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Abstract: Emerging digital technologies, such as telemedicine, artificial intelligence, the Internet of
Medical Things, blockchain, and visual and augmented reality, have revolutionized the delivery of
and access to healthcare services. Such technologies allow for real-time health monitoring, disease
diagnosis, chronic disease management, outbreak surveillance, and rehabilitation. They help person-
alize treatment plans, identify trends, contribute to drug development, and enhance public health
management. While emerging digital technologies have numerous benefits, they may also introduce
new risks and vulnerabilities that can compromise the confidentiality, integrity, and availability of
sensitive healthcare information. This review article discussed, in brief, the key emerging digital
technologies in the health sector and the unique threats introduced by these technologies. We also
highlighted the risks relevant to digital health cybersecurity, such as data breaches, medical device
vulnerabilities, phishing, insider and third-party risks, and ransomware attacks. We suggest that
the cybersecurity framework should include developing a comprehensive cybersecurity strategy,
conducting regular risk assessments, implementing strong access control, encrypting data, educat-
ing staff, implementing secure network segmentation, backing up data regularly, monitoring and
detecting anomalies, establishing an incident response plan, sharing threat intelligence, and auditing
third-party vendors.

Keywords: artificial intelligence; blockchain; cybersecurity; digital health; emerging digital technologies;
healthcare; telehealth

1. Introduction

The healthcare industry has witnessed a profound transformation fueled by rapid
advancements in digital technologies. Over the past few decades, emerging digital tech-
nologies have surfaced as powerful catalysts for innovation in healthcare. Telemedicine,
wearable devices, electronic health records, the Internet of Things (IoT) in healthcare, artifi-
cial intelligence (AI), and blockchain technology are just a few examples of the technologies
that have rapidly transformed the sector. Telemedicine has made healthcare more accessible
by enabling remote consultations, wearable devices have allowed for continuous patient
monitoring, electronic health records have streamlined record-keeping and data sharing,
and AI has offered remarkable insights for diagnosis and treatment. The utilization of
these technologies has improved healthcare efficiency and effectiveness, but it has also
introduced new challenges [1–3].

The integration of digital technologies in healthcare has opened up Pandora’s box
of vulnerabilities. Interconnected devices, often with inadequate security measures, can
be a point of entry for cyberattacks. Patient data, a prime target for hackers, are at risk
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of theft or unauthorized access. The rapid pace of innovation sometimes means that
security considerations are an afterthought, leaving systems and devices unprepared to
face evolving threats. Moreover, the human element, including healthcare staff and patients,
can also inadvertently introduce vulnerabilities through actions such as sharing passwords,
falling victim to phishing attacks or failing to update software and systems regularly. As
such, the vulnerabilities related to emerging digital technologies in healthcare demand a
vigilant and proactive response [4–6].

Specifically, cybersecurity threats in healthcare have been on the rise, posing significant
risks to patient safety and data integrity. Malware attacks, ransomware incidents, and data
breaches have the potential to disrupt healthcare services, compromise patient records, and
jeopardize the trust between healthcare providers and their patients. The consequences
of these threats extend beyond financial losses, with the potential for harm to patient
health and wellbeing. Moreover, healthcare institutions also face legal and reputational
repercussions, making cybersecurity a paramount concern. Understanding these threats
and their potential impacts is crucial in the ongoing effort to safeguard the healthcare
industry from malicious actions [5–7].

In response to the growing threats, healthcare organizations have been actively de-
veloping and implementing cybersecurity best practices. The approach includes ensuring
robust security measures across digital healthcare systems, securing endpoints and net-
works, encrypting sensitive data, and training personnel to recognize and mitigate cyber
risks. Furthermore, regulatory frameworks and standards mandate certain cybersecurity
measures to protect patient data. Collaboration among healthcare stakeholders, govern-
ments, and the cybersecurity industry has also been instrumental in developing effective
strategies to bolster the security of emerging digital technologies in healthcare [5–7].

