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Abstract. Healthcare is one of the most important concerns of society, being extremely relevant the accuracy and quality of their
services. Basically, eHealth can be considered as the area where electronic processes and communications are used to improve
the quality of medical assistance. Despite the relative maturity of the field, recalls and problems related to medical devices,
applications and services are still very frequent. Therefore, it is necessary to improve and expand current research to provide
advances that can be transmitted to the society. As an initial step, it is essential to have a good understanding of the current
state-of-the-art of eHealth. The main goal of this paper is to identify the most relevant and recent work on eHealth but, due to
the immensity of the field and the scope of the journal, we will concentrate on the use of two specific technologies: databases
and collectiveintelligence. In addition to review the main concepts related to eHealth and the most influent academic papers, we
will describe projects which are essential for the correct performance of many healthcare services. As aresult of our study, we
reached some interesting conclusions that might be useful for future projects and we encourage to apply them in order to avoid
some of the problems that we have found in existing projects.
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1. Introduction

Disease outbreaks are a threat that medical profes-
sionals have to face. Even with the current systems
and technologies, it is necessary to invest alot of time
to control the symptoms and find an effective solu-
tion. For instance, the latest epidemics of Ebola [61]
and Zika [42] viruses have killed a huge number of
people due to the lack of vaccines and information
for their initia treatment. No one can dispute the fact
that it is almost impossible to avoid these deaths, but
a high number of lives could be saved if some mea-
sures would be adopted. One of the most important
factors during these emergencies is the fast informa-
tion exchange and the use of collaborative techniques
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in order to make decisionsthat can aleviate the conse-
guences that will have to be confronted. The integra-
tion of heathcare, telecommunications and informa-
tion technology (IT), also known as eHealth, has pro-
vided solutionsto professionalsto be applied in differ-
ent areas related to health. Among other resources, the
digitalization of the public healthcare systems has been
widely adopted. The automatic processing of health
records has allowed the use of collaborativetechniques
such as symptoms data sharing, pattern recognition of
illnesses and detection of geographical areas affected
by the latest diseases. Two of the most outstanding ar-
eas that can be applied to carry out these tasks are
databases management and collective intelligence. On
the one hand, databases allow us to collect and process
a huge amount of information classified according to
different criteria. On the other hand, the correct and
intelligent management of data can provide extremely
useful resources for the application of collective in-
telligence techniques. For example, fuzzy approaches
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have been used to classify datarelated to genes and to
diagnosis [40,38].

Due to the relevant influence of eHealth in the ad-
vance of healthcare, in this paper we review the state-
of-the-art in the field with the goal of anayzing its
evolution and highlighting some of the most relevant
projects related to IT. The aim of this paper is, there-
fore, to raise the researchers awareness about the rele-
vance of improving healthcare systems with computa-
tional resources. In thisway, it is foreseeable that in a
near future, we could solve current problems, enhance
the work environment of physicians and improve the
lives of patients with better resources.

The rest of the paper is structured as follows. Sec-
tion 2 explains the process of searching followed in
this work. Section 3 presents the concept of eHealth.
In order to clarify the field, in Section 4 we briefly
analyze the differences between telemedicine and
ehealth. Section 5 discusses the current research lines
in eHealth while Section 6 explains the main tech-
nologies, focusing on databases and collective intel-
ligence, that have been used for the development of
these projects. Finally, Section 7 presents our conclu-
sions.

2. Systematic Review Process

The central objective of this work is to analyze the
state-of-the-art of eHealth concerning some specific
IT areas. First, we established some patterns for the
search process. In order to cover the maximum num-
ber of contributions, we perform our searches using a
total of seven different academic databases and search
engines.

— dblp Computer Science Bibliography [17]. Ori-
ented to Computer Science papers, focusing on
contributions to conferences and journals.

— Google Scholar [23]. Oriented to multidisci-
plinary papers from conferences, journals, books
and academic work.

— |EEE Xplore[27]. Oriented to papers from Com-
puter Science, Electronics and Engineering con-
ferences and journals published by IEEE Com-
puter Society.

— PubMed[43]. Oriented to life sciences and biomed-
ical papers.

