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Abstract

Zero Trust Security Models (ZTSMs) have emerged as a 

robust cybersecurity framework in response to the 

increasingly sophisticated threat landscape, particularly 

within healthcare infrastructure. With the continuous rise in 

cyberattacks targeting sensitive health data, healthcare 

organizations are increasingly adopting Zero Trust models 

to mitigate risks and ensure data protection. This review 

paper examines the principles of Zero Trust security models, 

focusing on their application within healthcare systems, 

highlighting their effectiveness in safeguarding critical 

infrastructure, patient data, and medical devices. The paper 

explores various components of Zero Trust frameworks, 

such as continuous verification, least-privilege access, and 

micro-segmentation, providing a comprehensive 

understanding of how these principles function in healthcare 

settings. Additionally, the paper evaluates the cost-

effectiveness of implementing Zero Trust architectures in 

healthcare, considering factors like operational expenses, 

system integration, and long-term security benefits. 

Challenges in adoption, including resistance to change and 

high initial setup costs, are addressed, alongside 

recommendations for overcoming these barriers. The 

analysis also includes a comparative overview of Zero Trust 

models versus traditional perimeter-based security systems, 

emphasizing the unique advantages of Zero Trust in 

managing ever-evolving threats within the healthcare 

industry. Finally, the paper presents future directions for 

research, focusing on the integration of artificial intelligence 

and machine learning in enhancing Zero Trust security 

protocols and improving overall security posture. This 

review aims to provide healthcare organizations with a well-

rounded understanding of the Zero Trust model’s potential 

in enhancing cybersecurity and its impact on healthcare 

costs, operational efficiency, and patient privacy. 

Keywords: Zero Trust Security Models, Healthcare Cybersecurity, Data Protection, Healthcare Infrastructure, Cost-
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1. Introduction to Zero Trust Security Models in Healthcare 

1.1 Overview of Zero Trust Security Models 

Zero Trust Security Models (ZTSM) represent a significant shift in how organizations approach cybersecurity, particularly in 

environments where sensitive data must be protected, such as healthcare. Unlike traditional security models that focus on 

perimeter defenses, Zero Trust operates on the principle of "never trust, always verify." This model assumes that both internal 

and external networks are vulnerable, and thus, every request for access—whether from inside or outside the organization—

must be continuously verified before access is granted (Ijiga, Awoyemi, Atobatele, & Okonkwo, 2025). By enforcing this 

constant scrutiny, ZTSM helps to eliminate vulnerabilities that arise from implicit trust and protects against both external 

attacks and insider threats. In healthcare, where patient privacy and data protection are paramount, this model is gaining 

traction as it mitigates the risk of data breaches and ensures compliance with regulations such as HIPAA. 

ZTSM works by implementing several key principles: least-privilege access, continuous authentication, micro-segmentation, 

and strict access control. Each of these components helps healthcare organizations enforce tighter security policies across a 

variety of systems, from patient records to medical devices. By continuously validating and revalidating access rights, ZTSM 

ensures that even legitimate users cannot access more information or resources than necessary, thus reducing the risk of a 

breach if an account is compromised (Ogbete, Aminu-Ibrahim, & Ambali, 2025). Additionally, by applying ZTSM, healthcare 
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providers can limit the impact of potential security incidents 

by isolating systems into segments, ensuring that an attack 

on one segment does not compromise others. This approach 

represents a proactive, not reactive, stance on security and is 

particularly well-suited for the dynamic and highly regulated 

healthcare sector. 

 

1.2 Importance of Cybersecurity in Healthcare 

The importance of cybersecurity in healthcare cannot be 

overstated, as the industry is one of the most targeted sectors 

for cyberattacks. Healthcare organizations manage vast 

amounts of sensitive data, including personal health 

information, financial data, and proprietary research, making 

them prime targets for cybercriminals. Data breaches not 

only compromise patient privacy but also expose 

organizations to financial penalties, legal liabilities, and 

reputational damage. As healthcare systems continue to 

digitalize and expand, ensuring robust cybersecurity 

measures becomes critical to protect both patient trust and 

organizational integrity (Adeyoyin, Awanye, Morah, & 

Ekpedo, 2024). Healthcare data breaches can have 

devastating consequences, affecting individuals' lives and 

potentially undermining public health initiatives. 

A key challenge in healthcare cybersecurity is the 

complexity of the systems involved. From Electronic Health 

Records (EHRs) to medical devices, each component of the 

healthcare ecosystem presents unique security risks. 