In this context, the World Health Organization’s (WHO) Global Strategy on Digital
Health 2020–2025 highlighted the need for harnessing the power of digital technologies
alongside strengthening data protection and privacy measures in digital health systems.
These strategic objectives underscore the importance of establishing robust legal and
regulatory frameworks to safeguard the privacy, confidentiality, and integrity of personal
health data [8].

In an era where technology has the potential to revolutionize healthcare, it is crucial to
strike a balance between harnessing the power of these digital advancements and ensuring
that they do not become vectors of harm. In doing so, we can pave the way for a future
where emerging digital technologies in healthcare can be harnessed to their full potential,
delivering optimal patient care while safeguarding patient data and well-being from the
ever-present cybersecurity threats.

Unlike previous review articles that discussed certain technical areas related to emerg-
ing digital technologies, this review article will navigate through interconnected facets of
emerging digital technologies in healthcare and cybersecurity, aiming to provide a com-
prehensive understanding of the current landscape, especially for healthcare workers. By
exploring the benefits, vulnerabilities, threats, and best practices in healthcare cybersecurity,
readers will gain insights into the intricate dance between innovation and security within
the healthcare sector.

2. Methods

The primary objective of this narrative review is to provide a comprehensive and in-
sightful overview of emerging digital technologies in healthcare, with a particular focus on
cybersecurity considerations. We aim to synthesize the existing literature to understand the
current landscape of digital technologies in healthcare and the challenges and opportunities
related to cybersecurity within this context (Table 1).
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Table 1. A summary of items discussed in this narrative review.

Emerging Digital Technologies
in Healthcare

Vulnerabilities Related to
Emerging Digital Technologies

in Healthcare

Cybersecurity Threats in
Healthcare

Cybersecurity Best Practices in the
Health Sector

• Mobile health applications
(mHealth apps), wearable
Internet of Things (WIoT),
and personalized health
(pHealth)

• Cybersecurity • Data breaches • Develop a comprehensive
cybersecurity strategy

• Big data analytics • Interoperability • Medical device
vulnerabilities

• Conduct regular risk
assessments

• Cloud computing • Regulatory compliance • Phishing • Implement strong access
controls

• Internet of Medical Things
(IoMT)

• Ethical considerations • Insider risks • Encrypt data

• Virtual reality (VR) and
augmented reality (AR)

• Provider and patient
education • Third-party risks • Educate and train staff

• Telemedicine and telehealth • Infrastructure • Ransomware attacks • Implement secure network
segmentation

• Artificial intelligence (AI)
and machine learning (ML)

• Regularly back up data

• Distributed Ledger
Technology (DLT) and
blockchain

• Monitor and detect anomalies

• Establish an incident response
plan

• Collaborate and share threat
intelligence

• Regularly audit and assess
third-party vendors

We accessed a variety of academic databases, including, but not limited to, PubMed
and Scopus. We employed a combination of keywords and phrases, including “digi-
tal technologies in healthcare”, “eHealth”, “mHealth”, “telemedicine”, “cybersecurity”,
“healthcare data security”, “emerging technologies in healthcare”, and related terms. These
keywords were used in various combinations to maximize the relevance of the search
results. Non-peer-reviewed studies and studies published in languages other than English
were not sought.

The results and insights extracted from the selected literature were synthesized in
a narrative format. This narrative review does not include a meta-analysis but instead
provides a qualitative analysis of the themes, trends, and issues related to the adoption of
digital technologies in healthcare and the challenges posed by cybersecurity. Due to the
multi-faceted nature of our topic, the need to cover several aspects related to emerging
digital technologies in healthcare and threats related to their application, and the large
number of articles investigating specific areas, we could not systematically obtain all
related articles, and we focused on narrative and systematic reviews instead. We believe
that a narrative review may allow healthcare workers to obtain a more comprehensive
view of emerging digital technologies in healthcare and cybersecurity. Nevertheless, it is
important to acknowledge that this narrative review may be subject to certain limitations.
The inclusion criteria may introduce selection bias, and the rapidly evolving nature of the
field might mean that some emerging developments may not be adequately covered.
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3. Emerging Digital Technologies in Healthcare

There are several emerging digital technologies that are making an impact on health-
care. These technologies use digital platforms, connectivity, and data to transform various
aspects of healthcare delivery, patient engagement, and research. Regardless of the tech-
nology, they all mainly aim to connect health workers and patients to enable a seamless
flow of medical information between healthcare settings for informed decision-making
purposes [8] (Table 2).

