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Abstract
The main objective of this work is to provide a review of existing research work into predictive, personalized, preventive and
participatory medicine in telemedicine and ehealth. The academic databases used for searches are IEEEXplore, PubMed, Science
Direct, Web of Science and ResearchGate, taking into account publication dates from 2010 up to the present day. These databases
cover the greatest amount of information on scientific texts in multidisciplinary fields, from engineering to medicine. Various
search criteria were established, such as (BPredictive^ OR BPersonalized^ OR BPreventive^ OR BParticipatory^) AND
BMedicine^ AND (BeHealth^ OR BTelemedicine^) selecting the articles of most interest. A total of 184 publications about
predictive, personalized, preventive and participatory (4P) medicine in telemedicine and ehealth were found, of which 48 were
identified as relevant. Many of the publications found show how the P4medicine is being developed in the world and the benefits
it provides for patients with different illnesses. After the revision that was undertaken, it can be said that P4 medicine is a vital
factor for the improvement of medical services. It is hoped that one of the main contributions of this study is to provide an insight
into how P4 medicine in telemedicine and ehealth is being applied, as well as proposing outlines for the future that contribute to
the improvement of prevention and prediction of illnesses.

Keywords eHealth . Predictive . Personalized . Preventive . Participatory . Telemedicine

Introduction

P4 medicine describes a focus on systems that include predic-
tive, personalized, preventive and participative aspects [1]. It
proposes the integration of numerous points of biological data,
which include longitudinal molecular, cellular and phenotypical

measurements, as well as individual genome sequences, in or-
der to better define the health or wellbeing of every person,
predict transitions to illness and orient medical interventions
[2, 3]. The implementation of P4 medicine from a clinical point
of view will create predictive and personalized models that
represent the wellbeing of every patient or of a disease, which
enables the design of new pharmacological tests that take into
account the heterogeneity of responses to therapies and the
stratification of the illness [4, 5].

Computer technology has been applied to various domains
in order to obtain a greater yield. From the point of view of
preventive medicine, portable devices are useful for monitor-
ing and warning. Building a software system that facilitates
monitoring and warning is one promising solution for promot-
ing preventive medicine [6, 7].

The future of health services is centered on offering people
a complete image of the many factors that affect their health.
Real-time analysis enables doctors, researchers and other in-
terested parties to take the most informed decisions, at the
same tame as offering patients greater control over their own
medical attention [8, 9]. Cognitive computing constitutes a
new evolution of algorithms and systems with language-
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neutral programming (LNP), the creation and evaluation of
hypotheses and dynamic learning. The advances in the avail-
ability of data, connectivity and cognitive computation are
enabling doctors, researchers and other health professionals
to personalize their service with greater diagnostic certainty
[10].

P4 medicine currently promises to provide a revolutionary
new biomedical focus that is holistic instead of reductionist [11,
12]. With the rapid development of high-performance technol-
ogy, an explosive accumulation of biological information is
gathered on multiple levels of biological processes, which in-
clude genome, transcriptomic, proteomic, metabonomic and
interactomic information (−omics). The implementation of an
integrative analysis of thesemultiple -omics data is the best way
of obtaining systematic and complete views of all living organ-
isms, achieve a better understanding of the mechanisms of the
illness and find personalized and applicable health treatments
[13].

In this study, we present an overview of the state of the arte
regarding predictive, personalized, preventive and participato-
ry medicine in telemedicine and ehealth, with the aim of
obtaining a better general view of the area and of proposing
new lines of research with applications of personalized med-
icine in health.

There are similar studies in existing literature that show the
viability of our study, such as: [14] in reference to the appear-
ance of P4 medicine, implications for society, including the
ability to revert to the growing costs of medical attention; [15]
presenting an overview in which the fundamental conceptual
bases are established and the main aspects of P4 medicine are
discussed; and in [16], in which an overview of the potential
of P4 medicine for predicting and preventing illnesses is pre-
sented, in a revolution which will be personalized in its nature,
essentially probabilistic and participative.

The points that will be covered in this paper are as follows:
firstly, the methodology that has been followed to identify the
papers related with predictive, personalized, preventive and
participatory medicine in telemedicine and ehealth; secondly,
the results obtained from the review and finally, the discussion
and conclusions drawn from the work will be developed.

