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Preface

Person-centeredness is widely recognized as a multidimensional concept that advocates patients’ informed
decisions, successful management of their own health and care, and choice when to invite others to act
on their behalf (Silva, 2014). It is a conception that comprehends patients as peer partners in planning,
developing and assessing care. In other words, person-centered care is about co-production rather than
consumerism. Moreover, the Institute of Medicine prioritizes six dimensions of patient-centeredness as
decisive to supporting quality healthcare. These are (US Institute of Medicine, 2001):

Being respectful of patients’ values, preferences, and expressed needs
Being coordinated and integrated

Providing information, communication and education

Ensuring physical comfort

Providing emotional support and easing fear and anxiety, and
Involving family and friends

However, reviewers have argued that the model of person-centered care is somewhat rhetorical and
equates to ‘consumer-based’ model rather than a psychosocial approach. Moreover, they also contend
that there is no unopposed definition of person-centered care in the empirical literature (Silva, 2014).
As a result, the complexity of the theory raises the need to articulate its shared meaning and explicate
how it can be put into use.

Additionally, the term ‘patient-centered care’ which is more frequently used than person-centered
care and tends to describe a much wider range of disease areas has often been analyzed as a multifaceted
construct (Ishikawa, Hashimoto, Kiuchi, 2013) with no single theory that can sufficiently define the
whole idea or lacking a unified definition and operationalized measurement (Silva, 2014).

On the other hand, notwithstanding patient-centered care may be considered of modern origin, its
essence can unquestionably be found in the Hippocratic Oath. Respect and broad-mindedness to the
patient needs, relevant ethics, and concern for community well-being are prominently evident in Hip-
pocrates. However, this inclination to the origins of medicine has been long discontinued. Beneficence
as a bioethical teaching has lost part of its radiance, dominated by the belief of autonomy and by the
current emphasis on defending the medical commonality. As a consequence, medicine has missed its
holistic focal point, which patient-centered philosophy aims to regenerate for patients.

The holistic notion upholds that each aspect of patient’s needs including corporeal, social and mental
should be taken into account and perceived as a whole.
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How exactly, do you do that? What does ‘emotional, spiritual and mental needs’ look like in a doctor-
patient encounter?

The doctor-patientrelationship can be seen as a social mechanism for salubrious impact on the patient’s
well-being (Benedetti, 2011). The important point is to realize why this social interplay is necessary
to stimulate the endogenous mechanisms that handle expectation and placebo outcomes. However, the
reason a social mechanism of that kind surfaced in the course of evolution appears to be considerably
reasonable. There are numerous benefits of altruism and social partnership. Suppression of psychologi-
cal uneasiness by human interactions warrants a robust mechanism to recover, at least in part. In this
context, following evolutionary theory, the healthcare system can be more complicated and can acquire
the qualities of an actual endogenous system. According to Humphrey (2002), the ability to stimulate
expectation in addition to placebo mechanisms following the doctor-patient encounter is an emergent
issue and essential feature of the ‘natural healthcare service’. Humphrey (2002) claims that patient’s body
together with the brain have a considerable role in healing themselves but that capacity for self-cure is
not revealed spontaneously, but can be triggered by the influence of the doctor. Therefore, the pivotal
point is to realize why the patient-doctor encounter is needed to initiate the self-cure mechanisms.

The conceptualization of an endogenous healthcare system by Humphrey (2002) is extremely use-
ful to know why the doctor-patient encounter is necessary in order to trigger expectation in addition to
placebo mechanisms in the patient’s brain. Doctors and health professionals represent environmental
variables that act on the patient’s brain by inducing expectancies of benefit and hope. Health profession-
als are crucial actors in this process, as they promise treatment and induce expectations and hope for the
patient’s future well-being. The patient’s expectations also play a key role. If the patient wants to consult
a physician, this is because of his beliefs about the doctor’s healing skills. Therefore, the ‘healer’ is the
environmental variable that triggers endogenous mechanisms of self-cure. From both an evolutionary,
neuroscientific and patient-centered care perspective, it is obvious that the therapist belongs to the system
and has a pivotal role in triggering all mechanisms that take place in the patient’s brain.

Conclusively, patient-centered care should be defined as the symmetry of the artful and the perfunc-
tory element that is represented by the Ancient Greek word ‘techne’. As a result, patient-centered care
is the competence to produce a preconceived outcome using consciously controlled and directed action,
which involves (Moumtzoglou, 2014):

e  The undivided completeness and universality of human health defined as the state of being free of
physical or psychological malfunction

e  The rational and ethical principles used by health professionals to distinguish between different
procedures, and observe the correct diagnosis and action in each case

e  The environmental variables that act on the patient’s brain by inducing expectancies of benefit
and hope

THE CHALLENGES

The health care environment is currently changing to meet technology and societal trends which converge
to bring into being new communication patterns that connect and coordinate the roles of healthcare
stakeholders. At the same time, the healthcare industry is steering inexorably toward a distributed-service

xiii
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design in which essential decision-making occurs at the point of care. One of the central engines of this
shift towards decentralization and reorientation of healthcare services is mobile healthcare (mHealth).
mHealth describes the use of a broad range of telecommunication and multimedia technologies within a
wireless care delivery design and can be broadly defined as the delivery of healthcare services via mobile
communication devices. mHealth establishes healthcare communities in which every stakeholder can
participate. However, it disrupts the traditional service model where healthcare information, security and
access is centrally managed, maintained and limited, transforming the healthcare sector and destroying
components that are slow to adapt.

mHealth interventions range from simple to complex applications and systems that remotely coor-
dinate and actively manage patient care. In this context, it offers an elegant solution to the problem of
accessing the right information where and when itis needed within highly fluid, distributed organizations.
Moreover, it removes geography and time as barriers to care by establishing connectivity with remote
locations and remote workers, creates new points of contact with patients, and changes the frequency
and intensity of healthcare delivery. It also establishes effective new treatment modalities like telehealth,
remote patient monitoring, self-care and home health while it blurs the boundaries between professional
medical advice and self-care. Overall, mHealth blends three bodies of knowledge: high technology, life
sciences, and human factors.

On current trends, mHealth embraces medical and public health practice sustained by mobile phones,
patient monitoring devices, personal digital assistants (PDAs), and tablet PCs. The spread of 3G and
4G networks has boosted the use of mobile applications offering healthcare services. 4G is a mobile
network, [P-based, providing a connection via the best network using seamless roaming and independent
radio access technologies. In 4G mobile systems, different access technologies are combined in the best
possible way for different radio environments and service requirements. They promise much larger data
rates supporting full mobility while enabling wireless connection and access to multimedia services
with high-quality voice and high-definition video. In addition, the availability of satellite navigation
technologies in mobile devices supports safety and autonomy of patients. Through sensors and mobile
applications, mHealth permits the accumulation of extensive medical, physiological, lifestyle, daily
activity and environmental data.

Consequently, mHealth serves evidence-driven care practice and research activities while expediting
patients’ access to health information and accommodating lifestyle and wellbeing applications, counseling
systems, health information and medication reminders. However, beyond clinical connectivity, mHealth
is a field that came to light holding the promise of quality improvement, cost reduction, wholesale gains
in population health, access to care and better allocation of health-delivery resources. With mHealth,
healthcare professionals can continuously monitor and manage health conditions. As a result, mHealth
becomes embedded in some care delivery strategies, including the medical home, a health information
exchange, the care team and patient-centric healthcare.

In its fullest flowering, mHealth it is expected to address the most intractable problems of healthcare
quality and cost, chronic disease management, public health, wellness, and prevention. However, the
impact of mHealth is just beginning to be felt as it results in more personalized medication and treatment
and contributes to patient-centered care.

Xiv
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SEARCHING FOR A SOLUTION

There is no standardized definition of mHealth. However, in most cases, mobile health or mHealth is
defined as medical and public health practice supported by mobile devices involving:

e  The use and capitalization on a mobile phone’s core utility of voice and short messaging service

e  Applications including general packet radio service (GPRS), third and fourth generation mo-
bile telecommunications (3G and 4G systems), global positioning system (GPS), and Bluetooth
technology

Mobile health became functional in biomedical engineering and started with looking at wireless and
sensor technologies that could be incorporated to monitor people’s health at a distance. mHealth imple-
mentation came out in developing countries out of access necessity. Moreover, mobile phones had been
around for years, but it was not until 1976 that mobile phones first appeared in Japan. However, a lot of
work happened predominantly in the early millennium when mHealth started to develop mobile health
applications for cellphones. The early days there were things like remote cardiac monitors that evolved
to look at diabetes monitoring and other types of sensor technologies. The early programs provided
support tools for supply chain management while mobile communications gave access to areas that
people never had using fixed line telephones. More recently, mHealth evolvement provided access to
emergency medical transportation services, facilitated patient-doctor encounter, and there was a move-
ment to personal digital assistants use.

mHealth is increasingly being used in the healthcare field since its use is becoming a cost-effective
method of identifying and monitoring health issues, as well as guiding the formulation of health poli-
cies. Programs to support the professional development of people in the health field, using mHealth
technology, are becoming readily available. mHealth also provides health professionals with access to
patient data as well as access to various information sources, both of which provide valuable assistance
in the diagnosis and formulation of treatment. Individuals can use mHealth to access resource materials
on health issues. Patients can self-monitor and transmit information to their health care provider making
mHealth particularly important to people living in remote areas or those who are physically impaired.

