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1. Introduction

SocKETs brings together six European partners with the aim to test and develop methods and tools to
align the development of innovations based on Key Enabling Technologies with societal values and
needs. SocKET will facilitate co-creation between industry representatives, researchers, policy makers,
end-users, civil society representatives and citizens, and will develop tools for societal engagement in
innovative technologies. Co-creation in SocKETs is intended as a form of collaborative innovation, in
which ideas are shared and improved together toward the joint development of new value.

This report is part of a collection of case studies on co-creation and KETs based innovation
developed by the project and is focused on eHealth monitoring and diagnosis devices that are being
developed in Denmark.

It provides an analysis of the innovation eco-system of this sector in Denmark, including considerations
on the innovation context, the barriers and opportunities for the introduction of new technologies, key
actors, relations and networks involved, and the relevant actions and interactions taking place. It aims
to inform the design of a participatory process to discuss about the most relevant technologies and
innovations on eHealth in Denmark.

eHealth already has a significant technological, economic, cultural and ethical impact on the Danish
society and with the increasing digitalization and new technologies coming into play, we see this
continuing in the years to come. Implementation of eHealth into the society has implications that need
to be addressed with the development of new technologies.

Interviews with research, business, procures and industry stakeholders were conducted to understand
their innovation ecosystem. The focus of these interviews was on wearable devices combining
printed/flexible electronics, Internet of Things, and artificial intelligence solutions. In the interviews,
Danish Technological Institute (DTI) explored issues related to changes in behavior, relationships
between people and healthcare providers, health data management (privacy, data breach, misuses),
reliability and trust on Al-based diagnosis, impact on the healthcare system (costs, infrastructures) and
sustainability aspects of wearable devices. These interviews were conducted leveraging on DTI’s
connections with technology developers, manufactures and procurers (e.g., hospitals) in eHealth
devices and printed/flexible electronics.

DTI conducted 10 interviews in total where six of them were men and four women. Of the 10
interviews, we chose to interview a procurer of eHealth devices, two researchers, a business
organization, a society stakeholder and five industry stakeholders. The SocKET “s project main
objective is to enable industry to engage with citizens to develop Key Enabling Technologies.
Therefore, DTI chose that half of the interviews should be with the industry to get a feel for how they
understand the engagement with citizens. Our interviewees provided examples of innovative Danish
companies, from startups to a large company, that deliver and develop eHealth devices for healthcare
applications. The other 5 interviews were chosen due to their broad experience with difference

knowledge within eHealth and citizens engagement.




2. Technologies and application scenario

2.1. Opportunities and challenges

Electronic health (eHealth) refers to electronic devices monitoring specific physiological/biological
parameters, such as electrocardiography (ECG), temperature, blood pressure, physical movement, etc.
The fitness and health of citizens can be constantly monitored, limiting the visits to the doctor to only
when needed, thus cutting costs.

Electronic health is expected to have a broad impact on health care worldwide. Today, there is a
significant risk associated with the patients’ visit to the doctor or hospital due to possible exposure to
germs and viruses permeating in the hospital environment. By using a home care device, the patients
avoid taking unnecessary risks, which is especially suitable for patients that already suffer from
exhaustion, nausea, dizziness etc.

“... locally, you get a blood test done, but you do not have to go to the hospital, as there is a
virtual consultation.... In the beginning, you can just get every other consultation from home,
that's really the way forward...."” [interviewee]

Additionally, long waiting times at the medical facility can deter people from making doctor’s
appointments or seeking medical treatment altogether. Men in Denmark, specifically, do not want to
appear to be fussy when they go to the doctor (Madsen, 2016). By using a home care device, people
no longer need to care about what others would think of them, they save time and can often avoid
taking a day off from work. The Covid-19 pandemic has only made the waiting times longer, with
hospitals delaying treatments and postponing surgeries, if deemed not immediately urgent.

The ability to detect various bodily fluids close to the patient facilitates quick medical decisions and
better disease diagnosis, monitoring, and management. Via home care devices, real time diagnostics
can improve the patient’s quality of life dramatically. By using a sensor that can indicate to the patient,
nursing staff or a doctor when the patient needs a change of bandage (early-stage bacterial detection)
can lower the risk of leakage, bacterial formations, or hospitalization. Additionally, it will give the
doctor a more accurate insight into the patient's life than what he sees during consultation.

The main values and principles in the development of eHealth devices are to improve healthcare for
citizens, but to be able to do so trust between industries and citizens must be enabled. Traditional
medical devices like glucose level tests have been adapted with a digital part, which is collecting data.
This data collection creates possibilities like self-management and patient-centered health, but also
creates challenges as data protection, privacy, and informed consent. There are other barriers that
arise with eHealth devices like a lack of medical contact with healthcare professional through the
eHealth device and inequality in eHealth due to culture and technical abilities. Managing these values
and principles need to be considered from both public and private spheres; and be conveyed to the
broad society.

2.2. Technologies

eHealth includes several different technologies as mHealth (mobile health), telehealth, remote patient
monitoring (RPM), etc. As part of the eHealth technologies, it includes information and communication
technologies (ICT) like mobile phones, computers, tables etc. while mHealth only refers to the use of
mobile devices (Moss, Sile, & Kohl, 2019). Admittedly, many of the areas overlap and is not always
used in the same manner.




