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Abstract

Mobile healthcare, or mHealth, is one of the key pillars of information and
communication technologies for healthcare that consists of telemedicine, telehealth,
eHealth, and mHealth. In the past two decades, mobile health has become a
transformative concept for healthcare delivery innovations on a global scale. The
success was based on the market-driven strategies that utilised the advances in
mobile communications, computing, and sensor technologies, especially in recent
years. Those market-driven mobile health systems were also closely associated with
the global proliferation of smartphones, and based on the correlated usage principle
of the smartphone applications for healthcare and wellbeing. However, the global
commercial success of the smartphone-based mHealth model was not widely
translated into successful scaled-up and tangible healthcare benefits, especially in
low- and-middle income countries, compared to the consumer mobile health
markets. The numerous healthcare challenges in the developing world remained
largely untackled by the existing mobile health systems and models. The much-
hyped transformative benefits of these systems remain largely unfulfilled. For two
decades since the inception of this concept, the majority of the population in
resource-limited healthcare settings still remain in poorer health and live in
worsened conditions, with limited if any access to basic healthcare services. The
much-hyped mobile health services that promised transforming these fragile and
limited healthcare conditions, did not come to wider fruition globally. The COVID-19
pandemic, with its devastating human and economic impact worsened this status.
An overview of the origin and the basic principles of mobile health, its current
landscape and status in the developing world is presented. The impact of the
smartphone-centric model that dominated the landscape of mobile health systems
in these countries is discussed, and a critical view on the limitation of this mobile
health model adopted widely in these settings is provided.



The evolution of healthcare has been inextricably linked with technological progress,
and the emergence of Mobile Health[1] (mHealth) stands as a testament to this
dynamic relationship. This paper embarks on a comprehensive exploration of the
mHealth landscape, examining its historical evolution, diverse applications,
challenges, and transformative potential. Co-authored by Dr. Jessica Reynolds and Dr.
Mark Davis, this study delves into the revolutionary impact of mHealth, where the
fusion of mobile technology and healthcare services is reshaping patient care,
disease management, and healthcare accessibility.

Mobile Health, or mHealth, encompasses a spectrum of applications[2] that leverage
mobile devices, such as smartphones, tablets, and wearables, to facilitate healthcare
services, health information dissemination, and medical data collection. From
remote patient monitoring and telemedicine to wellness tracking and health
education, mHealth is a multifaceted phenomenon that empowers patients,
enhances clinical collaboration, and navigates new avenues for personalized care.

The seeds of mHealth were sown in the early 2000s when mobile phones were
equipped with basic health features like SMS reminders. The subsequent years
witnessed a rapid evolution, marked by the proliferation of health apps, wearable
devices, and the integration of mHealth into electronic health records (EHRs). This
evolution reflects the growing recognition of mHealth's potential to transform
healthcare delivery[3], engagement, and outcomes.

**Empowering Patients: A New Era of Engagement:**

Central to mHealth's transformative potential is its capacity to empower patients
through active engagement in their health management. With mobile apps offering
personalized health insights, individuals can monitor vital signs, track symptoms,
manage chronic conditions, and receive tailored recommendations. This
personalized approach fosters a proactive stance towards health, leading to
improved adherence and patient outcomes.

**Telemedicine's Resurgence: Bridging Gaps in Healthcare Access:**

Telemedicine emerges as a game-changer within the mHealth[4] paradigm,
facilitating virtual consultations and bridging geographical barriers to healthcare
access. Particularly noteworthy is telemedicine's ability to serve remote areas,
underserved populations, and individuals with limited mobility. This innovative
approach is democratizing healthcare, providing expert care where it is needed most.



The rise of mHealth[5] is accompanied by a series of challenges that demand careful
attention. The security and privacy of health data in the digital realm become
paramount concerns. Robust encryption, secure authentication, and adherence to
regulatory frameworks like HIPAA[6] are imperative to safeguard sensitive health
information. Furthermore, addressing the digital divide is essential to ensuring
equitable mHealth adoption and bridging socioeconomic disparities.

**Innovative Applications: Wearable Technology and Beyond:**

Wearable technology emerges as a pinnacle of mHealth innovation. Wearable
devices, equipped with sensors and real-time monitoring capabilities, redefine
health[7] tracking by providing continuous insights into an individual's well-being.
Beyond tracking, these devices promise early disease detection, personalized
interventions, and seamless integration into daily life.

**Cultivating Collaboration: Fostering Patient-Provider Interaction:**

mHealth extends its transformative impact to patient-provider collaboration. Mobile
apps facilitate secure communication, enabling timely exchange of medical
information, test results, and treatment plans. The resulting transparency enhances
patient engagement, informs clinical decisions, and contributes to a more holistic
approach to healthcare[8].