Table 2. A summary of the main features of emerging digital technologies in healthcare.

Features Summary

Types and uses of mobile health applications (mHealth apps) Health tracking, medication, telemedicine and telehealth,
fitness, mental health, health record, and health education

Features of wearable Internet of Things (WIoT) Wireless mobility, intelligence and interactivity, sustainability,
simple operation, and portability

Types of big data streams

Clinical data from electronic medical records, biometric data
from medical devices, financial data from relevant financial
records, patient data from questionnaires and surveys, and
social media data from social network

Implications of cloud computing

Relying on software, providing security and interoperability,
performing clinical tasks, supporting patient-centeredness,
facilitating collaboration, and increasing service mobility
and flexibility

Steps of the Internet of Medical Things (IoMT)
Collecting and analyzing data, informing healthcare providers,
patients, or other medical devices, and sending real-time
recommendations

Uses of virtual reality (VR) and augmented reality (AR) Medical training, surgical planning, remote consultations, and
patient education

Challenges to virtual reality (VR) and augmented reality (AR) High cost, difficulty in integrating VR and AR with existing
healthcare infrastructure, and ethical and legal considerations

Types of telemedicine Remote patient monitoring, store-and-forward telemedicine,
real-time telemedicine, and physician-to-physician consultation

Uses of artificial intelligence (AI) and machine learning (ML)

Analyzing medical data, developing personalized treatment
plans, remotely tracking patient vital signs, symptoms, and
adherence to treatment plans, and automating routine
administrative tasks, such as appointment scheduling,
documentation, and data entry

Applications of blockchain technology
Health data exchange, medical supply chain management,
clinical trials and research, health insurance and claims
processing, and personal health records

3.1. Mobile Health Applications (mHealth Apps), Wearable Internet of Things (WIoT), and
Personalized Health (pHealth)

mHealth apps are applications designed for mobile devices, such as smartphones and
tablets, that aim to support healthcare delivery and promote wellness. They vary widely in
terms of content, accessibility, interactivity, connectivity, and security [9]. They offer a wide
range of functionalities and can be categorized into the following several types, based on
their uses: (1) health tracking apps, which focus on monitoring and tracking health-related
data, such as physical activity, sleep patterns, nutrition, and vital signs; (2) medication apps,
which send reminders for medication doses, track adherence, provide information about
drug interactions, and enable users to maintain a medication schedule; (3) telemedicine
and telehealth apps, which enable patients to connect with healthcare providers through
video calls, text messaging, or voice calls, allowing for remote diagnosis, monitoring, and
treatment; (4) fitness apps, which offer workout tracking, personalized training plans, and
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step counting; (5) mental health apps, which provide resources for mental health support,
stress management, and mindfulness practices; (6) health record apps, which enable users
to store, access, and manage their personal health information and keep track of their
medical history, test results, vaccinations, and appointments; and (7) health education apps,
which provide health-related education, information, and resources [9–12].

