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Abstract

One Digital Health is a proposed unified structure. The conceptual framework of the One Digital Health Steering Wheel is built
around two keys (ie, One Health and digital health), three perspectives (ie, individual health and well-being, population and
society, and ecosystem), and five dimensions (ie, citizens’ engagement, education, environment, human and veterinary health
care, and Healthcare Industry 4.0). One Digital Health aims to digitally transform future health ecosystems, by implementing a
systemic health and life sciences approach that takes into account broad digital technology perspectives on human health, animal
health, and the management of the surrounding environment. This approach allows for the examination of how future generations
of health informaticians can address the intrinsic complexity of novel health and care scenarios in digitally transformed health
ecosystems. In the emerging hybrid landscape, citizens and their health data have been called to play a central role in the
management of individual-level and population-level perspective data. The main challenges of One Digital Health include
facilitating and improving interactions between One Health and digital health communities, to allow for efficient interactions and
the delivery of near–real-time, data-driven contributions in systems medicine and systems ecology. However, digital health
literacy; the capacity to understand and engage in health prevention activities; self-management; and collaboration in the prevention,
control, and alleviation of potential problems are necessary in systemic, ecosystem-driven public health and data science research.
Therefore, people in a healthy One Digital Health ecosystem must use an active and forceful approach to prevent and manage
health crises and disasters, such as the COVID-19 pandemic.
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Introduction and Background

All science fields are strongly interconnected to each other, and
each health specialty depends on others. Yet academics,
researchers, and practitioners are often confined to their own
knowledge, language, and expertise silos. This issue is
paradoxically enhanced by the existing abundance of knowledge;

large amounts of big data and the cloud age have supported
short-term research in numerous domains [1-3].

One Health is an umbrella concept that encompasses all
disciplines that broadly deal with human health, animal health,
and the surrounding environment. The modern origins of One
Health date back to 2004. One Health was introduced as part
of the 12 Manhattan Principles, which called for an international,
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interdisciplinary approach for preventing diseases [4],
specifically animal-human transmissible and communicable
diseases. Therefore, systematic perspectives on life sciences
and the environment (ie, interactions and coinfluences within
the environment) were brought together to design and implement
programs, policies, and regulations for achieving better public
health outcomes. The World Health Organization (WHO) has
associated One Health with sustainable development goals [5,6].
One Health involves the evaluation and monitoring of the impact
of environmental hazards on health care systems, public health,
biodiversity, and food security. In summary, One Health
encompasses the interconnections between humans, animals,
plants, and the global ecological environment [7-10]. Therefore,
One Health research requires close collaboration among health
practitioners, public health workers, biologists, and
environmental science specialists. One of the main aims of One
Health research is to understand how potential vector-borne
diseases (eg, a highly pathogenic avian influenza) spread and
how they can be controlled [11,12].

The evolution of digital technology has resulted in
evidence-based, accessible, upper-level, and holistic methods
that are capable of accelerating biomedical research and
enhancing public health efficacy. Moreover, this transformation
has rapidly enhanced scientific knowledge development and
improved health education, personalized clinical care, and
citizen science. This has led to the growth and advancement of
scientific knowledge, as well as overlaps among formal, natural,
and social sciences; engineering; health; medicine; and
well-being. There have been calls for integrating digital
technologies into the living- and society-related aspects of
various fields to enhance population health, efficiency, precision,
and personalization in health care delivery. Thanks to active
citizens’ engagement and participation, considerable volumes
of data have been generated by a multitude of systems and
processed with semi–real-time data mining techniques (ie,
techniques that health care data specialists have improved over
time). Reflecting upon multiple perspectives during the ongoing
COVID-19 pandemic can provide opportunities for revisiting
and understanding the limitations of public health, human and

veterinary health care, and environmental management systems
[13,14].

To build upon these advances in digital technology, we introduce
One Digital Health (ODH), which is a novel framework that
integrates perspectives from health, care, and well-being
research; health informatics research; and broad computer and
data science research. ODH is based on (1) health informatics
and the broadening of digital health [15]; (2) One Health [4],
which provides a holistic and systemic view of health and life
sciences that are prominent in human health, animal health, and
ecosystem research; and (3) environmental research.

In the following sections of this viewpoint paper, we will
elaborate on the ODH conceptual framework, highlight the core
elements of ODH, and address specific challenges for the future.
Examples of COVID-19–related aspects and how these aspects
relate to the ODH framework will also be considered and
discussed. We will also discuss recommendations for raising
awareness, capacity building in ODH, and the proposed
multidisciplinary European Federation of Medical Informatics
(EFMI) ODH working group, to promote synergy across One
Health scientific fields.

What is ODH?

ODH aims to facilitate and improve collaboration among
practitioners in One Health and digital health communities. This
collaboration will allow both communities to benefit from
efficient interactions over time and the delivery of
near–real-time, data-driven contributions to systems medicine
[16] and systems ecology [17]. This will also allow citizens to
engage with their individual health and well-being.

ODH is comprised of three intertwined levels (ie, two enabling
keys, three perspectives, and five dimensions), wherein digital
technology acts a catalyst. These are described in the following
sections.

Figure 1 shows our conceptualization of the ODH framework,
which we named the ODH Steering Wheel.
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Figure 1. The One Digital Health Steering Wheel conceptual framework.

The Two Enabling Keys: One Health and
Digital Health

It is widely acknowledged that the concepts of health data,
information, and knowledge refer to a person’s health and
medical history [18]. Health informatics refers to the
management (ie, collection, aggregation, analysis, and
interpretation) of health data, information, and knowledge (ie,
those related to patient care) that are made available through
the deployment of digital tools [19]. Many scholars have
contributed to the expansion of these original core concepts.
Such contributions include (1) increasing technology adoption
and performance; (2) enhancing technology safety, quality,
effectiveness; and (3) improving the efficiency of care. One
Health and digital health researchers seek to make their fields
more comprehensive and inclusive, by studying research fields
that are constantly being improved due to the development of
health informatics [20]. As a result, the field of biomedical and
health informatics (BMHI) “pursues the effective uses of
biomedical data, information, and knowledge for scientific
inquiry, problem solving, and decision making, motivated by
efforts to improve human health”; and “investigates and supports
reasoning, modeling, simulation, experimentation, and
translation across the spectrum from molecules to populations,
dealing with a variety of biological systems” [21]. In this sense,
BMHI reflects manifold purposes and benefits all professionals
in the health care field [22].

During the early 2000s, the internet was integrated into the
day-to-day life of the general public. At the same time, eHealth
emerged as a novel concept. eHealth has expanded the focus of
medical informatics to include clinical information systems
[23]. This has allowed the field to actively acknowledge health
service customers, which are the central focus of the system.

Thus, eHealth has majorly emphasized the importance of
consumer health informatics in the current century [24].

eHealth-related concepts have been defined [24] and
disseminated over more than 20 years [25]. Nonetheless, the
massive process of digitalizing health services (ie, the process
we are currently witnessing) has brought renewed focus to
economics. This focus has manifested as the use of the term
“digital health” [26]. This means that even though the terms
“electronic something” and “digital something” are considered
synonyms, the former seemingly refers to “electromagnetic
stuff” from the “old times” (ie,1990s to the beginning of 2000s),
whereas the latter sounds more like “advanced technologies”
that fully support the daily practices of health and care. Thus,
the term “digital health” is catchier than “electronic health,”
which can refer to communities that have not fully integrated
technology [26]. In other words, no considerable differences
seem to exist between eHealth and digital health, as no paradigm
shifts exist between them. Yet, digital health can be seen as a
refined version of eHealth, since digital health explicitly
accounts for the deployment of health data, information,
knowledge, and decision support systems via digital
technologies, in a context that features life and environmental
aspects [23]. Digital health therefore entails (1) ubiquitously
collecting and storing data, information, and knowledge to
efficiently deliver health care; (2) making health and medicine
more personalized and precise; (3) pursuing goals that are related
to health promotion, well-being, and efficient self-management;
(4) considering the economic dimensions of the services
tendered.

The deployment of digital health interventions requires expertise
from health practitioners; health researchers; and scientists in
the fields of engineering, social sciences, public health, health
economics, and data management [21]. It is for these reasons
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that we use the term “digital health” instead of “eHealth” in this
viewpoint paper.

Concepts such as health, well-being, individual, population,
living quality, and biological systems stand at the core of One
Health practitioners’ collaborative, multisectoral, and
transdisciplinary approach. One Health practitioners also aim
to achieve optimal health and well-being outcomes at the local,
regional, national, and global levels, by recognizing the
interconnections between people, animals, plants, and their
ecosystems [27-29]. People’s rising interest in the manifold
competence areas of One Health have allowed them to witness
the development of innovative strands of research, such as
digital epidemiology and public health infodemiology research
[30,31]. These new disciplines aim to improve people’s
understanding of health risks, effective management, and policy
decisions [32,33]. In this spirit, One Health informatics has been
proposed as an approach for bringing these research topics
together during public health and life sciences research. The
key themes of One Health informatics are deploying big data
analytics for supporting and improving public health and
medical research, and addressing issues that are related to
biodiversity control, disaster management, and disease
monitoring (eg, the surveillance of zoonoses for determining
early warning signs, prevention methods, and control methods).

One Health practitioners worldwide have been calling for
engagement at a much broader, ecosystem-level scale. Systemic
and cultural transformations are necessary, as they allow us to
appreciate how disruptive technologies play a big role in the
implementation of new practice models, which encourages new
ways of thinking about health, care, and wellness. Thus, the
profound impact of disruptive technologies is expected to shape
the future of health systems. This is why the very idea of “health
systems” should be reconsidered [34,35]. We propose that the
One Health informatics frame, which includes the concepts of
living, society, and digital health intervention–related expertise,
should be included in One Health’s widened framework, which
looks at the inextricable interconnectedness between humans,
animals, and the environment [9,10]. The following aspects
should be included: (1) the delivery of health care in a syndemic
scenario [36]; (2) the digital transformation of human and animal
health data (ie, including the concept of animal welfare) [37];
and (3) digital nature conservation (ie, biodiversity and wildlife
conservation, food security, antimicrobial resistance, climate
change, etc) by means of digital technology–based interventions
[38].

