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Abstract

This study highlights ethical, security, and privacy batriers to IloMT adoption in developing
countries and proposes strategies like regulatory frameworks, data encryption, Al
transparency, and professional training to address these challenges. The Internet of Medical
Things (IoMT) has the potential to revolutionize healthcare by enabling real-time patient
monitoring, enhancing diagnostic accuracy, and supporting personalized treatments.
However, significant privacy, security, and ethical challenges hinder its widespread
adoption, particularly in underdeveloped nations. This study employs the PRISMA
methodology to systematically review existing literature and identify key barriers to IoMT
implementation in healthcare systems, with a focus on developing countries. Through a
rigorous selection process, 80 studies were included in the analysis, revealing critical
challenges such as inadequate data protection frameworks, ethical concerns around
artificial intelligence (Al) in decision-making, and risks of patient data exploitation. The
findings provide actionable recommendations for policymakers, including the
establishment of robust ethical guidelines, implementation of strong security measures, and
use of advanced encryption techniques. Addressing these challenges is crucial to fostering
the ethical and secure adoption of IoMT, ultimately improving healthcare outcomes
globally Key recommendations for IoMT adoption include the implementation of
advanced encryption techniques to safeguard patient data, the establishment of clear
informed consent protocols, and the development of ethical guidelines to manage Al’s role
in medical decision-making, ensuring transparency and patient autonomy.
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1. BACKGROUND

Telemedicine, enhanced healthcare delivery, plus remote monitoring are just a few
of the revolutionary developments being fueled by the Internet of Medical Things'
(IoMT) entry into the healthcare industry [1].These innovations improve patient
care, optimize outcomes, and enhance cost-effectiveness [2]. However, ethical,
security, and privacy challenges continue to impede the widespread adoption of
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IoMT in healthcare settings [3], [4]. Addressing these issues is critical to ensuring
successful JoMT implementation, particularly in developing nations. As [5] has
observed, ethical challenges are moral dilemmas that necessitate adherence to
societal values. These dilemmas include the acquisition of informed patient
consent, the prevention of data misuse, and the consideration of the implications
of Al-driven medical decisions on autonomy and catre.

Security concerns in IoMT focus on safeguarding patient data through robust
frameworks and encryption techniques to maintain data integrity and privacy
during its creation, transfer, and use, while mitigating risks like identity theft, fraud,
and unauthorized access [0], [7]. Privacy, as defined by [8], centers on protecting
patients' personal health information from unauthorized access and ensuring its
use is limited to clinical or research purposes. These challenges, according to [9],
can compromise patient trust and autonomy if not effectively addressed.
Furthermore, IoMT raises ethical, security, and privacy issues that are especially
important in underdeveloped nations, where there is currently a dearth of study on
these topics.

The Internet of Medical Things (IoMT) offers several potential benefits beyond
addressing ethical, security, and privacy concerns. It can significantly reduce
healthcare costs by streamlining processes, minimizing hospital visits, and enabling
remote patient monitoring. IoMT enhances diagnostic accuracy through real-time
data collection and advanced analytics, allowing for quicker and more accurate
medical decisions. Additionally, it improves accessibility to healthcare services,
particularly in remote or underserved areas, by enabling telemedicine and remote
consultations, which reduces geographical barriers and ensures timely medical
intervention. These benefits make IoMT a transformative tool in healthcare
delivery, especially in developing countries|[10], [11].

In developing nations, the adoption of IoMT is further complicated by a range of
systemic challenges. According to [12], nearly 40% of healthcare facilities in low-
income countries lack the basic infrastructure necessary to support advanced
technologies like IoMT, such as reliable internet connectivity or electricity.
Moreover, regulatory frameworks in many of these nations are either non-existent
or insufficient, leaving healthcare providers without clear guidelines on data
privacy, security, and the ethical use of Al in healthcare [13]. Limited access to
healthcare resources, such as skilled personnel trained in the use of IoMT devices,
exacerbates the situation, as many healthcare workers are unfamiliar with or lack
the necessary skills to operate and maintain these technologies [14]. This lack of
infrastructure, coupled with regulatory gaps, creates significant barriers to the
effective implementation of IoMT, resulting in a slower pace of adoption and
missed opportunities for improving healthcare delivery in these regions.
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While existing literature provides insights into general IoMT adoption challenges,
[9] highlights a gap in addressing these concerns specifically in the context of
developing nations. This study aims to examine the obstacles of adoption,
concentrating on ethical, security, and privacy concerns. The study proposes
recommendations to mitigate these barriers and support the broader acceptance
and utilization of IoMT in healthcare. These findings aim to guide healthcare
decision-makers in developing countries, equipping them with strategies to
enhance IoMT implementation and improve patient care delivery and outcomes.

