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Abstract

Despite the widespread deployment of Al applications in high-income countries, their
utilization in the healthcare systems of economically disadvantaged countries is still
nascent. The integration of artificial intelligence (Al) within the healthcare sectors of
low- and middle-income countries faces an array of challenges that require a thorough,
strategic framework to encourage equitable and sustainable growth. This study argued
that essential to this framework are prerequisites such as robust healthcare
infrastructure; enhanced education and skills training in Al and healthcare-related
domains; clear healthcare policy and regulatory frameworks; increased funding and
investment in health Al technologies; and strengthened collaborations among
government health agencies, the private sector, non-governmental health organizations,
and international health bodies. However, significant obstacles including the digital
divide, limited research and development in health technologies, challenges in health
data collection, storage, and analysis, and the lack of comprehensive ethical and legal
guidelines for health data present critical barriers to the effective adoption of Al in these
regions. Additionally, addressing resource constraints, the brain drain of health
professionals, societal skepticism towards health Al, and concerns over patient data
privacy and security are needed to get Al's potential for health advancement in those
countries. Proposed strategic measures specific to healthcare include embracing open-
source frameworks and collaborative health projects, tailoring Al applications to meet
specific local health needs, fostering healthcare ecosystems through innovation hubs
and health incubators, experimenting with Al health innovations within regulatory
sandboxes, and enhancing STEM education with specialized training in health Al to
build a competent health workforce. This study stresses that the proposed strategies
requires the concerted efforts of diverse stakeholders to ensure that Al development in
the healthcare sectors of LMICs contributes to inclusive growth and benefits the entire
spectrum of society.

Keywords: Al in healthcare, digital divide, health data privacy, healthcare infrastructure, LMIC challenges,
strategic framework, sustainable growth

Introduction

Technological innovations across various sectors aim to enhance efficiency, save time,
and improve outcomes for both businesses and consumers. A prime example of this
trend is the integration of artificial intelligence (Al) in healthcare, which has
significantly impacted both medical providers and patients.
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Figure 1. Applications (a) of Al in modern healthcare systems. Source: author

On a broader scale, Al enables complex computations, detailed analyses, and significant
research advancements that would be challenging to achieve manually. On a practical
level, it automates mundane administrative tasks in healthcare settings, freeing up time
for medical professionals [1]. This shift allows healthcare workers to spend more
quality time with patients, pursue critical medical research, and enhance the overall
standard of care. This synergy of Al and healthcare is not only streamlining operations
but also setting new benchmarks in the quality of care provided.

Medical imaging is seeing enhancements due to deep learning algorithms, which elevate
the precision of image interpretation by identifying patterns that might elude human
observation. Automated workflow tools further augment this sector by prioritizing
imaging diagnostics based on detected anomalies, significantly boosting the efficiency
of radiologists. Additionally, Al's capability to generate 3D models from 2D imaging
greatly assists in surgical planning and medical education, providing clearer
visualizations of human anatomy.

Molecular modeling facilitated by Al predicts how molecules will respond in certain
scenarios, drastically reducing both the cost and duration of lab experiments in early
drug development stages. Machine learning is also refining the design of clinical trials
by selecting candidates most likely to benefit from specific treatments, thus increasing
the trials' success rates [2], [3]. Al systems play a crucial role in pharmacovigilance by
monitoring drugs post-launch to swiftly detect any adverse reactions that might not have
been evident during clinical testing. On the public health front, Al models enhance
epidemiological surveillance by tracking disease spread and forecasting outbreaks,
which allows for prompt and effective community-level interventions. Analyzing vast
datasets of health records helps uncover trends that shape public health policies, while
Al-driven personalized health communications enhance public engagement by tailoring
messages to individual preferences [4].
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Figure 2. Applications (a) of Al in modern healthcare systems. Source: author
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Operational efficiency in healthcare is being significantly enhanced by Al technologies.
Al-driven tools manage resource allocation by analyzing usage patterns in healthcare
delivery, optimizing staffing, medical inventory, and patient scheduling [5]. Al
improves financial integrity through fraud detection, scrutinizing billing and other data
to uncover inconsistencies that may indicate fraudulent activities, thus protecting
healthcare facilities from financial losses. Healthcare bots further streamline operations
by handling routine administrative tasks such as appointment scheduling and insurance
processing, allowing human staff to focus on more critical, patient-centered duties.