Methodology

Databases

In this study, a review was made of the existing research work
into predictive, personalized, preventive and participatory
medicine in Telemedicine and eHealth published between
2010 and the current day. The databases used for searches
are the following: Science Direct, IEEE Xplore, Web of
Science, PubMed and ResearchGate, taking into account pub-
lication dates from 2010 up to the present day. These

databases cover the greatest amount of information on scien-
tific texts in multidisciplinary fields, from engineering to med-
icine, and they facilitate finding articles in scientific and aca-
demic magazines, or in repositories, archives and other col-
lections of scientific texts.

Inclusion criteria

As inclusion criteria for the search on said databases, the fol-
lowing key terms were used: BPredictive^ OR BPersonalized^
OR BPreventive^ OR BParticipatory^AND BMedicine^AND
(BeHealth^ OR BTelemedicine^) in both Spanish and English.
The said terms were searched for mainly in Title/Abstract,
published from the year 2010 to the present day. In Table 1
the search strategy used in this investigation is shown, and the
criteria used are provided specifically by the search engine
itself for the databases.

Studies selection

In order to carry out this review, the Prisma [17] methodology
was used. The selection of the articles was carried out by
reading the titles and the summaries of the results obtained,
and those papers were classified by reading their summaries
and the whole article where necessary. In order to classify the
articles, the following criteria were considered: 1) general P4
medicine studies applied to telemedicine and ehealth; 2) stud-
ies about predictive, preventive, personalized and participato-
rymedicine in telemedicine and ehealth, both individually and
intertwined; 3) discarding those studies that focus on how P4
medicine is undertaken in certain countries. All the repeated
articles in more than one database will be discarded. The dia-
gram used in the review is shown in Fig. 1.

Of the 184 publications found, 45 were duplicates or with
titles irrelevant to this investigation. The remaining 139 stud-
ies were read and their summaries analyzed to determine
which were of interest, obtaining a final result of 48 docu-
ments that provided pertinent contributions. In the following
section the most relevant papers found are shown.

Results

With an increasingly older population, the prevalence of
chronic illnesses and the increase in costs have created some
unique health challenges for our global society. In response to
these unmet health care needs, researchers are actively seeking
innovative solutions that center on [1] prevention of illness
and, [2] personalized diagnosis and treatment. It is predicted
that taking preventive measures for the control of health and
diagnosing and treating patients with a personalized focus in
the early stages of the illness will make care more viable and
sustainable [18].
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The development and application of P4 medicine for biol-
ogy and illnesses are transforming medical research and clin-
ical practice at an unprecedented rhythm. The convergence of
these practices will enable the precise prediction of suscepti-
bility to the illness and early diagnosis for a processable pre-
ventive outline, as well as personalized treatment adapted to
each individual [19]. From a total of 48 relevant papers in our
review, we found 14 papers about P4 medicine in general
terms in telemedicine and ehealth (See Table 2).

The challenges for today’s bioinformatic scenarios are the
heterogeneous collection of users in different places, the dis-
tribution of large and heterogeneous data sources, multi-
computer environments and the complex chains of processes
for analysis [23].

Medical genetics and the studies of genetic variation are
related to health and human illnesses: consciousness and abil-
ities in DNA and genome sequencing make it possible to

study the molecular sequences associated with many human
illnesses, to predict, personalize, prevent and/or treat various
afflictions [31].

Predictive medicine

Predictive diagnoses for the early treatment of complex ill-
nesses such as Alzheimer’s, cancer, cerebrovascular accidents,
diabetes mellitus or chronic renal and cardiac illnesses consti-
tute clinical heterogeneity. The methods of conventional diag-
nosis based on measuring just one parameter encounter the
danger of low sensibility for differentiating with precision
those patients with highly heterogeneous clinical manifesta-
tions [32]. Although predictive diagnoses are conventionally
represented by methods and tests based on the genome, image
markers form an integral part of the medical diagnosis, partic-
ularly for the diagnosis of neurological disorders.