WIoT interconnects wearable sensors to enable the monitoring of human factors and
other data, which is useful in enhancing individuals’ everyday quality of life. The main
features of WIoT are as follows: (1) wireless mobility, (2) intelligence and interactivity,
(3) sustainability, (4) simple operation, and (5) portability [10]. They can be categorized, per
their applications, into four areas: (1) health monitoring, (2) disease diagnosis, (3) chronic
disease management, and (4) rehabilitation [10].

pHealth refers to the use of digital health technologies, data analytics, and person-
alized medicine approaches to tailor healthcare and preventive interventions to patients’
characteristics, needs, and preferences. The concept of pHealth aims to move away from the
traditional “one-size-fits-all” approach to healthcare and move toward more personalized
and patient-centered care. pHealth uses various technologies, such as WIoT, mHealth apps,
genetic testing, and remote monitoring tools, to collect and analyze vast amounts of data
about an individual’s health status, behaviors, and lifestyle factors. By combining these
data with advanced analytics, healthcare providers can gain deeper insights into a person’s
health profile and make more informed and targeted health decisions [13].

However, several challenges face the wide application of mHealth apps and WIoT, such
as the lack of industry standards, obstacles in reaching user-friendly solutions, cybersecurity
concerns, and technical problems [9–12].

3.2. Big Data Analytics

Big data streams include various types of data: (1) clinical data from electronic med-
ical records, hospital information systems, image centers, laboratories, and pharmacies;
(2) biometric data from medical devices that monitor vital signs, body composition, etc.;
(3) financial data, constituting records of relevant financial operations; (4) scientific re-
search data; (5) patient data, including treatment preferences, satisfaction levels, self-
administered information about their lifestyle and sociodemographic factors; and (6) social
media data [14]. Big data analytics involves processing and analyzing a huge amount of
data. This processing may vary in terms of data volume, speed of generation, heterogeneity,
inconsistency, quality, and value [14]. Big data analytics has become increasingly used
to improve clinical decision-making, identify trends, contribute to drug development,
and enhance public health management [14–17]. However, big data analytics faces sev-
eral challenges related to storage, processing, finding and fixing troubles, and security
issues [16,17].

3.3. Cloud Computing

Cloud computing offers scalable and cost-effective storage and processing capabil-
ities for healthcare organizations. It enables secure access to medical records, facilitates
data sharing and collaboration, and supports telemedicine and remote monitoring [18–21].
The implications of cloud computing in healthcare can be summarized in the following
points: (1) relying on software, especially software as a service (SaaS), platform as a service
(PaaS), and infrastructure as a service (IaaS); (2) providing security and interoperability;
(3) performing clinical tasks; (4) supporting patient-centeredness; (5) facilitating collabora-
tion; and (6) increasing service mobility and flexibility [19]. However, the lack of regulations,
system outages, lack of control, and security issues remain potential challenges [19–21]
(Figure 1).
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3.4. Internet of Medical Things (IoMT)

The IoMT refers to the interconnected network of medical devices, sensors, and wear-
able technologies, such as smartwatches, fitness trackers, and glucose monitors. These
devices collect and transmit instantaneous health data, allowing for remote patient moni-
toring, early disease detection, and personalized care [22–24]. The IoMT framework-based
digital healthcare includes several stages. First, the patient’s data are collected using smart
wearable or implanted devices that are connected by a body or wireless sensor network,
then analyzed, and finally, predictions are drawn. Healthcare providers, patients, or other
medical devices can be automatically approached to be informed of the current medical
condition or future potential health outcome. Finally, the IoMT provides real-time recom-
mendations about what should be conducted to manage the current medical condition and
prevent future complications [22]. Nevertheless, the IoMT faces challenges related to data
privacy, a potential lack of accuracy, especially when massive data are processed, and the
high cost of installing and maintaining the devices [22–24].