A wide range of scientific disciplines has been called upon to
work together to address emerging issues that are related to the
above aspects. This holistic set of aspects and expertise
requirements can be brought together under the proposed ODH
framework.

The Three Perspectives: The
“Individual-Population-Ecosystem” Triad

The perspectives layer of the ODH looks at how the concept of
“individual” is identified within that of “population” (ie, without
distinguishing between human and animal), how a population

impacts and interacts with an ecosystem, and how the ecosystem
responds accordingly.

Individual Health Care and Well-being
The emerging awareness of shared risks that face animal and
human populations (ie, a concept that was originally part of the
One Health approach) fosters opportunities for leveraging large
amounts of unexplored data sources on zoonoses to generate
new information and knowledge. The scope of the ODH includes
supporting rapid and more accurate methods for detecting
disease trends, outbreaks, pathogens, and causes of emergence
[8,39-41]. The recognized, paramount importance of collecting
digital health data to strengthen our understanding highlights
the need for frameworks and tools that support and acknowledge
the shift from big data to smart data. Smart data involves
innovative processes that are necessary for answering pivotal
questions from the health sector [33]. Addressing these issues
requires new, ecosystem-driven paradigms and transformative
technologies that reinforce traditional surveillance systems’
ability to prevent and control diseases. These innovations will
further impact intersectoral coordination; link human and animal
health data; allow for the flow of reliable information and
knowledge; and promote the proper use of infrastructures,
systems, and human resources for detecting outbreaks, thereby
ensuring good health and well-being.

Population and Society
Discussing populations and their societal organization does not
simply mean providing a generalization of concepts that are
related to personalized health care and well-being. Although
we are discussing individual-level, predictive, personalized,
preventive, and participatory health care [42-44], shifting to the
topic of population-level, unified perspectives requires us to
account for the differences between individuals. Contrary to a
one-size-fits-all approach, personalized health has to take into
account an individual’s variability in terms of genes,
environments, digital health literacy, preferences, and lifestyles.
This requires a systematic integration of knowledge (ie,
knowledge about health care, veterinary care, agriculture,
meteorology, climate change, environmental protection, and
intelligence) [45] into novel decision-making processes. These
processes include decisions about the prevention and
management of all hazards and threats to public health, such as
exposure to animal diseases with zoonotic potential,
environmental exposures, drug adverse events, the rise of
misinformation [46], instances of diseases, and disease outbreaks
[47].

There is a lack of solid and recognized leadership. Therefore,
establishing an ethical framework that is socially and culturally
accepted will lead to thriving digital platforms that can develop
and grow independently. Such platforms will evolve to deliver
the needs of a business.

Innovative Ecosystem
Due to peoples’ current understanding of the term
“environment,” many assume that “environment” refers to a
systemic perspective that focuses on the deep, existing
connections among the sky, water reserves, and soil (ie, the
global environment or the environment of specific geographic
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areas). In this viewpoint paper, the concept of environment
refers to the consideration of all living and nonliving things in
an ecosystem. This accounts for issues that are related to
biodiversity conservation and the intimate links among the
health, care, and well-being of all components in any given
ecosystem [48].

The control and governance of environmental sustainability can
be best approached by assessing ecosystem services that are
capable of quantifying and valuing all the goods and services
that are generated within the ecosystems themselves. Recently,
such networks have been increasingly endowed with digital
technologies such as (1) environmental management and
monitoring information systems; (2) automated and scalable
approaches for collecting, digitalizing, and assembling geocoded
big data; and (3) information-fusion algorithms that use multiple
data streams and clinical decision support algorithms that
integrate population-based, public health–focused perspectives
into outbreak detection–focused management systems [49-51].

Environment turns therefore out as “digital” in ecosystems that,
under a digital vest, feature animals and humans, as well as
software and robots, as autonomous and interacting agents to
enhance decision support. The goals of digital ecosystem
implementation include improving the efficiency of
communication and avoiding peoples’ dependence on
centralized or distributed control dynamics [52]. Such digital
biodiversity originates from common substrates of data,
information, and knowledge that are now accessible, available,
and able to be analyzed in novel and innovative ways. However,
this puts us into a Copernican situation [53], which is a
prerequisite to figuring out appropriate digital solutions (ie,
methods for safeguarding digital biodiversity) that are based on
people’s intelligence and rationality. Such solutions are
preferable over those that are gained through traditional artificial
intelligence methods [52,54].

The Three Perspectives as a Whole
In the broad digital ecosystem, ODH interventions must support,
improve, and lead to efficient end-to-end processes for
predictive, personalized, preventive, and participatory health
care [42]. The management of disruptive innovation is the
catalyst required for making this leap forward [55]. This requires
the systematic, continuous, and intelligent integration of big,
smart, and multidimensional data into digital health
technologies. Such technologies are used for detecting,
monitoring, and tracking the origins and causes of emerging
pathogens, disease outbreaks, and disease-related trends that
affect both humans and animals in the ecosystem. Thus, a
challenging key issue that ODH must face is collecting and
managing critical indicators that are related to human and
veterinary health care, education, citizen engagement,
environmental observation, and the health care industry.
However, these indicators are required for active innovation.
The COVID-19 outbreak is an example of an event that has
triggered digital innovation and revolution in health care (ie,
including ODH) on a global scale; the pandemic has quickly
strengthened the overall care domain [56].

The three perspectives in the “individual-population-ecosystem”
triad need to be further assessed as individual perspectives and

as a specific set of strongly interconnected dimensions. These
aspects will be discussed in-depth in the next sections.

The Five Dimensions: The Essential
Fabric of Interconnections

The dimensions layer provides an integrative view of ODH.
This layer shows society’s outlook on the three perspectives
and, in turn, the two keys. ODH depends on citizens' engagement
and their ability to support and contribute to health care
organizations in a continuously forward-moving environment.

Education and Citizen Science
ODH should not be limited to higher education in health-related
fields. Basic and transversal knowledge and an understanding
of health and its digitalization must be provided by education
programs for all levels and disciplines (ie, similar to how the
COVID-19 pandemic needs to be understood at all levels). ODH
is about more than supporting data management. ODH provides
learning opportunities to citizens, so that they can protect and
take care of themselves when they share personal data on social
networks [57-59]. At its core, ODH teaches people how to
differentiate between real and fake news, which are disseminated
over the mass media and the internet.

The next generation of researchers and practitioners will be
actively involved in redefining critical transition points for
incorporating new knowledge into ODH, and constantly
updating the underlying philosophy and the scientific,
technological, and regulatory implications of ODH [60]. Fully
appraising an ODH perspective is challenging due to its intrinsic
complexity. Therefore, researchers, practitioners, and citizens
need to engage in science and cocreate sound implications for
health and well-being. The core challenges of ODH include (1)
establishing a systemic and integrated understanding of the
health and wellness of humans and animals in their common
ecosystem; and (2) establishing how digital systems may support
and improve the health and wellness of humans and animals.
Therefore, it is necessary to provide learners with project-based
learning and case-based learning, which are well-known
methods that allow learners to autonomously develop their skills
and form learning communities [61-64].

Citizen Engagement
Supporting digital health literacy by actively encouraging
everyone (ie, from children to elderly people) to engage with
personal health, public health, and environmental monitoring
systems can increase citizens’ awareness. Advancements in
mobile and ubiquitous tracking, reporting, and follow-up
apps/web-based systems have provided opportunities for citizens
to engage and collaborate with governmental, health,
environmental, and ecological organizations [65]. Therefore,
opportunities in which citizens use their electronic health data
to manage personal health and share personal information
require citizens who trust in health care delivery. The use of
implemented opportunities depends on patient engagement, the
direct benefits for users, and health care management
organizations [66]. Smart cities and neighborhoods (ie, cities
and neighborhoods that extensively use smartphones that can
geolocate individuals and trace/track behaviors) [67] can be
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intrusive sources of information. The act of intrusively obtaining
information has introduced ethical dilemmas, challenged
citizens’ trust, and disrupted societal norms. The European
General Data Protection Regulation has been implemented to
reduce the amount of excess data in the overall data sphere.
Nevertheless, in cases of force majeure, intrusive approaches
that are implemented during pandemics outbreaks (eg, the
COVID-19 outbreak) may help public health decision makers
understand how to develop efficient policies that are based on
real-world and near–real-time data [68]. Therefore, policy
decision makers may decide to passively involve the population
by allowing the use and analysis of data on individuals, mass
movements, and individuals’ (ie, humans’ and animals’)
engagement with and access to certain facilities. This would
mean having citizens engage with complex policy making over
time (ie, for policies that are related to ethics, regulation,
decisions on big smart data, and the shaping of social norms)
[69]. From an ODH point of view, collaboration and
transparency are essential for enhancing health systems’ and
government authorities’ times to response during disruptive and
potentially major events [45]. For example, in Taiwan, efficient
smart contact tracing analyses were conducted to support an
automated alert messaging system, which informed citizens
about who required quarantine and isolation after coming into
contact with the potentially infected passengers of the Diamond
Princess cruise ship [70]. Furthermore, the European eHealth
Network established the cross-border directive on patient’s
rights to cross-border health services (ie, article 14), and recently
developed guidelines for the interoperability of contact tracing
apps [71]. These examples show how ODH views the
health-related and environment-related movements of
individuals. However, several countries have discontinued
COVID-19 contact tracing apps after data protectorate
organizations considered these apps to be too intrusive [72].

