Technology beyond Biology; Isn’t It Time to Update
WHO'’s Definition of Health?

Bareti¢, Maja; Primorac, Dragan; de Bruijn, David; Altabas, Velimir

Source / Izvornik: Medicina, 2024, 60

Journal article, Published version
Rad u casopisu, Objavljena verzija rada (izdavacev PDF)

https://doi.org/10.3390/medicina60091456

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:184:408848

Rights / Prava: Attribution 4.0 International/Imenovanje 4.0 medunarodna

Download date / Datum preuzimanja: 2024-11-30

MED

Medicinski fakultet Sveutiiigta u Rijeci Re pOoS ito ry / Re po zitori j N

Repository of the University of Rijeka, Faculty of
Medicine - FMRI Repository

Bl alliEssn aoar

DIGITALNI AKADEMSKI ARHIVI [ REPOZITORLJL



https://doi.org/10.3390/medicina60091456
https://urn.nsk.hr/urn:nbn:hr:184:408848
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://repository.medri.uniri.hr
https://repository.medri.uniri.hr
https://www.unirepository.svkri.uniri.hr/islandora/object/medri:9037
https://dabar.srce.hr/islandora/object/medri:9037

SER

medicina

Opinion

Technology beyond Biology; Isn’t It Time to Update WHO'’s
Definition of Health?

Maja Bareti¢ 1-2-*

check for
updates

Citation: Bareti¢, M.; Primorac, D.; de
Bruijn, D.; Altabas, V. Technology
beyond Biology; Isn’t It Time to
Update WHO's Definition of Health?
Medicina 2024, 60, 1456. https://
doi.org/10.3390/ medicina60091456

Academic Editor: Mikk Jiirisson

Received: 24 July 2024
Revised: 30 August 2024
Accepted: 3 September 2024
Published: 5 September 2024

Copyright: © 2024 by the authors.

Published by MDPI on behalf of
the Lithuanian University of Health
Sciences.
Switzerland. This article is an open
access article distributed under the
terms and conditions of the Creative
Commons Attribution (CC BY) license
(https:/ /creativecommons.org/
licenses/by/4.0/)

, Dragan Primorac

Licensee MDPI, Basel,

3,4,5,6,7,8,9,10,11,12

, David de Bruijn 1*® and Velimir Altabas 214

Department of Endocrinology and Diabetes, Internal Clinic, University Hospital Centre Zagreb,
10000 Zagreb, Croatia

School of Medicine, University of Zagreb, 10000 Zagreb, Croatia; velimir.altabas@gmail.com

St. Catherine Specialty Hospital, 10000 Zagreb, Croatia; draganprimorac2@gmail.com
International Centre for Applied Biological Research, 10000 Zagreb, Croatia

School of Medicine, Josip Juraj Strossmayer University of Osijek, 31000 Osijek, Croatia

Faculty of Dental Medicine and Health, Josip Juraj Strossmayer University of Osijek, 31000 Osijek, Croatia
School of Medicine, University of Split, 21000 Split, Croatia

School of Medicine, University of Rijeka, 51000 Rijeka, Croatia

School of Medicine, University of Mostar, 88000 Mostar, Bosnia and Herzegovina

Eberly College of Science, The Pennsylvania State University, State College, PA 16802, USA

The Henry C. Lee College of Criminal Justice and Forensic Sciences, University of New Haven,
West Haven, CT 06516, USA

Regiomed Kliniken, 96450 Coburg, Germany

Department of Philosophy, Auburn University, College of Liberal Arts, 7030 Haley Center,
Auburn, AL 36849, USA; dmdebruijn@gmail.com

