Al applied to neurodegenerative diseases: opportunities and challenges
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Introduction: Neurodegenerative diseases (NDDs) usually have long prodromal periods and
identifying the risk factors is crucial for early intervention and for delaying the disease onset.
Researchers already use data-driven approaches with Artificial Intelligence (Al) for NDDs assessment
and prediction. The origins of industrial Al dates back to the 1950s and Al with demonstrable medical
applications began in the 1970s. The modern era of Al began in the early 2000s with its applications
to healthcare and daily living. Besides being used in clinical settings, and as Al also allows the
acquisition of information outside of physician-patient encounters, it is offering real-world,
continuous data that can support decision-making and treatment. With the increasing adoption of
wearables, improvements in gene sequencing, electronic health records implementation, etc., the
health space encounters individual healthcare data management challenges. Al can address this
bottleneck and opens possibility to analysing datasets in a timely and cost-effective manner.
Moreover, Al-driven chatbots and virtual assistants represent a shift towards accessible, person-
centred and immediate support and are tested also in NDDs area. Additionally, the potential use cases
of Al are not limited to biological aspects of NDD, as Al can also be utilized to analyse psychological
and sociological aspects of the diseases. Even though, there are still some diagnostic, regulatory and
data management challenges. Furthermore, alongside the technological development, the ethical
consequences of research and interventions, as well as the biological factors of human behaviour or
conduct have to be discussed.

Content : Al's potential not only comes from its ability to extract meaningful information from large
datasets, but also through its ability to integrate findings from different data sources. Nevertheless,
to integrate Al technology in NDDs more extensively, ethical considerations must be thoroughly
addressed. Some of the challenges can be addressed with neuroethics, a newly formed discipline,
firstly mentioned in 2001. Neuroethics is driven by neurotechnology, and some issues addressed are
of a practical nature, other are more philosophical. It has some precedents issues in classic bioethics,
but as brain function is connected to our understanding of identity, moral responsibility, liberty,
privacy, personhood, normality, etc., the scope of some issues is broader. Firstly, as the same kind of
compounds and methods that are being developed to treat diseases may also enhance normal
cognitive functioning, the question of ethics of the enhancement is under discussion. Secondly, as
methods of brain imaging have altered the kinds of knowledge we can acquire about people and their
minds, there are several challenges identified, one of them is linked to mental privacy. There are also
ethical aspects shared to neuroeconomics and neuromarketing: external indirect manipulations, the
encounter of incidental findings that have potential health importance outside the clinical settings,
etc. As neuroscience interventions can affect memories, desires, personality, mood, impulsivity etc.,



personal identity issues are discussed. With neuroscience evolvement, the debate about the nature
and existence of free will has an impact on our moral, legal and interpersonal practices of blaming
and punishing people for their harmful actions. Finally, one important concern is dealing with the
threat of the discrimination and neurodiscimination. The incorporation of Al also prompts a
reassessment of the conventional doctor-patient relationship. Nevertheless, the applications of Al are
still not yet routinely used in clinical decision-making. Making Al explainable is a key problem of Al
technological development in recent years and some clinical/global neurology challenges are
identified: data limitations, diagnostic accuracy and personalization, regulatory and deployment
guidelines. Therefore, the interdisciplinary projects that allow the developers, designers, clinicians,
health and social scientists, alongside with end-users engagment and active public involvement have
a great potential to enable cross-communication and sharing insights, experiences. Accordingly,
utilization and integration of the results from various disciplines such as computer science, legal and
ethical aspects, social science and digital healthcare is happening in COMFORTage project (HORIZON-
HLTH-2023-STAYHLTH-01-01). Moreover, development of set of concrete ethical guidelines and
recommendations that apply general principles of ethics to the aims and activities throughout project
lifecycle is underway.