While the timely emergence of mHealth did not resolve the myriad problems, it offers unique op-
portunities to reduce cost, increase efficiencies and improve the quality and access to care. Home-based
monitoring helps hospitals track patient recovery and compliance, thereby minimizing costly episodes of
re-admission. Coordination between departments and providers reduces wasteful spending and improves
the quality of care. Moreover, with rapid consumer adoption of smartphones, physicians can perform
two-way videoconferencing while patients and physicians have access to medical records and vital signs.
Finally, wireless technology allows physicians to serve more patients despite geographical limitations.

In this context, the book explores the emergence of mHealth in the healthcare setting by:

Focusing on the broad range of technologies available
Tackling the effects of mHealth on the industry and stakeholders exploring the infrastructure and
architecture needed to support these technologies

e  Discussing the evolvement of various stakeholders and the impact of mHealth on existing
technology

e Analyzing the transformation of the business model

XV
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Looking forward, it explores how mHealth reshapes access, quality, and treatment and demystifies
the impact of mHealth on patient-centered care. Conclusively, it intends to:

Support students understand the effect of mHealth technologies on quality in healthcare

Help healthcare professionals better understand the needs of their patients

Act as an assistant for patients to derive more benefits from their healthcare

Encourage e-health systems designers and managers to ground everyday practice on mHealth
technologies

The prospective audience includes undergraduate and extended degree programs students, graduate
students of health care quality and health services management, executive education and continuing
education, health care managers and health professionals.

ORGANIZATION OF THE BOOK

In Chapter 1, Yiannis Koumpouros and Aggelos provide the readers with a macroscopic analysis of the
European mhealth related funded activities of the last decade. The study examines the current situation
and future trends in three main axes (innovation, the areas of application and adoption) to assess whether
the provided mhealth solutions are positioned to have a fundamental impact on healthcare domain. The
mhealth research is accelerating fast and holds great promise, improving both patient outcomes while
lowering the healthcare costs.

In Chapter 2, Adusumalli Sai Manoj, Mohammed Ali Hussain, argue that a mobile care system can
be designed with the help of a wireless sensor network using IoT. That can be done by integrating differ-
ent sensors to sense physiological data from the human body and then transmit the data to a healthcare
cloud through a smartphone.

In Chapter 3, Angelina Kouroubali, Lefteris Koumakis, Haridimos Kondylakis, and Dimitrios G.
Katehakis, analyze the clinical and technological characteristics of mobile apps enabling cancer patients
to record, manage and share their information online securely. They discuss issues relevant to increasing
patient experience and acceptance, improving adherence to treatment, and effective support of coordinated
care. Outcomes of recent research projects, relevant to end digital user engagement, trust, interoper-
ability, and usability/ adaptability, lead to an integrated approach towards developing quality mobile
health apps. Improving the quality of life and well-being seems to be the critical challenge. Regulation,
standardization and interoperability together with the existence of useful, accurate, and reliable tools for
active patient engagement are imperative for efficient cancer disease management.

In Chapter 4, Elpis Vlachopapadopoulou, Eleni I. Georga, and Dimitrios I. Fotiadis, present state
of the art mHealth solutions for monitoring and treatment of children suffering from obesity. mHealth
solutions are used for self-management, remote monitoring and counseling of several chronic conditions,
including diabetes mellitus, heart failure, Parkinson’s disease, etc. Concerning childhood obesity, those
solutions can combine targeted games and motivational approaches towards both physical activity and
diet, which could help in addressing this serious and global health issue, in the direction of minimizing
co-morbidities and eventually preventing serious, life-threatening events.

In Chapter 5, Chinmay Chakraborty describes the implementation of tele-wound monitoring (TWM)
for a patient’s chronic wound using a smartphone and highlights the smartphone-enabled tele-wound

XVi
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monitoring (TWM) framework which is used for remote wound monitoring. The TWM is useful for both
rural as well as urban people, as it provides good performance regarding wound monitoring and diagnosis.

In Chapter 6, Bibiana Metelmann, and Camilla Metelmann argue that mHealth can assist in prehos-
pital emergency medicine in multiple ways. They provide insights into emergency medicine and present
three different forms of mHealth in this field. One is the retrieval of medical data, e.g. with the aid of
smartphone applications. A second one uses uncrewed aerial vehicles. Moreover, the third one establishes
real-time communication with medical experts.

In Chapter 7, Abraham Pouliakis, Effrosyni Karakitsou, and Niki Margari expect that the applications
for the mobile device targeting cytopathology would flourish. There is potential for applications into
various activities of the laboratory, including and not limited to: training, reporting of results, diagnosis
and consultation, management of the laboratory, whole slide imaging and still image capture, quality
control and assurance and numerous channels for interactions between patient-doctor or among medical
specialists.

In Chapter 8, Stavros Archondakis, Eleftherios Vavoulidis, Maria Nasioutziki, Ourania Oustampa-
sidou, Angelos Daniilidis, Anastasia Vatopoulou, Alexios Papanikolaou, and Konstantinos Dinas present
thorough research of mobile applications related to cytopathology and try to foresee applications that
may benefit modern Cytopathology. Furthermore, they examine the feasibility of such applications for
inter-laboratory comparisons, proficiency testing and diagnostic accuracy validation. Finally, the role
of mobile applications for providing or/and enhancing the laboratory capabilities through educational
training and other research activities is studied.

In Chapter 9, Stelios Zimeras analyzes various epidemic models under differential mathematical
systems. Epidemic models assume that individuals go through a series of states at a specific, constant set
of rates while different epidemic models have been proposed based on the characteristics of the systems
and the topology of the network.

In Chapter 10, Anastasius S Moumtzoglou envisions tailored M-Health communication in the context
of the science of individuality, emphasizing the variability, stability and centrality of the individual.
Reasons and evidence are cited regarding the promise of the science of individuality which promises to
recognize the uniqueness of the individual fully. On the other hand, emerging M-Health technologies
provide fundamentally different ways of looking at tailored communication technology. As a result, tai-
lored communications research is poised at a crossroads. It needs to both build on and break away from
existing frameworks into new territory, realizing the necessary commitment to theory-driven research
at basic, methodological, clinical, and applied levels.

In Chapter 11, Anastasius S Moumtzoglou argues that self-care emerged from the concept of health
promotion in the 1970s while from 2000 onwards the term ‘self-management’ gained popularity, with a
greater focus on long-term conditions and the trend towards more holistic models of care. Although ‘self-
management’ and ‘self-care’ are often used interchangeably, a distinction between the two concepts can
be made. Both can be considered in terms of a continuum, with self-care at one end as ‘normal activity’
and self-management an extension of this. Self-management support is the assistance given to patients
in order to encourage daily decisions that improve health-related behaviors and clinical outcomes. These
concepts are envisioned on a continuum with one pole representing mobile health and the other self-care,
and self-management support is thought as the nexus of mobile health and self-care.

P&A Kyriakou Children’s Hospital, Greece

XVii

printed on 2/10/2023 8:50 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Preface

REFERENCES

Benedetti, F. (2011). The Patient’s Brain: The neuroscience behind the doctor-patient relationship.
Oxford, UK: Oxford University Press.
Humphrey, N. (2002). The mind made flesh. Oxford, UK: Oxford University Press.

Ishikawa, H., Hashimoto, H., & Kiuchi, T. (2013). The evolving concept of ‘patient-centeredness’ in
patient-physician communication research. Social Science & Medicine, 96, 147-153. do0i:10.1016/].
socscimed.2013.07.026 PMID:24034962

Moumtzoglou, A. (2014). Redefining Patient-Centered Care. International Journal of Reliable and
Quality E-Healthcare, 3(2), iv—v.

Silva, D. (2014). Helping measure person-centred care: A review of evidence about commonly used ap-
proaches and tools used to help measure person-centred care. London: The Health Foundation.

US Institute of Medicine. (2001). Crossing The Quality Chasm: A New Health System For The 21st
Century. Washington, DC: National Academy Press.

xviii

printed on 2/10/2023 8:50 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



Xix

Acknowledgment

I would like to thank the reviewers for the care with which they reviewed the manuscripts and all the
authors for their diverse and outstanding contributions to this book.

EBSCChost - printed on 2/10/2023 8:50 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Chapter 1

The Rise of mHealth

Research in Europe:
A Macroscopic Analysis of EC-
Funded Projects of the Last Decade

Yiannis Koumpouros
University of West Attica, Greece

Aggelos Georgoulas
University of West Attica, Greece

ABSTRACT

The proliferation of mhealth holds great promise for improving human health. The mhealth industry has
developed into avivid ecosystem, growing steadily over the last years with the adoption of new technologies
and business models that are transforming healthcare. To this end, the European Commission launched
several initiatives offering great funding opportunities for researchers and organizations. The purpose of
this chapter is to provide the readers with a macroscopic analysis of the European mhealth-related funded
activities of the last decade. The study examines the current situation and future trends in three main
axes (innovation, area of application, and adoption) to assess whether the provided mhealth solutions
are positioned to have a fundamental impact on healthcare domain. The mhealth research is accelerat-
ing fast and holds great promise, improving both patient outcomes while lowering the healthcare costs.