Human and Veterinary Health Care
ODH aims to answer complex questions about zoonotic disease
follow-ups by assessing public health impacts, surveilling human
and animal health, and conducting related risk assessments and
management processes [73,74]. Recently, health care delivery
services have focused on providing services to clusters of
patients [75]. The timely identification of health care customers,
efficient service provision, and the continuous improvement of
care quality accelerate the digital transformations of human and
veterinary health care systems. In the context of the COVID-19
pandemic, environmental factors (eg, weather, pollution, and
food) and animal health (eg, pets, livestock, and food) [76]
influence human health, care, and well-being.

Digitalization and the increasing use of mobile and ubiquitous
health/wellness apps and platforms have allowed for the
assessment of patients (ie, human and animal patients) via
dynamic, near–real-time methods that use patient-generated and
participatory data. These methods enhance personalized health
delivery services, such as preventive recommendations and
predictive alert systems [77]. This new time- and space-oriented
paradigm recalls connected health model features. It also allows
us to view teleservices (ie, digital health services) as a full
component of integrated care for health care customers and

citizens who share their data to support the development of new
health care practices and guidelines.

An example of connected health tools is SMS text messaging
services, which are used to maintain patients’ involvement in
their treatments (eg, vaccinations, rehabilitation, and medication
renewals) by improving their adherence to therapy [75,78,79].
In terms of pets or livestock, owners can use connected health
tools to stay involved in the health surveillance and follow-up
of their animals [80]. In terms of the ODH framework,
connected health tools support efforts for increasing global
health security, as these tools help with collecting near–real-time
feedback from populations and health care organizations [81].

Digital Health Care Transformation 4.0
The health care system that deals with humans and animals is
comprised of (1) health care service providers and insurers; (2)
medical equipment and pharmaceutical product producers,
sellers, deliverers, and maintenance service providers; (3)
regulatory agencies and standardization organizations; and (4)
health care customers, patients, and caregivers.

The entire health care sector is driven by digitalization and
interconnectivity, which make up the foundation of new
automation paradigms. The main challenges of the new health
care framework include managing, collecting, storing, archiving,
and analyzing a wide range of real-time data that are made
available by any kind of organization and any kind of connected
system. The leading goals of the current industrial revolution
(ie, Industry 4.0) [82] are to enhance the automation and
connectivity of systems, by increasing the interoperability and
flexibility of systems and allowing for decentralized, real-time
data collection and storage. The objective of Industry 4.0 is to
use findable, accessible, interoperable, reusable, ethical, and
revisable (FAIRER) data [83]. By adopting a FAIRER model,
health care will benefit from greater traceability, flexibility,
adaptability, and efficiency in health delivery processes [84].
As the health industry continues to adopt the ODH paradigm,
a strong dependence on smart data means that standardization
and interoperability framework issues are more critical than
ever. A large number of systems need to be interconnected to
collect real-time data that are generated by all parts of the health
care system. The Health Level 7 Fast Healthcare Interoperability
Resources standard [85] has been quite successful in this regard,
as it focuses on the use of application programming interfaces
within and across health/care sectors to improve a wide range
of areas (ie, interconnectedness to contractual agreements).

The global health care industry has used the same technologies
as those used by Industry 4.0 in the digital era [86], to achieve
the use of the well-known “4.0” suffix. Telemonitoring systems
use technologies that were initially designed for Industry 4.0.
These technologies have been extensively used in human
medicine [87,88]. Recently, their use has expanded as a result
of the COVID-19 outbreak [89], as teleconsultation technology
use has become the new norm in medical care. In terms of ODH,
the same approach has been used by veterinarians. They can
use Industry 4.0–related technologies to receive health and
wellness information from wearable devices or implanted
sensors that provide data on physiological signs. Veterinarians
can also use these technologies to receive third-party, pet-related

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 6http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


information [90]. The integration of these systems into pet health
care may provide a better understanding of factors that affect
pets’health and pet owners’benefits. Moreover, data on changes
in a pet’s health can be used as pet owner health indicators [91]
and environmental quality indicators [92].

3D printing is an emerging dynamic field in health care
industries [93], including therapeutic industries (eg, printing
prosthetics implants), human and veterinary care industries (eg,
3D printing in dental surgery), and educational industries [64].
The use of this on-demand technology supports the provision
of personalized therapies and medical products to patients who
are directly involved with health care practitioners. 3D printing
has been shown to reduce the time to treatment by removing
the need to travel back and forth between production laboratories
and clinics.

Environment
Environmental monitoring is a critical dimension of
community-oriented management in day-to-day situations or
disruptive situations, such as hazardous material incidents or
disasters (eg, the COVID-19 pandemic) [94,95]. The digital
landscape has allowed theoretical and laboratory-limited
developments in automation and artificial intelligence (ie, those
in the last several decades) to be put into practice [96].
Discussing the environment dimension of ODH means having
to discuss the “human-nature-pollution” relationship and its
role in the smart city paradigm. People who live in high-density
urban areas have been increasingly using technological systems
to report unusual events, thereby improving citizen engagement
[97,98]. Furthermore, these people have been increasingly using
green technologies, which reduce the negative impact of certain
actions on the environment (eg, carbon dioxide emissions, car
traffic, and waste production) and health [99].

With regard to the ODH, this environmental revolution means
more than using smartphone and Internet-of-Things technologies
for behavior, wellness, and health monitoring purposes. This
revolution is a consequence of the Industry 4.0 revolution [100],
which aims to enable citizens and their communities to interact
with complex, but easy-to-use, digital systems. However, the
Industry 4.0 revolution has different issues, which are mainly
related to development costs, monitoring costs, implementation
costs, maintenance costs, and the understanding and expectations
of users (eg, citizens and decision-makers) [101].

The environment dimension is strongly related to the human
and veterinary health care, One Health, and ODH. Wild and
domestic animals are used as a part of surveillance platforms
that provide early warnings about health hazards, which may
impact the whole ecosystem. This is an example of why the
environment, animals, and humans are part of the One Health
“individual-population-ecosystem” triad [102]. Environment
systems must be able to integrate, and be integrated into, health
care management systems, to enrich data, information, and
knowledge; actively support decision-making processes about
environmental exposures and health risks; and disseminate
efficient recommendations with the right communication tools
[103]. This ODH dimension also relates to smart environment
platforms that provide information to smart homes to monitor
and deliver personalized services to older adults [104].

Digital Technologies as a Catalyst for the
Integration of Keys, Perspectives, and
Dimensions

Technology as a Catalyst for “ODHness”
The main aims of digital health are improving health,  care,
wellness, and public health through BMHI research [22]; digital
health expands these concepts by allowing for the consideration
of digital consumers who use a wide range of smart-devices,
connected medical equipment, or connected wellness equipment.
Digital health also encompasses other digital technologies for
health, such as the Internet of Things, artificial intelligence, big
data, and robotics. These technologies have become a full
component of day-to-day life, [84] and in some cases,
health-related crisis management [46,70]. Healthy individuals,
chronic patients, and health management organizations have
been increasingly using automated reminder systems,
smartphone apps, and health monitoring wearables [75,105,106].
In terms of ODH, technology serves as the catalyst for digitizing
One Health information for ODH; advanced technological
innovations have emerged to improve citizen engagement and
empower future health ecosystems (Figure 1).

In health crises like the COVID-19 pandemic, the applications
of digital technologies (eg, managing, preparing for, and
mitigating crises) include the planning and scheduling of
response and recovery processes. Digital technologies use
surveillance, contact tracing, contact tracking, testing,
confinement, and other health and care methods when necessary
(eg, after ethical and legal implications have been considered)
[107]. A similar level of attention is necessary for effectively
tracking veterinary information that needs to be extracted from
vast amounts of data. This process involves the integration of
animal medical data into real-time information systems that are
dedicated to supporting public health [108]. Thus, the role of
veterinarians and veterinary informatics enhances that of BMHI
(ie, protecting health care), as veterinarians have been called
on to help deal with the increase amounts of dynamic data on
emerging and reemerging infectious diseases. Local and
supranational indicators of health have been used to identify
global-level risk factors and causes of health problems that arise
at the human, animal, and environmental levels, which need to
be taken into account [109,110].

According to the WHO vision, establishing an interoperable
digital health ecosystem that is capable of seamless, secure
health data exchange and processing is crucial for combating
pandemic outbreaks. Developing infrastructures and apps that
allow the use of health data to manage adverse events is within
the scope of achieving the 17 health-related sustainable
development goals that were issued in the WHO global action
plan [111]. We therefore introduced the concept of digital One
Health interventions [112] in this viewpoint paper as a set of
digital functionalities that should be designed and deployed to
(1) support specific initiatives that address human, animal, and
environmental systems’ needs and challenges; and (2) assess,
study, and collect data on these systems’ expected outcomes,
unexpected outcomes, and effects [36]. This related to the
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selection of timely metrics for the outcomes of multicriteria
decision analyses.

These digital functionalities can be also called “digitalities,” as
they account for how technology has been embedded into human
experiences and humans’ daily lives. This has resulted in core
issues in social and cultural anthropology (ie, digital humanities)
[112]. Digitalities also account for how humans affect animals’
daily lives, animal health issues, and human-animal relations.
These digitalities aim to increase animal welfare (ie, digital
animalities) [113]. Furthermore, digitalities aim to manage the
complex web of human, animal, and environmental
interconnections, by improving environmental governance (ie,
digital environmentalities) [114,115].

The delivery of digital One Health interventions and the
mechanisms of the impacts and contextual factors of these
interventions can be referred to as “ODHness.” This term is
based on the combined digitalities of the three overarching,
complementary perspectives. These digitalities apply to the five
ODH dimensions and their constituent subcategories. Therefore,
the technology ring in Figure 1 serves as the connection between
the ODHness concept and relevant digitalities.

