
Abstract—Incidences of cyber fraud are increasing in multiple industrial sectors making cybersecurity a prime area of concern. 
In certain industries such as healthcare, the concern becomes stronger as it is directly related to our health and well-being. 
The expansion of portable gadgets like smartphones and USB devices, as well as the enormous number of connected medical 
devices, are widening the attack surface. With the advancement in the cyber world on the daily basis, the risk in the healthcare 
industry has not been explored much. Hence, this research paper talks about some of the security concerns, their effects, 
applications, and risk-reduction strategies related to the healthcare sector. To attain the objectives, a qualitative approach has 
been adopted wherein various studies related to the cyber risk associated with the healthcare domain have been analyzed. The 
implications of this paper for designing and developing security solutions in the healthcare sector that will benefit society at large 
are discussed for security practitioners. By offering several remedies to the hazards that have been identified as being connected 
to the cyber world in the healthcare industry, this study adds to the body of literature.
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I. INTRODUCTION 

A. Background

In today’s era, organizations need an action plan way 
before the risk becomes a threat, given that attackers are 
constantly seeking the weakest link in a system’s defense, 
security measures can give organizations a way to assess 
and comprehend the system’s security status (Coventry & 
Branley, 2018). The healthcare industry has experienced 
an increase in security breaches in recent years. According 
to a Verizon data study, 85% of malware that targets the 
medical industry is ransomware, and the frequency of 
breaches in this industry has increased dramatically from 
the previous year.

B. Objective

Due to the quantity and frequency of personal data 
archived and stored along with crumbling architecture, 
especially in community clinics, along with the 
complexities imposed by the high endpoint count, the 
healthcare sector faces some distinct issues (Jalali & 

Kaiser, 2018). The healthcare sector should strengthen its 
security measures to protect its priceless assets because 
it is generally less secure than other sectors (Kruse et 
al., 2017). Security metrics can be used to compare an 
organization’s performance to that of its competitors in 
the market and notify stakeholders of observations and 
patterns within the organization (Savola et al., 2015). 
The risk in the healthcare sector hasn’t been extensively 
studied despite everyday advances in the cyber world. So, 
this research study discusses several security challenges 
relating to the healthcare sector, their effects, use cases, 
and mitigation strategies for the risk factor. Addressing 
these cybersecurity challenges is crucial in the healthcare 
sector, especially considering the rapid shift to a digital 
business model where organizations need to adapt a 
new approach to risk management and security practices 
(Dutta, 2020).

There are two ramifications for the study’s findings. At 
first it places a focus on awareness of the cyber risk related 
to the healthcare sector. However, it also points out the 
gap and vulnerable areas that need to be filled and, as a 
result, future study directions. The demand for healthcare 
is not adequately addressed by studies on healthcare 
facilities. To address the issue of managing risk exposures 
within the medical industry, there aren’t enough study 
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resources in this field. This paper has been arranged in 
the below format: - i) Section I: Introduction, ii) Section 
II: Literature Review, iii) Section III: Research Questions 
and Framework, v) Section IV: Result and Analysis, v) 
Section V: Discussion, vi) Section VI: Limitation of Study 
and Future Area, vii) Section VII: Conclusion.

II. LITERATURE REVIEW

Attacks on medical devices, services, and infrastructure 
that could jeopardize patient safety are the biggest threat 
to the healthcare industry (Perakslis, 2014). Healthcare 
providers must ensure accessibility and consistency in 
their services, but hackers are always searching for ways 
to breach systems and pose a threat to these attributes. 
The value of the personal data held by the healthcare 
sector and the ease with which the subject can be accessed 
attract hackers (Martin et al., 2017).

Healthcare cybersecurity problems are not completely 
unique, but they have grown prevalent especially with 
the development of medical AI research in radiology 
and have been named to be among the biggest hazards 
to the industry in 2021. Findings have suggested general 
strategies for enhancing security through both detection 
and prevention tactics, as well as ways that technology 
might boost security while reducing risks (Kelly et al., 
2023). Most of the known vulnerabilities that threaten the 
healthcare industry also affect other sectors, but because 
patient safety is at stake, the impact of a compromise is 
much greater. When it comes to the security, reliability, 
and accessibility of confidential documents, few authors 
have identified certain security assaults that are directed 
towards healthcare systems (Priya et al., 2018). The 
impact of emerging telecom communication standards 
like 5G on healthcare, as discussed in ‘Revolutionizing 
Healthcare With 5G’ (Gupta & Ghosh, 2019), presents 
additional considerations for cybersecurity and risk 
mitigation in the healthcare industry.