Cybersecurity frameworks, such as Zero Trust, are 

necessary to address these diverse vulnerabilities. These 

models ensure that every device, user, and application is 

continuously authenticated, even within trusted internal 

networks. The adoption of Zero Trust models in healthcare 

can significantly reduce the risk of a breach by enforcing 

strict access controls, minimizing the attack surface, and 

ensuring compliance with healthcare regulations (Seyi-

Lande, Arowogbadamu, & Oziri, 2024). With the increasing 

frequency and sophistication of cyberattacks, healthcare 

organizations must take proactive measures to safeguard 

patient data and maintain the integrity of their digital 

infrastructure (Ogbete & Aminu-Ibrahim, 2024). 

 

1.3 Scope and Objectives of the Review 

This review aims to provide an in-depth analysis of Zero 

Trust security models, with a particular focus on their 

application in healthcare environments. The paper explores 

the underlying principles of Zero Trust, evaluates its 

effectiveness in securing healthcare infrastructure, and 

discusses the challenges faced by healthcare organizations in 

implementing these models. By examining case studies and 

industry reports, this review will identify the most effective 

strategies for integrating Zero Trust models into existing 

healthcare IT frameworks. The scope of the review extends 

to both large healthcare institutions and smaller practices, 

offering insights into how Zero Trust can scale to meet 

diverse organizational needs. 

The objectives of this review are to (1) assess the benefits 

and limitations of Zero Trust security models in healthcare, 

(2) explore the technological advancements enabling Zero 

Trust adoption, and (3) provide recommendations for 

healthcare organizations considering the implementation of 

Zero Trust frameworks. This review will also examine the 

cost-effectiveness of Zero Trust models, including an 

analysis of the initial investment and long-term operational 

savings. Through a detailed exploration of these areas, the 

review aims to provide healthcare professionals, IT 

managers, and policymakers with a comprehensive 

understanding of how Zero Trust can enhance security and 

compliance within healthcare systems. 

 

1.4 Structure of the Paper 

This paper is organized into several sections, each focusing 

on a critical aspect of Zero Trust security models and their 

application in healthcare. Section 1 provides an introduction, 

covering the overview of Zero Trust models, the importance 

of cybersecurity in healthcare, and the objectives of this 

review. Section 2 explores the core principles of Zero Trust, 

including continuous verification, least-privilege access, and 

micro-segmentation. Section 3 discusses the practical 

application of these principles in healthcare environments, 

with a particular focus on securing patient data and medical 

devices. Section 4 evaluates the cost-effectiveness of Zero 

Trust models, analyzing both the initial implementation 

costs and long-term savings. Section 5 addresses the 

challenges healthcare organizations face in adopting Zero 

Trust models and offers strategies to overcome them. 

Finally, Section 6 concludes the paper, summarizing key 

findings and suggesting future research directions for 

improving healthcare cybersecurity through Zero Trust. 

 

2. Core Principles of Zero Trust Security Models 

2.1 Continuous Verification and Authentication 

The principle of continuous verification and authentication 

is foundational to the Zero Trust security model, ensuring 

that all users and devices are constantly authenticated before 

granting access to sensitive systems or data (Akinleye & 

Adeyoyin, 2023). Traditional perimeter-based security 

systems often rely on a one-time verification during the 

initial login, which leaves systems vulnerable once access is 

granted. In contrast, Zero Trust models require ongoing 

authentication at every step of a user's interaction with the 

network (Lawal & Oduleye, 2023). This continuous process 

minimizes the risk of unauthorized access and internal 

breaches, making it essential for critical healthcare systems 

where patient data and medical devices must be protected 

from cyber threats (Osunkanmibi et al., 2025). 

Continuous verification relies heavily on real-time 

monitoring and analytics to ensure that only authorized 

entities can access specific healthcare services (Seyi-Lande 

et al., 2023). By using advanced machine learning 

algorithms, organizations can evaluate user behavior 

patterns and flag any anomalies that deviate from predefined 

security protocols. For instance, machine learning-based 

behavioral analytics can be used to detect irregular logins or 

access attempts based on geographical locations or time 

patterns (Anichukwueze et al., 2024). Additionally, 

healthcare systems employing continuous verification 

benefit from multi-factor authentication (MFA) to further 

enhance security measures. As healthcare services 

increasingly shift toward digital platforms, the role of 

continuous authentication in safeguarding sensitive medical 

records and devices from external and internal cyberattacks 

is crucial (Michael & Ogunsola, 2023). Thus, incorporating 

continuous verification not only enhances the security 

architecture but also supports compliance with regulatory 

standards like HIPAA in the United States, ensuring patient 

confidentiality and data integrity (Rukh et al., 2024). 
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2.2 Least-Privilege Access Control 