Sisters of Charity University Hospital Centre, 10000 Zagreb, Croatia

*  Correspondence: maja.baretic@kbc-zagreb.hr; Tel.: +385-98-412284

© e N Ul W N

s
= =

12
13

14

Abstract: Technology is increasingly shaping human life, particularly in healthcare, where recent
advancements have revolutionized patient care. Despite these advances, the World Health Organi-
zation’s (WHO) definition of health remains rooted in traditional notions, raising questions about
its adequacy in light of technological progress. This paper explores the conceptual and practical
limitations of the current definition and argues for its revision to encompass the role of technology in
health. This paper examines the evolving landscape of healthcare technology and its philosophical
implications, drawing on theories such as the Extended Health Hypothesis and the Extended Mind
Hypothesis. It claims that health extends beyond traditional biological boundaries and includes
the influence of technology on well-being. This paper advocates for a re-examination of the WHO
definition of health to reflect the integral role of technology in modern healthcare. Recognizing
technology as part of health necessitates a broader conceptual framework that acknowledges the
interconnectedness of biology, technology, and human well-being. Given technology’s transformative
role in healthcare, this paper argues for a revaluation of the WHO'’s definition of health to encapsulate
the evolving relationship between technology and human well-being. At the end, we propose a new
definition recognizing that health is a dynamic state of physical, mental, social, and technological
well-being, wherein individuals can achieve optimal quality of life through the harmonious inte-
gration of biological, psychological, and technological factors. This state encompasses not only the
absence of disease but also the effective utilization of advanced technologies.

Keywords: health; technology; extended health hypothesis; extended mind hypothesis; WHO

Technology is changing the fundamental dimension of human life, playing an ever-
greater role in healthcare. Recent advancements in medical technology have facilitated
a symbiotic relationship between technology and patient well-being. The most striking
examples include deep neural stimulation, in which targeted electrical impulses are de-
livered to specific brain regions, modulating neural activity and alleviating symptoms of
neurological disorders like Parkinson’s Disease. This technique has significantly advanced
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the understanding of brain electrical activity, enabling targeted brain stimulation by modi-
fying neurotransmitters in specific areas of the brain. Meta-analyses have shown that this
therapeutic approach can greatly reduce motor symptoms such as tremors and rigidity, en-
hancing the quality of life for many patients who do not respond adequately to medication
alone [1]. Similarly, cardiac implantable electronic devices, such as pacemakers and im-
plantable cardioverter-defibrillators, are implanted in the heart to continuously monitor its
electrical activity and, when necessary, generate additional electrical stimuli. Furthermore,
when abnormal rhythms are detected, some types of these devices may deliver electrical
impulses or shocks to correct and restore normal heart rhythms, helping to prevent sudden
cardiac death [2]. One step further in technology is artificial intelligence (Al) being used
in type 1 diabetes. Machine learning algorithms have revolutionized insulin delivery
by continuously analyzing glucose monitoring data and predicting insulin requirements
in real-time. An insulin pump equipped with Al for type 1 diabetes can autonomously
adjust insulin delivery based on real-time glucose data and predictive algorithms. This ad-
vanced system helps maintain optimal blood glucose levels by continuously learning from
a patient’s glucose patterns and adapting its insulin dosage to improve overall glycaemic
control [3]. Furthermore, brain-computer interfaces offer future possibilities facilitating
direct communication between the brain and external devices enabling communication
for individuals with paralysis, assisting in motor control for prosthetics, monitoring brain
activity for diagnosing neurological disorders, and providing targeted therapies [4]. The
implementation of Whole Genome Sequencing (WGS) in clinical practice marks a critical
advancement in healthcare. WGS allows for a comprehensive analysis of an individual’s
entire genetic makeup, facilitating more precise diagnosis, personalized treatment plans,
and the identification of genetic predispositions to certain diseases. This technology has
the potential to revolutionize fields such as oncology, where it can identify specific genetic
mutations driving cancer, and rare genetic disorders, offering insights that were previously
unattainable with traditional genetic testing methods [5].

In the post-pandemic era, where physical interactions are restricted, technology has
proven its ability to go beyond traditional healthcare boundaries, offering new dimensions
of care through virtual environments and robotic assistance. For example, the integration of
social robotic systems with virtual reality environments has provided innovative solutions
for delivering healthcare when in-person contact is limited [6]. Additionally, advancements
in Al and extended reality have become central to modern healthcare systems, showcasing
how these technologies are not just supplementary but essential in redefining health and
enhancing overall well-being [7]. However, technology has some disadvantages and side
effects that should be considered, like digital and information overload. Constant exposure
to digital devices and an excess of notifications and information can lead to feelings of
becoming overwhelmed, distraction, and mental fatigue. Another side effect may be social
over-comparison leading to feelings of inadequacy, loneliness, low self-esteem, excessive
screen time, and sedentary behaviour.

