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ABSTRACT

Healthcare firms have access to highly sensitive and valuable data, such as patient health records
and payment card information. They are also becoming more reliant on Internet of Medical Things
(loMT) devices to provide treatment, and assaults on this networked equipment can result in data
breaches or disruptions to crucial care of patients. Hence there is need to critically assess the
intricacies in healthcare cyber security by analyzing the unigue challenges facing healthcare sector,
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their impact on healthcare delivery and suggest some effective cyber security measures to mitigate
the identified Cyber security challenges facing health care sector. The research employs a
guantitative method by using the descriptive and survey approach through the use of
guestionnaires to elicit and gather relevant information regarding the Unique Cyber security
Challenges in the Healthcare Industry. The descriptive method was used to achieve the objectives
of the study while the survey technique was used to get qualitative information from respondents
about effect of those cyber security challenges in the health care industry. The target sample size
used for this study was 1300. However, only 980 responses were recovered and used for the
analysis. Future research work suggested that strong encryption procedures can be developed and
implemented for healthcare security, sophisticated anomaly detection tools can be incorporated,
and cooperative frameworks for information exchange across the healthcare ecosystem could be
established. Also the suggested effective measures to mitigate cyber security challenges in
healthcare sector can be implemented in order to secure the patient sensitive and valuable data.

Keywords: Cyber security; healthcare; mitigation strategy; information security; anomaly detection
tools; encryption algorithm; cyber security; health care.

1. INTRODUCTION

The healthcare industry has shifted to digital
technologies and digitization of medical records,
improving patient care and operational efficiency
[1]. Healthcare firms have access to highly
sensitive and valuable data, such as patient
health records and payment card information.
They are also becoming more reliant on Internet
of Medical Things (IoMT) devices to provide
treatment, and assaults on this networked
equipment can result in data breaches or
disruptions to crucial care. Strong cyber security
is crucial to protecting healthcare businesses'
sensitive data as well as critical IT systems and
services. Attacks against healthcare
organizations jeopardize patient health and
safety unless common attack routes can be
identified and prevented. However, this has also
exposed the healthcare sector to unprecedented
cyber security challenges due to the vast
amounts of sensitive patient information stored in
electronic formats [2,3,4,5]. A thorough analysis
of the unique cyber security challenges faced by
the healthcare industry is vital to develop
targeted and effective cyber security strategies
tailored to the specific needs of healthcare
organizations. The importance of cyber security
in healthcare cannot be overstated, considering
the sensitive nature of patient information and
the potential consequences of unauthorized
access or data breaches [6].

People also rely on healthcare, thus there is a
strong need to defend it from cyberattacks.
Furthermore, as technology has advanced and
evolved, cyber security concerns have grown
increasingly difficult to overcome. In this
environment, becoming aware of cyber issues in

the healthcare business is critical. There is need
for robust cyber security measures to safeguard
patient privacy and data integrity [7,8,9]. Hence
this study focuses on the cyber security
challenges specific to the healthcare industry.
The objectives of this study are to identify the
unique cyber security challenges in the health
care industry, examine the impact of those
unique cyber security challenges on health care
delivery and propose an effective cyber security
measures to mitigate the Cyber security
challenges.

2. LITERATURE REVIEW

Research by Javaid et al. [10] talked about cyber
security and its need in healthcare. Also, several
tools, traits and roles of cyber security in the
Healthcare Sector as well as the applications of
cyber security in healthcare was discussed. Due
to the fast development of technology, many
researches are introduced in the field to highlight
the challenges and the issues. Also, to propose
solutions and algorithms to solve these issues
and to face challenges. Since technology
became in every field in all aspects of life. Many
researches are proposed for ensuring the
security and privacy of data in the field of loT
applications and especially in the field of
healthcare application [11]. An authentication
scheme was suggested by writers in Gope and
Hwang [12] as a means of safeguarding
healthcare systems. Essentially, there are two
suggested security protocols. The coexistences
proof schema for multiple tagged items and the
authentication schema for safeguarding the
Internet of Things-based healthcare system.

As a consequence, their schema made sure that
there was strong, secure communication. To
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guarantee the outcome, they put their schema
into practice. Researchers created a system for
centralized data storage that housed the
information gathered from several sensing units,
as reported in research by Hou and Yeh [13].

A cloud-based architecture for safe healthcare
applications utilizing Wireless Body Area
Network (WBAN) was presented in a paper by
Sharma and Jinwala [14]. They employed a
combination of multi-biometric key generation
schema to guarantee the security of the inter-
sensor connection. Additionally, they utilized to
secure the EHR that was centrally maintained in
the cloud by the health sector in order to
guarantee the privacy of the patient data. They
conducted an experimental test of their system,
and the findings demonstrated that their system
generated a cloud-based secure framework that
guaranteed the confidentiality and privacy of
patient data and communication processes.

