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Resource Allocation Models for Primary Healthcare in the

Context of Global Health Inequity

Abstract

This investigation creates a model for resource allocation powered by Al to help
resolve global disparities in the management of chronic diseases in resource-poor
areas. This study uses multi-country healthcare data from Asia, Africa, and Latin
America. It applies reinforcement learning with equity constraints to optimise
resource allocation for diabetes, hypertension, chronic obstructive pulmonary disease
(COPD), and cardiovascular diseases (CVD). The model combines machine
learning-based optimisation with principles of distributive justice, incorporating
equity-weighted socioeconomic vulnerability indices and spatiotemporally-augmented
real-time disease burdens. Experimental results show a reduction of 42.3% of chronic
disease related Disability Adjusted Life Years (DALYs) with more than half of the
improvement arising from the poorest population quintiles when compared to
traditionally allocated methods. The model achieved 38.7% higher resource allocation
efficiency while observing patterns of equitable allocation. Validation across
countries confirmed the adjustability of the model to different health care systems
using dynamic hyper-parameter tuning proving the robustness of the approach. The
results empirically validate the potential in Al-enabled solutions as radical,
transformative drivers towards the attainment of universal health coverage and the
persistent issues of under-provisioning in lower-resourced contexts.

Keywords: artificial intelligence; healthcare resource allocation; global health equity;
chronic disease management; primary healthcare

1 Introduction

The issue of combining health inequity and chronic disease management of people
living in low-income settings continues to constrain healthcare systems around the
world. Advanced economies and low-income countries show stark differences on both
the socio-economic and health outcome indices [1]. Healthcare disparity has been
identified as one of the root causes leading to poor health indicators and geopolitical
conflicts in the world, especially for primary healthcare systems in developing
countries [2]. Such inequities are increasingly visible within chronic illness provision,
which has an outsized impact on impoverished populations who do not have sufficient
access to fundamental health services.

The consequences of inequitable allocation of healthcare resources for the
management of long-term conditions in underdeveloped regions are overwhelming
and deep-rooted [3]. Developing countries face the dual burden of poverty and
inadequate healthcare access, sharply constrained by a dearth of qualified health
practitioners, particularly acute in Asia and Africa where 90% of the global rural
population resides [4]. Directly related to this gap is the unequal distribution of
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healthcare workers and healthcare infrastructure between cities and the outskirts,
which results in underutilisation of healthcare services and worsened health outcomes
for prevalent chronic conditions like diabetes, hypertension, and cardiovascular
diseases [5].

The current models for resource allocation available do not work well with the tackled
issues. Older methods like distribution based on population weight or expert-guided
allocation often neglect the multiscale aspect of health inequities [6]. Healthcare
systems today face a tremendous increase in the complexity of computation, memory
usage, and amount of data to train on, while available computing resources stagnate in
their ability to accommodate growing demand [7]. In addition, most traditional
allocation techniques focus solely on achieving either efficiency or equity, thus rarely
obtaining a good combination of the two.

Artificial intelligence technology holds the opportunity to resolve persistent issues the
allocation of resources in healthcare faces. Approaches powered by AI have
illustrated a capability to manage intricate and multi-faceted datasets to decipher ideal
arrangements which might be neglected by human planners [8][9]. Taking into
account instantaneous evaluations of the workload of a certain disease, socioeconomic
frailty scores, and healthcare system limitations, Al algorithms are capable of
producing strategies that are contextually relevant and adaptively robust to altering
circumstances [10].

This study pursues the primary objective: What is the best way to develop Al-based
models for resource allocation to improve the management of chronic diseases in
economically disadvantaged areas? Primary health care provision in these regions
may change dramatically with more precise, data-driven, and fair allocation of limited
resources. Healthcare inequity is addressed innovatively by implementing
reinforcement learning with fairness limitations, formulating weighted evaluation
frameworks for the social determinants of health, and designing robust adaptive
allocation algorithms that function in multiple diverse contexts. Meeting the
theoretical and practical challenges of health care resource allocation supports the
endeavour toward universal health coverage and narrowing the global health divide.

