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Synonyms

Mobile health; m-Health

Definition

mHealth refers to the use of mobile devices, such
as mobile phones, tablet computers, and personal
digital assistants (PDAs), to provide medicine,
public health, and health services. The purpose
of mHealth is to improve population health out-
comes, quality, safety, access, and efficiency of
health services and health research (Istepanian
et al. 2006; Kay et al. 2011).

Overview

mHealth, a rapidly expanding subset of
eHealth (See ▶ “Digital Health/eHealth”),
focuses on the utilization of mobile and wireless
information and communication technologies
(ICT) to support the achievement of health objec-
tives. The ICTapplications inmHealth include, but
are not limited to, real-time voice and short mes-
sage service (SMS) provided by mobile phones,
more complex functionalities and applications
based on general packet radio service (GPRS),
third- and fourth-generation mobile telecommuni-
cations (3G and 4G technologies), global position-
ing system (GPS), sensor and Bluetooth
technologies provided by smartphones, or other
smart devices (See ▶ “Mobile Technology”) (Kay
et al. 2011). Although mHealth cannot solve all
problems in healthcare, it can lead to major
advances in improving the access to healthcare
services (See ▶ “Telemedicine/Telehealth/Tele-
nursing/Telerehabitation”), decision making,
chronic disease prevention/management, and
emergency care (Varshney 2014).

The driving force of mHealth is the limited
human resources available for delivering contin-
uous healthcare services for community-dwelling
consumers suffering from chronic diseases, espe-
cially for the disabled and aging population (Yu
et al. 2006). mHealth has increasingly been rec-
ognized as a potential alternative in providing
same quality but low-cost medical and healthcare
services. It can also enable the shifting of
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investment in healthcare from treatment to pre-
vention of age-related diseases, which is a long-
lasting goal of population health (Helbostad et al.
2017). With the increased capability to support
consumer self-management of own health, such
as tracking health records, acquiring relevant
information, communicating with healthcare pro-
viders or peers, or being reminded about health
status, mHealth fits with the emerging patient-
centered healthcare model (Eze et al. 2016;
Petersen et al. 2015; Song et al. 2019). As older
people face high risks of social isolation, chronic
diseases, and poor health conditions, mHealth
also meets the need for innovative solutions to
empower them to take care of their own health
and function, and thus enable them to age at home
independently instead of being placed in institu-
tions at the end of their lives.

Key Research Findings

Development History
Short message service, the first-generation text
messaging, made its debut in 1992 (Terry 2008).
In early 2000, the original concept of mHealth
emerged implicitly as “wireless telemedicine” or
“unwired E-MED” (See ▶ “Telemedicine/Tele-
health”) (Laxminaryan and Istepanian 2000). In
2003, the term “mHealth” was first coined and
defined as “emerging mobile communications and
network technologies for healthcare.” This marked
the evolution of eHealth technologies from the
wired telemedicine platform to wireless mobile
mode (Istepanian and Lacal 2003).

In 2006, two exciting development opportuni-
ties were opened for mHealth: the convergence of
3G and 4G technologies and the potential appli-
cation of biosensors and computing in mHealth
systems. Meanwhile, the security and privacy
issues were also emerged (Istepanian et al. 2006).

In 2007, Fogg presented his creative idea of
applying mobile technologies to change consumer
behavior in a landmark Mobile Persuasion Confer-
ence. This led to a Texting4Health Event, marking
its entrance of SMS in healthcare (Terry 2008). In
the same year, iPhone 2G and its customizable
operating system (iOS) were released, allowing

consumers to download apps, such as games and
other utilities, and to publish their own apps to the
community. The new mobile platforms such as
Android, BlackBerry, and Symbian also emerged.
These developments accelerated the applications
of smartphones and mobile apps in various health
areas (Silva et al. 2015). Up to 2017, there were
more than 318,000 healthcare apps available
worldwide (Aitken et al. 2017).

Characteristics of mHealth
Davis et al. (2016) summarize four essential char-
acteristics of mHealth for the design, implemen-
tation, and adoption of mHealth solutions. They
are (1) the penetration into or adoption by con-
sumers, (2) the availability and form of apps, (3)
the availability and form of wireless broadband
access to the Internet, and (4) the fit with individ-
ual needs and preferences.

