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a b s t r a c t

Health telematics is a growing up issue that is becoming a major improvement on patient lives, especially
in elderly, disabled, and chronically ill. In recent years, information and communication technologies
improvements, along with mobile Internet, offering anywhere and anytime connectivity, play a key role
on modern healthcare solutions. In this context, mobile health (m-Health) delivers healthcare services,
overcoming geographical, temporal, and even organizational barriers. M-Health solutions address emerg-
ing problems on health services, including, the increasing number of chronic diseases related to lifestyle,
high costs of existing national health services, the need to empower patients and families to self-care and
handle their own healthcare, and the need to provide direct access to health services, regardless of time
and place. Then, this paper presents a comprehensive review of the state of the art on m-Health services
and applications. It surveys the most significant research work and presents a deep analysis of the top
and novel m-Health services and applications proposed by industry. A discussion considering the
European Union and United States approaches addressing the m-Health paradigm and directives already
published is also considered. Open and challenging issues on emerging m-Health solutions are proposed
for further works.

� 2015 Elsevier Inc. All rights reserved.

1. Introduction

The introduction of mobile device (PDAs) in the 90s enabled
physicians to easily download medical records, lab results, medical
images, and drug information. Patients could be aware of their
diagnostic, disease control, and monitoring with comfortable
mobile devices that accompany them everywhere. According to
[1], from 2010 to 2016 the global telemedicine market is expected
to grow up to nearly 27.3 billion dollars. A key factor that con-
tributes to this market investment is the increased remote moni-
toring of patients. Basically, telemedicine considers the use of
medical information, also known as Electronic Health Records
(EHRs) [2], exchanged via electronic communications improving

the patients health status. In United States, the use of EHR technol-
ogy is already widely adopted. It is estimated that 55% of medical
professionals are using EHR platforms [3].

With the advent of mobile communications using smart mobile
devices that support 3G and 4G mobile networks for data trans-
port, mobile computing has been the main attraction of research
and business communities. It offers numerous opportunities to
create efficient mobile health (m-Health) solutions. M-Health is
the new edge on healthcare innovation. It proposes to deliver
healthcare anytime and anywhere, surpassing geographical, tem-
poral, and even organizational barriers [4,5]. M-Health systems
and its corresponding mobility functionalities have a strong impact
on typical healthcare monitoring and alerting systems, clinical and
administrative data collection, record maintenance, healthcare
delivery programs, medical information awareness, detection and
prevention systems, drug-counterfeiting, and theft [6]. Typical
m-Health services architectures (presented in Fig. 1) use the
Internet and Web services to provide an authentic pervasive inter-
action among doctors and patients. A physician or a patient can
easily access the same medical record anytime and anywhere
through his/her personal computer, tablet, or smartphone. The
patient can contact the physician in case of an emergency, or even,
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have access to medical registers or appointments regardless of
time and place.

This paper presents a comprehensive review of the state of the
art on m-Health services and applications. It surveys the most sig-
nificant research work and presents a deep analysis of the top and
novel m-Health services and applications available in mobile mar-
kets and healthcare industry.

The main contributions of this paper are the following:

� An extensive review of the state of the art on m-Health;
� A study of the developments/break-through on m-Health;
� An analysis of the top mobile health applications in mobile

markets;
� A discussion about current and open issues on m-Health ser-

vices and technologies.

The reminder of this paper is organized as follows. Section 2
elaborates on the current state of the art on e-Health systems
and how health institutions and agents are embracing the informa-
tion and communication technologies. Section 3 focuses on
m-Health awareness and the use of m-Health services and applica-
tions. A discussion about current and open issues on m-Health
technologies is presented in Section 4. Finally, the paper is con-
cluded on Section 5.

2. Healthcare and e-Health systems: The road so far

Health telematics had becoming a great topic in terms of med-
ical informatics and healthcare. Currently, hospitals and health
systems are relying on information and communication technology
(ICT) as a mean for improving quality, safety, and productivity of
health care services. E-Health connects medical informatics, public
health, and business through associated technologies, such as the
Internet. However, it has been suffered from a slow start due to
the low priority given by Hospitals and health systems to ICT in
the 90s. Nonetheless, the need to produce a standard for hospital
information systems was crucial. In 1987, the International
Health Level Seven (HL7) organization [7] was founded and, in
1994, it was accredited by the American National Standards
Institute (ANSI). Its name is a reference to the seventh layer of
the ISO Open Systems Interconnection (OSI) Reference model also
known as the application layer. Currently, the HL7 is adopted by
ISO as a reference in terms of international standardization, pub-
lishing together several frameworks and related standards for

exchange, integration, sharing, and retrieval of electronic health
records (EHRs). In the beginning of the new century, between
1999 and 2002, e-Health services have finally awakened and
rapidly increased. This growing was analog to the rapid evolution
of ICT infrastructures and access to patient data. The Web 2.0 con-
cept and the emerging Web 3.0 have offered to healthcare profes-
sionals conditions that never had been given before [8]. They also
enabled a key element in healthcare systems, the emergence of
EHRs or Personal Health Records (PHRs). Usually, healthcare provi-
ders keep and handle patient health records. However, it is becom-
ing more common that patients also request access to those data.
Medical records (or health records) allow medical doctors to easily
access a patient information without needing to ask them in per-
son. E-health systems are typically sustained on EHRs [9]. An
EHR-system is basically a repository of information regarding the
health records of patient/consumer in a computer form [10]. The
deployment of a public EHR-system can offer several advantages
to a public healthcare system, for example, lower and more effi-
cient management costs, more efficient management of
high-volume patient data, and centralized medical patient records
[11].

In January 1st of 2015, the Centers for Medicare & Medicaid
Services (CMS) from the U.S. Department of Health and Human
Services (HHS), approved incentive payments for primary care that
includes chronic care management (CCM) services. Such services,
requires structured data recording using certified EHR technology
[12]. These certified EHR technology must follow the regulations
of the EHR incentive programs. These programs provide incentive
payments to eligible professionals, hospitals, and critical access
hospitals (CAHs), but only if they implement, upgrade and use cer-
tified EHR technology. This technology must be certified by the
Office of the National Coordinator for Health Information
Technology (ONC) under the Office of the Secretary for the U.S.
Department of HHS [13]. These incentives, are a clear statement
of intention, for a widely appliance of EHR services, exploring their
advantages of reduced costs and improved the healthcare profes-
sionals productivity.

A large number of telemedicine and e-Health systems are being
widely and successfully produced delivering health care through
different communication technologies. In 2011, the World Health
Organization (WHO) has identified a compendium of emerging
health technologies, under development and already commercial-
ized [14]. This report presents several health technologies that pre-
sent the potential for being low-recourse solutions for unmet
medical needs. Currently, the commercialized and most relevant

Fig. 1. Illustration of a typical architecture of m-Health services.
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