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Abstract Background One Digital Health (ODH) aims to propose a framework that merges One
Health’s and Digital Health’s specific features into an innovative landscape. FAIR
(Findable, Accessible, Interoperable, and Reusable) principles consider applications
and computational agents or, in other terms, data, metadata, and infrastructures) as
stakeholders with the capacity to find, access, interoperate, and reuse data with none
or minimal human intervention.

Objectives This paper aims to elicit how the ODH framework is compliant with FAIR
principles and metrics, providing some thinking guide to investigate and define whether
adapted metrics need to be figured out for an effective ODH Intervention setup.
Methods An integrative analysis of the literature was conducted to extract instances
of the need—or of the eventual already existing deployment—of FAIR principles, for
each of the three layers (keys, perspectives and dimensions) of the ODH framework.
The scope was to assess the extent of scatteredness in pursuing the many facets of
FAIRness, descending from the lack of a unifying and balanced framework.

Results A first attempt to interpret the different technological components existing in
the different layers of the ODH framework, in the light of the FAIR principles, was
conducted. Although the mature and working examples of workflows for data FAIRification
processes currently retrievable in the literature provided a robust ground to work on, a
nonsuitable capacity to fully assess FAIR aspects for highly interconnected scenarios, which
the ODH-based ones are, has emerged. Rooms for improvement are anyway possible to
timely deal with all the underlying features of topics like the delivery of health care in a
syndemic scenario, the digital transformation of human and animal health data, or the

Keywords digital nature conservation through digital technology-based intervention.

= FAIR Conclusions ODH pillars account for the availability (findability, accessibility) of

= Information Science,  human, animal, and environmental data allowing a unified understanding of complex
Medical interactions (interoperability) over time (reusability). A vision of integration between

= One Health these two worlds, under the vest of ODH Interventions featuring FAIRness character-

= Digital Health istics, toward the development of a systemic lookup of health and ecology in a

= One Digital Health digitalized way, is therefore auspicable.
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Introduction

Background

One Digital Health (ODH) aims to propose a framework that
merges One Health’s and Digital Health’s specific features
into an innovative landscape. FAIR (Findable, Accessible,
Interoperable, and Reusable) principles consider applica-
tions and computational agents (or in other terms, data,
metadata, and infrastructures) as stakeholders with the
capacity to find, access, interoperate, and reuse data with
none or minimal human intervention. Having an efficient
and effective interaction between two knowledge manage-
ment visions is essential. Understanding how ODH can
trigger more FAIRness and reciprocally how FAIR can induce
a sustainable practice of ODH, needs some awareness of each
one separately.

One Health and Digital Health

Digital health deals with the development, implementation,
integration, and use of information and communication
technologies for health management and promotion pur-
poses to improve wellness and reduce illness risk. At the
same time, having an integrative understanding of human,
animal, and environmental health is the challenge of One
Health."? Thus, the deployment of interoperable systems is
the key to efficiently supporting data collection, storage, and
analysis, allowing the monitoring and generating of in-time
alerts for decision-makers looking at human, animal, and
environmental health as distinct fields or as a whole. In the
health and environment contexts, this process is essential to
prevent, respond, recover, and mitigate disasters from nano-
to mega levels.

