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Abstract

The rapid digitalization of healthcare systems has led to an 

unprecedented accumulation of sensitive patient data across 

various platforms, exposing the industry to growing risks of 

data breaches, unauthorized access, and integrity 

compromise. Ensuring the security, privacy, and 

trustworthiness of healthcare data is paramount to 

maintaining patient confidentiality and enhancing clinical 

decision-making. This study proposes a conceptual 

framework that synergistically integrates Blockchain 

technology and Artificial Intelligence (AI) to enhance 

healthcare data security. The framework is designed to 

address key challenges such as data integrity, access control, 

real-time threat detection, and secure interoperability across 

healthcare stakeholders. Blockchain, with its decentralized 

and immutable ledger capabilities, provides a robust 

foundation for tamper-proof data storage and transparent 

audit trails. Smart contracts are employed to automate 

access controls and ensure compliance with regulatory 

requirements. AI, on the other hand, plays a critical role in 

intelligent threat detection and anomaly monitoring. By 

leveraging machine learning algorithms, the framework can 

identify suspicious patterns, detect insider threats, and 

predict potential breaches in real time. The proposed 

architecture comprises four core components: Secure data 

ingestion, blockchain-based data storage, AI-powered 

analytics, and a privacy-preserving access management 

layer. The framework also incorporates role-based 

authentication and homomorphic encryption techniques to 

enhance data privacy while supporting authorized data 

sharing. Case scenarios such as electronic health record 

(EHR) exchange and remote patient monitoring are used to 

demonstrate the practicality and scalability of the model. 

This integrated approach not only ensures the 

confidentiality, integrity, and availability of healthcare data 

but also fosters trust among patients, providers, and 

regulatory bodies. The framework aligns with global 

healthcare data standards and complies with regulations 

such as HIPAA and GDPR. Future directions include the 

deployment of federated learning models to further 

decentralize AI training while maintaining data privacy 

across institutions. 
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1. Introduction 

The digital transformation of the healthcare industry has led to the widespread adoption of electronic health records (EHRs),  

telemedicine platforms, mobile health applications, and interconnected medical devices. This evolution has significantly 

improved the accessibility, efficiency, and quality of healthcare delivery. However, the digitalization of healthcare data has 

also introduced complex challenges related to data security, privacy, and trust. With sensitive patient information now stored, 

shared, and transmitted across a vast network of stakeholders—including hospitals, insurance companies, research institutions, 

and third-party service providers—ensuring the confidentiality, integrity, and availability of this data has become a critical 

concern (Okeke, et al., 2023, Okolie, et al., 2023). 
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Incidents of data breaches, ransomware attacks, and 

unauthorized access have surged in recent years, exposing 

the vulnerabilities of conventional security infrastructures. 

Patients and providers alike face growing concerns over the 

misuse of health data, identity theft, and loss of trust in 

digital health systems (Adewale, et al., 2024, Mbakop, et 

al., 2024, Oboh, et al., 2024). Despite efforts to implement 

traditional security measures such as firewalls, access 

control, and encryption, these approaches often fall short in 

addressing the dynamic and distributed nature of modern 

healthcare ecosystems. Centralized systems remain 

vulnerable to single points of failure and lack the 

transparency and auditability needed to build long-term 

confidence among stakeholders. 

In response to these challenges, there is a growing interest in 

leveraging emerging technologies such as blockchain and 

artificial intelligence (AI) to create a more resilient and 

intelligent security framework for healthcare data. 

Blockchain offers a decentralized and tamper-evident 

infrastructure that enhances data integrity, transparency, and 

trust through cryptographic techniques and consensus 

mechanisms (Matthew, Nwaogelenya & Opia, 2024). 

Meanwhile, AI brings the ability to detect anomalies, predict 

threats, and automate responses to security incidents in real 

time. When combined, these technologies offer 

complementary strengths that can transform how healthcare 

organizations secure sensitive data while maintaining 

compliance with regulatory requirements (Edwards & 

Smallwood, 2023, Mgbecheta, et al., 2023). 

The need for an integrated blockchain and AI framework is 

therefore both urgent and timely. Such a framework holds 

the potential to address the multifaceted nature of healthcare 

data security by embedding trust, automation, and 

intelligence into every layer of the digital infrastructure. 

This study aims to conceptualize a unified framework that 

strategically combines blockchain and AI to enhance the 

security, privacy, and resilience of healthcare data systems 

(Adhikari, et al., 2024, Mbata, et al., 2024, Ogbuagu, et al., 

2024). The scope of this research includes analyzing the 

limitations of current security models, identifying key 

components of the proposed framework, and outlining its 

practical implications for healthcare providers, 

policymakers, and technology developers. By proposing a 

novel, integrated approach, this study contributes to the 

growing discourse on next-generation health data security in 

an era of digital innovation and interconnected care 

(Edwards, et al., 2024, Idoko, et al., 2024). 

2.1 Literature Review 

Healthcare data security has become an increasingly 

complex challenge in the digital age, as the volume, variety, 

and velocity of health information continue to grow. 

Electronic Health Records (EHRs), wearable medical 

devices, mobile health applications, and interconnected 

hospital systems generate massive amounts of sensitive 

patient data, including personal identifiers, medical 

histories, diagnostic images, and treatment plans (Adewale, 

Olorunyomi & Odonkor, 2021, Odunaiya, Soyombo & 

Ogunsola, 2021). The digitalization of healthcare, while 

offering numerous benefits in terms of accessibility and 

efficiency, has also exposed the sector to significant 

cybersecurity threats. Cyberattacks targeting healthcare 

organizations have escalated, ranging from ransomware 

incidents that cripple hospital operations to data breaches 

resulting in the loss or misuse of millions of patient records. 

These breaches not only compromise patient privacy but 

also erode trust in digital health systems and create legal and 

financial liabilities for healthcare providers (Edwards, et al., 

2024, Fagbenro, et al., 2024). 

The traditional security approaches employed in healthcare, 

including encryption, access control, and firewalls, are 

increasingly being tested by sophisticated and persistent 

cyber threats. Many healthcare systems still operate on 

outdated infrastructure that lacks the capability to handle 

modern cyber risks. Additionally, the centralized nature of 

conventional data storage models creates single points of 

failure, making healthcare databases attractive targets for 

malicious actors (Ajibola, et al., 2024, Mustapha, et al., 

2024, Ogunola, et al., 2024). Even when encryption is 

employed, it is often insufficient in ensuring end-to-end 

security, particularly when data is transmitted across 

multiple networks and systems. Furthermore, insider 

threats—where authorized users misuse access privileges—

remain a persistent concern, highlighting the need for robust 

monitoring and detection systems (Edwards, et al., 2024, 

Ezeamii, et al., 2024). Fig 1 shows the blockchain 

implementation in healthcare presented by Zubaydi, et al., 

2019. 

 

 
 

Fig 1: Blockchain implementation in healthcare (Zubaydi, et al., 

2019) 
 

In response to these challenges, a wide range of 

technologies and frameworks have been developed to 

strengthen healthcare data protection. Security Information 

and Event Management (SIEM) systems, intrusion detection 

systems (IDS), and identity and access management (IAM) 

solutions are widely used to monitor and manage 

cybersecurity risks. In addition, health data protection 

regulations such as the Health Insurance Portability and 

Accountability Act (HIPAA) in the United States and the 

General Data Protection Regulation (GDPR) in the 

European Union have mandated strict requirements for data 

privacy, consent, and breach notification (Adewale, et al., 

2022, Matthew, Akinwale & Opia, 2022, Okeke, et al., 

2022). While these tools and policies provide essential 

layers of defense, they often fall short of providing 

comprehensive protection in increasingly complex 

healthcare environments. Most of these systems are reactive 

rather than proactive, addressing threats after they occur 

rather than preventing them in real-time. 

