution’ and three in the section ‘Research with FAIR4
Health solution’ were also compared to measure times saved by the DPT and the FAIR4Health platform respectively. 

Cost savings was calculated by multiplying the percentage of time saved by using the FAIR4Health solution with the revealed cost 
of Person/Month (PM) reported by each institution and the percentage of work time exclusively dedicated to research activities: 

Cost savings = % Time Saved × Cost of PM × % Time aimed at research. 

3. Results 

The survey designed and fully included in Appendix 1, was sent to 56 researchers, and finally answered by 30 of them. The results of 
the statistical analysis defined is presented below, including the description of some interviewees’ statistics, and the outcomes 
regarding saved time and costs. 

The survey was answered by 30 researchers with knowledge in both data management techniques, and the use of the FAIR4Health 
workflow and tools. In fact, they participated in the design and functional requirements of the tools, as well as in the testing phase. 
Likewise, they hold meetings and training sessions with the FAIR4Health researchers who developed the tools and received user guides 
and training materials. These are the list of fourteen institutions for these 30 interviewees: Andalusian Health Service, Instituto 
Aragonés de Ciencias de la Salud, Universidad Carlos III de Madrid, Atos Spain SAE, HL7 Europe Foundation, Institut für Medizinische 
Informatik, Statistik und Epidemiologie - Universität Leipzig KöR, Academic Medical Center - University of Amsterdam, Université de 
Genève, Peter L. Reichertz Institute for Medical Informatics, University of Braunschweig, Università Cattolica del Sacro Cuore, Eu
ropean Federation for Medical Informatics Association, Software Research and Development Consultancy A. S., University of Porto, 
and the Institute for Pulmonary Diseases of Vojvodina. 

Below, some statistics about the survey 30 interviewees characteristics are presented in Table 1. 
On average, around a third of the work time of the interviewees was aimed at research efforts (32,2%), followed by teaching tasks 

(14,2%), projects management (13,9%), and healthcare practice (12,5%). Other responses were related to administration (9,0%), 
software development (7,6%), scientific divulgation (5,7%), and policy support (2,2%). 

The research types were evenly distributed between categories not disjoint (Health Data Science, Other Medical Informatics topics 
and Other topics), being Health Data Science the category when more than half of interviewees were involved with (56,7% 

Table 1 
Characteristics of the 30 interviewees.  

Sex Nearly two thirds of the interviewees were male (63,33%), while the remaining were female (36,67%). 

Age While the participant’s age was well distributed among different ranges, more than 80% were below fifty years old. The 
interviewees’ age range were: 18–30 (20,0%); 31–40 (33,3%); 41–50 (30,0%); 51–60 (13,3%); and 61–70 (3,3%). 

Primary country of 
employment 

Variety from countries showed the cross cultural from researchers who actually participated in the survey: Spain (27%), Germany 
(17%), Italy (10%), Portugal (10%), Serbia (10%), Switzerland (10%), Turkey (7%), Belgium (3%), Netherlands (3%), and Other 
(3%). 

Employment position a b 70% of interviewees to the survey were researchers at any stage of their professional career: R1 (13%), R2 (30%), R3 (17%), R4 
(10%), Research Admin (10%), Others (17%), and Not applicable (3%). 

Dataset size usually used More than half of participants usually coped with datasets conformed by more than one thousand records. The dataset size usually 
used was well distributed among different ranges: <100 records (10%); 100–1000 records (20%); >1000 records (60%); and Not 
applicable (10%).  

a R1 = First stage researcher (up to the point of PhD); R2 = Recognised researcher (PhD holders or equivalents who are not yet fully independent); 
R3 = Established researcher (researchers who have developed a level of independence); R4 = Leading researcher (researchers leading their research 
area or field); Others = Professions such as student, professor, project director, software engineer or senior consultant; NA = not answered. 

b Research profiles descriptors extracted from: https://euraxess.ec.europa.eu/europe/career-development/training-researchers/research-profiles- 
descriptors. 
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respectively). 46,7% and 33,3% of interviewees were involved with “Other Medical Informatics topics” and “Other topics” categories, 
respectively. Those categories were not disjoint, so researchers were able to declare to be involved in projects in different categories. 

Furthermore, half of our interviewees had less than or equal to three projects they were involved with. The number of health 
research projects involved per researcher was well distributed among different ranges: less than or equal to three projects (50,0%); 
between four and six projects (26,7%); and more than six projects (13,3%). This question was not applicable for 10,0% of interviewees. 