Penetration into or adoption by consumers is
essential for the visibility and viability of mHealth.
Despite the popularity of mobile phones and the
purpose of mHealth, to date, there is a lack of
adoption and use of mHealth in the older popula-
tion (Matthew-Maich et al. 2016). The availability
and form of apps include functionalities for data
acquisition, transfer and analysis, ease of user
access to the system, and connection to other health
information systems (see ▶ “Wearable Technol-
ogy”) (Baig et al. 2015). The availability and
form of wireless broadband access is vital to device
connectivity and performance of data communica-
tion in mHealth solutions (Matthew-Maich et al.
2016). The fit with individual needs and prefer-
ences is important not only for supporting person-
alized medicine or public health interventions but
also for reducing delay of communications (Davis
et al. 2016; Lienhard and Legner 2017).

Key Stakeholders of mHealth
Petersen et al. (2015) summarize nine types of
stakeholders of mHealth: (1) patients, (2) families
and caregivers, (3) healthcare professionals, (4)
healthcare facilities, (5) mHealth researchers, (6)
policy actors, (7) payors and purchasers, (8)
employers, and (9) others, which may include all
vendors in the supply chain, system developers, as
well as consultants. Of these, patients, healthcare
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professionals, and system developers are the three
key stakeholders who are directly related to or
impacted by mHealth (Davis et al. 2016; Eze
et al. 2016).

mHealth is particularly useful to provide a
similar level of healthcare services to the patients
who live in remote communities and rural regions
without extra cost (Yu et al. 2006). Conversely,
healthcare professionals can use mHealth solu-
tions to provide patients with healthcare services,
to access patients’ health/medical records, to uti-
lize computerized physician order entry, and to
prescribe/adjust medications electronically 24 h
a day, 7 days a week. By providing alternatives
for patient-doctor interactions, and health knowl-
edge, system developers act as bridges to bring
patients to healthcare professionals (Eze et al. 2016).

Design of mHealth Applications

Principles of Designing mHealth Applications for
Older People
In general, mHealth developers need to under-
stand what issues need to be resolved, why
mHealth is the optimal solution, who the target
audiences are, and how users can use mHealth to
address their health problems.

As the aging process is often associated with
the gradual degeneration and impairment of sen-
sory, physical, and cognitive functions (Holzinger
et al. 2007), the design of mHealth applications is
required to fit with the special needs of the older
people. With difference from the younger people
in terms of health status, memory, motivation,
speed of reaction and action, learning ability, and
error rate, older people need more control, inde-
pendence, and visibility in the use of mHealth
technologies (Kruse et al. 2017). For example,
older people are subject to a higher level of anx-
iety without knowledge of their health status;
therefore, by allowing self-monitoring and self-
management of health conditions, mHealth can
improve their health awareness, so that they can
live more independently. Moreover, making the
analysis results visible can also increase older
people’s interest in tracking their own health sta-
tus, which results in a better understanding of their
health conditions and options.

Wildenbos (2015) identifies seven design prin-
ciples of mHealth for older people. They are sim-
plicity, forgiveness and feedback, naturalness,
effective use of language, efficient interac-
tion, effective information presentation, and pres-
ervation of context.

mHealth Content
The following contents are found to satisfy
mHealth consumer needs: health education, refer-
ral and problem-solving method, motivational
content which provides encouragement, incen-
tive, peer support for continuous use of mHealth
app, and recommendation or reminding content
that gives periodic recall or warning to enable a
client to stay on healthy track (Song et al. 2019).

mHealth Functionality
Lienhard and Legner (2017) propose four func-
tional building blocks of mHealth apps for end
users: (1) instructions that help to understand the
use and benefits of mHealth app; (2) setup that
allows consumers to input personal data and other
context-specific information to facilitate measure-
ment and analysis; (3) measurement that provides
various tests for investigating consumers’ health
indicators; and (4) analysis and timely feedback
about the measurement results, as well as targeted
suggestions for further improvement.

mHealth Technologies
mHealth not only relies on traditional voice-only
communication and 2G-based SMS andMultime-
dia Messaging Service (MMS) technologies pro-
vided by a mobile phone, but can also be built on
more complex technologies such as GPRS, 3G
and 4G systems, GPS, sensor network and
Bluetooth technologies provided by smartphones
like iPhone, or other smart devices to support the
achievement of health objectives (See ▶ “Tech-
nology and Telemedicine”) (Istepanian et al.
2006; Kay et al. 2011).

mHealth User Interface Design
As the user interface (UI) is the only place for
humans to interact with machines, its design is
critical for user acceptance and use of mHealth
applications. A well-designed UI could create
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efficient and satisfactory interactions between a
user and the relevant healthcare services, and vice
versa (Baig et al. 2015; Matthew-Maich et al.
2016). In principle, UI needs to be simple, easy
to use, and functional. For old people, mHealth
solutions with touchscreen-based UI should be fit
for dealing with the physical and cognitive con-
straints faced by them, such as providing higher
color contrast and larger font size and button and
to simplify the navigation options for searching
health information (Lienhard and Legner 2017).

mHealth Implementation

mHealth Delivery Mode
Common modes of mHealth delivery are SMS
text messaging, mobile apps, and interactive
voice response (Song et al. 2019). Compared
with the latter two, text messaging is more
acceptable for older people because it is simple
and easy to operate (Marcolino et al. 2018).
Lienhard and Legner (2017) recommended that
interactive voice response may be a better alter-
native to deliver mHealth solutions to older
people as it can avoid the limitation of the low
level of literacy or poor eyesight that is more
likely to happen to this population group.