Least-privilege access control is a core principle of Zero 

Trust security models, which ensures that users and systems 

are only granted the minimal level of access required for 

them to perform their tasks (Akinlade, Filani, & 

Nwachukwu, 2025). This approach helps to reduce the 

attack surface in healthcare systems by limiting unnecessary 

exposure to sensitive data and critical systems (Oduro, 

2024). By enforcing strict access policies based on user 

roles, healthcare organizations can ensure that only 

authorized personnel can access patient information, 

medical devices, and financial data, thus preventing insider 

threats and minimizing the potential for unauthorized 

access. This method is particularly essential in healthcare, 

where confidentiality and patient trust are of paramount 

importance (Adeyoyin et al., 2023). 

In practice, implementing least-privilege access control in 

healthcare systems involves regularly auditing user access 

privileges and adjusting permissions based on the user's 

current role and tasks (Oziri, Arowogbadamu, & Seyi-

Lande, 2023). Additionally, dynamic access controls can be 

set to ensure that when users move between different 

departments or roles, their access is reassessed and adjusted 

accordingly (Seyi-Lande, Arowogbadamu, & Oziri, 2023). 

Advanced AI-based systems are increasingly used to 

automate the detection of access policy violations, further 

enhancing the enforcement of least-privilege principles in 

real time (Ijiga et al., 2025) as seen in Table 1. Through the 

continuous refinement of access management and policy 

enforcement, healthcare organizations can maintain strong 

security while ensuring that only the necessary personnel 

have access to critical resources (Badmus & Olamide, 

2025). 

 
Table 1: Summary of Least-Privilege Access Control in 

Healthcare Systems 
 

Key 

Principle 
Description 

Practical 

Implementation 
Benefits 

Minimal 

Access 

Granting 

Users and 

systems are 

granted only 

the minimum 

level of access 

needed to 

perform their 

tasks. 

Enforcing strict 

access policies 

based on roles and 

tasks to limit 

exposure to 

sensitive data and 

systems. 

Reduces the 

attack surface by 

preventing 

unnecessary 

access to 

sensitive 

information, 

minimizing 

potential 

breaches. 

Regular 

Audits and 

Access 

Reviews 

Access 

privileges are 

periodically 

reviewed and 

adjusted based 

on user roles 

and tasks. 

Continuous 

auditing of access 

controls and 

reassessment when 

users change 

departments or 

roles. 

Ensures that 

users only retain 

the necessary 

permissions and 

reduces the risk 

of unauthorized 

access due to 

outdated roles. 

Dynamic 

and 

Contextual 

Access 

Control 

Access is 

granted 

dynamically 

based on the 

user’s context, 

such as 

location, time, 

or task. 

Implementing 

access policies that 

adjust in real time 

based on the user’s 

changing context or 

department. 

Improves 

security by 

ensuring access 

is only granted 

under 

appropriate 

conditions, thus 

reducing 

exposure to 

threats. 

Automation AI systems Using AI to Enhances 

with AI 

Integration 

help detect 

violations of 

access policies 

and automate 

the 

enforcement of 

least-privilege 

principles in 

real-time. 

automate 

monitoring and 

enforcement of 

access controls, 

identifying unusual 

access patterns or 

violations. 

efficiency in 

policy 

enforcement, 

improving real-

time threat 

detection and 

reducing 

administrative 

workload. 

 

2.3 Micro-Segmentation and Network Segregation 

Micro-segmentation and network segregation are integral 

components of the Zero Trust model, offering a highly 

granular approach to securing healthcare networks by 

dividing them into smaller, isolated segments. This approach 

ensures that even if one part of the network is compromised, 

the attacker is unable to traverse other parts of the system 

(Oziri, Arowogbadamu, & Seyi-Lande, 2024). By isolating 

sensitive data such as patient records, medical devices, and 

financial transactions, healthcare organizations can limit the 

impact of potential breaches (Akinleye & Adeyoyin, 2025). 

Micro-segmentation relies on precise network zoning that 

prevents lateral movement between different sections of the 

network, ensuring that each segment is independently 

secured with its own set of security policies and access 

control measures (Ijiga et al., 2024). 