2 Theoretical Framework and Methodology

The global health equity theory, which argues that access to healthcare should be
dispensed according to necessity without consideration of one’s financial capability,
serves as the theoretical framework of this study. This principle underwrites the
construction of an allocation model based on AI technology, aimed at the
management of chronic diseases within specific, limited resource contexts. The
framework encompasses several theories, including healthcare distributive justice, the
social determinants of health model, and systems theory approaches to healthcare
delivery.

A critical systematic review of international health guidelines and empirical studies
aided in identifying the core resources required to manage chronic diseases. The
elements include human resources, such as healthcare and community health workers;

infrastructural resources such as primary care institutions and diagnostic tools;
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pharmaceutical supplies which include essential medications and monitoring devices,
and information systems comprising patient records and disease surveillance systems.
These resources impact each other and therefore require a comprehensive approach
centred on allocative strategies that transcend single resource sufficiency and account
for the synergistic multi-resource interplay on health outcomes.

The multi-country healthcare data integration framework resolves the difficulty of
integrating disparate data streams from different healthcare systems. This framework
utilises scholarly data definitions derived from health information exchange standards
such as HL7 FHIR and the WHO data dictionaries. The framework implements data
quality evaluation and missing value imputation, as well as cross-border verification
processes for comparability and reliability analysis in audit data. Cultural and
contextual nuances are dealt with through metadata annotation in the imputation
process which preserves the ability to analyse data uniformly across countries.

Al resource allocation methodologies are informed by reinforcement learning and
multi-objective optimisation strategies. These algorithms include equity constraints
that minimise marginalisation bias and maximise health impact at the population level.
Resource forecasting uses machine learning techniques like deep neural networks,
ensemble techniques, and other emerging frameworks based on population structure,
prevalence of diseases, and socio-economic factors. These predictive models are
complemented with optimisation algorithms designed to tackle resource allocation
within a given budget and equity constraints.

The priority assessment indicator system for underdeveloped regions includes
multiple dimensions: burden of disease measures (DALYs, mortality rates),
socioeconomic vulnerability indicators (incidence of poverty, levels of education),
barriers to healthcare access (geographic isolation, state of transportation
infrastructure), and health system capacity indicators (provider-to-population ratios,
utilisation rates of health facilities). These indicators are weighted based on expert
judgement and some quantitative analysis to arrive at composite scores which guide
decisions on resource allocation. The system is intentionally designed to be
incremental and have scope for periodic recalibration based on the shifting
epidemiological and economic realities.

The model validation and evaluation vision uses a combination of historical data with
prospective simulation studies. Some validation techniques analyse model
performance in different countries or contexts to assess generalisability. Other
evaluation criteria include allocative efficiency, equity performance defined by the
Gini and concentration index, or improvement in health outcomes such as reduction in
disease prevalence or increase in disability adjusted life years. Various scenario tests
exploring model prediction under data lack, constraining policies, or difficulty in
implementation assess model sensitivity. The evaluation framework integrates
self-assessment by stakeholders with the goal of ensuring that the recommendations
for resource allocation are actionable and endorsed by users.
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Figure 1:Al-Driven Healthcare Resource Allocation Framework

The rationale integrates all components of the Al-driven allocation system in Figure 1
as an amalgamation of concepts. As indicated in the illustration, the framework
initiates with the basic three pillars, which are global health equity theory, critical
resource identification, and multi-country data integration. These aspects contribute to
the core driving Al allocation engine, which utilises sophisticated algorithms to devise
the most effective strategies for resource allocation. The framework guarantees that
the equity-driven allocation decisions made are based on factual data and thorough
research, tackling the dual burden of chronic diseases in a sophisticated and
systematic manner, especially in under-resourced environments.

3: Experimental Design and Results Analysis

The scope of the comprehensive multi-country study aimed at evaluating the impact
of Al-based resource allocation models on chronic disease management in
resource-poor communities formed the basis of the experimental part of this research.
The countries included in the data collection were located in Asia, Africa, and Latin
America and had varying levels of economic and developmental stratum,
sophisticated national health services alongside more fragmented primary care
networks. The selected regions had known health inequities, a high burden of chronic
diseases, and an advanced level of healthcare infrastructure relative to other
developing countries.