INTRODUCTION

Health care is the industry that leads the technological developments while adopting the first the Informa-
tion and Communication Technologies (ICTs) innovations (Koumpouros 1., 2012). The complexity and
inherent multiple healthcare system components enforce technological innovation in order to overcome
impediments and failures which slow or inhibit progress in the healthcare sector. The challenges faced
are numerous, i.e. the exponential growth of data produced, the financial viability of the system, security
and privacy issues, the ageing of the population, and similar (OECD, 2018) (UN, 2017), (Koumpouros
Y., 2014). There is a great need for well-established solutions able to manage the flow of information
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between the different parties and actors in the healthcare industry effectively. The explosion of new
technological solutions, along with the appearance of the net generation, forced to find new ways to
provide the health care services (PWC, 2012), (Jones & Shao, 2011), (Bayne & Ross, 2007).

The health care industry is one of the domains that are penetrated by many mobile technology solu-
tions. For example, mobile technology is having a dramatic impact on the way health care is delivered
to both urban and rural communities in developing countries (e.g. the African Region). The use of the
term mHealth is widely used the past years for such a purpose. To date, there are several definitions of
mHealth:

e  The Global Observatory for eHealth - GOe (WHO, mHealth. New horizons for health through
mobile technologies: Based on the findings of the second global survey on eHealth, 2011) and
the European Commission (EC, COM(2014) 219 final, 2014) defined mHealth as “medical and
public health practice supported by mobile devices, such as mobile phones, patient monitoring
devices, personal digital assistants (PDAs), and other wireless devices”.

° The World Health Organization -WHO (Youssef, MacCallum, McDonald, Crane, & Jackman,
2012) refers to mHealth as “the spread of mobile technologies as well as advancements in their
innovative application to address health priorities”.

e  HIMSS - Healthcare Information and Management Systems Society (HIMSS, Healtcare
Information and Management Systems Society, 2015) supports that “mHealth is the generation,
aggregation, and dissemination of health information via mobile and wireless devices.”

e  The National Institutes of Health (NIH, n.d.) defines mHealth as “the use of mobile and wire-
less technologies along with wearable and fixed sensors for the improvement of health outcomes,
healthcare services, and health research”.

e  United Nations Foundation (VitalWaveConsulting, 2009) refers to mHealth as “the provision of
health-related services via mobile communications” .

The chapter adopts the Global Observatory for eHealth (GOe) definition of mHealth (WHO, mHealth.
New horizons for health through mobile technologies: Based on the findings of the second global survey
on eHealth, 2011).

Integration of mobile technology into healthcare services has allowed consumers to manage their
daily activities effectively. mHealth applications propose solutions to the emerging needs in the health
care industry (e.g. the rising of chronic diseases and conditions, the ageing of population, the changes
in societal behaviour which are contributing to a steady increase in costly long-term health problems,
global pandemics, etc.), which contribute to reduce healthcare expenditure by limiting the number of
hospital visits, while reducing readmissions. It is critical that such implementations focus on the public
health goals underlying mHealth initiatives, rather than on specific technologies (Fraser, Bailey, Sinha,
Mehl, & Labrique, 2011), (WHO, mHealth. New horizons for health through mobile technologies: Based
on the findings of the second global survey on eHealth, 2011).

Koumpouros & Georgoulas presented the several challenges in the health care industry and the need
for innovative technological applications (Koumpouros & Georgoulas, 2016). Mobile technology has
expanded significantly across the globe in recent years. With almost 103.5 mobile cellular telephone
subscriptions per 100 inhabitants (7.74 billion subscriptions in total) (ITU Statistics, 2018), the number
of mobile phone users in the world is expected to pass five billion by 2019 (Statista, The Statistics Portal,
2016). Moreover, the number of active mobile broadband subscriptions reached 4.22 billion worldwide
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(ITU Statistics, 2018). Mobile traffic has increased four-fold in recent years, and it is expected to grow
exponentially shortly (due to advances in 3G and 4G network that has enabled utilization of mobile
devices in several fields).

Globally, the health market is expected to grow at 36.5% CAGR (2017-2022) (Statista, 2018). This
market is one of the fastest growing industries. The tremendous progress shown in the last few years
can be justified due to patient’s involvement in personal healthcare, implementation of smartphones
and wearable devices into the healthcare industry, integration of wireless technologies with healthcare
devices that are portable, etc.

The European Commission (EC, COM(2014) 219 final, 2014) strives to the direction of mobile
solutions in order to:

Increase prevention and improve quality of life by promoting healthy behaviours.
Help in the direction of more efficient and sustainable practices in health care by reducing unnec-
essary visits and consultations, etc.

e  Empower patients and enhance their responsibility for their health.

Research and innovation are pillars of the Europe 2020 Strategy to put Europe back on the path to
smart, sustainable and inclusive growth. For example, Horizon 2020 is the latest EU’s funding pro-
gramme for research and innovation that provides support from basic research through to innovation
with almost €80 billion of funding from 2014 to 2020. The emphasis under Horizon 2020 is to assess
its impact on Europe’s scientific and technological performance and research capacity and more widely
on the European economy and society.

The main objective of this chapter is to provide an updated review of the European funded research
efforts in the mHealth domain with a time span that reaches 2017. This will provide the reader with the
latest technological solutions, their focus, the level of adoption, the funding opportunities, their impact,
and other critical parameters.

At least to the knowledge of the authors, there is no other review on the specific domain. The current
study is intended to provide researchers and decision-makers with a systematically organized knowledge
base in order to better plan new mHealth research initiatives. The reader, after studying the chapter,
will have a clear view on the challenges faced and opportunities are given by mHealth, the potential of
the specific market, while recognizing the key players and the latest approaches in the specific domain.

PROJECTS AND TECHNOLOGY ANALYSIS

Over the last years, the EU has funded various projects involving the use of smartphones and other mo-
bile devices in the healthcare industry in order to support the different stakeholders (patients, healthcare
professionals, healthcare systems, etc.).

HORIZON 2020 is the current programme, under which the latest activities are funded, mainly under
PHC-12-2014-1 - Clinical research for the validation of biomarkers and/or diagnostic medical devices,
and independent living, PHC-26-2014 — Self management of health and disease: citizen engagement and
mHealth subprogrammes. Previous programmes include FP7-ICT (EU FP7-ICT, 2014), and especially
subprogrammes ICT-2007.5.1 - Personal health systems for monitoring and point-of-care diagnostics,
ICT-2009.5.1 - Personal Health Systems, ICT-2011.5.1 - Personal Health Systems (PHS), ICT-2011.5.3
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- Patient Guidance Services (PGS), safety and healthcare record information reuse, I[CT-2013.5.1 - Per-
sonalised health, active ageing, HEALTH.2012.2.3.2-4 — Low-cost interventions for disease control in
poor resource settings, and others.

Within the following paragraphs, we attempt an overview of the most current (on-going or recently
finished) European funded projects in the field of mHealth. A thorough review of the two official EU
databases was conducted to identify these projects:

e  CORDIS: EU research projects under FP7 (2007-2013) (CORDIS, European Community -
Community Research and Development Infromation, n.d.): This dataset contains projects funded
by the European Union under the seventh framework programme for research and technological
development from 2007 to 2013. Grant information is provided for each project, including refer-
ence, acronym, dates, funding, programmes, participant countries, subjects and objectives.

e  CORDIS: EUresearch projects under Horizon 2020 (2014-2020) (CORDIS, European Community
- Community Research and Development Infromation, n.d.): This dataset contains projects funded
by the European Union under the Horizon 2020 framework programme for research and innova-
tion from 2014 to 2020. Grant information is provided for each project, including Rcn (CORDIS
record number), Reference, Acronym, Status, Programme, Topic, Title, Start Date, End Date,
Objective, Total Cost, EC Max Contribution, Call Id, Funding Scheme, Coordinator, Coordinator
Country, Participants, Participant Countries.

The search results were limited from the year 2008 and afterwards in order to study mHealth projects
of the last decade, exploiting the latest technologies and mobile devices. The projects were selected by
the following criteria:

1. research and development projects involving mobile solutions for delivering or supporting healthcare;

2. projects that utilize sensor or wearable technologies to support monitoring and evaluation;

3. technologies and devices that are in small size (even nano-) and are applied to patients to support
their health status from a distance;

4. applications that use cell phones, tablets, etc., and/or wireless technologies to promote healthy
living and adherence to therapies;

5. other small-sized devices that can fit a person’s day to day life for general health purposes;

6. projects funded by the EU.

Table 1 presents the basic features of the studied projects.

The analysis of the presented projects reveals the distribution of partners and coordinators per country
(Table 2), as well as the type of partner (i.e. University, Research Centre, Small Medium Enterprise-SME,
Public organization, Other) (Figure 1). The budget distribution is depicted in Figure 2.

The majority of the projects (47%) was funded under the Horizon 2020 programme, while the rest of
them (53%) belonged to the FP7 one (ICT, HEALTH and PEOPLE), and only two of the studied projects
were funded under the Marie Curie initiative.

The health issues addressed by the projects are presented in Table 3 and Figure 3.

The number of pilots per project and the targeted end users is presented in Figure 4 and 5 accordingly.

The EU projects studied dealt with ten main categories, as presented in Figure 6.