Figure 2 shows several topics that are relevant to each of the
three digitalities (ie, the three colored areas inside the technology
ring). Each topic is characterized by each portion within the
corresponding colored area; the width of these areas depends
on the number and the nature of the area’s related subtopics. It
should be noted that these subtopics have not been clearly
represented in the figure to ensure that people comprehend the
ODH scheme. In terms of digitality, a specific metric or set of
metrics must be used to evaluate the levels of development, use,
contribution for each digital One Health intervention topic.
These levels are represented with black dots for each subdomain,
connected with each other via dashed lines. Since interactions

between topics from different digitalities are possible, the edges
that connect the different areas are represented with different
colors. In addition, “trialities” (ie, triangles that connect all three
digitalities) are represented via thick lines. Furthermore, each
edge is assigned an appropriate weight. This of course means
that harmonization must exist between the implemented metrics.
Harmonization is required to fulfill the needs of a multicriteria
decision analysis.

The technology ring in Figure 2 encompasses the set of digital
functionalities that the ODH framework relies on. Therefore,
technology acts as the catalyst that connects and unifies the
ODH disciplines. ODHness is represented by the technology
ring’s “center of mass” (ie, the red dot in Figures 2 and 3). More
specifically, the “center of mass” is the unique point where the
weighted relative position of the distributed mass (ie, the edges)
equals 0. In other words, this means that a simple set of digital
technologies (ie, those related to the human, animal, and
environmental fields) is not capable of providing timely
solutions in an interdisciplinary context, unless these
technologies act as the catalyst for balancing the different
perspectives, needs, and interests of ODH. In Figure 2, we
attempted to highlight the “human-animal-environment”
computer interaction research area, which includes technology
designs that support animals in different contexts, and the
development of user-centered approaches for designing
technologies that are intended for more-than-human animals
[116].

Examples of possible pandemic-related interactions within the
technology ring are shown in Figure 3. Several of the main
topics of each digitality are shown. The levels of development,
use, and contribution for each digital One Health intervention
are also shown. For convenience, the ODHness point is
represented by the center of the technology ring.
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Figure 2. An example of the interactions within One Digital Health, which are based on the use of technology as a catalyst.

Figure 3. Pandemic-related "ODHness" interactions within the technology ring.

Discussion and Conclusions

ODH is a framework that integrates key dimensions from two
established fields—digital health and One Health. The latter
focuses on the interconnectedness of human, animal, and
environmental health research. The former focuses on providing
tools and domain expertise to support health practitioners in
their administrative (eg, consultation scheduling), clinical (eg,

necessary tests, drug-drug interaction alerts, and specific
follow-up reminders) and scientific (eg, disease prevalence
analysis, data collection, and reporting) activities. The digital
health field also encompasses citizens, who are the consumers
of health services (eg, healthy individuals, sick individuals,
relatives who assist sick individuals in day-to-day life, and
insurers).
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ODH analyzes the health data and information of digital health
ecosystem components, because the intents, processes, and
products of these components (ie, health, care, and wellness)
are integrated into health ecosystems. Moreover, ODH analyzes
three perspectives. These perspectives include three different
areas that deal with the growing scientific evidence and
perspectives that come with technologies that are meant to
support health, care, and well-being activities in separate
ecosystems. Furthermore, this unified framework for future
health ecosystems analyzes the impact of five dimensions (eg,
education provides short-, mid-, and long-term learning
opportunities for improving citizens’ engagement with human
and veterinary health care services; environment monitoring;
and health care industry–developed, interoperable early warning
systems).

The COVID-19 pandemic has increased the world’s
understanding of the close relationships among the environment,
animals, and humans [117]. Therefore, it is more critical than
ever to effectively manage the pandemic by assessing the
innovative two keys, three perspectives, and five dimensions

in the unifying ODH framework. It is also important to assess
the pandemic’s impact on health ecosystems by facilitating
systematic collaboration among animal and environmental
scientists, health care practitioners, citizens, governments,
academics, and industrial manufacturers.

The next step in developing and testing the ODH framework
will be performed by the proposed EFMI ODH working group.
The proposed EFMI ODH working group will elaborate upon
the ODH framework, validate the methodology, and evaluate
the ODH. They will also examine specific ODH scenarios
in-depth and analyze the relationships between the perspectives
in the ODH framework and BMHI dimensions (ie, data,
information, and knowledge). Analyzing these relationships is
expected to yield new insights and support an integrative,
systemic, and syndemic decision-making process that can be
assessed from a multidisciplinary perspective [117,118]. We
expect that this process will be instrumental in shaping future
health ecosystems, providing novel learning opportunities for
citizens, and educating the next generations of BMHI
practitioners.

Conflicts of Interest
None declared.

References

1. Ellis JL, Jacobs M, Dijkstra J, van Laar H, Cant JP, Tulpan D, et al. Review: Synergy between mechanistic modelling and
data-driven models for modern animal production systems in the era of big data. Animal 2020 Aug;14(S2):s223-s237
[FREE Full text] [doi: 10.1017/S1751731120000312] [Medline: 32141423]

2. Todde V, Giuliani A. Big data. A briefing. Ann Ist Super Sanita 2018;54(3):174-175. [doi: 10.4415/ANN_18_03_02]
[Medline: 30284542]

3. Hu H, Galea S, Rosella L, Henry D. Big data and population health: focusing on the health impacts of the social, physical,
and economic environment. Epidemiology 2017 Nov;28(6):759-762. [doi: 10.1097/EDE.0000000000000711] [Medline:
28682850]

4. Mackenzie JS, Jeggo M. The one health approach-why is it so important? Trop Med Infect Dis 2019 May 31;4(2):88 [FREE
Full text] [doi: 10.3390/tropicalmed4020088] [Medline: 31159338]

5. Sustainable development goals. Food and Agricultural Organization of the United Nations. URL: http://www.fao.org/
sustainable-development-goals/goals/goal-3/en/ [accessed 2020-07-05]

6. Gostin LO, Friedman EA. The sustainable development goals: One-Health in the world's development agenda. JAMA 2015
Dec;314(24):2621-2622. [doi: 10.1001/jama.2015.16281] [Medline: 26660329]

7. Zinsstag J, Schelling E, Waltner-Toews D, Tanner M. From "one medicine" to "one health" and systemic approaches to
health and well-being. Prev Vet Med 2011 Sep 01;101(3-4):148-156 [FREE Full text] [doi: 10.1016/j.prevetmed.2010.07.003]
[Medline: 20832879]

8. Rosa W. Chapter 34: One mind, one health, one planet - A pledge to planetary citizenship. In: A New Era in Global Health.
New York City: Springer Publishing Company; 2017.

9. Osterhaus A. Welcome to One Health Outlook. One Health Outlook 2019 Nov 27;1(1):1-2. [doi: 10.1186/s42522-019-0005-y]
10. Ashleigh C. Chapter 11: Visualising One Health. In: One Planet, One Health. Sydney: Sydney University Press; 2019.
11. Swei A, Couper LI, Coffey LL, Kapan D, Bennett S. Patterns, drivers, and challenges of vector-borne disease emergence.

Vector Borne Zoonotic Dis 2020 Mar;20(3):159-170. [doi: 10.1089/vbz.2018.2432] [Medline: 31800374]
12. Yamane I. Epidemics of emerging animal diseases and food-borne infection problems over the last 5 years in Japan. Ann

N Y Acad Sci 2006 Oct;1081:30-38. [doi: 10.1196/annals.1373.003] [Medline: 17135492]
13. de Lusignan S, Bernal JL, Zambon M, Akinyemi O, Amirthalingam G, Andrews N, et al. Emergence of a novel coronavirus

(COVID-19): Protocol for extending surveillance used by the Royal College of General Practitioners Research and
Surveillance Centre and Public Health England. JMIR Public Health Surveill 2020 Apr 02;6(2):e18606 [FREE Full text]
[doi: 10.2196/18606] [Medline: 32240095]

14. Jin Y, Yang H, Ji W, Wu W, Chen S, Zhang W, et al. Virology, epidemiology, pathogenesis, and control of COVID-19.
Viruses 2020 Mar 27;12(4):372 [FREE Full text] [doi: 10.3390/v12040372] [Medline: 32230900]

15. Lovis C. Digital health: A science at crossroads. Int J Med Inform 2018 Feb;110:108-110. [doi:
10.1016/j.ijmedinf.2017.12.006] [Medline: 29331249]

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 10http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S1751731120000312
http://dx.doi.org/10.1017/S1751731120000312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32141423&dopt=Abstract
http://dx.doi.org/10.4415/ANN_18_03_02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30284542&dopt=Abstract
http://dx.doi.org/10.1097/EDE.0000000000000711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28682850&dopt=Abstract
https://www.mdpi.com/resolver?pii=tropicalmed4020088
https://www.mdpi.com/resolver?pii=tropicalmed4020088
http://dx.doi.org/10.3390/tropicalmed4020088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31159338&dopt=Abstract
http://www.fao.org/sustainable-development-goals/goals/goal-3/en/
http://www.fao.org/sustainable-development-goals/goals/goal-3/en/
http://dx.doi.org/10.1001/jama.2015.16281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26660329&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0167-5877(10)00202-3
http://dx.doi.org/10.1016/j.prevetmed.2010.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20832879&dopt=Abstract
http://dx.doi.org/10.1186/s42522-019-0005-y
http://dx.doi.org/10.1089/vbz.2018.2432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31800374&dopt=Abstract
http://dx.doi.org/10.1196/annals.1373.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17135492&dopt=Abstract
https://publichealth.jmir.org/2020/2/e18606/
http://dx.doi.org/10.2196/18606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240095&dopt=Abstract
https://www.mdpi.com/resolver?pii=v12040372
http://dx.doi.org/10.3390/v12040372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32230900&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2017.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29331249&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Comte B, Baumbach J, Benis A, Basílio J, Debeljak N, Flobak Å, et al. Network and systems medicine: Position paper of
the European Collaboration on Science and Technology Action on Open Multiscale Systems Medicine. Netw Syst Med
2020 Jul 06;3(1):67-90 [FREE Full text] [doi: 10.1089/nsm.2020.0004] [Medline: 32954378]