In order to enhance the attribute-based
encryption (ABE) technique that is widely used to
secure stored data, device communication, and
data sharing in the Internet of Things framework,
authors in Khan et al. [15] presented a
lightweight variant. In the past, the traditional
(ABE) schema in the loT framework was thought
to be expansive. For data security and privacy,
they employed elliptic curve cryptography (ECC)
in their study. They used a few matrices to
test their schema and gauge the communication
[16].

This paper present unique cyber security
challenges in the healthcare industry, analyze
their impact on healthcare delivery, and propose
effective measures to mitigate them.

3. METHODOLGY

3.1 Research Design

This study employs a quantitative method using
the descriptive and survey approach through the
use of questionnaires to elicit and gather relevant
information regarding the Unique Cyber security
Challenges in the Healthcare Industry. The
descriptive method was used to achieve the
objectives of the study. The survey technique
was used to get qualitative information about
effect of unique cyber security challenges in the
health care industry. The target sample size used
for this study was 1300. However, only 980
responses were recovered which is sufficient and
adequate for this research.

The research instrument for this study is an
adapted self-structured administered
guestionnaire. This enabled the respondents to
feel free in expressing themselves on the subject
matter. Appropriate questions that describe the
research objectives were formulated into the
questionnaire to extract relevant information from
the respondents. The questionnaire was
designed in a close-ended format to
accommodate questions such that the essence
of the study can be realized.

A 5-point Likert scale to collect responses from
the research responses on their knowledge
regarding Unique Cyber security Challenges in
Health care Survey questionnaires were
administered to respondents online through
Google forms to gather information from
respondents regarding the Unique Cyber security
Challenges in the Healthcare Industry. The
inclusion of an online administration of survey
questions allowed the research to cover a wider
and more random population sample for the
study. This will help to minimize the percentage
of distraction, unnecessary delays, and it will
finally help to ensure an error free study. Data
collected for this study was analyzed using the
Statistical Package for the Socia Sciences
(SPSS) software. Question and/or statement
items used in assessing respondents when
answering a particular research question were
ranked on a Likert scale.

3.2 Unique Cyber Security Challenges in
the Health Care Industry

Protection of Protected Health Information (PHI):
Healthcare institutions maintain large databases
of patient medical and personal information
(PHI). It is a major issue to protect this sensitive
data from cyber-attacks, breaches, and illegal
access. lIdentity theft, insurance fraud, and
invasions of patient privacy can all result from
compromised PHI. Types of protected health
information that need to be protected are given in
Fig. 1.

Interoperability and Legacy Systems:
Interoperability is an issue in healthcare when
new technologies are integrated with outdated
systems. When modern technologies are
integrated with antiquated infrastructure, there
are security hazards. Cybercriminals may use
vulnerabilities in legacy systems to obtain
unauthorized access to vital healthcare systems,
perhaps jeopardizing patient data and service
delivery.
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TYPES OF PROTECTED HEALTH
INFORMATION (PHI)

Patients demographic data

Healthcare provision information
Patients Medical Histories

Patients tests and laboratory resulis

Payment [nformation
Mental Health condition report

Insurance information

Communication records

Other data that a healthcare
professional collects to identify an
individual and determine

Fig. 1. Types of protected health information (PHI)

Internet of Medical Things (IoMT) Vulnerabilities:
Within the 10MT, the growing usage of networked
medical equipment presents new security risks.
Since many of these gadgets don't have normal
security protections, they are vulnerable to online
threats. 1oMT devices that have been
compromised may directly endanger patient
safety, interfere with the provision of healthcare
services, or serve as gateways for cybercriminals
to enter larger healthcare networks. Reason for
IoMT vulnerabilities are given in Fig. 2.

Ransomware and malware Attacks: Attackers
using ransomware typically target healthcare
organizations, encrypting important data and
demanding ransom payments. The impact of
such  attacks is heightened by the

interconnectedness of healthcare systems.
Financial losses, short- or long-term disruptions
to patient care, and harm to healthcare
organizations' reputations are all possible
outcomes of ransomware attacks.

Insider Threats: Insiders are a serious cyber
security risk, whether they are purposeful or not.
Data integrity may be jeopardized by workers,
subcontractors, or outside service providers due
to inadvertent or deliberate misbehavior. Insider
threats have the potential to cause privacy
violations, unauthorized access to medical
records, and data breaches. In order to reduce
these dangers, cyber security must address the
human component.

