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Abstract
The integration of artificial intelligence (AI) and digital health technologies in clinical research has accelerated innovations in trial design, patient monitoring, and data analysis. While these advancements promise improved efficiency and precision, they also introduce complex ethical challenges that traditional research frameworks may not fully address. This review examines ethical concerns associated with AI-enabled and digital health-driven clinical research, including informed consent, data privacy, algorithmic bias, transparency, regulatory oversight, and equity. Drawing on recent literature (2021-2026), we highlight practical dilemmas, propose strategies for ethical implementation, and advocate for updated guidelines to ensure responsible and equitable research practices.
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1. Introduction
Clinical research is undergoing a profound transformation due to the adoption of artificial intelligence (AI) and digital health technologies. Predictive analytics, wearable sensors, remote monitoring platforms, and telemedicine are increasingly incorporated into clinical trials, offering opportunities for improved efficiency, patient engagement, and precision outcomes (1,2). However, these technologies also pose novel ethical challenges. Traditional principles respect for persons, beneficence, and justice are often difficult to apply in contexts where algorithms drive decision-making, data is continuously collected, and trials are decentralized. This review critically examines these ethical issues and proposes strategies for responsible adoption of AI and digital health in clinical research.

2. Core Ethical Principles in Clinical Research
The Belmont Report and other foundational ethical frameworks emphasize three core principles:
· Respect for persons: Ensuring voluntary participation and fully informed consent.
· Beneficence: Maximizing benefits while minimizing harm.
· Justice: Equitable distribution of research burdens and benefits.
AI and digital health complicate the application of these principles. For instance, algorithmic decision-making may be opaque even to clinicians, making it challenging for participants to understand trial risks or benefits (3). Additionally, biases embedded in training datasets can inadvertently disadvantage certain populations, undermining justice (4).
3. AI and Digital Health in Clinical Research
3.1 Artificial Intelligence Applications
AI is applied to predictive modeling of patient outcomes, optimizing trial recruitment, and automating data analysis, including adverse event detection (5,6). While these tools can improve efficiency, their complexity and “black-box” nature raise questions about transparency and accountability (7).
3.2 Digital Health Technologies
Digital health encompasses wearable devices, remote monitoring, decentralized trials, and real-time integration of electronic health records (8). Although these technologies enhance access and continuous data collection, they also introduce ethical concerns regarding autonomy, privacy, and equitable participation (9).
4. Key Ethical Challenges
4.1 Informed Consent in the Digital Era
Traditional consent forms may be insufficient when trials rely on continuous monitoring or AI-driven decision-making. Dynamic and interactive consent models, which allow participants to understand evolving data usage and AI interventions, are increasingly recommended (10).
4.2 Data Privacy and Security
Large-scale digital health data collection heightens the risk of data breaches and re-identification of supposedly anonymized datasets. Clear policies regarding ownership and governance of AI-processed health data are essential to protect participants (11,12).

4.3 Algorithmic Bias and Fairness
AI models trained on unrepresentative datasets may exacerbate existing health disparities. Bias can influence trial recruitment, treatment assignment, or outcome predictions, making continuous auditing and diverse data inclusion critical for ethical research (3,12).
4.4 Transparency and Accountability
Many AI systems are opaque, creating challenges in explaining decisions to participants and clinicians. Ethical research requires clearly defined accountability structures among developers, researchers, and institutions (7,6).
4.5 Regulatory and Oversight Gaps
Current frameworks, including the Declaration of Helsinki, do not fully address AI and digital health. Regulatory bodies are beginning to update guidance, but harmonized global standards are still needed to ensure participant protection and ethical oversight (9,11).
5. Case Examples of Ethical Dilemmas
1. AI-based recruitment platforms inadvertently excluding underrepresented demographic groups (3).
2. Wearable monitoring devices collecting continuous health data without sufficient participant disclosure (8).
3. Predictive analytics misclassifying patient risk due to biased datasets (12).
These examples illustrate the practical intersection of technology and ethics, emphasizing the need for proactive governance.
6. Recommendations for Ethical Implementation
7. Future Directions
Future research should focus on:
· Developing comprehensive AI-specific ethical frameworks.
· Training ethics committees and researchers in digital health governance.
· Monitoring long-term societal and ethical implications of AI-enabled trials.
8. Conclusion
AI and digital health offer unprecedented opportunities to enhance clinical research. However, they introduce ethical challenges related to consent, privacy, fairness, transparency, and oversight. Proactive measures including updated guidelines, dynamic consent, bias mitigation, and transparent AI practices are necessary to ensure responsible, equitable, and trustworthy clinical research.
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Enhanced consent processes


Dynamic, interactive consent models tailored to digital trials (10).


Regulatory updates


Develop AI-specific ethical guidelines with interdisciplinary collaboration (9,11)


Data governance frameworks


Secure storage, encryption, and transparent data usage policies (11).


Bias mitigation practices


Use of representative datasets and continuous auditing of AI models (3)


Transparency and accountability


Explainable AI techniques and clear delineation of responsibilities (7,6).
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