Advancements in technology might influence how we define and perceive various
aspects of health. Technology encompasses more than just medical technologies; it also
extends to broader influences on lifestyle, well-being, and social determinants of health.
For example, with the frequent usage of wearable devices and mobile health apps, patients
and healthcare providers can track different aspects of health in real-time, including vital
signs, activity levels, nutrition, sleep patterns, and more. Technology provides access to
vast amounts of information on health, wellness, and self-improvement. This information
may empower individuals to make informed decisions about their well-being, leading
to healthier lifestyle choices. Traditional clinical settings like hospitals and outpatient
clinics may be transformed through telemedicine, remote patient monitoring, and virtual
care platforms, expanding access to care and empowering individuals to manage their
health continuously and from anywhere, improving accessibility, convenience, and the
continuity of care [8]. In addition, social media, messaging apps, and online communities
enable individuals to connect with others, share experiences, and receive support, fostering
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a sense of belonging and social connection that contributes to well-being. For example,
technology offers various tools and resources for managing stress, anxiety, depression,
and other mental health issues, including meditation apps, online therapy platforms, and
mental wellness resources.

Recognizing the connection between technology and health is necessary to understand
health beyond traditional clinical viewpoints. As a result, there may be a greater emphasis
on preventive and predictive approaches to healthcare, aiming to intervene earlier and
mitigate health risks before they escalate. In addition, advances in genomics, precision
medicine, and Al enable the customization of healthcare interventions based on an indi-
vidual’s unique genetic makeup, lifestyle factors, and health history. Such a personalized
approach may redefine health as not only the absence of disease but also the optimization
of each person’s biological and physiological state.

Nevertheless, in practice, the World Health Organization (WHO) seems to continue
to rely on an increasingly outmoded definition of health, which holds that ... “health is a
state of complete physical, mental and social well-being, and it does not merely describe
the absence of disease or infirmity [9].” In many cases, it was stressed that this definition
underscores the holistic nature of health, emphasizing not only the absence of illness but
also the presence of positive physical, mental, and social factors contributing to overall
well-being. Is it enough? The conceptual and practical limitations of the original definition
of health, established in 1948, have become apparent over time. In 1986, the Ottawa Charter
for Health Promotion expanded this definition by emphasizing health as a resource for
daily life rather than merely a goal. It underscored that health is a dynamic resource,
enabling individuals to navigate daily challenges and contribute to their communities. By
2000, there was a growing emphasis on equity, the social determinants of health, and the
significance of mental and emotional well-being. The evolving definition by the WHO
reflects a broader understanding of health, recognizing its multifaceted nature and the need
to integrate various aspects of well-being and social factors, though it does not yet fully
incorporate the role of technology.

There are other definitions of health and none of them include technology. The
American Medical Association (AMA) claims that health is “the state of being free from
illness or injury,” focusing on the absence of disease and functional well-being; the National
Institutes of Health (NIH) says that health is described as “the level of functional or
metabolic efficiency of a living being”, which includes the body’s ability to maintain
homeostasis and adapt to stressors; and some functional health models observe health as
the “ability to perform daily activities and roles effectively,” focusing on functional capacity
and quality of life and social determinants according to which health is defined in terms
of the “conditions in which people are born, grow, live, work, and age”, highlighting the
impact of social, economic, and environmental factors [10].

Bearing in mind technological advances in the years that have passed since the WHO
definition, it is time for medical practice to consider certain fundamental changes in
theoretical thinking concerning the concept of health.