Reason for [oMT Vulnerabilities
Lack of mgh-quality skills of medical staff

Limited user awareness

Resource constramnts

Supply chain risks

Data privacy concems
Legacy systems and Outdated software

Interconnected Ecosystems

Inadequate security measures

Lack of standardization

Fig. 2. Reason for loMT Vulnerabilities
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Malware Coder

Malware Spreader

o A percentage of the ransom is paid to

the malware developer. e

Sometimes the ransom is paid but no
decryption key is provided.

o Victims’ machines are infected.

q
@,

Victim

Victim pays ransom on a specified TOR DATA IS
site using cryptocurrency such as Bitcoin. ENCRYPTED!

Fig. 3. Example of Ransomware and malware attack
(Source McAfee)

Regulatory Compliance and Data Governance:
Healthcare institutions are subject to strict data
privacy laws, including HIPAA. It's a constant
struggle to establish and uphold compliance
while putting good data governance procedures
in place. There may be severe fines, legal
repercussions, and reputational harm from
noncompliance. Inadequate data governance
can undermine patient trust by resulting in data
breaches.

Supply Chain Risks: Cyber  security
vulnerabilities are introduced by the healthcare
supply chain's intricate and interrelated structure.
Every party in the supply chain, from software
providers to producers of pharmaceuticals, could
be a potential source of vulnerability.
Cyberattacks on supply chain partners may
jeopardize the integrity of medical goods and
services and have a domino effect on healthcare
institutions.

3.3 The Impact of Unique Cyber Security
Challenges on Health Care Delivery

The impact of unique cyber security challenges
on healthcare delivery is profound, affecting
patient care, data integrity, and the overall
functioning of healthcare organizations. The

evolving nature of cyber threats in the healthcare
sector introduces vulnerabilities that can have
far- reaching consequences. The impacts are as
follows

e Patient Safety Concerns: The availability
and accuracy of medical records can be
jeopardized by cyber security breaches,
which can have a direct effect on patient
safety. Cyber-attacks that produce
modified or inaccurate patient data may
result in  misdiagnoses, mishandled
treatments, and delays in the delivery of
critical care.

e Disruption of Healthcare  Services:
Healthcare services could be affected by
ransomware attacks and other cyber
threats that encrypt vital data or disable
vital systems. These interruptions may
cause scheduling programs,
communication channels, and medical
records to become temporarily or
permanently unavailable.

e Compromised Patient Privacy: Cyber
security breaches jeopardize patient
privacy by exposing sensitive health
information to unauthorized individuals or
entities. The compromise of protected
health information (PHI) can lead to
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identity theft, financial fraud, and emotional
distress for patients.

e Erosion of Patient Trust: High-profile cyber
security incidents can erode patient trust in
healthcare organizations. Patients may
become reluctant to share personal
information or seek medical care, fearing
that their data might be compromised.

e Financial Implications: Healthcare firms
may suffer severe financial consequences
as a result of cyber security attacks.
Healthcare providers may face financial
hardship from regulatory fines, remediation
costs, and possible revenue loss from
interrupted services.

e Legal and Regulatory Consequences:
Healthcare organizations face legal and
regulatory consequences for failing to
adequately protect patient data. Non-
compliance with data protection
regulations, such as HIPAA, can result in
fines, legal actions, and reputational

damage.
e Delayed Adoption of Technological
Innovations: Healthcare organizations

may be reluctant to embrace new
technologies due to concerns about cyber
security. This resistance may make it more
difficult for novel ideas that potentially
enhance patient outcomes and simplify
healthcare delivery to be adopted.

3.4 Effective Cyber Security Measures to
Mitigate the Cyber Security
Challenges in Healthcare

Mitigating cyber security challenges in the
healthcare sector requires a multifaceted
approach that combines technology, policies,
and education. Some strategies that can be
employed to mitigate the unique cyber security
challenges in the Health care industry are as
follows

e Integration of Blockchain Technology:
Blockchain technology, which provides a
decentralized and impermeable ledger,
can increase data security and integrity.
This reduces the likelihood of unlawful
access and manipulation while ensuring
the integrity of medical information and
transactions.

e Zero Trust Architecture: Regardless of a
user's location, a Zero Trust strategy
requires confirming and authenticating
each person and device attempting to
access the healthcare network. Reducing
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the assault surface makes it more difficult
for hostile actors to exploit flaws.
Behavioral  Analytics and  Machine
Learning: Machine learning and behavioral
analytics algorithms can enable
preemptive identification of suspicious
conduct. Deviations that indicate potential
threats may be rapidly discovered and
addressed by establishing baseline
behavior for persons and systems.
Endpoint Detection and Response (EDR):
EDR systems are primarily designed to
provide real-time monitoring and endpoint
activity response. EDR solutions can help
you prevent malware from propagating and
unauthorized access by enhancing threat
detection and responding promptly to
potential security incidents.