Fig. 1 Flow diagram

Table 1 Search criteria in different databases

Keywords/Database Science direct Web of Science PubMed IEEE Xplore ResearchGate

Predictive Medicine AND eHealth OR Telemedicine Btitle^ Btitle^ Btitle/abstract^ Btitle^ Btitle^

Personalized Medicine AND eHealth OR Telemedicine Btitle^ Btitle^ Btitle^ Btitle^ Btitle^

Preventive Medicine AND eHealth OR Telemedicine Btitle^ Btitle^ Btitle^ Babstract^ Btitle^

Participatory Medicine AND eHealth OR Telemedicine Btitle^ Btitle^ Btitle^ Babstract^ Btitle^

Predictive AND Personalized AND Preventive AND
Participatory Medicine AND eHealth OR Telemedicine

Btitle/abstract^ Btitle^ Btitle/abstract^ Btitle/abstract^ Btitle^

P4 Medicine AND eHealth OR Telemedicine Btitle/abstract^ Btitle^ Btitle^ Btitle/abstract^ Btitle^
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Table 2 Studies of the bibliographic review related to P4 medicine in telemedicine and ehealth

Authors Year of
publication

Study proposal Results

Bengoechea [20] 2012 They establish the conceptual bases and analyze the main
aspects of P4 medicine within the frame of infectious
diseases.

- P4 medicine is fed by system focuses for illnesses,
which include methods for personalized sequencing of
the genome and new computational techniques for
building dynamic predictive networks of illnesses from
massive quantities of data.

- Its use in infectious diseases will provide multiple
benefits for both patients and the healthcare system.

Persch, Braveman,
& Metzler [21]

2013 They show how P4 medicine offers a model for pediatric
occupational therapy professionals. Expert use of
research and the data of occupational therapy
professionals contribute to predictive medicine.

- The practice of occupational therapy centered on the
patient is in line with the concept of personalized
medicine within the P4model and helps to promote the
health of children and prevent disability.

Poon et al. [18] 2013 They present cutting-edge technologies in the emerging
field of health information for preventive medicine and
personalized healthcare.

- The contributions include advances in systems of
sensors and acquisition, management systems of
personal and hospital information and a future platform
for administrating healthcare in a ubiquitous and
discreet way, as well as intelligent systems for backing
up the use of information in health.

Shapira [22] 2013 They present a study of nutrition of gender within
predictive, preventive and personalized medicine.
With the aim of obtaining differential metabolic
responses, particularly in women. Illnesses such as
diabetes, cardiovascular diseases and certain cancers
suggest the need for different metabolic and
chronological perspectives for their prevention and
intervention.

- The results show that the differential metabolic
responses of women have caused a gender effect in
biochemical-endocrinological patrons, the metabolic
mechanisms and the risk factors, emphasizing the im-
portance of more specific prevention strategies for
each gender.

Wegener et al. [23] 2013 They present a focus towards developing an environment
of data mining for personalized medicine.

- The focus points at tackling the needs and requirements
for applying data mining techniques to bio-information
solutions in the context of P4 medicine.

Miralles et al. [24] 2014 They evaluate the potential of P4 medicine through the
Synergy-COPD project to create awareness surround-
ing the underlying mechanisms of chronic obstructive
pulmonary disease (COPD).

- The results showed the high potential of P4 medicine
focus for tackling the heterogeneity observed in
patients both in terms of clinical manifestations and
progression of the illness.

Bresó et al. [25] 2015 They present a web patient empowering system (PHSP4)
which guarantees the continual monitoring and evalu-
ation of the state of health of patients with Diabetes
Mellitus (DM) (types I and II). PHSP4 is a Personal
Health System Based on Knowledge (PHS) which
follows the tendency of P4 medicine.

- The results show the trustworthiness of the system and
the high acceptance rate by healthcare professionals.

- It provides messages to outpatients and doctors about
the achievement of objectives, the following of
adjusted treatments and the condition of the patient.

- It calculates a vector of risk of four components of the
pathologies associated with DM: nephropathy, diabetic
retinopathy, diabetic foot and cardiovascular event.

Guzzi et al. [26] 2016 They present a review of computational tools and focuses
to analyze selected -omic data, with a special focus on
microarray data and mass spectrometry, which can be
used to back up P4 medicine.

They describe some applications of preventive medicine
(discovery of biomarkers) and personalized medicine
(pharmacogenomics).

