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ABSTRACT 

	Abstract
The healthcare industry faces significant challenges in managing sensitive patient data, with persistent concerns around data security, privacy, and interoperability. Blockchain technology, with its decentralized, transparent, and immutable characteristics, offers a promising solution to address these issues in modern healthcare systems. This study adopts a systematic review approach, guided by the PRISMA framework, to examine the potential of blockchain for enhancing data storage and sharing within healthcare, focusing on its capacity to secure Electronic Health Records (EHRs), improve patient privacy, and enable seamless data exchange among stakeholders. A total of 48 relevant articles published between 2016 and 2025 were systematically reviewed, drawing from multiple reputable databases including PubMed, Scopus, Web of Science, IEEE Xplore, ScienceDirect, and Google Scholar. Studies were selected based on explicit inclusion and exclusion criteria focusing on empirical and conceptual analyses of blockchain’s role in healthcare. Thematic analysis of the reviewed literature revealed three key themes: blockchain’s contribution to strengthening data security and patient privacy, its role in facilitating interoperability across diverse health information systems, and the technical, regulatory, and cost-related barriers hindering widespread adoption. Real-world implementations such as Estonia’s national blockchain-based health system, IBM’s Food Trust Blockchain, and the MedRec platform illustrate practical applications and benefits. Despite its potential, challenges related to scalability, integration with legacy systems, and regulatory compliance remain. Proposed solutions include hybrid blockchain models and increased collaboration between technology developers, healthcare providers, and policymakers. Future directions highlighted in the review suggest promising synergies between blockchain, Artificial Intelligence (AI), and the Internet of Things (IoT) for advancing personalized medicine, telehealth, and patient-controlled health records. Overall, the findings underscore blockchain’s transformative capacity for creating secure, patient-centred, and interoperable healthcare systems, while emphasizing the need for ongoing research and stakeholder cooperation to overcome existing barriers.
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1. INTRODUCTION 
The healthcare industry faces immense challenges in managing sensitive patient data. With the increasing digitization of medical records, Electronic Health Records (EHR) have become the backbone of modern healthcare systems (Haleem et al., 2021). However, the privacy, security, and accessibility of this data have raised significant concerns. Data breaches and unauthorized access to medical information are major risks that undermine patient trust and the efficiency of healthcare delivery (Yusuf et al., 2024). In addition, interoperability issues between different healthcare systems hinder seamless data sharing, further complicating efforts to provide timely and coordinated care (Seh et al., 2020; Williamson, & Prybutok, 2024). The fragmented nature of healthcare systems, where data is often siloed across multiple institutions, exacerbates these problems, leading to inefficiencies and potential medical errors (Saberi et al., 2025).
As healthcare systems expand globally, ensuring the secure storage and sharing of medical data has never been more urgent. With the proliferation of connected devices and the growing volume of data generated by healthcare institutions, there is a pressing need for a robust solution that can provide both security and scalability (Shojaei et al., 2024). The traditional approach to managing healthcare data, primarily through centralized databases, has proven inadequate in addressing the increasing threats of cyber-attacks and data breaches. Centralized systems create single points of failure, making them vulnerable to hacking, data tampering, and unauthorized access. This makes the need for an alternative solution more apparent, as it becomes essential to protect the confidentiality, integrity, and availability of patient data (Seh et al., 2020).
Blockchain technology, with its decentralized architecture, offers a promising solution to these challenges. Blockchain ensures the immutability and transparency of medical records, making it virtually impossible to alter data once it has been recorded through leveraging cryptographic techniques (Tripathi et al., 2023). Blockchain enables secure peer-to-peer exchanges without the need for intermediaries, which can streamline data sharing across healthcare providers. Furthermore, blockchain’s decentralized nature mitigates the risks associated with single points of failure, providing a more resilient infrastructure for healthcare data management (J et al., 2023). This technology promises to enhance data security, improve patient care through seamless data sharing, and foster trust among healthcare stakeholders.
