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Digital Health is a subject of extensive discourse when considering its current and
future significance. This significance arises from a convergence of various factors,
including the escalating capabilities and cost-effectiveness of computing and
communication technology, coupled with the mounting demands and challenges
faced by healthcare systems. The integration of health and technology, when
studied collectively with the purpose of addressing tangible real-world issues,
holds the potential to generate substantial outcomes that greatly influence the
provision of clinical and social care, thereby enhancing the overall well-being of
both individuals and populations. In this sense, in this paper we propose a
collaborative approach, using Open Innovation, where the most relevant
stakeholders—health and care professionals, citizens and companies—work
together to develop and validate innovative digital solutions for health and care.
We have called this approach of value co-creation the Collaborative Ecosystem,
and we focus specifically on the potential development of the Regional
Ecosystem for Collaborative Innovation in Digital Health and Care, and the
envisioned implications of its implementation in economic and social dimensions.
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Introduction

Demographic change is an acknowledged and extensively documented societal challenge
with global recognition. The aging population and the escalating prevalence of chronic
diseases have contributed to an increased need for healthcare, social services, and
informal care. As a result, it is projected that healthcare and social care spending will rise
by an average of 1%-2% of GDP until 2060. This surge in demand occurs amidst limited
public resources allocated for health and social care, thereby presenting additional
constraints (1-3).

Undoubtedly, there exists a distinct necessity to establish more sustainable frameworks
for delivering health and social care. This imperative aligns with the ongoing process of
Digital Health innovation, aiming to enhance the effectiveness and resilience of health
and social care systems. Disruptive technologies associated with the concept of Digital
Health, that provide digital and objective data accessible to both caregivers and patients,
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are triggering a cultural transformation that will lead to an equal
level clinician-patient relationship with shared decision-making
and the democratization of care (4).

The prevailing paradigm dictates that an increasing number of
individuals experience poor health as a result of rapid lifestyle
changes in contemporary society. The modern lifestyle provides
easier access to energy-rich food while reducing opportunities for
physical exertion. Maintaining good health now necessitates
conscious efforts that extend beyond occupational activities or
obtaining sustenance. In order to preserve good health, deliberate
choices must be made regarding diet, work patterns, leisure
activities, and rest.

Lifestyle-related illnesses exert a substantial burden on
healthcare budgets
approximately 70% of expenditure. Moreover, the absolute value

in western economies, accounting for
of these budgets is projected to escalate rapidly due to the aging
population in many countries (5). Considering that healthcare
budgets are already strained to their limits, it is evident that an
alternative approach is urgently required. The advent of Digital
Health holds the promise of facilitating improved self-care
practices and averting or delaying the onset of severe diseases,
offering a potential solution to these challenges.

Moreover, it is undeniable that we currently face new, urgent
challenges posed by the global COVID-19 pandemic. We feel that
now, more than ever, we have to provide citizens with solutions that
allow them to maintain their health, even when access to medical
care (in person) is unavailable. We wish to do so by “bringing care
home”, meaning helping people access information about health-
related topics, giving them tools to stay healthy, even with so many
necessary lifestyle changes, helping them manage their pre-existing
medical conditions (especially relevant for those suffering from
chronic diseases that need constant monitoring), and allowing them
to be evaluated and, if necessary, treated for new diseases.

In this paper we propose a collaborative approach, using Open
Innovation, where the most relevant stakeholders—health and care
professionals, citizens and companies—work together to develop
and validate innovative digital solutions for health and care.

Digital health overview

The definition of Digital Health is rather complex and authors
include or exclude different aspects. But, overall, the term “Digital
Health” encompasses a comprehensive range of elements, including
information, processes, technologies, individuals, and systems.
Together, these components empower individuals to make well-
informed decisions regarding their health, take proactive measures
to enhance it, and track their progress to identify the most effective
approaches for their unique circumstances.