One Digital Health

Standing at the crossroads of these fields, ODH aims to
propose a framework—comprising two keys, three perspec-
tives, and five dimensions—that merges their peculiar
features into an innovative landscape. ODH intends to
support the digital transformation of health ecosystems
that is to support the improvement and enhancement of
the whole quality of life and care ecosystems, wherein
animals, plants, and other ecological components are called
to build up a digitally enhanced web of interactions, thus
allowing continuous monitoring and control.* Its core is
therefore to look in a systematic and integrative way at the
interactions between health and life sciences, digital tech-
nology, and environmental resource management. This is
oriented to the realization, in the future, of near-real-time
data-driven solutions to challenges related to systems
medicine and ecology, as a whole. Further, a proper and
evolutive framework, such as the ODH one, turns out to be
essential to permit collecting heteroclite data to run analyt-
ics processes. This also means that, by definition, ODH
concentrates on promoting and enhancing the synergy
between One Health and Digital Health communities. It
tends to help the health informatician community to
address the intrinsic complexity of novel health and care
scenarios in digitally transformed health ecosystems
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wherein citizens are called to play a central role in the
management of their health-related data and resources. In
this regard, to test and develop the inputs provided by the
authors of the proposed framework,* both the European
Federation of Medical Informatics and the International
Medical Informatics Association supported the creation of
as many ODH Working Groups. Memberships currently
involve researchers and practitioners in health informatics,
digital health, applied artificial intelligence and data
science, human and veterinary clinical medicine, epidemi-
ology and policy-making, citizen engagement, and smart
city, emergency, and disaster management.

The FAIR Principles

The FAIR principles draw a framework to organize research
outputs in such a way that they must be easily accessible,
understood, exchanged, and reused. They address 21st century
research requirements of “Findability,” “Accessibility,” “Inter-
operability,” and “Reusability” of digital resources, such as
datasets, code, workflows, and research objects.” Thus, relying
on FAIR Data Principles®® becomes critical to ensure mid- and
long-term sustainable research outputs and provide up-to-date
support to the decision-makers. FAIR principles consider appli-
cations and computational agents (or in other terms, data,
metadata, and infrastructures) as stakeholders with the capac-
ity to find, access, interoperate, and reuse data with no or
minimal human intervention. They also recognize the impor-
tance of an automated process for computational support to
deal with intensive data processes.’”

ODH Intervention in a FAIRness Way

As previously stated,* the concept of ODH Intervention
stems from the need to establish an interoperable digital
health ecosystem capable of seamless, secure health data
exchange and processing. An ODH Intervention is formal-
ized as a set of digital functionalities* (digitalities) designed
and deployed to:

 Support specific initiatives that address human, animal,
and environmental systems’ needs and challenges.

* Assess, study, and collect data on these systems’ expected
outcomes, unexpected outcomes, and effects.

Along with this, ODH-ness is introduced as an overall
measure of how well the harmonization between the different
digitalities works to address the needs and challenges men-
tioned above. Accordingly, on the one hand, assessing the
FAIRness of an ODH Intervention stands as an unavoidable
prerequisite for proper data management and stewardship of
the whole set of data produced and exchanged within the
Intervention itself. In the same way, developing an ODH-ness
compliance analysis assessment involves the deployment of
FAIRness Maturity models.® Therefore, the design and deploy-
ment steps of an ODH intervention imply” for the generated
data at each step to be:

* “Findable,” because the digitalities involved are part of the
study and collection of all the data related to the inter-
connection between systems’ needs.
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» “Accessible” via standardized protocols, to leverage the
available common substrates of data, information, and
knowledge stemming from digital biodiversity.

* “Interoperable,” as a consequence of the awareness to
establish an ecosystem capable of seamless, secure health
data exchange and processing, to deal with the shared
risks between animal and human populations.

» “Reusable” to allow a systematic, continuous, and intelli-
gent integration of big, smart, and multidimensional data
exchanges by the digitalities involved.

One example of ODH intervention is the Optimal Evacua-
tion Route for Animals (OPERA) project.® OPERA consists of
an information system supporting environmental monitor-
ing of the wooded areas at risk of fire in the “Mount Vesuvius’
red zone” in South Italy. Its main objective is to determine the
optimal evacuation route for animals in case of fire, for each
of the reported animal species living in the mentioned area.
With direct reference to the ODH framework, the project
features the following: perspectives—individual health and
wellbeing (of the animal species in case of evacuation), and
ecosystem (red zone monitoring, and health guarantee for
animals); and dimensions—environment (working out the
evacuation route as an arborescence optimization problem),
and health industry 4.0 (fires prevention via the deployment
of a wireless sensors network). The OPERA project shows an
example of a FAIR ODH intervention wherein the environ-
mental monitoring systems are interconnected allowing data
sharing in a findable, accessible, and interoperable way.
Moreover, the models generated by OPERA are also built in
such a way that they are reusable by other systems for other
similar events.