Despite the advancements in healthcare data management, many current systems still rely on centralized databases, which remain vulnerable to cyber-attacks, data breaches, and unauthorized access. These systems often fail to meet the growing demand for secure, efficient, and interoperable data sharing across multiple healthcare providers. The risks associated with centralized healthcare data systems gives the urgent need for innovative solutions, such as blockchain, to enhance data security and accessibility.
The objective of this paper is to evaluate the potential of blockchain technology in improving the security, efficiency, and interoperability of healthcare data storage and sharing systems. This study focuses specifically on the use of blockchain to address the key challenges in healthcare data management. The paper is organized as follows: Section 2 presents a literature review, highlighting current approaches and challenges in healthcare data management. Section 3 details the methodology and framework for integrating blockchain into healthcare systems. Section 4 discusses the results and implications of implementing blockchain in healthcare. Finally, Section 5 concludes the paper with a summary of findings and future research directions.
2. LITERATURE REVIEW
Blockchain is a decentralized, distributed ledger technology that enables secure, transparent, and immutable transactions between multiple parties. At its core, blockchain is structured as a chain of blocks, where each block contains a list of transactions (Tripathi et al., 2023). Each block is cryptographically linked to the previous one, forming a chain. This chain structure ensures that once data is recorded on the blockchain, it becomes nearly impossible to alter, making the system tamper-resistant. The decentralized nature of blockchain means that no single entity controls the network; instead, multiple nodes (computers) maintain copies of the entire ledger, ensuring transparency and security (Oriekhoe et al., 2024).
The core components of blockchain include:
a) Block Structure: A block typically contains a timestamp, a list of transactions, and a hash value (a unique identifier). Each block references the hash of the previous block, creating a chain of blocks that is immutable once finalized (Shrimali & Patel, 2021).
b) Consensus Mechanisms: To validate transactions and ensure all participants agree on the state of the blockchain, blockchain networks use consensus mechanisms such as Proof of Work (PoW), Proof of Stake (PoS), or Practical Byzantine Fault Tolerance (PBFT). These mechanisms help maintain the integrity of the blockchain without the need for a central authority (Douha et al., 2022; Zhang et al., 2023).
c) Cryptography: Blockchain relies heavily on cryptographic techniques, particularly hash functions, to secure data. Public and private key encryption ensures that transactions are authenticated and only accessible by authorized parties (Habib et al., 2022; Rai et al., 2024).
Historically, blockchain was introduced in 2008 by the pseudonymous figure Satoshi Nakamoto as the underlying technology behind Bitcoin (Habib et al., 2022). Bitcoin, the first cryptocurrency, demonstrated the power of blockchain in ensuring secure, decentralized financial transactions without the need for intermediaries like banks (Kukman & Gričar, 2025). Since then, blockchain technology has evolved beyond cryptocurrency and is now being applied in various industries, including healthcare, supply chain management, and voting systems, where security, transparency, and decentralization are critical.
2.1 Blockchain in Healthcare
Blockchain technology has found a variety of applications in the healthcare sector, primarily due to its ability to secure sensitive data, ensure transparency, and enable decentralized data sharing. One of the most significant use cases is Electronic Health Records (EHR) management (Haleem et al., 2021). Blockchain can provide a secure, immutable platform for storing and sharing patient medical records across multiple healthcare providers, ensuring that the data remains accurate and tamper-proof. With blockchain, patients can have more control over their data, granting and revoking access to healthcare providers as needed, without compromising privacy (Shuaib et al., 2021).
Another promising application of blockchain in healthcare is drug traceability (Fong, 2019; Jaleel et al., 2024). With the increasing dynamism in pharmaceutical supply chains, blockchain can help track drugs from manufacturing to delivery, reducing the risk of counterfeit drugs entering the market. Blockchain can also be used for patient data sharing across healthcare systems, ensuring that medical information is accessible to authorized parties without the risk of unauthorized access or data manipulation (Ullah et al., 2024).