An important consideration in sending
mHealth notification is timing and frequency of
delivery. Although it was found that timing did
not matter, frequency did in terms of consumer’s
use of mHealth applications (Fischer et al. 2010;
Morrison et al. 2017). There is almost no differ-
ence among different timing of notifications (user-
designated timing, predetermined timing, sensor-
driven timing, and random timing) (Fischer et al.
2010). Morrison et al. (2017) suggested that more
frequent delivery of notifications can provide
users with more exposure to intervention content,
which may lead to their increased use of the
mHealth solution.

In addition, mHealth solutions need to fit with
both routines of patient and healthcare profes-
sional. Patient’s use needs to comply with the
clinical requirements for the mHealth solution to
work (Lienhard and Legner 2017).

Processes for Delivering mHealth Services
Eze et al. (2016) define four processes for deliv-
ering mHealth services: mPrevention/Education,
mData-Collection, mDiagnosis, and mTreatment.
mPrevention/Education refers to the use of
mHealth method to provide patients with preven-
tative and educational information before or at the
early stage of their illnesses. mData-Collection
refers to the collection of patient data to inform
other aspects of healthcare delivery. It will enable
healthcare professionals to understand patients’
needs and to detect problems quickly. mDiagnosis
is the process of identifying the cause of health
deterioration by healthcare professionals.
mTreatment is the use of mHealth method to
provide healthcare interventions for patients.

mHealth Benefits
Varshney (2014) summaries four benefits of
mHealth. First, it provides consumers with neces-
sary healthcare information anytime anywhere.
This opportunity overcomes disparity in access
caused by geographic location and time difference.
It is especially helpful for older people living in
rural and remote areas. For example, it can be used
to integrate high-quality medical resources across
borders to improve disease prevention and treat-
ment. This could enable consumers in underdevel-
oped regions to receive better healthcare services
(Sun et al. 2016). As older people may respond to a
sensory stimulus relatively slowly, mHealth solu-
tions are widely acceptable and accessible by giv-
ing them more time and flexibility to digest
information.

Second, mHealth can improve the decision-
making process as well as healthcare outcomes.
For example, a mHealth app, Stroke Emergency
Mobile (STEMO) could conduct pre-hospital
diagnosis to determine the stroke type quickly
and accurately, so as to improve triage of patients
with cerebrovascular events to specialized hospi-
tals (Wendt et al. 2015). Lim et al. (2011) found
that HbA1c level was significantly improved
through SMS-enabled diabetes mellitus education
for old diabetic patients.

Third, mHealth improves the management of
chronic health conditions. Through a systematic
review, Marcolino et al. (2018) found that mHealth
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has been applied in consumer self-management of
the common chronic diseases including asthma,
cardiac rehabilitation, congestive heart failure,
chronic lung diseases, chemotherapy symptoms,
diabetes, HIV, hypertension, coronary artery dis-
ease, and weight loss. Sun et al. (2016) introduced
mHealth apps to manage five typical aging-related
neurological diseases: stoke, sleep disorders, cog-
nitive dysfunction, epilepsy, and fall.

Fourth, mHealth provides consumers with
essential access to healthcare in emergency con-
ditions. For example, a mHealth app called
HealthVault allowed consumers to create their
medical records particularly for accidental hospi-
tal visits, or for notifying first responders in emer-
gencies (Bouri and Ravi 2014).

Elavarasan and Pugazhendhi (2020) proposed
that another benefit of mHealth is the ability to
track infected people and their travel paths to
control the spread of infectious diseases, such as
the coronavirus (COVID-19) pandemic in 2020.
For example, the Singapore government launched
a mobile app, TraceTogether, which leveraged
Bluetooth technology to identify the potential
coronavirus carriers who may be in close contact
with others (CNBC 2020). In China, people were
required to use the health code generated by
Alipay, an app that was usually used for mobile
payment, on their smartphones to decide whether
they should be quarantined or allowed to enter
subways, shopping centers, and other public
places during the coronavirus outbreak (Mozur
et al. 2020). These applications had positive
effects in protecting safety of people, especially
the older adults who are more vulnerable to
COVID-19 viral infection

mHealth Challenges
Challenges for mHealth come from five aspects:
policy, people, technology, application, and
economy.