Blockchain technology has emerged as a potential game-

changer in the quest for secure healthcare data systems. Its 

decentralized and tamper-resistant architecture offers unique 

advantages for securing health records and ensuring data 
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integrity. Each transaction or data entry in a blockchain is 

cryptographically linked to previous entries, creating a 

secure, immutable chain of records (Agbede, et al., 2023, 

Nnagha, et al., 2023, Ogbuagu, et al., 2023, Okeke, et al., 

2023). This makes it nearly impossible to alter or delete data 

without detection, providing an auditable history of all 

transactions. In the context of healthcare, blockchain can be 

used to manage patient consent, ensure the traceability of 

medical records, and facilitate secure data sharing among 

different stakeholders without relying on a central authority. 

For example, a patient could use a blockchain-based system 

to grant or revoke access to their medical records in real 

time, with all changes logged immutably. A medical service 

framework based on blockchain technology presented by 

Chen, et al., 2019, is shown in Fig 2. 

 

 
 

Fig 2: A medical service framework based on blockchain 

technology (Chen, et al., 2019) 
 

Several pilot projects and research initiatives have explored 

the application of blockchain in healthcare. Projects such as 

MedRec, developed by MIT, have demonstrated how 

blockchain can be used to manage electronic medical 

records while giving patients control over their data. Other 

initiatives have used blockchain to improve the supply chain 

security of pharmaceuticals, ensuring the authenticity and 

traceability of drugs from manufacturers to end-users 

(Okeke, et al., 2022, Okolie, et al., 2022). Despite these 

promising developments, blockchain adoption in healthcare 

remains limited due to scalability issues, energy 

consumption concerns, and the technical complexity of 

implementation. Moreover, while blockchain can secure 

data at rest and during transactions, it does not inherently 

protect against other attack vectors, such as endpoint 

vulnerabilities or social engineering. 

Artificial Intelligence (AI) plays a complementary role in 

enhancing cybersecurity by providing systems with the 

ability to detect, predict, and respond to threats 

autonomously. AI techniques such as machine learning, 

deep learning, and natural language processing are 

increasingly being used to analyze vast amounts of security 

data, identify patterns of malicious activity, and flag 

anomalies that may indicate a breach. In healthcare, AI can 

monitor network traffic, user behavior, and device 

interactions in real-time to detect suspicious activity 

(Obianyo, et al., 2024, Ogbuagu, et al., 2024, Okolie, et al., 

2024). For example, AI-driven systems can recognize when 

an unauthorized user attempts to access patient records or 

when a legitimate user's behavior deviates significantly from 

their norm, suggesting a potential compromise. 

In addition to threat detection, AI can also assist in 

automating responses to cybersecurity incidents. By 

integrating AI with security orchestration tools, 

organizations can implement automated workflows that 

isolate affected systems, revoke compromised credentials, 

and notify administrators in real time. This reduces response 

time and limits the spread of cyber threats, which is 

particularly important in critical environments such as 

hospitals where downtime can have life-threatening 

consequences (Adewale, et al., 2024, Muyiwa-Ajayi, 

Sobowale & Augoye, 2024). AI also contributes to 

predictive analytics by identifying vulnerabilities before 

they are exploited, allowing healthcare organizations to 

prioritize security patches and allocate resources more 

effectively. 

Despite these advantages, current approaches to healthcare 

data security—whether relying on traditional tools, 

blockchain, or AI—still exhibit significant gaps. One major 

limitation is the lack of integration among different security 

technologies. Often, blockchain and AI are treated as 

standalone solutions rather than being deployed in a 

complementary and coordinated manner. This fragmented 

approach reduces the overall effectiveness of security 

strategies and creates blind spots that can be exploited by 

attackers. For example, while blockchain ensures data 

integrity and transparency, it lacks the adaptive intelligence 

needed to detect evolving threats (Agu, et al., 2024, 

Matthew, Nwaogelenya & Opia, 2024, Okpujie, et al., 

2024). Conversely, AI excels at threat detection but may 

operate on insecure or unreliable datasets if those datasets 

are not properly validated or protected through secure 

infrastructures like blockchain. 

Another critical gap lies in the practical implementation of 

these technologies in real-world healthcare settings. Many 

healthcare providers lack the technical expertise and 

financial resources to deploy advanced security solutions. 

Concerns about interoperability, compliance, and user 

adoption further hinder implementation efforts. In addition, 

there are unresolved questions about the ethical and legal 

implications of using AI and blockchain in healthcare. 

Issues such as data ownership, algorithmic transparency, and 

liability in the event of automated decision-making remain 

contentious and require careful consideration by 

policymakers and stakeholders (Akerele, et al., 2024, 

Myllynen, et al., 2024, Ogunola, et al., 2024). 

In summary, the existing literature reveals both the promise 

and the limitations of current approaches to healthcare data 

security. While blockchain provides a secure and transparent 

platform for managing and sharing data, and AI offers 

intelligent, proactive threat detection, neither technology 

alone can fully address the complex and evolving 

cybersecurity landscape of modern healthcare. There is a 

clear need for an integrated framework that combines the 

strengths of both technologies, creating a synergistic model 

capable of securing healthcare data throughout its lifecycle 

(Ogunmokun, Balogun & Ogunsola, 2022, Ogunsola, 

Balogun & Ogunmokun, 2021). Such a framework would 

not only enhance the technical robustness of healthcare 

systems but also build the trust and confidence needed to 

support digital innovation and patient-centered care in the 

years ahead. 
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2.2 Methodology 

The methodology for developing a conceptual framework 

for enhancing healthcare data security using blockchain and 

AI follows a systematic approach. The first step involves an 

extensive review of existing literature to identify gaps and 

opportunities in healthcare data security, focusing on current 

challenges and the potential for blockchain and AI 

integration. This review includes gathering data from 

scholarly sources, case studies, and existing security 

frameworks. 

Next, blockchain technology is incorporated into the 

framework to secure healthcare data by ensuring 

immutability, traceability, and transparency. The key 

attributes of blockchain, including its decentralized nature, 

are leveraged to create a secure and reliable system for 

storing and sharing healthcare data. Smart contracts are 

proposed to automate the validation of transactions, 

enhancing data integrity and security. 

AI technologies are then integrated to enhance data security 

by enabling real-time anomaly detection, predictive 

analysis, and intelligent decision-making. Machine learning 

algorithms are used to detect unauthorized access, predict 

potential data breaches, and respond autonomously to 

security threats. AI-powered models are also applied to 

improve encryption protocols and optimize access control 

mechanisms in the healthcare data ecosystem. 

The framework design is then conceptualized, combining 

blockchain and AI technologies to create a secure, efficient, 

and scalable system. This conceptual model is developed 

with an emphasis on addressing specific security challenges 

in healthcare systems, such as data privacy concerns, 

unauthorized access, and compliance with regulatory 

standards. 

Following the design, the effectiveness of the framework is 

evaluated through a series of case studies and simulations. 

These evaluations involve testing the model in real-world 

healthcare scenarios to assess its performance, robustness, 

and ability to mitigate security risks. Key performance 

indicators, including data breach prevention, response time, 

and system scalability, are used to measure the success of 

the proposed framework. 

