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Abstract

Introduction: Health 4.0, integrating artificial intelligence (Al), the Internet of Things (IoT), and big data
into healthcare, offers opportunities to transform medical practice and improve patient care. However, its
development raises ethical concerns involving privacy, autonomy, equity, accountability, and human
oversight. Methods: We conducted a conceptual narrative review and ethical analysis based on peer-
reviewed literature and authoritative governance documents identified through a targeted search completed
on 31 December 2025. The analysis examined informed consent, data governance, cybersecurity, health
equity, transparency, accountability, and human oversight. Results: Several interconnected ethical
challenges were identified. Extensive collection and secondary use of health data may compromise privacy,
autonomy, and meaningful informed consent. Al- and loT-driven healthcare may also widen existing
inequalities because of unequal access to digital infrastructure and technological resources. Increasing
automation raises concerns regarding transparency and responsibility when technological systems
contribute to errors or adverse outcomes. Based on these findings, we propose CyberEthics H4.0, an
integrative framework encompassing cybersecurity, data governance, dynamic consent, equity,
transparency, human oversight, and distributed accountability across the technology lifecycle. Discussion:
These challenges require coordinated rather than isolated responses. Consent should become dynamic and
continuous, while cybersecurity and data governance should be embedded throughout the technology
lifecycle. Equitable access, digital literacy, transparency, and human oversight are essential to prevent
exclusion and clarify accountability among healthcare professionals, developers, institutions, and
regulators. Conclusion: Responsible Health 4.0 requires technological innovation to be accompanied by
robust ethical governance. CyberEthics H4.0 provides a conceptual framework for integrating ethical
principles throughout the technology lifecycle. Continuous ethical deliberation and adaptive regulation will
be essential as digital healthcare continues to evolve.

Keywords: Ethical issues; Health 4.0; Technological tools; Informed consent; Human rights; Confidentiality.

Introduction

The era of Health 4.0, which refers to the adoption
of the fourth industrial revolution in healthcare, has
undergone notable changes. Technologies such as
artificial intelligence (Al), the Internet of Things
(10T), robotics, blockchain and big data are changing
the way healthcare services are delivered. [1-4]
However, these advancements also give rise to
crucial ethical concerns that require specific
attention.

In this article, digital health is used as the broad
umbrella covering eHealth, mobile health,

telemedicine, electronic health records, and digital
therapeutics. Health 4.0 denotes the wider connected
ecosystem in which data, technologies, people,
institutions, and governance interact. Healthcare 4.0
refers more specifically to the care-delivery layer of
this ecosystem, while Industry 4.0 applied to
healthcare  describes the technological and
organizational origins of these capabilities (Figure
1). While the ethical challenges associated with
Health 4.0 are not novel and have persisted since the
onset of the industrial era, technological
advancements have notably intensified these
concerns. Better theoretical understanding and
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ethical knowledge are needed to manage these
issues. Existing frameworks frequently address Al
ethics, digital health, cybersecurity, privacy, or
health equity separately, whereas the Health 4.0
ecosystem makes these domains interdependent [6—
10]. An integrated framework that connects them to
stakeholder responsibilities and lifecycle controls
remains insufficiently developed. Our ethical
analysis focused on four key areas: data
confidentiality and security, informed consent,
health inequalities, and accountability.

The evolution toward Health 4.0, a model based on
agility, precision, and a holistic approach to
wellness, is facilitated by the digital transformation.
The focus is on genomic, microbiomic, and
metabolomic personalization, revolutionizing the
care methodology by placing a heightened emphasis
on stability and optimizing patient outcomes. This
new paradigm favors a proactive offer of care and a
reimbursement system adapted to an active, on-
demand lifestyle. In addition, the use of “smart
factories” promotes the ability to respond efficiently

and accurately to increased demand for healthcare
services. [5] Nevertheless, despite these beneficial
advances, one important issue remains: that of the
underlying ethical issues. Ensuring the utmost
safeguarding and confidentiality of patient data
should always be our top priority. This approach is
particularly important when handling personal and
sensitive genomic, microbiomic, and metabolomic
data. While digital transformation offers intriguing
possibilities, it is crucial to stay watchful and
consistently strive for a harmonious blend of
technological progress and ethical principles. This
article therefore aims to critically examine the
principal ethical challenges associated with Health
4.0 and to develop CyberEthics H4.0 as an
integrative conceptual framework addressing data
governance, informed and dynamic consent, health
equity, cybersecurity, algorithmic transparency,
human oversight, and distributed accountability. The
framework is presented as an author-developed
synthesis requiring empirical validation, rather than
as an already validated universal model.