Incident Response Planning and
Simulation: Creating and testing incident
response strategies on a regular basis
ensures a coordinated and timely response
to security issues. Healthcare
organizations may increase their overall
readiness by honing their response
strategies through simulations and tabletop
exercises.

Supply Chain  Security: Given the
interdependence of the healthcare supply
chain, organizations must to set stringent
cyber security policies for outside vendors.
Regular audits and evaluations ensure
that suppliers are maintaining robust
security measures to prevent any
vulnerability.

Threat Intelligence Sharing: By working
together with other healthcare institutions,
governmental agencies, and cyber security
groups to exchange threat intelligence, it is
feasible to learn about emerging threats in
a timely manner. Together, we can
strengthen the industry's comprehensive
defense against evolving cyber threats.
User Education and Awareness Initiatives:
Consistent training initiatives make medical
staff members more knowledgeable about
cyber security, which lessens their
susceptibility to social engineering attacks.
Employees who are alert and
knowledgeable are an essential first line
of defense against a range of cyber-
attacks.

Automated Patch Management Systems:
Vulnerabilities are swiftly resolved by
automating the software and system
patching process. This reduces the amount
of time that attackers have to exploit
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known weaknesses in the healthcare
system's infrastructure.

e Cloud Security controls: As more and more
healthcare organizations utilize cloud-
based technology, robust security controls
for cloud environments are crucial. The
security of private data processed and
stored in the cloud is bolstered by
encryption, access controls, and ongoing
monitoring.

e Regular Audits and Assessments: Regular
cyber security audits and assessments are
necessary to identify and address
vulnerabilities in the security infrastructure.
For penetration testing and vulnerability
assessments, you may also contract with
independent cyber security experts.

e Compliance Monitoring: Ensure that
regulations pertaining to healthcare, such
HIPAA, are consistently adhered to. In
order to account for  changing
requirements, rules and procedures should
also be updated often. Observe and
address any issues that arise during
regulatory audits.

e Insurance and Legal Preparation: Consider
getting cyber security insurance to lower
the financial risk associated with cyber
disasters. Work with legal experts to
understand and follow applicable privacy
and data protection laws. Furthermore, be
prepared for any legal proceedings that
can result from a breach.

4. RESULTS AND DISCUSSION
4.1 Results and Discussion

This research work was embarked to survey and
study the Unique Cyber security Challenges in
the Healthcare Industry. To facilitate this
assessment, survey questions were distributed
and administered to a target population of 1300
respondents. However, a total of 980 responses
were recovered from online responses.
Therefore, the data presentation of the
research is based on the number of submitted
responses which were analyzed as explained
below.

Table 1 shows the gender distribution of study
respondents. The data gathered reveals that 570
respondents representing 58% were males while
410 representing 42%were females. Generally,
more males participated in the survey compared
to their female counterparts.

Table 2 shows the employment status of study
respondents. Collected data of the showed that
581 respondents representing 59% were
employed (both private and public hospital), 399
respondents representing 41% were self-
employed (having their own hospital).

Table 3 shows analysis of the Unique Cyber
security Challenges Faced by the Health Care
Industry. Data reveals that a higher percentage
of study respondents (89.79%) strongly agreed
that healthcare organizations are frequent targets
for ransomware attacks, where malicious actors
encrypt critical data and demand ransom
payments followed by compromised Protection of
Protected Health Information (PHI) which can
lead to identity theft, insurance fraud, and harm
to patient privacy as strongly agreed by 73.77%
of the respondents. 65.30% respondent strongly
agreed that compromised loMT devices can
pose direct threats to patient safety, disrupt
healthcare services, and provide entry points for
cybercriminals to access broader healthcare
networks while 65.20% strongly agreed that
insiders, whether unintentional or malicious, pose
a significant cyber security challenge in Health
care Organizations. 51.84% of the respondents
strongly agree that vulnerabilities in legacy
systems may be exploited by cybercriminals to
gain unauthorized access to critical healthcare
systems, potentially compromising patient data
and service delivery. Also, 48.77% of the
respondents strongly agree that non-compliance
can result in legal consequences, substantial
fines, and reputational damage while 30.51% of
the respondents strongly agree that cyber-
attacks on supply chain partners can have
cascading effects on healthcare organizations,
potentially compromising the integrity of medical
products and services.