In order to comprehend the nature of cyber-attacks 
against the healthcare industry, few researchers have used 
a modern hospital ecosphere as a scenario for the Iot and 
smart security risk identification, with a focus on first 
recognizing the threats that harm the health sector, why 
they did so, and how they carry out the operations (Jimo, 
Abdullah & Jamal, 2023).

Also, recommendations for technical and non-technical 
actions that would aid in securing and ensuring privacy 
throughout the healthcare sector using IoE systems are 

made using the findings from the DREAD threat model.

The information, network, and storage gathering phase 
are the three phases the investigators describe security 
breaches. There are many wireless devices attached 
to healthcare systems, but while these tools support 
clinicians and other healthcare providers in providing 
successful quality of healthcare, they also widen the 
attack surface (“Securing Wi-Fi Access for Healthcare,” 
2023). Cybersecurity education for all staff in healthcare 
organizations must be improved using online resources, 
simulation, and gaming to provide insights into the scope 
of cyberattacks and their influence on staff welfare. 
Together with recommendations for future policy and 
practice, (Niki et al., 2022) have outlined the role that 
national educators, policymakers, and multilateral 
organizations had in accomplishing this goal.

Ransomware is a class of software that is commonly 
referred to as a modern-day type of blackmail that 
encrypts user data in order to extort payment as stated 
(Mago & Fransisco Madyira, 2018; Mansfield-Devine, 
2016). Ransomware has become one of the most prevalent 
types of assaults towards the medic sector in the last 
few years. Attacks like WannaCry is one such example 
of ransomware attack that used SMB vulnerability 
(Server Message Block). Due to its simplicity of usage, 
portability of ransomware kits, and distributed currency 
as ransomware, Bitcoin has become increasingly popular 
among hackers (Brewer, 2016; Al-rimy et al., 2018). 
Below are the parameters because of which the healthcare 
system has been prone to data and security breaches:

A. Ancient Architecture

It is well known that medic companies, in particular 
community hospitals, use outdated infrastructure that are 
vulnerable to cyberattacks. Organizations must have a plan 
of action to preserve business workflow if their critical 
services are compromised due to cyberattacks since the 
threat landscape is always altering (Padmanabhan, 2017). 
Due to the enormous amount of sensitive data that health 
institutions store, privacy and security are key issues 
(Zackery et al., 2022). Numerous research papers have 
proposed the deployment of cloud computing in the 
medical industry as a means of mitigating the critical 
issues brought on by aging facilities. Nevertheless, some 
organizations are reticent to embrace the cloud model due 
to security and privacy concerns raised by cloud services 
(Bamiah et al., 2012; Iyengar et al., 2018; Sahi et al., 
2018; Liu et al., 2017).
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B. Medical Instruments

Nowadays, formerly unconnected medical gadgets 
are online to facilitate medic data sharing and speed 
up the delivery of results. These medical gadgets will 
undoubtedly also increase the attack surface and create 
Network vulnerabilities (Williams & Woodward, 2015). 
Diagnostic gadgets are now networked to servers, 
allowing doctors to rapidly transmit data on findings 
like scanning reports. Malware may, meanwhile, spread 
through one infected machine into another as a function 
of this, it can probably reach the wider medical servers. 
Attackers might use susceptible medical equipment as an 
initial point when attacking the hospital system (Schwartz 
et al., 2018).

C. Security Pattern

Effective security skilling is generally considered to be 
among the finest intrusion detection systems due to the 
fact that individuals are susceptible to social manipulation 
that may therefore turn into the fragile link on a system 
for intruders to access. Passcode disclosure was found to 
be prevalent in the medical industry as a result of doctors 
and other healthcare professionals’ frequent motivation 
to provide exceptional care to patients and their potential 
to view access controls like secure passcode as a barrier 
instead of as a safety precaution (Koppel et al., 2015).

D. Compliance with Legal and Regulatory 
Committees

To protect the data they store, hospital management must 
make sure the proper security procedures are in place, 
which limit access to only those who are authorized.