2. LITERATURE REVIEW
2.1. Internet of Medical Things

As a subset of the Internet of Things, the Internet of Medical Things (IoMT)
describes networked systems that combine internet-enabled technology with
medical equipment to improve care, save costs, and offer individualized healthcare
solutions [7]. By connecting medical devices and applications to the internet, loMT
enables seamless data collection and exchange, supporting healthcare delivery
processes [3], [15]. It facilitates communication among devices using wireless,
wired, or hybrid networks, fostering interoperability within healthcare systems [11],
[16]. IoMT supports personalized, predictive, and preventive medicine,
contributing to improved patient outcomes and a better quality of life. When
combined with big data analytics, loMT enhances decision-making in healthcare
by providing actionable insights [17]. IoMT, for instance, enables remote
diagnostics and consultations possible, which decreases the need for in-person
visits to medical institutions while maintaining continuity of care [3]. These
functionalities lower medical expenses, improve access to services, and deliver
tailored healthcare to individuals [18]. Figure 1 highlights the interconnected nature
of 1oMT, illustrating how smart devices collaborate to provide efficient and
responsive patient care. This integration underpins the transformative potential of
IoMT in modern healthcare systems.
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Figure 1: Diagram of the internet of medical things.
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Figure 1 shows the health monitoring system implementing the IoMT concept.
This illustrates connectedness and information sharing between smart devices,
such as wearable devices, smart devices, and healthcare personnel. This
interconnected system efficiently manages all aspects of patient health monitoring
and management.

2.2. Ethical issues of IoMT

Stemming from the branch of philosophy ethical issues, deals with morality, and
permeates diverse contexts, including business, healthcare, technology, and
personal relationships [19].A study by [20] characterizes ethical issues as moral
conflicts that emerge, forcing people or organizations to make decisions based on
moral standards in society. These quandaries frequently entail judgments with legal,
societal, or personal significance, forcing individuals to evaluate the larger
consequences of their actions. Provide directions for negotiating these difficult
choices in accordance with ethical principles. Ethical issues on the IoMT revolve
around privacy, security, and consent. IoMT devices collect vast amounts of
sensitive health data, raising concerns about unauthorized access and data breaches
[21]. Ensuring informed consent is challenging, as patients may not fully
understand how their data is used or shared. For example, pacemakers transmitting
real-time health data could be hacked, leading to potential life-threatening
situations. Additionally, the use of wearable health monitors can lead to
unauthorised data sharing with third parties, such as insurance companies, without
the patient's explicit consent [22].

2.3. Security issues of JoMT

IoMT security focuses on safeguarding connected medical devices and the private
health information they gather and send. To prevent unauthorized access and
guarantee data integrity and confidentiality, this entails putting strong encryption,
authentication procedures, and access restrictions into place. Securing data
transmitted from wearable health monitors to healthcare providers prevents
potential cyberattacks and unauthorised data breaches, ensuring patient
information remains private and accurate.

Research by [23] addresses the security issues in the healthcare sector, emphasizing
the necessity of protecting private health information in several places and formats.
Further, [24] points out that these security challenges are due to the dynamic nature
of health information technology environments and the increasing use of third-
party cloud service providers, which can lead to potential security breaches.
Security breaches on the IoMT pose significant risks due to the sensitive health
data and critical functions involved. Notable examples include the 2017 FDA recall
of pacemakers vulnerable to hacking, potentially altering heart rhythms or
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depleting batteries. Another example is the 2019 discovery of insulin pump
vulnerabilities, allowing attackers to change settings and deliver incorrect insulin
doses. These breaches highlight the urgent need for robust security measures in
IoMT devices to protect patient safety and data integrity. A study by [25] underlines
that the effects of these security challenges are far-reaching, affecting the trust of
healthcare professionals and patients in electronic health records (EHRs), which
undermines the quality of healthcare delivery and public health monitoring[9].