In recent decades, critics have argued that the WHO's definition of health does not
adequately reflect the significant impact of digital technologies on well-being. Sherry Turkle
(2011) argues that the WHO definition overlooks the psychological and social impacts of
technology, such as its effects on mental well-being and social connections [11]. Luciano
Floridi (2014) critiques the definition for not reflecting how digital technologies reshape our
understanding of health and reality [12]. Nick Srnicek (2016) highlights that the definition
fails to address how digital platforms influence economic and social aspects of health [13].
Julie B. Cohen (2019) critiques the definition for not considering the effects of digital
environments on privacy and autonomy [14]. Similarly, S. Scott and ]. C. S. Sweeney (2020)
argue that the WHO definition overlooks the significant role of digital health technologies,
such as apps and telemedicine, in managing and enhancing health. We advocate for a
revised definition that incorporates these technological dimensions [15].
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Possible counterarguments to incorporating technology into the WHO definition of
health include concerns that this expansion might overemphasize technological solutions
at the expense of fundamental human factors. While technology brings significant advance-
ments, it can also worsen health disparities and introduce new forms of inequality, such as
digital divides and privacy concerns, and narrow the focus of healthcare, shifting attention
away from critical elements like social support systems and environmental factors that are
vital for overall well-being. Furthermore, some may worry that integrating technology into
the definition of health could lead to an overreliance on technological solutions, potentially
sidelining non-technological approaches to health improvement. This could lead to priori-
tizing high-tech interventions over more accessible, community-based strategies essential
for inclusive healthcare. The answer to sceptics is that technology in healthcare enhances
health across the three dimensions of the traditional definition: physical, mental, and social
well-being. It aims to improve those aspects.

Although WHO maintains its definition of health, the 11th Revision of the Interna-
tional Classification of Diseases (ICD-11) acknowledges the evolving role of technology in
healthcare. ICD-11 includes a chapter featuring Extension codes that provide additional
details on diseases. Among these, some codes focus on issues arising from the interaction
between humans and medical devices. For instance, XE5DG addresses human—device
interface problems, XE6GS describes patient-device incompatibility, and XE7ZE is a part
of biocompatibility issues [16].

The concept of health benefits from philosophical and ethical exploration. Traditional
views in bioethics and the philosophy of medicine have aligned around the idea of a fixed,
individual organism as the focus of health and disease. The “Extended Health Hypothesis”
suggests that health and disease are influenced not only by internal factors [17]. In this
theory, the concept of health also extends beyond the traditional biological boundaries of
the individual. Likewise, it claims that the subject’s health can include elements beyond the
organic material, as these are functionally critical to patients’ vital functions. Technology is
not merely significant to a patient’s health but has become a part of their health.

The Extended Health Hypothesis follows from the much-discussed philosophy, the
“Extended Mind Hypothesis”, which holds that elements outside the brain or body can be
critical parts of cognitive functioning [18]. This hypothesis challenges traditional ideas of
cognition and intelligence by suggesting that the human mind is not confined to the bound-
aries of the skull but extends into the environment through tools, like technology. The
introductory question in this hypothesis is Where does the mind stop, and the rest of the
world begin? The answer is not only skin and skull but technology too. The previously men-
tioned brain—computer interface initiates actions based on a person’s thoughts (intentions),
translating mental impulses into tangible movements [19]. With the help of technology,
the power of thought is transformed into the ability to move objects, which aligns with
the philosophical hypothesis of the extended mind. The “Extended Health Hypothesis”
and the “Extended Mind Hypothesis” raise questions about whether technology forms an
integral part of patient health, and whether device malfunctions should be regarded as a
manifestation of disease. We claim that there is health beyond biology, well-being beyond
the skin, and thought beyond the skull. In addition, a whole new dimension of health may
now be understood as the optimal use of technological innovations to enhance not only
the prevention, diagnosis, and targeted treatment of diseases but also to promote overall
quality of life.

Traditional conceptions of health, rooted in historical and biological perspectives, have
given rise to various medical and philosophical questions. One such issue is how genetic
interventions challenge conventional concepts of health, prompting debates on fairness,
responsibility, and the distinction between therapy and enhancement [20]. Similarly, the
ethical and social implications of enhancing human traits through technology raise concerns
about the risks associated with the improvement of human beings [21]. In the realm of Al,
the ethical challenges in healthcare emphasize the need to integrate Al’s capabilities with a
human-centred approach, ensuring that technology supports rather than undermines the
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relational aspects of health and healing [22]. Additionally, the transhumanist movement,
which advocates for the use of technology to enhance human capacities and transcend
biological limitations, explores the philosophical and ethical implications of extending
human life, intelligence, and well-being through technological advancements [23].