Blockchain offers several advantages in healthcare:
a) Security: Blockchain’s decentralized and cryptographic nature makes it highly secure, reducing the risks of data breaches and unauthorized access to sensitive patient information (Ghadi et al., 2024).
b) Transparency: The transparency inherent in blockchain allows all participants in the healthcare system to access accurate and up-to-date information, improving trust between patients, healthcare providers, and insurers (Saeed et al., 2022).
c) Decentralization: Blockchain reduces the risk of single points of failure, which are often targets for cyber-attacks in traditional systems by eliminating the need for centralized databases (Meyer, 2024).
However, applying blockchain to healthcare is not without challenges. One of the primary obstacles is scalability. Blockchain networks, particularly those based on Proof of Work (PoW), require significant computational resources, making them less suitable for handling the large volumes of data generated by healthcare systems (J et al., 2023). Interoperability is another issue, as many healthcare providers still use legacy systems that may not be compatible with blockchain-based solutions (Husnain et al., 2024). Additionally, the integration of blockchain with existing healthcare infrastructure requires substantial changes in both technology and regulatory frameworks.
2.2 Existing Healthcare Data Storage and Sharing Systems
Currently, healthcare data is primarily stored and shared using centralized systems, such as Electronic Health Records (EHR) and cloud-based platforms (Ehrenstein et al., 2021). EHR systems, which store patient medical histories, have become standard practice in hospitals and clinics worldwide. These systems enable healthcare providers to access and update patient information, improving the speed and accuracy of diagnoses and treatments (Ratwani, 2017). Cloud-based systems offer scalable storage solutions for medical data, providing the flexibility to store vast amounts of information without the need for on-site infrastructure (Sachdeva et al., 2024).
Despite their widespread adoption, these systems have several shortcomings:
a) Data Breaches: Centralized systems are attractive targets for cyber-attacks, leading to frequent data breaches. Hackers can gain unauthorized access to sensitive medical records, potentially compromising patient privacy and healthcare provider integrity (Seh et al., 2020.
b) Lack of Interoperability: Healthcare providers often struggle with sharing data across different systems, especially when they are using proprietary technologies. This lack of interoperability can lead to delays in treatment, inaccurate diagnoses, and inefficiencies in patient care (Torab-Miandoab et al., 2023).
c) Single Points of Failure: Centralized systems rely on a single database, which becomes a potential point of failure. If this database is compromised, it can lead to the loss or corruption of vast amounts of sensitive data, jeopardizing patient safety and trust in healthcare services (AbdelSalam, 2023).
2.3 Blockchain’s Role in Addressing These Issues
Blockchain offers a great solution to the key issues faced by current healthcare data systems. Data Security is one of the most significant concerns in healthcare, and blockchain’s cryptographic and decentralized nature provides enhanced security by ensuring that only authorized users can access or modify data. Unlike centralized systems, where a breach of one database can compromise vast amounts of data, blockchain’s distributed ledger ensures that even if one node is compromised, the data on other nodes remains secure (AbdelSalam, 2023; Ghadi et al., 2024).
Blockchain also addresses the issue of data integrity. Once data is recorded on the blockchain, it cannot be altered, ensuring that patient records remain accurate and unchangeable (Haleem et al., 2021). This immutability is crucial in healthcare, where errors in patient data can have life-threatening consequences. Blockchain enables the auditability of data, as every transaction or modification is recorded on the ledger, providing an immutable record of who accessed the data and when.
In addition, blockchain’s ability to enable interoperability is a game-changer. Blockchain allows different healthcare providers, regardless of the system they use, to securely exchange data (Kasyapa & Vanmathi, 2024). This can facilitate seamless collaboration between hospitals, clinics, research institutions, and insurance companies, improving patient care and outcomes.
