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Abstract 

Background: Randomized clinical trials (RCTs) are the cornerstone of evidence-based medicine, yet 

persistent underrepresentation of racial and ethnic minorities, restrictive eligibility criteria, and geographic 

inequities challenge their external validity. Concurrently, artificial intelligence (AI), digital medicine 

platforms, and federated learning architectures are transforming clinical research infrastructures. Regulatory 

agencies, including the US Food and Drug Administration (FDA) and the Pharmaceutical and Medical 

Devices Agency (PMDA), have issued guidance emphasizing global trial harmonization and participant 

diversity. However, systematic integration of AI methodologies with diversity mandates remains conceptually 

and operationally underdeveloped. 

Objective: This study develops a comprehensive theoretical and regulatory-informed framework for 

leveraging AI, deep learning, federated learning, and interpretable machine learning to enhance equity, 

diversity, and inclusion in global RCTs while aligning with regulatory guidance and ethical oversight 

mechanisms. 

Methods: A qualitative integrative analysis synthesizing regulatory documents, empirical studies on racial 

participation in trials, machine learning methodologies, and interpretability science was conducted. 

Conceptual modeling mapped the interactions among diversity mandates, AI-driven recruitment and outcome 

prediction, digital medicine infrastructures, electronic informed consent, and federated data architectures. 

Results: Findings indicate that AI can support equitable RCT design across five domains: predictive 

enrollment modeling, adaptive eligibility optimization, federated cross-border data harmonization, 

interpretable decision-support systems, and digital consent facilitation. Regulatory guidance from FDA and 

PMDA provides a structural backbone for operationalizing diversity plans, yet lacks detailed technical 

standards for AI deployment. Federated learning emerges as a promising mechanism to reconcile global data 

diversity with privacy constraints. Interpretability science provides essential safeguards for accountability in 

AI-assisted trial management. 

Conclusion: The convergence of AI technologies and regulatory diversity mandates offers unprecedented 

opportunities to transform global RCT equity. However, achieving this transformation requires deliberate 

alignment among algorithm design, regulatory compliance, ethical oversight, and interpretability science. 

Without such integration, AI risks reinforcing structural disparities rather than remedying them. 
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INTRODUCTION 

Randomized clinical trials (RCTs) have historically been positioned as the gold standard for evaluating 

therapeutic efficacy and safety. Their methodological rigor, grounded in randomization, control groups, and 

predefined endpoints, ensures internal validity and causal inference. However, persistent structural limitations 

challenge their external validity, particularly with respect to representation across racial, ethnic, geographic, 

and socioeconomic groups. Regulatory bodies have increasingly acknowledged these disparities. The US Food 
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and Drug Administration (FDA, 2020; FDA, 2022) has issued guidance emphasizing enhanced diversity in 

enrollment, improved eligibility criteria, and structured diversity plans. The Pharmaceutical and Medical 

Devices Agency (PMDA, 2007) has articulated foundational principles for global trials, encouraging 

harmonized development strategies across regions. 

Despite these regulatory advances, empirical evidence demonstrates that disparities remain. Lolic et al. (2021) 

document differential racial and ethnic participation in global clinical trials across therapeutic areas, revealing 

imbalances that may affect generalizability of findings. The FDA’s Drug Trials Snapshots report (FDA, 2021) 

further underscores demographic discrepancies in trial enrollment, highlighting persistent underrepresentation 

in certain disease categories. 

Simultaneously, artificial intelligence (AI) and machine learning (ML) are reshaping biomedical research. 

Deep learning systems enable pattern recognition across complex biomedical datasets (Miotto et al., 2018). 

Digital medicine platforms leverage mobile technologies and real-time monitoring (Fogel & Kvedar, 2020). 

Federated learning architectures permit collaborative model training across institutions without centralized 

data sharing (Xu et al., 2021). Machine learning models have even been developed to predict oncologic 

outcomes within RCT contexts (Schperberg et al., 2020). 