This paper’s interpretation of the Extended Health Hypothesis resonates with broader
discussions in bioethics and enhancement technologies. For instance, John Harris advocates
for the ethical use of technology to enhance human abilities and views it as a moral obliga-
tion [24]. While this paper aligns with Harris on the potential of technology to improve
life, it advances the argument by integrating technology directly into the very definition of
health, thus broadening the concept. In contrast, Carl Elliott critiques the medicalization of
normal traits through technology, warning against reducing complex human experiences
to simple technical issues [25]. This paper departs from Elliott’s cautiousness by embracing
technology as a core component of health, arguing that it enriches rather than diminishes
the human experience. Similarly, Mary Midgley raises concerns about the ethical implica-
tions of biotechnological advancement [26]. While this paper shares her ethical concerns,
it diverges by advocating for a redefinition of health that fully incorporates technological
advancements as essential to our understanding of well-being.

Integrating technology into the concept of health is redefining and expanding our
understanding of well-being. One example is the development of human digital twins,
the reproduction of real-world human beings in cyberspace, mirroring their physical and
biological characteristics, behaviours, and even certain aspects of their environment. This
digital counterpart is created using advanced technologies such as Al, machine learning,
big data analytics, and the Internet of Things. By collecting and analyzing data from
various sources, including medical records, wearable devices, genetic information, and
lifestyle choices, a human digital twin can simulate how an individual’s body might react
to different scenarios, treatments, or lifestyle changes. The concept of a human digital twin
has significant potential in healthcare. For example, it could allow doctors to personalize
treatment plans by testing various interventions on the digital twin before applying them to
the patient, thereby reducing risks and improving outcomes. Additionally, human digital
twins could help in the early detection of diseases by monitoring and predicting health
changes in real-time, opening new perspectives in preventive precision medicine [27]. For
example, in patients with conditions like type 1 diabetes, these digital twins go beyond
glucose levels, incorporating physiological (i.e., heart rate, blood pressure, motion sensor,
hormone level), environmental (i.e., location, air pollution), and even personality factors,
allowing better short-term and long-term outcomes [28].

In the future, virtual space and Al will include more than biology and technology.
Today, we are witnessing that rapidly evolving personalized medicine approach, which
uses multi-OMICS molecular information, exposome, and phenome data, become a reality.

A technology-human unit is a new form of symbiosis. Consequently, revisiting the
WHO definition of health to incorporate technology becomes imperative with the word
technology in it [29]. Technology has the potential to reshape our understanding of health
by providing new tools. It is essential to consider the ethical, social, and equity implications
of these technological advancements to ensure that they contribute positively to the health
and well-being of individuals and communities.

This expanded definition acknowledges that technology, including digital health
solutions, Al, telemedicine, wearable devices, and multi-OMICS, particularly genomic
medicine, among others, empowers individuals to engage in their health management
actively, helps the early detection of health issues, enables personalized treatment plans,
and fosters equitable access to healthcare services globally. Following a patient’s genetic
profile, prediction can precede prevention. Technology’s impact on well-being depends
on various factors, including individual usage patterns, attitudes towards technology,
and the broader socio-cultural context. By promoting a mindful and balanced use of
technology, fostering digital literacy, and prioritizing human connection and well-being,
we can harness technology’s benefits while mitigating its potential negative effects on
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overall well-being. Furthermore, and of the highest importance, health encompasses
the ethical and responsible development and deployment of technology, ensuring that
innovation aligns with principles of equity, inclusivity, privacy, and sustainability. By
integrating technological advances into our understanding of health, we recognize the
dynamic relationship between human well-being and the evolving landscape of science
and technology.

In summary, this manuscript highlights the evolution of the concept of health, moving
from a static definition centred on the absence of disease to a more dynamic and inclusive
understanding. Over time, health has come to encompass mental, emotional, and social
well-being, with modern considerations now including the role of technology such as Al
and medical devices in enhancing health. Incorporating technology into health definitions
raises important ethical, social, and political concerns, such as privacy, equity, and the need
for new regulatory frameworks.