A variety of technologies were applied to the frames of the projects (Figure 7).
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Table 1. Characteristics of the reviewed mHealth projects

i e Target groups
A Participating A Start End Cond ) Technol e 5
Project Name countries'? Programme / Topic Budget (€) date date addressed e / Pﬂﬁise l(';1)0. of | Project scope
ES(5);
CZ4); Monitoring;
METABO DE(2); FI(3); g N . Sensors; App; Patients; HCP* Treatment;
(METABO, 2008) FR: EL(4); ICT-2007.5.1 11.419.530 | 01/01/08 | 30/06/11 | Diabetes Smartphone /1 Self-
IT(5); LU; Management
MT; SK
IT(4); AT(2); .
Chronic P
CHRONIOUS gg 1():;((32))-! Discases 35“'“-)2:1’ s Patients; HCP / ¥l o tlmnnf’
(CHRONIOUS, ; ; ICT-2007.5.1 10.284.963 | 01/02/08 | 31/05/12 | (COPD?, carables; anents; reatment,
2008) ES; EL(4); CKD®. Renal Smartphone; 1 (100) Self-
HU; PT; SI; Ins fft n en.j\ ) DSS Management
UK(2> nsutticiency.
Monitoring;
ICT4Depression NL(4); CH; Sensors; HCP: Patients ;:fa-tmcnt;
(ICT4Depression, IE; PT(3); ICT-2009.5.17 3.706.506 01/01/10 | 30/04/13 | Depression Smartphone; ’ ”
R s /1 Management;
2015) SE App; Web; AT
Drug
Compliance
IT(3); 3;:;;?{65‘ Monitoring;
PSYCHE (PSYCHE, CH(2); DE; Bipolar - HCP; Patients Treatment;
2010) ES: FR(4); ICT-2009.5.1 3.903.007 01/01/10 | 31/12/13 Disorder Smartphone; /1 Self-
App; Data
1IE L) Management
Mining
IT; AT(3); Sensors: Monitoring;
MONARCA CH(2); Bipolar . HCP; Patients Self-
(MONARCA, 2010) DE(4); ICT-2009.5.1 5.134.929 01/02/10 | 31/07/13 Disorder ima.rl]gk;(;l:e, /1 Assessment;
DK(2) Pp: Treatment
BRAVEHEALTH ICTI\?;; B]Ef(- 35"“”;1 . Monitoring:
(BRAVEHEALTH, —A-0 | 10T-2009.5.1 10.382.905 | 01/03/10 | 31/07/12 | CVD® carables; Patients / 1 onioring;
2016) FI; NL; Smartphone; Treatment
PT(2); UK(3) App; Al
Wearables;
INTERSTRESS e . Sensors; e Monitoring;
(INTERSTRESS, o se: | era0msi aa3ssaz | 01030 | 301103 | EYPOIOEA ] gnaiphone; JIoP Patents - assessment;
2010) T App; DSS; 3D; Treatment
Virtual World
g:’ 3’11;((22))’ Sensors; Monitoring;
REACTION S . Smartphone; HCP; Patients Treatment;
(REACTION, 2010) DK(2); ICT-2009.5.1 16.318.147 | 01/03/10 | 28/02/14 | Diabetes App: cPaich: /3 Self-
EL(2); HU; DSS; BAN! Management
SE; UK(2) g g
Sensors; Monitoring;
Nephron+ EL; AT; CH; Renal Artificial Patients / 1 Trealmemfg’
P DE(2); FR; ICT-2009.5.1 6.931.031 01/04/10 | 31/12/14 . . Organs; R ’
(Nephron+, 2010) Insufficiency (animals) Self-
NL#4) Smartphone;
Management
App
UKG); Sensors; Monitoring;
Help4mood T - Smartphone; HCP; Patients Treatment;
(Help4Mood, 2011) ES(@3); IT; ICT-2009.5.1 3.599.074 01/01/11 | 30/06/14 | Depression App: DSS; /1 Self-
RO
Avatar Management
. . . ES; BE; . i mHealth
MovingLife (Moving | 1y o) ICT-2011.5.1° 584.415 01/09/11 | 300413 | Lifesyle; Roadmaps Solutions and
Life, 2011) Diseases .
IT;UK Technologies
. DE(2); CH;
Commodity12 g Sensors; D Lo
(Commodity12, FR(2); IT; ICT-2011.5.1 5478076 | 01/10/11 | 31/12/14 | Diabetes Smartphone; HCP; Patients | Monitoring;
NL; PT; SI; /1 Treatment
2011) UKQ) DSS; AL BAN
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Table 1. Continued

46 o N Target groups
q Participating A Start End C ) Te a .
Project Name countries'? Programme / Topic Budget (€) date date addressed ] / Pﬂﬁlse :;1)0. of | Project scope
Chronic
Diseases
ILG3); AT; (Atrial Wearables; Monitoring;
MobiGuide W s Fibrillation, Smartphone; HCP; Patients Treatment;
(MobiGuide, 2011) Ilii(é)), IT(2); ICT-2011.5.3 7.068.682 01/11/11 | 31/10/15 Gestational App; DSS; Al /3 Self-
Diabetes, BAN Management
Gestational
Hypertension)
ES(3); BE; Sensors; Monitoring;
RemPark (RemPark, | DE: IEQ): - 1o 0115.1 4735804 | OUII1T | 3004115 | Parkinson | Soarables: HCP: Patients /| gy,
2011) IL; IT; PT; Smartphone; 4 (60) M ¢
SE App; BAN; AI anagemen
AT; CH; Smartphone; - Self-
Empower (Empower, | npoygr. | 10T-2011.5.3 4276946 | 01/02/12 | 31/01/15 | Diabetes App; Bluctooth; | HCPs Patients |y sement;
2011) /12 Lo
TR(2) Sensors Monitoring
Secure Cross-
. Border Access
Decipher PCP . . . L . -
(Decipher PCP, ESE: FIG): | 11501153 3551931 | o2 | 31056 | mHealh; PCP™ Admin; HCP; | to Existing
IT(2); UK(2) Procurement Patients / 1 Patient
2013)
Healthcare
Portals
Supporting LIFE gg(id)’;lé’) Malaria; Sensors; Monitoring;
(Supporting LIFE, CH" Us: ? HEALTH.2012.2.3.2-4" | 3.795.877 01/05/13 | 30/04/17 | Infantile Smartphone; HCP /2 (100) Treatment;
2017) TW: IE Diarrhoea App; DSS Diagnosis
Self-
. Management;
. . P Obesity; Sensors; N o
Splendid (Splendid, | EL; CHLES; | 15135 116 3597.950 | 0171013 | 30/09/16 | Eating Smartphone; Patients; Monitoring;
2013) NL; SE(3) Disord A Citizens / 1 Prevention;
1sorder PP Health
Promotion
COPD (With
EL(2); CH; gz:n;«r)‘ril;ldmes Sensors;
Welcome (Welcome. | DE(3): IE: ICT-2013.5.1 8272080 | OI/11/13 | 31/1017 | Heart Failure, | 'carables: Patients / 5 Self-
2013) IT; NL; PT; N Smartphone; Management
UKG) Diabetes, DSS
Anxiety and
Depression)
IT(8); Obesity; ‘Wearables; i;;iagement‘
Pegasofdf (Pegasof4f, | CH(2); DE; g Lifestyle; Smartphone; Citizens / 3 B
2014) ES(7); RO: ICT-2013.5.1 11.639.121 01/12/13 | 31/05/17 Food App: Serious (300) Health )
Promotion;
UK#4) Awareness Games .
Prevention
NYMPHA-MD .
(NYMPHA-MD, IT(2); DK; ICT-2013.5.1 2589981 | 01/01/14 | 30/06/17 | BiPolr PCP Admin /3 Health
2014) ES(2) Disorder Services
Unwired Health ESQ2); Patients: HCP: Health
(UnwiredHealth, BE(2); DK; | ICT-2013.5.1 3.842.262 | 01/01/14 | 31/12/16 | Heart Failure | PCP Ai‘j‘ef‘ S/’z > | Services;
2014) UK(3) min s Monitoring
Sensors;
PERSONA FP7-PEOPLE-2012- . Smartphone; . Monitoring;
(PERSONA, 2016) UK IOF 294.693 05/05/14 | 27/06/17 | Depression BAN: Affective Patients / 0 Diagnosis
Computing
mHealth
Health on the Move 3 .
(Health on the Move, | UK FP7-PEOPLE-2013- 221.606 0809714 | 07/09/16 | Seciological |
IEF" and Ethical
2017)
Issues
g?jer;se' Wearables; Monitoring;
MONILET " seases Cloud; ) :
(MONILET, 2015) IL PHC-12-2014-1 71.429 01/11/14 | 30/04/15 Pl}lmonary Smartphone; Patients / 0 Self-
Disease; A Management
Sleep PP

continued on following page

6

EBSCChost - printed on 2/10/2023 8:50 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