Predictive analytics use historical data to forecast patient outcomes, empowering
healthcare providers to anticipate patient needs and take preemptive action. Al also
enhances diagnostic processes; machine learning algorithms assist in interpreting
medical imaging like X-rays and MRIs, leading to faster and more precise diagnoses
[6], [7]. Moreover, Al contributes to treatment personalization by adapting medical
plans to the individual patient’s genetic profile and disease specifics, increasing the
efficacy of treatments. In patient management, remote monitoring technologies and
apps continuously track patient health, alerting medical personnel when intervention is
necessary—Kkey for managing chronic conditions. Virtual health assistants offer round-
the-clock health guidance, helping with symptom management and medication
adherence, while wearable health technologies employ Al to analyze vital biometrics,
offering personalized health advice based on the collected data.

According to World Bank’s WDI [8], high-income countries show the highest level of
health expenditure relative to GDP, which is consistent with the expectation that
wealthier countries have more resources to devote to health care. On the other end, low
and lower-middle-income countries have lower percentages, which reflect their
economic constraints. However, it is noteworthy that all groups have experienced
increases over the two decades covered, indicating a global trend towards higher health
expenditures relative to GDP. Below (figure 3, and texts) are some statistics from World
Bank’s WDL.
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Figure 3. Health expenditure comparison by income status.
Source: World Bank WDI [8], plot created by the author

1. High income: This group has consistently high health expenditures relative to
GDP, with a noticeable increase over time. The expenditure was around 9.41%
in 2000, gradually rising to 14.02% by 2020.

2. Low income: Countries in the low-income group have shown a gradual
increase in health expenditures as well. Starting from about 4.06% in 2000,
there was an increase to approximately 5.13% by 2020.

3. Lower middle income: This group's health expenditure as a percentage of GDP
began at roughly 4.02% in 2000, with a slight decrease to 3.91% by 2020,
indicating a varied trend compared to other groups.

4. Upper middle income: Starting at 5.33% in 2000, this group saw an increase
to around 6.10% by 2020, showing a growth trend similar to high-income
countries but at lower absolute levels.

5. Middle income: Representing a broad category, this group's expenditure on
health relative to GDP was about 5.02% in 2000, increasing to 5.62% by 2020.

6. Excluding high income (regions specified): These regions—such as East Asia
& Pacific, Europe & Central Asia, Latin America & Caribbean, Middle East &
North Africa, and Sub-Saharan Africa—excluding high-income countries,
demonstrate a broad range of health expenditures relative to GDP. For example,
the East Asia & Pacific (excluding high income) saw an increase from 3.95%
in 2000 to 5.36% in 2020, while Europe & Central Asia (excluding high
income) saw an increase from 4.91% in 2000 to 6.62% by 2020.
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Figure 4. HDI by regional subgroups
Source: World Bank WDI [8], plot created by the author

e Arab States: HDI value of 0.704, life expectancy at birth of 71.3 years,
expected years of schooling of 11.9 years, mean years of schooling of 7.8 years,
and GNI per capita of $14,390.85.

o East Asia and the Pacific: HDI value of 0.766, life expectancy at birth of 76.2
years, expected years of schooling of 14.5 years, mean years of schooling of
8.2 years, and GNI per capita of $16,137.70.

o Europe and Central Asia: HDI value of 0.802, life expectancy at birth of 73.6
years, expected years of schooling of 15.5 years, mean years of schooling of
10.6 years, and GNI per capita of $19,762.98.

e Latin America and the Caribbean: HDI value of 0.763, life expectancy at
birth of 73.7 years, expected years of schooling of 14.8 years, mean years of
schooling of 9.0 years, and GNI per capita of $15,109.41.

o South Asia: HDI value of 0.641, life expectancy at birth of 68.4 years, expected
years of schooling of 11.9 years, mean years of schooling of 6.6 years, and GNI
per capita of $6,971.63.