To adapt to contemporary realities, future research should explore how emerging
technologies can be better integrated into our understanding of health. Policymakers
must ensure these advancements are accessible and equitable, while interdisciplinary
collaboration is essential for developing a comprehensive framework. We propose a
new definition: Health is a dynamic state of physical, mental, social, and technological
well-being, where individuals achieve optimal quality of life through the integration of
biological, psychological, and technological factors. This definition embraces not just the
absence of disease but also the effective use of advanced technologies.

Author Contributions: Conceptualization, M.B.; writing—original draft preparation, M.B. and V.A;
writing—review and editing, supervision, M.B., VA, D.P. and D.d.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: No new data were analyzed during this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.
12.
13.
14.
15.

Maroufi, S.F; Fallahi, M.S.; Asli, S.H.; Khorasanizadeh, M.; Pour-Rashidi, A.; Ponce, FA.; Slavin, K.V. Awake versus asleep deep
brain stimulation for Parkinson’s disease: A comprehensive systematic review and meta-analysis. J. Neurosurg. 2024, 1, 1-15.
[CrossRef] [PubMed]

Block, M.; Klein, H.U. Die Geschichte des implantierbaren Kardioverter-Defibrillators in Deutschland [History of the implantable
cardioverter-defibrillator in Germany]. Herzschrittmacherther. Elektrophysiol. 2024, 35 (Suppl. S1), 55-67. [CrossRef] [PubMed]
Lejk, A.; Mysliwiec, K; Michalak, A.; Pernak, B.; Fendler, W.; Mysliwiec, M. Comparison of metabolic control in children and
adolescents treated with insulin pumps. Children 2024, 11, 839. [CrossRef] [PubMed]

Zhang, H.; Jiao, L.; Yang, S.; Li, H,; Jiang, X.; Feng, J.; Zou, S.; Xu, Q.; Gu, J.; Wang, X.; et al. Brain-computer interfaces: The
innovative key to unlocking neurological conditions. Int. . Surg. 2024, 10, 1097. [CrossRef] [PubMed]

Record, C.J.; Reilly, M.M. Lessons and pitfalls of whole genome sequencing. Pract. Neurol. 2024, 24, 263-274. [CrossRef] [PubMed]
Kerdvibulvech, C.; Chang, C.C. A New Study of Integration Between Social Robotic Systems and the Metaverse for Dealing with
Healthcare in the Post-COVID-19 Situations. In Social Robotics. ICSR Lecture Notes in Computer Science; Cavallo, F., Cabibihan, J.-J.,
Fiorini, L., Sorrentino, A., He, H., Liu, X., Matsumoto, Y., Ge, S.S., Eds.; Springer: Cham, Switzerland, 2022. [CrossRef]
Kerdvibulvech, C.; Dong, Z.Y. Roles of Artificial Intelligence and Extended Reality Development in the Post-COVID-19 Era.
In HCI International 2021—Late Breaking Papers: Multimodality, eXtended Reality, and Artificial Intelligence. HCII Lecture Notes in
Computer Science; Stephanidis, C., et al., Eds.; Springer: Cham, Switzerland, 2021. [CrossRef]

Sun, T.; He, X.; Li, Z. Digital twin in healthcare: Recent updates and challenges. Digit. Health 2023, 9, 20552076221149651.
[CrossRef] [PubMed]

Definition of Health by World Health Organisation (Preamble to the Constitution). Available online: https://www.who.int/
about/governance/constitution (accessed on 15 May 2024).

Briissow, H. What is health? Microb. Biotechnol. 2013, 6, 341-348. [CrossRef] [PubMed]

Turkle, S. Alone Together: Why We Expect More from Technology and Less from Each Other; Basic Books: New York, NY, USA, 2011.
Floridi, L. The Fourth Revolution: How the Infosphere is Reshaping Human Reality; Oxford University Press: Oxford, UK, 2014.
Srnicek, N. Platform Capitalism; Polity Press: Cambridge, UK, 2016.