— Scopus[50]. Extensiveabstract and citation database
whichisoriented to multidisciplinary papersfrom
different resources.

Fig. 1. Evolution of eHealth publications between 2005 and 2015.

— SpringerLink [53]. Oriented to multidisciplinary
papers from journal's, books, series, protocols and
reference works published by Springer.

— Web of Science [60]. Similar to Scopus, but with
alonger existence.

The next step in our methodology consisted on fur-
ther studying the main characteristics and coverage of
the considered databases and search engines. We ana-
lyzed the type of resourcesthat are collected by each of
them. The first analysis showed that the numbers that
we obtained in Google Scholar were much bigger than
the other ones. Due to its nature of academic search
engine, Google Scholar is able to locate many unpub-
lished papers and notes that could distort our total re-
sults. For this reason, we have decided to use it as a
support tool, but not as areference for our searches.

A good measure to decide how the field is evolv-
ing consists in classifying the contributions according
to the year of publication. In Figure 1 we present the
evolution of the number of publications per year since
2005 to 2015. We did not consider the current year,
2016, because we could only include partial results,
corresponding to the first half of the year. The figures
indicate that the contributions to the field have been
steadily increasing during the last 10 years.

The first problem that we had to face was the dif-
ferent forms to write “eHealth”. The novelty of the
concept provokes this lack of standardization of the
term and this is the first obstacle to correctly review
of thefield. We can find three different expressionsfor
representing the same concept: “eHealth”, “e-Health”
and “electronic health”. Nevertheless, the last of these
options is a more light concept that represents all
the physical and electronic elements of the healthcare
field. The two aternative options are quite similar but
“e-Hedth” ismore used than “eHealth” in general pur-
pose databases while the result is the opposite (and
with a proportion of 10 to 1) if we consider the largest
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Fig. 3. Percentgje of IT papers related to eHealth in different
databases.

database devoted to Medicine: PubMed. The results
are given in Figure 2 (top). Therefore according to
these facts, we decided to do our queries using both
terms, "e-Health" and "eHealth", dueto the higher pos-
sibility of finding moreresultsif we combinethese two
options.

Then we continued our study with our selected IT
keywords. Specifically, we concentrated on terms re-
lated to databases and collective intelligence. Some of
the queries that we used for our work are givenin Fig-
ure 2 (bottom). These resultswere really useful for our
work because, as we can see in Figure 3, the database
with a higher number of IT resources that have a con-
nection with eHealth is Springer. For instance, in the
case of the collaborative intelligence search, the query
“eHedlth” OR “e-Health” AND “decision” represents
a48.3% of thetotal publications of eHealth; if we add
the keyword “ collaboration” to the query, the total of
results represents a 45% of the previous percentage,
approximately 21.7% of the total. Accordingly, we de-
cided that for our study SpringerLink was our prefer-
ential academic database, Google Scholar was a help-
ful search engine, and “eHealth” and “e-Health” were
the main keywordsfor the latest published documents.

3. eHealth

In this section we discuss the different definitions
that are covered under the eHealth epigraph, highlight-
ing its purpose and the pros and cons of its application.
This will help the reader to set in context the aim of
this survey.

3.1. Definition

The progressive and fast growth of IT has had im-
portant consequencesin different fields. Some of them

have let researchers investigate and advance aspects
which we have never imagined to deal with. In this
line, the main aim of eHealth is to apply al the ben-
efits of software, communications and hardware to
Medicine.

The first reference to this new term dates back to
1999 [21] as part of a seriesnamed “what iseHealth?".
Previoudly, only industry and marketing used thisterm
to talk about a new tendency in Medicine. Asin others
“e-terms’, the inclusion of an “€" in the denomination
has areason. Inthis case, there are more than one moti-
vationto useit. Actualy, atotal of 10 different €' shave
been identified: efficiency, enhancing quality, evidence
based, empowerment, encouragement, education, en-
abling, extending, ethics and equity. All of them reflect
what is eHealth, what are its goals and what are itsre-
ceivers. However, this large number of adjectives does
not conform a clear identification of the concept be-
cause there were some previoustermswhich reference,
more or less, the same meaning.