One of the branches in eHealth, commonly mentioned, is remote patient monitoring (RPM). RPM
(monitoring of patients during the patients’ normal day activities) helps in forming a better
representation of the patients’ health status. In RPM applications, several advanced manufacturing
technologies as printed electronics; sustainable and advanced materials; information and
communications technology (ICT), Internet of Things (loT) and artificial intelligence are being used.
RPM includes measurement of temperature, movement, glucose levels, oxygen levels, heart rate,
weight, blood pressure and medication tracking. This data creates opportunities in patient-centred
healthcare that can lead to increased quality of life, improved treatment, possibility for preventative
healthcare, reduction in hospitalizations and emergency rooms visits, reduced hospital stay time, and
reduced costs.

One element, that was mentioned in several interviews, is that technology development has two
different approaches: Tech companies or classical producer companies. Tech companies, that have
experience with electronic components start to develop a new product that both have a physical and
electronics parts on it. On the other hand, the classical producer company would like to integrate
electronic elements into their already existing products. An example of the latter is the company
Abena, which has produced diapers since 1953. In 2017, diaper manufacturer Abena announced that
they had taken a whole new step in the development of their diapers. The new step consists of
integration of a sensor in the diaper, that detects when the diaper is wet and sends a signal to the care
staff's smartphones.

In the diaper from Abena, they have printed conductive carbon material unto an ultra-thin and
stretchable non-woven material that was laser cut to the right dimension afterward. This application is
just one of many that use printed electronics (PE), which is one of the fastest growing technologies in
the world (Cano-Raya, Denchev, Cruz, & Viana, 2019). The PE technology consist of several different
techniques (screen, gravure, off-set, flexography, and inkjet printing) that requires different kind of
inks. The formulation of conductive inks relies on the advancement in nano-ink- formulations which is
both in new or better metallic inks, but also in carbon-based inks. With this advancing and growing
technologies, wearable printed eHealth devices will only expanse in the future.

3. The innovation eco-system

3.1. Context, values and principles

eHealth products are expected to have a broad impact at social and economic dimensions. Changes in
the use of electronic healthcare is already happening in Denmark. A survey (Operate A/S, 2021) from
fall/winter 2020 showed that 41% of Danes already collect health data on their own via, for examples,
pedometers, sleep apps or smartwatches. This is a new type of data for the healthcare system and
new habits and behaviors will need to emerge for this new way to obtain data and interact with
citizens.

"

One of the everyday benefits that was mentioned by an interviewee:

Today, a number of citizens arrive with special state-subsidized public transport (flex traffic) for
badly walking citizens. With this kind of transport, citizens most often arrive several hours before
meeting with their doctor. Their consultation with the doctor might only last for 10 minutes and
then again, the citizens must wait for the flex traffic that can drive the patient home. As this was

not enough waiting time for the citizens, they also must wait during the drive as the flex bus also
drop off other citizens along the way. This is a whole day trip for the patient. By being able to make




these measurements via an electronic device, it can improve the life quality for the individual
citizen.” [interviewee]]

3.2. Market description

In Denmark, there are three political and administrative segments in the public healthcare: the state,
the five regions, and the 98 municipalities. These segments are responsible for the different healthcare
areas. The Danish healthcare system is divided into two sectors: the hospital sector and the primary
healthcare sector (research2guidance, 2015). These sectors are again divided into areas, which are in
turn controlled by one of the segments. Even though this might seem complicated, Denmark still
manages to be the most advanced user of eHealth according to the 2015 edition of the EU Countries’
mHealth App Market Ranking (research2guidance, 2015). This is especially because of the two portals:
Shared Medication Record (Det Feelles Medicinkort) and the Danish eHealth Portal (sundhed.dk)
(Ministry of Health, Denmark, 2018).

Shared Medication Record is being used by hospitals, general practitioners (GP’s), emergency doctors
and specialist doctors in Denmark. All Danish citizens information like current medication, dispensed
medication, prescription, doses, vaccinations, etc. can be found here. In this system, all public
stakeholders can share information on citizens. With this system, an updated and holistic overview of
every citizens in Denmark can be found (Ministry of Health, Denmark, 2018).

In 2003, the official Danish healthcare service Danish eHealth Portal (sundhed.dk) was launched
(Sundhed.dk, u.d.). At this website, both citizens and healthcare professionals can find all relevant
information regarding citizens medical records and medications. It is also a communication platform
between the healthcare system and citizens, which all danish citizens have access to. Every citizen has
their own page where they can find their healthcare information, such as (Sundhed.dk, u.d.):

= The citizens record of treatments.

= Results from diagnostics tests (such as covid-19).

= Book appointments with the citizens own GP.

= Renew prescription drugs & monitor own drug compliance.
= Survey shortest waiting lists for operations.

= Register as organ donor.

= Vaccinations.

“There is a lack of positive data stories in the press, you only hear the negative ones" -
[intervieweel.