In practical terms, this means implementing separate 

security layers for different types of devices, applications, 

and users within the healthcare network (Anichukwueze, 

Osuji, & Oguntegbe, 2024). For instance, medical devices 

may be isolated from administrative systems, allowing for 

tailored security protocols based on the nature of the 

device's function (Seyi-Lande, Arowogbadamu, & Oziri, 

2024). Furthermore, micro-segmentation supports advanced 

threat detection mechanisms by creating isolated "zones" 

where potential threats can be quickly contained and 

analyzed without impacting other parts of the system (Bello 

et al., 2025). This significantly reduces the attack surface 

and ensures that any unauthorized access attempts are 

thwarted at the entry point, making it an essential strategy in 

safeguarding the integrity of healthcare infrastructure and 

ensuring compliance with regulatory standards (Badmus & 

Olamide, 2025). 

 

3. Application of Zero Trust Security Models in 

Healthcare 

3.1 Protecting Patient Data and Electronic Health 

Records (EHRs) 

The protection of patient data and electronic health records 

(EHRs) is a critical component of healthcare security 

frameworks. As healthcare systems increasingly rely on 

digital tools and technologies, the need to safeguard 

sensitive information such as EHRs has never been more 

pressing (Aminu-Ibrahim et al., 2021). Traditional models 

of securing health data often focus on access control and 

encryption; however, the evolution of cyber threats 

necessitates the adoption of more advanced security 

frameworks like the Zero Trust Model (Anichukwueze et 

al., 2021). In the context of patient data protection, Zero 

Trust ensures that access to data is granted on the basis of 

strict verification, irrespective of the network location 

(Anioke & Atima, 2023). 

One of the main challenges in safeguarding EHRs is the 

constant exchange of data across various platforms and 

devices. This exchange often opens the door to unauthorized 
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access if security measures are not robust enough (Awanye 

et al., 2023). Blockchain technology has been identified as a 

potential solution to this issue, offering a decentralized, 

immutable record-keeping system that enhances data 

integrity and auditability (Badmus & Olamide, 2023). 

Moreover, the integration of Artificial Intelligence (AI) and 

machine learning in healthcare security can further enhance 

threat detection and mitigation, ensuring timely responses to 

security breaches (Ijiga et al., 2023). 

Thus, a multi-layered approach that combines traditional 

encryption techniques with emerging technologies such as 

blockchain and AI is essential for protecting patient data 

effectively. This comprehensive approach can help 

healthcare organizations meet the growing regulatory 

requirements for data privacy while improving patient trust 

(Michael & Ogunsola, 2023). 

 

3.2 Securing Medical Devices and IoT in Healthcare 

In healthcare, medical devices and the Internet of Things 

(IoT) are critical for advancing patient care and operational 

efficiency. However, the widespread deployment of IoT 

devices within healthcare systems presents unique security 

challenges, as these devices often lack robust security 

features. As IoT devices proliferate, they become targets for 

cyberattacks, and thus securing them becomes paramount to 

maintaining patient safety and data integrity (Aminu-

Ibrahim & Ogbete, 2024). To address these vulnerabilities, 

Zero Trust Security models offer a promising solution by 

requiring continuous authentication and validation of each 

device before granting access to any healthcare network 

(Shah et al., 2025). 

Securing medical devices and IoT networks requires a 

multi-faceted approach that includes secure network 

segmentation, device authentication, and real-time 

monitoring for abnormal behavior (Okafor et al., 2023). The 

integration of AI and machine learning can enhance these 

capabilities by enabling devices to detect and respond to 

security threats autonomously. Moreover, the use of 

blockchain technology can provide a tamper-proof ledger 

for device transactions, ensuring data integrity across the 

IoT ecosystem (Ekwunife et al., 2024). 

In addition, healthcare organizations must ensure that IoT 

devices comply with regulatory standards such as the Health 

Insurance Portability and Accountability Act (HIPAA) and 

the General Data Protection Regulation (GDPR), as these 

frameworks outline specific requirements for securing 

medical devices and ensuring patient privacy (Osunkanmibi 

et al., 2025). As the healthcare industry continues to 

integrate more IoT devices, the Zero Trust model must 

evolve to address the growing complexity and number of 

interconnected devices, making it an essential framework 

for modern healthcare security (Efobi et al., 2023). 

 

3.3 Integrating Zero Trust with Existing Healthcare 

Infrastructure 

The integration of Zero Trust Security models into existing 

healthcare infrastructure is a significant step towards 

mitigating modern cybersecurity threats in the healthcare 

sector. Healthcare systems traditionally rely on perimeter 

security to protect patient data and medical devices. 

However, as remote work, cloud computing, and mobile 

health technologies expand, these traditional security 

measures become insufficient (Ijiga et al., 2023). Zero 

Trust, with its “never trust, always verify” philosophy, is 

designed to address these vulnerabilities by continuously 

validating user access, regardless of the network perimeter 

(Shah et al., 2025). 