e Sub-Saharan Africa: HDI value of 0.549, life expectancy at birth of 60.6
years, expected years of schooling of 10.3 years, mean years of schooling of
6.0 years, and GNI per capita of $3,666.20.

e Least developed countries: HDI value of 0.542, life expectancy at birth of
64.9 years, expected years of schooling of 10.1 years, mean years of schooling
of 5.0 years, and GNI per capita of $3,005.70.

o Small island developing states: HDI value of 0.730, life expectancy at birth
of 71.6 years, expected years of schooling of 12.6 years, mean years of
schooling of 8.6 years, and GNI per capita of $16,379.35.
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e Organisation for Economic Co-operation and Development (OECD): HDI
value of 0.906, life expectancy at birth of 80.1 years, expected years of
schooling of 16.6 years, mean years of schooling of 12.2 years, and GNI per
capita of $46,318.34.

Artificial intelligence (AI) development and implementation in

low- and middle-income countries (LMICs)

Addressing artificial intelligence (Al) development and implementation in low- and
middle-income countries (LMICs) involves considering a set of requirements,
identifying existing gaps and challenges, and strategizing for inclusive growth and
development.

Requirements for Al development and implementation in low- and middle-income
countries (LMICs)

Reliable and widespread internet access forms a critical foundation for the facilitation
of telemedicine initiatives, which permit patient care to transcend geographical
limitations [9], [10]. This requires not only the presence of robust data centers equipped
to handle and store immense volumes of health data but also the accessibility of
advanced computing resources. Such resources are imperative for the processing of
complex medical information and the functioning of Al-driven diagnostic tools, which
rely on the swift and accurate analysis of large datasets to provide timely insights. As
healthcare increasingly integrates digital technologies, the infrastructure supporting
these technologies becomes a pillar on which the reliability and efficiency of healthcare
services depend. Investments in education and training for local healthcare
professionals are equally crucial, particularly in data science, machine learning, and Al
ethics. The integration of Al technologies into healthcare services requires not just
technical skills, but also a nuanced understanding of the ethical considerations inherent
in Al applications in medicine. Training programs designed to imbue healthcare
professionals with these skills will empower them to effectively deploy Al tools,
enhancing patient care and operational efficiencies [11]. Ongoing education will be
essential to ensure that healthcare workers can stay abreast of the latest developments
and ethical standards, thus maintaining the integrity and efficacy of healthcare services.

Requirements for

Al Development in LMICs

Infrastructure Education and Skills Policy and Regulation Funding and Investment . .

: . -~ . Collaboration and Partnerships

- Internet access - Data science training - Al development guidelines - Grants .

. . . . - Between governments, NGOs

- Data centers - Machine learning - Data protection - Venture capital . . .
. . X . - Private sector, international orgs
- Computing resources - Al ethics - Privacy and ethics - Government support

Figure 5. requirements of development and implementation in low- and middle-income countries (LMICs). Source:
author
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The development of clear healthcare-specific policies and regulatory frameworks is
indispensable in guiding the deployment of Al within the healthcare sector. These
frameworks should address critical issues such as data protection, patient privacy, and
the adherence to ethical standards, for ensuring that medical applications of Al are both
beneficial and benign. Such regulatory measures are not only necessary for maintaining
trust in healthcare systems but also crucial in fostering environments that encourage
innovation while preventing abuses and mitigating potential risks associated with Al
technologies.

Increased access to funding for Al healthcare startups and projects is vital to drive
innovation in this rapidly evolving field. This funding can take various forms, including
grants, venture capital, and government support, each aimed at -catalyzing
advancements that improve health outcomes and increase accessibility to medical
services. If there is strategically investing in promising Al applications within the
healthcare sector, stakeholders can not only expedite the development of innovative
solutions but also ensure that these technologies are deployed in a manner that
maximizes public health benefits. Such financial support is crucial in overcoming the
initial barriers that impede the translation of novel Al concepts into practical and
effective healthcare tools.

