Ethical Challenges in Neurological Clinical Research in the Era of Artificial Intelligence and Digital Health: A Critical Review
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Abstract
The use of artificial intelligence (AI) and digital health technologies in neurological clinical research has significantly transformed the way clinical trials are designed, conducted, and analyzed. Applications such as machine learning models, wearable neuro-monitoring devices, brain–computer interfaces, and digital biomarkers are increasingly being used in neurological disorders including Alzheimer’s disease, Parkinson’s disease, epilepsy, stroke, and multiple sclerosis. These innovations have improved diagnostic accuracy, monitoring capabilities, and personalized treatment approaches. However, they also raise important ethical concerns that existing research frameworks may not fully address.
This review explores key ethical issues in AI- and digital health–based neurological research, including informed consent in cognitively impaired patients, neurodata privacy, algorithmic bias, transparency, regulatory gaps, and equitable access to technology. Based on recent literature from 2021–2026, the paper discusses real-world ethical challenges and proposes practical strategies to support responsible and equitable neurological research practices.
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1. Introduction
Neurological clinical research is currently experiencing major changes due to the integration of artificial intelligence (AI) and digital health technologies. Tools such as predictive analytics, neuroimaging-based machine learning models, wearable neurological sensors, tele-neurology systems, and remote patient monitoring are now widely used in studies involving Alzheimer’s disease, Parkinson’s disease, epilepsy, stroke, and multiple sclerosis (1,2,5). These technologies have improved early diagnosis, clinical decision-making, and data-driven treatment approaches.
At the same time, they introduce new ethical challenges. Traditional principles of medical ethics—respect for persons, beneficence, and justice-are increasingly difficult to apply in settings where algorithms influence clinical decisions, large volumes of sensitive neurological data are continuously collected, and trials are conducted remotely (8,9). These concerns are particularly important in neurology, where many patients may have cognitive impairment or reduced decision-making capacity (10). This review critically examines these issues and discusses approaches for ethical implementation of AI and digital health in neurological research.
2. Core Ethical Principles in Neurological Clinical Research
The Belmont Report and other foundational ethical frameworks emphasize three core principles:
Respect for persons: Ensuring voluntary participation and fully informed consent, particularly important in neurological patients with cognitive impairment. 
Beneficence: Maximizing benefits while minimizing harm in AI-assisted neurological interventions and monitoring. 
Justice: Ensuring equitable access to neurological clinical trials and avoiding exclusion caused by technological disparities. 
In neurological research, these principles are challenged by the use of complex AI systems. For example, many AI-based neuroimaging tools are not easily interpretable, which may limit truly informed consent (3,11). In addition, biased datasets can lead to unequal performance across populations, potentially increasing healthcare disparities (6,12).

3. AI and Digital Health in Neurological Clinical Research
3.1 Artificial Intelligence Applications in Neurology
AI is increasingly applied in neurological research for early disease prediction, neuroimaging interpretation, seizure detection, cognitive decline assessment, and personalized treatment planning (5,6,13). Machine learning models are widely used in studies involving Alzheimer’s disease, Parkinson’s disease, epilepsy, stroke rehabilitation, and neurodegenerative disorders. Recent neurological AI studies have demonstrated the utility of deep learning in early Alzheimer’s disease detection through neuroimaging biomarkers and automated EEG interpretation in epilepsy diagnosis. Additionally, brain–computer interface technologies are increasingly explored in neurorehabilitation and communication support for patients with severe neurological disabilities (21–24). While these technologies improve efficiency and predictive capabilities, their “black-box” nature raises concerns regarding transparency, explain ability, and accountability in neurological decision-making (7,14).
3.2 Digital Health Technologies in Neurology
Digital neurology includes wearable movement sensors, smartphone-based cognitive testing, remote EEG monitoring, tele-neurology platforms, and brain–computer interfaces (8,15). These technologies enable decentralized neurological trials and continuous patient monitoring outside hospital settings. However, they also introduce ethical concerns regarding patient autonomy, privacy of sensitive neurodata, digital literacy, and equitable participation among elderly or cognitively impaired populations (9,16).
4. Key Ethical Challenges
4.1 Informed Consent in Cognitively Impaired Populations
Obtaining valid informed consent is particularly challenging in neurological research involving dementia, Alzheimer’s disease, or other cognitive disorders. Traditional consent processes may be inadequate when participants have fluctuating decision-making capacity or when AI systems continuously adapt during trials. Dynamic and interactive consent models are increasingly recommended to support participant understanding and ongoing consent management (1,10,17).

4.2 Neurodata Privacy and Security
Neurological research often involves highly sensitive data such as neuroimaging, EEG recordings, cognitive assessments, and behavioral monitoring. AI-driven analysis of these datasets increases risks of re-identification and unauthorized access. Strong governance frameworks and cybersecurity measures are essential to protect neurological patient data and maintain trust in digital neurology research (4,11,18).