Denmark is the world leading pioneer when it comes to eHealth in IT systems at the hospitals and at
the local GP clinics (Ministry of Health, Denmark, 2018). However, there are also some challenges one
cannot ignore as the legal challenges and missing eHealth standards. In the legislation, it stated that
healthcare data may in principle only be used for the purpose for which it was collected. This means
that companies cannot work more exploratively with the data. Another issue is standards in much of
the interviews the issue of the lack of standards on how the different health care systems are
communicating with each other was raised.

Another element that several industry interviewees mentioned was that Danish citizens are used to
handling eHealth from the public healthcare system, but they were not sure if the Danish healthcare
system is able to handle new technologies from industry. Today, all public health data can be found on
the Danish eHealth Portal; though, getting healthcare data from industry into this platform was not

something the interviewed either thought possible or worth doing due to the hassle that they thought
would follow this process.




The problem with missing standards is already being tackled. The Foundation for Software-Based
Health Services 4S (Stiftelsen for Softwarebaserede Sundhedsservices) that consist of a board, a
coordinator, a software group, and several professional forums is working on strengthening knowledge
sharing and provide tools, platforms and tutorials for both user, industries, and public system. This
health software-based ecosystem aims to make it easier to work with health data across different
sectors and industries (4S Stiftelsen for softwarebaserede sundhedsservices, u.d.).

Home care devices can provide benefits on both micro- and macroeconomic levels. At the
macroeconomic level, early diagnostics of diseases improves the chance for a successful treatment.
Detecting a disease early on reduces the risk of problems associated with treatment and lowers the
costs of care. This can be an important public health strategy in all settings.

On a microeconomic level, new and old companies can supply medical devices to the public in addition
to the health care system. However, the implementation of home health care devices from an
economical point requires testing and validation, which is costly. The benefits mentioned are
summarized in Figure 1.

Reduce
hospitalization
/ER visits

Preventative
helthcare

More data on
patients. Thus,
improved
treatment

Reduce
hospital stay
time

Increase life

. Reduces cost
quality

Figure 1: eHealth monitoring of patients has multiple benefits (Tsao, Hayward, jiang, & Ghaffarzadeh, 2020).

eHealth has a lot of benefits for society, but in the interviews several concerns were also mentioned.
One of the interviewees gave an example:

“Today, hearing aids are a most used eHealth apparatus that people know. If you could now
imagine that Apple or Google made a hearing aid that cost only 1 euro, but in return the customer
got a short advertisement in his/her ear once an hour, would that be okay? Or could one imagine a
chip in the brain where deaf people could get their hearing back. This chip would cost 1 million
euros to get unless one gave up a right to vote in the general election”. These ethical concerns need
to be addressed along with the development of the new technologies. [intervieweel]

For industry to effectively introduce eHealth devices to citizens, matters like eHealth adoption, level of
digitalization, market potential & regulations need to be considered. Level of digitalization influence
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how easy it will be for the population to use the different eHealth devices. If the level of digitalization
is low among the citizens, it might not be possible for the citizens to be able use the device from a
technological point of view. The market potential and regulation differ from country to country and can
have a great impact for the industry if they will introduce their eHealth devices onto a specific market.
The market potential is related to population and the amount of user of the product. In general,
Denmark is in the top of the list regarding the beforementioned topic. These will be described furthered
in section 4.2.

3.3. Policy frameworks, normative and regulatory aspects

In 2017, the “National Target for the Health System” was launched. The goal with this is to increase
the quality throughout the whole healthcare system as well as geographical equality within Denmark
(Ministry of Health, Denmark, 2018). To achieve this goal, further digitalization has been a focus point.
Therefore, in the Danish digital health strategy 2018-2022 several effort points (listed below) were
made (Ministry of Health, Denmark, 2018):

= The doctor in your pocket — A GP app for patients

= Ask the patient — Patient Reported Outcome (PROs)
= Digitally supported rehabilitation

= A complete presentation of the patient’s health data
= A guide to health apps

= Decision support tools for cancer patients

= Digital pregnancy tool

In the Danish digital health strategy 2018-2022, it is stated that an increased agility and flexibility for
new development of technologies must be ensured as the digitalization of the healthcare system is
based on numerous suppliers that can drive new innovative technologies forward (Ministry of Health,
Denmark, 2018). This is a focus point for the new strategy due to the increasing elderly population in
Denmark as well as the increasingly percentage of citizens with chronic diseases. For example, an
assessment of citizens with type 2 diabetes (Figure 2), is estimated to double from 2015 to 2030
(Ministry of Health, Denmark, 2018).
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Figure 2: The number of citizens with type 2 diabetes. The numbers are in thousands. The number for 2015 is
observed while the numbers from 2020-2030 are projected (Ministry of Health, Denmark, 2018).