3.1. Evaluation outcomes 

The first step in the saved time analysis was to perform a quality control process to select compatible answers to consider for the 
quantitative results in terms of time invested. In this sense, 18 responses were considered valid from 30 final interviews to calculate 
time investment savings. 

Analysing individual answers interviewees gave, it is estimated that 57,88% and 55,51% of the research time could be saved using 
DCT and DPT, respectively. These statistics were based on aggregated statistics from all valid answers considered. Also, interviewees 
stated that 57,30% of the time could be saved by using the FAIR4Health platform. 

Putting all in perspective to cover all steps in a data management plan when conducting health research efforts, 56,57% of the time 
could be saved when using the whole FAIR4Health solution. This translated into economic savings of 16.800 EUR/month, representing 
17,11% of the PM of the institution of our interviewees (Table 2). Considering the person/month cost revealed by each institution in 
their involvement in the FAIR4Health project, this calculus was made. 

On the other hand, participants were asked to answer questions related to the relevance of the FAIR principles, using a scale from 1 
to 5, when one is firmly not difficult and five is strongly difficult. On average, the participants answered with a 3,43, 3,36 and 3,33 to 
the questions regarding the difficulty of finding and accessing appropriate data, and making this data suitable, respectively. Comparing 
how answers to these questions differed according to a specific professional profile, established researchers (R3) are the group that is 
considered more difficult to find, access and make data suitable (Fig. 2). 

When zooming on the techniques covered by the FAIR4Health solution, different professional profile groups were perceived at 
different times (Fig. 3). Established researchers (R3) were the group that used most of their time in using these techniques (37%). 

When asked if the techniques they use allows them to reuse the data for future studies, 33,3% answered as “Yes, using the 
FAIR4Health solution”, and 23,3% answered as “Yes, but not using the FAIR4Health solution”. 6,7% answered “No” and 30% “I do not 
know”. This question was not applicable for 6,7% of interviewees. 

Nearly a half of our interviewees recognised that their organisations publish its data and/or metadata in public repositories or 
curate data and/or metadata, even though only a small percentage uses the FAIR4Health solution for that (Fig. 4). 

4. Discussion 

Many researchers and research organisations know the need and importance of data sharing and new practices to improve the 
knowledge discovery [15–17]. However, they are hesitant to share their datasets because of real or perceived costs, including time 
investment. After analysis of the survey results related to the impact of the FAIR4Health solution in terms of health research, the 
authors highlight the relevance and advantages of the practical use of the FAIR principles through the developed tools [18]. 

Several initiatives, organisations and European projects are working on this issue. On the one hand, the European Open Science 

Table 2 
Economic savings using the FAIR4Health solution.  

# % time aimed at research % time saved using FAIR4Health tools Total savings 

1 40% 66,67% 1.188,53€ 
2 40% 23,53% 1.059,11€ 
3 40% 64,71% 1.187,22€ 
4 60% 82,35% 2.266,52€ 
5 10% 94,05% 120,95€ 
6 0% 73,19% 0,00€ 
7 20% 78,05% 868,53€ 
8 40% 66,67% 1.483,73€ 
9 55% 84,65% 2.095,12€ 
10 50% 80,00% 1.800,00€ 
11 25% 89,29% 1.375,00€ 
12 30% 62,50% 1.155,00€ 
13 20% 50,00% 1.125,30€ 
14 30% 86,67% 1.315,60€ 
15 35% 81,25% 1.438,94€ 
16 20% 0,00% 0,00€ 
17 25% 1,41% 14,44€ 
18 30% − 66,67% − 1.714,00€ 
Total Savings 16.799,98€ 
Total Cost of Payroll 98.047€ 
% Savings 17,11%  
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Cloud [19,20], the GO FAIR initiative [21], and the EOSC-Life project [22] (and their working group called “Turning FAIR into re
ality”). Then, the European Health Data Space (EHDS) [23], one of the strategic priorities for the European Commission, the European 
Health Research and Innovation Cloud (one piece of the EHDS), and the HealthyCloud European project [24]. Besides, the Research 

Fig. 2. Relevance of the FAIR principles, answers related to how difficult is finding, accessing, and dealing with the data for making them 
appropriate and suitable for your research, broken down by professional profiles. 

Fig. 3. Percentage of time used in data analysis/AI tasks is spent using these techniques: FP Growth, Support Vector Machine, Logistic Regression, 
Decision Trees, Random Forest, Gradient Boosted Trees. 