Despite the increasing development trend of
mHealth, the governments in many countries are
not actively promoting it, which hinders its pene-
tration into healthcare (Lam et al. 2018). Another
challenge is a lack of regulations and standards

that can keep pace with mHealth development
(Sun et al. 2016; Whittaker 2012).

The challenges for consumers include their
resistance to use mHealth apps or nonadherence
to the recommended use. They may concern about
privacy, and whether mHealth can support well-
being (Baig et al. 2015; Gurupur and Wan 2017;
Varshney 2014). The challenges for healthcare pro-
viders include availability, responsibility, speed
and quality of decision-making and healthcare
delivery using mHealth solutions, their concerns
about medical errors and cost associated with
mHealth usage, and finally the difficulty for them
to shift their role from control to collaboration in
mHealth landscape (Baig et al. 2015; Varshney
2014).

Technology-related challenges for mHealth
include reliability, usability, device, system inte-
gration, network access, and security (Gurupur
and Wan 2017; Sun et al. 2016). For example,
although the current 4G network can provide con-
nectivity among patients and healthcare profes-
sionals, mHealth solutions can fail to provide
them with necessary information due to technical
failure, such as insufficient network coverage,
limited bandwidth causing delay, device malfunc-
tion, and disconnection with other health informa-
tion systems (Sun et al. 2016; Varshney 2014).
Also, a lack of information exchange standard can
lead to data isolation instead of sharing between
systems.

Application-related challenges for mHealth are
primarily its effectiveness and implementation
(Varshney 2014). One stumbling block is that
some mHealth solutions had little effect on the
consumers, which is opposite with the original
expectations (Arora et al. 2014; Cottrell et al.
2012; Witkiewitz et al. 2014). Some mHealth
applications could not provide adequate functions
to meet consumers’ needs. Another issue is that
there is a lack of understanding about the optimal
frequency of information delivery. Too often
mHealth intervention may bore consumers and
turn them off. On the contrary, not enough inter-
vention may not deliver the intended effect of the
mHealth applications.
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The economic challenge for mHealth is the
payment mechanism (Whittaker 2012). In the
absence of sound evidence to prove cost-effec-
tiveness, investors, and decision makers are not
convinced about the usefulness of mHealth. This
lack of sustainable business model further hinders
adoption and use of mHealth in the routine
healthcare systems.

Future Directions of Research

There is still a long way to go before mHealth can
be successfully integrated into routine healthcare
delivery systems. First, the optimal way to design
and implement mHealth needs to be worked out.
Since older people can benefit enormously from
mHealth solutions, research needs to focus on their
preferences and needs for these solutions, as well
as the facilitating factors for them to adapt to use
the solutions. Therefore, mHealth development
needs to learn from the other research fields such
as computer-supported collaborative work, group
dynamics, peer support mechanisms, and social
networks (See ▶ “Health 2.0/Health 3.0”) (Meng
et al. 2019; Silva et al. 2015). The long-term effects
of mHealth use also need to be understood, as well
as cost-effectiveness.

To ensure the sustainability of mHealth, further
cooperation between industry and research orga-
nizations are encouraged to co-design, develop,
implement, and evaluate mHealth solutions in
health delivery systems and to generate lessons
and insights for future success (Matthew-Maich
et al. 2016; Silva et al. 2015).

Summary

mHealth offers the opportunity to increase the
capability of healthcare delivery systems to pro-
vide consumers with anywhere, anytime access to
health information, personal health monitoring,
chronic disease management, and participating
in health decision making. Therefore, it provides
an effective mechanism to reach consumers
beyond hospital to achieve person-centered care
within cost containment. mHealth can also

support older people to age at home, self-manage
chronic diseases, and reduce social isolation.
These benefits have seen mHealth initiatives
being continuously designed and implemented
all over the world.

To ensure the acceptance and use of mHealth
innovation by the target population, particularly
older people to achieve positive outcomes,
mHealth designers and implementers need to
understand the characteristics of the key stake-
holders, and carefully design the contents, func-
tionalities, technologies, and particular user
interfaces, to fit with their characteristics. The
implementation processes also need to be care-
fully planned, executed, and evaluated. To pro-
mote the advancement of mHealth, future
research can focus on its acceptance, use, and
integration into the healthcare delivery systems,
the resulting outcomes, and sustainability.
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