Collaborations between governments, the private sector, healthcare non-governmental
organizations (NGOs), and international health organizations should focus on the
mutual exchange of knowledge, resources, and best practices, aiming to enhance the
integration of Al technologies into healthcare services. If there is pooling expertise and
capabilities, these collaborative efforts can accelerate innovation, streamline service
delivery, and facilitate improvements in global health. Such synergistic relationships
not only bolster the capacity of healthcare systems to address complex challenges but
also promote a more inclusive approach to healthcare innovation, ensuring that the
benefits of Al are distributed more equitably across different regions and populations.
When engaging in such partnerships, stakeholders can leverage their collective
resources to tackle the myriad challenges facing healthcare systems worldwide. This
includes analyzing the ethical implications of Al, improving the interoperability of
health technologies, and enhancing the scalability of Al solutions to meet global needs.
The strategic sharing of insights and best practices across these partnerships not only
enriches the Al healthcare landscape but also fosters a more robust and resilient global
health infrastructure.

Gaps in Al development and implementation in low- and middle-income countries
(LMICs)

The concept of a digital divide is salient in healthcare sector where disparities in access
to technological resources and digital literacy significantly hinder the effective
implementation of advanced medical technologies in low- and middle-income countries
(LMICs) [12], [13]. Such discrepancies manifest in several critical areas including
telemedicine, electronic health records, and Al-driven diagnostic tools. For instance, in
regions where digital tools are scarce, the potential of telemedicine to bridge
geographical gaps and improve access to healthcare services remains largely untapped.
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Moreover, the integration of electronic health records, which are fundamental to the
efficient and error-free transmission of patient data [14], [15], is slow, which is
impacting the quality of care and the health system's capacity to handle patient loads
effectively. Similarly, the adoption of Al technologies in diagnostics is constrained by
the lack of requisite infrastructure and expertise, preventing these regions from
harnessing the full benefits of Al to enhance diagnostic accuracy and patient outcomes.

Gaps in AL
Development in LMICs
Digital Divide Research and Development Data Availability Ethical and Legal Frameworks
- Gap in digital access and literacy - Limited local R&D capacity - Challenges in data collection and usage - Lack of comprehensive frameworks

Figure 6. Gaps in development and implementation in low- and middle-income countries (LMICs). Source: author

Research and development (R&D) activities within the healthcare sector in LMICs
often face significant limitations, primarily due to insufficient local capacity and
funding. This scenario compels reliance on Al technologies that have been developed
in high-income countries, which may not align well with the disease profiles or
healthcare practices prevalent in LMICs. These imported Al solutions frequently fall
short of addressing local health challenges effectively because they are not calibrated
for the unique epidemiological and cultural contexts of these regions. To mitigate this
issue, fostering local R&D initiatives is imperative. Countries can develop innovative
Al solutions that are finely attuned to their specific health needs and conditions. Such
localized development not only enhances the relevance and effectiveness of technology
in addressing public health issues but also boosts local economies and builds scientific
capacities.

Data plays a foundational role in the development and application of Al technologies
in healthcare. However, in LMICs, myriad challenges related to the collection, storage,
and analysis of health data severely limit the potential for these technologies. Accurate
and comprehensive data collection is often hampered by inadequate healthcare
infrastructure, limited training in data management for healthcare professionals, and
insufficient regulatory frameworks to ensure data quality and privacy. This deficiency
in reliable data sets restricts the ability to train robust Al models that are capable of
performing effectively and sensitively across the varied medical sectors of these
countries. Ensuring the availability of high-quality health data is therefore crucial. It
support the development of effective Al tools and aid in their ethical application,
facilitating improved health outcomes and promoting equity in healthcare access and
delivery across diverse demographic and geographical spectrums.

The deployment of artificial intelligence (Al) in healthcare necessitates rigorous ethical
and legal frameworks to prevent potential malfeasances, such as biases in algorithmic
outputs, breaches of patient confidentiality, and other ethical quandaries. The absence
of such frameworks could lead to Al systems that, albeit unintentionally, exacerbate
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existing disparities or create new forms of inequality. For example, Al algorithms
trained on non-representative datasets may produce biased results, which can lead to
suboptimal clinical decisions for certain patient groups. Similarly, the digitalization of
health records without strong cybersecurity measures can expose sensitive patient
information, leading to breaches of confidentiality and violating patient trust. The
establishing of comprehensive, clear, and enforceable guidelines would serve not only
to safeguard patient interests but also to guide healthcare providers in the ethical use of
Al. when embedding principles of fairness, transparency, and accountability into these
guidelines, healthcare systems can ensure that Al tools enhance patient care without
undermining ethical norms or patient rights.