The Rise of mHealth Research in Europe

Table 1. Continued

P Y N Target groups
A Participating A Start End C ) Te v q
Project Name countries'? Programme / Topic Budget (€) date date addressed iy / Pll:::i lE:)o. of | Project scope
FR(2); Sensors; . Monitoring;
Patients; HCP;
HEARTEN 1T(4); ES(3); Py 19 . Wearables; o ’ Self-
(HEARTEN, 2015) EL(2); DE; PHC-26-2014 4.589.507 01/01/15 | 31/12/17 | Heart Failure Smartphone; f:i'irers, Others Management;
PT App; Cloud Prevention
ESC: Self-
m-Resist (m-Resist, BE(2); IL; . . Smartphone; Patients; . i
2015) FI; EL(2); PHC-26-2014 4.034.222 01/01/15 | 31/12/17 | Schizophrenia App HCP/ 1 mdn'fltgefnent,
HU; IT; onitoring
ELQ3); Sensors; Self-
myAirCoach UK(@3); e Smartphone; Patients; §
(myAirCoach, 2015) DE; NL(2); PHC-26-2014 4.581.378 01/01/15 | 31/12/17 | Asthma App; BAN; AL HCP/3 xgl::ierrir;ent,
SE(2); BE Fi-Ware o
Sensors: Monitoring;
PD_Manager (PD. :Eg;rra); Wearables; Patients; HCP; f/illi-a ement;
— & - N PHC-26-2014 4.345.500 01/01/15 31/12/17 | Parkinson Smartphone; Carers / 1 8 B
Manager, 2015) UK(2); ES; Assessment;
App; DSS; Data (230)
DE Mining; Games Drug
& Adherence
ES4); Monitoring;
MyCyFAPP DE(2); IT(2); e Cystic Smartphone; Patients; HCP; Self-
(MyCyFAPP, 20115) NO:; BE; PT; PHC-26-2014 5.087.508 01/01/15 | 31/12/18 Fibrosis App; DSS Citizens / 1 Management;
NL Prevention
Sound of Vision IS(2); ROG); Visual i‘"“f%’::i’:i; Sl
(Sound of Vision, HU; IT; PHC-26-2014 3.960.709 | 01/01/15 | 31/12/17 suaty pp; ; Patients / 1
Impaired Game; 3D; Management
2015) PT(2) .
Haptic
High Blood Self-
NL(4); Pressure; ‘Wearables; Management;
Do CHANGE (Do ES(3); Ischemic Sensors; Patients; Monitoring;
CHANGE, 2015) UK(2); BE; PHC-26-2014 5.768.500 0102715 | 31/01/18 Heart Smartphone; HCP/3 Diagnosis;
TW(Q?2) Disease; App Health
Heart Failure Promotion
Smartphone; Self-
iManageCancer DE(4); EL; App: };valart Patients: Management;
(iManageCancer, NL; UK(4); PHC-26-2014 4.856.174 01/02/15 31/07/18 | Cancer pl.J’ X g Monitoring;
Serious Games; HCP/3
2015) 1T Adherence to
Al
Therapy
PATHwa IE; BL; Wearables; i;lifl-a ement;
way UK(2); NL; PHC-26-2014 4.899.080 01/02/15 | 30/09/18 | CVD 5 Patients / 1 S ?
(PATHway, 2017) Sensors Health
DE; IT; BE .
Promotion
Self-
ES(3); FI(2); . Smartphone; . §
WOMEN-UP CZ;RO;CH; | PHC-26-2014 3470258 | o015 | 307 | Urinary App; Wearables; | Patients /3 Management;
(WOMEN-UP, 2015) Incontinence Monitoring;
NL Sensors; DSS
Treatment
Self-
Smartphone; Management;
NL(6); IT(3); . App; DSS; Patients; HCP; Treatment;
PAL (PAL, 2015) UK: DE PHC-26-2014 4.515.460 01/03/15 | 28/02/19 | Diabetes Robot: Avatar; Carers / 3 Monitoring;
Cloud Health
Promotion
DK(Q2); o
] Sensors; Monitoring;
NoHoW (NoHoW. UK PHC-26-2014 4949337 | 01/03/15 | 29/02120 | Obesity Smartphone; Patients / 3 Health
2015) PT(3); FI(2); )
App Promotion
IE
UK(®4); LU; ) . Patients; HCP; | Monitoring;
(SSMM‘:};T,;%I% 2015 | 1L ESG): PHC-20-2014 4363280 | 01/04/15 | 31/03/19 | Dementia im“"ph""e* Carers / 4 Treatment
» CZ; SE; BE; PP (1100 Compliance
Kuore (eKuor Pulmonary; Sensors; Patients; Monitoring;
enuore (etuore, ES PHC-12-2014-1 71.429 01/05/15 | 31/10/15 | Cardiac; Smartphone; anents; onitoring;
2017) Heart App HCP/0 Diagnosis

continued on following page
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Table 1. Continued

P o n Target groups
A Participating A Start End C s) T 5 A
Project Name countries'? Programme / Topic Budget (€) date date addressed e / Pllz;se l(';1)0 of | Project scope

UK(7); DE; . :
EmERGE (EmERGE, | pp'poo). PHC-26-2014 5.457.480 | 01/05/15 | 30/04/20 | HIV® Smartphone; Patients /.5 Monitoring
2015) App (3900)

PT; HR
ScoliosisManager ;Veavmb«l-e; Patients; 2’“’"‘:“’“1{:’1
(ScoliosisManager, IT ICT-37-2015-1 71.429 01/06/15 | 30/11/15 | Scoliosis Cnsors; Carers; HCP reatment;

Smartphone; Self-
2016) /0
App Management
mHealth4Afrika IE; ZA; KE; E’Ie:te'rnal Sensors; Monitoring:
(mHealth4Africa, ET: MW(2); | ICT-39-2015 1999.995 | o1/11/15 | 311018 | <X Smartphone; HCP/4 onioring;
Newborn Diagnosis
2015) NO; UK App
Care

SQE%GIVERSPRO ES(3); UK; Smartphone; IgaCrl;,SP/aAl‘le(ngsé Monitoring;
(CAREGIVERSPRO- lI::‘:]I{,(Z); IT; PHC-25-2015 4.087.199 01/01/16 | 31/12/18 | Dementia ézziiﬁcmm Patients + 550 Ef;m;;?ce
MMD, 2016) Carers) P

NO; IT(4); Wearables; Health
PreventIT (PreventT, | ') pE: | pHC-21-2015 4.607.950 | 01/01/16 | 31/12/18 | Ageing Sensors; Cloud; | Citizens / 1 Promotion;
2016) !

UK:; CH; Smartphone Prevention
Nutrigen Service Smartphone; Monitoring;
(Nutrigen Service, ES SMElInst-06-2016-2017 | 71.429 01/08/16 | 31/12/16 | Obesity K D ’ Citizens / 0 . &
2016) App; Al Prevention

continued on following page

FUTURE RESEARCH DIRECTIONS AND ISSUES

An unprecedented growth is observed nowadays in the mhealth market. The increasing adoption of
smart and wearable healthcare devices is expected to contribute heavily in this direction. Every day,
more vendors are considering investing in mHealth apps.

The combination of new diagnostic and monitoring devices along with smart mobile devices has
enabled to render seamless healthcare services. This is expected to lead to better lifestyle management,
identification of cost and convenience factors, and other initiatives that will alleviate the government’s
healthcare burden.

According to the latest reports (Grand View Research, 2017), the mhealth applications can be broadly
classified into eight major categories:

Fitness

Nutrition and diet

Women’s health

Healthcare Providers / Payors
Lifestyle management
Disease management
Medication adherence
Others

P© NNk W=

The above classification can be easily mapped to the categories presented in the examined projects
(Figure 6). This reveals that the commercial applications and the research activities are in the same
direction. However, as expected, the commercial apps were targeting more general population, thus,
were related to fitness and wellness. PwC (PriceWaterhouseCoopers, 2014) estimated an increase in
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Table 2. Distribution of participants per country

PARTNERS COORDINATORS
COUNTRIES CODES
COUNT % COUNT %
Belgium BE 15 3,58% 0 0,00%
Czech Republic (674 7 1,67% 0 0,00%
Denmark DK 9 2,15% 1 2,22%
Germany DE 35 8,35% 2 4,44%
Ireland IE 7 1,67% 2 4,44%
Greece EL 25 5,97% 4 8,89%
Spain ES 53 12,65% 12 26,67%
France FR 10 2,39% 1 2,22%
Croatia HR 1 0,24% 0 0,00%
Ttaly IT 61 14,56% 8 17,78%
Cyprus CYy 2 0,48% 0 0,00%
Luxembourg LU 2 0,48% 0 0,00%
Hungary HU 4 0,95% 0 0,00%
Malta MT 1 0,24% 0 0,00%
Netherlands NL 30 7,16% 3 6,67%
Austria AT 9 2,15% 1 2,22%
Portugal PT 17 4,06% 0 0,00%
Romania RO 6 1,43% 0 0,00%
Slovenia SI 3 0,72% 1 2,22%
Slovakia SK 1 0,24% 0 0,00%
Finland FI 12 2,86% 0 0,00%
Sweden SE 10 2,39% 0 0,00%
United Kingdom UK 60 14,32% 6 13,33%
Iceland IS 1 0,24% 1 2,22%
Norway NO 3 0,72% 1 2,22%
Switzerland CH 16 3,82% 0 0,00%
Turkey TR 2 0,48% 0 0,00%
Israel IL 5 1,19% 2 4,44%
China (except Hong Kong) CN_X_HK 1 0,24% 0 0,00%
South Africa ZA 1 0,24% 0 0,00%
Taiwan ™ 3 0,72% 0 0,00%
United States us 1 0,24% 0 0,00%
Malawi MW 4 0,95% 0 0,00%
Kenya KE 1 0,24% 0 0,00%
Ethiopia ET 1 0,24% 0 0,00%
TOTAL: 419 100,00% 45 100,00%
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Figure 1. Type of partner