-

DIGITAL HEALTH (broad umbrella)

eHealth | mHealth | telemedicine | electronic health records | digital therapeutics

-

Al and analytics

Robotics and automation

HEALTH 4.0 (connected cyber-physical ecosystem)

IaMT and sensors

Omics and personalization

Cloud and interoperability

Distributed ledgers

HEALTHCARE 4.0 (care-delivery implementation)

smart hospitals | remote monitoring | decision support | personalized care

Industry 4.0 supplies enabling design principles; Health 4.0 applies them to a person-centred health ecosystem.

Figure 1. Conceptual relationship among digital health, Health 4.0, and Healthcare 4.0.

Methodological Approach

This article is a conceptual narrative review and
ethical analysis. It does not report an empirical study
and was not designed as a systematic or scoping
review. A narrative approach was selected to
integrate  heterogeneous  evidence, including
empirical studies, reviews, ethical analyses,
consensus guidance, and legal or regulatory
documents.

A targeted literature search was conducted in
PubMed/MEDLINE and in the official repositories
of the World Health Organization, European Union,
United Nations Educational, Scientific and Cultural

Organization, United States National Institute of
Standards and Technology, and United States Food
and Drug Administration. The search was completed
on 31 December 2025. Search concepts combined
“Health 4.0,” “Healthcare 4.0,” or “digital health”
with ethics, governance, privacy, cybersecurity,
consent, dynamic  consent, bias, equity,
explainability, accountability, or human oversight.

Sources were included when they directly addressed
Health 4.0 or a core technology used within it and
analyzed ethical, governance, legal, safety, privacy,
or equity implications. Priority was given to peer-
reviewed literature published from January 2019
through December 2025, systematic or mapping
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reviews, major medical and digital-health journals,
consensus statements, and primary regulatory or
international governance documents. Older sources
were retained only when foundational or legally
authoritative. Sources with unverifiable citation
details, indirect relevance, or inadequate support for
the associated claim were excluded.

The literature was synthesized thematically. First,
concerns were organized around the four domains
already identified in the original manuscript.
Second, reviewer-requested dimensions—dynamic
consent, algorithmic bias, transparency,
contestability, and human  oversight—were
integrated. Third, the resulting domains were
mapped to stakeholders and to six lifecycle stages:
design, data acquisition, validation, deployment,
monitoring, and retirement. Because this is a
narrative conceptual analysis, no quantitative meta-
analysis or formal risk-of-bias appraisal was
performed.

Ethical Challenges of Health 4.0
Data confidentiality and security

Health 4.0 focuses on data privacy and security.
While the collection and analysis of large amounts
of data can help personalize care, they also present
significant challenges for patient privacy. [11-14]
Protecting the integrity and confidentiality of patient
data is essential. Healthcare data are sensitive and
include family history, medical test results, and risk
assessments. Thus, a wide range of security policies
are required to ensure that this information is not
accessible to unauthorized persons. [13]

A variety of sophisticated technological approaches
are available to help protect data. Data can be stored
securely with techniques such as data encryption that
allow only those authorized to access it. Other
methods, such as strong authentication and access
rights management, also ensure that only the
appropriate people can access sensitive patient
information. [8,11]

Proactive monitoring systems, such as firewalls,
intrusion detection systems, and physical access
control measures, can significantly increase data
security. This approach makes it possible to
proactively identify and manage opportunities for
unauthorized access or other suspicious activities.
[8]

In addition, compliance with regulations is crucial
for the protection of healthcare data. The General
Data Protection Regulation (GDPR), for example,
sets strict standards for the collection and processing
of health information in Europe. [11] The European
Health Data Space complements this framework
with sector-specific rules for primary and secondary
uses of electronic health data [12].