The final stage of the methodology involves the 

implementation and testing of the conceptual framework in 

a pilot healthcare system. The framework is deployed, and 

its effectiveness in securing healthcare data is monitored and 

analyzed through continuous testing and feedback. The 

results are then analyzed to provide insights into the 

strengths and limitations of the framework, leading to 

recommendations for its broader application and future 

improvements. 

This methodology ensures a comprehensive approach to 

enhancing healthcare data security, integrating advanced 

technologies to create a robust, adaptive, and secure 

framework. 

 

 
 

Fig 3: PRISMA Flow chart of the study methodology 
 

2.3 Proposed Conceptual Framework 

The proposed conceptual framework for enhancing 

healthcare data security using blockchain and AI presents a 

layered architecture that integrates both technologies to offer 

a comprehensive solution to the challenges of data integrity, 

privacy, and security in healthcare. This framework is 

designed to address the complexities of securing sensitive 

health information while enabling seamless, transparent, and 

automated data management (Adewale, et al., 2024, 

Neupane, et al., 2024, Okeke, et al., 2024). The integration 

of blockchain and AI aims to create a robust, scalable, and 

intelligent system capable of detecting, preventing, and 

responding to cybersecurity threats in real-time, while also 

maintaining regulatory compliance and ensuring patient 

trust. Comprehensive framework of blockchain based 

healthcare system presented by Gökalp Aydin, et al., 2018, 

is shown in Fig 4. 

 

 
 

Fig 4: Comprehensive framework of blockchain based healthcare 

system (Gökalp Aydin, et al., 2018) 
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The architecture of the proposed framework is structured as 

a multi-layered system, where each layer performs specific 

functions to safeguard healthcare data throughout its 

lifecycle. At the foundational level, the system incorporates 

a secure data ingestion layer that ensures data is securely 

and efficiently captured from various healthcare sources 

such as EHRs, medical devices, and patient monitoring 

systems (Akerele, et al., 2024, Ngodoo, et al., 2024, Okon, 

Odionu & Bristol-Alagbariya, 2024). This layer is designed 

to validate the integrity of incoming data, detect any 

potential inconsistencies or errors, and encode it using 

encryption protocols before it is transferred to the 

blockchain-based storage layer. The blockchain layer acts as 

the heart of the system, where data is stored in an 

immutable, decentralized ledger. This ensures that once the 

data is recorded, it cannot be altered or tampered with, 

providing an auditable and transparent record of all data 

transactions. Smart contracts are also integrated into this 

layer, enabling automated policy enforcement and 

predefined actions based on specific conditions, such as data 

access requests or consent changes. 

The AI components of the framework are layered on top of 

the blockchain storage and are responsible for enhancing the 

security and functionality of the system. AI-powered threat 

detection and analytics tools continuously monitor the data, 

network traffic, and user interactions to detect any 

anomalies or suspicious activities that could indicate a 

cybersecurity threat. These tools utilize machine learning 

models to predict potential vulnerabilities and breaches, 

enabling proactive threat mitigation (Adewale, Olaleye & 

Mokogwu, 2024, Obi, et al., 2024, Okpujie, et al., 2024). 

Additionally, AI models assist in ensuring that access to 

sensitive data is appropriately monitored, managed, and 

authorized. The integration of machine learning algorithms 

with blockchain provides an intelligent system that not only 

secures the data but also dynamically adapts to emerging 

threats, ensuring ongoing protection in the face of evolving 

cyber risks. 

One of the critical core components of this framework is the 

secure data ingestion layer. This layer is responsible for 

collecting data from various healthcare sources, including 

patient records, laboratory results, and medical devices. 

Given the varied formats and types of data in healthcare, this 

layer incorporates robust data validation mechanisms that 

ensure data consistency, accuracy, and security before it 

enters the blockchain. In addition, the data is encrypted 

during the ingestion process to prevent unauthorized access 

during transfer (Ajayi, Toromade & Ayeni, 2024, Maduka, 

et al., 2024, Okonkwo, Toromade & Ajayi, 2024). This 

layer ensures that only verified and validated data enters the 

system, minimizing the risks associated with data quality 

issues and potential security breaches. 

Blockchain-based storage and smart contracts form the 

central element of the framework. The blockchain offers a 

decentralized, transparent, and immutable record of all 

healthcare data transactions. This ensures that data, once 

entered into the system, cannot be altered, ensuring the 

integrity and accountability of the data throughout its 

lifecycle. The blockchain ledger stores sensitive health data 

in encrypted form, and each transaction is cryptographically 

linked to previous ones, creating an unchangeable chain of 

records (Akerele, et al., 2024, Koroma, et al., 2024, Okeke, 

et al., 2024). Smart contracts are integrated into the 

blockchain architecture to automate predefined processes 

such as access control, consent management, and regulatory 

compliance. For example, a smart contract could 

automatically grant or revoke access to a patient’s medical 

records based on real-time changes in consent preferences, 

ensuring that data sharing adheres to the patient’s explicit 

instructions. 

AI-powered threat detection and analytics add an additional 

layer of intelligence to the framework, continuously 

monitoring the system for signs of abnormal activity. 

Machine learning models are trained on historical data to 

identify patterns of normal behavior within the system, 

allowing the AI components to flag deviations that may 

indicate potential threats. For instance, the system can detect 

unusual access patterns, such as an unauthorized user 

attempting to access a patient’s sensitive medical records, or 

abnormal data queries that might suggest a breach (Okeke, 

et al., 2022, Okolie, et al., 2021, Okeke, et al., 2023). By 

utilizing predictive analytics, AI can also anticipate potential 

vulnerabilities or weaknesses within the system, enabling 

proactive measures to address these issues before they are 

exploited by attackers. 

The privacy-preserving access management layer is another 

essential component of the framework. This layer ensures 

that data is only accessible to authorized users, adhering to 

privacy regulations such as HIPAA or GDPR. It uses role-

based access control (RBAC) to define specific access levels 

for different stakeholders, such as healthcare providers, 

insurance companies, and patients. By implementing strict 

access controls, the framework ensures that only those with 

appropriate permissions can view or modify sensitive health 

data, minimizing the risk of insider threats (Adewale, et al., 

2023, Obianyo & Eremeeva, 2023, Okeke, et al., 2022). In 

addition to RBAC, the framework also integrates 

homomorphic encryption, which allows computations to be 

performed on encrypted data without the need to decrypt it. 

This ensures that sensitive health data remains encrypted 

even during processing, preventing unauthorized exposure 

during data analysis or machine learning operations. 

Homomorphic encryption and secure key management play 

a crucial role in ensuring the security and privacy of 

healthcare data within the framework. Homomorphic 

encryption allows for computations to be performed on 

encrypted data without revealing the actual content of the 

data. This is particularly useful when sensitive health data 

needs to be processed for analytical or research purposes but 

cannot be decrypted due to privacy concerns. Secure key 

management ensures that encryption keys are stored and 

handled securely, preventing unauthorized parties from 

gaining access to them (Agu, et al., 2024, Komolafe, et al., 

2024, Ogbuagu, et al., 2024). This process involves using 

advanced cryptographic protocols and hardware security 

modules (HSMs) to manage and protect keys throughout 

their lifecycle. 

Machine learning models for anomaly detection and threat 

prediction are the backbone of the AI-powered security 

features within the framework. These models analyze vast 

amounts of security data, including network logs, user 

activity, and system behavior, to identify potential risks in 

real-time. By continuously learning from new data, the 

models improve over time, becoming better at detecting 

subtle threats that might otherwise go unnoticed. Threat 

prediction models can anticipate potential breaches or 

security incidents based on historical patterns, helping 

healthcare organizations take proactive steps to mitigate risk 
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before a full-blown attack occurs (Akerele, et al., 2024, 

Hassan, et al., 2024, Okeke, et al., 2024). This predictive 

capability significantly enhances the overall security posture 

of the healthcare system by reducing the likelihood of 

successful cyberattacks. 