One of the problems that we found at the beginning
of our work was fixing a clear definition of eHealth.
Dueto the size of both fields, healthand I T, it isamost
impossible to cover all the implied elements, despite
thefact of its clear objective. Asameasure of thiscom-
plexity, up to 51 possible definitions for eHealth have
been collected [39]. Our conclusion is that the most
appropriate one is the following [21]:

“e-Hedlth is an emerging field in the intersection
of medical informatics, public health and business,
referring to health services and information deliv-
ered or enhanced through the Internet and related
technologies. In a broader sense, the term charac-
terizes not only a technical development, but also
a state-of-mind, a way of thinking, an attitude,
and a commitment for networked, global think-
ing, to improve health care localy, regionaly, and
worldwide by using information and communica
tion technology.”

We think that this description reflects all the prop-
erties and elements which define the field in the best
way. Another definition which might be also suitable
isthe following [36]:

“A new term needed to describe the combined use
of electronic communication and informationtech-
nology in the health sector. The use in the health
sector of digital data transmitted, stored and re-
trieved electronically for clinical, educational and
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| Term | dblp | IEEE | PubMed | Scopus | SpringerLink | Web of Science |

eHedlth 570 610 22601 3941 3459 2385

e-Hedlth 2068 | 3012 2033 5593 8519 5175

electronic health | 1309 | 7711 172138 | 60169 344974 70937
Query dblp | IEEE | PubMed | Scopus | Springer | Web of
Link | Science
“eHedlth” OR “e-Health” AND “decision” 3.7% | 92% 5,8% 9,5% 48,3% 25%
AND “collaboration” (percentage) | 15,4% | 36,1% 50,6% | 30,7% 45% | 40,4%
“eHealth” OR “e-Health” AND *“database” 1,2% 9% 0,5% 5,3% 34,2% | 231%
AND “management” (percentage) | 10,1% | 30,3% 61,7% | 36,1% 14% | 39,8%

Fig. 2. Different terms for eHealth (top) and used queries (bottom).

administrative purposes, both at the local site and
at adistance.”

However there are some aspects which are not cov-
ered by this last description like the attitude of the re-
search and medical society involvedinthisfield, which
is one of the most characteristic element of this new
term. Therefore we decided to choose the first one as
the most suitable one. Most of the remaining 49 def-
initions are variations of these ones which are either
incompl ete or define something different.

3.2. Purpose of eHealth

The last work in the “what is eHealth?’ series is
a project formed by the results of 38 interviews con-
ducted among different stakeholders in eHealth [3].
The main objective of the work was to explain the pur-
poses of different scientists and to evaluate the meth-
ods regarding their outcomes. Similar to other stud-
ies[2,3], interviewed stakeholders are directly related
either to eHedlth or to Interactive Health Communica-
tions. The questions concerned the behavior or trend
of eHealth evolution, the analysis of cost-effectiveness
of eHealth programs, what measures would be applied
to improve, etc. The answers of these questions can be
classified in 4 different groups:

— Standardization. In this case there is a consen-
sus between all the stakeholdersthat standardiza-
tion processes and research methods are neces-
sary. Actually, even though some academic pa-
pers show relevant advances in the field, they do
not follow a common pattern and this is funda-
mental to develop a mature research topic.

— Methods and challenges. Some methods need to
be enhanced in order to control their effective-
ness. In other words, it is necessary to check
that applications or activities with theoretical out-
comes can be adapted to a real environment.
Moreover, tests have to be done in populations
whose conditions fit the requirements. Only with
such a systematic approach it is possible that re-
sults can be analyzed to control future economic
investments and social acceptance.

— Quality for the future. Due to the fact that Inter-
net was created as a complement and a tool to
find information, sometimes its benefits were not
exploited. However, this has been currently cor-
rected and, as a result, we gain a huge number of
advantages. One of them is the accessibility for
people who live in little towns or whose connec-
tions with other populations are quite deficient.
But despite this, there are not enough investments
to develop al the planned projects because it is
not considered the key of healthcare problems. It
is considered just a tool to facilitate the commu-
nication between patients and physicians.