Aim and Objective

Our leading aim, herein, is to take to the front the critical need
of having ODH-related systems and platforms with a high
FAIRness level even to increase the holistic features of systems
medicine and ecological research to look at the humans’ and
animals’ health and at the influences on their surroundings
and vice versa. Therefore, the objective is to elucidate how the
ODH framework can lead to more systems compliant with the
FAIR principles and metrics. Our hypothesis is that the results
we can provide below should help to draw some thinking
guides to investigate and define whether adapted metrics need
to be figured out for an effective ODH Intervention setup.’ To
this end, the compliance between the ODH framework’s layers
and the FAIR principles will be assessed in a synthetic and
example-based way as a double-entry table (FAIR vs. ODH).

Methods

As briefly anticipated, the ODH “steering wheel” is built
around two keys (One Health, Digital Health), three perspec-
tives (individual health and well-being, population and
society, ecosystem), and five dimensions (citizens’ engage-
ment, education, environment, human and veterinary health
care, Healthcare Industry 4.0)* (~Fig. 1).
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Fig. 1 The One Digital Health steering wheel conceptual framework
(Adapted from Benis et al4).

The digitalities to be singled out and analyzed, toward the
deployment of an ODH Intervention, aim to:

* Increase human wellness and animal welfare.

 Take into account “how” the humans/animals interactions
reciprocally affect their health, and behaviors.

* Relate to how technology has been embedded in human
experiences and activities.

» Support the management and governance of the complex
interactions between humans, animals, and their
ecosystems.

To achieve each one of those aims, it is critical to pursue a
quality of data (e.g., according to the following components:
availability, usability, reliability, relevance, and presentation
quality; and according to the following data quality elements:
accessibility, timeliness, authorization, credibility, definition/
documentation, metadata, accuracy, consistency, integrity,
completeness, auditability, fitness, readability, and struc-
ture)'® that must also feed with the FAIR principles. Thus,
FAIR guiding principles spotlight the need to develop the
capacities of computational systems to manage the monitor-
ing, collection, processing, and stewardship of the digital
resources to be evaluated, with a minimum of human
interventions, due to the “big data” and “cloud computing”
revolutions inducing an increase of data volume, velocity, and
variability in the health and medicine arena.!! To this end, an
integrative literature review'>'3 was conducted to extract
instances of the need—or of the eventual already existing
deployment, explicitly reported or not—of FAIR principles
with FAIR-enabling digital resources-like'® (e.g., datasets,
metadata, code, protocols, compute resources, data policies,
identifier mechanisms, standards) for each of the three layers
featured by the ODH framework. The review was processed by
seeking for publications, on medical and engineering search
engines (e.g., PubMed, IEEE Xplore, Science Direct), totally or
partially related to the combinations of, at least, one FAIR
principle and, at least, one of the ODH “steering wheel”
features, for example, keys, perspectives, or dimensions
(or synonyms). The included resources have been selected



subjectively (i.e., as a shared opinion of the authors) according
to their potential contribution to the aim and objective of this
research.

The scope was to assess the extent of scatteredness in
pursuing the many facets of FAIRness, descending from the
lack of a unifying and balanced framework, which ODH
actually is.

Results

FAIR-Enabling Digital Resources-Like for all the Layers
of the ODH Framework

=Table 1 showcases a comprehensive overview of the findings
of the integrative literature review that were then categorized
according to the three layers of the ODH framework.

ODH FAIRness from an Interconnectivity Point of View
To provide an additional prospect to the mapping of the ODH
and FAIR frameworks, in the following sections it is highlight-
ed how different technological components existing in the
different layers of ODH (keys, perspectives, dimensions) can
also be effectively interpreted in the light of the FAIR
principles.