One of the primary challenges in adopting Zero Trust in 

healthcare is ensuring compatibility with existing legacy 

systems. Many healthcare facilities still rely on outdated IT 

infrastructure that may not support advanced security 

models like Zero Trust. Integrating Zero Trust requires a 

phased approach, where healthcare organizations begin by 

applying access controls to high-risk systems, such as EHRs 

and medical device networks, before expanding to other 

areas (Oparah et al., 2025). Furthermore, comprehensive 

training and awareness campaigns for healthcare staff are 

essential to ensure effective implementation (Okafor et al., 

2023). 

The integration of Zero Trust also necessitates the use of 

advanced technologies, such as AI and machine learning, to 

monitor and respond to potential threats in real time (Ijiga et 

al., 2023). The use of blockchain technology can further 

enhance the transparency and immutability of healthcare 

transactions, ensuring that data integrity is maintained 

across interconnected systems (Shah et al., 2025) as seen in 

Table 2. These technologies, when combined with a robust 

Zero Trust framework, can significantly enhance the 

security posture of healthcare organizations, enabling them 

to effectively protect sensitive patient data and comply with 

regulatory requirements. 

 
Table 2: Summary of Integrating Zero Trust with Existing 

Healthcare Infrastructure 
 

Aspect Challenges Solutions 
Technologies 

Involved 

Traditional 

Security 

Models 

Perimeter-based 

security is 

insufficient for 

modern threats 

(remote work, 

cloud computing, 

mobile health). 

Shift from 

perimeter security 

to continuous 

verification of user 

access, regardless 

of location. 

Cloud Security, 

VPNs, Identity 

and Access 

Management 

(IAM). 

Legacy 

Systems 

Integration 

Many healthcare 

facilities use 

outdated IT 

infrastructure 

that may not 

support advanced 

security models. 

Phased 

implementation, 

starting with high-

risk systems like 

EHRs and medical 

devices. 

Access 

Control, 

Legacy System 

Upgrades 

Training and 

Awareness 

Lack of 

understanding 

and skills among 

healthcare staff 

for new security 

protocols. 

Comprehensive 

training programs 

and awareness 

campaigns for 

staff. 

AI-driven 

Training Tools, 

Learning 

Management 

Systems 

Advanced 

Technologies 

Difficulty in 

monitoring and 

responding to 

threats in real 

time. 

Use AI and 

machine learning 

for continuous 

monitoring and 

automated threat 

response. 

AI, Machine 

Learning, 

Blockchain 

Technology 

 

4. Cost Effectiveness of Zero Trust Models in Healthcare 

4.1 Initial Setup and Implementation Costs 

The initial setup and implementation of Zero Trust models 

in healthcare involve significant capital investment in 

infrastructure, technology integration, and staff training 

(Bello et al., 2025). Healthcare organizations adopting Zero 

Trust principles typically face upfront expenses related to 
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system overhaul, including the acquisition of secure 

hardware and software solutions, as well as the 

establishment of a robust identity and access management 

(IAM) system (Babatope, Akokodaripon, & Okoruwa, 

2025). These implementations are crucial for ensuring 

comprehensive monitoring and constant authentication 

within healthcare networks. While the implementation of 

these solutions requires financial commitment, it also 

reduces the risk of costly data breaches and associated 

penalties (Bello et al., 2025). 

Additionally, the implementation costs extend to integrating 

Zero Trust frameworks with existing infrastructure (Ogbete 

& Aminu-Ibrahim, 2025). The complexity of merging new 

security models with legacy systems in healthcare settings 

can drive up the initial setup costs. However, the long-term 

benefits of maintaining patient privacy and compliance with 

regulations such as HIPAA may justify the investment 

(Okafor, Dako, & Osuji, 2025). Organizations also need to 

ensure proper alignment of their IT systems and compliance 

processes with the Zero Trust architecture, which may 

involve upgrading or replacing outdated systems (Akin-

Oluyomi et al., 2025). 

Moreover, the training of IT personnel and healthcare 

professionals on new Zero Trust policies adds to the upfront 

costs. This training ensures that the organization can 

effectively manage security protocols and respond to 

potential security breaches (Lawal & Oduleye, 2025). These 

initial costs are necessary for building the foundation of a 

Zero Trust model, but they can be seen as a necessary 

investment for long-term cybersecurity resilience and the 

protection of patient data (Bello et al., 2025). 