The legislation on eHealth differs across Europe which could have an impact on the use of eHealth. In
some European countries (Germany & Austria), remote patient treatment is illegal (research2guidance,
2015; Milieu Ltd and Time.lex, 2014). In some other it is not preferred and is rarely used. In Danish
laws, however, there are no regulations on eHealth monitoring (research2guidance, 2015; Milieu Ltd
and Time.lex, 2014) and remote patient treatment is widely used and is perceived as being
complementary to established healthcare (research2guidance, 2015; Milieu Ltd and Time.lex, 2014).
During the interviews, no one thought that additional regulations were needed in Danish law. In fact,
everyone interviewed considered legislation not to be an issue in Denmark, while acknowledging the
need for a common framework managed by the EU. The lack of standardization is the issue for the
industry.

“Doctors must use on patients an eHealth device which have a medical device approval while
companies making eHealth devices can just sell this device as consumer grade equipment. It is a
lot faster, cheaper and they are able to sell on a much larger scale!” — [intervieweel.

Rules for data processing, storage and access are also often rigid and cumbersome, which leads to the
process being slow. For example, each municipality in Denmark has their own data processing
agreement. This means that companies must review their data processing agreement every time, they
have negotiations with a new municipality instead of following a single framework for the whole region
or country. Reviewing these agreements is generally inconvenient and leads to excessive legal
expenses. A lack of a single national framework was mentioned as one of the biggest barriers for the
industry in the interviews.

One of the interviewees mentioned an area where additional legislation was needed. The interviewee
provided an example where it is currently impossible for the Danish healthcare system to own the data
they are creating. There are only two companies in the world that make specialized computer
tomography (CT) scanners for child brains. Both companies send the collected data to the USA. This
creates a big problem where the patients’ health data is not owned by the patient or the Danish
healthcare sector. In the interviewee’s opinion this should be covered by the data protection regulation
on European level.
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In the field of eHealth devices, there are several regulations that eHealth devices manufacturers and
developers need to comply with, one of them being the medical devices regulation (European
Medicines Agency, 2021). Another is from a waste management perspective. For example, if the
devices contain high concentrations of metals, the consumers cannot throw them out with the normal
household trash. Batteries raise another issue and require special sorting. Several of the interviewees
mention that waste is a cause for concern. However, the health benefits outweigh the issues around
waste and are considered a secondary priority in the development of products. The companies were
mainly forced to investigate the waste issues either due to regulation or in cases where they would like
to obtain an ecolabel.

In the field of homecare devices, manufacturers must keep the kind of materials they are using in mind,
from both a toxicological and waste perspective. The materials they are using must be in line with the
current regulations. These toxicological regulations (European DG Health and consumer, directorate B,
Unit B2 “Cosmetics and medical devices”) depend strongly on the users’ contact with the device, for
example skin contact or under the skin.

The environmental impacts of the healthcare device can be analyzed in a Life Cycle Assessment (LCA).
LCA evaluates environmental impacts associated with all stages of device production; from the
extraction and processing of the raw materials through to the manufacturing and distribution, to use
and disposal/recycling of the materials. Industrial partners indicate in their interviews that this was on
their mind and that some of them might perform the LCA assessments soon.

“there is only one health, global health. But health is the priority, then the issue with the
environment is second”- [interviewee].

3.4. CSR, open innovation and co-creation practices

Corporate social responsibility (CSR) in healthcare devices is a complex issue to discuss since
healthcare in the word implies that it is the betterment of human health and wellbeing. Manufacturers
of home care devices need to have an environmental supply chain, pricing, ethical marketing, and
product safety in mind.

In a number of interviews with companies, it emerged that for them it is a standard practice to involve
both patients/citizens and professionals in developing products. However, in the start of the
development it is the engineers with good ideas, but no practical knowledge on whether these ideas
would work outside of the lab, that solely are doing the work. The involvement of patients/citizens
and/or professionals is normally done at later stages of the development. Several of the interviewed
companies thus employ health care professionals whose job is to provide the engineers with proper
medical feedback. This helps avoid delays to the market due to impractical design issues. Involving the
public also allows for the emergence of novel ideas in addition to smoothening the way to market.

One of the interviewees did not think that you should involve the end users of the eHealth device, as
the interviewee believes that the user does not know what they want/need. Instead, the interviewee
thought that one should base owns work on consultations with relevant professionals. In the
interviewee’s opinion, this expertise can then be used to better explain and educate the end users on
how to properly use the product. The rest of the interviewees had different opinions. Here, it was
taken for granted that you had to include patients/end users in the development of your products.

\ N

I
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3.5. Actors of the innovation eco-system

Significant stakeholders include: Wearables and medical diagnostic industries in Denmark, hospitals
which conduct screening and validation of technologies using human trials, national and regional
governments, funders and investors, regulators, regular consumers, and citizens. The main procurers
are both hospitals, for medical related uses, and industry in the sport sector for recreational use.

We have tried to collect a list of different kinds of stakeholders that is part of the Danish eHealth
ecosystem in Figure 3. In this figure, we have listed the primary stakeholders, ecosystem actors and
the contextual actors. The primary stakeholders are those who are directly involved in the work to
develop of new eHealth technologies. This group consist of suppliers, hospitals, universities research
technological centers, industries, manufactures and eHealth clusters; collaboration between these
groups also occur in the development of new eHealth technologies as an interviewee said:

“Collaborative development between companies has always been there. The data part is, of
course, new but the business method is certainly not new. You cannot be an expert on

everything.” — [intervieweel].

