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ABSTRACT

The incorporation of electronic health records (EHRs) into healthcare systems has greatly enhanced medical data
management efficiency and patient care. Concerning patient confidentiality, this digital transformation also raises
ethical and security issues. Sensitive health information protection is a concern due to unauthorized access, cyber
threats, and legal complications. Ethical principles of patient autonomy and informed consent are usually breached
when patients lack control over their use of data, especially for secondary uses such as research and commercial
exploitation. For enhancing security and confidentiality of EHRs, several technology alternatives have been
suggested. Self-sovereign identity systems and patient-controlled data-sharing models are also being explored to
enable more transparency and empower patients with greater control over their health records. Ethical dilemmas
surrounding EHR confidentiality are examined in this literature review, which also looks at privacy risks, legal
frameworks, and technological solutions. This review will also delve into the possibility of blockchain, artificial
intelligence (Al)-powered cybersecurity, role-based access control, and encryption as viable measures for maintaining
the confidentiality of EHR. By incorporating the latest research, this review aims to provide healthcare providers,
policymakers, and researchers with information on how digital health privacy and security practices evolve.
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INTRODUCTION

Patient information is now stored, accessed and shared in
a completely different way due to the healthcare system's
quick digitization. With digital platforms that provide
efficiency, accessibility and improved care coordination,
EHRs or EHRs have supplanted traditional paper records
as the industry standard for medical documentation. With

EHRs becoming the norm for storing and sharing medical
data, the development of healthcare technology has
completely changed the way patient data is managed.' In
contrast to paper-based records, EHRs facilitate instant
access to patient data, enhancing clinical judgment,
provider coordination, and general practice efficiency.>?
Even though EHRs have many advantages, there are also
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serious security and ethical issues with confidentiality and
illegal data access.*

One of the core ethical principles in healthcare is
confidentiality, which guarantees that patient data is
shielded from abuse and illegal access. There are now
serious ethical and legal concerns regarding the protection
of patient information due to the growing dependence on
digital health systems, which has increased worries about
illegal access, cyberthreats and misuse of private medical
data EHR security lapses can result in financial fraud,
identity theft, and a decline in public confidence in
medical organizations.>® Furthermore, who has access to
patient records and how information is used for secondary
purposes like research or insurance evaluations raises
ethical questions.” Patients can trust healthcare providers
to protect their personal health information because
confidentiality is a fundamental principle of medical
ethics. The health insurance portability and accountability
act (HIPAA) in the United States and the general data
protection regulation (GDPR) in Europe are two
examples of the laws and regulations that governments
and regulatory agencies have put in place to protect the
confidentiality of EHRs.>'" Patient confidentiality
violations are still common in healthcare settings, where
hacking incidents, insider threats and systemic
vulnerabilities are all contributing factors to the rise in
data breaches. It is still difficult to ensure compliance
despite these legal frameworks, particularly given the
growing sophistication of cyberthreats. Furthermore, new
risks and opportunities arise as blockchain, cloud
computing, and AI continue to influence digital
healthcare.'® The possibility of illegal access is one of the
main ethical issues with EHRs. Different administrative
and medical personnel frequently have different levels of
access to patient data, which could pose privacy risks if
access controls are not appropriately implemented.
Healthcare organizations face an ethical conundrum when
attempting to strike a balance between the necessity of
sharing information and maintaining patient privacy. The
rise of cloud-based storage options, Al and big data
analytics has also raised fresh questions about data
ownership and the secondary use of patient data.'
Although large datasets are necessary for Al-driven
predictive analytics and research projects to enhance
clinical and public health outcomes, the opaqueness of
data usage raises concerns regarding patient autonomy,
informed consent and ethical governance.'?

Examining security risks, evaluating legal and policy
frameworks that control patient data protection and
analyzing the ethical issues surrounding EHR
confidentiality are the objectives of this literature review.

It will also showcase new developments in technology
and risk-reduction best practices such as blockchain
encryption, Al-powered cybersecurity and improved
access control systems. By combining the most recent
findings, this review will shed light on how the ethics of

digital health are developing and offer ways to protect
patient privacy in the age of the electronic medical
records.

LITERATURE SEARCH

The Cochrane Library, PubMed, ProQuest, and Google
Scholar, and other databases were used to perform a
thorough literature search. To ensure the inclusion of the
most recent and pertinent studies, the search was
restricted to peer-reviewed publications released between
2015 and 2024. The following medical subject headings
(MeSH) were wused: “electronic health records”,
“confidentiality in healthcare”, “data security”, “EHRs
Privacy”, “ethics in digital health”, “cybersecurity in
healthcare” and “HIPAA and GDPR compliance”.
Clinical studies, systematic reviews, policy analyses and
ethical discussions addressing confidentiality issues in
EHRs were among the inclusion criteria. Studies that only
looked at non-healthcare settings or paper-based records
were not included. Furthermore, references from
important articles were manually vetted to guarantee
thorough discussion of the subject.