3. METHODOLOGY 
This study adopts a systematic review methodology to critically examine the potential of blockchain technology in enhancing healthcare data storage and sharing systems. To achieve this, a comprehensive and structured literature review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, ensuring transparency, replicability, and methodological rigor throughout the review process.
The systematic review was guided by the central research question: How can blockchain technology improve the security, efficiency, and interoperability of healthcare data management? To address this question, a detailed review protocol was developed, which defined the inclusion and exclusion criteria, the databases to be searched, the specific search strategy, and the plan for synthesizing and analyzing the findings.
The inclusion criteria specified that only peer-reviewed articles, scholarly papers, technical reports, and reputable industry case studies published in English between 2015 and 2024 were to be considered. Studies were included if they focused on blockchain applications specifically within healthcare contexts, addressed aspects of data storage, security, privacy, interoperability, or sharing, and provided either empirical evidence or conceptual frameworks relevant to real-world implementation. Conversely, publications were excluded if they did not directly relate to healthcare, focused solely on theoretical blockchain discussions without application context, or lacked sufficient methodological detail to support robust analysis.
A systematic search was conducted across multiple reputable academic and industry databases to capture a broad and comprehensive body of literature. The databases included PubMed, Scopus, Web of Science, IEEE Xplore, ScienceDirect, and Google Scholar. Additionally, reference lists of selected articles were manually screened to identify further relevant studies that might have been missed in the initial search. A combination of carefully chosen keywords and Boolean operators was employed to optimize the search, using terms such as “blockchain technology” OR “distributed ledger” AND “healthcare data” OR “health information systems” OR “medical data sharing” OR “electronic health records” AND “security” OR “interoperability”.
Relevant materials drawn from this process included academic journal articles, industry white papers, technical reports, and documented case studies published in journals such as Scientific Reports, BMC Nursing, Internet of Things, Future Internet, International Journal of Intelligent Networks, Journal of Network and Computer Applications, ICT Express, Heliyon, Information, Applied Sciences, BMC Health Services Research, Journal of Medical Internet Research, among others. Data were systematically extracted using a structured framework capturing each study’s objectives, context, methodology, type of blockchain application analyzed, key findings, and implications for healthcare systems.
Additionally, the extracted information was subjected to thematic analysis, a qualitative data analysis method that organizes data around emerging patterns and recurring themes. Key themes identified in this review included the potential of blockchain to enhance data security and patient privacy, the facilitation of interoperability across disparate health information systems, the decentralization of data management to empower patients, and the technical and regulatory challenges that must be addressed for widespread adoption.
Through this systematic and transparent approach, the study provides a comprehensive synthesis of current knowledge, highlights existing evidence gaps, and offers insights into how blockchain technology can be leveraged to strengthen the resilience, trustworthiness, and efficiency of healthcare data systems.

4. DISCUSSION

4.1 Blockchain Architecture for Healthcare Data Storage and Sharing
Blockchain technology comes in different forms, each with distinct features and applications. The three main types of blockchains are public, private, and consortium blockchains. Understanding the differences between these types is essential when selecting the appropriate blockchain architecture for healthcare applications (Andoni et al., 2018; J et al., 2023; Marikyan et al., 2022; Polge et al., 2020; Shrimali & Patel 2021)
a) Public Blockchain: In a public blockchain, anyone can participate in the network, validate transactions, and access the ledger. Bitcoin and Ethereum are prime examples of public blockchains. While public blockchains provide high decentralization and transparency, they often struggle with scalability issues, which may not be suitable for healthcare applications dealing with vast amounts of sensitive data. Public blockchains also face challenges in terms of privacy and access control, as every participant has equal access to the entire blockchain data.
b) Private Blockchain: A private blockchain is a permissioned network where only authorized participants can join the network and participate in transaction validation. This type of blockchain offers higher control over access, ensuring that only trusted parties have permission to validate transactions and access sensitive data. For healthcare systems, private blockchains can offer enhanced privacy and security, addressing concerns related to patient confidentiality and access control.
c) Consortium Blockchain: A consortium blockchain operates between multiple organizations, typically within the same industry, and is governed by a group of predefined members. Unlike private blockchains, consortium blockchains allow more than one entity to participate in network validation, making it more decentralized than a private blockchain while still maintaining a degree of control. For healthcare, consortium blockchains are an ideal solution, as they enable collaboration among multiple stakeholders; such as hospitals, insurance companies, and research institutions. 