— Improve disadvantage populations. This field is
one of the best options to expand the application
of eHealth. However, its expansion strongly de-
pends on the use of computers and this type of
populations do not have the resources to acquire
them.

3.3. Drawbacks and barriers

Theyear 2002 can be considered the start of the cur-
rent eHealth trend because the Association of Ameri-
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can Medical Colleges, in collaboration with the Clini-
cal Research Roundtable of the Institute of Medicine,
sponsored a conference to discuss Health Information
Technology (HIT) and the future of clinical research.
Research lines and objectives were defined, includ-
ing the use of PDAs to collect patient data, sensors
to control critical issues and the management of the
geographical situation of the patient to manage health
risks. All these measures have the aim of helping peo-
ple with unfavorable conditions such as living places
with difficult access, patients with obesity and elderly
people[48,58].

One of the most recurrent drawbacks in eHealth is
healthcare politics of each country. There are coun-
tries having enough resources for research and invest-
ment but with a chaotic public health system. The most
paradigmatic example is the United States case [25]
which explainsthe lack of sense of funding researchin
order to improve the quality of life of people, if they
cannot afford it. Despite this, researchersidentified the
following desired lines of work:

— Develop and exploit the Electronic Medical Rec-
ords (EMR) / Personal Health Records (PHR).
These are databases where medical informationis
stored in order to prevent errors, taking advantage
of available resources and studying future possi-
ble pandemics[14].

— Create a national health network. Doctors and
physicians could share medical histories of pa-
tients. Thus, it would be easier to attend patients
in a different place from their original medical
center.

However, it is necessary to take into account that
these ideas could be developed only if all barriers are
destroyed. Those impediments are [59]:

— Legal. It is necessary to respect confidentiality,
integrity and availability of patients data.

— Economic. In the case of the United States, their
economic policies are not prepared for this kind
of situationsand abig reform would be necessary.

— Privacy. Thisisrelated tolegal problemsand, spe-
cialy, to datawhich are part of EMR and PHR.

— Technological. There do not exist standards and
methods for establishing research patterns for
each project. In addition, resources to ameliorate
this problem are usually not available.

In 2009, eHealth was considered one of the keys
to prevent and solve the heathcare crisis of the
United States. Although new Research & Develop-

ment projects are fundamental to advance the state-of -
the-art, eHealth is more than that. In particular, pro-
gresses in eHealth need qualified people, appropriate
devices and facilities to work in the best conditions.
However, these requirements need a great investment
of money and thisisthe main problem for almost every
country which decides to afford this new challenge. A
year later after this checkpoint, the undisputed need
to establish a methodology for eHealth projects was
remarked again in a survey [11]. This study enumer-
ates the most important contributions to the field until
2010 and presents relevant conclusions. One of them
is that the deficiencies of eHealth are quantity, qual-
ity and consistency. Another conclusion of the survey
concerns the invested amount of money. No one could
dispute the fact that every year this amount increases,
but without any scientific document that explains the
outputs, the achievements and the reasons why they
were novel. Finally, the authors emphasize that the ex-
istence of a methodology or a common research pat-
tern to be applied in previous projects would strongly
improve current and future results, in particular, they
would be more innovative.

4. eHealth vs Telemedicine

Oneof the conceptsrelated to eHealth istelemedicine.
In some sense, this could be considered the former
concept of the current meaning of eHealth. It repre-
sented the whole world of healthcare related to elec-
tronics and computers during the 20th century. How-
ever, this term has fallen into disuse. In particular,
there are different reasons that have provoked its mis-
use and the emergence of the new term [35]. Currently,
the term telemedicine tends to be used for profession-
als and ancient healthcare hardware, whereas eHealth
tends to be used for al the new elements of commu-
nication, web-services and software which are applied
in Medicine.