The ethical analysis must nevertheless move beyond
the statement that data should be protected. Health

4.0 governance must specify who determines the
purposes of processing, who may authorize
secondary use, how data minimization and retention
limits are implemented, how cross-border transfers
are governed, and who is responsible when data are
leaked, altered, unavailable, or reused outside
reasonable expectations. The language of data
stewardship is therefore preferable to treating
ownership as the only relevant question.

IoT and IoMT devices broaden the attack surface
because they may be resource-constrained, deployed
outside controlled clinical environments, and
connected to care workflows. A cybersecurity
incident can therefore become a patient-safety event.
Privacy-preserving approaches such as federated
learning can reduce centralization, but they do not
remove risks of model leakage, poisoning, unequal
local data quality, or unclear responsibility across
participating institutions [15].

The ethical implications are particularly evident in
highly sensitive clinical domains.

Take HIV data, for example. To protect the
confidentiality of people living with HIV, sensitive
data such as test results, medical information and
personal data must be rigorously protected.
Appropriate security measures are necessary to
prevent unauthorized access to this sensitive
information or unintentional disclosure.

To protect the confidentiality of HIV-positive data,
strict security policies and protocols must be
implemented. This includes measures such as the use
of firewalls, data encryption, restricted access to
sensitive data and ongoing staff training on good
data protection practices.

In addition, increased awareness of confidentiality
and security of HIV data is needed among healthcare
professionals and people living with HIV to build
trust and protect personal information.

Health 4.0 development depends on data
confidentiality and security. Organizations need to
implement robust security policies, keep up with
technological advances, and comply with applicable
laws to maintain the integrity and confidentiality of
patient data. [14]

Informed Consent and Dynamic Consent

Informed consent is crucial for Health 4.0. It is
essential for healthcare professionals to clearly
communicate the impact of Health 4.0 applications
to enable patients to make well-informed decisions,
considering the potentially complex nature of the
technology. [7,16] A fundamental patient right is a
clear understanding of the new technology and the
consequences of its use for one’s health, which is
guaranteed by informed consent. Patients should
receive  full, relevant, and comprehensive
information about their treatment, including the use
of Health 4.0 technology, to enable them to make
informed decisions. [29]
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Methods of informing patients must be clear, easy to
use, and tailored to their unique abilities and needs.
This includes an open and honest dialog about the
potential benefits and risks of Health 4.0
applications, the use of clear and simple language,
and the avoidance of overly complicated technical
terms. [7,16]

In the context of Health 4.0, informed consent is
essential for respecting patients’ rights and ensuring
appropriate  care.  This requires effective
communication of relevant information using clear,
accessible language, as well as a commitment to the
transparency and integrity of the information
provided.

This process consists of three key stages. First,
healthcare professionals provide patients with
relevant information about their treatment or
medical procedure. This includes a detailed
description of the benefits, risks, and potential
alternatives. Next, patients are encouraged to
actively participate in the decision-making process,
taking into account their own goals, values, and
preferences. Finally, the patient provides formal
consent, either on a signed consent form or

electronically. To ensure that patients make
informed decisions and actively participate in their
own medical care, this process emphasizes the
importance of open communication and mutual
understanding.

Traditional consent becomes more complex when Al
systems and connected devices continuously process
data. Consent to a clinical intervention must be
distinguished from authorization for data processing
or secondary use. A patient may understand the
immediate treatment but may not anticipate future
linkage, model training, profiling, transfer across
institutions, or automated decision-making.
Dynamic consent can allow people to review
information, express granular preferences, receive
updates, and modify or withdraw choices over time
[17]. However, it is not an ethical or legal panacea.
Consent fatigue, interface complexity, unequal
digital access, authentication burdens, and difficulty
propagating withdrawal across derived datasets can
undermine autonomy. Dynamic consent should
therefore complement independent oversight,
accessible non-digital alternatives, data
minimization, and clear withdrawal rules (Figure 2).
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Institutional safeguards, lawful bases, accessibility, and human support remain necessary.
Figure 2. Dynamic consent as an ongoing, supported governance cycle.