For healthcare applications, consortium blockchains are often the most suitable option, as they balance decentralization with the need for security and control.
4.2 	Blockchain in Data Storage
Blockchain’s data storage capabilities are central to its application in healthcare. Unlike traditional centralized databases, which store data in a single location, blockchain uses a decentralized ledger that records data across multiple nodes in the network. This decentralized approach ensures that data is not controlled by a single entity, reducing the risk of data manipulation and ensuring higher levels of security (Aggarwal and Kumar, 2021; Bhan et al., 2023; Kasyapa & Vanmathi, 2024; Tsiatsis et al., 2018; Tripathi et al., 2023).
a) Hashing: Each piece of data on the blockchain is hashed using cryptographic algorithms like SHA-256. Hashing transforms data into a fixed-length string of characters that uniquely represents the original data. Once hashed, the data becomes part of a block, and this block is linked to previous blocks via cryptographic references, creating an immutable chain. This ensures that data cannot be altered once it has been recorded, providing integrity and protection against tampering.
b) Decentralized Storage: In traditional healthcare systems, data is stored in centralized servers, creating a single point of failure. Blockchain, on the other hand, stores data across multiple nodes in the network, making it more resilient to attacks and failures. Each participant in the blockchain network maintains a copy of the ledger, ensuring that data is redundant and accessible even if one or more nodes fail.
c) Immutability: One of the key features of blockchain is its immutability. Once data is recorded on the blockchain, it cannot be altered or deleted without consensus from the network. This feature is particularly important in healthcare, where data integrity is critical. Patient records, medical histories, and treatment information must remain unchanged and accurate over time. Blockchain’s immutability guarantees that once a record is added, it is permanently preserved.
Integrating Blockchain with Traditional Healthcare Databases: While blockchain offers significant advantages in terms of security and data integrity, healthcare systems still rely on traditional databases for many operations. Integrating blockchain with existing EHR systems and databases is a challenge but necessary for a seamless transition. Hybrid solutions, where blockchain is used to store critical data while traditional databases handle other administrative tasks, can provide a practical approach. This hybrid model allows healthcare organizations to maintain existing infrastructures while benefiting from blockchain's security and transparency.
4.3 Data Sharing in Healthcare Systems
Blockchain’s ability to securely share data across different healthcare providers and institutions is one of its most significant advantages. In the current system, healthcare data is often isolated within individual organizations, creating inefficiencies and delays in patient care. Blockchain, with its decentralized nature, enables secure, transparent, and real-time sharing of data across a network of healthcare providers (Haleem et al., 2021; Firdaus et al., 2025; Khatoon, 2020; Mazhar et al., 2024; Tagde et al., 2021).
In healthcare, smart contracts can automate the process of granting access to patient data. Smart contracts are self-executing contracts with the terms of the agreement directly written into code. These contracts automatically execute when predefined conditions are met, eliminating the need for intermediaries. For example, a patient may authorize a healthcare provider to access their medical records through a smart contract. This can streamline processes such as referral management, insurance claim approvals, and patient consent for data sharing, while maintaining security and privacy.
Whereas, one of the biggest challenges in healthcare data sharing is ensuring that different systems can communicate with each other effectively. Healthcare institutions use a wide range of software, each with its own data format and protocols. Blockchain can address these interoperability issues by acting as a universal platform where data from various sources can be securely stored and accessed. However, integrating blockchain with existing systems and ensuring that data formats are compatible remains a significant challenge. Solutions such as Application Programming Interfaces (APIs) and middleware that allow blockchain to communicate with legacy systems are necessary to achieve seamless interoperability.