17. Borrett SR, Fath BD, Whipple SJ. Introduction to the special issue “Systems Ecology: A Network Perspective and
Retrospective”. Ecological Modelling 2014 Dec 10;293:1-3. [doi: 10.1016/j.ecolmodel.2014.10.005]

18. Vest JR, Gamm LD. Health information exchange: persistent challenges and new strategies. J Am Med Inform Assoc
2010;17(3):288-294 [FREE Full text] [doi: 10.1136/jamia.2010.003673] [Medline: 20442146]

19. Haux R. Medical informatics: past, present, future. Int J Med Inform 2010 Sep;79(9):599-610. [doi:
10.1016/j.ijmedinf.2010.06.003] [Medline: 20615752]

20. Agarwal R, Gao G, DesRoches C, Jha AK. Research commentary—The digital transformation of healthcare: current status
and the road ahead. Inf Syst Res 2010;21(4):661-1010. [doi: 10.1287/isre.1100.0327]

21. What is informatics? American Medical Informatics Association. URL: https://www.amia.org/fact-sheets/what-informatics
[accessed 2020-05-26]

22. Mantas J, Ammenwerth E, Demiris G, Hasman A, Haux R, Hersh W, IMIA Recommendations on Education Task Force.
Recommendations of the International Medical Informatics Association (IMIA) on education in biomedical and health
informatics. First revision. Methods Inf Med 2010 Jan 07;49(2):105-120. [doi: 10.3414/ME5119] [Medline: 20054502]

23. Khillar S. Difference between digital health and health informatics. Difference Between. URL: http://www.
differencebetween.net/technology/difference-between-digital-health-and-health-informatics/ [accessed 2020-06-26]

24. Eysenbach G. What is e-health? J Med Internet Res 2001;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20] [Medline:
11720962]

25. Eysenbach G. Celebrating 20 years of open access and innovation at JMIR Publications. J Med Internet Res 2019 Dec
23;21(12):e17578 [FREE Full text] [doi: 10.2196/17578] [Medline: 31868653]

26. Ahmadvand A, Kavanagh D, Clark M, Drennan J, Nissen L. Trends and visibility of "Digital Health" as a keyword in
articles by JMIR Publications in the new millennium: Bibliographic-bibliometric analysis. J Med Internet Res 2019 Dec
19;21(12):e10477 [FREE Full text] [doi: 10.2196/10477] [Medline: 31855190]

27. What is One Health? One Health Commission. URL: https://www.onehealthcommission.org/en/why_one_health/
what_is_one_health/ [accessed 2020-06-26]

28. One Health. World Organisation for Animal Health. URL: https://www.oie.int/en/for-the-media/onehealth/ [accessed
2020-06-26]

29. One Health. World Health Organization. 2017 Sep 21. URL: https://www.who.int/news-room/q-a-detail/one-health [accessed
2020-06-29]

30. Eysenbach G. Infodemiology and infoveillance: framework for an emerging set of public health informatics methods to
analyze search, communication and publication behavior on the Internet. J Med Internet Res 2009 Mar 27;11(1):e11 [FREE
Full text] [doi: 10.2196/jmir.1157] [Medline: 19329408]

31. Mavragani A. Infodemiology and infoveillance: Scoping review. J Med Internet Res 2020 Apr 28;22(4):e16206 [FREE
Full text] [doi: 10.2196/16206] [Medline: 32310818]

32. Ossebaard HC. One health informatics. In: WWW '14 Companion: Proceedings of the 23rd International Conference on
World Wide Web. 2014 Apr Presented at: WWW '14: 23rd International World Wide Web Conference; April 2014; Seoul,
Korea. [doi: 10.1145/2567948.2579274]

33. VanderWaal K, Morrison RB, Neuhauser C, Vilalta C, Perez AM. Translating big data into smart data for veterinary
epidemiology. Front Vet Sci 2017 Jul 17;4:110 [FREE Full text] [doi: 10.3389/fvets.2017.00110] [Medline: 28770216]

34. Meskó B, Drobni Z, Bényei É, Gergely B, Győrffy Z. Digital health is a cultural transformation of traditional healthcare.
Mhealth 2017 Sep 14;3:38 [FREE Full text] [doi: 10.21037/mhealth.2017.08.07] [Medline: 29184890]

35. Pita-Barros P, Bourek A, Brouwer W, Lehtonen L. Assessing the impact of digital transformation of health services. Report
of the EXPH (Expert panel on effective ways of investing in health). Informační systém Masarykovy univerzity. URL:
https://is.muni.cz/publication/1621656/022_digitaltransformation_en.pdf [accessed 2021-01-27]

36. Rock M, Buntain BJ, Hatfield JM, Hallgrímsson B. Animal-human connections, "one health," and the syndemic approach
to prevention. Soc Sci Med 2009 Mar;68(6):991-995. [doi: 10.1016/j.socscimed.2008.12.047] [Medline: 19157669]

37. Murray E, Hekler EB, Andersson G, Collins LM, Doherty A, Hollis C, et al. Evaluating digital health interventions: Key
questions and approaches. Am J Prev Med 2016 Nov;51(5):843-851 [FREE Full text] [doi: 10.1016/j.amepre.2016.06.008]
[Medline: 27745684]

38. Arts K, van der Wal R, Adams WM. Digital technology and the conservation of nature. Ambio 2015 Nov;44 Suppl 4:661-673
[FREE Full text] [doi: 10.1007/s13280-015-0705-1] [Medline: 26508352]

39. Asokan GV, Asokan V. Leveraging "big data" to enhance the effectiveness of "one health" in an era of health informatics.
J Epidemiol Glob Health 2015 Dec;5(4):311-314 [FREE Full text] [doi: 10.1016/j.jegh.2015.02.001] [Medline: 25747185]

40. Asokan GV, Kasimanickam RK. Emerging infectious diseases, antimicrobial resistance and millennium development goals:
Resolving the challenges through One Health. Cent Asian J Glob Health 2013 Oct 01;2(2):76 [FREE Full text] [doi:
10.5195/cajgh.2013.76] [Medline: 29755885]

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 11http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/32954378
http://dx.doi.org/10.1089/nsm.2020.0004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32954378&dopt=Abstract
http://dx.doi.org/10.1016/j.ecolmodel.2014.10.005
http://europepmc.org/abstract/MED/20442146
http://dx.doi.org/10.1136/jamia.2010.003673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20442146&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20615752&dopt=Abstract
http://dx.doi.org/10.1287/isre.1100.0327
https://www.amia.org/fact-sheets/what-informatics
http://dx.doi.org/10.3414/ME5119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20054502&dopt=Abstract
http://www.differencebetween.net/technology/difference-between-digital-health-and-health-informatics/
http://www.differencebetween.net/technology/difference-between-digital-health-and-health-informatics/
https://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
https://www.jmir.org/2019/12/e17578/
http://dx.doi.org/10.2196/17578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31868653&dopt=Abstract
https://www.jmir.org/2019/12/e10477/
http://dx.doi.org/10.2196/10477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31855190&dopt=Abstract
https://www.onehealthcommission.org/en/why_one_health/what_is_one_health/
https://www.onehealthcommission.org/en/why_one_health/what_is_one_health/
https://www.oie.int/en/for-the-media/onehealth/
https://www.who.int/news-room/q-a-detail/one-health
https://www.jmir.org/2009/1/e11/
https://www.jmir.org/2009/1/e11/
http://dx.doi.org/10.2196/jmir.1157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19329408&dopt=Abstract
https://www.jmir.org/2020/4/e16206/
https://www.jmir.org/2020/4/e16206/
http://dx.doi.org/10.2196/16206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32310818&dopt=Abstract
http://dx.doi.org/10.1145/2567948.2579274
https://doi.org/10.3389/fvets.2017.00110
http://dx.doi.org/10.3389/fvets.2017.00110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28770216&dopt=Abstract
https://doi.org/10.21037/mhealth.2017.08.07
http://dx.doi.org/10.21037/mhealth.2017.08.07
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29184890&dopt=Abstract
https://is.muni.cz/publication/1621656/022_digitaltransformation_en.pdf
http://dx.doi.org/10.1016/j.socscimed.2008.12.047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19157669&dopt=Abstract
http://europepmc.org/abstract/MED/27745684
http://dx.doi.org/10.1016/j.amepre.2016.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745684&dopt=Abstract
http://europepmc.org/abstract/MED/26508352
http://dx.doi.org/10.1007/s13280-015-0705-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26508352&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2210-6006(15)00028-3
http://dx.doi.org/10.1016/j.jegh.2015.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25747185&dopt=Abstract
http://europepmc.org/abstract/MED/29755885
http://dx.doi.org/10.5195/cajgh.2013.76
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29755885&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Ji X, Cappellari P, Chun SA, Geller J. Leveraging social data for health care behavior analytics. In: Engineering the Web
in the Big Data Era. 2015 Presented at: International Conference on Web Engineering; June 9-12, 2020; Helsinki, Finland
p. 667-670. [doi: 10.1007/978-3-319-19890-3_53]

42. Alonso SG, de la Torre Díez I, Zapiraín BG. Predictive, personalized, preventive and participatory (4P) medicine applied
to telemedicine and eHealth in the literature. J Med Syst 2019 Apr 12;43(5):140. [doi: 10.1007/s10916-019-1279-4]
[Medline: 30976942]