E. Security Measures

Researchers are more interested in security metrics 
as a technique to quantify security measures that 
advocates indecision-making. In a recent analysis by 
Thycotic, the majority of enterprises lack cybersecurity 
measures, making it challenging to access and monitor 
the effectiveness of their security measures. Several 
researchers have published several articles & papers 
on security metrics, yet they were predominantly 
operational aspect focused and did not take into account 
the environment of medical Informatics infrastructure 
(Campbell, 2014; Jansen, 2009). 

The security measures that might be used to address 
the cybersecurity issues outlined are presented in the 
following subsections, along with an explanation of 
how the use of these measurements could help in safety 
enhancement of IT infrastructures.

1) IOC 

Data that could be used to identify fraudulent behavior 
which has taken place on a network or system is known as 
an indicator of compromise (Sainz, 2019). The knowledge 
gained from these security lapses can be applied to stop 
such assaults whenever such a situation arises. Companies 
can benefit from detecting symptoms of intrusion that 
can aid in promptly identifying occurrences that the 
monitoring systems may have missed.

2) IOA (Indicators of Attack)

Latitudinally moving could indicate that an intruder 
has infiltrated the system and is progressing through 
susceptible sites until they achieve their goal, according 
to the Indicator of Attack (IOA) (Purvine et al., 2016). 
A significant increase in bandwidth and incoming traffic 
may signal a Distributed Denial of Service (DDoS) attack 
or data espionage (Kiruthika Devi et al., 2012). The 
presence of numerous hosts interacting on non-standard 
ports with external networks suggests that sophisticated 
attackers are attempting to conceal their activities.

3) Penetration Testing

Due to the inherent expenditures, organizations typically 
conduct penetration assessments every two years or 
every quarter, but the threat landscape can swiftly shift 
and render such tests obsolete. Companies have created 
more recent penetration testing tools that work within the 
network to close this gap.

4) VAPT Testing (Red and Blue Team)

In the optimization phases following the deployment 
of new security programmes, Network penetration and 
vulnerability analysis could also be utilized. Businesses 
can increase the efficiency of their security procedures by 
implementing safety measures to assess whether they are 
applying the results of assessments and evaluations.

The cyber-risks to the healthcare sector are addressed in 
this research paper, along with potential countermeasures 
for Healthcare Technology systems. It also highlights a 
quick review of security measurements after analyzing 
cyber-attacks’ impact. The suggested indicators may also 
be employed in other areas to enhance the system’s safety. 
Due to the vulnerability of cyberattacks, assaults posed 
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to patients’ security should be thoroughly monitored. 
Implementing appropriate mitigation measures will help 
IT security if these indicators are measured appropriately.

III. RESEARCH METHODOLOGY

A thorough investigation was carried out using the 
search terms “Cyber Risk or Healthcare” and “Cyber 
OR Risk OR Security’’ and “Cyber OR Security OR 
Healthcare” and “Industry OR Risk OR Healthcare OR 
Assessment,” among others, on Web of Science, Google 
Scholar, Scopus, and ScienceDirect (Risk Assessment OR 
vulnerability Assessment OR Healthcare OR Assessment). 
Publications, reports, press journals, whitepapers, and 
other web databases were used to collect the information 
for this research. The contextual significance of the 
compiled literature was also considered. The goal of 
this paper is to categorize the metrics that can be used to 
classify security challenges, cyber risks in the healthcare 
sector and spread awareness on the measures one can adopt 
in strengthening the defense procedures and inculcating 
hyperactive culture of information security among these 
organizations. The lack of focus the scientific community 
has given the issue of cyber risk in the health industry is 
highlighted in this research. It emphasizes the necessity 
of additional research into the exploratory research of risk 
associated with cyber, particularly with relation to specific 
categories and subcategories of functional data breaches.

Day by day, the amount of medics and doctors that 
require data access about their patients has increased 
drastically. To deliver high-quality patient care and 
prevent duplication, the necessity for network devices 
in the healthcare ecosystem has become a must.  While 
connecting these systems has several advantages, it also 
brings problems in the aspect of the security of the CIA 
triad of the data (Smith, 2018).

The paper proposes to address the following research 
questions:

●● What are various cyber-risks affecting the healthcare 
industry? 

●● How is the healthcare industry impacted by cyber 
risks? 

●● What are the measures and solutions to address 
these cyber risks?

IV. RESULT AND ANALYSIS

Use In this section, we have analyzed four major 
challenges – cyberattacks that the healthcare domain 

has been facing. Later we also discussed the use cases to 
avoid these.