Health Inequalities: Access and Algorithmic
Inequality

Access to Health 4.0 technologies may differ
significantly, potentially worsening existing health
disparities. Hence, it is crucial to guarantee uniform
access to these technologies. [18,19]Many factors,
such as socioeconomic diversity, geographical
location, age, language, health status, and digital
literacy, can explain differences in access to Health
4.0 technology. If these factors are not properly
addressed, they could further aggravate existing
health disparities. [18,19]

Ensuring fair access to healthcare technologies is a

matter of social justice that demands collaborative
efforts to overcome any existing barriers. This
involves putting in place measures to improve the
accessibility and adoption of these technologies by
everyone, regardless of their circumstances.
Methods of achieving equitable access to Health 4.0
technologies may include ensuring the availability of
low-cost hardware and internet services, providing
digital training for healthcare professionals, and
implementing initiatives to enhance digital health
literacy.

Ensuring equitable access to Health 4.0 technologies
is essential for preventing the exacerbation of
existing health disparities. We need to improve
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accessibility and overcome the challenges that could
hinder the adoption of these technologies by the
most marginalized people.

Access inequality is only one pathway. Algorithmic
inequality can persist even when technology is
available. Models may reproduce structural
inequities through non-representative datasets,
biased labels, inappropriate proxy outcomes,
missing data, language bias, and unequal error rates
across demographic or geographic groups. Empirical
studies have shown that apparently high-performing
health algorithms can underestimate need or

underdiagnose disease in underserved populations
[20,21].

Equity assessment should therefore extend across
the lifecycle. Developers and institutions should
document dataset composition and intended
populations, evaluate subgroup discrimination and
calibration, test accessibility for older persons and
persons with disabilities, monitor performance after
deployment, and provide non-digital alternatives.
Aggregate accuracy is not sufficient when clinically
important subgroups experience disproportionate
harm (Figure 3).

ACCESS INEQUALITY

= Connectivity and cost

+ Device availability

+ Digital and health literacy

= Language and disability access
* Trust and institutional reach

ALGORITHMIC INEQUALITY

* Non-representative datasets

+ Biased labels or proxy targets

* Unequal data quality

+ Distribution shift

* Unreported subgroup performance

!

Unequal adoption and
data visibility

l

Unequal model performance
and decisions

COMPOUNDED INEQUITABLE OUTCOMES

Mitigation: inclusive design + representative data + subgroup validation
+ accessible alternatives + continuous monitoring

Figure 3. Dual & interacting pathways from access inequality & algorithmic inequality to unequal Health 4.0 outcome.

Transparency, Explainability, and Contestability

Transparency is broader than displaying technical
model details. Patients, clinicians, institutions,
auditors, and regulators require  different
information. Relevant disclosures include intended
use, data provenance, validation population, known
limitations, uncertainty, update history, human role,
and routes for correction or appeal [22-24].
Explainability may support autonomy, safety, and
professional judgment, but a persuasive explanation
cannot compensate for an unreliable model. The
useful explanation is the one that enables a specific
user to act appropriately. Contestability is therefore
the operational counterpart of transparency: persons
affected by Al-assisted decisions should be able to
request an understandable rationale, correct
inaccurate data, seek human review, and challenge
decisions with meaningful consequences [22,23].

Attribution of Responsibility and Human
Oversight

The issue of liability in the realm of Al and robotics,
especially concerning medical mistakes, can be
intricate. It may therefore be necessary to establish
new rules to resolve this ethical issue. [25,26]
Responsibility for medical errors involving Al and
robotics can be difficult to resolve, as several actors
could be involved. These actors may include Al
algorithm developers, robotic device manufacturers,
healthcare professionals who use the technology and
healthcare institutions that provide services.