However, the intersection of AI and trial diversity mandates remains insufficiently theorized. Abbidi and Sinha 

(2026) argue that AI/ML strategies can enhance equity, diversity, and inclusion in RCTs through optimized 

recruitment and stratification. Yet regulatory guidance does not fully articulate how AI should be deployed to 

achieve these objectives, nor how interpretability requirements should be satisfied in high-stakes clinical 

contexts. 

Interpretability constitutes a particularly pressing issue. Doshi-Velez and Kim (2017) advocate for a rigorous 

science of interpretable machine learning, emphasizing that transparency must be context-sensitive and 

empirically validated. In clinical research, opaque AI systems may undermine trust, regulatory review, and 

ethical accountability. 

This article addresses the following central question: How can AI technologies-specifically predictive 

modeling, deep learning, federated learning, and interpretable ML-be systematically aligned with regulatory 

diversity mandates and global trial principles to enhance equity in RCTs? 

The literature reveals multiple gaps. Regulatory guidance outlines objectives but not technical implementation 

strategies. AI research emphasizes predictive performance but often neglects demographic representation. 

Federated learning is explored primarily as a privacy solution rather than an equity mechanism. Interpretability 

debates are largely theoretical and insufficiently contextualized within regulatory review frameworks. 

To address these gaps, this study develops a comprehensive conceptual framework integrating AI 

methodologies, regulatory mandates, diversity plans, and ethical oversight mechanisms. 

METHODOLOGY 

This research employs an integrative qualitative methodology grounded in regulatory analysis, computational 

theory synthesis, and conceptual modeling. The approach proceeds through four analytical stages. 

First, regulatory documents from FDA (2016; 2020; 2021; 2022) and PMDA (2007) were examined to extract 

explicit diversity mandates, global harmonization principles, and electronic consent provisions. These 

documents were coded for themes including eligibility criteria flexibility, enrollment outreach, transparency, 

and post-market demographic reporting. 

Second, empirical evidence regarding racial and ethnic participation in trials was analyzed (Lolic et al., 2021). 

This stage identified patterns of underrepresentation and therapeutic-area variability. 

Third, AI methodologies relevant to RCT enhancement were synthesized. Deep learning and healthcare AI 
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literature (Miotto et al., 2018; Fogel & Kvedar, 2020) provided insight into predictive modeling capabilities. 

Federated learning research (Xu et al., 2021) was evaluated for cross-border data harmonization potential. 

Predictive modeling in oncologic trials (Schperberg et al., 2020) illustrated practical applications. 

Interpretability frameworks (Doshi-Velez & Kim, 2017) informed governance considerations. 

Fourth, conceptual integration was performed. Themes from regulatory guidance and AI methodologies were 

mapped to identify synergies and tensions. The resulting framework delineates five functional domains: 

predictive diversity modeling, adaptive eligibility design, federated global harmonization, interpretability 

governance, and digital consent infrastructure. 

The methodology prioritizes theoretical depth and cross-disciplinary triangulation, ensuring that technical 

analysis remains grounded in regulatory and ethical context. 

RESULTS 

The integrative analysis reveals five interlocking domains where AI can operationalize regulatory diversity 

mandates. 

Predictive diversity modeling represents the first domain. Machine learning systems can analyze historical 

enrollment patterns to forecast demographic representation probabilities. Schperberg et al. (2020) demonstrate 

that ML models can predict oncologic outcomes in RCTs, illustrating feasibility of predictive analytics in trial 

contexts. Extending this logic, AI systems can identify geographic regions or clinical sites likely to enroll 

underrepresented populations. Abbidi and Sinha (2026) argue that AI-driven recruitment optimization can 

proactively address disparities. 

Adaptive eligibility optimization forms the second domain. FDA guidance (2020) encourages reconsideration 

of restrictive eligibility criteria that disproportionately exclude minorities. AI can simulate the impact of 

eligibility modifications on demographic composition, balancing safety considerations with inclusivity. Deep 

learning systems trained on large electronic health record datasets (Miotto et al., 2018) can model risk 

distributions to support evidence-based eligibility adjustments. 