The integration of blockchain and AI within a single 

conceptual framework offers a powerful and dynamic 

solution to the growing cybersecurity challenges in 

healthcare. Blockchain provides an immutable, 

decentralized storage infrastructure that ensures the integrity 

of sensitive health data, while AI enhances the system’s 

ability to detect, predict, and respond to cyber threats in 

real-time (Adewale, et al., 2024, Johnson, et al., 2024). 

Together, these technologies create a resilient, adaptive, and 

intelligent security model that addresses both current and 

emerging cybersecurity threats. As the healthcare industry 

continues to evolve and embrace digital technologies, the 

implementation of such a framework will be essential in 

safeguarding patient data, building trust, and ensuring 

compliance with privacy regulations. 

 

2.4 Implementation Scenarios 

The implementation of a conceptual framework for 

enhancing healthcare data security using blockchain and AI 

offers numerous opportunities to address the growing 

concerns surrounding data privacy, security, and integrity in 

the digital healthcare ecosystem. By combining the 

decentralization and immutability of blockchain with the 

predictive power of AI, the framework can be applied to a 

wide range of use cases in the healthcare domain. Two 

prominent use-cases are the secure exchange of Electronic 

Health Records (EHRs) and real-time monitoring and 

protection in remote patient care (Adewale, Olorunyomi & 

Odonkor, 2021, Matthew, et al., 2021, Okeke, et al., 2022). 

Both scenarios highlight the transformative potential of 

integrating blockchain and AI to secure healthcare data 

while ensuring smooth, efficient operations. 

In the first use-case, the secure exchange of Electronic 

Health Records (EHRs) plays a central role in improving 

healthcare interoperability. EHRs are essential for providing 

comprehensive patient information to healthcare providers, 

but they are often stored in disparate systems across 

hospitals, clinics, and other medical facilities. The lack of 

standardized protocols for securely sharing this data has led 

to issues around data breaches, unauthorized access, and a 

lack of patient control over their health information (Agu, et 

al., 2024, Ikemba, Akinsooto & Ogundipe, 2024, Olaleye, et 

al., 2024). A blockchain-based system offers a robust 

solution to these challenges by ensuring that health records 

are securely stored in an immutable, decentralized ledger. 

When a patient needs to share their health records with 

another healthcare provider or institution, blockchain can 

facilitate this exchange securely by utilizing encrypted smart 

contracts. The patient's data is stored on the blockchain in 

encrypted form, with access granted only to authorized 

individuals or entities based on pre-approved permissions. 

The use of smart contracts ensures that the data exchange 

adheres to patient consent, meaning that no health 

information is shared without explicit approval (Ajayi, 

Toromade & Ayeni, 2024, Komolafe, et al., 2024). Each 

time the data is accessed or modified, the blockchain records 

the transaction, providing a transparent, auditable trail that 

guarantees data integrity and accountability. 

AI technologies can enhance the security of this process by 

implementing machine learning algorithms to monitor data 

access patterns. For example, AI can detect unusual access 

requests or identify potential malicious actors based on 

historical access data and known threat patterns. The AI 

system would be able to flag any potential unauthorized 

attempts to access or tamper with patient records in real-

time, triggering alerts and enabling immediate responses 

from security personnel. Additionally, AI-driven anomaly 

detection models could predict potential security 

vulnerabilities by identifying patterns in access requests, 

thus allowing for proactive threat mitigation before a breach 

occurs (Adewale, et al., 2024, Johnson, et al., 2024, Okeke, 

et al., 2024). 

In this scenario, the blockchain and AI collaboration 

significantly strengthens the exchange of EHRs by enabling 

seamless, secure, and controlled data sharing. By leveraging 

blockchain for decentralized, immutable storage and AI for 

real-time threat detection and access management, 

healthcare organizations can ensure that sensitive patient 

information remains private and intact, while still being 

easily accessible to authorized healthcare professionals 

when needed. 

The second use-case involves real-time monitoring and 

protection in remote patient care, an area that has seen 

explosive growth due to the increasing adoption of 

telemedicine and wearable health devices. Remote patient 

care often involves continuous monitoring of vital signs, 

medical conditions, and other health parameters from home 

or other non-hospital environments (Ogunwole, et al., 2022, 

Okeke, et al., 2022, Okeke, et al., 2023). This data is 

typically transmitted over the internet to healthcare 

providers, making it susceptible to interception, tampering, 

or unauthorized access. The proposed framework, 

combining blockchain and AI, can significantly improve the 

security of these remote monitoring systems. 

In this scenario, patient data collected by wearable devices, 

such as heart rate monitors, glucose meters, or 

smartwatches, is transmitted to the cloud where it is stored 

and analyzed. Blockchain technology can ensure that this 

data is securely stored in a decentralized ledger, protecting it 

from unauthorized tampering or manipulation. Blockchain’s 

immutability feature guarantees that once data is recorded, it 

cannot be altered or deleted, thus providing a transparent 

and auditable history of the patient’s health data. 

Furthermore, using blockchain-based smart contracts, 

patient consent can be tracked in real-time, ensuring that 

only authorized personnel or institutions can access the data 

(Adewale, Olorunyomi & Odonkor, 2023, Odunaiya, 

Soyombo & Ogunsola, 2023, Okeke, et al., 2023). 

AI enhances this process by continuously analyzing the real-

time data collected from wearable devices to detect any 

anomalies that may indicate potential health risks. For 

instance, if a patient’s heart rate suddenly spikes or their 

blood glucose levels reach dangerous thresholds, AI-

powered algorithms can instantly recognize these 

irregularities and alert the patient or healthcare provider. 

This real-time predictive capability is particularly crucial in 

scenarios where timely intervention can prevent serious 

health complications, such as a heart attack or diabetic coma 

(Afolabi & Akinsooto, 2023, Hassan, et al., 2023, Ogbuagu, 

et al., 2023, Okeke, et al., 2023). AI models trained on large 

datasets of medical histories and sensor data can predict 

health events based on historical trends, providing 

healthcare providers with early warnings about deteriorating 
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conditions. 

In addition, AI can be used to monitor the security of the 

data transmission process. By analyzing network traffic and 

identifying patterns in the data flow, AI can detect potential 

cybersecurity threats such as man-in-the-middle attacks, 

unauthorized access attempts, or data exfiltration. In case of 

any security breaches or unusual activity, AI can trigger 

automatic responses such as isolating the affected device or 

alerting the security team to take corrective action. 

Together, blockchain and AI enable a secure, efficient, and 

proactive approach to remote patient care. The combination 

of blockchain’s immutable ledger and AI’s real-time 

monitoring capabilities ensures that patient data is protected 

from unauthorized access and tampering while also 

providing healthcare providers with the tools needed to 

identify and mitigate health risks quickly. This framework is 

particularly valuable in managing chronic conditions, where 

continuous monitoring is required, or in emergency 

situations, where immediate responses can save lives (Ajayi, 

Toromade & Ayeni, 2024, Matthew, et al., 2024, Olaleye, et 

al., 2024). 