A. Phishing

Phishing is the practice of placing dangerous URLs 
within emails that appear to be normal but are actually 
malicious. To urge recipients to open the links, these 
emails frequently make references to recognized medical 
conditions.

1) Use Cases

CEO Fraud is one example of phishing which exploits 
the name of the corporation’s CEO by deceiving staff 
to provide personal data or execute fund transfers. At 
Upsher-Smith Laboratories, the hackers immediately 
forced the supervisor to wire $50 million across nine 
accounts toward the “CEO’s accounts”-those accounts 
belonged to the hackers (Kirda & Kruegel, 2005).

2) Impact

It was discovered that the bank account belonged to the 
hackers. Despite the operation being terminated at $39 
million, the damages had already been done. Indeed, the 
business was unable to recoup the funds.

3) Solution

Phishing may be avoided if the organization has clear 
guidelines and adequate cyber awareness. Any URLs must 
be closely examined by people to make sure they don’t lead 
to any strange or suspicious domains. Additionally, people 
must be cautious of impersonal welcomes, foul language, 
and misspelled terms (Roy & Debbarma, 2020).

B. Attacks by Ransomware

During a ransomware attack, malware is injected into 
the networks to infect and conceal personal information 
unless a ransom fee is paid. Its prominence is caused by 
hackers’ understanding of how crucial it is for the medical 
industry to prevent operational challenges.

1) Use Cases

An instance of a ransomware assault is called SamSam 
(Falco et al., 2018) that secretly snoops for a long 
period after being infected. SamSam targets particular 
organizations by exploiting their weaknesses. After 
SamSam eliminates or makes it impossible for the victim 
to access his own data, the ransomware’s developers 
demand a ransom.
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2) Impact

SamSam was allegedly used by two Iranian cybercriminals 
targeting more than 200 businesses and organizations 
in Canada, including hospitals, local governments, and 
governmental authorities. The assaults are believed to 
have cost USD 30 million.

3) Solution

With sandboxing, advanced multilayered protection 
against the full range of email-borne threats is provided 
by a secure email gateway solution. A web application 
firewall (WAF) helps to secure online applications by 
screening and monitoring HTTP traffic to and from a web 
service. A vital element of security, it acts as the initial 
line of defense against cyberattacks  (Jamil et al., 2019; 
Roy & Debbarma, 2020).

C. DDoS Attacks

This attack involves flooding a targeted network with 
fraudulent sync packets in an effort to take it offline. A 
significant number of endpoints and IOT devices that 
have been coerced into joining a botnet via malware 
infection are used in this planned attack.

1) Use Cases

The 2015 GitHub Attack (Bhattacharjee et al., 2019) was 
one of the largest DDoS attacks that exploited GitHub, 
an online software configuration management site used 
by millions of developers. Botnets were not used in the 
GitHub attack because server DDoS was employed. 
Rather, the attackers capitalised on the amplifying effect 
of the client-side database caching system.

2) Impact

For several days, this politically motivated attack 
continued. With a latency of 20 minutes and a throughput 
of 1.35 terabits/second, this DDoS attack prevented the 
majority of prime users from accessing the website. More 
than 35k repositories were compromised. Two GitHub 
projects that were attempting to circumvent Chinese 
government censorship were the target of the DDoS 
attack, which originated in China. It’s thought that the 
attack was intended to put pressure on GitHub to stop 
supporting these kinds of projects.

3) Solution

Network security must be maintained in order to thwart 
any DDoS attack attempt. Controlling the maximum 

range requires the ability to identify a DDoS quickly 
because an attack only affects the maximum range if the 
hacker has enough time to gather requests. To protect 
businesses against DDoS attacks, one can rely on network 
security measures like firewalls and intrusion detection 
systems, antivirus and anti-malware software, endpoint 
security, web security tools, and network segmentation 
protocols (Roy & Debbarma, 2020).

D. Data Breaches

The Medical Industry has a high proportion of security 
breaches (Joseph, 2018). According to reports, there 
were 1.76 safety incursions per day on an average in the 
healthcare sector in 2020.

1) Use Cases

A cyber-attack was reported by Norwood Clinic (“The 
10 biggest cyberattacks in healthcare in the 1st quarter 
of 2022,” 2022) in Alabama wherein the attacker got 
access to database that stored details of patient like their 
SSN-Social Security Number, birthdates however it did 
not include any financial data which may include debit or 
credit card numbers.