The ecosystem actors group contains of: Government agencies, consumers, professional users,
patients, public procures and social agents. Even if not directly connected to the innovation
development, this group is crucial for the eHealth market. The third and last group is the contextual
actors, who consists of actors that indirectly influence the development or use of the technologies.
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Figure 3 Draft of the innovation ecosystem of eHealth monitoring and diagnosis solution in Denmark.

DTI chose to conduct interviews with four different types of stakeholders: industry, procures, business
and research. The interviewees were both men and women. The stakeholders from the industries were

from both large and small companies.

e Medical companies, tech (ICT-loT-Al) companies
e Research organizations, industrial and sectoral associations, and a doctor
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4. Societal and ethical aspects

4.1. Ethical and social conditions and implications

The advancement of eHealth is introducing several ethical and social implications into the society.
eHealth introduces many improvements as already listed in Figure 1, but with great advancement, new
ethical and social concerns often follow. As an interviewee stated it:

“Social and ethical issues are not a hindrance and they are extremely important. In all research
contexts, you should have an employee who handles these issues. That's part of it." —
[intervieweel].

eHealth is a promising aid for the doctor, but questions about the implications were raised during the
interviews:

e Who owns the data collected by the monitoring device?

e Can you trust the data the device gives you or should it be interpreted?

e Will the data be used?

e How do you provide enough information to the patient/consumer without overwhelming them
with all the data?

As a clarifying example, citizens who purchase a monitoring device that can monitor their sleep might
risk getting unnecessarily worried. The device might inform them that they need to contact their
doctor because they might have sleep apnea. Does the patient have sleep apnea or did the patient just
turn around in bed, which could lead to a misdiagnosis of the patients sleep by the device? The doctor
has no idea how the data is collected and how to interpret the data and might discard the diagnosis
after speaking with the patient or send the patient further in the medical system for sleep apnea
testing. What happens if the patient experiences misleading medical information from the device? Will
they trust the information moving forward? Data protection is another issue. Will the manufacturer of
the device sell the information to a third party that can use this information to sell their sleep products?

Several ethical concerns were mention in the interviews. One of them is with the elderly cognitively
challenged patients. One of the interviewees stated the following:

“we want our elderly to be cared for, but not monitored” [interviewee]

This describes very well what many of the interviewees talk about; the difficult balance between
watching citizens and monitoring citizens.

Another ethical concern mentioned during the interviews was the societal cost it has when people buy
e-devices themselves. Digitally savvy citizens who purchase their own eHealth devices might be
pushed to the front of the queue as they are able to detect deviant symptoms much earlier. This might
lead to doctors spending more time on them instead of someone less tech savvy but who might be in
higher need of help. These digitally passive citizens are therefore facing the risk of being left behind by
the healthcare sector.

A third ethical concern cited during the interviews:

“where is the human when all this technology takes over? Will the nursing staff still be there? The
technology is here to aid the nursing staff, not make them jobless. Human being are herd animals.
We need human contact.” -[intervieweel]

Several of the interviewee did not think that the new technologies would make the healthcare
professional redundant, but they found that it will relieve the healthcare system.
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All the interviewees were asked if they perceived a difference in how men and women felt about
eHealth devices. They all replied that they did not see a difference between men and women but that
they saw a difference due to education. In general, those with higher education tend to be more
engaged in improving their health while those with no or lower education were more passive and
expected the medical professionals to inform them on what they should do.

The interviewee’s thoughts about education and health, are completely in line with the statistics for
how long Danish citizens lives according to education. A Danish citizen with a short education lives
approximately 10 years shorter than a person with a long education (Danske regioner, u.d.). These
inequalities in health arises as a result of differences in living conditions that affects health behaviors.
These health behaviors can, for example, be unhealthy diet, tobacco, alcohol, physical wear. The social
differences between groups in society in illness and mortality (Danmarks statistik, 2020) can, in part,
be explained by the difference in health behaviors.

The citizens group with a short education is, therefore, overrepresented regarding chronic diseases.
These diseases can be in many cases be prevented with the right state of mind. It was mentioned in
several interviews that citizens are moving toward a state of mind where they are more in charge of
their own health. However, some citizens are lagging behind. One interviewee mentions the big
difference in citizens with diabetes. The interviewee stressed:

“Some of these citizens with diabetes are very aware of their disease while others are
completely ignoring of their disease. Those citizens, who ignore their disease, are often the ones
who are getting their imbs amputated. These citizens are very hard to reach. “[intervieweel]

When it comes to age, the interviewees' responses were unclear. One interviewee said that young
people have a great deal of knowledge about technology, but up to the age of 65, citizens are
technologically proficient and able to use e-devices. The same interviewee mentioned that citizens over
the age of 75 were often afraid of doing something wrong. Another interviewee mentioned that age is
no longer the determining factor for technological knowledge. The interviewee elaborated with:

“Of course, there are more elderly people than young people who are not technologically
strong. But more and more of the elderly are becoming technologically proficient, and you can
also find middle-aged people who are not technologically proficient”. A third interviewee often
heard the remark when talking to seniors about new technologies: "/ will ask my son, neighbor,
or someone else." [interviewee]

By looking at the statistical data from the Danish eHealth Portal (Danmarks statistik, 2020), the
education level has an important role in how often citizens check their healthcare data at Danish
eHealth Portal. On average, 33 percent of the danish citizens between 16 and 89 years old have been
on this portal to see healthcare information within the perioded March 2020 to June 2020. For
citizens, that only have taken primary school only 22 % have checked their healthcare information
within the last 3 months, while it is 33,9% of the citizens with a vocational and 43,5% for citizens
with a higher education (Figure 3).