 

4.2 Long-Term Operational Savings 

The implementation of Zero Trust security models in 

healthcare offers long-term operational savings, especially 

in reducing the incidence of costly data breaches and 

unauthorized access to sensitive health information (Lawal 

& Oduleye, 2025). By adopting continuous verification and 

enforcing the principle of least privilege access, 

organizations significantly minimize the risk of 

cybersecurity threats, leading to a reduction in the costs 

associated with breach recovery and legal fees (Ogbete & 

Aminu-Ibrahim, 2025). These long-term savings are 

particularly valuable in healthcare, where breaches can 

result in substantial financial penalties, reputational damage, 

and loss of trust from patients (Bello et al., 2025). 

Furthermore, Zero Trust models reduce the need for large-

scale infrastructure overhauls as they enhance the efficiency 

of existing systems. By integrating granular access controls 

and reducing network vulnerabilities, healthcare 

organizations can optimize their existing resources and 

reduce operational inefficiencies (Babatope et al., 2025). 

The automation provided by Zero Trust systems also 

minimizes the need for manual monitoring, thus reducing 

the labor costs associated with network security (Okafor, 

Dako, & Osuji, 2025). Healthcare providers can also 

streamline compliance with industry regulations, thus 

reducing the costs related to regulatory audits and 

compliance monitoring (Bello et al., 2025). 

In addition, the proactive nature of Zero Trust security 

minimizes downtime during potential breaches, thus 

improving the overall operational productivity (Akin-

Oluyomi et al., 2025). With a more secure and efficient 

system in place, healthcare organizations can allocate 

resources more effectively, investing savings into other 

critical areas, such as patient care and technological 

innovation (Lawal & Oduleye, 2025). 

 

4.3 ROI and Risk Mitigation in Healthcare Settings 

The return on investment (ROI) associated with Zero Trust 

security models in healthcare is evident when considering 

the reduction in data breaches and the associated financial 

implications (Bello et al., 2025). By focusing on a proactive 

approach that continuously monitors and authenticates users, 

healthcare organizations can significantly lower the 

frequency and severity of cyberattacks, which are often 

financially devastating (Babatope et al., 2025). The risk 

mitigation provided by Zero Trust models reduces the 

potential costs of non-compliance with data protection 

regulations, which can result in heavy fines and damage to 

the organization's reputation (Okafor et al., 2025). In the 

long term, this translates to a more secure and cost-effective 

operational framework for healthcare providers. 

Moreover, the adoption of Zero Trust frameworks enhances 

organizational resilience by minimizing the attack surface 

through robust segmentation of the network and verification 

of user identity (Akin-Oluyomi et al., 2025). These security 

measures reduce the likelihood of unauthorized access and 

limit the damage caused by internal or external attacks 

(Bello et al., 2025). Healthcare organizations that implement 

these measures not only ensure the safety of patient data but 

also protect their intellectual property and sensitive 

organizational information (Ogbete & Aminu-Ibrahim, 

2025). The long-term ROI from Zero Trust models, 

therefore, extends beyond cost savings to encompass 

enhanced organizational trust and improved patient care 

outcomes (Lawal & Oduleye, 2025). 

Furthermore, the enhanced visibility and control over data 

flow provided by Zero Trust frameworks allow healthcare 

organizations to better manage their resources and 

compliance requirements (Okonkwo et al., 2025). These 

features contribute to long-term cost savings by enabling 

more informed decision-making processes and optimizing 

healthcare operations (Bello et al., 2025). Thus, the ROI is 

realized not just in direct financial savings but also in more 

efficient healthcare delivery and improved patient trust. 

 

5. Challenges and Barriers in Implementing Zero Trust 

in Healthcare 

5.1 Resistance to Change and Organizational Hurdles 

One of the primary challenges in implementing Zero Trust 

security models (ZTSMs) in healthcare is resistance to 

change within healthcare organizations. Healthcare 

infrastructures, particularly hospitals, clinics, and 

pharmaceutical companies, are heavily reliant on legacy 

systems and processes that prioritize ease of access over 

rigorous security measures. This resistance stems from 

organizational inertia, where established practices are 

difficult to alter, especially when they have been functioning 

for years without major incidents (Aminu-Ibrahim et al., 

2021). Many healthcare professionals may perceive the 

introduction of Zero Trust models as overly complicated or 

disruptive to their workflow, fearing that it could lead to 

increased operational friction (Okafor et al., 2023). These 

concerns are compounded by the resource-intensive nature 

of healthcare, where the focus is often on patient care rather 

than cybersecurity infrastructure. 
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Moreover, organizational hurdles often arise due to the 

entrenched corporate culture, which is not always geared 

toward cybersecurity innovation (Oparah et al., 2024). 