Table 1. Gender distribution of respodent

Gender Frequency Percentage
Male 570 58
Female 410 42
Total 980 100

Table 2. Employment status of the
respodents

Employment Frequency Percentage

Status

Self-employed 399 41
Employed 581 59
Total 980 100
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Table 3. Descriptive statistics of unique cyber security challenges in health care industry

Statement Item Strongly Agree (A)

Agree

Disagree (D)

Strongly
Disagree

Neutral

Compromised Protection of 723
Protected Health Information  (73.77%)
(PHI) can lead to identity

theft,

Insurance fraud, and harm

to

patient privacy

181
(18.46%)

53
(5.4%)

23
(2.34%)

0

Vulnerabilities in legacy 508
systems (51.84%)
may be exploited by
cybercriminals to gain
unauthorized access to

critical

healthcare systems,

potentially

compromising patient data

and

service delivery

149
(15.20%)

210
(21.42%)

77
(7.85%)

35
(3.57%)

Compromised IoMT devices 640

can pose direct threats to (65.30%
patient safety, disrupt

healthcare services, and

provide entry points for

cybercriminals to access

Broader healthcare

networks.

178
(18.16%)

119
(12.14%)

32
(3.26%)

(0.20%)

Healthcare organizations are 880
frequent targets for (89.79%)
ransomeware attacks, where

malicious actors encrypt

critical data and demand

ransom payments

92
(9.38%)

8
(0.81%)

Insiders, whether 639
unintentional or malicious, (65.20%)
pose a significant cyber

security challenge in Health

care organizations

247
(25.20%)

84
(8.57%)

10
(1.02%)

Non-compliance can result 478

in legal consequences, (48.77%)
substantial fines, and

reputational damage.

Inadequate data governance

may lead to data breaches

and compromise patient

trust.

347
(35.40%)

107
(10.91%)

38
(3.87%)

(1.01%)

Cyber-attacks on supply 299
chain partners can have (30.51%)
cascading effects on

healthcare organizations,

potentially compromising the

integrity of medical products

and services

154
(15.71%)

88
(8.98%)

26
(2.65%)

414
(42.24%)
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protected health may be exploited Medical harm to critical cber security consequences, patners can have
information (PHI) b cybercriminals things(loMT)can  patient data challenges in inadequate cascading effects
can lead to identit to gain pose direct thereby causing health care governance can  on healthcare
theft, insurance  unauthorized threats to patientshort or long term  organization leads to data organizations

fraud and harm  access to critical safety disruption to breaches and
patient privacy healthcare patient care compromise
systems patient trust

Unique Cyber security Challenges in the health care industry

Fig. 4. Analysis of unique cyber security challenges in healthcare industry
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5. CONCLUSION AND RECOMMENDA-
TION

This strategic assessment concludes by
emphasizing how crucial it is to handle unique
difficulties in healthcare cyber security in order to
protect patient data, uphold the integrity of
healthcare services, and fend off potential
attacks. The examination has illuminated the
dynamic nature of the threat environment,
highlighting the necessity of flexible cyber
security protocols to counteract advanced
assaults like ransomware and weaknesses in
healthcare systems that are interconnected.
Healthcare businesses can improve their cyber
security resilience by following the suggested
mitigation techniques, which include Blockchain
Technology Integration, Behavioral Analytics and
Machine Learning, strong encryption, Al for
anomaly detection, and cooperative information
sharing among others. By putting these tactics
into practice, barriers can be strengthened and
the healthcare environment made more robust
and safe.

Future research work suggested that strong
encryption procedures can be developed and
implemented for healthcare security,
sophisticated anomaly detection tools can be
incorporated, and cooperative frameworks for
information exchange across the healthcare
ecosystem could be established. Also the
suggested effective measures to mitigate cyber
security challenges in healthcare sector can be
implemented in order to secure the patient
sensitive and valuable data.

Additionally, investigating the human element in
cyber security, including training and awareness
programs, can further strengthen the overall
security posture. The interplay between
regulatory frameworks and cyber security
practices within the healthcare sector warrants
continuous exploration to ensure alignment and
effectiveness. Furthermore, longitudinal studies
tracking the evolving nature of cyber threats in
healthcare will contribute valuable insights for
proactive defense strategies. Research efforts
should also extend to evaluating the economic
and societal implications of enhanced cyber
security measures in healthcare, considering the
potential cost-effectiveness and scalability of
proposed strategies. Collaborative
interdisciplinary research involving cyber security
experts, healthcare professionals, and
policymakers remains essential to navigating the
evolving intricacies of healthcare cyber security
in an increasingly digitized landscape.
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