DISCUSSION
Ethical challenges in EHR confidentiality
Unauthorized access and insider threats

Unauthorized access remains one of the primary threats to
EHR confidentiality.”> Unlike paper records, which
require physical access, EHR systems are accessible
remotely, increasing the risk of exposure to unauthorized
individuals.'®!> Insider threats, where employees misuse
their access privileges, are particularly concerning.'®
Studies indicate that internal data breaches often exceed
external cyberattacks in frequency, with employees
accessing patient records for personal curiosity, financial
gain, or even identity theft.!'”!® Additionally, healthcare
institutions face challenges in ensuring compliance with
access control policies. Many hospitals implement
monitoring tools to track user access, but these measures
often lack real-time threat detection capabilities. Al-
powered monitoring systems are emerging as a solution,
identifying unusual behavior patterns and preventing
insider threats before they occur.!*-?

Cybersecurity threats and data breaches

The increasing digitization of healthcare records has led
to a surge in cyberattacks targeting EHR systems.?!??
Cybercriminals exploit vulnerabilities through
ransomware, phishing schemes, and malware, often
disrupting hospital operations and compromising patient
data.* Healthcare data is particularly attractive to
attackers due to its high value on the black market, where
stolen medical records can be used for identity fraud and
insurance scams.?’ One emerging concern is the rise of
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deepfake phishing attacks, where cybercriminals use Al-
generated voices and emails that mimic hospital
executives to trick employees into providing login
credentials.’® To combat these threats, institutions are
investing in advanced security measures such as
biometric authentication, zero-trust security frameworks,
and Al-driven anomaly detection that monitors for
unauthorized access attempts in real-time.?’

Legal and regulatory challenges

Regulatory frameworks such as HIPAA in the U.S. and
GDPR in Europe impose strict guidelines on healthcare
data protection, but compliance remains an ongoing
challenge.?® Many healthcare providers struggle to align
with these regulations due to evolving cybersecurity
threats and resource constraints.”*° In developing
countries, limited digital infrastructure further
complicates adherence to international privacy laws,
leaving patient data at higher risk of exploitation. Another
major challenge is the cross-border exchange of medical
records, especially for patients receiving care in multiple
countries.’! Conflicting privacy laws create legal
uncertainty, making it difficult for healthcare
organizations to share patient data securely.’’ Future
policy efforts should focus on creating standardized
international regulations that promote both security and
accessibility in healthcare data management.

Informed consent and secondary data use

EHRs allow seamless data sharing among healthcare
providers, insurers, and researchers, but concerns remain
about the extent to which patient data is used for
secondary purposes.’33* Many patients are unaware that
their medical records are often shared with third parties
for research, clinical trials, and pharmaceutical
development without explicit consent. This raises ethical
concerns about patient autonomy and data ownership.
Emerging solutions include patient-controlled data-
sharing platforms that allow individuals to grant or
restrict access to their records based on specific
purposes.’>3¢  Additionally, blockchain-based consent
management systems are being explored to enhance
transparency and allow patients to track how their health
data is used over time.3”8

Strategies to maintain EHR privacy
Data storage that is secure and encrypted

One of the best ways to protect patient information from
unwanted access is through encryption.’* End-to-end
encryption ensures that Sensitive health information is
protected even if it is intercepted during transmission.*’
Future-proofing EHR security against possible quantum
computing threats is being investigated through
developments in quantum-resistant encryption algorithms.
For the protection of EHR data, decentralized storage

options like blockchain are also becoming more popular.*!
Tamper-proof records are made possible by blockchain
technology, which makes it impossible for unauthorized
changes to take place undetected. Healthcare
organizations are starting to use hybrid cloud-blockchain
models to combine the security advantages of
decentralized data management with the scalability of
cloud computing.*?

RBAC stands for role-based access control

RBAC, which restricts user permissions according to
their job role, is still a crucial tactic for stopping illegal
data access.”** Nonetheless, there are still issues with
making sure that access privileges are updated frequently
when employee roles shift. Data breaches are more likely
to occur in hospitals that neglect to remove access for
former workers or modify permissions for role changes.
Al-driven identity and access management (IAM)
systems are being used to automate real-time user
permission updates to address this.* By identifying and
flagging irregularities in workflow patterns, these systems
make sure that workers only have access to the
information required for their jobs.*®

Biometric security and multi-factor authentication

Multi-factor authentication (MFA) provides an essential
security layer by requiring several verification steps
before allowing access to EHR systems.*’ Newer
techniques incorporate biometric verification such as
retinal scans and heartbeat authentication, while more
conventional MFA techniques rely on SMS or email
authentication.*® But there are still implementation issues,
especially with user compliance. In emergencies, extra
authentication steps can be difficult for certain medical
professionals. Hospitals are investigating adaptive MFA
which modifies authentication requirements according to
risk levels as a way to strike a balance between security
and efficiency. For instance, regular logins from reliable
sources might only need one verification step but
attempts at high-risk access might necessitate extra
security.