Hospital administrators and healthcare IT managers, for 

instance, may find it difficult to navigate the shift to a more 

segmented, access-controlled environment. Resistance is 

also fueled by concerns about staff training, the perception 

of Zero Trust as a "one-size-fits-all" solution, and the 

upfront investment required (Badmus & Olamide, 2023). 

Healthcare providers often face budgetary constraints, with 

funding allocated to direct patient care rather than 

cybersecurity enhancement. Furthermore, a lack of 

familiarity with Zero Trust concepts among healthcare 

decision-makers can result in hesitance towards its adoption, 

particularly in smaller, underfunded facilities (Lawal & 

Oduleye, 2022). 

For these reasons, overcoming organizational resistance is 

crucial for successful Zero Trust implementation. Healthcare 

leaders must focus on cultivating a security-conscious 

organizational culture, where cybersecurity becomes a 

shared responsibility among all staff members (Osuji et al., 

2024). Addressing concerns through comprehensive training 

and awareness programs, coupled with clear demonstrations 

of the long-term benefits of Zero Trust models, can alleviate 

resistance. More importantly, aligning security strategies 

with the healthcare facility's core mission of patient care can 

foster a more cooperative environment, where cybersecurity 

is viewed as an enabler rather than a hindrance (Ilesanmi et 

al., 2024). 

 

5.2 Technical and Integration Challenges 

Implementing Zero Trust Security Models in healthcare is 

fraught with technical and integration challenges. One of the 

primary obstacles is the need to integrate new security 

models with existing legacy systems that were not designed 

with Zero Trust principles in mind (Bello et al., 2025). 

Many healthcare organizations rely on outdated IT 

infrastructure, which lacks the flexibility to support the 

dynamic access control and continuous authentication 

mechanisms fundamental to Zero Trust (Oduro, 2024). The 

integration of these legacy systems with the advanced 

security protocols of Zero Trust often requires substantial 

customization, adding complexity and cost to the adoption 

process (Sanni & Attah, 2023). 

Moreover, the complexity of healthcare operations, 

including the diverse array of connected medical devices, 

complicates the deployment of Zero Trust (Ogbete & 

Aminu-Ibrahim, 2024). Medical devices such as 

pacemakers, infusion pumps, and diagnostic imaging 

systems often have inherent security vulnerabilities due to 

their limited processing power and outdated software, 

making them difficult to integrate into a Zero Trust 

architecture (Akin-Oluyomi et al., 2025). Ensuring these 

devices comply with Zero Trust standards necessitates 

considerable upgrades to both hardware and software, which 

many healthcare facilities are ill-equipped to implement. 

Additionally, managing user identity and access control 

across various departments, from clinical staff to 

administrative personnel, presents another technical hurdle 

(Akinleye & Adeyoyin, 2025). Healthcare workers need 

rapid, uninterrupted access to patient data for treatment, yet 

Zero Trust requires real-time monitoring of all interactions 

with sensitive information, which can slow down operations 

if not properly optimized (Badmus & Olamide, 2023). 

Therefore, healthcare organizations must carefully balance 

the need for stringent security with the necessity of 

providing seamless user experiences. 

To address these challenges, healthcare organizations must 

invest in modernizing their IT infrastructure and embrace 

cloud-based security solutions that can scale with the growth 

of their systems (Ogbete et al., 2025). The integration of 

artificial intelligence and machine learning can also 

facilitate the continuous monitoring and adaptive response 

mechanisms required by Zero Trust models, thereby 

enhancing both security and operational efficiency (Oduro, 

2024). 

 

5.3 Overcoming High Initial Investment 

One of the most significant hurdles healthcare organizations 

face when adopting Zero Trust Security Models (ZTSMs) is 

the high initial investment required for deployment. The 

upfront costs for implementing Zero Trust frameworks 

include not only the purchase of new security software and 

hardware but also the necessary workforce training, system 

integration, and ongoing maintenance. This can be 

particularly challenging for healthcare institutions, which 

often operate on tight budgets and must prioritize patient 

care over technological upgrades (Bello et al., 2025). The 

shift to a Zero Trust model involves a fundamental redesign 

of the organization's network architecture, moving away 

from traditional perimeter-based security to more granular, 

access-controlled environments (Ogbete & Aminu-Ibrahim, 

2024). This transformation demands significant financial 

resources, which many healthcare facilities, especially 

smaller or rural providers, may find difficult to allocate. 