43. Flores M, Glusman G, Brogaard K, Price ND, Hood L. P4 medicine: how systems medicine will transform the healthcare
sector and society. Per Med 2013;10(6):565-576 [FREE Full text] [doi: 10.2217/pme.13.57] [Medline: 25342952]

44. Sagner M, McNeil A, Puska P, Auffray C, Price ND, Hood L, et al. The P4 health spectrum - A predictive, preventive,
personalized and participatory continuum for promoting healthspan. Prog Cardiovasc Dis 2017;59(5):506-521. [doi:
10.1016/j.pcad.2016.08.002] [Medline: 27546358]

45. Lai Y, Yeung W, Celi LA. Urban intelligence for pandemic response: Viewpoint. JMIR Public Health Surveill 2020 Apr
14;6(2):e18873 [FREE Full text] [doi: 10.2196/18873] [Medline: 32248145]

46. Eysenbach G. How to fight an infodemic: The four pillars of infodemic management. J Med Internet Res 2020 Jun
29;22(6):e21820 [FREE Full text] [doi: 10.2196/21820] [Medline: 32589589]

47. Tamburis O, Giannino F, D'Arco M, Tocchi A, Esposito C, Di Fiore G, et al. A night at the OPERA: A conceptual framework
for an integrated distributed sensor network-based system to figure out safety protocols for animals under risk of fire.
Sensors (Basel) 2020 Apr 29;20(9):2538 [FREE Full text] [doi: 10.3390/s20092538] [Medline: 32365698]

48. Rook GA. Regulation of the immune system by biodiversity from the natural environment: an ecosystem service essential
to health. Proc Natl Acad Sci U S A 2013 Nov 12;110(46):18360-18367 [FREE Full text] [doi: 10.1073/pnas.1313731110]
[Medline: 24154724]

49. Kim Y, Platt U, Gu MB, Iwahashi H. Atmospheric and Biological Environmental Monitoring. Berlin, Germany: Springer
Science & Business Media; 2009.

50. Karatzas KD. Participatory environmental sensing for quality of life information services. In: Information Technologies in
Environmental Engineering. Berlin, Heidelberg: Springer; 2011.

51. Khaiter PA, Erechtchoukova MG. Sustainability Perspectives: Science, Policy and Practice: A Global View of Theories,
Policies and Practice in Sustainable Development. Switzerland: Springer International Publishing; 2019:A.

52. Boley H, Chang E. Digital ecosystems: Principles and semantics. In: Institute of Electrical and Electronics Engineers
Explore. 2007 Presented at: 2007 Inaugural IEEE-IES Digital EcoSystems and Technologies Conference; February 21-23,
2007; Cairns, Australia p. 398-403. [doi: 10.1109/DEST.2007.372005]

53. Mori AR, Mazzeo M, Mercurio G, Verbicaro R. Holistic health: predicting our data future (from inter-operability among
systems to co-operability among people). Int J Med Inform 2013 Apr;82(4):e14-e28. [doi: 10.1016/j.ijmedinf.2012.09.003]
[Medline: 23122923]

54. La Salle J, Williams KJ, Moritz C. Biodiversity analysis in the digital era. Philos Trans R Soc Lond B Biol Sci 2016 Sep
05;371(1702):20150337 [FREE Full text] [doi: 10.1098/rstb.2015.0337] [Medline: 27481789]

55. Omachonu VK. Healthcare Value Proposition. New York: Productivity Press; 2018.
56. Keesara S, Jonas A, Schulman K. Covid-19 and health care's digital revolution. N Engl J Med 2020 Jun 04;382(23):e82.

[doi: 10.1056/NEJMp2005835] [Medline: 32240581]
57. Kallur A, Albalbissi A, Carillo-Martin I, Boonpheng B, Kallur L, Kherallah Y, et al. Doctor YouTube's opinion on seasonal

influenza: A critical appraisal of the information available to patients. Digit Health 2020 Feb 16;6:2055207620906968
[FREE Full text] [doi: 10.1177/2055207620906968] [Medline: 32110430]

58. Reddy K, Kearns M, Alvarez-Arango S, Carrillo-Martin I, Cuervo-Pardo N, Cuervo-Pardo L, et al. YouTube and food
allergy: An appraisal of the educational quality of information. Pediatr Allergy Immunol 2018 Jun;29(4):410-416. [doi:
10.1111/pai.12885] [Medline: 29512839]

59. Pizzuti AG, Patel KH, McCreary EK, Heil E, Bland CM, Chinaeke E, et al. Healthcare practitioners' views of social media
as an educational resource. PLoS One 2020 Feb 06;15(2):e0228372. [doi: 10.1371/journal.pone.0228372] [Medline:
32027686]

60. Kolokathi A, Hasman A, Chronaki C, Madsen I, Moen A, Randell R, et al. Education in biomedical and health informatics:
A European perspective. Stud Health Technol Inform 2019 Aug 21;264:1951-1952. [doi: 10.3233/SHTI190729] [Medline:
31438423]

61. Benis A. Healthcare Informatics Project-Based Learning: An Example of a Technology Management Graduation Project
Focusing on Veterinary Medicine. Stud Health Technol Inform 2018;255:267-271. [Medline: 30306950]

62. Ricci FL, Consorti F, Pecoraro F, Luzi D, Mingarelli V, Tamburis O. HIN - Health issue network as means to improve
case-based learning in health sciences education. Stud Health Technol Inform 2018;255:262-266. [Medline: 30306949]

63. Ricci FL, Consorti F, Pecoraro F, Luzi D, Mingarelli V, Miotti S, et al. Understanding Petri Nets in Health Sciences
Education: The Health Issue Network Perspective. Stud Health Technol Inform 2020 Jun 16;270:484-488. [doi:
10.3233/SHTI200207] [Medline: 32570431]

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 12http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1007/978-3-319-19890-3_53
http://dx.doi.org/10.1007/s10916-019-1279-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30976942&dopt=Abstract
http://europepmc.org/abstract/MED/25342952
http://dx.doi.org/10.2217/pme.13.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25342952&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2016.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27546358&dopt=Abstract
https://publichealth.jmir.org/2020/2/e18873/
http://dx.doi.org/10.2196/18873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32248145&dopt=Abstract
https://www.jmir.org/2020/6/e21820/
http://dx.doi.org/10.2196/21820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32589589&dopt=Abstract
https://www.mdpi.com/resolver?pii=s20092538
http://dx.doi.org/10.3390/s20092538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32365698&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=24154724
http://dx.doi.org/10.1073/pnas.1313731110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24154724&dopt=Abstract
http://dx.doi.org/10.1109/DEST.2007.372005
http://dx.doi.org/10.1016/j.ijmedinf.2012.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23122923&dopt=Abstract
http://europepmc.org/abstract/MED/27481789
http://dx.doi.org/10.1098/rstb.2015.0337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27481789&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp2005835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240581&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207620906968?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207620906968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32110430&dopt=Abstract
http://dx.doi.org/10.1111/pai.12885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29512839&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0228372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32027686&dopt=Abstract
http://dx.doi.org/10.3233/SHTI190729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31438423&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30306950&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30306949&dopt=Abstract
http://dx.doi.org/10.3233/SHTI200207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32570431&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


64. Benis A, Nelke SA, Winokur M. Upgrading industrial engineering and management curriculum to Industry 4.0. 2020
Presented at: IEEE International Conference on Industrial Technology (ICIT); February 26-28, 2020; Buenos Aires,
Argentina p. 355-359. [doi: 10.1109/ICIT45562.2020.9067243]

65. Moen A. Citizens and health data - Untapped resource for telehealth? Stud Health Technol Inform 2018;254:63-69. [Medline:
30306958]

66. Nohr C, Wong MC, Turner P, Almond H, Parv L, Gilstad H, et al. Citizens' access to their digital health data in eleven
countries - A comparative Study. Stud Health Technol Inform 2016;228:685-689. [Medline: 27577472]

67. Servick K. Cellphone tracking could help stem the spread of coronavirus. Is privacy the price? Science Magazine. 2020
Mar 22. URL: https://www.sciencemag.org/news/2020/03/
cellphone-tracking-could-help-stem-spread-coronavirus-privacy-price [accessed 2021-01-27]

68. Malgieri G. Data protection and research: A vital challenge in the era of COVID-19 pandemic. Computer Law & Security
Review 2020 Jul;37:105431 [FREE Full text] [doi: 10.1016/j.clsr.2020.105431]

69. Brenner M, O'Shea MP, Larkin P, Luzi D, Pecoraro F, Tamburis O, et al. Management and integration of care for children
living with complex care needs at the acute-community interface in Europe. Lancet Child Adolesc Health 2018
Nov;2(11):822-831. [doi: 10.1016/S2352-4642(18)30272-4] [Medline: 30336896]

70. Chen CM, Jyan HW, Chien SC, Jen HH, Hsu CY, Lee PC, et al. Containing COVID-19 among 627,386 persons in contact
with the Diamond Princess cruise ship passengers who disembarked in Taiwan: Big data analytics. J Med Internet Res 2020
May 05;22(5):e19540 [FREE Full text] [doi: 10.2196/19540] [Medline: 32353827]

71. Interoperability guidelines for approved contact tracing mobile applications in the EU. eHealth Network. URL: https://ec.
europa.eu/health/sites/health/files/ehealth/docs/contacttracing_mobileapps_guidelines_en.pdf [accessed 2021-01-27]

72. Morley J, Cowls J, Taddeo M, Floridi L. Ethical guidelines for COVID-19 tracing apps. Nature 2020 Jun;582(7810):29-31.
[doi: 10.1038/d41586-020-01578-0] [Medline: 32467596]

73. Gongal G, Ofrin RH. Animal welfare, One Health and emergency preparedness and response in the Asia-Pacific region.
WHO South East Asia J Public Health 2020 Apr;9(1):50-51 [FREE Full text] [doi: 10.4103/2224-3151.282996] [Medline:
32341222]