- The results show that -omics sciences, and, in particular,
the whole line of analysis of -omics data, is becoming a
cornerstone of P4 medicine, and currently there are
many positive examples of P4 medicine presented in
said review.

Kodrič et al. [27] 2016 They present a systematic review of four different types
of B-omics^ studies related to osteoporosis, with the
aim of discovering new predictive, preventive,
diagnostic and curative objectives for better
management of the geriatric population.

- They identified five genes (ESR1, IBSP, CTNNB1,
SOX4 and IDUA) and processes such as the Wnt
route, JAK / STAT and ERK / MAPK markers, which
need further validation of their predictive, diagnostic or
other clinical value in osteoporosis.

- This molecular information will enable the adaptation of
osteoporosis to P4 medicine strategy and could
increase the effectiveness of the prediction and
prevention of illnesses, while decreasing the sickness
rate among geriatrics.

Vogt, Hofmann, &
Getz [28]

2016 They prove that through patent which describes a method
of systems medicine, P4 Medicine will be able to

- The results show that P4 medicine is promoted like an
advert from an era of transformational scientific
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In Table 3, the results obtained in reference to predictive
medicine in telemedicine and ehealth is shown.

Preventive medicine

The main objective of the preventive measures against com-
plex illnesses is to identify the people at risk well before the
development of the symptoms of the illness, so that preventive
treatments can be planned. In consequence, the preventive
biomarkers have as their objective to detect a population and
stratify the individuals with a high risk of developing an ill-
ness by measuring the association between their molecular
profile and the illness phenotype [32]. In Table 4, the results
found in literature referring to preventivemedicine in telemed-
icine and ehealth is shown.

Personalized medicine

Personalized medicine is a field of healthcare in rapid
growth. Its advantage is the availability of clinical, genetic,
genome and environmental information unique to each per-
son [43, 44]. The medical attendance that incorporates per-
sonalized medicine provides a coordinated, continuous ser-
vice based on the data of the patient [45]. The objective of
personalized medicine is to promote the wellbeing of
health, satisfaction, sensation of security and to increase
the possibility of a successful prevention, detection and
treatment of an illness [46, 47]. This form of medicine, as
well as the patient’s personal data and biological measure-
ments of medicine, uses genome information data to under-
stand the molecular structure of the illness and optimize the
healthcare strategies and pharmacological treatment [48,
49]. In areas like oncology, the link between the clinical
data and the genome information could result in the

development of clinical-molecular profiles that improve
further still personalized oncological healthcare [50, 51].

In Table 5 the results obtained for personalized medicine in
telemedicine and ehealth are shown.

Participatory medicine

In parallel to the concepts of personalized medicine and di-
rected treatment, medicine centered on the patient is being
developed based on patient-oriented research [59]. The objec-
tive of patient-oriented research is to identify the best treat-
ment strategy guided by the diagnostics of heterogeneity of
the illness [60]. The internet has facilitated the participation of
individual patients in healthcare when sharing their experi-
ences in blogs and other social media, which is why commu-
nities of patients online represent a real model for participative
medicine [32].

Within health disorders, asthma is a good candidate for
participative medicine focuses since current medical guides
provide self-control of the illness on the part of patients who
are informed and enabled for TIC. In [61], they center their
work on applications for m-health for patients with asthma
and on decentralized monitoring of air quality by the patients
themselves using accessible and available hardware platforms
based on Arduino. The results show the creation of a light and
accessible air quality sensor that uses an architecture based on
the cloud for adding and analysing the readings.

Discussion and conclusion

In recent decades, computational methods have helped enor-
mously in the analysis of biological information. The new
post-genome era, computational analysis will play a vital role

Table 2 (continued)

Authors Year of
publication

Study proposal Results

develop a scientific and quantitative metric for the
wellbeing of patients which removes supposed
vagueness, ambiguity and incompleteness in health.

objectivity, its definition of health is still based on the
guidelines, and as such it is open to the influences of
scientific, philosophical and political questions.

Mota [29] 2017 They prove through prevention studies that diabetes can
be prevented in a limited population.

- The results show that P4 medicine can provide
incalculable benefits both for the general population
and for the limitation of the enormous costs associated
with treatment and prevention.

Prevention programs are more recommended than ever to
be used across the population, regardless of risk.