Based on emerging technologies for data gathering and sharing,
including the ground-breaking advances in the Internet of things,
artificial intelligence and machine learning, augmented and virtual
reality, big data analytics, blockchain, and enhanced interfaces and
displays, healthcare is being transformed. Every day, digital
innovation emerges in various forms, including direct-to-consumer
wellness products, remote patient monitoring, mobile applications
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(apps) and wearable technology, and innovative service models like
telemedicine/telehealth,
Individuals can now share their biological and behavioural data

connected care, and virtual visits.
with carefully chosen people and organizations within the
healthcare system, allowing them to anticipate and address their
health and care requirements.

Strategic design and cost-effective implementation of Digital
Health have the

“effectiveness, accessibility, and resilience of health and social

innovations potential to enhance the
care systems”. By doing so, they enable the emergence of novel
service delivery business models (6).

According to the Committee on Quality of Health Care in
America, the healthcare industry has consistently underinvested
in appropriate use of information technology and it lags behind
comparable knowledge-intensive industries by about 15 years (7).
However, Digital Health presents a promising growth avenue for
numerous companies. This is evidenced by the strong interest
shown by global technology giants, including IBM and Google,
who have allocated substantial investments in research and
development specifically focused on health-related initiatives.

It is recognized that digital transformation of health and social
care will be disruptive. Investment in the digital health sector is
enormous, with a lot of new solutions coming to the market. For
instance, after the explosion of the mobile health market in the
COVID-19 pandemic, there were more than 350.000 health apps
available to users with more than 250 health apps added daily to
app stores (8).

This underscores the growing complexity and crowded
environment that all healthcare stakeholders—including patients,
providers, payers, industry, and regulators—are faced with. The
primary challenge lies in discovering digital health solutions that
deliver tangible value. Remarkably, there is currently no
dependable mechanism available for identifying validated digital
health

constrained, with enforcement primarily targeting companies that

solutions. Regulatory guidance and oversight are
make exaggerated claims unsupported by evidence or those
whose application failures pose risks to patient safety (9).

We are still facing the problem of enrolling patients and
healthcare professionals in using digital solutions, which is one of
the main barriers to the implementation of new digital services/
products in real life. Moreover, to effectively develop, integrate,
and implement digital health technologies, a significant departure
from conventional, single-disciplinary approaches in academia and
clinical settings is necessary. Embracing the potential of these
technologies to revolutionize healthcare and enhance well-being
calls for a fresh perspective on science and health research methods.

Open innovation

Open innovation is defined as “the use of purposive inflows
and outflows of knowledge to accelerate internal innovation, and
expand the markets for external use of innovation, respectively.
[This paradigm] assumes that firms can and should use external
ideas as well as internal ideas, and internal and external paths to
market, as they look to advance their technology” (10).
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Building from the aforementioned concept of individual
empowerment in the management of one’s own health, we
believe that there are two key concepts that define a common
thread behind all actions on Open Innovation in the health and
care sector: “Validation” and “User-centred”.

Validation is the process of gathering evidence and learnings
around business ideas through experimentation and user testing,
in order to make faster, informed, de-risked decisions.

Notwithstanding the irreplaceable role of fundamental research,
we can no longer afford to create solutions for the sake of novelty
generation. Nowadays, new solutions must place users at the core
of the development process, if they wish to successfully enter the
market and reach their intended goal. In that sense, we have in
recent years witnessed the rise of Testbeds and Living Labs.

Living Labs are defined as “user-centred, open innovation
ecosystems based on a systematic user co-creation approach
integrating research and innovation processes in real life
communities and settings” (11). In practical terms, Living Labs
prioritize citizen engagement in the innovation process, thereby
demonstrating their capacity to effectively adapt new concepts
and solutions to the distinct requirements, aspirations, and
creative potentials of local contexts and cultures.

There are several references to the importance of Living Labs in
the EU’s strategy policy documents (12-15), highlighting the
relevance of human and social aspects for better design and
implementation of Research, Development and Innovation (RDI)
projects.