74. Short KR, Richard M, Verhagen JH, van Riel D, Schrauwen EJA, van den Brand JMA, et al. One health, multiple challenges:
The inter-species transmission of influenza A virus. One Health 2015 Dec 01;1:1-13 [FREE Full text] [doi:
10.1016/j.onehlt.2015.03.001] [Medline: 26309905]

75. Benis A, Barkan RB, Sela T, Harel N. Communication behavior changes between patients with diabetes and healthcare
providers over 9 years: Retrospective cohort study. J Med Internet Res 2020 Aug 11;22(8):e17186 [FREE Full text] [doi:
10.2196/17186] [Medline: 32648555]

76. Wilkinson A. Food for thought: food systems, livestock futures and animal health. Anim Health Res Rev 2013
Dec;14(2):159-162. [doi: 10.1017/S146625231300008X] [Medline: 23988197]

77. Chronaki C, Stegwee R, Moen A. In search of a digital health compass to navigate the health system. Stud Health Technol
Inform 2017;245:30-34. [Medline: 29295046]

78. Menzies R, Heron L, Lampard J, McMillan M, Joseph T, Chan J, et al. A randomised controlled trial of SMS messaging
and calendar reminders to improve vaccination timeliness in infants. Vaccine 2020 Mar 30;38(15):3137-3142. [doi:
10.1016/j.vaccine.2020.02.045] [Medline: 32147296]

79. Strandbygaard U, Thomsen SF, Backer V. A daily SMS reminder increases adherence to asthma treatment: a three-month
follow-up study. Respir Med 2010 Feb;104(2):166-171 [FREE Full text] [doi: 10.1016/j.rmed.2009.10.003] [Medline:
19854632]

80. Madder M, Walker JG, Van Rooyen J, Knobel D, Vandamme E, Berkvens D, et al. e-Surveillance in animal health: use
and evaluation of mobile tools. Parasitology 2012 Dec;139(14):1831-1842. [doi: 10.1017/S0031182012000571] [Medline:
22717001]

81. Osterhaus ADME, Vanlangendonck C, Barbeschi M, Bruschke CJM, Christensen R, Daszak P, et al. Make science evolve
into a One Health approach to improve health and security: a white paper. One Health Outlook 2020;2(1):6. [doi:
10.1186/s42522-019-0009-7] [Medline: 32835168]

82. Bonilla SH, Silva HRO, Silva MT, Gonçalves RF, Sacomano JB. Industry 4.0 and sustainability implications: A
scenario-based analysis of the impacts and challenges. Sustainability 2018 Oct 17;10(10):3740 [FREE Full text] [doi:
10.3390/su10103740]

83. Holub P, Kohlmayer F, Prasser F, Mayrhofer MT, Schlünder I, Martin GM, et al. Enhancing reuse of data and biological
material in medical research: From FAIR to FAIR-Health. Biopreserv Biobank 2018 Apr;16(2):97-105 [FREE Full text]
[doi: 10.1089/bio.2017.0110] [Medline: 29359962]

84. Chute C, French T. Introducing Care 4.0: An integrated care paradigm built on Industry 4.0 capabilities. Int J Environ Res
Public Health 2019 Jun 25;16(12):2247 [FREE Full text] [doi: 10.3390/ijerph16122247] [Medline: 31242687]

85. Index - FHIR v4.0.1. HL7 International. URL: https://www.hl7.org/fhir/ [accessed 2020-07-07]
86. Trotta D, Garengo P. Industry 4.0 key research topics: A bibliometric review. 2018 Presented at: 2018 7th International

Conference on Industrial Technology and Management (ICITM); March 7-9, 2018; Oxford, UK p. 113-117 URL: https:/
/ieeexplore.ieee.org/document/8333930 [doi: 10.1109/icitm.2018.8333930]

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 13http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1109/ICIT45562.2020.9067243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30306958&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27577472&dopt=Abstract
https://www.sciencemag.org/news/2020/03/cellphone-tracking-could-help-stem-spread-coronavirus-privacy-price
https://www.sciencemag.org/news/2020/03/cellphone-tracking-could-help-stem-spread-coronavirus-privacy-price
https://www.sciencedirect.com/science/article/pii/S0267364920300364?via%3Dihub
http://dx.doi.org/10.1016/j.clsr.2020.105431
http://dx.doi.org/10.1016/S2352-4642(18)30272-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30336896&dopt=Abstract
https://www.jmir.org/2020/5/e19540/
http://dx.doi.org/10.2196/19540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32353827&dopt=Abstract
https://ec.europa.eu/health/sites/health/files/ehealth/docs/contacttracing_mobileapps_guidelines_en.pdf
https://ec.europa.eu/health/sites/health/files/ehealth/docs/contacttracing_mobileapps_guidelines_en.pdf
http://dx.doi.org/10.1038/d41586-020-01578-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32467596&dopt=Abstract
http://www.who-seajph.org/article.asp?issn=2224-3151;year=2020;volume=9;issue=1;spage=50;epage=51;aulast=Gongal
http://dx.doi.org/10.4103/2224-3151.282996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32341222&dopt=Abstract
http://europepmc.org/abstract/MED/26309905
http://dx.doi.org/10.1016/j.onehlt.2015.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26309905&dopt=Abstract
https://www.jmir.org/2020/8/e17186/
http://dx.doi.org/10.2196/17186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32648555&dopt=Abstract
http://dx.doi.org/10.1017/S146625231300008X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23988197&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29295046&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2020.02.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32147296&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(09)00324-2
http://dx.doi.org/10.1016/j.rmed.2009.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19854632&dopt=Abstract
http://dx.doi.org/10.1017/S0031182012000571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22717001&dopt=Abstract
http://dx.doi.org/10.1186/s42522-019-0009-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835168&dopt=Abstract
https://www.mdpi.com/2071-1050/10/10/3740/htm
http://dx.doi.org/10.3390/su10103740
http://europepmc.org/abstract/MED/29359962
http://dx.doi.org/10.1089/bio.2017.0110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29359962&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph16122247
http://dx.doi.org/10.3390/ijerph16122247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31242687&dopt=Abstract
https://www.hl7.org/fhir/
https://ieeexplore.ieee.org/document/8333930
https://ieeexplore.ieee.org/document/8333930
http://dx.doi.org/10.1109/icitm.2018.8333930
http://www.w3.org/Style/XSL
http://www.renderx.com/


87. Gensini G, Alderighi C, Rasoini R, Mazzanti M, Casolo G. Value of telemonitoring and telemedicine in heart failure
management. Card Fail Rev 2017 Nov;3(2):116-121 [FREE Full text] [doi: 10.15420/cfr.2017:6:2] [Medline: 29387464]

88. Li KF. Smart home technology for telemedicine and emergency management. J Ambient Intell Humaniz Comput
2013;4(5):535-546 [FREE Full text] [doi: 10.1007/s12652-012-0129-8] [Medline: 32218875]

89. Hollander JE, Carr BG. Virtually perfect? Telemedicine for Covid-19. N Engl J Med 2020 Apr 30;382(18):1679-1681.
[doi: 10.1056/NEJMp2003539] [Medline: 32160451]

90. Almazan VKB, Mahipus FIB, Santos JRM, Samonte MJC. CAHM: companion animal health monitoring system. In: IC4E
2020: Proceedings of the 2020 11th International Conference on E-Education, E-Business, E-Management, and E-Learning.
2020 Presented at: 2020 11th International Conference on E-Education, E-Business, E-Management, and E-Learning;
January 2020; Osaka, Japan p. 417-421. [doi: 10.1145/3377571.3377641]

91. McNicholas J, Gilbey A, Rennie A, Ahmedzai S, Dono JA, Ormerod E. Pet ownership and human health: a brief review
of evidence and issues. BMJ 2005 Nov 26;331(7527):1252-1254 [FREE Full text] [doi: 10.1136/bmj.331.7527.1252]
[Medline: 16308387]

92. Pastorinho MR, Sousa ACA. Pets as sentinels of human exposure to neurotoxic metals. In: Pets as Sentinels, Forecasters
and Promoters of Human Health. Cham, Switzerland: Springer International Publishing; 2019.

93. Dodziuk H. Applications of 3D printing in healthcare. Kardiochir Torakochirurgia Pol 2016 Sep;13(3):283-293 [FREE
Full text] [doi: 10.5114/kitp.2016.62625] [Medline: 27785150]

94. Dallas CE, Bell WC. Prediction modeling to determine the adequacy of medical response to urban nuclear attack. Disaster
Med Public Health Prep 2007 Nov;1(2):80-89. [doi: 10.1097/DMP.0b013e318159a9e3] [Medline: 18388634]

95. Zhang H, Duan H, Zuo J, Song M, Zhang Y, Yang B, et al. Characterization of post-disaster environmental management
for Hazardous Materials Incidents: Lessons learnt from the Tianjin warehouse explosion, China. J Environ Manage 2017
Sep 01;199:21-30. [doi: 10.1016/j.jenvman.2017.05.021] [Medline: 28525808]

96. Ullah Z, Al-Turjman F, Mostarda L, Gagliardi R. Applications of artificial intelligence and machine learning in smart cities.
Comput Commun 2020 Mar 15;154:313-323 [FREE Full text] [doi: 10.1016/j.comcom.2020.02.069]

97. Foth M, Forlano L, Satchell C, Gibbs M, Donath J. From Social Butterfly to Engaged Citizen: Urban Informatics, Social
Media, Ubiquitous Computing, and Mobile Technology to Support Citizen Engagement. Cambridge, Massachusetts: The
MIT Press; 2011.

98. Bolívar MPR, Muñoz LA. E-Participation in Smart Cities: Technologies and Models of Governance for Citizen Engagement.
Switzerland: Springer International Publishing; Aug 01, 2018.