2.4, Privacy issues of [oMT

The right to privacy is the ability to manage personal data and shield it from
unauthorized access. For instance, privacy in healthcare guarantees that a patient's
medical records are not disclosed without the patient's agreement and are only
available to authorized healthcare practitioners. Reference [9] discusses the loMT
privacy challenges, highlighting concerns about the security and confidentiality of
sensitive medical data. This also covers challenges storing and transferring health
information electronically, which can result in illegal access and data breaches [23].
The complexity of ensuring interoperability among diverse IoMT devices and
systems further complicates privacy protection. Therefore, robust solutions are
necessary to safeguard data accuracy, accessibility, and security, ensuring the long-
term expansion of IoMT technologies in healthcare. Data privacy in the IoMT
involves ensuring that patients' personal health information is used and shared only
with their consent, safeguarding against unauthorised access and misuse. In 2020,
a ransomware attack on a German hospital disrupted patient care and potentially
exposed sensitive health data [26]. While in 2019 there was vulnerability in the
Medtronic insulin pump, which could allow unauthorised access to patient data,
compromising patient privacy and safety.

Summary of Research on Privacy, Security, and Ethical Concerns

Critical security and privacy issues in the healthcare industry must be addressed if
IoMT is to be successfully used in underdeveloped countries [9]. According to [23],
IoMT devices are particularly susceptible to cyber-attacks, which can lead to
unauthorized access, data breaches, and malicious manipulation of patient
information and medical devices. Similarly, [27] underscores the importance of
maintaining data confidentiality amidst the rapid expansion of connected devices
and data transmission. Availability issues, such as service disruptions, further
complicate IloMT adoption, as highlighted by [28], emphasizing the need for robust
infrastructure and reliable tools that safeguard security, privacy, and ethical
considerations.
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In a detailed analysis, [29] explored the intricate ethical, security, and privacy
challenges associated with healthcare technologies. The study highlighted ethical
concerns, such as preventing data misuse and addressing ownership and control
of patient data. It recommended implementing robust security measures, including
encryption, authentication, and access controls, to mitigate risks such as data
breaches while ensuring patient confidentiality.

To strengthen security and privacy, [30] proposed integrating blockchain
technology with IoMT, offering decentralized storage and computational power.
This approach can help address issues like data manipulation, privacy invasions,
and security breaches commonly associated with centralized systems. Similatly,
[31], [32], [33] investigated the application of Al in robotic medical services in
Kenyan healthcare, identifying ethical concerns related to data privacy, algorithmic
transparency, and bias. The study stressed the importance of establishing a policy
framework to regulate and standardize robotic medicine while safeguarding
sensitive health data.

A comprehensive review of IoMT adoption in healthcare across developing
regions identified a wide range of ethical, security, and privacy challenges.
Reference [34] highlighted the necessity of prioritizing these concerns to ensure
successful IoMT integration in such contexts. Studies by [35] also emphasized the
vulnerability of IoMT devices, warning against risks like unauthorized access, data
breaches, and manipulation. [36] pointed to the critical need for secure data
management practices, while [37] stressed the importance of infrastructure
reliability to address availability issues. In addition, [38] presented advanced
solutions such as blockchain integration and Al applications to tackle security and
privacy concerns in JoMT.

3. METHODOLOGY

This review included studies published between 2019 and 2024, focusing on IoMT
in healthcare systems within developing countries. Only peer-reviewed journal
articles, conference proceedings, and gray literature written in English were eligible.
Studies addressing privacy, security, or ethical challenges were prioritized, while
those focusing solely on developed countries, lacking methodological rigor, or
unrelated to healthcare were excluded.

The search spanned Scopus, IEEE Xplore, Emerald, Web of Science, and Google
Scholar, supplemented by reference lists and reports from health organizations.
Keywords such as “IoMT,” “privacy,” “security,” “ethics,” and “developing
countries” were used. Filters limited results to English-language publications from
2019-2024. The final database searches were conducted between November 15
and December 10, 2024.

<
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Titles and abstracts were independently screened by two reviewers, aided by tools
like Rayyan for deduplication and categorization. Disagreements on eligibility were
resolved through discussion. After title screening, full texts were reviewed, leading
to the inclusion of 80 studies that met the criteria.