Blockchain’s use of standardized protocols and smart contracts can help ensure that data is accessible across different systems. Additionally, the adoption of blockchain as a common standard for data sharing can foster collaboration among different healthcare institutions. One solution is the use of a permissioned blockchain, where healthcare organizations within a consortium agree on data formats and access rights, ensuring that the blockchain can be used as a trusted platform for data sharing.

4.4 Security Features of Blockchain
 Blockchain technology offers several advanced security features that make it an ideal solution for healthcare data management. These features include encryption, consensus mechanisms, and audit trails, all of which contribute to the integrity and security of healthcare records (Haleem et al., 2021; Hussein et al., 2023; Lu., 2019; M et al., 2025; Ullah et al., 2024; Pokharel et al., 2025.
a) Encryption: Blockchain uses strong encryption techniques to protect data. Public-key cryptography ensures that data is only accessible by authorized parties. When data is entered into the blockchain, it is encrypted using the recipient's public key, and only the recipient can decrypt it using their private key. This ensures that patient data remains confidential and is only accessible by those with the proper authorization.
b) Consensus Mechanisms: Blockchain relies on consensus mechanisms to validate transactions and ensure data integrity. In a healthcare setting, a consensus mechanism like Proof of Stake (PoS) or Practical Byzantine Fault Tolerance (PBFT) can ensure that only valid transactions are added to the blockchain. These mechanisms prevent unauthorized modifications to the blockchain and ensure that all participants agree on the state of the data.
c) Audit Trails: Blockchain provides an immutable audit trail, meaning that every transaction or access request is recorded on the ledger. In healthcare, this feature is crucial for ensuring accountability. If there is any suspicion of unauthorized access to patient data, the blockchain can provide a clear record of who accessed the data and when. This transparency fosters trust between healthcare providers and patients and helps ensure compliance with regulations such as HIPAA.
Data Integrity and Protection from Tampering: The immutability and cryptographic hashing used in blockchain prevent data from being altered or tampered with once it has been recorded. This is particularly important in healthcare, where the integrity of medical records is critical. Blockchain ensures that once patient data is entered into the system, it cannot be changed without detection, protecting the data from tampering and ensuring that healthcare decisions are based on accurate, up-to-date information.

4.5 CHALLENGES AND SOLUTIONS IN IMPLEMENTING BLOCKCHAIN IN HEALTHCARE
4.5.1 Technical Challenges
One of the most significant technical challenges in implementing blockchain in healthcare is scalability. Healthcare systems generate vast amounts of data daily, including Electronic Health Records (EHR), medical imaging, lab results, and more (J et al., 2023). Blockchain’s decentralized nature, which involves recording data on multiple nodes across the network, can make it difficult to handle this large volume of data efficiently. Public blockchain systems, in particular, face scalability issues as each transaction needs to be verified by all participants in the network, consuming considerable computational resources and slowing down the processing speed. This problem becomes more pronounced in healthcare settings, where real-time access to medical data is crucial.
Another major technical hurdle is the integration of blockchain with existing healthcare infrastructure. Many healthcare organizations already rely on legacy systems for managing data. Integrating blockchain with these systems requires significant adjustments to the current infrastructure, including converting existing data formats to be compatible with blockchain networks (Tagde et al., 2021). Furthermore, the need for new technologies and expertise in blockchain can delay the implementation process. The complexity of ensuring that blockchain systems work seamlessly with traditional Electronic Health Record (EHR) systems and other healthcare technologies is a significant challenge.