Robust legal frameworks are equally critical in healthcare Al, addressing liabilities and
regulatory compliance while ensuring that the use of Al technologies adheres to high
standards of legality and ethics. Such frameworks should include provisions for the
oversight of Al development and deployment, criteria for data integrity and security,
and mechanisms for redress in cases of Al-induced errors. The formulation of these
legal stipulations must be a collaborative effort involving lawmakers, healthcare
professionals, Al technologists, and civil society, to ensure that all potential
implications—both intended and unintended—are considered. Moreover, these
frameworks should be adaptable to advancements in Al technology, allowing for
periodic updates that can address emerging issues promptly and effectively.

Challenges in Al development and implementation in low- and middle-income countries
(LMICs)

In the healthcare sector, financial, infrastructural, and human resource constraints
represent formidable barriers to the development and implementation of artificial
intelligence (Al) solutions. These constraints critically hinder several aspects of
healthcare delivery and technological integration. Limited financial resources restrict
the acquisition of advanced medical equipment and the latest technologies, which are
essential for the modernization of healthcare services. Infrastructural deficits, such as
inadequate healthcare facilities and a lack of digital connectivity, impede the seamless
integration of Al systems, which are crucial for improving operational efficiency and
patient care outcomes. Additionally, there is often a shortage of adequately trained
personnel who can manage and utilize Al technologies effectively. This shortfall affects
the current capabilities of healthcare systems, also slows the potential for future
advancements.

technologists to more prosperous regions, further exacerbates the challenges faced by
local healthcare ecosystems in low- and middle-income countries. This exodus of talent
depletes the pool of skilled personnel necessary to drive innovation and develop Al
solutions that are tailored to the specific needs and conditions of the local population.
The departure of these professionals diminishes the quality of healthcare services
available and also stunts the local healthcare sector's ability to innovate and integrate
Al technologies effectively. This loss is particularly detrimental in areas that are already
underserved, where Al could significantly impact by optimizing resource allocation and
improving access to medical care. To counteract the effects of brain drain, it is critical
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to implement strategies that enhance the retention of skilled workers, such as improving
working conditions, offering competitive salaries, and providing opportunities for
career advancement within the local context.

Challenges in Al Development in LMICs

/ \\
% v

Resource Constraints Brain Drain Societal Acceptance and Trust Data Privacy and Security
- Financial, infrastructural, human resources - Migration of skilled professionals - Building trust, cultural acceptance - Safeguarding information

Figure 7. challenges in development and implementation in low- and middle-income countries (LMICs). Source:
author

For artificial intelligence (Al) to be effectively integrated into healthcare, the building
of societal trust and acceptance is required. This necessitates that Al systems are not
merely technically competent but also attuned to the cultural and social contexts in
which they operate. To cultivate trust among the public and decision-makers, it is
essential to adopt transparent practices that allow stakeholders to understand and
scrutinize the processes and outputs of Al systems. Inclusive design processes that
involve diverse groups from the planning stage can help ensure that Al tools meet the
broad needs and values of the community they serve, thus reducing fears and
misconceptions about the technology. Moreover, consistently demonstrating the
tangible benefits of Al, such as improvements in diagnostic accuracy and patient
management, can reinforce the value of these innovations in enhancing healthcare
outcomes. These steps are crucial for securing widespread acceptance and optimizing
the impact of Al technologies in the healthcare sector.

In addition to societal trust, the protection of sensitive health information through robust
data privacy and security measures is a cornerstone of deploying Al in healthcare. The
confidentiality of patient data is a fundamental concern, as breaches can lead to serious
repercussions for individuals and erode public trust in healthcare systems.
Implementing stringent data protection laws and secure data handling practices is
essential. These measures should encompass comprehensive frameworks that clearly
define how patient data can be used, who can access it, and the safeguards that are in
place to prevent unauthorized use. Additionally, clear patient rights frameworks need
to be established to empower patients with the knowledge and tools to understand and
control how their health information is used. Such robust privacy and security measures
are a regulatory compliance requirement and also a critical component of maintaining
patient trust and the ethical use of Al in healthcare [16].