In addition to financial considerations, healthcare 

organizations must also account for the cost of disrupting 

ongoing operations during the transition to a Zero Trust 

framework (Badmus & Olamide, 2024). The integration of 

new technologies, such as continuous monitoring and 

identity-based access management, may require downtime 

for system upgrades and staff reconfiguration. While this 

may be necessary to enhance security, it often results in 

temporary disruptions to critical services, which can 

undermine confidence in the security overhaul. This 

financial and operational burden makes the adoption of Zero 

Trust models seem more like an expenditure than a long-

term investment (Ilesanmi et al., 2024). Moreover, the 

return on investment (ROI) from Zero Trust models is often 

realized over a longer period, which further discourages 

healthcare leaders from prioritizing security investments. To 

overcome this financial barrier, healthcare organizations 

must adopt a strategic approach, highlighting the long-term 

cost savings in reduced cyberattack risks, such as the 

potential savings from avoiding data breaches and their 

associated reputational damages (Oduro, 2024). 

Furthermore, demonstrating the benefits of Zero Trust in 

terms of compliance with increasingly stringent regulations, 

such as HIPAA, can provide the justification needed for the 

initial financial outlay. 

 

6. Future Directions and Research Opportunities 

6.1 Advancements in AI and Machine Learning for Zero 

Trust 

The integration of Artificial Intelligence (AI) and Machine 

Learning (ML) into Zero Trust security models has 

revolutionized how healthcare organizations monitor and 

enforce security protocols. These technologies enhance 
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continuous monitoring and real-time decision-making, 

making it possible to identify unusual patterns and potential 

threats faster and more accurately than traditional methods. 

AI-driven behavioral analytics are especially valuable in 

healthcare, as they enable systems to assess user behaviors 

continuously, ensuring that only legitimate users have 

access to sensitive information. For instance, machine 

learning models can predict potential breaches by analyzing 

historical data, such as login times, locations, and access 

patterns, and flagging anomalies that deviate from normal 

behaviors. 

In addition, AI and ML can improve threat detection and 

response times by automating the classification of potential 

security risks. By leveraging predictive analytics, healthcare 

organizations can anticipate security threats before they 

fully materialize, reducing response times and preventing 

widespread damage. AI systems can also continuously learn 

from new data, which means they can adapt to emerging 

threats without human intervention. This ability to self-

improve over time ensures that healthcare organizations 

maintain an up-to-date security posture, allowing them to 

stay one step ahead of increasingly sophisticated 

cyberattacks. 

 

6.2 Scalability and Adaptability for Healthcare 

Organizations 

Zero Trust models must be scalable and adaptable to meet 

the evolving needs of healthcare organizations. As these 

organizations grow and adopt new technologies, the security 

infrastructure must scale without sacrificing performance or 

security. Zero Trust architectures, by their very nature, are 

designed to scale seamlessly, allowing organizations to 

integrate new systems, applications, and users while 

maintaining a high level of security. This is particularly 

critical in healthcare, where the introduction of new medical 

devices, technologies, and even regulatory changes can 

quickly increase the complexity of the network. 

Adaptability is equally important in ensuring that Zero Trust 

models can evolve in response to new challenges. As 

healthcare organizations increasingly migrate to cloud-based 

solutions and incorporate more remote workforces, the 

security architecture must be flexible enough to address the 

unique security requirements of each environment. Zero 

Trust models provide this flexibility by offering granular 

access controls and segmentation capabilities, ensuring that 

healthcare data remains secure regardless of where it 

resides. This adaptability allows healthcare organizations to 

implement security measures across diverse environments—

whether on-premises, in the cloud, or in hybrid 

configurations—while ensuring a consistent level of 

protection. 

 

6.3 Evolving Threat Landscape and Zero Trust 

Evolution 

The evolving threat landscape in the healthcare sector 

presents a continual challenge to organizations seeking to 

maintain robust cybersecurity practices. With the increasing 

sophistication of cybercriminals, healthcare organizations 

must continuously adapt their security frameworks to 

counter new and emerging threats. Zero Trust security 

models are particularly well-suited for this task, as they are 

designed to evolve with the threat landscape by 

continuously verifying and validating access attempts. These 

models incorporate threat intelligence feeds and leverage 

machine learning algorithms to identify new attack vectors, 

allowing organizations to update their security policies in 

real-time. 

Moreover, as the threat landscape becomes more complex, 

Zero Trust models are evolving to include more advanced 

security protocols, such as AI-driven threat hunting and 

automated incident response systems. These innovations 

enable organizations to proactively identify and mitigate 

threats before they can cause significant damage. Zero Trust 

architectures are also incorporating more dynamic, context-

aware security measures that take into account not only the 

identity of the user but also the current environment, 

behavior, and potential vulnerabilities. This adaptability 

ensures that Zero Trust remains a relevant and effective 

defense strategy in the face of an ever-changing 

cybersecurity environment. 
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