% Distribution of partner types
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Figure 2. Budget distribution
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Table 3. Health issues addressed

HEATH ISSUE # of projects %
WEIGHT MANAGEMENT & HEALTHY DIET 6 13,33%
Diabetes 5 11,11%
Eating disorder 1 2,22%
Food awareness 1 2,22%
Obesity 4 8,89%
MENTAL DISORDERS 8 17,78%
Schizofrenia 1 2,22%
Psychological stress 1 2,22%
Depression 3 6,67%
Bipolar disorder 3 6,67%
NEUROLOGICAL DISEASES 4 8,89%
Dementia 2 4,44%
Parkinson 2 4,44%
MONITORING OF HEART AND CVD RELATED CONDITIONS 11 24,45%
Heart disease 3 6,67%
Heart failure 3 6,67%
CVD 2 4,44%
Chronic diseases (atrial fibrillation, gestational diabetes, gestational hypertension) 1 2,22%
CHRONIC DISEASES (COPD, CKD, RENAL INSUFFICIENCY) 1 2,22%
COPD (with comorbidities Chronic Heart Failure, Diabetes, Anxiety and Depression) 1 2,22%
OTHER 14 31,11%
Asthma 1 2,22%
Cancer 1 2.22%
Cystic fibrosis 1 2,22%
HIV 1 2,22%
Infantile diarrhoea 1 2,22%
Malaria 1 2.22%
Maternal care 1 2,22%
Scoliosis 1 2.22%
Urinary incontinence 1 2,22%
Visually impaired 1 2,22%
Renal insufficiency 2 4,44%
Pulmonary 2 4,44%

downloads of fitness and wellness apps from 40 million (2012) to 250 million (2016). Nowadays, the
number of mHealth apps available in the market was doubled, in comparison to 2015, reaching almost
318,000 worldwide. More than 200 apps are being added every day (IQVIA Institute for Human and
Data Science, 2017). According to recent studies (KSI - Knowledge Sourcing Intelligence LLP, 2017)
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Figure 3. Conditions addressed

'MONITORING OF HEART AND CVD RELATED CONDITIONS

Figure 4. Number of pilots per project

Number of pilot setups

mnopilots = 1pilot =2 pilots = 3pilots =4 pilots =5 pilots

the global mHealth app market is projected to be valued at US$28.320 billion in 2018 and is expected
to reach up to US$102.35 billion by 2023.

On the contrary, since the action lines of eligible research activities are given by the European Com-
mission, the research efforts are focused on major diseases and health concerns with significant societal
and economic impact. As seen in Table 3, the majority of the projects targeted the heart and CVD related
conditions (24.45%), followed by with mental disorders (17.78%), weight management and healthy diet
(13.33%), diabetes (11.11%) and neurological diseases (8.89%). Other conditions, including for example
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Figure 5. Targeted end users
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Figure 6. Categories addressed by the projects
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Figure 7. Technologies applied
Technologies Applied
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asthma, cancer, HIV, malaria, scoliosis, have limited representation, covering in total the 31,11%. Chronic
medical conditions have also received the focus of mHealth research. As anticipated, most of the health
conditions faced by the projects were related to ageing. Figure 8 presents the chronological distribution
of the projects along with the condition addressed.

Figure 8. Chronological distribution of mHealth projects vs conditions addressed

Chronological distribution of mHealth projects per condition
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# NEUROLOGICAL DISEASES W Monitoring of heart and CVD related conditions ® OTHER
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A significant stepping-stone towards more innovations always remains the available funding. In the
case of the European Union, obtaining funding for research has always been a very challenging and
extremely competitive task. Nowadays, Horizon 2020 is the main component of research funding on a
European scale. All proposals are evaluated on the basis of three criteria (EC Horizon 2020):

° Excellence

Excellence refers to the quality of the project (soundness of the concept), the people and the partner
organisations (including trans-disciplinary considerations) and to the extent that the proposed work is
ambitious, has innovation potential, and is beyond state of the art (e.g. groundbreaking objectives, novel
concepts and approaches).

° Impact

The impact depends on the type of proposal being funded. For example, in the case of Research and
Innovation actions, impact is measured in relation to how the outputs of the project contribute towards
four main axes: enhancing innovation capacity and integration of new knowledge; strengthening the
competitiveness and growth of companies by developing innovations meeting the needs of European and
global markets; other environmental and socially important impacts; exploitation of the project results.

e  Quality and Efficiency of the Implementation

The quality and efficiency of the implementation are evaluated on the basis of the coherence and
effectiveness of the work plan, the complementarity of the participants within the consortium, and the
appropriateness of the management structures and procedures, including risk and innovation management.

Apart from the growth presented in the market, several issues still delay the adoption of mhealth
applications in real life situations. For example, the weak reimbursement policies, the lack of accuracy,
the uncertainty in government regulations, the lack of insurance coverage, are some of the barriers ex-
pected to hinder the growth rate. A critical issue related to the funded research activities is the fact that
their sustainability is not guaranteed most of the times beyond the end of the project lifecycle. Thus,
the expected societal and economic impact that drives EU related initiatives has still not been achieved.

The insights from the collected data (Table 2) reveal that the three countries dominate the mhealth
research domain in EU (Italy, UK and Spain), with Spain keeping the reins of the project coordinator. It is
really interesting that the public sector contributes the only to 6.68% of the examined consortia, whereas
the private one dominates the research arena (34.48%). This contradicts the fact that the majority of the
health care sector is public and may be the reason why there is no further adoption of the outcomes of
the projects in the long run.

Even though there is no standard, it seems that the limited number of pilots and subjects participating
in the study may have a negative impact on the project’s sustainability and further success. Most of the
projects have only one pilot site, which does not guarantee the required multicultural and multilingual
dimension of the results (see Table 1). According to the available data, only seven projects employed a
significant number of end users (more than 60). Any research activity should employee a statistically
significant number of subjects in order to conclude in satisfactory results regarding usage, user subjec-
tive and objective satisfaction, using already existed valid and reliable instruments able to capture the
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users’ satisfaction in an early research stage (Koumpouros Y., 2016). Moreover, an advanced Technology
Readiness Level (TRL) would drive to a close to market product/service.

Even though an interdisciplinary approach seems to be mandatory for any research effort nowadays,
only 15.56% of the projects followed it. However, this could lead to better adoption rates of the final
solutions by the end users. Behavioral intervention technologies (BITs) is also another area of applica-
tion of mHealth solutions exploiting interdisciplinary teams. Self-assessment, self-monitoring, psycho-
education, goal setting, and feedback are some of the interventions addressed by BITs (Mohr, Burns,
Schueller, Clarke, & Klinkman, 2013).

The successful commercialization of the developed solutions is still an issue for EU. According to the
study, an extremely limited number of products has the potential to be further commercialized. This is
the case where a private organization is a partner in the consortium, and the final solution was based on
further enhancement of one of the existing product of this SME. However, even in cases were several SMEs
participate in the research project, there is still no guarantee for a marketable result. Maybe a large-scale
implementation of the proposed intervention could facilitate the marketability of the projects’ outcomes.

As far as the technological approach is concerned, most of the projects employed a smartphone us-
ing ZigBee, Bluetooth and other wireless protocols. Algorithms and Decision Support Systems are also
utilized to help the different target groups. Availability of sensors is also driving the mHealth research
activities. Wearables, mobile sensors, body weight scales, food weight scales and chewing sensors were
used in most of the cases to monitor patients’ biosignals and physical activity. Only a limited number of
systems employed artificial organs (i.e. kidney). The low reliability of the collected data due to sensors’
low accuracy is considered critical for future research activities. The last Horizon 2020 call encourages
projects to exploit open source frameworks and platforms, such as FiWare and UniversAAL. However,
this was not the case in the studied projects.

Big data and cloud computing have become state-of-the-art technologies nowadays. Valuable insights
can be gained exploiting such technologies (Koumpouros Y., 2014). The “Health, Demographic Change
and Well-being” (European Commission, 2016) and “Information and Communication Technologies”
(European Commission, 2016) work programmes have recognized the value of these technologies and
launched related calls. However, none of the reviewed research projects utilized big data, while only four
of them exploited cloud computing technologies and services. Future projects should, therefore, exploit
the possibilities of these technologies. It is also impressive that affective computing was mentioned in
only one project related to depression.

Finally, ethical and legal challenges are main concerns in mHealth projects. These are related to (i)
privacy protection and confidentiality, (ii) ethics approval and informed consent, (iii) transparency of the
collected data management by the final system and during pilots and validation studies, (iv) IT-security
and identity management. Data security and privacy are areas that require legal and policy attention to
ensure that mHealth users’ data are properly protected. Even though privacy and security issues were
a concern in the studied projects, the advance of both the technology and the regulations require more
efforts. Protection of data, unwanted sharing of sensitive information with third parties (Bielecki, 2012),
accidental exposure or leaking of health data are some of the critical security issues arising in any
project. The European dimension of the research consortia obliges to careful considerations regarding
data sharing that should comply with the relevant EU laws and Directives, i.e. General Data Protection
Regulation (European Commission, 2012), Directive 95/46/EC (European Parliament and the Council of
24 October 1995, 1995), Directive 2002/58/EC (European Parliament and the Council of 12 July 2002,
2002) and Charter of Fundamental Rights (European Parliament, 2000).
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CONCLUSION

With the replacement of traditional healthcare delivery models by patient-centric care model, growth
in adoption of mHealth solutions is expected. In addition, the growing penetration of smartphones is
supporting this growth. By 2020, smartphone subscriptions would have exceeded the global population.
This growth is mainly expected from less mature markets such as India, Egypt, Turkey, and the UAE.
Untapped markets in developing economies provide a lot of growth opportunities for the mhealth due to
increase adoption of related services to control the spread of communicable as well as non-communicable
diseases.