Fig. 4. Publishing data and/or metadata in public repositories (left)/Curation data and/or metadata (right).  
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Data Alliance [25,26], in both some Groups involving health data (Health Data Interest Group, Reproducible Health Data Services 
Working Group, Covid-19 WG), and some Groups applying explicitly the FAIR principles (FAIR Data Maturity Model WG, FAIR for 
Research Software WG, Raising FAIRness in health data and Health Research Performing Organisations WG). Also, the HL7 inter
national through the ‘FAIRness for FHIR’ project [27] as part of the Services Oriented Architecture Workgroup, and their first main 
tangible result: the HL7 FHIR implementation guide titled ‘FHIR4FAIR’ [28]. And finally, other European projects like FAIRsFAIR [29] 
and FAIRplus [30]. 

The implementation of the FAIR principles remains challenging due to some obstacles in the way, be it the lack of awareness in the 
research community on how to share data (which format, what information or metadata has to be provided, etc) [31], lack of 
preparation of a data management plan/missing metadata [32,33] or different standards for research data used [34–36]. 

The survey authors indicated that the survey should be answered only by researchers working in some data management technique 
(i.e. cleaning, normalisation, standardisation, semantic modelling, integration, interoperability, metadata registration, anonymisa
tion, publication, processing with AI techniques or others) with knowledge about the use of at least one of the tools as part of the 
FAIR4Health solution (DCT, DPT and FAIR4Health platform). However, some interviewees answered without including relevant in
formation in these essential questions for this study. Besides, although the questions related to the time on average used without and 
using the FAIR4Health solution were mandatory, some respondents added that they spent 0% of their time on research (on average). 
But to answer the survey, they had to know about the FAIR4Health solution, which is part of a research project. 

Another issue that arose when facing the answers was the need for more capacity to compare the times of researchers using the 
FAIR4Health solution for specific research and replicate this same research without using the FAIR4Health tools. It is because, in some 
cases, the interviewee did not include allocation of time in the corresponding sub-categories, or the researcher established time (hours) 
about a working week while in the scenario of using the FAIR4Health solution they did not include this same reference. For these two 
reasons, only eighteen answers were used as valid ones, leaving the remaining twelve out of this part of the analysis. 

Finally, another limitation identified in relation with the survey. Identifying researchers with experience in data management 
techniques and with knowledge about the use of the FAIR4Health solution was difficult, this is the reason the survey was sent only to 
56 researchers, and all of them were from the FAIR4Health consortium. 

Based on the survey to analyse the impact in terms of health research management outcomes, some questions were included in the 
design to collect information related to future improvements of the FAIR4Health solution, such as the coverage of others health 
informatics standards in the FAIRification tools, and the inclusion of new AI algorithms in the FAIR4Health platform. 

The FAIR4Health solution covers the use of the following health informatics standards: HL7 FHIR, Snomed-CT, LOINC, ICD. These 
standards were used commonly with the 50,0%, 43,33%, 40,0% and 73,33% of interviewees, respectively (Fig. 5). As next steps the 
FAIR4Health solution could be extended including the following health informatics standards: ISO/CNE standards, openEHR, HL7 
CDA, the International Classification of Primary Care, Dublin Core, CDISC family of standards, epidemiological standards, W3C 
standards. 

The FAIR4Health platform includes six AI techniques. To the question of how much time when doing data analysis/AI tasks they 
spent using any of the above mentioned techniques, 36.7% answered as “Do not use” or “Not answered”, and 50,0% as “Less or equal 
than 40% of time” (Fig. 6). 

In a subsequent question, the survey questioned what other techniques (different from the above mentioned) are used for data 
analysis in your research. So as the following steps, the FAIR4Health platform could be extended including the following AI algorithms: 
factor analysis, other kinds of cluster analysis, neural/others network analysis, linear regression, convolutional and recurrent neural 
networks -i.e., Long short-term memory-, content analysis, social network analysis, ontological and semantic analysis, rule-based 
analysis, knowledge-based analysis, deep learning techniques, etc. 

Another issue under-valuing the savings on direct costs in terms of time investment by researchers is that the data extraction/ 
recollection still needs to be covered by the FAIR4Health tools. So, in a new version of the FAIR4Health solution, some improvements 
could be included by further reducing the time used to cover the data management techniques, thus bringing more beneficial results in 
terms of economic savings as well. 

Therefore, the FAIR4Health solution provides tools to facilitate the application of FAIR principles to health research datasets after 
the design of a specific FAIRification workflow [10]. Once a survey was designed to analyse the impact on health research that the 
FAIR4Heatlh solution can have, it was disseminated to researchers who know data management techniques and the FAIR4Health 
workflow and tools. Finally, the main results were presented in this manuscript, concluding that adopting the FAIR principles in health 
research through the FAIR4Health solution saves time and, consequently, costs in the execution of research involving data manage
ment techniques. 
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