There exists a classification of 6 different categories
for highlighting the main purposes of telemedicine[33].
These categories are:

— Handling adverse conditions. They deal with
keeping elderly people from harmful circum-
stances, offering diverse services such as:

x Manual emergency call for elderly with de-
mentia[32].
x Automated detection of deviant behaviour [9].
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x Automated detection of falls focused on a pilot
case of monitoring assisted living [6].

x Automated detection of cardiac emergenciesas
a platform for supporting medical services of
heart failures[57].

x Handling potentially dangeroussituations[16].

Assessing state of health. Part of the telemedicine
services are offered as complementsto the current
healthcare services which provide information of
patients directly to doctors. These complements
might be used for tasks such as:

+ Recognition of unknown diseases and medical
conditions. For example, elderly people hav-
ing an infection of the urinary track are diag-
nosed by making statics of the frequency of
their bathroom visits[6].

x Monitoring of known diseases [30].

+x Monitoring therapeutic interventions. In this
group we include the control of patients which
have suffered a heart disease and their post-
surgeon evolution is monitored [8,24].

Consultation and education. Its main objectiveis
to provide enough resources to elderly people for
their own autonomy. As aresult of this behavior,
there should be an improvement in the quality of
life of patients and caregivers because they might
have a better control of their health [7].
Motivation and feedback. One of the problemsin
health servicesisthe level of attrition. In order to
prevent this, it is necessary to motivate patients
and show them al the benefits that they are able
to get in the future after the treatment [10].
Service ordering. This category is mainly related
to “Consultation and education” [22] because it
dealswith enhancing theindependence of elderly.
One of their needs is the opportunity to ask ser-
vices (delivering meals, home chores, etc) with-
out external help.

Social inclusion. The Constitution of the World
Health Organization defines health as “a state of
completephysical, mental and social well-being”.
Therefore, itiscrucial that the society acceptsthat
patients are normal people. Their illnesses cannot
be an impediment for developing their daily rou-
tine[13].

5. Research linesand relevant past projectsin
eHealth

Following the “what is eHealth?' series, a study
of the most promising areas in the field was devel-
oped [41]. Some of these areas correspond to computer
issues related to medicine (tools, networks, applica
tions, etc), patient records, healthcare business man-
agement, information for patients and clinician-patient
communication tools. In order to fulfil these aims,
some new technologies which are able to impact on
them are considered: satellite communications, wire-
less networks, smartphones, digital TV, virtua readlity,
nanotechnology and bioinformatics.

In order to involve all these possible areas, in 2005
some patterns were created to advance research in
eHealth [28]. Given the fact that this is a wide field,
research work expressed as scientific papers did not
follow a clear tendency. It is important to remark that
in the early years, papers did not provide any insight-
ful result to the research community. Actually, most of
the work only considered the relevance of the issue,
but without any advancein the area. Finaly, this trend
started to change and some of the papers included
results obtained by professionals and stakeholders of
Medicine. Thiswas a consultation which consisted on
the recreation of some scenarios where eHealth might
develop a key role. In addition, it also showed the re-
sults of therevision of relevant policy for medical field.
As aresult, it was possible to develop a proposal as a
pattern for best practices:

— Apply computing training for health profession-
als.

— Analyze other e-sectors to implement best prac-
tices and barriersto apply in eHealth.

— Study web-based services for citizens in other
fields, to catch their opinions and experiences, in
order to enhance the usage of eHealth applica
tions.

— Research previous work on telemedicine and its
barriers.

— Estimate costs and benefits of eHealth solutions
being developed in current health systems.

This list reflects some aspects which are crucia to
respect the data control of patients such as responsibil-
ity, reliability, regulation, accessibility, confidentiality,
security and property. Nevertheless, one of the main
deficiencies of this last work [28] was that the authors
only studied peoplerelated to the medical sector. They
did not consider I T workers, computer engineersor de-
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signersto definethelist of research lines and technol o-
giesto use. It could have been interesting to take them
into account for analysing the advantages, disadvan-
tages, requirementsand limits of new technol ogies be-
cause they might had another point of view which con-
sidered the latest advances and problems detected in
the IT world. According to this lack of information, it
is clear the necessity of taking into account the impor-
tance of defining a group of patternsin order to pre-
vent failuresidentified in the past [19]. In fact, eHealth
needs people who work together towards a common
godl: starting a strategic and investment plan for its
evolution [51]. The authors identified a group of prin-
ciples which has to be applied to reach this goal:

— Simplify complex contexts.