Current  medical liability laws may not
comprehensively address all facets of using artificial
intelligence and robotics in the field of medicine. This
is why new rules specifically designed for this context
need to be established. These new rules could aim to
clarify how to determine who is liable when Al or
robotics is involved in a medical error, to what extent
these actors are liable, and how to measure the impact
of these technologies on patient outcomes. [25-28]
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It is important to determine who is responsible for
medical errors in the context of Al and robotics. To
address this challenge and guarantee the ethical and
safe utilization of these technologies in medicine, it
might be necessary to establish new regulations.

Responsibility in Health 4.0 should be distributed
but not diluted. Developers are responsible for
design, data documentation, testing, and updates;
manufacturers for product safety and supported
maintenance; institutions for procurement, local
validation, integration, staffing, and monitoring;
clinicians for use within intended scope and

appropriate professional judgment; and regulators
for proportionate rules and post-market oversight.
Table | translates this shared responsibility into
minimum operational duties.

Meaningful human oversight is more than placing a
clinician nominally “in the loop.” The clinician must
have sufficient time, authority, competence,
information, and a realistic ability to question or
override the system. Institutions and vendors must
not transfer systemic failures to individual
professionals by invoking human oversight without
providing these conditions [25-27].

Table I. Minimum responsibilities for accountable Health 4.0 governance.

Minimum responsibilities

Expected evidence

Define intended use; document data and limitations; test
safety, bias, and cybersecurity; manage updates.

Technical file, validation report, subgroup

DiEElpars < RGeS results, update and incident records.

Perform procurement review and local validation; integrate
workflows; train staff; monitor performance and incidents.

Governance approval, local test report,

I GllineEn s monitoring dashboard, escalation plan.

Use within intended scope; explain the human role; exercise
judgment; document overrides and report incidents.

Clinical documentation, competency

Healthcare professionals S .
P records, incident and override logs.

Set risk-based requirements; coordinate data, device,
cybersecurity, and liability rules; provide redress.

Regulatory decisions, audit findings,

AR & FolEmE e post-market actions, public guidance.

Participate in design and governance; express preferences; Co-design records, consent choices,

Patients & communities

report harms; request review or correction.

complaints, appeal outcomes.

Toward a CyberEthics H4.0 Framework

With this in mind, it is timely to examine the
development of an integrative framework, termed
“CyberEthics H4.0,” which aims to address these
particular ethical challenges.

CyberEthics H4.0 focuses on the close relationship
between technology, data, and healthcare, with an
emphasis on the users and technologies involved.
This approach recognizes the need for specific ethical
responses to emerging issues in Health 4.0.

A key aspect of CyberEthics H4.0 is the recognition
of cybersecurity as an essential pillar. With the
increasing integration of technology and data in
healthcare, it is crucial to guarantee the
confidentiality, integrity, and availability of sensitive
medical data. Protection against cyber-attacks and
privacy breaches thus becomes a priority for
preserving the trust of patients and healthcare
professionals. In addition, CyberEthics H4.0
encompasses reflections on the ethical implications of
using artificial intelligence, the Internet of Things,
and big data in healthcare. This includes issues such
as algorithmic transparency and accountability,
automated decision-making, and potential biases in
artificial intelligence systems. Ensuring the ethical
use of these technologies requires an appropriate
regulatory framework and heightened awareness of
ethical issues.

In sum, the CyberEthics H4.0 concept represents an

integrative approach to addressing the unique ethical
challenges posed by the integration of technology,
data, and healthcare in the Health 4.0 era. By focusing
on users, technologies, and cybersecurity, this
concept provides a solid foundation for guiding
ethical decisions and promoting the responsible use
of technologies in healthcare. Its contribution is not
the invention of new ethical principles, but the
coordination of established principles within a single
Health 4.0 governance architecture.