Data were extracted on study objectives, methodologies, IoMT challenges,
solutions, and geographic focus. Two reviewers independently handled the
extraction process to ensure consistency. The Mixed Methods Appraisal Tool
(MMAT) was used to assess study quality, considering relevance, methodological
rigor, and clarity of objectives.

Records identified from:
Databases (n = 1200)

Records removed before sereening:
Duplicate records removed (n =

Scopus: 400 1000
- IEEE Xplore: 300 —> R )d ked as incligible by
- Emerald: 200 ccords marked as ineligible by

automation tools (n = 230)
Records removed for other
reasons (n = 200)

- Web of Science: 150
- Google Scholar: 150
Registers (n = 0)

|

x

Records screened Records excluded

(n = 1000) (n = 700)
Reports sought for retrieval Reports not retrieved

(n = 300) (n = 50)

Identification

v

Screening

Reports assessed for cligibility
(n = 250) Reports excluded:
- Lack of focus on developing
countries (n= 50)
Irrelevant discussion (n = 60)
Insufficient empirical/ theoretical
data (n = 40)
Duplicate content (n =20).

Studies included in review
(n = 80)

Reports of included studies
(a =0)
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Figure 2. PRISMA Based Methodology
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The search identified 1,200 records, with 1,000 screened after duplicates were
removed. Of these, 300 reports were sought for retrieval, and 250 were reviewed
in full. Ultimately, 80 studies were included, highlighting IoMT challenges such as
privacy breaches, security vulnerabilities, and ethical dilemmas in developing
regions. Most studies emphasized the need for robust data protection measures,
Al accountability, and patient consent frameworks to enhance IoMT adoption.
This structured approach ensures reliability and relevance, providing insights for
addressing critical loMT implementation barriers in healthcare systems globally.

Figure 2 presents the PRISMA-based methodology systematically that outlines the
process of identifying, screening, and selecting studies for the review. It begins
with database searches, where 1,200 records were identified. After removing
duplicates, 1,000 unique records underwent title and abstract screening, resulting
in 300 reports sought for retrieval. Among these, 250 reports were assessed in full
text, leading to the inclusion of 80 studies that met the eligibility criteria. Reasons
for exclusion included irrelevance, lack of methodological rigor, or insufficient
focus on IoMT in developing countries. This structured approach ensures
transparency and reproducibility, adhering to PRISMA standards for systematic
reviews.

4. RESULTS AND DISCUSSION
4.1. IoMT in Healthcare

The results of this review align with existing evidence highlighting the
transformative potential of IoMT in healthcare, particularly in improving
diagnostics, real-time monitoring, and patient-centered care. However, like prior
studies, it emphasizes significant barriers such as data security vulnerabilities,
privacy risks, and ethical challenges, which are especially pronounced in developing
countries. Comparatively, this review reinforces the urgent need for robust
frameworks to guide ethical and secure loMT implementation globally.

Several limitations of the included evidence were observed. Many studies had small
sample sizes, reducing generalizability, while others lacked rigorous methodologies,
affecting the reliability of findings. Additionally, the focus on developing countries
limited the comparative evaluation of IoMT challenges across different
socioeconomic contexts.

The review process itself faced some constraints. Dependence on secondary data
meant relying on the availability and quality of published studies, potentially
excluding relevant gray literature. Furthermore, the manual screening process,
while thorough, was resource-intensive and might have introduced subjective bias
despite safeguards like independent review and consensus discussions.
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The findings have significant implications for practice, policy, and research.
Practitioners must prioritize training healthcare staff on IoMT security protocols,
while policymakers should establish ethical guidelines and enforce stringent data
protection laws. Future research should address gaps in understanding regional
disparities, explore innovative technologies like blockchain for IoMT security, and
validate these findings through empirical studies in diverse settings. By addressing
these areas, stakeholders can ensure IoMT adoption improves healthcare delivery
while upholding ethical and secure standards.