Keys

The concept of One Health Informatics'® first conveyed the
idea of entwining One Health’s widened framework—which
looks at the inextricable interconnectedness between
humans, animals, and the environment'®—with the multiple
features of Digital Health—that entail, for example, collecting
and storing data, information, and knowledge to efficiently
deliver health care, as well as pursuing goals related to health
promotion, well-being, and efficient self-management.
ODH'’s intrinsic propensity to facilitate and improve collabo-
ration among practitioners from both communities provides
anovel common ground to figure out aspects like (1) delivery
of health care in a syndemic scenario; (2) digital transforma-
tion of human and animal health data; and (3) digital nature
conservation by means of digital technology-based
interventions.*1”

Perspectives

The shift from individual-level, predictive, personalized,
preventive, and participatory health care'® to a population
level is not supposed to rely on a one-size-fits-all approach,
as personalized health accounts for individuals’ variability in
terms of genes, environments, digital health literacy, prefer-
ences, and lifestyles. In a broader sense, the whole set of
animals and humans, as well as software and robots, acting
as autonomous and interacting agents to enhance decision
support dynamics, make up an ecosystem capable of “digi-
tally” responding to populations’ impact and interactions.'®
Such digital biodiversity descends in turn from common
substrates of data, information, and knowledge that need
to be made accessible, available, and able to be analyzed in
novel and innovative ways. Looking at the individual or at the
population is pretty similar for dealing with data collection
and storage. Thus, from a merged FAIR and ODH perspective
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handling individual data makes them available for popula-
tion-level studies but the opposite is not always possible.
This last possibility is less interesting in terms of ODH-ness
due to the limited possibility of easy secondary use.

Dimensions

Digitalization and interconnectivity are meant to increasing-
ly spread all over the facets of the health systems: this entails
an equally growing challenge for collecting, storing, archiv-
ing, and analyzing a wide range of real-time data made
available by several different kinds of connected organiza-
tions. As a consequence, many new paradigms need to be
conceived to convey characters, features, and available tech-
nologies for each of the communities that (sometimes for the
first time) find out new places of encounter with each other:
it is the case of , for example, smart cities, citizen sciences, or
welfare ecosystems. Similarly, the systemic thinking skills,
underlying every research process, rising up in this new era
are called to figure out the most suitable ways to get to and
shape the new generations of practitioners. This occurs
thanks to the deployment of well-known methods like
project-based learning?® and case-based learning,®! which
make it possible to have citizens capable of engaging with
complex policymaking over time (i.e., for policies that are
related to ethics, regulation, decisions on big smart data, and
the shaping of social norms).

Discussion

Overview
The effectiveness of an ODH Intervention, although quanti-
fying ODH-ness as a measure, also ideally provides its
positioning within the Technology Ring that encompasses
the set of digital functionalities the ODH framework relies
on.* The FAIRification of an ODH Intervention, by extension,
relies in the first place on the need to deploy timely solutions
to enable the FAIRification of those technological resources
the mentioned digital functionalities are meant to generate
and handle.?2 On the other hand, an effective ODH-ness
cannot be considered but as a sort of FAIR “meta-metric,”
since it has to deal with the assessment of the whole FAIR
guiding principles set for each of the three areas (digital
Human-ities, digital Animal-ities, and digital Environmen-
tal-ities) identified and comprised within the ODH Technol-
ogy Ring. More specifically, these areas have to be intended,
from an ontological viewpoint, as the projections of the
upper-class “ODH Intervention” concept onto its interacting,
constituent, classes of digitalities. Additionally, as FAIR Prin-
ciples are aspirational (in that they describe a continuum of
features, attributes, and behaviors that move a digital re-
source closer to a given goal''), a progressive, refined posi-
tioning of ODH-ness within the ODH Technology Ring will
likely require a periodic normalization of the assessment
steps, depending on the necessary changes impacting the
resources involved. All this entails that, to be fully compliant
with the ODH vision, each investigated digitality needs to be
circularly evaluated: in other words, a FAIRification work-
flow for ODH Research demands the definition of timely
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metrics to assess whether a digital object, although comply-
ing with a specific aspect of FAIR within its specific area of
the Technology Ring, shows a similar propensity/capacity to
be FAIRed once stretched out toward one of the other two
areas—or toward both of them, when it comes with a triality.

