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ABSTRACT

The intersection of malaria, diabetes, and pregnancy presents a complex clinical challenge, particularly in rural Sub-
Saharan African settings where diagnostic limitations and therapeutic uncertainties are prevalent. Diabetic pregnant
women attending rural clinics are at heightened risk for adverse outcomes due to altered drug metabolism, immune
dysfunction, and the delicate balance required in antimalarial prescribing. Traditional prescribing methods in such
environments are often empirical and lack patient-specific precision, raising the likelihood of therapeutic missteps.
Artificial Intelligence (AI)-powered clinical decision support tools (CDSTs) have emerged as promising innovations
capable of integrating multifactorial data such as gestational age, glycemic control, and drug interaction profiles to
provide tailored, evidence-based antimalarial recommendations. This review evaluated the potential of Al-powered
CDSTs to enhance prescribing accuracy and safety in this vulnerable population. A narrative review methodology
was used to synthesize findings from relevant pilot studies, clinical trials, and implementation reports across low-
resource settings. Evidence indicates that these tools can significantly improve guideline adherence and reduce
prescribing errors. However, challenges such as digital illiteracy, infrastructure limitations, and regulatory gaps
hinder their widespread adoption in rural clinics. Addressing these barriers through multisectoral collaboration,
context-specific design, and ethical oversight is essential. Al-driven CDSTs offer a transformative opportunity to
improve maternal and fetal outcomes in malaria-endemic regions.
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INTRODUCTION
In recent years, the convergence of infectious and non-communicable diseases has created unique clinical
complexities in resource-limited settings. Sub-Saharan Africa is witnessing a troubling rise in non-communicable
conditions such as diabetes mellitus, even as malaria continues to exert a significant public health burden [1-37.
Among the most clinically vulnerable populations are diabetic pregnant women, who not only face altered immune
responses but also heightened risks of adverse drug reactions and complications related to both diseases. The
physiological changes of pregnancy further complicate pharmacokinetics, demanding a high level of precision in
therapeutic decision-making. In rural clinics, however, healthcare providers often work under immense pressure with
limited diagnostic tools, inconsistent access to patient histories, and overburdened health systems factors that
collectively contribute to prescribing inaccuracies.
Antimalarial drug selection in pregnant diabetic patients is particularly delicate. Some antimalarials, such as quinine,
carry hypoglycemic risks, while others like artemisinin-based combination therapies (ACTs) have uncertain safety
profiles in early gestation [47]. Incorrect prescribing may result in under-treatment of malaria, drug toxicity, or
aggravated glycemic instability. Therefore, accurate and context-specific clinical decision-making is critical.
Artificial Intelligence (Al)-powered clinical decision support tools (CDSTs) are increasingly recognized as potential
solutions to reduce human error and standardize care in low-resource environments [5, 6 ]. These tools can integrate
patient-specific data such as gestational age, glycemic control status, comorbidities, and drug interactions to
recommend appropriate antimalarial therapy. By providing evidence-based guidance, Al-enhanced CDSTs could
significantly improve prescribing accuracy, reduce complications, and enhance maternal-fetal outcomes.
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This review critically explores the potential impact of Al-powered decision support systems on improving
antimalarial prescribing accuracy in diabetic pregnant women attending rural clinics. I't evaluates existing evidence,
discusses the challenges of implementation in underserved areas, and outlines future directions necessary for
optimizing their integration into maternal healthcare frameworks in malaria-endemic regions.

Clinical Complexity: Malaria, Diabetes, and Pregnancy Intersection
Managing malaria during pregnancy is inherently complex, as it is associated with maternal anemia, intrauterine
growth restriction, preterm labor, and increased maternal mortality [7, 87. Superimposing diabetes mellitus onto
this already precarious situation significantly elevates clinical risk. Diabetes in pregnancy is associated with poor
glycemic control, preeclampsia, fetal macrosomia, and neonatal hypoglycemia. When co-infected with malaria, the
metabolic disturbances become even more pronounced, complicating both diagnosis and treatment.
Antimalarial treatment during pregnancy must consider both gestational age and maternal metabolic condition. For
example, while ACTs are recommended during the second and third trimesters, they are generally avoided in the
first trimester due to limited safety data [97. Similarly, quinine, although effective, can exacerbate hypoglycemia in
diabetic patients posing a serious risk to both mother and fetus. Therefore, accurate, context-driven prescribing
becomes a clinical imperative.
In rural clinics, healthcare providers often lack continuous training or decision support frameworks to navigate these
multifaceted conditions effectively. Prescribing is frequently based on empirical protocols, sometimes outdated or
poorly adapted to individual patient characteristics. This results in therapeutic missteps, ranging from inappropriate
drug selection to suboptimal dosing regimens. Al-powered decision tools have the potential to fill these knowledge
gaps by generating patient-specific recommendations in real-time.