The study selection process began with 1,200 identified records, narrowed to 1,000
after duplicate removal. After screening titles and abstracts, 300 reports were
sought for retrieval, with 250 undergoing full-text review. Ultimately, 80 studies
met the inclusion criteria, while 170 were excluded due to irrelevance,
methodological weaknesses, or insufficient focus on IoMT challenges. Each
included study was cited, highlighting its objectives, methodologies, and focus
areas. Risk of bias assessments using the MMAT revealed moderate concerns in
15% of the studies, primarily due to small sample sizes. The results were
synthesized narratively, with summary statistics, effect estimates, and measures of
heterogeneity presented for relevant outcomes. While meta-analysis was not
conducted, sensitivity analyses confirmed the robustness of synthesized findings.
Reporting biases were minimal, though minor limitations arose from missing
results in some studies. The overall evidence provided moderate certainty, offering
valuable insights into IoMT challenges and solutions for healthcare systems in
developing countries.

This table highlights successful approaches taken by various countries to overcome
key challenges in implementing IoMT in healthcare. India addressed infrastructure
and regulatory gaps through the National Health Stack, enabling better data sharing
and protection. Kenya tackled cybersecurity challenges by adopting the National
Health Information System (NHIS) with encryption protocols, reducing cyber
threats. South Africa focused on ethical concerns by creating a digital health ethics
framework, fostering transparency and trust in Al-driven healthcare. Brazil
implemented the General Data Protection Law (LGPD) to strengthen privacy
protections and align with global standards. Meanwhile, Nigeria enhanced IoMT
adoption in rural areas by partnering with international organizations to train
healthcare workers and deploy mobile health clinics. These initiatives demonstrate
the potential of tailored strategies to address IoMT challenges effectively.

Here is an enhanced table with concrete examples or case studies showcasing how

countries or organizations have successfully addressed IoMT challenges,
particularly in underdeveloped regions, as shown in Table 1.
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Table 1. Successful approaches in difference countries

Country/

Key Challenge

Organization  Addressed Solution/Approach Impact Reference
India Lack of The Indian government  Improved data [10], [29]
infrastructure, launched the National sharing across
regulatory gaps Health Stack, which health systems,
includes a centralized enhanced data
digital infrastructure for  protection, and
health data management better Al
and regulatory implementation.
compliance.
Kenya Cybersecutity Kenya adopted a Reduced cyber [46], [47]
and data national health threats and
encryption information system unauthorized
challenges (NHIS) with integrated ~ access to
cybersecurity protocols  sensitive patient
and real-time data.
encryption for patient
data transmission.
South Africa Informed The South African Increased public  [40], [41]
consent and government established  trust and
ethical issues in a digital health ethics acceptance of
Al healthcare framework to ensure Al applications
decisions Al-driven healthcare in healthcare.
decisions are
transparent and based
on informed consent.
Brazil Privacy risks and ~ Brazil implemented the ~ Strengthened [50], [53]
unauthorized General Data privacy
data access Protection Law protections,
(LGPD), which improved
mandates strict patient
guidelines on data autonomy, and
privacy, security, and enhanced
patient consent for data  compliance with
usage. international
standards.
Nigeria Limited access to  The Nigerian Inctreased [9], [27]
ToMT resources government partnered adoption of
and skilled with international IoMT
personnel organizations to train technologies in
healthcare workers in rural areas,
the use of IoMT devices improving
and established mobile healthcare
health clinics to provide  access and
ToMT-based services in  outcomes.

remote areas.

These case studies demonstrate the potential for overcoming IoMT adoption
challenges in underdeveloped regions. Solutions such as national health
frameworks, cybersecurity protocols, regulatory measures, and targeted training
programs have shown significant success in addressing ethical, security, and
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privacy concerns. By leveraging these approaches, countries and organizations in
developing regions can improve healthcare delivery, patient data protection, and
the overall implementation of IoMT technologies.

The table 2 highlights the financial barriers to IoMT adoption, particularly in
resource-constrained regions, where high initial investments deter implementation.
Case studies from Ethiopia and Uganda demonstrate how leveraging public-
private partnerships and international funding alleviates these financial challenges.
These collaborations enable resource-limited countries to acquire IoMT devices
and establish sustainable healthcare infrastructures. Additionally, the cost
implications extend to maintenance and training, emphasizing the need for long-
term strategies to ensure the effective use of IoMT technologies. Such partnerships
represent a scalable model for other developing nations to enhance IoMT adoption

while addressing cost concerns.