— Apply apragmatic view.

— Evaluate costs.

— Control the components (health informatics, e-
learning, e-commerce, etc) being applied.

— Obtain correct eHealth solutionsto previously es-
tablished conditions.

— Plan applicationsin the long term.

— Propose objectivesin the medium term.

Although it is essentia to have areal point of view
of reality when aresearch field is so recent, in the case
of eHedlth, it is indispensable to control aspects such
as poverty, culture, politics or barriers of the society
where the proposals will be implemented. This is so
because these results will be the first step of a work
strategy. In fact, depending on the specific population,
it might be necessary to adapt the conditions of the
proposalsto get real and valid outcomes.

eHealth includes a wide range of topics, from the
commercia part of healthcare to the aim of improv-
ing health solutions. If we limit the scope just to those
that are directly related to the state of the patient, we
are probably delimitating the areawhere moreresearch
work is needed. One of the most important groups
turns around heart issues. The main categories of car-
diovascular medicine are divided into different lines
inside the eHealth world [15]. However, it is widely
known that one of the fears of the society is the over-
computerization of the health service, which provokes
aninitial rejection to its research. Despite this compli-
cations, there are successful projects as epSOS show-
ing the reasons of its utility. epSOS is a European
project which pretended to create a network includ-
ing more than 20 European countriesin order to make
healthcare faster and better for European patients. The
goal was that if a European citizen travels around Eu-

rope and has a problem which requires a physician, his
Electronic Health Record (EHR) and prescriptionswill
be available for the doctor who treats him. However,
this wide availability of EHRs might represent vul-
nerabilities. Therefore, the question “it is eHealth se-
cure and private?’ is asked very often. There are many
tools and methods in computer security to prevent ma-
licious attacks [47]. It is crucial to control the state of
the data and the devices which we are managing, be-
cause the more connected they are, the more vulner-
able we are. Moreover, people tend to not be enough
aware of the danger of public connections and public
serviceswhich might reveal private data. For these rea-
sons, privacy and security are likely goals that should
be achieved in future eHealth projects. However, this
needs a great deal of effort in form of people aware-
ness, permissions and standards for device connections
and encrypted information in EHRs. If these efforts
are applied, then it is plausible that improvements in
the healthcare service of many developing countries
might be performed like the successful stories of some
African countries [5]. With virtual services and bet-
ter networks of patients data, critical illnesses could be
prioritize in order to prevent future patients affected
by a specific disease. With communication platforms,
physicians and patients will be in touch and any unex-
pected event in the daily routine of the illness will be
notified to the medical center at the moment.

In conclusion, there is a huge number of purposes
and possihilitiesto apply on research eHealth projects.
During the rest of the paper we focus our study on
works where the application of databases and collec-
tive intelligence techniques are the main tool for their
fulfilment.

6. Collective Intelligence and Database
Management in eHealth

Since researchers are the main driving force behind
some of the most novel techniques that have been de-
veloped in eHealth, they are the most updated profes-
sionals to inform about the extensions and improve-
ments that should be undertaken. As we previously
argued, databases management and collective intelli-
gence can play afundamental rolein the further devel-
opment of eHealth.

Themain goa of databases management isto facili-
tate the manipulation of stored data[46]. In the case of
eHealth, it is essential to keep under control as much
information as possible because this alows medical
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professionalsto improve the quality of their work. The
access to therecord of a patient and the treatments that
he had received can be extremely helpful to diagnose
and determine the best therapy. However, keeping the
security and safety of the patient data is a must and it
is necessary to protect sensitive information by means
of better communication protocols [45] and crypto-
graphic security models [44].

Collective intelligence is a concept that, in 1785,
was already used in order to highlight the relevance of
the same vote of different people against the vote of
only one person [31]. The key of this family of tech-
niquesis the great deal of knowledge that can be gen-
erated from the collaboration and consensus of many
actors. Thisideais usually compared with the results
that are obtained from the collective work of ant or bee
colonies [54]. In the case of eHealth, collective intel-
ligence is derived from information that is collected
in databases, software and hardware that are used by
physicians and patients for their treatments, and ex-
pertsthat are constantly improving the connections be-
tween al these elements with the aim of enhancing the
decisions that are made.