The primary healthcare datasets were obtained through collaboration with the

ministries of health and international health organisations which generated an
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unprecedented scoped dataset. The data acquisition stage consisting of the extraction
of primary healthcare records was based on 15,847 primary care entities which
accrued over 8.2 million patient encounters from the years 2018 to 2023. The
preprocessing steps resolved the most conspicuous issues arising from the
multi-source healthcare datasets, such as disparate coding systems, diverse quality
benchmarks, and gaps within records. Stratification processes standardising diverse
diagnostic codes to the international classification of diseases (ICD-11) framework
alongside data stream synchronisation from various reporting cycles is enabled
through temporal alignment algorithms.

The ensemble approach of deep reinforcement learning and probabilistic graphical
models served as a basis for developing the Al algorithms. The central optimisation
structure was crafted as a constrained multi-objective problem:

max . 7~7 [Zt =0"y' (aRthe“’”’ +BRA™ —AC, )}

subject to:
le.j < B./’ Vjiel,2,...m
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G(x) < Gthreshold
health
where 7 represents the allocation policy, denotes health outcome rewards
. . . . Reauity .
measured in quality-adjusted life years (QALY35s), t captures equity

. . NPT C
improvements quantified through concentration indices, ~* represents resource costs,

and 9) s the Gini coefficient constraint ensuring equitable distribution. The

discount factor 7 balances immediate versus long-term impacts, while

hyperparameters &, B ,and 4 weight the relative importance of health outcomes,

equity, and cost-efficiency.

The model training used a distributed system with tensor parallelism spanning several
GPU clusters, handling around 2.4 terabytes of preprocessed healthcare data.
Optimisation also included replay buffers, target network stabilisation, and dynamic
adaptive learning rate policy. Achieving convergence took 850,000 training runs with
validation metrics checked using five-fold cross-validation to avoid overfitting.
Assessment of chronic disease burden concentrated on four common conditions which
significantly impact low-income populations: type 2 diabetes mellitus, hypertension,
chronic obstructive pulmonary disease (COPD), and ischaemic heart disease. The
burden quantification applied a modified disability-adjusted life years (DALY)
calculation with added socioeconomic weighting factors:
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das  denotes the population proportion in each demographic-socioeconomic

category. This adjustment ensures that disease burden calculations appropriately
reflect the differential impact on vulnerable populations.

The efficiency of resource allocation in the particular study was investigated under the
Al driven model and compared to four baseline methods. These included allocation
by population as a tradition; recommendations by an expert panel; use of prior
patterns of resource utilisation; and the essential health package set by WHO. The
comparison framework addressed a wide array of performance benchmarks, among
them allocative efficiency, technical efficiency, and equity outcomes. The Al driven
efficiency metrics were calculated using the DEA, with variable returns to scale:
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The experimental results achieved significant gains for all assessment criteria. The
Al-based model resulted in a reduction of 42.3% in chronic disease-associated
DALYs relative to baseline allocation strategies, and the advantages were more
substantial in the most impoverished populated areas. Efficiency in resource
utilisation improved by 38.7% without loss of equitable distribution as concentration
curves and dominance tests measured Lorenz curves.

Sensitivity analysis with a structured perturbation of parameters was conducted using
systematic uncertainty model region evaluations. Monte Carlo simulations with Latin
hypercube sampling explored parameter space with up to 50,000 scenarios which
provided stable performance within reasonable bounds for data quality and
surrounding conditions. The model also proved resilient to missing data patterns
typical of resource-constrained environments, remaining optimal up to 25% missing
values due to advanced imputation methods.

The Hierarchical Mixed Effects models were used to analyse data spatially,
correlating and accounting for degrees of nested data. The primary outcome analysis

was performed with Generalized Estimating Equations (GEE) using an exchangeable
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correlation structure which produced robust standard errors for clustering effects.
Observational data was devoid of bias after matching pairs based on propensity scores,
eliminating selection bias in comparative analyses and ensuring valid causal
inference.
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Figure 2: Chronic Disease Burden Reduction by Poverty Quintile

The Al-driven resource allocation model outperforms traditional methods in
mitigating chronic disease burden across all poverty quintiles, as shown in Figure 2.
The most significant advancements were seen in the poorest populations. This trend
confirms the model's effectiveness in resolving health inequities, where a 48.2%
reduction in DALY's was noted for the poorest quintile cumulatively, in contrast to the
mere 22.1% reduction achieved through conventional methods. The AI model's
convergence of quintile reduction rates also demonstrates its effectiveness in bridging
health equity gaps along with system-wide efficiency. These findings offer conclusive
evidence for adopting systems of resource allocation powered by Artificial
Intelligence as a paradigm shift towards unreserved accessibility to healthcare and
chronic disease management in global health inequities.