The underlying principle behind public intervention in Health,
supported by the EU, combines the ambition to advance the
technological frontier for the betterment of community well-being
with the practical need to transform research, development, and
innovation (RDI) outcomes into market-oriented products and
services. These guiding principles not only influence the research
agenda of Horizon Europe but also serve as a source of inspiration
for RDI provisions within Cohesion Policy and Territorial
Cooperation Programmes for the period 2021-2027. This is
particularly evident in the adoption of Smart Specialisation
Strategies by all EU regions and member states, which provide a
framework for implementing the EU Digital Agenda at the local
level. In this context, Living Labs can be somehow thought of as a
transversal, technology-driven sample market, meeting the requests
of the European Council and the European Parliament for
“strengthening synergy between EU support policies in the area of
research and innovation” and “placing regions and cities as
leading actors in Europe’s innovation strategies” (11).

It becomes clear from this excerpt that these kinds of initiatives
are at the top of the priority list for European Union-supported
projects.

A new approach

Consequently, being aware of the existing demand for the
increase of Digital Health solutions and the support that can be
expected from the European Union guidelines for the upcoming

years, we have conceptualized a new approach for the
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development of the health and care ecosystem of innovation and
service provision.

As previously demonstrated, the increase in life expectancy and
sedentary lifestyles have led to an alarming raise in the prevalence
of chronic diseases and multi-morbidities. In order to lighten the
burden on healthcare systems, we need to empower citizens to
take upon themselves to manage their conditions autonomously.

This will also bring us closer to the ultimate goal of having
truly personalized healthcare, as everyone will be able to
knowingly select and employ whatever solutions fit their
individual needs the best.

The best set of tools to achieve this is Digital Health. If we wish
to ensure the success of this paradigm shift, we need to make sure
that the technologies being developed are (a) fit to the real
challenges of end-users and (b) user-friendly, to allow for
significant adherence from the target market.

In this context, our vision is to improve health and wellbeing for
everyone, by accelerating the development and adoption of
appropriate Digital Health solutions. More specifically, we aim to
be at the forefront of research in co-creation, development,
validation and adherence promotion of disruptive innovative
solutions, that provide digital and objective data accessible to both
caregivers and patients, which can trigger a cultural shift in
balanced
relationships with shared decision-making and the democratization

patient-clinician  interactions, leading to more
of care.

We need to find ways to co-create value for all relevant actors
in society—whether it is economical value for companies and
healthcare providers, social and scientific value for health and
care professionals, or personal value—through personalized
Health and Quality of Life improvement, and individual
empowerment—for patients and citizens.

Our positioning and strategy for the pursuit of this goal is to
develop activities to contribute to digital transformation of health
and care, acting at 3 different levels (entrepreneurs, health and
social care professionals, and citizens/patients), as shown in
Figure 1.

For each of these key stakeholder groups we have identified the
main challenge and the expected long-term impact of our

intervention. In detail, the challenges we need to tackle are:

- Citizens and Patients—lack of digital and health literacy, leading
to a lack of trust in the solutions.

- Entrepreneurs—lack of awareness of the benefits of co-creation;
insufficient knowledge or misconceptions regarding the right
methodologies for end-user engagement.

- Health and Social Care Professionals—lack of digital literacy;

lack of incentives for innovation.

Thus, we come to the core of our approach: the Collaborative
Ecosystem.

Going beyond the Living Lab, we wish to not only engage the
stakeholders in the innovation process chain, but also to generate
knowledge that allows us to develop the best methodologies and
protocols to do so, and mobilize formal and informal training
initiatives that guarantee the success of the solutions and user
long term adherence.
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FIGURE 1

Entrepreneurs
Create better solutions through validation

The collaborative ecosystem activities and their impact on relevant stakeholders.

Allow us to deconstruct the concept of a Collaborative
Ecosystem.

On the one hand, “Ecosystem” elicits the analogy to the
biologic concept of the “system consisting of all the organisms
and the physical environment with which they interact”. We
bring this into fruition in our context by taking in consideration
all the relevant players, whether individual or institutional, but
also the surrounding conditions, features and uniqueness of our
particular reality.