The Communication on Digital Transformation of Health and Care in the Digital Single Market
(European Commision, 2018) identifies three main pillars:

1. Pillar 1: Secure Data Access and Sharing

To facilitate greater cross-border healthcare access, the EC is building eHealth Digital Service Infra-
structure which will allow e-prescriptions and patient summaries to be exchanged between healthcare
providers. The first cross-border exchanges are due to take place during 2018, with the aim to have all
other EU countries on board by 2020. In the longer term, the Commission is working towards a European
electronic health record exchange format accessible to all EU citizens.

2. Pillar 2: Connecting and Sharing Health Data for Research, Faster Diagnosis and Improved
Health

The decentralised European digital health infrastructure will facilitate tailored diagnosis and treat-
ment, help health services to be better prepared to respond to cross-border health threats, and improve
the development and surveillance of medical products. This will provide personalised medicine through
a shared European data infrastructure, allowing researchers and other professionals to pool resources
(data, expertise, computing processing and storage capacities) across the EU.

3. Pillar 3: Strengthening citizen empowerment and individual care through digital services

Digital services can improve the prevention and management of chronic conditions and allow patients
to provide feedback to healthcare providers. Health systems will also benefit from innovative care models
that use telehealth and mHealth to address the rising demand for healthcare. Digital tools will empower
people to look after their health, stimulate prevention and enable feedback and interaction between users
and healthcare providers.

The chapter reviewed the European funded projects in the mHealth domain in order to reveal the
valuable benefits that derive from the capitalization of the mobile technologies; the challenges faced and
opportunities given by mHealth, and the potential of the specific market. Several issues seem to delay
the wider adoption of mhealth solutions (security, privacy, interoperability concerns, etc.). Additionally,
many innovations have not achieved their initial targets.

By using the powerful analytics, healthcare apps can provide patients with digitally enabled care. The
tech-savvy population supports such transformation. Mhealth solutions present unique opportunities with
the ability to log information related to personal health at the touch of a screen. Initially, the mhealth
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industry was dominated by health and fitness apps, while the growth now is in remote consultation and
monitoring. Asthma, cancer and diabetes management are only some of the numerous applications ad-
dressed by the mhealth platforms. Europe is expected to be the largest mobile health market in the world.

The total valuation of the wearable device and mhealth markets is expected to grow due to acceler-
ated adoption of these tools by providers, hospitals, and patients, according to several market reports.
mhealth solutions that improve the delivery care also help with the associated costs of healthcare by
saving millions of euros for healthcare organizations. Software and data applications will be the largest
drivers of market growth compared to hardware that hosts mhealth-related technology. Major drivers for
the wearable device market growth are based on the fact that these devices are non-invasive for consum-
ers, and are highly intuitive, and that healthcare consumers are starting to become more conscious of
their fitness and health-related lifestyles. These devices can also deliver patient-generated data that can
inform healthcare decision making and allow providers to implement them into healthcare tactics that
enhance communication with patients from remote locations.

The growth of the mhealth solutions market can be attributed to the penetration of smart gadgets,
increasing utilization of connected medical devices for remote monitoring and mhealth apps in the
management of chronic diseases. Also, factors such as the advent of advanced connectivity and network
technologies, robust penetration of 3G, 4G and 5G networks to provide uninterrupted healthcare services,
and rising focus on patient-centric healthcare are expected to drive the growth of the mhealth platforms.

Based on product and service, the connected medical device segment dominated the mhealth prod-
uct and service market in 2016. The mhealth solutions market growth can be attributed to the shifting
consumer preferences towards a healthier lifestyle, need for continuous monitoring of various chronic
health conditions of patients, and the need to overcome the financial burden on the caregivers.

The mhealth industry is expected to dominate the healthcare arena in the near future providing valu-
able support to patients, healthcare professionals and healthcare systems. However, several issues still
need to be addressed more carefully in order to penetrate the market in even higher growth. Nowadays,
the population is ready for such innovations. Interdisciplinary design and solutions that take into account
the real-life behaviors of each participant are critical to achieve the objective.
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KEY TERMS AND DEFINITIONS

Behavioral Intervention Technologies (BITs): It includes mHealth and eHealth interventions to
support people in changing behaviors and cognitions related to mental health, health and wellness. It
is a multidisciplinary field, including psychologists, physicians, software engineers, human factors
engineers, computer scientists, etc. BITs apply behavioral and psychological intervention strategies by
using the latest ICTs.

Biosensor: It refers to an analytical device able to detect, record and transmit information regarding
physiological/biological change or process (e.g., blood pressure, etc.). Some other indicative applica-
tions relate to the detection of body movement, temperature and fluid analysis, which are turned into
electrical signals. In summary, it converts a biological response into an electrical signal. The biosensor
is made up of a biological recognition element (e.g., an enzyme, a nucleic acid, or an antibody) and a
transducer (to convert the recognition event into a measurable signal).

Body Area Network (BAN): A body area network (BAN) or a body sensor network (BSN) or a
wireless body area network (WBAN) can be defined as a system of low power devices/sensors in close
proximity to the body of the user that cooperate using a wireless network for the benefit of the subject/
end user. The devices may be wearable, implants, etc., and through gateway devices, it is possible to
connect them to the Internet and transmit data to a local base station and remote places. A WBAN system
can use WPAN wireless technologies as gateways to reach longer ranges. In the medical sector, they are
used to help medical professionals to monitor patients’ data and activities remotely.

Chronic Care Management (CCM): The term is interchanged with disease management and is
referred to activities (e.g., motivating patients to persist in therapies, etc.) carried out by health care pro-
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fessionals to help patients with chronic diseases (e.g., diabetes, high blood pressure, multiple sclerosis,
etc.) learn and understand their condition and live with it having reasonable quality of life.

eHealth: Refers to the use of information and communication technologies for the support of healthcare
practice. It covers electronic exchange of health-related data, while may be used for clinical, educational,
research and administrative purposes.

Information and Communication Technologies (ICTs): The term is referred in the technologies
used from the telecommunication and informatics sectors as well as any possible combination of them.
It may include any communication device (e.g., telephone, tv, radio, cell phones, computers, satellite
systems, wireless networks, etc.), as well as the software, applications and services associated with them
which enable users to exchange information. The term covers also the audio-visual sector in combination
with computer networks and telecommunication networks.

mHealth: The term is referred to the use of mobile technologies combined with wearable and fixed
sensors to provide health-related services.

Patient-Centered: Patient-centered refers to any case (process, operation, system, etc.) thatis focused,
designed and developed based on the patient’s needs and the patient’s pathway, while trying to fulfill
his/her expectations. The term is usually used in patient-centered care.

Personal Area Network (PAN): A personal area network (PAN) or a wireless personal network
(WPAN) is a computer network for data transmission among devices (e.g., telephones, cell phones,
computers, PDAs, wearable computer devices, etc.) organized around a person’s workspace. When us-
ing wireless technologies (e.g., irDA, Bluetooth, ZigBee, etc.) for data transmission the term WPAN
is used, while PAN can also use computer buses (e.g., USB or FireWire). PANs can cover a range of
almost 10 meters.

Wearable Devices: The term can also be found as wearables, wearable technology, fashionable tech-
nology, etc. It refers to accessories that can be worn on the body and clothing incorporating electronic
technologies and computer. The main idea behind wearables is the ability to connect to the Internet, thus
enabling data exchange between the device and the network. Wearables can provide biofeedback and
tracking of physiological function and transmit the information. Biosnesors are also used for wearables.
Glasses, watches, headbands, bracelets, and others are some examples of wearable devices. Smart tattoos
and implanted devices are a more invasive version of wearables.

ENDNOTES

In “Participating Countries” column, in bold is indicated the coordinator’s country.

Country codes have been retrieved from Eurostat web page http://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Country_codes.

3 ICT-2007.5.1 — Personal health systems for monitoring and point-of-care diagnostics.

4 HCP: Health Care Professionals.

COPD: Chronic Obstructive Pulmonary Disease.

6 CKD: Chronic Kidney Disease.

! ICT-2009.5.1 — Personal Health Systems.

Al: Artificial Intelligence.

DSS: Decision Support System.
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10 CVD: Cardiovascular disease.