Sagner et al. [30] 2017 They propose a BP4 Health Continuum^ model as a
framework for promoting and facilitating the
collaboration of multiple interested parties with an
orchestrated common language and an integrated
healthcare model for increasing health; taking P4
medicine into account.

- The results show that this P4 medicine focus requires an
orchestrated language to help researchers, healthcare
professionals and interested parties in a multitude of
sectors to collaborate in the most efficient way
possible, thereby guaranteeing wellbeing and
prolonging the life of the patients.
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in the integration of multiple -omics data to achieve personal-
ized medical technology [13].

With the development of our study, we obtained a total of
48 relevant results that show us the level that P4 medicine in
telemedicine and ehealth has reached. P4 medicine represents
an explosive new form of tackling different illnesses in health
such as: Alzheimer’s, cancer, myopenia, cardiovascular ill-
nesses, diabetes, etc. It’s clear that the antiquated focus of med-
icine that was based on the illness will change during the next
decade to personalized medicine in which the genetic compo-
sition of the person, and other molecular characteristics, will
determine the focus for the treatment of the illness [62].
Modern medicine lacks precision in diagnostics and treatment:
personalized medicine will alter modern medicine, putting em-
phasis on the patients, their genes, their environment, their
response to treatments and their participation in their own care.

The ubiquitous convergence of mobile applications, the
new smart sensors and automatic learning methods make it

possible to create automatic detection systems and pathology
detection in the healthcare of a new generation [63]. These
systems will help to create more effective and adaptive treat-
ment platforms to the person, which they consider the
Bmedicine of the future^.

Clinical research that generates hypothesis has the potential
to provide data that will illuminate the whole spectrum of
genotype-phenotype, removing the bias that has limited this
understanding in the past [64]. The application of these prin-
ciples to clinical medicine may provide new routes for diag-
nosis and provide the theoretical base for predictive medicine
that can detect the susceptibility of the illness and enable
health to be maintained, instead of centering only on the treat-
ment of the evident illness.

The developments in the area of pharmacogenetics /
pharmacogenomics can help doctors achieve the target of per-
sonalized medicine, since personalized medicine will come to
mean not only the right medication for the right person, but the

Table 3 Studies related to predictive medicine in telemedicine and ehealth

Authors Year of
publication

Study proposal Results

Simon [33] 2010 They present designs for clinical trials for the development
of new treatments with predictive biomarkers.

They describe a focus based on prediction for the analysis
of random clinical trials that seems to be greatly superior
to post hoc subset analysis.

- This focus is of great potential value for controlling the
costs of society on healthcare. The development of
treatments with predictive biomarkers requires
significant changes in the standard paradigms for design
and clinical trial analysis.

Wang & Wong
[34]

2013 They present a focus called ACP which combines methods
which are artificial (societies), computational
(experiments) and parallel (execution) for intelligent
systems and technology for predictive medicine.

- The results show that the methods based on ACP provide
a low-cost platform that is trustworthy and flexible for
the control and administration of the medical systems
from a system perspective.

- The development of this framework in integrated
medicine, fed by close collaboration between doctors,
engineers and scientists, will bear fruit in the form of
preventive and predictive practices of a personal,
proactive and precise nature, which include rational
combinatorial treatments, adaptive care and
patient-oriented illness management.

Pham et al. [35] 2017 They present DeepCare, a dynamic neuronal network that
is deep from one extreme to the other, reads medical
registers, stores previous history of illnesses, infers
current states of illness and predicts future medical
results.

In order to achieve predictive precision and power,
DeepCare extends classic memory to long-termmemory,
incorporation discreet admissions of variable size in the
vectorial space, parametrizing the time to enable irregu-
lar time, incorporating interventions to reflect its specific
influence on the course and progression of the illness.

- The results show that DeepCare is capable in the
prediction of the following phases of the illness,
recommending interventions and determining unplanned
readmission among patients of diabetes and mental
illnesses.

Tuck et al. [36] 2017 They show how the time-dependent risk factors, interaction
and repetition can be used to create a more precise pre-
dictive medicine.

Example: they show how the appearance of anemia can be
predicted from the clinical history of electronic health
registers.