This also means that the composition of the Collaborative
Ecosystem is dynamic and adaptative to the changes in the context,
whether in demography, economy, regulatory framework, or others.

On the other hand, Collaborative, as the name says, implies that
we are bringing together different segments of society and institutions,
in a way in which their respective strengths and expertise
complementarily come together to generate value for the whole.

Our proposition for a pilot implementation of this concept,
shaped by the environment, needs and existing abilities of the
North
neighbouring Galicia region of Spain, is called the Regional

region encompassing the of Portugal and the
Ecosystem for Collaborative Innovation in Digital Health and Care.

We have designed this initiative to include academic partners
(such as Universities and research centres), health and care
providers, patient organizations, regional authorities and business
(such as incubators/science and

creation  organizations

technology parks).

Frontiers in Digital Health

The main pillars of activity of the Collaborative Ecosystem are:

1. Network development—build, segment and take advantage of
the most comprehensive pool of end-users, on one side, and
technology providers, on the other.

2. Research—shed new light on the factors surrounding
technology acceptance and uptake by users; develop new
interfaces and user-machine interactions to enhance usability;
and create improved methodologies and guidelines for open
innovation.

3. Living Lab activities—co-creation and validation of Digital
Health solutions.

4. Training—in Digital skills for citizens and health and care
professionals, in Health literacy for citizens, in Business
Development for researchers.

By building an ecosystem attractive to European industry and
policy-makers, the Collaborative Ecosystem has the potential to
develop value-based business models to open and scale-up the
digital
recommendations for the far-reaching deployment of innovative

market for solutions. It can also provide key
digital health and care solutions, supporting and extending
healthy and independent living at the European level.

The Collaborative Ecosystem partners recognise an opportunity
to achieve, in collaboration, beyond state-of-the-art applied
knowledge and digital solutions to improve the quality of life,

wellbeing and care of users and carers, leading to a better and
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improved framework for sustaining healthy lives, and putting in
place policies that would, otherwise, be unfeasible and too costly
to pursue individually, particularly for business-oriented partners
(care service providers and technology providers).

The Collaborative Ecosystem proposal is organised to facilitate
and require strong interdisciplinary knowledge sharing among
researchers, users, developers, and health and social practitioners.
Combining technical and social sciences disciplines, this
Collaborative Ecosystem is positioned to produce outputs based
on active contributions of all partners.

Within the Euroregion of North of Portugal-Galicia, this could
be the first time such an endeavour is taken at a major scale, with
so many relevant players in the health and social sectors coming

together to create added-value solutions.

Discussion

To launch our endeavour, we will draw lessons from analogous
initiatives throughout Europe. Namely, we have identified Trentino
eHealth Ecosystem (16). Based upon this initiative’s findings, we
have realised that having a multitude of very different
stakeholders in our ecosystem is not only not an hinderance, but
actually an added-value to the success of the ecosystem.
According to the authors of this study, the interaction between
technology/service suppliers and patients generates value co-
creation and innovation “if new resources, new uses of
technology and new institutions are created”. By putting in place
the conditions for this exchange to happen in a sustainable
manner over time, we are guaranteeing that a new way of service
delivery in health and care is being created, with sustainable
value co-creation for all the parties involved.

According to the same authors, the main challenge in
developing an initiative that actually generates value for its users,
in a measurable way, is the lack of digital competences, that is an
obstacle to the adoption of technology.

Another example of a network-approach (adjacent to the
ecosystem we describe) is Service Design for Value Networks, and
specifically its application to the design the Portuguese National
Healthcare Record service (17). According to the authors of this
study, normal approaches to value networks are based on a
univocal relation between provider and users (even if these are
different segments, whether or not connected—a many-to-one
design), rather than parity approach of interdependent actors—
many-to-many. This is a challenge when we plan to implement this
type of model on a complex web of relationships such as the
health and care sector.