Possible strategies for Al development and implementation in low- and middle-income
countries (LMICs)

Utilizing open-source Al tools and engaging in international collaborations offer a
promising pathway to enhance capacity building and knowledge sharing in the
healthcare sector. This approach facilitates the development of globally applicable
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solutions that can be fine-tuned to meet the specific needs of diverse local contexts.
Open-source platforms allow for the free exchange of ideas and innovations, enabling
developers from around the world to contribute to and benefit from collective
advancements. Such collaboration accelerates the development and refinement of Al
technologies and also ensures that these tools are accessible to a broader range of
healthcare systems, including those in low-resource settings. By adopting this model,
healthcare professionals can tap into a vast reservoir of knowledge and tools that can
significantly improve diagnostics, patient care, and the capacity to conduct
comprehensive epidemiological studies. This global community approach helps to
democratize technology and fosters an environment where shared challenges can be
addressed more efficiently and innovatively.

1. Leverage Open Source and Collaborative Models

Utilize open-source Al tools and platforms, engage in international collaborations to build capacity and share knowledge.

2. Focus on Localized Solutions
Develop Al applications that address specific local needs and challenges, leveraging local knowledge and contexts.

l

3. Establish Innovation Hubs and Incubators

Create ecosystems that support Al startups and innovators, providing them with resources, mentorship, and access to networks.

l

Implement regulatory sandboxes to allow for the testing of Al innovations in a controlled environment, enabling learning and adaptation of policies.

l

5. Strengthen Education and Training Programs

Invest in STEM education, continuous professional development, and specialized Al training programs to build a skilled workforce.

Figure 8. strategies for development and implementation in low- and middle-income
countries (LMICs). Source: author

In parallel to global collaboration, there is a pressing need to focus on developing Al
applications that are tailored to the specific challenges and needs of local communities.
This localization involves integrating local medical knowledge and contexts into the
design and implementation of Al tools to ensure their relevance and effectiveness. For
instance, an Al application developed for a high-income urban area may not be suitable
for use in a rural healthcare setting in a developing country without significant
modifications to address local disease patterns and healthcare delivery systems. By
incorporating local health professionals' insights and understanding local population
health dynamics, Al tools can be better designed to manage prevalent diseases and adapt
to the infrastructural realities of the area. This focused approach enhances the practical
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utility of Al in healthcare but also ensures that technological advances are equitable and
supportive of health outcomes across different geographical and socio-economic
contexts.

Ultimately, the dual strategies of leveraging open-source models and focusing on
localized solutions represent a comprehensive approach to integrating Al in healthcare.
This combination maximizes the benefits of global knowledge sharing while ensuring
that innovations are appropriately adapted to meet local needs. Such an approach
broadens the impact of Al technologies and ensures that they serve as a catalyst for
improving health outcomes worldwide.

Establishing innovation hubs and incubators specifically tailored to the healthcare
sector is a strategic approach to fostering a supportive ecosystem for Al startups and
medical innovators. By providing these entities with access to essential resources,
expert mentorship, and integration into healthcare networks and data, such ecosystems
facilitate the development of novel Al-driven solutions that can significantly enhance
local healthcare services. These hubs serve as catalytic environments where ideas can
be tested, refined, and scaled in collaboration with a community of like-minded
professionals and institutions. The support offered by such ecosystems accelerates the
path from concept to implementation and helps mitigate the risks associated with
developing complex healthcare technologies. This infrastructure is crucial for nurturing
innovations that can navigate the unique challenges of the medical field and deliver
impactful health outcomes.

In parallel, the implementation of regulatory sandboxes within the healthcare sector
provides a structured environment where Al innovations can be trialed safely and
effectively. These sandboxes allow developers to test new technologies in real-world
settings without the usual constraints of full regulatory compliance, which can be
prohibitive in early stages of development. This testing ground is invaluable for
gathering practical insights and performance data, which in turn inform policymakers
and regulators. Learning from sandbox operations helps adapt existing regulations to
better accommodate new technologies while maintaining high standards of safety and
efficacy. Such adaptive regulatory frameworks are essential for the seamless and secure
integration of Al into healthcare systems, ensuring that innovations can be deployed
responsibly and with confidence in their compliance and impact [17].