- Using the codes of Version 9 of the International Clinical
Diagnoses organized into 25 main diagnostic categories,
they measure the progression of the illness, examining
the changes to the risk long term, the interactions in the
risk of combinations of illnesses and the elevated risk
associated with repeated hospitalization for the same
diagnostic category.
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right medication for the specific disease affecting a specific
person [65]. The use of personalized medicine will make clin-
ical trials more efficient in reducing the costs that would arise
due to adverse drug effects and prescription of medication that
have been proven ineffective in certain genotypes [66].

Through personalized medicine the patient can receive an
early monitoring of the signs and symptoms of any illness
receive a preventive treatment that has benefitted other pa-
tients like him or her or have a treatment adapted to their
characteristics.

The dynamic focuses based on P4 medicine will enable
scientists and healthcare professionals to find better treatment
objectives for various types of complex illnesses at different
stages [67]. An important step in such efforts would be the
discovery of dynamic biomarkers and based on systems for
opportune alerts for pre-symptomatic diagnosis and prognosis
to support the prediction and prevention of illnesses during
different phases. These biomarkers would be useful for
diminishing the risks of appearance of illnesses and disability,
which is key for preventive medicine in risk populations [68].

Table 4 Studies related to preventive medicine in telemedicine and ehealth

Authors Year of
publication

Study proposal Results

Swan [37] 2012 They present a vision and a plan for the undertaking of
preventive medicine by 2050.

They examine the efforts already underway, such as
participative health initiatives, the era of big data in
Health and the qualitative changes in mentality of
society.

- The results show that preventive personalized
medicine could be fundamental in resolving a great
number of problems in the health sector.

Filipova-Neumann
& Hoy [38]

2014 They develop a method for analyzing the implications
for wellbeing of a genetic test that generates
improved information about the type of specific risk
of the person (for example: the predisposition of the
illness to appear).

- The result of the genetic test can affect the intensity of
the vigilance of the individual, as life goes on, in
detecting any possible recurrence of the illness at an
early stage.

- The continuing costs of live depend as much on the
genetic type of the person as on the option of
treatment where the treatment behaves as a preventive
measure against recurrence.

Finch et al. [39] 2015 They present a study on the use of text messages in the
prevention of skin cancer

- The results show through the study how text messages
about skin cancer prevention and early detection are
new and acceptable to induce a behavior change in
young Adults.

Nohara et al. [40] 2015 They present a study of a preventive medical service
combining controls for eHealth and teleconsultations.

They evaluate the rules of stratification and the
short-term effects of the intervention.

- The results show that the eHealth system, which
combines a health check and a teleconsultation over
the mobile network, is an efficient tool in the system
of social healthcare.

Hengartner et al. [41] 2016 They study the relevance of personality, with the
objective of evaluating easily and viably whole
populations to search for a greater risk of probable
conduct of health deterioration, deficient
environmental resources and, in particular, propensity
towards mental disorders.

They present a study of a preventive medical service
combining eHealth controls and teleconsultations.

- These data help to guide the programs in preventive
medicine, since the features of specific personality are
related to differently to exposure to risk.

- The treatment of the features and personality disorders
could help to improve mental health and function,
such as minimizing exposure to risk and the
behaviors that jeopardize health.

Khemapech,
Sansrimahachai, &
Toahchoodee [6]

2016 They present a support system of ubiquitous nursing:
UbiNurSS, which provides a wireless and dependable
health alert and monitoring system.

UbiNurSS comprises two subsystems, one which uses
Raspberry Pi and the web application. Cardiac
frequency and arterial pressure are the chosen vital
signs for reflecting cardiovascular symptoms of the
patient when compared against a range defined by
nurses or doctors. A study about the use of text
messages in the prevention of skin cancer.

- The results indicated that reading vital signs on a
portable device is of added value through additional
analysis for providing warnings in real time.

- UbiNurSS functions correctly. However, one of the
main inconveniences is the limited range of
communication between the portable device and the
Raspberry Pi; from 5.40 m to 13.50 m.

Bernabé, Cralle, &
Gilbert [42]

2018 They present a review of various focuses of P4
medicine, including the wide-ranging studes of mi-
crobiota to understand the role of the human micro-
biota in health and illness, with a focus on preventive
medicine.