3.5. Virtual Reality (VR) and Augmented Reality (AR)

VR and AR technologies create interactive experiences for medical training, surgical
planning, and patient education. While VR can simulate realistic medical scenarios for
training healthcare professionals, AR overlays digital information in the real world, aiding
in surgical navigation and medical imaging [25–28]. In medical training, VR and AR
technologies provide interactive environments for medical students, allowing them to
simulate surgeries, practice complex procedures, and learn anatomy in a realistic and
risk-free manner. These technologies enable hands-on experiences and improve learning
outcomes. Surgeons can use VR and AR to visualize patient-specific anatomical structures
and plan complex surgeries. VR can be used in rehabilitation to create engaging and
motivating environments for patients. It can be used to simulate real-life scenarios and
exercises, helping patients to regain motor skills, improve balance, and manage pain. AR
can provide feedback and guidance during physical therapy sessions. Furthermore, VR
and AR can facilitate remote consultations by providing virtual meeting spaces where
healthcare providers can interact with patients and review medical data. It allows for better
collaboration, faster diagnoses, and reduced travel burdens for patients [25–28]. The main
challenge of VR and AR is the high cost of high-quality headsets, sensors, and computing
systems. Moreover, integrating VR and AR systems with existing healthcare infrastructure,
electronic health records, and medical imaging systems can be complex. Furthermore, the
use of VR and AR in healthcare raises ethical and legal considerations related to patient
privacy, data security, and informed consent [25–28].
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3.6. Telemedicine and Telehealth

Telemedicine refers to the remote delivery of healthcare services, including medical
consultations, diagnoses, and treatment, using telecommunications technology. The main
types of telemedicine are remote patient monitoring, store-and-forward telemedicine, real-
time interactive telemedicine, and physician-to-physician consultation [29–32]. It poses
several advantages, such as providing convenient access to healthcare, especially for those
in remote areas, eliminating travel expenses and time off work for patients, and reducing
hospital admissions. However, many barriers should be considered, such as technological
difficulties, particularly in rural and low-income areas, privacy and security concerns,
limited physical examination, reimbursement and regulatory problems, and diagnostic
limitations [29–32].

Telehealth is a broader term that encompasses a wider range of healthcare services
and activities beyond merely clinical care. It includes the use of digital communication
technologies to provide healthcare-related information, education, and administrative ser-
vices. It can involve remote patient monitoring, health education through online platforms,
electronic health record systems, mobile health apps, and administrative tasks such as
scheduling appointments and processing medical bills [29–32] (Figure 2).
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3.7. Artificial Intelligence (AI) and Machine Learning (ML)

AI refers to the ability of machines to mimic human behavior by learning from data
using self-learning technologies (such as data mining, pattern recognition, and natural
language processing) to understand the way the human brain works. ML is a subset of AI
that can also improve with experience. With such techniques, AI and ML have the potential
to revolutionize healthcare. They can analyze vast amounts of medical data, including
medical images, lab results, and patient records, to aid in the diagnosis of diseases. By
analyzing individual patient data, AI and ML can develop personalized treatment plans
based on factors, such as medical history, genetics, and lifestyle. AI-powered monitoring
devices can remotely track patient vital signs, symptoms, and adherence to treatment plans.
ML algorithms can detect trends and anomalies, alerting healthcare providers to potential
issues. Furthermore, AI can automate routine administrative tasks, such as appointment
scheduling, documentation, and data entry, allowing healthcare professionals to focus more
on patient care [33–36]. However, data privacy concerns, a lack of quality data, inadequate
interpretations, the lack of a skilled workforce, and regulatory and legal shortages are the
main barriers to the wide application of AI and ML in medical facilities [37,38].
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3.8. Distributed Ledger Technology (DLT) and Blockchain

DLT is a decentralized and distributed digital system that records transactions and
data across multiple computers or nodes. In a distributed ledger, each participant has a
copy of the data, and changes made to the ledger are synchronized across all copies. This
approach ensures the transparency, security, and immutability of data, since alterations
require consensus among the network participants. Blockchain is a specific type of DLT
that uses cryptographic techniques to secure and validate transactions. It is a chain of
blocks, where each block contains a list of transactions and a reference to the previous block,
forming an unbroken and tamper-evident chain. The key features of blockchain include de-
centralization, immutability, and transparency. Blockchain technology has several potential
applications, such as (1) health data exchange: blockchain can facilitate and secure interop-
erable exchange of patient health records among healthcare providers while maintaining
data privacy and consent; (2) medical supply chain management: blockchain can track
the movement of pharmaceuticals, medical devices, and supplies, ensuring authenticity,
quality control, and reducing the risk of counterfeit products; (3) clinical trials and research:
blockchain can enhance transparency and data integrity in clinical trials, helping to prevent
data manipulation and improving the research process; (4) health insurance and claims
processing: blockchain can streamline insurance processes, reduce fraud, and improve the
accuracy and speed of claims processing; and (5) personal health records: blockchain can
enable patients to have more control over their health data, allowing them to share specific
information with healthcare providers and researchers while maintaining ownership and
privacy (Figure 3). Implementing blockchain in healthcare requires addressing challenges
such as regulatory compliance, data standardization, scalability, and ensuring that private
patient data remains secure [39–43].
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4. Vulnerabilities Related to Emerging Digital Technologies in Healthcare