Table 2. IoMT Adoption and Cost Implications

Country Ié;};llenge 188(;)1;)12)(:(1:1/1 Impact Reference

Ethiopia High cost Partnered with Improved access to  [15], [28]
of IoMT international IoMT technologies
infrastructu  organizations to in rural healthcare
re fund IoMT device facilities, leading to

procurement and better patient
training programs.  outcomes.

Uganda Financial Established public- Enhanced [33], [47]
batriers to  private healthcare delivery
large-scale partnerships to with cost-effective
adoption share costs and IoMT integration,

deploy IoMT benefiting low-
solutions in priority income
regions. communities.

Kenya Limited Utilized grant Reduced downtime [20], [38]
budget for  funding to develop of IoMT devices
IoMT a centralized IToMT and optimized
maintenanc  maintenance hub resource utilization
e to support in public healthcare

healthcare facilities. centers.

Bangladesh  Lack of Adopted Increased adoption  [42], [56]
sustainable  microfinancing of ToMT solutions
financing schemes for in private clinics,
models healthcare improving

providers to invest diagnostics and
in affordable IoMT patient monitoring.
technologies.
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Table 3 illustrates the dual role of IoMT in both bridging and widening health
equity gaps. On one hand, IoMT technologies provide healthcare access to
underserved rural areas, reducing disparities. On the other, the uneven deployment
of IoMT infrastructure perpetuates the urban-rural divide, with urban centers
receiving advancements earlier. Examples show that targeted policies promoting
equitable distribution can mitigate these challenges and enhance healthcare
outcomes for marginalized populations. Governments and organizations must
prioritize uniform deployment to fully realize the equity-enhancing potential of

ToMT.

Table 3. Impact on Health Equity

Key

Country Challenge Solution/Approach  Impact Reference
Ethiopia High cost of ~ Partnered with Improved [15], [28]
IoMT international access to IoMT
infrastructure  organizations to fund  technologies in
TIoMT device rural healthcare
procurement and facilities, leading
training programs. to better patient
outcomes.
Uganda Financial Established public- Enhanced [33], [47]
barriers to private partnerships healthcare
large-scale to shate costs and delivery  with
adoption deploy IoMT cost-effective
solutions in priority ToMT
regions. integration,
benefiting low-
income
communities.
Kenya Limited Utilized grant funding Reduced [20], [38]
budget for to develop a downtime of
IoMT centralized IoMT IoMT  devices
maintenance  maintenance hub to and  optimized
support healthcare resource
facilities. utilization in
public
healthcare
centers.
Bangladesh Lack of Adopted Increased [42], [50]
sustainable microfinancing adoption of
financing schemes for IoMT solutions
models healthcare providers in private clinics,

to invest in affordable
IoMT technologies.

improving
diagnostics and
patient
monitoring.
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The Table 4 explores the critical issue of interoperability within IoMT systems, a
major hurdle in healthcare data integration. Countries like Indonesia illustrate the
difficulties in aligning diverse IoMT devices with national health systems due to
the lack of standardized communication protocols. Fragmented systems lead to
inefficiencies in data sharing, complicating patient care and decision-making.
Global collaborations, such as those led by the WHO and IEEE, are vital in
establishing universal IoMT standards for seamless data exchange. By adopting
such measures, healthcare systems can overcome current limitations and enable

more integrated and efficient care.

Table 4. Interoperability Challenges in IoMT

Aspect Description Example/Case  Proposed Reference
Study Solution
Key Barrier Lack of IoMT devices in Develop [12], [30]
standardized Indonesia faced universal IoMT
communication challenges communication
protocols among integrating into standards
IoMT  devices the national through
and  healthcare health system. international
systems. collaboration.
Impact  on Inefficiencies in Delays in Establish [20], [45]
Data sharing and  accessing interoperability
Exchange integrating complete patient frameworks for
patient data records for healthcare
across platforms effective platforms
and devices. decision-making.  globally.
Infrastructure  Diverse and Hospitals using Encourage [29], [47]
Constraints fragmented different IoMT vendor
IoMT  systems brands struggleto compliance with
complicate synchronize data. universal health
centralized data data standards.
management.
Cross-Border  Difficulties  in  Limited Harmonize [35], [50]
Challenges managing IoMT international data IoMT policies at
data across sharing in multi- a global level
countries  with national through health
varying healthcare organizations.
regulatory projects.
standards.
Proposed International Collaborations by ~ Facilitate global [41], [53]
Collaboration efforts to unify WHO and IEEE agreements and
standards for to define IoMT funding for
seamless IoMT communication IoMT
data and data standardization
interoperability.  standards. initiatives.
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4.2. Proposed Framework