In the same statistical newsletter, they have also looked at the statistically difference between men
and women. Here, there were a significantly difference between men and women. For women, 36,5%
of them have checked their healthcare data at Danish eHealth Portal within three months, while it only
was 28.9% for men.

By looking at age and how often citizens check their healthcare data at Danish eHealth Portal
(Danmarks statistik, 2020), citizens above 65 years old checks on average the record less often than
citizens between 25-64-year-old. The same image appears for the 16-24 years old; they also check
their record less than the average. After having said this, these data do not consider how much
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difference citizens groups are in contact with the healthcare system and therefore, the need for
checking their healthcare data.

To summarize this information given in Figure 3; women, people with higher incomes and people with
a higher education are overrepresented in the group that orients itself in their own or family members’
health data online. Some areas in Denmark are economically richer than others. This leads to a
geographical inequality dimension in Denmark. As an interviewee responded:

“there is a clear difference in health between countryside and cities. In the cities, the citizens are
more willingly to use new technologies”. [interviewee]

This has the unfortunate consequence that there are large differences in life expectancy from one
geographical area to another in Denmark (Danmarks statistik, 2020).

Check of healthcare data based on income, education, age and
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Figure 4: How often citizens check their healthcare data at Danish eHealth Portal (Danmarks statistik, 2020)
within the last 3 months. The statistics are based on numbers Marts 2020 until June 2020. The data is based on
citizens between 16 to 89 years old. The orange line represents the citizen’s average.

4.2. Public and stakeholder awareness

Introducing new eHealth technologies to citizens, several level of readiness must be thought of:

= eHealth adoption

= level of digitalization
= market potential

=  Starting business

= mHealth regulations

<P KPAh
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According to the report “EU Countries’ mHealth App Market Ranking” from research2research
(research2guidance, 2015), Denmark has the best market readiness condition for eHealth business in
Europe. This readiness is rated after the above listed dimensions.

Denmark is also the most advanced European country in eHealth adoption; here 91% of the Danish
doctors are using digital systems for exchanging patients’ data in 2015, while the European average is
found to be at 34 %. This is highly correlated with the high level of digitalization of the Danish
population, which is one of the highest in Europe (research2guidance, 2015).

The market potential is rated on the number of users together with the expenditures for each patient in
the healthcare system. Countries with a bigger population naturally have a bigger advantage but the
expenditures in Denmark is one of the highest per capita in EU, which compensates the lack of
population (research2guidance, 2015). Regarding the mHealth regulations, Denmark gets on of the
highest scores together with Sweden, Finland, Spain and Belgium (research2guidance, 2015).
Concerning starting a new business, Denmark is again at the top of the list.

In the interviews, it was mentioned numerous times that citizens were more skeptical of eHealth
monitoring devices several years ago compared to today. Now, several of the interviewees thought
that it seems that the main source of skepticism lies with the healthcare professionals. The patients
and their families typically see these new technological advancements as positive.

The question of how willing the patients/citizens were to share their medical data with either research
groups or medical companies was brough up during several interviews. The common answer was that
people are willing to share their data to improve the treatment for others, but that some of them are
worried about the insurance companies getting this information. In fact, it was mentioned in the
interviews that citizens, healthcare professionals and patients see eHealth as a much-needed support
to the Danish healthcare system, which is suffering from staff shortages.

4.3. Cultural aspects

The cultural aspects of citizens in Denmark plays an important role in the interaction with industry. If
the trust to industry is high, the citizens are more likely to interact with industry. On the other hand, if
the trust is low, citizens engagement might be difficult or even impossible. Therefore, eHealth
development with citizen engagement is very dependent on culture aspects.

The cultural aspects of citizens collected data was studied by the Danish Regions in a survey during
the autumn/winter of 2020. The survey included responses from 150 doctors, 118 healthcare
professionals, 1000 citizens and 500 patients. In a data survey (Operate A/S, 2021), it appears that
41% of Danes (citizens and patients) collect health data on their own initiative via, for example,
pedometers, sleep apps or smartwatches, but only 23 % of those who collect health data experience
that the data is being used in connection with treatment or doctor visits.

Doctors and healthcare professionals, on the other hand, were asked if they used the citizens' own
measurements. The results were one in four for doctors and almost one in three for other healthcare
professionals who used this data in their prescribed treatments or diagnosis (Operate A/S, 2021). As a
follow-up question, the doctors were asked about the challenges of working with citizen-created data.
Here, there was a fear that citizen-created data would increase inequality in healthcare or become a
barrier to medical contact. These fears are also highlighted by the interviews with other healthcare
professionals (Operate A/S, 2021).