While emerging digital technologies have numerous benefits, they also introduce
new threats and vulnerabilities that can compromise the confidentiality, integrity, and
availability of sensitive healthcare information.

4.1. Cybersecurity

The increased use of digital technologies in healthcare generates and collects vast
amounts of sensitive patient data. Ensuring robust data security and privacy measures is
crucial to protect against data breaches, unauthorized access, and the potential misuse of
personal health information. Medical facilities should implement strong encryption, access
controls, and data anonymization techniques to safeguard patient data [44–51]; this topic is
described below with more details.
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4.2. Interoperability

Interoperability refers to the ability of different digital systems and technologies to
exchange and use data seamlessly. Interoperability challenges could be due to the following.
(1) A lack of standardization: The absence of widely adopted standards for data formats,
interfaces, and communication makes it difficult for systems to exchange and interpret data
accurately. (2) Fragmented systems and technical heterogeneity: Healthcare organizations
often use multiple digital systems, such as electronic health records, imaging systems,
laboratory systems, and telemedicine platforms. Bridging the gaps between these systems
to enable data exchange is a significant challenge. (3) Data security: Healthcare data are
highly sensitive and subject to strict privacy regulations. Ensuring secure and private
data exchange between digital systems while complying with security regulations adds
complexity to achieving interoperability. (4) Inadequate infrastructure: Several medical
facilities may use outdated technologies with limited data exchange capabilities. Integrating
newer digital technologies with older systems is challenging. Addressing these challenges
requires collaborative efforts among stakeholders, including healthcare organizations,
technology vendors, standardization bodies, and regulatory agencies [52–54].

4.3. Regulatory Compliance

Healthcare is an industry with numerous legal and regulatory requirements. Com-
pliance with these regulations becomes more complex with the adoption of digital tech-
nologies, especially in multiple jurisdictional settings. Medical facilities should navigate
the regulatory landscape and ensure that their digital systems adhere to the necessary
privacy and security standards [55–57]. Several regulatory bodies pertain to digital health
technologies. In the US, for example, the Health Insurance Portability and Accountability
Act (HIPAA) has established standards for the protection of patient health information,
while the Food and Drug Administration (FDA) regulates medical devices, including cer-
tain digital health technologies, such as software applications, wearables, and telehealth
devices [56]. In the European Union, the General Data Protection Regulation (GDPR) has
applied rules for the protection of personal data, while the Medical Device Regulation
(MDR) regulates medical devices, including those related to digital health [55]. Never-
theless, these regulations struggle to keep pace with the rapid advancements in digital
healthcare. Furthermore, several digital technologies fall into gray regulatory areas, such
as guidelines and frameworks. In addition, regulatory bodies face challenges in monitor-
ing evolving digital technologies, detecting non-compliance, and enforcing regulations
effectively [56].