Discussion: There are several attempts to encourage and challenge the Al area with critical thinking
questions, we also face broader discussions that are delivered alongside the technological
development. It is of great value that these discussions are emphasised and embedded in the
development project fundings, which hold the potential of the communication-opening space for
enabling interdisciplinary synergies. Besides the Al potential to manage and analyse big datasets, the
interesting part is how do we ensure that a person's data is anonymized when bearing in mind the
integration of several and complex data sources from a single person. Next, understanding the Al and
its conclusions, but also the emergence of a disagreement between two competent experts, for
example: an Al machine and a doctor, is one of needed discussions. Next, making the data flow
understandable by the research participant and obtaining informed consent for using personal health
information in research is challenged. A participant with NDD could forget being involved in data
collection and some individuals are more vulnerable to forgetting that they are part of longitudinally
data collection. The positive potentials on NDDs prevention have challenges as reliability, privacy
concerns, balancing the early detection with potential harms, and who bears the responsibility for
acting on early diagnosis information. Besides, there is also a challenge how to ensure equitable
access to early diagnostic tools as for example there is an issue of the resource allocation. Also, the
risk for neurodiscrimination and dividing of population based on the capabilities needs to be broadly
discussed. The lack of precise diagnostic tests may also introduce uncertainty with a challenge to draw
clear boundaries between disease and borderline conditions. Finally, we are faced by how do we
understand the autonomy of a person at his/her right to know or not to know about their disease risk.
The impact of early diagnosis on an individual's identity and well-being needs to be discussed.

Conclusions: NDDs have been extensively studied in recent years with the help of computational
approaches and Al has the potential to enhance the clinical practice, improve patient care and
outcomes. The global neurology community shall engage in ethical-by-design, data- and structure-
aware, and equity-centred



co-creation, encourage positive Al-human interaction while protect autonomy and accountability.
Given a broader view, to support users’ trust, users must have channels to disagree with
recommendations form the algorithms and their designers can learn from these disagreements.

References

Farah M. J. Neuroethics: the ethical, legal, and societal impact of neuroscience. Annu Rev Psychol. 2012; 63:571-91. doi:
10.1146/annurev.psych.093008.100438. PMID: 19575613.

Hirani R, Noruzi K, Khuram H, Hussaini AS, Aifuwa El, Ely KE, Lewis JM, Gabr AE, Smiley A, Tiwari RK, Etienne M. Artificial
Intelligence and Healthcare: A Journey through History, Present Innovations, and Future Possibilities. Life (Basel). 2024 Apr
26;14(5):557. doi: 10.3390/1ife14050557. PMID: 38792579; PMCID: PMC11122160.

Mennella C., Maniscalco U., De Pietro G., Esposito M. Ethical and regulatory challenges of Al technologies in healthcare: A
narrative review. Heliyon. 2024 Feb 15;10(4): e26297. doi: 10.1016/j.heliyon. 2024. e26297. PMID: 38384518; PMCID:
PMC10879008.

Popp Z., Low S., Igwe A., Rahman M. S, Kim M., Khan R., Oh E., Kumar A., De Anda-Duran I., Ding H., Hwang P. H.,
Sunderaraman P., Shih L. C., Lin H., Kolachalama V. B., Au R. Shifting from Active to Passive Monitoring of Alzheimer
Disease: The State of the Research. | Am Heart Assoc. 2024 Jan 16;13(2): e031247. doi: 10.1161/JAHA.123.031247. Epub
2024 Jan 16. PMID: 38226518; PMCID: PMC10926806

Voigtlaender S., Pawelczyk J., Geiger M., Vaios E. J., Karschnia P., Cudkowicz M., Dietrich J., Haraldsen I. R. J. H., Feigin V.,

Owolabi M., White T. L., Swieboda P., Farahany N., Natarajan V., Winter S. F. Artificial intelligence in neurology: opportunities,
challenges, and policy implications. ] Neurol. 2024 May;271(5):2258-2273. doi: 10.1007/s00415-024-12220-8. Epub 2024 Feb
17. PMID: 38367046.