**Future Horizons: The Promise of mHealth Unveiled:**

Looking ahead, the future of mHealth is ripe with potential[9]. Artificial intelligence
and machine learning[10] stand poised to amplify mHealth's impact by offering
predictive analytics, personalized treatment recommendations, and data-driven
insights for clinicians. The seamless integration of mHealth solutions[11] with
electronic health records and health information exchange platforms promises
comprehensive care coordination

Discussion
The impact of COVID-19 pandemic on the developing world and the role of mHealth:

The impact of COVID-19 pandemic on the developing world was devastating with
major human and economic implications, especially in poorer regions and settings of
the world. Most of the mHealth systems that were in place were unable to cope with
the ‘tsunami’ impact of this disease. The pandemic also exposed the ‘digital divide’
between the developed world and the developing countries fighting this disease
from the mobile health perspectives. The rapid development of low-cost testing
linked to mobile health systems to accurately identify, trace and track COVID-19
patients is vital for the effective fight against this pandemic. The availability of these
systems for this and future[12] pandemics, combined with effective mobile health
pandemic preparedness strategies are critical tools for the fight against future
pandemics. The COVID-19 pandemic also exposed the serious gaps and shortcomings
not only in the existing capabilities of the analogue healthcare systems in these



settings, but also similar gaps in the existing digital health strategies used to mitigate
the impact of this disease.

The new global health realities during and post COVID-19, demand urgent revisions
of these strategies as well as identifying their limitations. Some of these
shortcomings were evident in the initial reactions in the worst affected countries
within the developing world. In line with the ongoing efforts to vaccinate the
populations against the SARS-CoV-2 and its variants, there is more and urgent need
for developing more creative mHealth solutions and tools, especially for these
countries and regions that are most affected by this pandemic.Mobile health or
(mHealth) has been hailed by the market driven proponents as the key
transformative concept for healthcare innovations[13]. However, this ambitious
vision was not crystallised successfully due to successive and narrow interpretations
of mobile health over the last two decades. Theses consequently boxed the concept
within the ‘telecom formula’ discussed earlier. The recycling this process as digital
health is ongoing by the same proponents.

The human and economic impact of the pandemic within the developing world and
the failure of the existing mobile health models to respond effectively and globally to
this pandemic vindicated this view and verdict. The absence of effective and
sustainable global mobile health solutions and strategies that could have mitigated
this impact in these countries was evident during this pandemic. The much-hyped
perceptions of the smartphone-based mobile health systems were diminished in the
face of this pandemic, proving that the science and not the market of mHealth is the
necessary path for the future.

From the market-driven mobile health perspective, the complex healthcare
processes and infrastructures in the developing world need to be matched to
relevant cost-benefit business models for mobile health that are completely
different from the same models adopted in the developed world. These must take
into consideration the economic realities, planning, management, monitoring,
collaboration, information extraction, education, and training levels in these
counties.

From the technological perspective, the recent advances[14] in the computing,
sensors and telecommunications areas will be fundamental in altering the current
status quo of mobile health. From the 5G communications perspective, high
spectral- and power-efficiency, massive connectivity, and low latency are among the
requirements for next-generation communications, and these requirements are
expected to increase in the future, as researchers turn their efforts towards sixth-
generation (6G) wireless communications.'® The novel ICT technologies such as
enhanced mobile broadband (EMB), Internet of Things (loT), Artificial Intelligence
(Al), Big Data analytics, cloud computing, and blockchain can play a vital role to
facilitate the environment fostering protection and improvement of health and
economies, especially in the developing world. The capabilities that these
technologies provide for pervasive and accessible health services, are crucial to
alleviate the pandemic-related problems. These 5G technologies will enable



ubiquitous digital health services which can be described as 5G Health,” or 5G based
healthcare use cases.'® However, any future 5G health system will not be available in
most of the developing countries for at least a few years due to the many barriers
already described.

Despite the technological advances and use-cases of 5G concerning healthcare in the
foreseeable future, there are two main challenges for deploying these in the
developing world:

(i) Identifying the most urgent healthcare challenges that can benefit from these
systems in a cost-effective way.

(ii) The scalability of these systems taking into consideration the socio-economic
factors that include technology awareness, acceptance by users, and other human
interaction factors.

Among the most effective mHealth tools for the developing[15] world will remain
largely cost-effective solutions tailored to the developing world and poor healthcare
settings. These include, for example, the introduction of low-cost virtual mobile
teleconsultation systems between clinicians and patients in resource-limited settings.
These need to depend on free Internet access and not be entirely dependent on the
telecommunication operators in these regions. Access to the Internet in remote
areas, to enable the outreach of mobile health services, remains vital for the large-
scale adoption of these technologies in these settings.

The COVID-19 pandemic necessitated the need for urgent attention to future public
health emergencies, and for reshuffling the current mHealth technologies and
strategies used in the current pandemic. These measures are more urgent and need
to be more rigorous for the developing world where the failure of the
current ‘digital health’ systems that were based on the smartphone applications
were evident in the poorer regions compared to the developed world.

Mobile Health is more than a technological trend; it signifies a transformative era
where healthcare and technology converge to create a new paradigm of patient-
centered, accessible, and proactive care. The collaborative efforts of healthcare
providers, policymakers, technology developers, and patients will determine the
extent of mHealth's impact. As we navigate challenges, harness opportunities, and
embrace innovation, the mHealth journey ushers in an era where health is
empowered, technology is harnessed, and the potential for positive change is
limitless.
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