4 Discussion and Conclusion

This study illustrates the revolutionary impact that Al-based resource allocation
systems can have in the chronic disease management programme within the
framework of global healthcare inequity. The experiments associated with this study
show marked improvements in both health and equity measured outcomes, with the
Al-based approach reducing chronic disease associated DALYs by 42.3% relative to
the allocation-based approach. These outcomes are most relevant because the greater
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benefits were captured by the bottom income quintile which has been poorly served
by traditional methods of healthcare provision. The persistent inequity challenge in
health within low resource settings is significantly advanced by the model's rigorous
fairness allocation constraints coupled with its ability to optimally distribute
resources.

The allocation-based approach ignores the relationships in the data and, as such,
makes far less efficient use of available information than an Al-algorithm driven
model. The allocation plan produced by Al incorporates real-time assessments of the
disease burden, socio-economical vulnerability index, and even the healthcare
facilities available in the region which makes the strategies adaptive and responsive to
the ever-changing context. Resource allocation efficiency improved by 38.7%
providing further evidence that with sufficient optimisation, decision making based on
equity and efficiency becomes synergistic rather than adversarial.

Insights gleaned from cross-national applicability analysis shed light on the model’s
generalisable features in relation to different healthcare environments. Even though
all countries tested maintained a functioning algorithmic framework, their optimal
hyperparameter settings diverged significantly due to local system factors, disease
epidemiology, and socioeconomics. Countries with more fragmented healthcare
systems needed additional adaptation layers to address coordination hurdles, whereas
areas with stronger primary care frameworks had the opposite ease of implementing
streamlined versions of the model. These observations imply that deployment on a
global scale necessitates the shape of an optimised structure with fundamental criteria
flexible enough to allow for contextual tailoring.

The model’s data-driven intricacies expose shortcomings that stand as barriers to
future lines of inquiry, one of which is the persistent lack of data accuracy within
low-income resource scenarios. Gaps in data concerning marginalised cohorts can
lead to outcomes distortions and model bias even when the model is designed to
prioritise equity while reinforcing existing disparities. Moreover, the current approach
focuses on the allocation of resources for chronic diseases and extends to limited
preemptive interventions aimed at reducing future burdens—primary and preventive
care. Iterations intended to enhance the model must shift to the incorporation of
predictive modelling elements that empower the arranged resource allocation intended
for disease prevention adjusted resource optimisation for treatment.

The effects on global health policy are deep and complex. This study provides
evidence justifying the use of artificial intelligence (Al) in attempts to strengthen
health systems, particularly in meeting the SDG targets on universal health coverage.
It is recommended that policymakers design international AI policies for the
allocation of health resources, which would involve minimum requirements for
collection of health information, data collection methods, compliance with basic

ethical standards governing algorithmic processes, and local implementation
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mentorship programmes. The proven success in the mitigation of health inequities
furthers the argument that Al strategies could also be used to fulfil the commitments
made to achieve health equity in global and national policies on health.

With the examination of this study, it has become evident that there are several
theoretical changes in health systems research as well as computational health policy.
The blending of reinforcement learning and equity constraints is a new way to resolve
the underlying issue of the tension between the utilitarian and egalitarian approaches
in healthcare resource allocation. The weighted socio-economic modified DALY
calculation allows measuring disease burden in a more sophisticated way by taking
into consideration the impact on the disadvantaged groups. The combination of these
empirical advances from different parts of the world with their robust testing creates
an impetus for examining possible Al applications towards the optimisation of health
systems and the design of interventions that focus on equity which are placed within
the framework of Al Their findings ultimately advanced the idea that Al developed
with reasonable plans can strategically support movements towards achieving global
equity in health by providing means to address disparities in access to healthcare and
suggest more equitable solutions to healthcare systems.
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