Overview of Al-Powered Decision Support Tools in Clinical Practice
Al-powered decision support tools (CDSTs) are algorithmic systems designed to assist healthcare providers in
making more accurate and consistent clinical decisions [10, 117]. These tools utilize a combination of machine
learning (ML), natural language processing (NLP), and rule-based algorithms to analyze patient data and cross-
reference it with current evidence-based guidelines.
In prescribing contexts, these systems can perform various tasks: flagging drug interactions, recommending dose
adjustments based on renal function or gestational age, predicting adverse events, and even offering alerts about
contraindicated medications in pregnancy. When integrated with electronic medical records (EMRs), CDSTs can
operate seamlessly within clinical workflows, offering just-in-time support without significantly increasing
consultation duration [127].
Some decision support tools are designed specifically for low-resource settings. For example, mobile-based
applications that can run offline or require minimal data input have been piloted in several African countries [137].
These tools are particularly promising for rural clinics where health workers may not have access to continuous
internet or fully functional EMR systems.
In the context of diabetic pregnant women with malaria, Al-enabled CDSTs can assimilate complex data inputs
such as fasting blood glucose, gestational age, history of malaria episodes, and current medication regimens to
suggest tailored antimalarial choices. They can also prompt providers to monitor for hypoglycemia risks, suggesting
adjunct interventions like glucose monitoring or modified insulin dosing. This level of nuanced, context-specific
support is seldom possible through paper-based protocols alone.

Evidence Supporting CDSTs in Improving Prescribing Accuracy

Though the application of Al in rural and maternal care is still emerging, several pilot studies and systematic
reviews suggest that CDSTs can significantly enhance prescribing accuracy across various clinical settings [147].
A randomized trial conducted in rural Ghana demonstrated that a rule-based digital support tool improved the
appropriate use of antibiotics and antimalarials by 27% compared to standard practice. Similarly, a study from Kenya
tound that mobile-based CDSTs increased adherence to national malaria treatment guidelines among mid-level
health workers by 31%. These findings underscore the potential of Al-assisted tools in ensuring correct drug
selection, especially when multiple clinical variables must be considered simultaneously.
Specific to diabetes, AI-driven platforms have shown promise in optimizing insulin dosing and flagging hypoglycemia
risk [157]. Although these systems have predominantly been tested in high-income settings, their foundational
algorithms can be adapted for use in pregnancy and low-resource environments. When integrated into maternal
health platforms, such systems could prompt antimalarial selection that avoids agents with hypoglycemic potential
or recommend additional monitoring during quinine administration. However, evidence specific to diabetic pregnant
women remains sparse, largely due to the lack of stratified trials in this unique subgroup. Nonetheless, the
mechanisms of benefit enhanced data synthesis, standardized decision-making, and proactive risk alerts are broadly
applicable and likely to yield similar gains if implemented thoughtfully.