4.3 Algorithmic Bias and Fairness
AI models trained on limited neurological datasets may produce biased diagnostic or prognostic predictions. Underrepresentation of minority populations, older adults, or patients with rare neurological diseases can lead to inequitable outcomes in trial recruitment and treatment allocation (3,6,12). Continuous auditing, transparent dataset reporting, and inclusive data collection are therefore essential.

4.4 Transparency and Explain ability in Neurological AI
Many neurological AI systems operate as opaque “black boxes,” making it difficult for clinicians and participants to understand how conclusions are generated from neuroimaging or behavioral data. Lack of explain ability may reduce patient trust and complicate ethical accountability in neurological clinical trials (7,13,16).

4.5 Regulatory and Oversight Challenges
Existing ethical and regulatory frameworks do not fully address AI-assisted neurological research, particularly concerning adaptive algorithms, remote monitoring, and brain-data governance. Internationally harmonized standards are needed to ensure ethical oversight and participant protection in digital neurology studies (9,15,19).
Table 1. Ethical Challenges in AI-Driven Neurological Clinical Research
	Ethical Challenge
	Neurological Example
	Potential Solution

	Informed consent
	Dementia and Alzheimer’s trials
	Dynamic consent models

	Algorithmic bias
	Stroke prediction AI
	Diverse training datasets

	Neuroprivacy
	EEG and neuroimaging data
	Encryption and governance

	Lack of explainability
	AI-based MRI interpretation
	Explainable AI systems

	Regulatory gaps
	Decentralized neurology trials
	International AI guidelines



4.6 Balancing Innovation and Neuroethical Responsibility
While AI technologies may improve neurological diagnosis and personalized treatment, excessive reliance on automated systems may reduce clinician oversight and patient autonomy. Ethical tensions arise between the need for large neurological datasets to improve AI performance and the obligation to preserve neuro privacy and individual rights. Furthermore, fully explainable AI models may not always achieve the same predictive accuracy as complex deep learning systems, creating challenges in balancing transparency with clinical effectiveness (18,21).
5. Case Examples of Ethical Dilemmas in Neurology
· AI-based neuroimaging tools misclassifying early Alzheimer’s disease due to biased training datasets (3,6). 
· Wearable Parkinson’s disease monitoring devices collecting continuous movement data without adequate participant disclosure (8,19). 
· Remote EEG monitoring systems exposing sensitive neurological data to cybersecurity risks (11,18). 
· AI-driven stroke prediction systems providing inaccurate risk assessments in underrepresented populations (12,20). 
· These examples illustrate the complex interaction between technological innovation and ethical responsibility in neurological research.
6. Recommendations for Ethical Implementation
To ensure ethical integration of AI and digital health technologies in neurological clinical research, several measures should be adopted. First, neurology-specific ethical guidelines should be developed to address challenges associated with neurodata privacy, cognitive impairment, and AI-assisted decision-making. Ethical frameworks must recognize the vulnerability of patients with neurodegenerative disorders and support participant-centered research practices.
Second, dynamic consent models should be implemented to allow continuous participant engagement and updated consent for evolving AI applications. Researchers should also prioritize diversity in neurological datasets to minimize algorithmic bias and improve fairness across demographic populations.
Third, transparent and explainable AI systems should be encouraged to strengthen clinician and participant trust. Independent auditing mechanisms and international regulatory collaboration are necessary to ensure accountability, safety, and ethical governance of AI-enabled neurological research. Finally, ethics committees and clinical researchers should receive specialized training in neuroethics, AI governance, and digital health regulation (15–20).
7. Future Directions
· Future neurological research should focus on:
· Developing comprehensive neuro ethics frameworks for AI-driven research. 
· Improving explain ability and interpretability of neurological AI systems. 
· Expanding equitable access to digital neurology technologies globally. 
· Evaluating long-term ethical and societal impacts of brain-monitoring technologies and AI-assisted neuro care (13–20). 
8. Limitations
This review has certain limitations. The rapidly evolving nature of AI and digital health technologies may limit the long-term applicability of current ethical frameworks and regulatory recommendations. Additionally, some emerging neurological AI applications lack extensive clinical validation, and available literature remains concentrated in high-income healthcare settings. Future studies should include broader global perspectives and longitudinal ethical evaluations.
9. Conclusion
AI and digital health technologies are transforming neurological clinical research by improving diagnostic accuracy, patient monitoring, and personalized treatment approaches. However, these innovations also introduce significant ethical challenges related to informed consent, cognitive vulnerability, neurodata privacy, algorithmic fairness, transparency, and regulatory oversight. Proactive ethical governance, inclusive AI development, dynamic consent models, and transparent digital neurology practices are essential to ensure responsible, equitable, and trustworthy neurological clinical research (1–20).
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