4.5.2 Regulatory and Legal Concerns
In the healthcare industry, data privacy laws such as HIPAA (Health Insurance Portability and Accountability Act) in the U.S. and the GDPR (General Data Protection Regulation) in Europe impose strict requirements on the handling of personal health data (Idoko et al., 2024; Said et al., 2024). Blockchain’s decentralized nature, where data is shared across multiple participants, may conflict with these privacy laws, particularly in ensuring data confidentiality and protecting patient identities. Blockchain’s immutable ledger also poses concerns regarding the “right to be forgotten” under GDPR, where individuals have the right to request the deletion of their data. Since blockchain is designed to make data immutable, this may create challenges in complying with regulations that require data deletion or modification upon request.
Additionally, there are ethical concerns surrounding the use of blockchain in healthcare. The immutability of blockchain means that once data is recorded, it cannot be altered or deleted, even if the data is incorrect or harmful (Belen-Saglam et al., 2023). This can raise ethical issues regarding the maintenance of patient consent, especially when it comes to medical errors or outdated information. Moreover, there is concern over the centralization of healthcare data on blockchain platforms. While blockchain is decentralized in principle, the reality is that many blockchain solutions are controlled by a consortium of healthcare organizations or private entities, which can lead to issues of power and control over sensitive health data.
4.5.3 Cost and Adoption Barriers
The initial costs of implementing blockchain technology in healthcare can be substantial. Developing and deploying blockchain-based systems requires investment in new infrastructure, including hardware, software, and personnel training. For many healthcare organizations, especially smaller practices or hospitals, these upfront costs may be prohibitive. The transition from traditional systems to blockchain-based systems can also incur significant costs related to data migration, system integration, and compliance with legal and regulatory requirements (J et a., 2023; Saeed et al., 2023).
Furthermore, there is often resistance to change within healthcare institutions. Healthcare organizations are typically risk-averse due to the high stakes involved in patient care, making them hesitant to adopt new technologies (Cheraghi et al., 2023; Nilsen et al., 2020; Werder et al., 2025). Blockchain, being a relatively new and complex technology, may face scepticism from healthcare professionals who are unfamiliar with its potential benefits. Additionally, some stakeholders may be concerned about the disruption to existing workflows, data management processes, and their existing relationships with centralized entities like insurance companies and government bodies. This resistance to change can significantly delay the adoption of blockchain in healthcare settings.
4.6 Solutions To Implementation
To address the scalability challenges of blockchain, one potential solution is to implement hybrid blockchain models. These models combine the benefits of both public and private blockchains, allowing sensitive data to be stored securely and privately on a private blockchain, while still enabling public access to non-sensitive data. Hybrid blockchains can also help scale the system by limiting the computational demands of public consensus mechanisms, improving efficiency without compromising security.
Another solution to overcome integration challenges is to adopt middleware solutions that facilitate communication between blockchain and existing healthcare systems (Othman & Getahun, 2025). These solutions can help bridge the gap between traditional EHR systems and blockchain-based platforms, ensuring seamless data exchange and compatibility. Additionally, leveraging smart contracts within a blockchain framework can automate processes such as patient consent management and data sharing permissions, making the integration process smoother.
For regulatory and legal concerns, blockchain solutions in healthcare should ensure compliance with data privacy laws by incorporating advanced encryption and access control mechanisms (J et al., 2023). Healthcare organizations can ensure that only authorized users can access sensitive data, aligning with privacy regulations through permissioned blockchains and attribute-based access control (ABAC). Moreover, legal frameworks that define the use of blockchain in healthcare, particularly regarding patient rights and data protection, should be developed to clarify the ethical and legal boundaries of blockchain implementation.
To address cost and adoption barriers, healthcare organizations could start by conducting pilot projects to test the feasibility of blockchain (Singh et al., 2023). These small-scale implementations can help demonstrate the value of blockchain in enhancing data security and interoperability, thereby reducing resistance from healthcare professionals and decision-makers. Furthermore, partnerships between healthcare providers, blockchain developers, and regulatory bodies can help streamline the adoption process by sharing resources and expertise.