Cohen, ].B. Between Truth and Power: The Legal Constructions of Digital Information; Oxford University Press: Oxford, UK, 2019.
Scott, A.; Sweeney, ].C. Digital Health: A New Paradigm or Just a New Buzzword? ]. Med. Internet Res. 2020, 22, €17200.


https://doi.org/10.3171/2024.4.JNS232553
https://www.ncbi.nlm.nih.gov/pubmed/39151185
https://doi.org/10.1007/s00399-024-01001-5
https://www.ncbi.nlm.nih.gov/pubmed/38421401
https://doi.org/10.3390/children11070839
https://www.ncbi.nlm.nih.gov/pubmed/39062288
https://doi.org/10.1097/JS9.0000000000002022
https://www.ncbi.nlm.nih.gov/pubmed/39166947
https://doi.org/10.1136/pn-2023-004083
https://www.ncbi.nlm.nih.gov/pubmed/38548322
https://doi.org/10.1007/978-3-031-24670-8_35
https://doi.org/10.1007/978-3-030-90963-5_34
https://doi.org/10.1177/20552076221149651
https://www.ncbi.nlm.nih.gov/pubmed/36636729
https://www.who.int/about/governance/constitution
https://www.who.int/about/governance/constitution
https://doi.org/10.1111/1751-7915.12063
https://www.ncbi.nlm.nih.gov/pubmed/23647782

Medicina 2024, 60, 1456 70f7

16.

17.
18.
19.
20.

21.
22.

23.
24.
25.
26.
27.
28.

29.

11th Revision of the International Classification of Diseases (ICD-11). Available online: https://icd.who.int/en (accessed on 15
May 2024).

Morar, N.; Skorburg, J.A. Bioethics and the Hypothesis of Extended Health. Kennedy Inst. Ethics |. 2018, 28, 341-376. [CrossRef] [PubMed]
Clark, A.; Chalmers, D. The Extended Mind. Analysis 1998, 58, 7-19. [CrossRef]

Clark, A. Supersizing the Mind: Embodiment, Action, and Cognition; Oxford University Press: Oxford, UK, 2018.

Buchanan, A.; Brock, D.W.; Daniels, N.; Wikler, D. From Chance to Choice: Genetics and Justice; Cambridge University Press:
Cambridge, UK, 2000.

Parens, E. (Ed.) Enhancing Human Traits: Ethical and Social Implications; Georgetown University Press: Washington, DC, USA, 1998.
Jotterand, F.; Dubljevi¢, V. (Eds.) Cognitive Enhancement: Ethical and Policy Implications in International Perspectives; Oxford
University Press: Oxford, UK, 2019.

Bostrom, N. Superintelligence: Paths, Dangers, Strategies; Oxford University Press: Oxford, UK, 2014.

Harris, J. Enhancing Evolution: The Ethical Case for Making Better People; Princeton University Press: Princeton, NJ, USA, 2007.
Elliott, C. Better Than Well: American Medicine Meets the American Dream; W.W. Norton & Company: New York, NY, USA, 2003.
Midgley, M. The Myths We Live By; Routledge: Abingdon, UK, 2003.

Wei, S. Is Human Digital Twin Possible? Comput. Methods Programs Biomed. Update 2021, 1, 100014. [CrossRef]

Meijer, C.; Uh, H.W.,; El Bouhaddani, S. Digital Twins in Healthcare: Methodological Challenges and Opportunities. ]. Pers. Med.
2023, 13, 1522. [CrossRef] [PubMed]

Bareti¢, M.; De Bruijn, D. Health Beyond Biology: The Extended Health Hypothesis and Technology. Monash Bioeth. Rev. 2024,
42,5-19. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://icd.who.int/en
https://doi.org/10.1353/ken.2018.0020
https://www.ncbi.nlm.nih.gov/pubmed/30369509
https://doi.org/10.1093/analys/58.1.7
https://doi.org/10.1016/j.cmpbup.2021.100014
https://doi.org/10.3390/jpm13101522
https://www.ncbi.nlm.nih.gov/pubmed/37888133
https://doi.org/10.1007/s40592-024-00206-1
https://www.ncbi.nlm.nih.gov/pubmed/39143390

	References