To further illustrate the application of these frameworks, 

workflow diagrams can provide a visual representation of 

how each scenario would function in practice. In the EHR 

exchange scenario, the workflow would begin with the 

patient’s data being securely stored in a blockchain-based 

system. When the patient needs to share their health records 

with another healthcare provider, a request is made via a 

smart contract that ensures consent has been given. Once the 

data is accessed, the transaction is recorded on the 

blockchain, and AI algorithms continuously monitor the 

process for any anomalies (Adewale, et al., 2023, Obi, et al., 

2023, Ogbuagu, et al., 2023, Okeke, et al., 2023). If 

suspicious activity is detected, such as unauthorized access 

attempts, AI triggers an alert, ensuring the security of the 

data exchange. 

In the real-time monitoring scenario, the workflow begins 

with the collection of health data from wearable devices. 

This data is transmitted to a blockchain-based storage 

system, where it is encrypted and securely stored. AI 

systems continuously analyze the data, detecting potential 

health risks such as abnormal vital signs or irregularities in 

health parameters. If an anomaly is detected, the system 

generates an alert for the patient or healthcare provider, 

enabling immediate action. Simultaneously, AI is 

monitoring the security of the data transmission to prevent 

unauthorized access (Ajayi, Toromade & Ayeni, 2024, 

Johnson, et al., 2024). If any security threats are identified, 

the system responds automatically, ensuring that patient data 

remains secure and the healthcare provider is notified of the 

potential breach. 

Both use-cases demonstrate how blockchain and AI can 

work together to address critical challenges in healthcare 

data security. By combining blockchain’s strengths in 

decentralization, transparency, and immutability with AI’s 

ability to predict and detect security threats and health risks, 

these frameworks create a robust, secure, and intelligent 

system that can significantly enhance the privacy and 

protection of sensitive health data. 

 

2.5 Evaluation and Analysis 

The evaluation and analysis of a conceptual framework for 

enhancing healthcare data security using blockchain and AI 

necessitates a comprehensive assessment of several key 

criteria, such as data integrity, latency, scalability, risk 

mitigation capabilities, and comparison with existing 

security frameworks. This evaluation aims to gauge the 

framework’s effectiveness in addressing the growing 

challenges related to healthcare data security, privacy, and 

trust, particularly in a rapidly evolving digital healthcare 

landscape (Adewale, et al., 2024, Ikemba, et al., 2024, 

Okeke, et al., 2024). A robust security framework in 

healthcare must ensure the accuracy, confidentiality, and 

availability of health data while enabling efficient 

processing and seamless sharing among authorized parties. 

Additionally, it must maintain high standards of compliance 

with healthcare regulations, such as HIPAA and GDPR, and 

safeguard against increasing cyber threats. 

Data integrity is one of the foundational elements of any 

healthcare data security framework. Healthcare data, being 

inherently sensitive, requires stringent mechanisms to 

guarantee its accuracy and immutability. The integration of 

blockchain technology into the proposed framework is a key 

strength, as blockchain's decentralized and cryptographic 

nature ensures that once data is recorded, it cannot be 

tampered with or deleted without detection. Each transaction 

or update to healthcare data is permanently recorded on the 

blockchain in a transparent, immutable ledger (Ajayi & 

Akerele, 2021, Jahun, et al., 2021, Ogunsola, Balogun & 

Ogunmokun, 2022). This provides a trustworthy record of 

every change made to patient data, ensuring that any 

unauthorized alterations can be quickly identified and 

traced. The use of blockchain ensures that healthcare data 

remains consistent across different systems and institutions, 

enhancing overall data integrity. 

Latency, or the delay in processing data and executing 

actions, is another critical consideration for the framework’s 

effectiveness, especially in time-sensitive healthcare 

scenarios such as emergency care, real-time patient 

monitoring, and clinical decision-making. Blockchain-based 

systems, while offering enhanced security and transparency, 

often face challenges related to transaction processing 

speeds. The inherent decentralized nature of blockchain 

networks, where each participant must validate transactions, 

can lead to slower data processing compared to traditional 

centralized databases (Adewale, et al., 2024, Hassan, et al., 

2024). To address this challenge, the proposed framework 

integrates AI-powered real-time monitoring and threat 

detection, which can operate independently of the 

blockchain’s data storage layer. AI models, particularly 

machine learning algorithms, can be deployed to analyze 

patient data in real-time, enabling faster identification of 

potential health risks or cybersecurity threats. This 

integration of AI can help mitigate latency issues by 

allowing for immediate analysis and response to anomalies 

without waiting for blockchain transaction finalization. 

Scalability is another essential criterion in evaluating the 

proposed framework. Healthcare data, especially in large-

scale systems such as national health databases, can grow 

exponentially in size and complexity. Blockchain's 

scalability has often been questioned, particularly when it 

comes to handling the high-volume, high-velocity data 

characteristic of modern healthcare environments (Akerele, 

et al., 2024, Imtiaz, et al., 2024, Olaleye, et al., 2024). The 

proposed framework mitigates these concerns by utilizing 

off-chain solutions for storing and processing large volumes 

of data that do not require blockchain’s immutability. For 

example, patient records or real-time sensor data can be 
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processed off-chain, while only critical events or data 

transactions that require a permanent and transparent record 

are written to the blockchain. This hybrid approach allows 

for the scalability of the system by reducing the load on the 

blockchain and optimizing data storage and processing 

capabilities. 

The comparison with existing security frameworks is 

essential in understanding the advantages and limitations of 

the proposed blockchain-AI integration. Traditional 

healthcare data security frameworks rely heavily on 

centralized models, such as databases protected by firewalls, 

encryption, and access control mechanisms. These models, 

while effective at certain levels, are susceptible to several 

vulnerabilities (Adewale, Olorunyomi & Odonkor, 2022, 

Matthew, et al., 2021, Okeke, et al., 2022). For example, if 

an attacker compromises the central server or gains access to 

a user’s credentials, the entire system becomes exposed. 

Additionally, centralized models may not provide adequate 

transparency or accountability in tracking data access and 

modifications, which are essential in healthcare for ensuring 

patient privacy and complying with regulations like HIPAA. 

In contrast, the proposed blockchain-based framework offers 

several key advantages over traditional systems. Blockchain 

decentralizes the storage of healthcare data, ensuring that no 

single point of failure exists. Data is distributed across a 

network of nodes, making it resistant to data breaches and 

tampering. Furthermore, the use of smart contracts in the 

blockchain layer enhances security by automating actions 

based on pre-defined rules, such as granting access to 

healthcare records only after the patient’s consent is 

verified. These features significantly improve the 

transparency and accountability of the system, as every 

transaction is recorded on the blockchain and is publicly 

verifiable, providing an immutable audit trail of all actions 

taken on healthcare data (Afolabi & Akinsooto, 2023, Obi, 

et al., 2023, Okeke, et al., 2023). 

AI also plays a critical role in enhancing the security of the 

system by providing predictive capabilities for threat 

detection. Traditional systems typically rely on reactive 

measures, such as scanning for known viruses or blocking 

unauthorized access attempts. AI, on the other hand, can 

identify anomalous patterns in real-time, learning from data 

to detect previously unknown threats and adapt to evolving 

attack techniques. By continuously monitoring the flow of 

data across healthcare systems, AI can predict potential 

vulnerabilities and alert healthcare providers before an 

actual breach occurs (Adewale, et al., 2023, Hassan, et al., 

2023, Okeke, et al., 2023). The ability of AI to 

autonomously learn and adjust security measures based on 

emerging threats provides a significant enhancement over 

traditional security frameworks. 

The framework’s risk mitigation capabilities are another key 

area for evaluation. Healthcare organizations face various 

cybersecurity threats, including data breaches, insider 

threats, ransomware attacks, and denial-of-service attacks. 