Federated global harmonization constitutes the third domain. PMDA (2007) emphasizes global trial 

integration. Federated learning enables model training across jurisdictions without centralizing sensitive 

patient data (Xu et al., 2021). This architecture allows inclusion of diverse populations while respecting 

privacy laws and data sovereignty. By training models on geographically distributed datasets, federated 

learning can mitigate bias arising from regionally homogeneous training data. 

Interpretability governance forms the fourth domain. Doshi-Velez and Kim (2017) argue for rigorous 

evaluation of interpretability methods. In regulatory contexts, AI-assisted decisions regarding eligibility or 

endpoint prediction must be explainable to investigators, institutional review boards, and regulators. 

Transparent feature attribution, validation studies, and reproducibility documentation are essential. 

Digital consent infrastructure represents the fifth domain. FDA guidance on electronic informed consent 

(2016) supports digital engagement mechanisms. Digital medicine platforms (Fogel & Kvedar, 2020) can 

facilitate multilingual consent, culturally tailored education materials, and remote participation. Such tools 

may reduce barriers to enrollment among geographically dispersed or underserved populations. 

Collectively, these domains demonstrate that AI can align with regulatory diversity objectives, provided 

governance structures ensure accountability and transparency. 

DISCUSSION 

The convergence of AI technologies and regulatory diversity mandates signals a paradigm shift in clinical 

research methodology. Historically, diversity initiatives relied on outreach campaigns and policy exhortations. 

AI introduces computational mechanisms capable of modeling demographic representation, predicting 
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enrollment disparities, and dynamically adjusting trial parameters. 

However, technological potential does not guarantee equitable outcomes. Predictive modeling may 

inadvertently perpetuate historical biases embedded in training data. If past enrollment patterns reflect 

systemic exclusion, AI systems trained on such data may reproduce disparities. Therefore, training datasets 

must be critically evaluated for representativeness (Abbidi & Sinha, 2026). 

Federated learning offers promising solutions to cross-border inclusivity. By enabling decentralized model 

training, federated architectures align with PMDA global trial principles while preserving privacy (PMDA, 

2007; Xu et al., 2021). Yet challenges remain regarding model aggregation fairness and infrastructure 

disparities across regions. 

Interpretability remains central to regulatory legitimacy. Doshi-Velez and Kim (2017) caution that 

interpretability claims must be empirically validated. In clinical trials, interpretability is not merely a technical 

attribute but an ethical necessity. Regulators must understand how AI influences eligibility decisions, endpoint 

predictions, and subgroup analyses. 

Digital medicine infrastructures further expand participation opportunities. Fogel and Kvedar (2020) describe 

AI-powered digital platforms capable of remote monitoring. When integrated with FDA electronic consent 

guidance (2016), these tools can broaden geographic reach. However, digital divides must be considered to 

prevent exclusion of populations lacking technological access. 

Limitations of this study include its conceptual scope and reliance on published literature. Empirical validation 

of the proposed framework requires pilot implementations and longitudinal evaluation. Additionally, 

regulatory landscapes continue to evolve, necessitating adaptive governance models. 

Future research should investigate standardized AI diversity audit protocols, cross-regulatory harmonization 

of interpretability standards, and empirical assessments of federated learning fairness outcomes. 

CONCLUSION 

The integration of AI, federated learning, and digital medicine into global randomized clinical trials presents 

a transformative opportunity to advance equity and diversity. Regulatory guidance from FDA and PMDA 

provides foundational principles, yet technical implementation strategies remain emergent. 

By aligning predictive modeling, adaptive eligibility design, federated data harmonization, interpretability 

governance, and digital consent infrastructure with regulatory diversity mandates, clinical research can move 

toward more inclusive and externally valid evidence generation. 

The ethical imperative is clear: AI must not merely accelerate trials but democratize them. Achieving this 

vision requires interdisciplinary collaboration among regulators, data scientists, clinicians, ethicists, and 

patient communities. Only through deliberate integration of technological innovation and regulatory 

accountability can global RCTs realize their promise of equitable medical advancement. 
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