- The results show that the application of the Systems
Biology framework to the medical microbiota studies
is still in its origins; there are substantial gaps in the
knowledge with respect to what these associations
represent in reality.
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Table 5 Studies related to personalized medicine in telemedicine and ehealth

Authors Year of
publication

Study proposal Results

Boland et al. [52] 2013 They present a study of the individual manifestations of
innumerable diseases through electronic health
records (EHR), called BEHR phenotyping^.

- Define a new term: verotype, to group patients who
have the same genotype, phenotype and subtype of
clinical disease and develop personalized medical
treatment regimens.

- Describe the potential of a network-based approach to
reverse engineer subtypes of clinical diseases
through the use of EHR markers.

McClellan et al. [53] 2013 They present a case study of breast cancer genetic risk
prediction models.

They describe how the use of individual genetic
information in taking medical decisions could lead to
inequalities capable of perpetuating disparities in the
access to healthcare.

- Since an ever-increasing number of medical decisions
are based on individual genetic information, the po-
tential for iniquities that come about from the medi-
cal use of this information also increases and it is
important to consider this possibility.

- They suggest that the possibility of unequal access
occurring along the continuum be recognized, from
inequality that could be tolerated in different degrees
up to intolerable, which could possibly equate to
discrimination.

Antoñanzas,
Juárez-Castelló, &
Rodríguez-Ibeas [54]

2015 They present a model for analyzing the decision that
health authorities face when they must decide about
the implementation of personalized medicine in a
context of uncertainty.

Genetic tests enable the stratification of the patient
population, and medical research provides
information about treatments.

- They have combined both elements into a simple
framework for analyzing decision making in
personalized medicine.

- The results point to the importance of having
high-quality genetic tests to hand to classify patients.
The calculated health benefits expected with the in-
formation provided by the test play an important role
in the decision.

Anaya et al. [55] 2016 They describe the gap between personalized medicine
and its processes that can be offered to those
healthcare systems with limited resources in illnesses
such as rheumatoid arthritis (RA) and type 1 diabetes
(T1D).

- Personalized medicine predicts better results and a
better trust and management of healthcare within any
healthcare system by providing better predictions of
results for scientists and healthcare professionals.

Estape, Mays, &
Sternke [56]

2016 They analyze the concept of personalized medicine in
terms of: big data availability and the role of
biomedical information in personalized medicine;
the need for interdisciplinary teams in the
development and evaluation of personalized
treatment focuses; and the impact of electronic
medical registry systems and clinical data storage in
the field of personalized medicine.

- The results show a general vision of the ethical worries
related to personalized medicine and equity in health.

Agapito, Guzzi, &
Cannataro [57]

2018 They present the design and experimentation for a
complete line of software, called microPipe, for the
processing, notation and analysis of the data of the
genotype of the single nucleotide polymorphism
(SNP) based on micromatrices.

- The main advantages of using microPipe are: the
reduction of errors that can occur when trying to make
data compatible between different tools; the possibility
for analyzing in parallel enormous datasets; and the
easy annotation and integration of data.

- The effectiveness of microPipe for backing up
personalized medicine is mainly related to its ability,
in pharmacological studies, to find correlations
between the individual’s genotype and the response
to medication.

Berrouiguet et al. [58] 2018 They present a new iHealth model from eHealth, for
clinical evaluation and psychiatric treatment based
on the incorporation of new technologies to clinical
practices in order to improve self-control in real time,
the extension of the evaluation of the patient’s envi-
ronment and the processing of data using datamining
to support medical decision making and personalized
medicine.

- The results of the study show that despite the
challenges and limitations, iHealth can improve
clinically-integrated decision making tools and the
practice of personalized medicine, adapting the
medical treatment to each patient.

- Regarding the base for the advances in the evaluation
of mental health that eHealth offers, iHealth will
provide personalized clinical information out of the
clinical views and the integration of multimodal data
in real time of patients and carers using data
extraction technology.
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Generally, in conclusion, P4 medicine will improve
healthcare, will reduce the cost of healthcare and will stimu-
late the innovation and creation of new enterprises.

Therefore we propose several future lines: the development
of 4P medicine systems in different specialties, propose cost-
benefit analysis of the systems implemented and make public
administrations aware of the importance of these systems in
health in order to offer programs of financing for this type of
development of P4 medicine systems.
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