4.4. Ethical Considerations

The use of emerging digital technologies in healthcare raises ethical questions related
to data ownership, consent, transparency, and bias. The main ethical considerations can
be summarized in the following points: (1) data privacy and security: digital technologies
generate vast amounts of sensitive patient data, raising concerns about privacy breaches
and data security; (2) informed consent issues: patients should be adequately informed
about the potential risks, benefits, and possible uses of their data, enabling them to make
informed decisions about their participation in digital health initiatives; (3) algorithm
bias: AI and machine learning algorithms can inadvertently introduce bias, leading to
unequal treatment and disparities in healthcare outcomes; (4) patient autonomy: patients
should have the ability to make choices about the use, sharing, and retention of their
health information; (5) access and equity: technological literacy, socioeconomic disparities,
and geographical location can create barriers to access; (6) transparency: AI and machine
learning algorithms can be complex and difficult to understand, making it challenging
to explain their decisions or actions; and (7) accountability: establishing clear lines of
accountability and defining liability frameworks becomes essential to protect both patients
and healthcare providers [58–60].
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4.5. Provider and Patient Education

The successful adoption and utilization of emerging digital technologies require ade-
quate education and training for healthcare providers and patients. Healthcare providers
should be proficient in using these technologies effectively, while patients need to be ed-
ucated about the benefits, risks, and privacy considerations related to the use of digital
tools [61–63].

4.6. Infrastructure

The infrastructure required to support emerging digital technologies may be lacking
in certain regions or medical facilities. The main components of the infrastructure needed
for installing digital technologies in medical facilities are the following: (1) a reliable and
high-speed network to provide seamless connectivity and data transmission, (2) hardware
and devices, (3) an electronic health recording system, and (4) technical support and
maintenance [64,65].

5. Cybersecurity Threats in Healthcare

Insufficient cybersecurity regulations and procedures in medical facilities pose significant
threats to patient safety, data integrity, and healthcare management. The healthcare sector has
become an attractive target for cybercriminals due to the high value of medical records.

5.1. Data Breaches

Breached data can include medical records, personal identifiers, financial data, and
insurance details. The stolen data can be sold to advertising agencies or used for identity
theft or financial fraud, leading to significant harm to individuals and reputational damage
to medical facilities [66,67].

5.2. Medical Device Vulnerabilities

The increasing use of interconnected medical devices, such as infusion pumps, pace-
makers, and imaging systems, introduces vulnerabilities. These devices may have outdated
software or weak security controls, making them susceptible to cyberattacks [68,69].

5.3. Phishing

Phishing attacks target healthcare employees through deceptive emails, phone calls,
or text messages. These attacks could trick individuals into revealing sensitive information
or granting unauthorized access, leading to data breaches [70–72].

5.4. Insider Risks

Insiders, including employees, contractors, or partners, pose a significant cybersecurity
risk. Insider threats can involve intentional actions, such as stealing or leaking data, or
unintentional actions, such as inadvertently exposing sensitive information [73–76].

5.5. Third-Party Risks

Medical facilities often collaborate with third-party vendors, suppliers, and partners,
increasing the attack surface. Weak security practices in these third-party systems can be
exploited by cybercriminals to obtain unauthorized access to healthcare networks [75,76].

5.6. Ransomware Attacks

Ransomware has emerged as a major threat to medical facilities. These attacks involve
malicious software that encrypts data, rendering it inaccessible until a ransom is paid.
Ransomware can lead to significant disruptions in healthcare services, compromise patient
care, and result in financial losses [77,78].
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6. Cybersecurity Best Practices in the Health Sector: A Framework for Healthcare Settings
6.1. Develop a Comprehensive Cybersecurity Strategy

Medical facilities should establish a robust cybersecurity strategy that outlines clear
objectives, policies, and procedures for protecting patient data and critical infrastructure.
This strategy should encompass prevention, detection, response, and recovery mechanisms
to address potential cyber threats effectively [45,46,79,80].

6.2. Conduct Regular Risk Assessments

Regular risk assessments help identify vulnerabilities and potential entry points for cy-
berattacks. By assessing the security posture of systems, networks, and devices, healthcare
organizations can proactively identify and mitigate potential risks and weaknesses [79,80].

6.3. Implement Strong Access Controls

Strong access controls are essential to prevent unauthorized access to sensitive patient
data. Implementing multi-factor authentication, strong passwords, and role-based access
control ensures that only authorized individuals can access critical information [80].