In the survey, they also looked at the optimism/doubt/pessimism in public opinion on whether the data
gathered by members of the public will lead to better treatments. Two factors were the most important

indication for the responses:
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e Citizens' own behavior with the collection of health data
e Citizens trust in the public healthcare service.

The result showed that 60% of the citizens were optimistic, 32% were in doubt and 8 % were
pessimistic (Operate A/S, 2021). The optimists are both positive about data collection and the
healthcare system while the doubters were positive about healthcare, but to a lesser extent about
increased use of data collection. Pessimists were skeptical of both the healthcare system and the data
collection. Men tended to be more optimistic, while a slightly large portion women tended to fall into
the doubters group. On the other hand, there was a large proportion of men in the pessimist’s group
(Operate A/S, 2021).

Of the citizens with a higher/some degree of confidence of trust in the public healthcare data handling
also use the Danish eHealth Portal (Danmarks statistik, 2020) more often (Figure 4).

Check of healthcare data based on trust in the public healthcare

data handling, 2020
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Figure 5: How often citizens check their healthcare data at Danish eHealth Portal (Danmarks statistik, 2020)
within the last 3 months based on their trust in the public healthcare data management. The statistics are based
on numbers Marts 2020 until June 2020. The data is based on citizens between 16 to 89 years old.

In the same survey, they also looked at Danish citizens confidence in actors outside of the Danish
healthcare system. Here, the result was outstandingly clear: The public healthcare service was the only
actor that the Danes trust in the collection and use health related data. The same was clear when the
healthcare professionals were asked the same question. In fact, the healthcare professionals were even
more negative towards private companies than the citizens.

The interviews produced similar findings. It was mentioned multiple times that the healthcare
professionals are more skeptical toward data collection than citizens. Perhaps, it is because they
recognize the ethical dilemmas of public data collection. For example: If a person’s movements are
being monitored, should they be informed that all their movements are monitored, also when they are
having sex?
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Another difficulty is the number of possibilities. There are, for example, around 400 different apps for
diabetics on the App Store alone. The number of options is overwhelming even for people who work
with certain diseases professionally; it is unlikely that a typical citizen will be able to find the most
appropriate one for their needs.

The advanced digital health sector in Denmark has been built upon data for decades. For example,
cause of death has been collected since 1875 while cancer incidence has been collected since 1943
(the Medical Futurist , u.d.). It is the state, which has these entrusted data and not the private
companies in Denmark. This fits well with the alignment of the Danish citizens trust in the public
healthcare system rather than the private sector. However, the public has stated that a growth in
eHealth in 2018-2022 will be based on public-private cooperation (government, regions, municipalities,
and industry) (Healthcare, u.d.).

Citizen’s behaviors will likely change and new ways of interacting between patients and doctors will
emerge. For example: Citizens are used to call the doctor if they have a medical issue and book a time
for a consultation. Their local doctor would forward the patient to a specialist with the specific
expertise that is outside that doctor’s area of expertise. In the future, the patients seeking medical
advice might be able to contact a specialist directly without their local doctors’ involvement and
therefore potentially save time and money.

4.4. Cultural resources

“In general, we (Danes) are good at helping with “free” work.... If you call someone, they are
often willingly to spend 15 minutes of their time to help you without getting anything out of it
themselves. This makes it easier to start a company or a project.”- [interviewee].

Many of the interviewees mention that Danish people are generally willing to share their data with
healthcare professionals if it can help improve the treatment for other patients. In a survey from 2016
(Userneeds, 2016), it was found that 85 pct. of the Danes would over the course of illness be
interested in sharing their experiences and provide feedback.

All those interviewed were generally positive about eHealth devices. According to their replies, it is a
development that is already here and will be more widespread over the years. They did not experience
much resistance during their interactions with patients/ citizens. In fact, they were met with interest,
curiosity, and openness. As one of the interviewees said:

“one must recognize that one cannot get very far without involving citizen"- [intervieweel.

In the Danish culture, Danes generally tend to complain a lot! Danes complain about everything in life
from big to small and do it daily. This simply part of the Danish culture to grumble. However, one
striking thing in all the interviews was that people had no grumbling about eHealth equipment or the
legislation about it. Nor does societies approach to it. The only negative aspect about eHealth devices
was the lack of standards and how fast the authorities are in processing various applications.

The Danish culture is built on trust, which was also stressed by several of the interviewees. Social
trust increases the ability to voluntarily cooperate without being forced by a third party, such as the
state. In a survey within the European country (European Values Study, u.d.), the question “Do you
think you can trust most other people, or can you not be too careful?” was asked. In the survey, 36
European country were ranged on a scale from 0-10 where O was “You cannot be too careful” and 10
being “Most other people you can trust”. Here, Denmark was ranged on the top of the list with 6.92
(European Values Study, u.d.)! This mindset makes industrial symbioses with citizens easier.
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The healthcare and social sectors in Denmark are funded by taxes. In the Danish mentality, there is a
demand from the Danes that the service they will receive by the health sector is the best. Through,
their taxation Danes pay their whole working life to the healthcare sector and therefore see it as their
“right” to get the best treatment (Jensen, 2018).