The proposed blockchain-AI integration can significantly 

mitigate these risks. First, the use of blockchain for data 

storage and transaction logging ensures that sensitive health 

information is immutable and can’t be altered by 

unauthorized parties (Ajayi & Akerele, 2022, Jahun, et al., 

2021, Okeke, et al., 2022). This significantly reduces the 

risk of data breaches and tampering. Second, the use of AI 

for real-time monitoring allows the system to detect 

anomalies that could signal a cyberattack or unauthorized 

data access, such as unusual access patterns or malicious 

code within healthcare applications. AI can identify these 

threats faster and more accurately than human security 

personnel, enabling quick responses to mitigate potential 

damage. 

Blockchain’s decentralized architecture makes it more 

resilient to attacks like Distributed Denial of Service 

(DDoS), as there is no central target to overload with traffic. 

Additionally, the use of AI in identifying and responding to 

ransomware attacks is critical. AI can detect encryption 

patterns or unusual data access behaviors that are indicative 

of a ransomware attack, immediately alerting healthcare 

providers to take action. Furthermore, AI can also assist in 

managing and protecting encryption keys, an essential 

component of safeguarding healthcare data (Obianyo, Das & 

Adebile, 2024, Ofodile, et al., 2024, Oladipo, et al., 2024). 

By continuously evaluating access requests and utilizing 

predictive analytics, AI can ensure that sensitive data 

remains protected at all times, further mitigating the risks 

posed by cybercriminals. 

However, despite these significant advantages, there are 

challenges and limitations to consider. Blockchain-based 

systems, particularly in healthcare, require significant 

computational power and storage capacity. The scalability 

challenges of blockchain must be addressed, especially in 

large healthcare networks with millions of patient records. 

The integration of AI also necessitates large datasets for 

effective training, which could raise concerns regarding the 

privacy and security of training data (Adewale, et al., 2024, 

Hassan, et al., 2024, Ogieuhi, et al., 2024). Moreover, the 

implementation of AI and blockchain technologies within 

existing healthcare infrastructures will require careful 

consideration of interoperability, system compatibility, and 

regulatory compliance. 

In conclusion, the conceptual framework for enhancing 

healthcare data security using blockchain and AI offers a 

promising solution to the growing challenges in securing 

sensitive health information. By ensuring data integrity 

through blockchain and enhancing real-time threat detection 

and prediction with AI, the framework improves the 

security, privacy, and transparency of healthcare systems. 

When compared to existing security frameworks, the 

blockchain-AI integration provides several advantages, 

including decentralization, automation, and proactive threat 

mitigation (Adewale, et al., 2024, Hamza, et al., 2024, 

Ngodoo, et al., 2024). While challenges remain regarding 

scalability and integration, the framework’s risk mitigation 

capabilities offer a comprehensive and intelligent approach 

to securing healthcare data in an increasingly digital world. 

 

2.6 Discussion 

The integration of blockchain and AI for enhancing 

healthcare data security presents significant opportunities 

for addressing the increasing challenges surrounding the 

privacy, integrity, and accessibility of sensitive health data. 

As healthcare continues to digitize, the risk of data breaches, 

cyberattacks, and privacy violations has escalated, requiring 

more advanced and robust solutions to safeguard 

information (Okeke, et al., 2022, Oladeinde, et al., 2022). 

The combination of blockchain’s decentralized nature with 

the predictive and analytical power of AI creates a 

synergistic framework that can improve healthcare data 

security, provide transparency, and facilitate better decision-

making. However, this innovative approach also presents 
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several challenges and limitations that must be addressed, 

along with important legal, ethical, and regulatory 

considerations. 

One of the primary benefits of combining blockchain and AI 

in healthcare data security is the enhanced data integrity 

provided by blockchain technology. Blockchain operates as 

a decentralized ledger where every transaction or data 

change is cryptographically recorded and time-stamped. 

This creates an immutable, tamper-evident record that 

ensures the integrity of healthcare data over time (Adewale, 

Olorunyomi & Odonkor, 2023, Hamza, et al., 2023, Okeke, 

et al., 2023). Once data is recorded on the blockchain, it 

cannot be altered or deleted without detection, offering 

unprecedented security for sensitive patient information. 

This is particularly important in healthcare, where the 

accuracy and authenticity of patient records are crucial for 

clinical decision-making, diagnosis, and treatment. 

Additionally, blockchain's transparency allows healthcare 

providers to track and audit every action taken on a patient’s 

data, ensuring accountability and enabling the identification 

of any unauthorized access or tampering. 

When integrated with AI, this framework offers even greater 

potential by adding an intelligence layer that continuously 

monitors and analyzes data for anomalies, threats, and 

vulnerabilities. AI systems are capable of analyzing vast 

amounts of healthcare data in real-time, identifying patterns 

that may indicate potential security risks or threats. For 

instance, machine learning models can be used to detect 

abnormal access patterns, such as unauthorized logins or 

unexpected queries to sensitive data, signaling potential 

breaches or insider threats. This real-time analysis allows AI 

to flag suspicious behavior before it escalates into a full-

blown security incident, thus enabling a proactive approach 

to cybersecurity (Obianyo, et al., 2024, Odionu, Bristol-

Alagbariya & Okon, 2024). Furthermore, AI can predict 

potential vulnerabilities within the healthcare system, such 

as weaknesses in encryption protocols or unauthorized data 

sharing, and recommend preventive measures, making the 

system more adaptable to emerging threats. 

Another benefit of combining blockchain and AI is the 

enhanced trust it provides for patients, healthcare providers, 

and regulators. Blockchain’s immutable nature guarantees 

that patient data cannot be altered or compromised, and AI’s 

predictive capabilities ensure that potential threats are 

detected early, minimizing the risk of breaches. This 

combination creates a trustworthy environment for the 

secure exchange of health data between institutions, 

providers, and patients, particularly in scenarios such as 

cross-institutional data sharing or telemedicine consultations 

(Odunaiya, Soyombo & Ogunsola, 2022, Ogbuagu, et al., 

2022, Okeke, et al., 2022). Patients, in turn, have greater 

control over their health information through blockchain’s 

permissioned access features, where they can manage and 

consent to who accesses their data. This improves the 

overall experience and trust in healthcare systems, 

increasing patient satisfaction and engagement in managing 

their health data. 

Despite the promising benefits, several challenges and 

limitations come with the implementation of a blockchain-

AI framework for healthcare data security. One of the most 

significant challenges is the computational overhead 

associated with blockchain and AI systems. Blockchain, 

particularly public or permissioned blockchains, require 

considerable computational power to process transactions 

and maintain the integrity of the decentralized ledger. Each 

new block added to the chain requires consensus from 

multiple nodes, which can lead to delays in processing and 

scalability issues (Adewale, et al., 2024, Johnson, et al., 

2024, Okeke, et al., 2024). In healthcare, where large 

volumes of data are generated daily from various sources 

such as EHRs, imaging systems, and wearable devices, this 

computational overhead can become a bottleneck, affecting 

system performance and responsiveness. 

The integration of AI also introduces computational 

challenges, particularly when dealing with complex machine 

learning models. These models require significant 

computational resources to train and operate effectively, 

especially in real-time applications. For example, AI 

systems that analyze patient data for threats or anomalies 

require access to vast datasets to improve accuracy and 

reduce false positives. Training these models on large 

volumes of healthcare data can be resource-intensive, 

requiring substantial infrastructure and processing power 

(Ogunwole, et al., 2022, Okeke, et al., 2022, Okeke, et al., 

2023). Additionally, the integration of both blockchain and 

AI into existing healthcare systems requires careful planning 

and technical expertise to ensure smooth interoperability 

between systems, which can be a complex and time-

consuming task. 