Strengthening education and training programs in STEM fields, with a focus on
healthcare-specific Al applications, is another critical strategy. This initiative aims to
cultivate a skilled workforce that is well-versed in the latest technological
advancements and their applications in the medical sciences. Investing in continuous
professional development and specialized training prepares healthcare professionals to
effectively utilize Al tools, thereby enhancing the quality and efficiency of service
delivery. Moreover, a well-trained workforce is better equipped to drive forward
innovation within the healthcare sector, contributing to a sustainable cycle of
improvement and adaptation in medical technology. This educational foundation
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supports current healthcare needs and also prepares the system for future challenges and
opportunities in integrating Al solutions.

Conclusion

Implementing strategies to integrate Artificial Intelligence (Al) into healthcare systems
in low and middle-income countries (LMICs) presents challenges deeply intertwined
with socio-economic, cultural, and infrastructural factors specific to these regions. The
five strategies have been proposed—Ileveraging open source and collaborative models,
focusing on localized solutions, establishing innovation hubs and incubators,
developing regulatory sandboxes, and strengthening education and training programs.

The integration of open-source Al tools and international collaborations offers
significant opportunity for capacity building and knowledge sharing in healthcare.
However, several barriers exist. Foremost among these is the digital divide,
characterized by unequal access to technology and connectivity. In many LMICs,
inadequate digital infrastructure can limit the accessibility of open-source tools and
collaborative platforms necessary for such models. Furthermore, there is often a lack of
local expertise to effectively utilize these technologies, compounded by intellectual
property issues that may arise in collaborative environments. Ensuring that
collaborations are equitable and that benefits are shared fairly remains a significant
challenge, as there is a risk that such partnerships could become exploitative rather than
supportive.

Creating Al applications tailored to the specific healthcare needs of local communities
in LMICs is critical. Nonetheless, this strategy is fraught with difficulties, primarily due
to the lack of localized data on which to train Al systems. Data scarcity is exacerbated
by the absence of comprehensive data collection systems, privacy concerns, and the
heterogeneity of medical data formats. Al models developed in high-income countries
may not perform well when applied to different ethnic groups or health profiles
prevalent in LMICs, leading to biased and ineffective solutions. This necessitates
significant investment in local data infrastructure and expertise to develop and maintain
Al tools that are culturally sensitive and epidemiologically relevant.

Although innovation hubs and incubators can significantly catalyze the development of
healthcare Al, establishing these ecosystems in LMICs faces several hurdles. Limited
funding is a persistent issue, with local governments and private sectors often unable to
provide the necessary financial support. This financial scarcity is compounded by a
general lack of entrepreneurial experience and a supportive business environment,
which are crucial for nurturing startups. The isolation from major global innovation
networks can leave local innovators without the critical feedback and partnerships
needed to propel their projects forward.

Regulatory sandboxes allow for the controlled testing of Al in healthcare, facilitating
the adaptation of regulations to support safe and effective integration. However,
implementing these frameworks in LMICs is not straightforward. Often, regulatory
bodies in these countries lack the capacity to oversee sophisticated Al trials, which
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involves understanding Al technology, monitoring its impact, and ensuring compliance
with ethical standards. Furthermore, the rapid pace of Al development may outstrip the
slower regulatory adjustments typically seen in these regions. This can cause gaps in
governance that could undermine public trust and safety.

The strategy of enhancing STEM education and specialized training in healthcare Al is
proposed to build a local workforce capable of developing and implementing Al
solutions. Challenges here include the existing educational infrastructure, which may
be under-resourced and unable to integrate new Al-focused curricula. Additionally,
there may be resistance from traditional educational institutions and faculties towards
new technologies, which can slow curriculum updates. The migration of skilled
professionals from LMICs to high-income countries, often in search of better
opportunities (brain drain), continuously depletes the very workforce that such
education programs aim to build.
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