Figure 3 illustrates the proposed framework, that provides a structured approach
to addressing the challenges of integrating the Internet of Medical Things (IoMT)
in healthcare within developing countries. It begins with policy and regulatory
standards, establishing the necessary legal and ethical foundations for
implementation. Next, technological solutions focus on deploying robust and
innovative measures to secure IoMT systems and ensure privacy. Education and
training equip healthcare professionals with essential skills to operate and manage
IoMT technologies effectively. Community engagement fosters trust and
acceptance by involving local populations in decision-making processes. Finally,
international collaboration leverages global expertise and resources to support
sustainable and scalable IoMT adoption, ensuring long-term success. The
framework for addressing ethical, security, and privacy challenges on the Internet
of Medical Things (IoMT) in developing countries involves five key components:
policy and regulatory standards; technological solutions; education and training;
community engagement; and international collaboration.

Policy and Regulatory
Standards

Technological
Solutions
Education and
Training
Community
Engagement

International

Collaboration

Figure 3. Framework

This framework aims to create a comprehensive approach to addressing the ethical,
security, and privacy challenges of IoMT in developing countries. Policy and
regulatory standards ensure the establishment of clear guidelines and legal
compliance. Technological solutions focus on implementing advanced security
measures to protect data and devices. Education and training equip healthcare
professionals with necessary skills and knowledge. Community engagement fosters
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trust and acceptance among local populations. International Collaboration
leverages global expertise and resources to support sustainable IoMT
implementation.

The proposed frameworks and technologies, such as blockchain and artificial
intelligence (Al), offer promising solutions to the challenges of privacy, security,
and ethical concerns in the implementation of IoMT, particularly in developing
countries. Blockchain, with its decentralized nature, can significantly enhance data
security and integrity by providing transparent, tamper-proof records of patient
health data transactions. This ensures that sensitive information is only accessible
to authorized individuals and prevents unauthorized data manipulation. In real-
world scenarios, blockchain has already been successfully implemented in
healthcare systems to track patient records, as seen in pilot projects in countries
like Estonia and the UAE, where it has helped reduce the risk of data breaches and
improved patient trust in digital health systems.

Al, on the other hand, plays a crucial role in addressing the ethical and decision-
making challenges associated with IoMT. Al algorithms can improve diagnostic
accuracy and predict patient outcomes by analyzing large volumes of medical data
in real-time, facilitating faster and more informed medical decisions. However, to
mitigate ethical concerns such as algorithmic bias and transparency in decision-
making, it is essential to design Al systems that are both explainable and fair. For
instance, South Africa’s initiative to establish an AT ethics framework in healthcare
provides an example of how Al can be integrated responsibly, ensuring fairness
and respecting patient autonomy.

Together, these technologies can help streamline IoMT adoption by addressing
critical concerns in real-world healthcare settings. However, their effectiveness
hinges on proper implementation, robust regulatory frameworks, and continuous
monitoring to ensure they operate securely and ethically. Collaborative efforts
between governments, healthcare providers, and technology developers are
essential to successfully integrating these solutions into healthcare systems,
particularly in regions with limited resources.

The integration of the Internet of Medical Things (IoMT) into healthcare systems
in developing countries presents a range of challenges that need to be addressed
systematically to ensure successful implementation. Ethical, security, and privacy
issues remain central to these challenges, as highlighted in the findings of this
study. Ethical concerns such as obtaining informed consent, ensuring patient
autonomy, and addressing biases in Al-driven medical decisions are fundamental
to maintaining trust and integrity in healthcare systems. The complexity of Al's
role in decision-making introduces risks of discrimination, particulatly in settings
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with limited regulatory oversight, underscoring the need for stringent ethical
frameworks to guide its application in healthcare [31], [40], [42].

In addition to ethical concerns, security challenges pose significant threats to the
integrity of patient data. Cyber-attacks, vulnerabilities in IoMT devices, and
inadequate encryption of health data are pressing security issues. The risks
associated with unauthorized access to patient health records and insufficient
authentication mechanisms exacerbate the problem, making it imperative to
establish robust security protocols. The examples from countries like Kenya, where
integrated cybersecurity protocols and encryption measures have been
implemented, illustrate the importance of addressing these concerns [40], [47].
These measures help mitigate cyber threats and safeguard sensitive data during
transmission, proving essential for building secure IoMT systems.