Another barrier to the widespread adoption of blockchain 

and AI in healthcare is the resistance to change within the 

industry. Many healthcare providers still rely on traditional, 

legacy systems, and the transition to a blockchain-based, AI-

powered infrastructure could be seen as disruptive and 

costly. Healthcare organizations may face significant 

challenges in adapting their existing systems to incorporate 

these technologies, particularly in smaller institutions with 

limited technical resources (Adewale, Olorunyomi & 

Odonkor, 2023, Odunaiya, Soyombo & Ogunsola, 2023, 

Okeke, et al., 2023). Furthermore, there are concerns 

regarding the learning curve associated with adopting 

blockchain and AI technologies. Healthcare professionals 

may not be familiar with the technical aspects of these tools, 

creating a gap between the technology’s potential and its 

actual use in practice. The need for specialized knowledge 

in both blockchain and AI means that healthcare 

organizations would require significant training and 

capacity-building efforts to ensure successful 

implementation. 

In addition to technical and organizational challenges, legal, 

ethical, and regulatory considerations play a critical role in 

the adoption of blockchain and AI in healthcare data 

security. Healthcare is one of the most highly regulated 

industries globally, with strict guidelines governing data 

privacy, patient consent, and the sharing of personal health 

information. In the United States, for example, healthcare 

providers must comply with the Health Insurance Portability 

and Accountability Act (HIPAA), which establishes 

standards for the protection of patient health information 

(Afolabi & Akinsooto, 2023, Hassan, et al., 2023, Ogbuagu, 

et al., 2023, Okeke, et al., 2023). Similarly, the European 

Union enforces the General Data Protection Regulation 

(GDPR), which mandates strict consent and data protection 

requirements. Blockchain and AI technologies must be 

carefully designed to comply with these regulations while 

offering the security and transparency promised by their 

decentralized and intelligent features. 
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One of the primary legal concerns is related to data 

ownership and consent. Blockchain technology, by design, 

enables data to be stored across multiple nodes, which 

complicates issues of data ownership and access rights. In 

the context of healthcare, patients must retain control over 

their data and have the ability to grant or revoke consent for 

its use. Blockchain’s permissioned model can help address 

this issue by allowing patients to control access to their 

health data, but the technology must ensure that it adheres to 

the legal requirements for patient consent under laws like 

HIPAA and GDPR (Ajayi, Toromade & Ayeni, 2024, 

Matthew, et al., 2024, Olaleye, et al., 2024). Furthermore, 

AI models used for threat detection or decision-making must 

be transparent and explainable to ensure that healthcare 

providers can trust the recommendations made by the 

system. The "black box" nature of some AI algorithms, 

which do not provide clear reasoning for their conclusions, 

raises concerns about accountability and liability if errors 

occur. 

Moreover, the decentralized nature of blockchain can create 

difficulties in enforcing accountability when something goes 

wrong. In the case of a data breach or security failure, 

identifying the responsible party could be more complicated 

in a decentralized blockchain system than in a centralized 

model where clear ownership and liability are established. 

This issue highlights the need for legal frameworks that can 

adapt to the complexities introduced by blockchain and AI 

technologies, ensuring that there are clear lines of 

responsibility and accountability in the event of an incident 

(Adewale, et al., 2023, Obi, et al., 2023, Ogbuagu, et al., 

2023, Okeke, et al., 2023). 

In conclusion, the combination of blockchain and AI for 

enhancing healthcare data security offers substantial benefits 

in terms of data integrity, trust, and proactive threat 

mitigation. However, the implementation of such a 

framework comes with challenges related to computational 

overhead, adoption barriers, and regulatory compliance 

(Ajayi, Toromade & Ayeni, 2024, Johnson, et al., 2024). As 

healthcare continues to evolve digitally, addressing these 

challenges through the development of scalable, efficient, 

and legally compliant solutions will be critical to the 

successful integration of blockchain and AI. Legal, ethical, 

and regulatory considerations must be carefully navigated to 

ensure that patient privacy and security are upheld while 

maximizing the potential of these innovative technologies. 

 

2.7 Future Work 

The future of enhancing healthcare data security using 

blockchain and AI holds immense potential for advancing 

the protection, accessibility, and management of sensitive 

health data. As healthcare continues to evolve with 

increasingly complex data systems and more widespread 

digital health solutions, the integration of emerging 

technologies like federated learning and edge computing 

will be essential for addressing the challenges of data 

privacy, security, and scalability (Adewale, et al., 2024, 

Ikemba, et al., 2024, Okeke, et al., 2024). Additionally, 

expanding the application of this framework to national and 

cross-border healthcare systems will be crucial for enabling 

seamless data exchange while ensuring the protection of 

patient privacy and regulatory compliance. Finally, real-

world testing and clinical pilot studies will provide valuable 

insights into the practicality, effectiveness, and impact of 

this framework in real healthcare environments, driving 

further innovation and adoption. 

One of the most exciting developments in the future of 

healthcare data security is the integration of federated 

learning and edge computing. Federated learning allows for 

collaborative machine learning without the need to share 

raw data between institutions, ensuring that sensitive patient 

information remains local and private. This decentralized 

model helps overcome one of the most significant barriers to 

data security: The need to centralize health data (Ajayi & 

Akerele, 2021, Jahun, et al., 2021, Ogunsola, Balogun & 

Ogunmokun, 2022). By allowing institutions to train AI 

models locally, federated learning ensures that data stays 

within the institution’s control, mitigating the risks of data 

breaches and privacy violations associated with centralized 

data storage systems. For instance, hospitals, research 

institutions, and healthcare providers can collaborate on 

developing AI models for disease prediction or patient 

monitoring without needing to share raw patient data. This 

is particularly relevant in healthcare, where patient 

confidentiality and the protection of sensitive health 

information are paramount. 

The integration of federated learning with blockchain further 

enhances the security and privacy of healthcare data. 

Blockchain can ensure that the results of federated learning 

models, which are shared among institutions, are securely 

recorded and immutable. As new insights are derived from 

federated learning models, blockchain can provide an 

auditable and transparent trail of model updates and data 

contributions from each healthcare provider (Adewale, et 

al., 2024, Hassan, et al., 2024). This combination not only 

safeguards the privacy of patient data but also enables more 

accurate and collaborative AI-driven insights, as each 

participant in the federated network can contribute to the 

model without risking exposure of their data. 

Edge computing, on the other hand, complements federated 

learning by enabling data processing closer to the source—

whether it be a wearable device, a mobile health application, 

or an on-site medical device—rather than relying on 

centralized cloud servers. This reduces latency and ensures 

real-time processing of data while maintaining security at 

the point of collection. In healthcare settings, where real-

time monitoring and immediate decision-making can be 

critical, edge computing allows for faster analysis of health 

data without compromising patient privacy (Akerele, et al., 

2024, Imtiaz, et al., 2024, Olaleye, et al., 2024). For 

example, a wearable device that continuously monitors a 

patient’s heart rate, glucose levels, or oxygen saturation can 

perform preliminary data analysis locally on the device and 

only send necessary insights to the healthcare provider’s 

system. By doing so, it minimizes the amount of sensitive 

data transmitted over networks and stored in centralized 

systems, further enhancing privacy and security. 