5. Interest in co-creation and SocKETs activities

In general, the interviewees involved showed interested in co-creation, and would like to hear more
about the project in the future. Whilst some interviewees were seduced by the idea of being involved
in different activities, they wanted a clear idea on how they could benefit from it. One of the
interviewees did not see citizens to be a constructive part of the innovation processes due to their lack
of knowledge. The interviewee of the opinion that co-creation should be between industry and
healthcare professionals.

The industrial interviewees were in general interested in the co-creation and societal engagement
activities, but not all could see how they could benefit from it within the timeframe of SocKET;
meaning that the industry stakeholders might not be within the developing phase of a new product.
Another element that also raised was that SocKET activities was with citizen’s or patient’s co-creation.
Overall, the industry interviewees saw very positive on the patient involvement, but were a bit
confused with the citizen idea.

In some of the interviews, phrases like "/ unfortunately cannot talk about this in details due to GDPR"
or “/ have one example in mind that | unfortunately cannot tell because of GDPR" were mentions.

In overall, the contact to all the stakeholders were reality easy to reach and most of the stakeholders
that were contacted agreed to be interviewed. There were in general a positive attitude towards the
project and the interviews, but the interviewees could not commit to the SocKET project without a

clear idea on the amount of work it would require from their side and the benefits they will get.
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6. Conclusion

The innovation eco-system of the eHealth sector in Denmark was addressed through stakeholder
interviews and information from literature. Here, the impact of technological, economic, cultural, and
ethical on the Danish society was discussed. eHealth products are expected to have a broad impact at
the social and the economic level. Changes in the use of electronic healthcare is already ongoing in
Denmark and will only continue.

There are several benefits (increase life quality, reduced hospital stay time, reduced emergency room

visits, preventative healthcare, improved treatment, reduction in cost), but some barriers also need to
be taking into accounts like missing EU standards and the overwhelming amount of healthcare app on
App Store.

The cultural aspects of the citizens play an important role in the interaction with industry and can act
as a hindrance or an advantage. In Denmark, the society is built on trust and this trusting mindset
makes industrial symbioses with citizens easier. Not only trust is high in Denmark, so is the Danes
willingness to share their data with healthcare professionals if it can help improve the treatment for
other patients. In fact, many of the interviewees pointed out that they did not experience much
resistance during their interactions with patients/ citizens. In fact, they were met with interest,
curiosity, and openness. This cultural approach towards eHealth makes a huge advantage for new
eHealth devices.

Advances in eHealth introduce several ethical and social implications in society. Among these
implications are cognitively challenged citizens who cannot use new technologies. Another implication
is the inequality between education and eHealth; here society risks losing some uneducated citizens.
Although there are several ethical concerns associated with certain groups in Denmark that need to be

addressed, Danes' eHealth adoption is the most advanced in Europe.
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8. Annexes

8.1. List of participants

Industry, Large company

- Anonymous, Leading a team that regularly meets with the end-users and healthcare professionals
to improve their devices and explore ideas for new innovations.

Industry, SME, Business

- Steffan Lauggard Nielsen is the founder of C-patient. C-Patient has developed a concept that mon-
itor diabetic foot ulcers. From this monitoring, it is possible to inform the patients and/or the
healthcare professional about a possible infection in the wound and/or when the bandage need be
changed.

- Anne Cordel is the product manager at Wear&Care. She has a professional background as a nurse
where she worked both in the healthcare sector and in the municipality. Wear&Care has developed
a sensor that notifies the nursing staff when a diaper needs to be changed.

- Kasper Lundberg Lykkegaard is the CEO and co-founder of Sens Innovation ApS. Sens Innovation
ApS has developed a medically approved sensor system to measure physical activity that is suita-
ble for use in the healthcare sector.

- Erik S. Poulsen is the CEO & co-founder of Cortrium, founded in 2014. At Cortrium, they have cre-
ated a long-term ECG monitoring system.

- Christian Dalsgaard is the CEO at Smart Textile Alliance (STA) that is a non-profit corporation in e-
textile technologies.

Procures

- Troels W. Kjeer is a brain researcher and chief physician at the Department of Neurophysiology at
the University Hospital of Zealand and a professor at the University of Copenhagen. He is one of
Denmark’s leading experts in the field of brain studies. In his work, he studies the use of elec-
tronic health devices (Larsen, Lauritzen, Gangstad, & Kjaer, 2021).

Society

- Morten Rasmussen is the CEO of Danish Care, which is a Danish branch organization for manufac-
turers and suppliers of assistive technology and welfare technology and provider of services within
the area of assistive technology and care.

Research

- Trine Rolighed Thomsen is an associate professor at University of Aalborg. She works with pa-
tients with diabetic foot ulcers. In her work, she has used several different eHealth devices.

- Shweta Agarwala is an assistant professor at the Department of Engineering at the University of
Aarhus. Her research is focused on using printed technology to enable flexible and biocompatible
electronics. In her work, she is testing electronic devices together with Bispebjerg Hospital.
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