The revised framework comprises six mutually
dependent pillars:

autonomy and dynamic consent;

data stewardship, privacy, and cybersecurity;
equity and inclusive access;

transparency, explainability, and contestability;
clinical safety and meaningful human oversight;
distributed  accountability = and  adaptive
governance. The person, human dignity, and
public interest remain at the centre.
Operationally, CyberEthics H4.0 follows the
technology lifecycle from design and data acquisition
through validation, deployment, monitoring, and
retirement. At each stage, responsible actors should
document risk ownership, evidence, decisions,
incidents, and corrective actions. The framework is a
governance overlay and does not replace professional
ethics, clinical evaluation, law, quality management,
or technical cybersecurity standards (Figure 4).

oapwhE
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Patients and communities

Distributed accountability
and adaptive governance

R%sear:hers and data stewarl}s

Autonomy and
dynamic consent

Clinicians and institutions

YBERETHICS H4.

Clinical safety and
meaningful human oversig

Person, dignity, and

Data stewardship,
privacy, cybersecurity

public interest at the centre,

Transparency,

explainability, contestability

DFvelopErs and manufatture]'s

Equity and
inclusive access

+Egu\ators and pcllicymaker];

Lifecycle controls: design — data acquisition — validation - deployment - monitoring — retirement

Cross-cutting mechanism: documented risk ownership, auditability, incident response, and public participation

Figure 4. CyberEthics H4.0: an integrated, person-centred, lifecycle-based framework for Health 4.0 governance.

Comparison with Existing Ethical and Al-

Governance Frameworks

CyberEthics H4.0 overlaps with established frameworks
and should be positioned as complementary rather than
universally superior. Biomedical principlism provides
normative grounding; WHO guidance establishes
globally relevant Al-for-health principles; the NIST Al

Risk Management Framework provides an operational
risk process; the EU Al Act establishes binding risk-
based obligations; and FUTURE-AI offers healthcare-
specific best practices [7-10,27-29]. CyberEthics H4.0
adds an explicit Health 4.0 ecosystem lens connecting
cybersecurity, secondary data use, dynamic consent,
equity, clinical oversight, stakeholder duties, and
lifecycle controls.

Table I1. Comparison of CyberEthics H4.0 with selected established frameworks.

Boundary or gap addressed by

Framework Primary focus Principal strength

CyberEthics H4.0

Does not itself specify technical lifecycle
controls or distributed digital responsibility.

Biomedical principlism Autonomy, beneficence,

[29] non-maleficence, justice Normative ethical foundation

WHO Al-for-health
guidance [7]

Centres Al; less explicit integration of loMT

=] AL e ety cybersecurity and consent operations.

Globally relevant principles

Cross-sector framework rather than a
complete health-ethics architecture.

Govern, map, measure,

NI A R =) manage Al risk

Operational risk-management process

Binding risk-based Al
obligations

Does not integrate every ethical concern or

EU Al Act [9] non-Al component of Health 4.0.

Legal duties for high-risk systems

Trustworthy and deployable
healthcare Al

Primarily Al-focused rather than the wider

FTUIREAL T connected Health 4.0 ecosystem.

Detailed healthcare-Al best practices

Links ethics, cybersecurity, equity,
consent, oversight, actors, and
lifecycle

Integrated Health 4.0
governance

Conceptual framework requiring stakeholder

e 0 validation and implementation testing.
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Discussion

The analysis shows that the principal ethical
challenges of Health 4.0 are not independent
checklist items. They are tensions within a
sociotechnical system. Greater data access may
improve model performance while increasing
privacy risks; personalization may benefit some
groups while excluding others; automation may
improve consistency while weakening situational
judgment; and transparency may support trust while
creating false reassurance if the underlying model is
unreliable.

The proposed framework responds to the identified
gap by treating cybersecurity, consent, equity,
transparency, safety, and accountability as coupled
governance functions. It preserves the four ethical
domains of the original manuscript while extending
them to dynamic data use, algorithmic inequality,
contestability, meaningful human oversight, and
lifecycle governance. Its originality is therefore
integrative and operational rather than based on a
claim to previously unknown ethical principles.
Context  remains  essential.  High-resource
institutions may implement formal Al committees,
security operations, continuous monitoring, and
sophisticated consent platforms, while lower-
resource settings may face connectivity, workforce,
interoperability, and regulatory  constraints.
Proportionate implementation should prioritize
high-consequence risks, accessible alternatives,
shared infrastructures, open standards, and capacity
building without reserving safe innovation for
wealthy systems.