Scalability is another significant challenge that must be 

addressed as this conceptual framework is expanded to 

national and cross-border healthcare systems. The healthcare 

industry is diverse and fragmented, with data silos existing 

across different countries, regions, and institutions. For the 

blockchain-AI framework to have a meaningful impact, it 

must be capable of scaling efficiently to handle vast 

amounts of data from numerous healthcare providers and 

institutions (Adewale, Olorunyomi & Odonkor, 2022, 

Matthew, et al., 2021, Okeke, et al., 2022). This requires 

ensuring that the underlying architecture can support the 

large-scale storage, processing, and analysis of healthcare 
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data without compromising performance, security, or 

compliance. 

Scaling blockchain technology to handle the volume of 

health data generated by national or cross-border healthcare 

systems presents a significant challenge. Public and 

permissioned blockchains must be optimized to handle 

millions of transactions daily, with minimal delays in 

processing. One potential solution is to use hybrid 

blockchain models, where sensitive data is stored off-chain 

or in secondary databases, while blockchain is used for 

transactions that require transparency and immutability, 

such as consent management, audit trails, or patient access 

logs (Afolabi & Akinsooto, 2023, Obi, et al., 2023, Okeke, 

et al., 2023). This would allow the system to scale more 

efficiently while still maintaining the benefits of 

decentralization and security provided by blockchain. 

Interoperability is another critical aspect that must be 

addressed when scaling this framework across national and 

cross-border healthcare systems. Different countries and 

regions have different healthcare standards, regulatory 

requirements, and technical infrastructures, making it 

challenging to ensure seamless communication and data 

exchange. For example, the use of electronic health records 

(EHRs) may differ between countries in terms of format, 

terminology, and classification systems. In such cases, a 

globally accepted set of standards or a common data 

framework must be established to enable secure and 

interoperable data exchange across borders (Adewale, et al., 

2023, Hassan, et al., 2023, Okeke, et al., 2023). This would 

allow healthcare providers to securely share patient data 

across regions, facilitating better care coordination for 

patients who move between countries or seek treatment 

abroad, while also ensuring that patient data remains 

compliant with regional privacy and data protection 

regulations. 

Real-world testing and clinical pilot studies are essential 

steps in refining and validating the conceptual framework 

for enhancing healthcare data security using blockchain and 

AI. While the theoretical benefits of blockchain and AI are 

well-documented, their practical application in healthcare 

must be thoroughly evaluated to understand their 

effectiveness, limitations, and real-world impact. Clinical 

pilot studies, conducted within specific healthcare settings 

such as hospitals, clinics, or health insurance companies, 

will provide valuable insights into how the blockchain-AI 

framework performs in terms of data security, efficiency, 

patient and provider satisfaction, and overall clinical 

outcomes (Ajayi & Akerele, 2022, Jahun, et al., 2021, 

Okeke, et al., 2022). 

These pilot studies should include a diverse range of use 

cases, from the secure exchange of electronic health records 

to the integration of AI-driven predictive analytics in disease 

management. By testing the framework in a controlled, real-

world environment, researchers can assess how well it 

addresses challenges such as data interoperability, 

scalability, and usability. They can also identify potential 

obstacles related to system integration, user adoption, and 

data management (Obianyo, Das & Adebile, 2024, Ofodile, 

et al., 2024, Oladipo, et al., 2024). For example, healthcare 

providers may face resistance to adopting new technologies 

due to concerns about workflow disruption or technical 

challenges in integrating blockchain and AI with existing 

EHR systems. Addressing these challenges early in the pilot 

phase will allow for more efficient deployment and adoption 

when scaling to larger healthcare systems. 

Clinical pilot studies are also essential for evaluating the 

framework’s compliance with healthcare regulations such as 

HIPAA and GDPR. Data protection and privacy concerns 

are particularly important in healthcare, where unauthorized 

access to sensitive patient data can lead to severe 

consequences. Ensuring that the blockchain-AI framework 

complies with these regulations and provides robust 

mechanisms for data protection, user consent management, 

and audit trails is critical to its successful implementation. 

Pilot studies can help identify potential gaps in regulatory 

compliance and refine the framework to ensure that it meets 

all necessary legal and ethical requirements (Adewale, et al., 

2024, Hassan, et al., 2024, Ogieuhi, et al., 2024). 

Furthermore, real-world testing provides an opportunity to 

assess the practical benefits of the blockchain-AI framework 

in improving patient outcomes. For example, by enabling 

secure and transparent data sharing, the framework may 

enhance care coordination and decision-making, ultimately 

leading to better clinical outcomes. Pilot studies will provide 

the data needed to evaluate these improvements, including 

the impact on patient safety, treatment adherence, and 

overall healthcare efficiency. 

In conclusion, the future work for enhancing healthcare data 

security using blockchain and AI holds significant promise, 

particularly with the integration of federated learning, edge 

computing, and scalability solutions for national and cross-

border healthcare systems. The development of standardized 

interoperability frameworks and the results of real-world 

pilot studies will be crucial for overcoming the practical 

challenges of implementation and ensuring that the 

framework meets regulatory and ethical standards (Adewale, 

et al., 2024, Hamza, et al., 2024, Ngodoo, et al., 2024). 

Through ongoing research, testing, and refinement, this 

integrated approach can provide a secure, efficient, and 

scalable solution to the evolving challenges of healthcare 

data security in an increasingly digital world. 

 

2.8 Conclusion 

The conceptual framework for enhancing healthcare data 

security through the integration of blockchain and AI 

represents a significant step forward in addressing the 

mounting challenges related to the privacy, integrity, and 

accessibility of sensitive health data. By combining the 

decentralized and immutable characteristics of blockchain 

with the predictive and real-time capabilities of AI, this 

framework offers a comprehensive solution that strengthens 

data security across various healthcare applications. 

Through the use of blockchain for ensuring data integrity, 

transparency, and auditability, and the integration of AI for 

intelligent threat detection, anomaly analysis, and proactive 

risk mitigation, the framework promises to provide a robust, 

adaptive, and intelligent system for securing healthcare data 

in an increasingly digital environment. 

This framework offers various contributions to the field of 

healthcare data security. It ensures the protection of patient 

data against unauthorized access and tampering through 

blockchain’s decentralized ledger. Furthermore, it enhances 

the security of real-time monitoring and decision-making by 

leveraging AI's ability to predict and detect cybersecurity 

threats before they escalate. The use of AI’s machine 

learning capabilities helps identify security vulnerabilities 

and anomalies, enabling proactive measures that would 

otherwise be difficult to implement with traditional security 
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frameworks. Additionally, the combination of these 

technologies offers greater interoperability, enabling secure 

data sharing among healthcare providers while respecting 

patient consent and privacy. 

In terms of impact, the framework has the potential to 

fundamentally transform healthcare data security. It can 

build greater trust in digital healthcare systems by providing 

patients with more control over their data and ensuring that 

their sensitive health information remains protected at all 

stages. By improving data security and facilitating secure, 

seamless data exchange, this framework can support better 

care coordination, enhance clinical decision-making, and 

ultimately contribute to improved patient outcomes. It also 

offers a forward-looking solution to address the growing 

volume of healthcare data, ensuring that data security is 

maintained as healthcare systems continue to evolve and 

become more interconnected. 

In conclusion, the integration of blockchain and AI in 

healthcare data security offers substantial improvements 

over existing approaches. While challenges related to 

scalability, adoption, and regulatory compliance remain, the 

potential benefits for healthcare systems, providers, and 

patients are immense. By continuing to refine and 

implement this framework, healthcare organizations can 

create more secure, transparent, and efficient systems that 

safeguard patient data while facilitating innovation and 

improving care delivery. 
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