1 BAN: Body Area Network.

12 ICT-2011.5.1 — Personal Health Systems (PHS).

13 ICT-2011.5.3 — Patient Guidance Services (PGS), safety and healthcare record information reuse.

4 PCP: Pre-Commercial Procurement.

15 HEALTH.2012.2.3.2-4 — Low-cost interventions for disease control in resource poor settings.

16 ICT-2013.5.1 — Personalised health, active ageing, and independent living.

17 FP7-PEOPLE-2013-1EF — Marie-Curie Action: “Intra-European fellowships for career develop-
ment.”

18 PHC-12-2014-1 - Clinical research for the validation of biomarkers and/or diagnostic medical
devices.

19 PHC-26-2014 — Self management of health and disease: citizen engagement and mHealth.

20 HIV: Human Immunodeficiency Virus.
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ABSTRACT

In today’s world, health is one of the vital issues to solve through wireless communication technology.
It should be efficient in terms of cost and reliable communication with suitable protocols. To monitor
the health conditions of a patient, a mobile care system can be designed with the help of wireless sen-
sor network using 10T. This can be done by integrating different sensors to sense physiological data
from a human body and then transmit the data to a remote healthcare cloud through a smartphone as
an interface. All the vital signs monitored are portable and will have the ability of short-range wireless
communication. Then the data can be uploaded to the central server to keep track of the patient’s health
condition. In emergency, a notification will be sent to the nearest hospital by sending a warning message
through mobile application.

INTRODUCTION

Internet Of Things (IoT) technology has attracted much attention in recent years for its potential to allevi-
ate the strain on healthcare systems caused by an aging population and a rise in chronic illness. Patient
monitoring has advanced over the years, from bedside monitors in the hospital to wearable devices that
can monitor patients and communicate their data remotely to medical servers over wireless networks. It
is a process that involves monitoring major vital signs of a patient, to check if their health is normal or
deteriorating within a period. In a remote situation, vital signs information can help health care provid-
ers to easily send help to patients when their health is at immediate risk. E-Health technology can bring
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a variety of benefits to patients, caregivers, and health institutions, by facilitating improved healthcare
services through the utilization of Information and Communication Technologies (ICTs). The forthcom-
ing generation of healthcare services will require advances in computing and Wireless Sensor Networks
(WSN5s) to leverage truly intelligent and adaptive features for smarter health services. This is possible
through Internet Of Things where the values of the vital signs will be monitored continuously, and if any
of the vital-signs values are less than the threshold value, then the notification will be sent to the doctor
in the nearby hospital. If the vital signs values are critical i.,e far beyond threshold value then precau-
tions to be taken are sent to the patient’s mobile which is discussed below. You can see the process of
how the data about the patient will be transferred to the hospital in the Block diagram of Figure 1. This
chapter discusses every block in detail.

BACKGROUND

Stephanie Baker et al. have discussed many challenges, technologies and opportunities where they deal
with types of vital signs and sensors and their principles required for vital signs monitoring and about
cloud technology and its importance in Internet Of Things. The authors have discussed the need for
security measures in the cloud, and the main focus was on wearable sensors for healthcare Michelle
Omoogun et al. developed a prototype of wearable sensors where patient’s vital signs are monitored and
if there is any deviation in the vital signs readings then message will be sent to the patient indication
that there is a deviation in his vital signs readings. The patient can also view the location of the nearest
hospital in case of an emergency.

PATIENT HEALTH MONITORING USING loT

This chapter is mainly focused on designing a prototype for vital signs monitoring using IoT. This is used
for patient’s health monitoring without the need for doctor and intimating the doctor if the vital signs
cross their threshold value through the mobile application. Initially, we will be focusing on the type of
microcontroller used for sensors to be controlled, and then we will go to the vital signs that are to be
monitored and a sensor for each vital sign and their position to be kept to the body. Then, the next focus
is the cloud platform where data of a patient’s vital signs are stored for future purposes. Finally, we end

Figure 1. Block diagram of patient health monitoring using internet of things
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with the mobile application where the patient can keep track of his vital signs status, and this is used for
intimating the doctor about his vital signs status if it goes beyond the threshold value and integrating all
these as a prototype that can be developed for patient health monitoring using IoT.

Issues, Controversies, Problems

The problem with this kind of remote monitoring system is that most of the times the patients must be
within a specified location to either monitor their health or receive emergency help. The drawbacks include
the security risk that comes with having large amounts of sensitive data stored in a single database, the
potential need to regularly have an individual’s sensors recalibrated to ensure that they are monitoring
accurately, and possible disconnections from healthcare services if the patient was out of the cellular
range or their devices ran out of battery.

Microcontroller

The microcontroller is a mini computer on an integrated circuit which is dedicated for performing a
task and execution of a specific application. It contains memory, Processor as well as programmable
peripherals. The sensors are attached to the human body for sensing vital-signs which are controlled by
a microcontroller, and this transfers the sensed data to the cloud.

There are different types of microcontrollers; this chapter proposes an ESP8266 microcontroller with
which NodeMCU is made of. To this board, sensors are integrated measuring the vital-signs, and this has
inbuilt Wi-Fi module where the data can be sent to the cloud without any other communicating module
like GSM (Global System for Mobile Communications). GSM is also a type of wireless communication
module for exchanging data over a network. So, GSM is not necessary if we use NodeMCU.

NodeMCU platform is like the Arduino platform, but the reason why this is selected is if we use
Arduino board then we must use another module to connect the sensors over the Internet whereas
NodeMCU does not need any module as it has inbuilt Wi-Fi module which can be seen in Figure 2. The
normal way of powering NodeMCU is through the USB cable.

Figure 2. NodeMCU
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Interest Towards NodeMCU

The parameters that are good in NodeMCU when compared to other Microcontrollers are size and cost.

Table 1 and Table 2 show variations of cost and size between different microcontrollers.

Advantages of

NodeMCU

Disadvantages of NodeMCU

Reduced Pinout

The cost of NodeMCU is less than other microcontrollers.
The size is also smaller compared to other controllers.

It requires 3.3v of energy where others need Sv of energy.
Inbuilt Wi-Fi module.

NodeMCU has only one analog pin which might be the important disadvantage of this selection, but
this can be changed using multiplexing of sensors connected to the board. If two analog sensors are
connected to the microcontroller then first the value of sensor A will be read and then the value of sen-
sor B alternatively by multiplexing. (Multiple analogue inputs on only one analogue pin, 2016). If vital
signs that are to be monitored are more than two, then the Arduino microcontroller is best to choose.
Either you use Arduino or NodeMCU 9v battery is enough for power supply because Arduino needs
5v input power and NodeMCU needs 3.5v power for activation.

Software Platform

The software platform used in nodemcu is Arduino IDE. This is used to program NodeMCU. The lan-
guage used in Arduino IDE is C language. More detailed information about Arduino IDE can be found
at (Information about Arduino IDE, 2018).

Table 1. Cost

Microcontroller Cost (Rs)
AtMega 328 500
PIC 18F4550 499
NodeMCU 300
Table 2. Size
Microcontroller Size
NodeMCU 49 x 24.5 x 13mm
AtMega 328 68.6 mm X 53.3 mm
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Vital Signs

Vital signs are used for measuring critical health such as pulse rate, respiratory rate, body temperature
and blood pressure. These vital signs are measured with sensors which are connected to the human body
as shown in Figure 3. These sensors are controlled by a controller which is connected at one end (Figure
1) and sends the data to the Cloud as shown in Figure 9.

Pulse Rate

This is also known as heart rate which is defined as the number of contractions of the heart per minute.
It is denoted by BPM (Beats per minute). The ranges of pulse rate vary with different age groups in
determining critical health. We are classifying age groups into two types: children and adults where
children will have age less than 18 and adults with age 18 and above.

Table 3 and Table 4 listed below show the normal heart rate and threshold heart rate classification
based on gender and age taken from (Heart rate statistics, 2015).

The maximum heart rate of a person can be calculated using this formula

220 - your age = predicted maximum heart rate

Example: A 50-year-old is predicted maximum heart rate is 170 beats/minute.

Table 3. Normal heart rate

Gender Age Heart rate (BPM)
Children (<18) 70-75
Male
Adults (>18) 66-69
Children (<18) 74-77
Female
Adults (>18) 69-72

Table 4. Maximum heart rate

Gender Age Heart rate (BPM)
Children (<18) 145-150
Male
Adults (>18) 151-154
Children (<18) 143-146
Female
Adults (>18) 148-151

Figure 3. Photoplethysmographic pulse sensor
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Pulse Sensor: PPG (Photoplethysmographic Pulse Sensor)

Pulse can be used to detect a wide range of emergency conditions such as cardiac arrest, pulmonary
embolisms and vasovagal syncope. It is also used for fitness tracking.

The heartbeat rate can be read from various places in our body like chest, wrist, earlobe, finger-tip
as discussed by (Guru et al., 2017). The best place to place this sensor is near the wrist which can be
placed in a watch so, that it is very convenient to use without any discomfort (Baker et al., 2017). The
Sensor placed to the human body is shown in Figure 3.

This sensor placed under the hand will be measuring the heart rate continuously, and the data will be
uploaded to the cloud which will be used for future analysis, and as mentioned in the above table if the
value of heart rate crosses the threshold value then information of the patient along with the location is
sent to the doctor in the nearest hospital through the designed mobile application. The designing of the
PPG circuit is shown in Figure 4.

Precautions for Heart Rate Abnormality

e  Breathe deeply it will keep you relaxed.
e  Splash your face with cold water. It stimulates a nerve that controls your heart rate.
e  Don’t panic, stress and anxiety will make your irregular heart rate worse.

If a patient with heart rate less or more than the values mentioned above message will be sent to the
mobile of the patient with the above precautions to be taken before the doctor arrives at him from the
nearest hospital. These precautions are recorded from (Heart rate precautions, 2018).

Design of 