Privacy controls centered on the patient

Trust in EHR systems is increased when patients are
given the ability to manage their health data. Individuals
can now choose which healthcare organizations or
providers have access to their records, through the
granular privacy settings available on many contemporary
patient portals.**>® According to research, patient-
centered privacy controls increase transparency,
autonomy, and trust, which increases people’s propensity
to use digital health platforms. HR systems frequently
have patient portals that give users real-time access to
their test results, treatment plans and medical history. To
increase transparency, some systems also allow Patients
to change permissions, choose who can access their
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records, and get real-time notifications when healthcare
providers access their data through these portals, which
provide different levels of control. EHR systems
frequently offer few options for controlling or limiting
access to specific data, even though many of them let
patients view their records. In certain situations, patients
might not have complete control over how their data is
shared with researchers, insurance companies, or other
third parties or the ability to amend or remove it. Due to
this lack of control, there are now worries about illegal
access to healthcare organizations making money off of
patient data, and the moral ramifications of using patient
data for unrelated purposes. To provide patients with full
control over their medical data, self-sovereign identity
(SSI) frameworks are being investigated.! SSI enables
people to keep and control their medical records on their
own devices, allowing access only when required.’? In
digital healthcare, patient confidentiality may be
redefined by this decentralized strategy.

Frequent training on compliance and security audits

To find weaknesses in EHR systems, regular security
audits are essential. By carrying out penetration testing in
which ethical hackers try to get past security measures,
healthcare organizations can improve their cybersecurity
protocols.> Studies show that human error, such as using
weak passwords, sharing login information, and being
vulnerable to phishing attacks, is responsible for a sizable
percentage of security incidents. Cybersecurity training
programs have been widely implemented in healthcare
organizations to counter this, teaching healthcare workers
how to protect patient data, spot phishing attempts, and
comply with regulations. Organizations with regular
cybersecurity training have been found to have fewer
breaches and faster incident response times than those
with little training. Additionally, real-time monitoring
systems that notify security teams of unwanted access
attempts are now being implemented in hospitals.
Healthcare organizations can greatly strengthen their
defense against insider threats and external cyberattacks
by combining advanced security with continuous staff
training. Al driven solutions are also being introduced to
identify suspicious login behaviors such as access from
multiple locations or excessive data retrieval attempts.

Emerging trends and future directions

New methods for improving EHR confidentiality are
appearing as technology develops further.>* Blockchain
generation has acquired large interest primarily based on
its tamper-proof and decentralized nature, which allows
continuous retention of records, more advantageous
information integrity, and better transparency in patient
health records.®® Through the elimination of a single
factor of failure, blockchain is capable of saving from
unauthorized access and information breaches and ensure
that personal information is secure but reachable in an
easy and verifiable way. In addition, predictive analytics

and Al are also at the center of proactive cybersecurity. Al
fashions can detect capacity safety dangers in real-time
by way of means of monitoring anomalous access
patterns, detecting vulnerabilities, and blocking
unauthorized access earlier than any breaches occur.
Machine learning of algorithms may be carried out to
automate monitoring of EHR access logs, flagging any
suspicious activity that might suggest a breach. Another
critical fashion is the harmonization of worldwide privacy
policies and legal guidelines to facilitate secure
worldwide information exchange at the same time as
keeping sturdy confidentiality safety measures.*® With the
worldwide transport of healthcare turning into more and
more interdependent, improvement of interoperable
information safety schemes (inclusive of more potent
GDPR compliance, HIPAA compliance, and WHO virtual
fitness standards) is critical to facilitate more cross-border
sharing of healthcare information without infringing on
the confidentiality of patients.’’ Besides, rising encryption
strategies inclusive of homomorphic encryption and
quantum cryptography provide new approaches of
defensive EHR information *®. Homomorphic encryption
allows steady processing of information without
decryption, lowering the hazard of publicity during
information transmission. Meanwhile, quantum-resistant
encryption is being studied as a future-proofing approach
to fight continuously evolving cyber threats.

CONCLUSION

The ethical issues raised by EHR confidentiality
necessitate a multifaceted strategy that strikes a balance
between privacy protection and data accessibility. Issues
with cyber threats, unauthorized access, and regulatory
compliance emphasize the necessity of strong security
frameworks. Multi-factor authentication, encryption, role-
based access control, and patient-centered privacy
measures are all workable ways to protect patient data.
Retaining patient confidentiality and professional
integrity in digital healthcare requires addressing these
ethical issues. Future studies should concentrate on
enhancing patient participation in data privacy decisions,
integrating Al-driven security systems, and improving
regulatory policies. Healthcare organizations can
prioritize confidentiality and ethical responsibility while
navigating the rapidly changing landscape of HERs by
taking proactive steps.
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