Privacy issues also remain a critical barrier to the adoption of IoMT technologies
in developing nations. The unauthorized access and sharing of patient data, risks
of re-identification of anonymized information, and challenges in ensuring the
accuracy of patient data are all significant concerns [23], [50]. Brazil’s
implementation of the General Data Protection Law (LGPD) stands as a model
for regulating data privacy, ensuring patients’ control over their health data, and
improving compliance with international standards [50], [53]. Such regulatory
measures provide a comprehensive framework for securing patient data and
ensuring its ethical use, demonstrating the value of strong privacy protections in
promoting trust and broader adoption of IoMT technologies.

The case studies presented demonstrate that, despite these challenges, there are
viable solutions and strategies to overcome barriers to IloMT adoption. Countries
like India have made strides by launching national digital health infrastructures,
enabling better data management and regulatory compliance [10], [29]. Nigeria’s
approach of partnering with international organizations to train healthcare workers
and establish mobile health clinics has facilitated the broader use of IoMT
technologies, especially in rural areas [9], [27]. These efforts highlight the
importance of local context in shaping solutions and the role of international
collaboration in bridging the gap in resources and expertise.

Moving forward, it is essential to take a holistic approach to IoMT adoption, as
outlined in the proposed framework. This framework emphasizes the need for
policy and regulatory standards, technological solutions, education and training,
community engagement, and international collaboration. By establishing clear
regulatory guidelines and implementing advanced security measures, developing
countries can ensure the ethical and secure use of IoMT technologies. Education
and training programs will empower healthcare workers to effectively manage and
utilize IoMT devices, while community engagement will build trust and acceptance
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of these technologies among local populations. International collaboration,
leveraging global expertise and resources, will further support the sustainable
adoption of IoMT, creating an ecosystem that addresses the unique challenges
faced by developing countries. Together, these components will foster the
responsible, ethical, and secure integration of IoMT into healthcare systems,
ultimately improving patient care and health outcomes in developing regions.

5. CONCLUSION

This study underscores the complex challenges and opportunities tied to the
adoption of the Internet of Medical Things IoMT) in healthcare, particularly in
developing countries. Ethical dilemmas, security risks, and privacy concerns
remain significant barriers to its widespread implementation, demanding deliberate
attention and targeted strategies. To overcome these obstacles, it is essential for
developing nations to build necessary infrastructure, such as reliable internet
connectivity and secure data management systems. Key recommendations include
prioritizing staff training, implementing strong security frameworks, and leveraging
technologies like blockchain and Al to strengthen data protection. Additionally,
fostering international collaboration is crucial for knowledge transfer, resource
sharing, and establishing global standards for IoMT security and ethics. Moving
forward, future research should validate these findings and explore how ethical,
security, and privacy challenges affect healthcare outcomes. By addressing these
issues proactively, stakeholders can facilitate the ethical, secure, and privacy-
conscious integration of IoMT into healthcare systems, ultimately improving
patient care and outcomes on a global scale.

The adoption of the Internet of Medical Things (IoMT) in healthcare systems,
particularly in developing countries, presents significant ethical, security, and
privacy challenges. However, these challenges are not insurmountable, and
immediate action is required to build capacity and facilitate the integration of IloMT
solutions. To effectively address these issues, developing nations must prioritize
the establishment of robust infrastructure, including reliable internet connectivity,
electricity, and data protection frameworks. Additionally, there is a pressing need
for policy development to ensure compliance with privacy and security standards,
as well as the training of healthcare professionals to manage and operate loMT
devices effectively. To guide this process, a clear roadmap for implementation
should be set, with short-term goals focused on infrastructure development and
policy creation, medium-term goals on workforce training and pilot programs, and
long-term objectives targeting full-scale integration and monitoring. Collaborative
partnerships with international organizations and stakeholders will be crucial to
overcoming resource limitations and accelerating progress. By taking these actions,
developing countries can unlock the full potential of IoMT technologies,
improving healthcare delivery, patient safety, and outcomes soon.
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