The relevance of a new technique, developed as the
product of research, in the society can be measured
by the number of successful projects using it. In the
case of the two techniques that we are studying, there
exist plausible evidences of their impact. Next we re-
view some successful applications of databases man-
agement and collective intelligencein eHedlth.

6.1. Use and application of databases in eHealth

In our daily routine we generate huge amounts of
data. An important percentage of this information is
obtained from medical resources such as implantable
medical devices, medica records of patients or results
from the laboratories of the medical centers. The ap-
plication of databases management techniques is es-
sential to make the most of this data and improve the
lives of numerous patients with the analysis of their
cases. There is a myriad of databases devoted to the
collection and organization of medical information and
itisimpossibleto review all of them. Therefore, inthis
work we focus on the most relevant projects carried
out in Europe and the United States of America.

— Electronic Medical Records (EMR) - USA. The
digital versions of the paper charts that are col-
lected in medical clinics are stored here. Notes
and information about a specific patient are reg-

istered in this database, increasing its relevance
because it offers the opportunity of tracking data
over time and identify possible improvementsfor
the patient’s health index [12] . A clear example
of its utility isthe eM ERGE network [34], acom-
plete web of biobanks with data from EMR that
can be used to facilitate the diagnosis of possible
genomic diseases.

— Personal Health Records (PHR) - USA. It stores
the patient information related to diagnoses, med-
ications, immunizations, family medical histories
and providers, with the aim of being created,
modified and managed by the patients. Thisisan
innovative project in which professionals try to
deeply involve patients in their own care. This
project was motivated by the Hurricane Katrina,
in 2005, which exposed the numerous vulnerabil -
ities of the American Healthcare System. One of
the proposals of PHR isitsintegration with EMR,
providing greater benefits for patients [56].

— epSOS / Electronic Health Record (EHR) - Eu-
ropean Union. The EHR is an essentia tool for
the shared care of patients. Due to the numerous
actors that are able to access these records, keep-
ing the security of data and the privacy of the pa-
tientsisachallengefor theimplementation of this
project. epSOS was a 72 months program whose
main aim was to design, build and evaluate an
infrastructure to provide interoperability between
EHR systemsin Europe[26]. The project finished
in 2014 and the most relevant results were the us-
ability and availability of the project taking into
account the needed time response and the system
used for itsintegration [20].

6.2. Use and application of collective intelligence in
eHealth

One of the capacities that are derived from the in-
telligence of an individua is logic, which is the use
and study of valid reasonings. In the case of collec-
tive intelligence, fuzzy logic [29] is widely used be-
cause most reasonings cannot be concludedwith asim-
ple true/false answer. We will see in the review of the
most rel evant contributionsof collectiveintelligenceto
eHealth that fuzzy logic is usualy involved.

There are different areas where these techniques of
collective intelligence have been applied. One of them
is the search of improvements and solutions for ill-
nesses. An important contribution consistsin develop-
ing systems to assess the degree of disability of pa
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tients [49]. Previous work only took into account few
data of the patient and genera information, but spe-
cific datarelated to locomotion was oversaw. With this
new approach, physicians are able to use a system
that implements an agorithm based on fuzzy cluster-
ing. The system provides a complete representation of
the information that is derived from the kinetic stud-
ies that are performed with the patient. Another work
in which collective intelligence was applied focusing
on one of the most illnesses problems of the current
society is obesity. Starting from the Human-Robot In-
teraction research, it is possible to develop a system
that employs machine learning algorithms in order to
feature a humanoid robot Health Coach that helps to
reduce childhood obesity [1]. Other example of this
kind of application is chronic disease with elderly pa-
tients[18]. Asin the case of locomotion problems, the
medical community does not have enough resourcesto
decide the best treatment for chronic diseases. Most of
them are detected in elderly patients and their health
index tends to be quite low. In order to deal with this
issue, a tool that uses fuzzy logic and recurrent neu-
ral networks has been developed. The main purpose
of the tool is to combine al the requirements of the
patients and the conditions of the new chronic dis-
eases that they are devel oping. Although these propos-
asare planned in order to avoid or reduce health prob-
lems of the society, it is not necessary to have a low
health index to be one of the studied members of these
projects. The analysis of the variations that we suffer
in our daily routineis an important information source
for detecting trends that can be applied in self-caring
for individuals a home. In this line, an Intelligent-
Mamdani Inference Scheme has been proposed to de-
fine approximate health conditions of the individuals
via their blood pressure and the body mass index in
out-of-hospital, concluding that the scheme is feasible
to infer personal health status [62].