Practical and Policy Implications

Policymakers and regulators should connect data
protection, medical-device regulation,
cybersecurity, professional responsibility, and
patient rights. Minimum requirements should
include a clear intended use, documented data
governance, independent clinical evaluation,
subgroup reporting, meaningful human oversight,
cyber incident reporting, post-market monitoring,
and accessible redress.

Healthcare institutions should establish
multidisciplinary governance before procurement.
Local validation, workflow and usability testing,
staff training, override and escalation procedures,
monitoring thresholds, and plans for model updates
or withdrawal should be documented.

Developers and manufacturers should implement
representative data governance, human-factors
engineering, security by design, transparent
documentation, subgroup and stress testing,
supported update pathways, and credible post-
market surveillance. Model updates should be
versioned and revalidated in proportion to their
clinical impact [24,31].

Healthcare professionals require digital and Al
literacy concerning intended use, uncertainty, bias,
automation bias, documentation, consent, patient
communication, and incident reporting. Patients and
communities should participate not only through
individual consent but also through co-design,
governance, evaluation, and mechanisms for
correction and appeal.

Limitations

This article has several limitations. It is a targeted
narrative review rather than a systematic review, so
source selection is vulnerable to incompleteness and
interpretive judgment. The analysis prioritizes
English-language literature and international or
European governance documents and may
underrepresent regional legal traditions and local
implementation  experience.  The  regulatory
environment changes rapidly. Finally, CyberEthics
H4.0 is a conceptual synthesis that has not yet
undergone formal Delphi validation, prospective
implementation, or evaluation against patient and
organizational outcomes.

Future Research Directions

Future research should validate the framework
through  multidisciplinary  and international
stakeholder methods involving patients, clinicians,
developers, ethicists, cybersecurity specialists,
regulators, and representatives from low- and
middle-income countries. Consensus work should
determine which controls are essential across all
applications and which should vary with clinical
consequence, autonomy, population scale, and
system adaptivity.

Measurable indicators are also required for each
pillar, including consent comprehension and
revocation performance, data provenance and cyber-
resilience metrics, subgroup calibration and error
rates, explanation usefulness, override
appropriateness, incident-response  time, and
completeness of responsibility documentation.
Research should additionally examine continuously
learning models, federated infrastructures, digital
twins, robotics, and generative or multimodal Al
[30].

Conclusion

The Health 4.0 revolution in medical technology
heralds’ substantial changes in healthcare. Given the
new era in which technology and healthcare are
inextricably linked, there is a plethora of
opportunities for substantial optimization of the
quality, accuracy, and efficiency of medical services.
Assigning responsibility is a difficult issue that
needs to be addressed, but these potential benefits
are not without ethical challenges and problems.
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Who will be held responsible if a technological
failure affects patients’ health? To navigate this new
landscape, it is essential to clarify legal and ethical
responsibilities. In brief, if we truly want to benefit
from the substantial advances of Health 4.0, we need
to examine these ethical issues in depth. We could
help shape a future in which technology improves
healthcare for the greatest number while respecting
the rights and dignity of each individual by
protecting confidentiality, encouraging informed
consent, ensuring that care is accessible to all, and
establishing clear accountability. Health 4.0 should
therefore be evaluated not only by technical
performance but also by its effects on dignity, safety,
equity, autonomy, and public trust.

CyberEthics H4.0 contributes an integrated, person-
centred, and lifecycle-based architecture that
connects the original ethical concerns of the
manuscript to  contemporary  questions  of
cybersecurity, dynamic consent, algorithmic bias,
transparency, human oversight, and distributed
responsibility. The framework now requires
stakeholder validation, measurable indicators, and
empirical implementation studies before it can be
considered operationally established.
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