2) Impact

The healthcare organization based in Alabama 
acknowledged that 228,000-patient data was compromised 
in this cyber-attack. In response, Norwood Clinic hired 
cybersecurity professionals to examine its servers and 
has been working to strengthen its data security. Credit 
monitoring and identity theft protection was also offered 
by the Clinic.

3) Solution

Risk and gap analyses should be done on current 
infrastructure to provide security rankings (Jamil et al., 
2019). Also, Healthcare stakeholders such as security 
personnel should work in tandem to improve the security 
stances of all service providers. Briefings or the use of 
free cybersecurity materials can be used to enhance 
cyber awareness training. The other solution can be 
implementation of Multi-Factor Authentication which is 
one of the simplest controls enough to prevent an attack.

V. DISCUSSION

To find the major challenges faced by the Healthcare 
Industry, we have researched reports and news articles 
from 2000 to 2023. We have also referred to the reports 
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published by various companies like Center for Internet 
Security, working on resolving malware attacks in and 
around the world. 

According to a recent survey, global cybercrime rose by 
38% for 2022 compared to 2021, with India’s healthcare 
system being one of the most frequently attacked. 
These attack statistics, as per CheckPoint Research 
(CPR) (Global cyberattacks rise, 2023) were fueled by 
lesser, more nimble attackers and malware groups, who 
concentrated on attacking collaborative technologies 
used in work-from-home environments, attacking 
educational institutions who transitioned to e-learning 
after COVID-19. 

Given the potential impact of cyberattacks on healthcare, 
it is crucial to study this issue to better understand the 
threat’s nature and develop strategies for prevention 
and response. Thus, this research helps develop more 
effective security measures and raise awareness among 
healthcare providers and the public about the importance 
of cybersecurity in healthcare.

VI. IMPLICATIONS

The objective of the research study is to focus on security 
issues associated with the healthcare industry, its impact, 
use cases and solutions to mitigate the risk factor. This study 
is useful to the healthcare institutions to get awareness 
on various risk factors while they implement security 
solutions. This article promotes various stakeholders 
such as security personnel and management team to work 
in tandem to provide the best security solution to their 
patients. 

VII. LIMITATIONS AND FUTURE 
RELEVANCE

The study’s major limitation is its focus on only documents 
that contained the keyword “health,” which could have 
unnecessarily constrained the range. But we chose this 
keyword approach to better understand the present level 
of cyber risk in the healthcare sector, especially during 
the epidemic. The weakness of this research may also be 
its strength.

This assessment criterion identifies information gaps in 
the healthcare industry and offers opportunities for further 
investigation into data breaches. Researchers could 
start by reading up on data breaches in all other sectors 
and putting the most efficient procedures into practice 
in healthcare institutions. Furthermore, it encourages 

creative organizational solutions utilizing the knowledge 
of professionals and consultants.

VIII. CONCLUSION

This research paper explores the security concerns & 
vulnerabilities that the healthcare industry is currently 
facing and has also listed a few reasons why it is vulnerable 
to cyberattacks. Healthcare is not the only domain 
affected by cyberattacks, but because patient safety and 
privacy are at stake, the impact is immense. Cyberattacks 
in healthcare can have significant consequences for 
individuals, organizations, and society as a whole. 
Cyberattacks can result in the theft or alteration of patient 
data, which can lead to serious harm for patients. It 
can cause healthcare providers to lose access to critical 
systems and data, which can disrupt patient care. It can 
expose sensitive patient information, which can violate 
patient privacy and lead to a loss of trust in healthcare 
providers.

There was discussion of the culture of security to be 
implemented, ancient architectural patterns followed 
by the healthcare institution, and medical equipment 
vulnerabilities. We have also discussed recent examples 
of cyberattacks that have caused hefty loss such as 
Phishing, ransomware, data breaches and DDos Attack. 
We have also divided the parameters into eight groups 
so that decision-makers can calculate the security of the 
systems and make well-informed decisions.

To strengthen the integrity of these systems, a cybersecurity 
parameter suggestion was produced, Penetration testing, 
IOC, VAPT teaming (Red & Blue), Risk analysis, IOA and 
Intelligence driven security were the metrics categories 
that grouped the parameters using were. In order to give 
a more comprehensive picture of the system security of 
information systems, which includes pharmaceutical 
products as well as other related systems, future research 
will measure and aggregate these indications.
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