The improvements of the lives of patients are not
only a matter of treatments, it is also a matter of ef-
ficiency. Aswe said in previous section, eHealth cov-
ers numerous areas and one of them is the healthcare
service. The problem of optimal decisions for waiting
time contractsin this service has been studied with the
use of fuzzy techniques [52]. In this case, the god is
to maximize the utility of the Public Health Adminis-
tration with the use of a fuzzy waiting time model ac-
cording to the requirements of the patients. The higher
the patient’s health index is, the higher the waiting
timewill be. However, the money invested in the treat-
ment will be lower than in the case of a patient whose

health index is low. Similar to this case is the prob-
lem with the suppliers of medica devices. Given the
fact that there are numerous facts that motivate the de-
cision of choosing a specific one among a big group
of competitors, there was a lack of systems to ana-
lyze and compare the aspects of the available medi-
cal devices. A fuzzy multi-criteriadecision-making ap-
proach was proposed in order to evaluate al the re-
quirements and create a ranking that can be used to
compare the different options, helping to select the
most suitable one [55].

Finaly, athough there are numerous examples of
applications, thereis one more are where collectivein-
telligence plays an important role. This is the quan-
tification of the quality of the service. Despite the ap-
plication of innovative techniques to improve the ser-
vices of the healthcare system, there is not enough ev-
idence of these improvements. This thought was pre-
sented by the Turkish Ministry of Health which im-
planted some regulations in order to quantify it [4].
The resource used for this study was a multiple cri-
teria decision making tool that was based on humer-
ous parameters of the qualification of the service ob-
tained from the literature. As a result, the quality pa-
rameters were determined and obtained by using an
analytic hierarchy process according to providers and
patients. Sometimes there are problemswith the use of
the data that should be taken into account to make the
decision due to the fact that it contains sensitive infor-
mation. For these cases, some professionals have pro-
posed an estimator based on a frequently used statisti-
cal method in survival analysis, derived from the appli-
cation of fuzzy logic with this censored information.
An exampleisthe study of the survival times of AIDS
patients under ten years old in Hamadan-Iran [37]. It
was shown that the results obtained from the appli-
cation of these new techniques were more reasonable
than the obtained from standard methods.

7. Conclusions

In this paper we have reviewed the main concepts
and projects related to eHealth and the contributions
of databases and collective intelligence to the field.
Base on the reported work, there are different conclu-
sions that we should take into account. It is clear that
eHealth is a prosperous research field. However, in or-
der to have a worldwide spread of the obtained re-
sultswe need to improve, and reduce, its requirements.
Thiswill alow peopleto get used to new methods and
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find their usability, applicability and stability in their
daily routine. Concerning eHealth researchers, it is ex-
tremely useful that scientists concentrate on finding the
solution of alocal problem in their own regions. How-
ever, it is essential, after this local effort, that the ex-
periences and results are shared at a higher scale, so
that they can be adapted to other environments. There
are drawbacksand constraintswhich are external to re-
search, such as politics, resources and cultural behav-
ior. Taking into account these problems, it is necessary
to look for good solutionsto improve healthcare using,
adapting and extending the numerous available tech-
niques in other areas of work, in particular, in Com-
puter Science. In this paper we have reviewed two of
these areas. database management and collective in-
telligence. Many evidences of their applicability have
been shown and we fervently encourage to continue
this direction.
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