The main objective of this research was to provide to the
different actors of the ODH landscape some indications
about the “ODH keys, perspectives, and dimensions” compli-
ance with the FAIR principles. On the one hand, the results of
our analysis must lead to the development of FAIR metrics for
implementing efficiently and effectively an ODH Interven-
tion setup. Therefore, we assessed in a focused and example-
based way the compliance of the ODH framework’s layers
with the FAIR principles and looked reciprocally at those
latter to understand how they are implemented in the
different components of ODH. Our results show the need
to develop the ODH compliance to FAIR to allow streamlined
monitoring and interactions between the different ODH
perspectives and dimensions.

Strengths and Limitations

The power of ODH as a framework is to act as a bridge
between worlds. In a broadly similar way, FAIR principles’
upper aim is to facilitate data exchanges over time. Having an
integrated view of the FAIR principles from the ODH view-
point must straightly influence the development of collabo-
ration between researchers and practitioners from fields
previously not working together. Thus, showing that ODH
is and must be “more FAIR” is an added value for the whole
communities involved in one or more perspectives or
dimensions of the framework. However, despite the efforts
performed to deploy Open Science data stewardship, the
comprehensive view that the ODH framework can provide is
still lacking. Hence, the current effort of harmonizing digital
resources of different sizes, scopes, quality, and utility is
meant to develop along two complementary trajectories: on
the one hand, a strong agreement will be requested as to
the qualities (clear, realistic, discriminating, measurable,
universal) that a FAIR metric should exhibit, to overcome
differences such as those emerging for human and veterinary
health?3; on the other hand, already existing FAIR-driven
communities are clearly called to keep strengthening their
spiraling path to always refined FAIRness levels (it is the case
of e.g., Education and Citizen Science Dimensions). The
uneven results summarized in =Table 1 tell us that
the mature and working examples of workflows for data
FAIRification processes currently retrievable in the litera-
ture,’ only fit for the single slots/results, yet they provide a
robust common ground to work such new aspects out from.

Implications for Public Health
ODH demands for the adoption of new kinds of data environ-
ments, technologies, and standards. The peculiar nature, in
terms of both members and initiatives, of the abovemen-
tioned working groups also mean that different communities
are called to pursue and create new networks of relation-
ships with each other, to be compliant with the most
Vol. 61
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intrinsic meaning of those aspects emphasized along with
the two keys of the framework.

Analyzing these relationships is therefore expected to not
only cater for novel insights, but also for supporting a
systematic and syndemic decision-making process to learn
coping with an upcoming large spectrum of events through a
timely sequence of response, recovery, and mitigation
steps.24 In this regard, initiatives such as the FAIR4Health
project encouraged the health research community to
FAIRify, share, and reuse their datasets derived from publicly
funded research initiatives. ODH pillars account for the
availability (findability, accessibility) of human, animal,
and environmental data allowing a unified understanding
of complex interactions (interoperability) over time (reus-
ability). In such a promising and prolific landscape that joins
FAIR for global health as an interdisciplinary and unifying
field by developing “fair” ODH interventions, (public) health
policy-makers are strongly asked to account for this
integrated approach in the development of research man-
agement up-to-date rules.

Conclusions

Having a clear view and understanding of the links and
dependencies between the FAIR principles and the ODH
framework layers is essential to build the next (eco)systems
medicine as a whole, setting it up under the vest of ODH
Interventions featuring FAIRness characteristics. The large
set of examples provides elicited feedback from FAIR and
ODH practitioners toward a vision of integration between
these two worlds, for developing a systemic lookup of health
and ecology in a digitalized way.
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