99. Mukherjee S. Emerging frontiers in smart environment and healthcare – A vision. Inf Syst Front 2019 Dec 10;22(1):23-27
[FREE Full text] [doi: 10.1007/s10796-019-09965-3]

100. Lu Y. Industry 4.0: A survey on technologies, applications and open research issues. J Ind Inf Integr 2017 Jun;6:1-10. [doi:
10.1016/j.jii.2017.04.005]

101. Andrachuk M, Marschke M, Hings C, Armitage D. Smartphone technologies supporting community-based environmental
monitoring and implementation: a systematic scoping review. Biol Conserv 2019 Sep;237:430-442. [doi:
10.1016/j.biocon.2019.07.026]

102. Neo JPS, Tan BH. The use of animals as a surveillance tool for monitoring environmental health hazards, human health
hazards and bioterrorism. Vet Microbiol 2017 May;203:40-48 [FREE Full text] [doi: 10.1016/j.vetmic.2017.02.007]
[Medline: 28619165]

103. Stieb DM, Huang A, Hocking R, Crouse DL, Osornio-Vargas AR, Villeneuve PJ. Using maps to communicate environmental
exposures and health risks: Review and best-practice recommendations. Environ Res 2019 Sep;176:108518 [FREE Full
text] [doi: 10.1016/j.envres.2019.05.049] [Medline: 31202044]

104. Majumder S, Aghayi E, Noferesti M, Memarzadeh-Tehran H, Mondal T, Pang Z, et al. Smart homes for elderly
healthcare-recent advances and research challenges. Sensors (Basel) 2017 Oct 31;17(11):2496 [FREE Full text] [doi:
10.3390/s17112496] [Medline: 29088123]

105. Abdolkhani R, Gray K, Borda A, DeSouza R. Patient-generated health data management and quality challenges in remote
patient monitoring. JAMIA Open 2019 Dec 20;2(4):471-478 [FREE Full text] [doi: 10.1093/jamiaopen/ooz036] [Medline:
32025644]

106. Beukenhorst AL, Howells K, Cook L, McBeth J, O'Neill TW, Parkes MJ, et al. Engagement and participant experiences
with consumer smartwatches for health research: Longitudinal, observational feasibility study. JMIR Mhealth Uhealth 2020
Jan 29;8(1):e14368 [FREE Full text] [doi: 10.2196/14368] [Medline: 32012078]

107. Whitelaw S, Mamas MA, Topol E, Van Spall HGC. Applications of digital technology in COVID-19 pandemic planning
and response. Lancet Digit Health 2020 Aug;2(8):e435-e440 [FREE Full text] [doi: 10.1016/S2589-7500(20)30142-4]
[Medline: 32835201]

108. Leroy EM, Gouilh MA, Brugère-Picoux J. The risk of SARS-CoV-2 transmission to pets and other wild and domestic
animals strongly mandates a one-health strategy to control the COVID-19 pandemic. One Health 2020 Dec;10:100133
[FREE Full text] [doi: 10.1016/j.onehlt.2020.100133] [Medline: 32363229]

109. Gortázar C, de la Fuente J. COVID-19 is likely to impact animal health. Prev Vet Med 2020 Jul;180:105030 [FREE Full
text] [doi: 10.1016/j.prevetmed.2020.105030] [Medline: 32447153]

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 14http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/29387464
http://dx.doi.org/10.15420/cfr.2017:6:2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29387464&dopt=Abstract
http://europepmc.org/abstract/MED/32218875
http://dx.doi.org/10.1007/s12652-012-0129-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32218875&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp2003539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32160451&dopt=Abstract
http://dx.doi.org/10.1145/3377571.3377641
http://europepmc.org/abstract/MED/16308387
http://dx.doi.org/10.1136/bmj.331.7527.1252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16308387&dopt=Abstract
https://doi.org/10.5114/kitp.2016.62625
https://doi.org/10.5114/kitp.2016.62625
http://dx.doi.org/10.5114/kitp.2016.62625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27785150&dopt=Abstract
http://dx.doi.org/10.1097/DMP.0b013e318159a9e3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18388634&dopt=Abstract
http://dx.doi.org/10.1016/j.jenvman.2017.05.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28525808&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0140366419320821?via%3Dihub
http://dx.doi.org/10.1016/j.comcom.2020.02.069
https://link.springer.com/article/10.1007%2Fs10796-019-09965-3
http://dx.doi.org/10.1007/s10796-019-09965-3
http://dx.doi.org/10.1016/j.jii.2017.04.005
http://dx.doi.org/10.1016/j.biocon.2019.07.026
https://linkinghub.elsevier.com/retrieve/pii/S0378-1135(17)30213-4
http://dx.doi.org/10.1016/j.vetmic.2017.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28619165&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0013-9351(19)30307-X
https://linkinghub.elsevier.com/retrieve/pii/S0013-9351(19)30307-X
http://dx.doi.org/10.1016/j.envres.2019.05.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31202044&dopt=Abstract
https://www.mdpi.com/resolver?pii=s17112496
http://dx.doi.org/10.3390/s17112496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29088123&dopt=Abstract
http://europepmc.org/abstract/MED/32025644
http://dx.doi.org/10.1093/jamiaopen/ooz036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32025644&dopt=Abstract
https://mhealth.jmir.org/2020/1/e14368/
http://dx.doi.org/10.2196/14368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012078&dopt=Abstract
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(20)30142-4/fulltext
http://dx.doi.org/10.1016/S2589-7500(20)30142-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835201&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/100133
http://dx.doi.org/10.1016/j.onehlt.2020.100133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32363229&dopt=Abstract
http://europepmc.org/abstract/MED/32447153
http://europepmc.org/abstract/MED/32447153
http://dx.doi.org/10.1016/j.prevetmed.2020.105030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32447153&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


110. Torous J, Myrick KJ, Rauseo-Ricupero N, Firth J. Digital mental health and COVID-19: Using technology today to accelerate
the curve on access and quality tomorrow. JMIR Ment Health 2020 Mar 26;7(3):e18848 [FREE Full text] [doi: 10.2196/18848]
[Medline: 32213476]

111. Global strategy on digital health 2020–2025. World Health Organization. URL: https://www.who.int/docs/default-source/
documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf?sfvrsn=f112ede5_38 [accessed 2021-01-27]

112. Rüegg SR, Nielsen LR, Buttigieg SC, Santa M, Aragrande M, Canali M, et al. A systems approach to evaluate One Health
initiatives. Front Vet Sci 2018 Mar 09;5:23 [FREE Full text] [doi: 10.3389/fvets.2018.00023] [Medline: 29594154]

113. Digital animalities. Social Sciences and Humanities Research Council of Canada. URL: https://digitalanimalities.org
[accessed 2021-01-27]

114. Agrawal A. Environmentality: Technologies of Government and the Making of Subjects. Durham, North Carolina: Duke
University Press; 2005.

115. Aydin C, Woge MG, Verbeek PP. Technological environmentality: Conceptualizing technology as a mediating milieu.
Philosophy & Technology 2018 Apr 10;32(2):321-338 [FREE Full text] [doi: 10.1007/s13347-018-0309-3]

116. Mancini C. Animal-computer interaction: a manifesto. interactions 2011 Jul 01;18(4):69-73. [doi: 10.1145/1978822.1978836]
117. Barcelo D. An environmental and health perspective for COVID-19 outbreak: Meteorology and air quality influence, sewage

epidemiology indicator, hospitals disinfection, drug therapies and recommendations. J Environ Chem Eng 2020
Aug;8(4):104006 [FREE Full text] [doi: 10.1016/j.jece.2020.104006] [Medline: 32373461]

118. Tamburis O. Bridging the gap between process mining and DES modeling in the healthcare domain. 2019 Presented at:
7th IEEE International Conference on E-Health and Bioengineering – E-HB 2019; 21-23/11/2019; Iasi, Romania.

Abbreviations
BMHI: biomedical and health informatics
EFMI: European Federation for Medical Informatics
FAIRER: findable, accessible, interoperable, reusable, ethical, and reversible
ODH: One Digital Health
WHO: World Health Organization

Edited by R Kukafka; submitted 08.07.20; peer-reviewed by A Ren, T Yano; comments to author 29.07.20; revised version received
09.08.20; accepted 24.01.21; published 05.02.21

Please cite as:
Benis A, Tamburis O, Chronaki C, Moen A
One Digital Health: A Unified Framework for Future Health Ecosystems
J Med Internet Res 2021;23(2):e22189
URL: http://www.jmir.org/2021/2/e22189/
doi: 10.2196/22189
PMID:

©Arriel Benis, Oscar Tamburis, Catherine Chronaki, Anne Moen. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 05.02.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.

J Med Internet Res 2021 | vol. 23 | iss. 2 | e22189 | p. 15http://www.jmir.org/2021/2/e22189/
(page number not for citation purposes)

Benis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://mental.jmir.org/2020/3/e18848/
http://dx.doi.org/10.2196/18848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32213476&dopt=Abstract
https://www.who.int/docs/default-source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf?sfvrsn=f112ede5_38
https://www.who.int/docs/default-source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf?sfvrsn=f112ede5_38
https://doi.org/10.3389/fvets.2018.00023
http://dx.doi.org/10.3389/fvets.2018.00023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29594154&dopt=Abstract
https://digitalanimalities.org
https://link.springer.com/article/10.1007%2Fs13347-018-0309-3
http://dx.doi.org/10.1007/s13347-018-0309-3
http://dx.doi.org/10.1145/1978822.1978836
http://europepmc.org/abstract/MED/32373461
http://dx.doi.org/10.1016/j.jece.2020.104006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32373461&dopt=Abstract
http://www.jmir.org/2021/2/e22189/
http://dx.doi.org/10.2196/22189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