Several other authors (18, 19), when referring to the main
challenges to the successful implementation of a Digital Health
Ecosystems reiterate that the main challenges to be faced are the
lack of digital health literacy, self-management and collaboration
in “the

problems”. The latter is especially true when it comes to the

prevention, control, and alleviation of potential
need to keep stakeholders engaged in the long-term. Short-term
sporadic joint actions are relatively common, but in order to

maintain an ecosystem viable and functioning as such, we need
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that the multiple actors continue to interact with each other
towards the development of common goals.

As such we, have integrated in our approach some tools to
prevent these pitfalls, such as: (a) the implementation of training in
Digital and Health Literacy, for both citizens and healthcare
professionals; (b) the creation of a partnership where representatives
of the different sectors of society and stakeholders in the creation of
value in Digital Health have equal opportunity to shape the
activities of the ecosystem; (c) the establishment if the Collaborative
Ecosystem as an umbrella organization, that will be able to leverage
its joint resources, the added value of the collaboration and the
visibility of its dimension to raise funding that can then be used by
other actors in the region, thus ensuring their engagement in the
joint development efforts.

The next steps for the launch of the Collaborative Ecosystem are
the creation of this new organization, where the main actors identified
(academic partners, health and care providers, patient organizations,
regional authorities and business creation organizations) will act as
thus accountability and
commitment to the common goals, above individual institutional

shareholders, ensuring transparency,
policies and priorities. The new umbrella organization will be the
main representative of the interests of the different stakeholder
groups and will be mandated to put in place the activities
previously described.

There are several support and funding schemes, both at
national and European level that can be leveraged for the launch
of the initiative. However, we intend on being fully sustainable
and self-funded. This choice is made following our experience in
witnessing that initiatives supported by calls for public funding
seldom continue to exist past the funding period, for lack of
incentives for the implementing consortia to pursue long-term
sustainability. That is why we plan to have the founding partners
commit their own resources and develop profitable activities, in
order to ensure the independency of the Collaborative Ecosystem
from any contextual and policy paradigms.

It is expected that the Collaborative Ecosystem contributes in
the short term to improve the (1) collaborative living-lab
activities on Digital Health innovation, (2) number of validated
digital solutions developed in co-creation with end-users, as a
way to improve acceptance and adherence to technology; (3)
end-user awareness to health and wellbeing issues, and digital
technology use; (4) citizens’ knowledge about the current
available solutions for the challenges they face; (5) technology
readiness level of the research produced by academia; (6)
partnerships between academia and industry.

In the medium-term we expect to improve (1) the sense of
empowerment and ownership of digital solutions by end-users;
(2) the market’s confidence in the available products/solutions,
boosting the economical relevance of Digital Health solutions; (3)
the competitiveness in the region, through the attraction of
foreign business.

In the long-term Collaborative Ecosystems are the way to best
improve the (1) overall quality of life of citizens, through the
adoption of Digital Health innovative solutions; (2) public
involvement in research by influencing research topics and
directions, towards more applied and solution driven projects;

frontiersin.org


https://doi.org/10.3389/fdgth.2023.1216357
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

Carrilho et al.

(3) companies’ and researchers’ accountability, as transparency is
present throughout the entire innovation chain.

We envision that, in the future, Digital Health innovation will
be prioritized through dedicated bodies and mechanisms for
governance. This will be translated into national Digital Health
strategies or similar strategic frameworks. These strategies will be

incorporated into national health strategies and actively
employed to steer advancements and expedite progress towards
the health-related objectives outlined in the Sustainable

Development Goals. Furthermore, they will play a crucial role in
facilitating the digital transformation of health systems.

The predicted outlasting legacy of the Collaborative Ecosystem
will be the establishment, adoption and application of minimum
standards for Digital Health solutions; the implementation of a
mechanism facilitating personalized feedback for assessing the
efficacy of Digital Health tools and services; and the development
of comprehensive guidance lines on personalized medicine.

Data availability statement

The original contributions presented in the study are included
in the article, further inquiries can be directed to the corresponding
author.
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