48
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://www.iaajournals.org/

www.iaajournals.org Muhindo
Barriers to Implementation in Rural Clinics
Despite their clinical promise, deploying Al-powered CDSTs in rural environments is not without challenges. The
foremost concern is infrastructural readiness. Many rural clinics operate without consistent electricity, internet
connectivity, or even electronic record systems all of which can limit the functionality of Al tools [167. Although
mobile-based, offline-capable platforms exist, their deployment still requires devices, updates, and user training,.
Human factors also play a role. Many rural healthcare providers may lack digital literacy or feel overwhelmed by
the integration of new technologies into already high-pressure clinical environments [17]. In addition, some may
mistrust algorithmic recommendations, especially if they deviate from traditional practices or locally endorsed
protocols. Without proper training, supervision, and ongoing technical support, utilization rates may remain
suboptimal.
There is also the issue of data quality. Al tools rely heavily on accurate and complete data inputs. In clinics where
record-keeping is inconsistent, the recommendations produced by Al may be misleading or incorrect [187.
Moreover, few tools are currently tailored for pregnant women with diabetes, limiting their relevance unless
specifically adapted.
Cost is another barrier. While CDSTs may reduce downstream healthcare expenditures by preventing complications,
the initial investment in software, devices, training, and maintenance can be prohibitive for underfunded health
systems. Partnerships with governments, NGOs, and health-tech developers will be essential to creating sustainable
models of deployment.
Ethical, Regulatory, and Data Security Considerations
Implementing Al in clinical practice also introduces ethical and regulatory concerns. Informed consent, algorithmic
transparency, and data privacy must be addressed rigorously, especially when sensitive maternal and metabolic health
data are involved [197.
There is a risk that Al algorithms, if poorly trained or biased by non-representative datasets, may yield skewed
recommendations particularly for marginalized or underrepresented groups like diabetic pregnant women in rural
SSA [207. Continuous algorithm auditing and context-specific validation are therefore crucial.
Additionally, regulatory frameworks for Al in health remain underdeveloped in many SSA countries. Governments
must establish clear guidelines for software validation, clinical accountability, and post-implementation surveillance
[217. Without these safeguards, the quality and safety of Al recommendations could be compromised.
Data security is also paramount. Rural clinics may lack secure data storage infrastructure, raising the risk of patient
confidentiality breaches. Where mobile applications are used, data encryption, password protection, and secure
server communication protocols must be standard features.
Addressing these ethical and legal dimensions is essential not only for safeguarding patients but also for fostering
trust among users and stakeholders, a prerequisite for long-term adoption.
Future Directions and Research Imperatives
To fully leverage the potential of Al-powered decision support tools in improving antimalarial prescribing for
diabetic pregnant women, targeted research and development must be prioritized.
First, clinical validation studies are needed that specifically include this high-risk group. These trials should assess
not only prescribing accuracy but also clinical outcomes such as maternal hypoglycemia incidence, malaria clearance
rates, fetal growth metrics, and treatment adherence. Multisite trials involving diverse rural settings would enhance
the generalizability of findings.
Second, user-centered design must guide tool development. Health workers in rural areas should be involved in
shaping interface design, language use, and workflow integration to ensure usability and cultural appropriateness
22, 237.
Third, public-private partnerships can facilitate scalable and sustainable implementation. Collaborations between
governments, NGOs, universities, and tech companies can provide the technical, logistical, and financial resources
needed to embed CDSTs into national health systems. Inclusion in essential digital health infrastructure plans or
maternal-child health initiatives could ensure alignment with broader healthcare goals. Finally, education and
capacity building must be central to all implementation efforts. Training modules should be incorporated into
nursing and midwifery curricula, and continuing professional development programs must be adapted to reflect the
growing role of Al in clinical care.
With these measures in place, Al-powered CDSTs can move from promising prototypes to transformative tools in
rural maternal healthcare.
CONCLUSION
The dual burden of malaria and diabetes in pregnant women presents a formidable clinical challenge, particularly
in rural settings where healthcare resources are limited. Inaccurate prescribing of antimalarial drugs in this
population can result in serious maternal and fetal complications, including hypoglycemia, treatment failure, and
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adverse pregnancy outcomes. Al-powered clinical decision support tools offer a novel solution to improve prescribing
accuracy by synthesizing complex patient data and delivering tailored, evidence-based recommendations at the point
of care. While global evidence supports the utility of these tools in enhancing treatment accuracy and safety, their
application in diabetic pregnant women attending rural clinics remains underexplored. Nevertheless, their potential
is considerable especially in bridging knowledge gaps, reducing variability in care, and guiding appropriate drug
selection in a high-stakes clinical context. Barriers such as infrastructure deficits, digital illiteracy, and regulatory
uncertainties must be addressed through strategic planning, investment, and stakeholder engagement. Future
research should prioritize context-specific validation and user-centered design to optimize relevance and adoption.
With coordinated efforts across sectors, Al-powered decision tools could redefine maternal care standards in
malaria-endemic regions, ensuring safer, more effective treatment for some of the most vulnerable patients in global
health.
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