6.4. Encrypt Data

Encryption is a fundamental measure for protecting patient data. It ensures that even
if data were to be intercepted or stolen, they remain unreadable and unusable. Encryption
should be applied to data at rest, in transit, and during backup processes [81,82].

6.5. Educate and Train Staff

Human error remains a significant factor in cybersecurity incidents. Medical facilities
should conduct regular training and awareness programs to educate employees about cyber-
security risks, best practices, and the importance of following security protocols [83]. This
education can take various forms, including lectures, seminars, and even games [84–86].

6.6. Implement Secure Network Segmentation

The segmentation of networks and systems within healthcare environments helps
contain potential breaches and limit the lateral movement of attackers. By separating
different areas of the network and implementing strict access controls between them,
medical facilities can reduce the impact of a successful cyberattack [87].

6.7. Regularly Back up Data

Backing up data is crucial to ensure continuity and recovery from potential ran-
somware attacks or data loss incidents. Backups should be encrypted, stored securely, and
tested regularly to verify their integrity and the ability to restore data effectively [88,89].

6.8. Monitor and Detect Anomalies

Implementing robust monitoring and detection systems can help identify and respond
to cybersecurity incidents promptly. Intrusion detection and prevention systems, security
information and event management tools, and immediate log analysis can aid in detecting
and mitigating threats promptly [80].

6.9. Establish an Incident Response Plan

Medical facilities should have a well-defined incident response plan in place. This
plan outlines the steps to be taken in the event of a cybersecurity incident, including
communication protocols, containment measures, forensic investigation procedures, and
recovery strategies [80].

6.10. Collaborate and Share Threat Intelligence

Medical facilities should actively participate in information sharing and collaborate
with industry peers, government agencies, and cybersecurity organizations to stay updated
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on emerging threats, vulnerabilities, and best practices. Sharing threat intelligence enhances
the collective ability to defend against cyber threats [90].

6.11. Regularly Audit and Assess Third-Party Vendors

Medical facilities often work with third-party vendors who have access to patient data
or provide critical services. It is essential to assess the security practices of these vendors
and ensure they meet stringent cybersecurity standards.

7. Conclusions

Emerging digital technologies are transforming the landscape of healthcare, ushering
in an era of innovation and efficiency. These technologies, including mHealth apps, wear-
ables, big data analytics, cloud computing, blockchain, IoMT, VR, AR, telemedicine, AI, and
ML, are instrumental in revolutionizing healthcare services. mHealth apps and wearables
empower individuals to monitor their health in real time, fostering proactive healthcare
management. Big data analytics enable healthcare professionals to extract valuable insights
from vast datasets, personalizing treatment plans and identifying disease trends for public
health benefit. Cloud computing facilitates seamless data sharing and storage, enhancing
collaboration and accessibility. Blockchain technology ensures the integrity and security
of medical records, assuaging concerns about data privacy and accuracy. IoMT devices
connect healthcare systems, enhancing patient care coordination and remote monitoring.
VR and AR technologies have applications in medical training and patient engagement,
while telemedicine and telehealth platforms bridge geographical gaps, providing access
to medical expertise and services. AI and ML algorithms aid in diagnosis and treatment,
revolutionizing healthcare delivery. However, these transformative technologies also con-
front several challenges, such as cybersecurity threats, interoperability issues, regulatory
complexities, ethical dilemmas, and the need for comprehensive provider and patient edu-
cation. Infrastructure limitations further impede their widespread adoption. To mitigate
cybersecurity risks, a robust framework is essential. This framework includes developing a
comprehensive cybersecurity strategy, conducting regular risk assessments, enforcing strict
access controls, data encryption, staff education, secure network segmentation, routine data
backups, anomaly detection, incident response planning, threat intelligence sharing, and
third-party vendor audits. By addressing these challenges, healthcare can harness the full
potential of these digital innovations to improve patient care and public health outcomes.
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