Also, collaborative efforts between healthcare providers, technology companies, and regulatory authorities are essential for driving the widespread adoption of blockchain in healthcare. These stakeholders can develop standardized frameworks for blockchain implementation that address both technical and regulatory challenges, creating an environment where blockchain can thrive in the healthcare sector.
4.7 CASE STUDIES AND APPLICATIONS
Blockchain technology has been increasingly adopted across the globe to improve healthcare data management. Several countries and companies have pioneered the integration of blockchain to address various challenges in healthcare, from data privacy to supply chain management.
One notable example is Estonia’s blockchain-based healthcare system, which is widely regarded as one of the most advanced blockchain implementations in healthcare (Soares et al., 2023). Estonia has been using blockchain for over a decade to securely manage healthcare records. The system enables patients to have full control over their health data, allowing them to decide who can access their records. With blockchain, the data is stored in a secure, decentralized network, ensuring that it cannot be tampered with or lost. The Estonian model has been praised for its transparency, security, and the empowerment it offers patients. It also serves as a robust model for other nations seeking to integrate blockchain into their healthcare systems.
Another major blockchain initiative is IBM’s Food Trust Blockchain in pharmaceuticals (Joo & Han, 2021; Kumar et al., 2024). IBM’s blockchain-based platform, although primarily focused on food supply chains, has been extended to the pharmaceutical industry to combat counterfeit drugs. Through the use of blockchain, pharmaceutical companies can track drugs from production to delivery, ensuring the authenticity of medications and reducing the risks associated with counterfeit drugs. This initiative is part of IBM's broader efforts to leverage blockchain for better transparency, security, and accountability across various sectors, including healthcare.
Additionally, MedRec, a blockchain-based project, focuses on managing Electronic Health Records (EHR) (Ekblaw et al., 2016). Developed by researchers from MIT, MedRec uses blockchain to allow patients to have complete ownership of their medical data while enabling healthcare providers to access it securely. With blockchain, MedRec ensures that medical records are immutable, tamper-resistant, and easily accessible by authorized entities. This project has demonstrated the effectiveness of blockchain in improving healthcare interoperability and ensuring data security.
Similarly, the Medicalchain project uses blockchain to secure and share medical records across healthcare providers (Johari, 2021). It allows patients to have full control over their records and grants permission to healthcare providers to access these records as needed. Medicalchain has been successful in improving data access and security, and it has shown potential in reducing the risks of data breaches and fraud in healthcare systems.
The implementation of blockchain in healthcare has yielded valuable lessons that can guide future projects. One critical takeaway is the importance of collaboration between healthcare providers, technology companies, and regulatory bodies. Blockchain adoption in healthcare cannot be achieved by a single entity alone; it requires coordinated efforts to align data-sharing standards, security protocols, and compliance with legal frameworks such as HIPAA and GDPR.
Another lesson is the need for scalable solutions. While blockchain offers strong security and transparency, scalability remains a challenge, particularly in large-scale healthcare systems. Projects that have successfully overcome this challenge often use hybrid blockchain models, which combine public and private blockchains to ensure scalability without compromising on security or privacy. In addition, patient consent management and data ownership should be central to blockchain healthcare initiatives. Systems that give patients control over their medical data not only improve privacy and security but also increase trust and engagement with healthcare services. Blockchain’s immutability and transparency provide a reliable way to record patient consent, ensuring that patients’ wishes regarding data access and sharing are honoured.
4.8 FUTURE DIRECTIONS AND TRENDS
4.8.1 Emerging Technologies in Blockchain for Healthcare
The future of blockchain in healthcare is increasingly intertwined with other emerging technologies, particularly Artificial Intelligence (AI) and the Internet of Things (IoT). The integration of blockchain with AI promises to bring enhanced data analytics capabilities to healthcare. AI algorithms can process vast amounts of patient data more efficiently, identifying patterns, predicting outcomes, and assisting healthcare providers in making more informed decisions. When combined with blockchain, these AI systems can benefit from the immutability and transparency provided by blockchain’s decentralized ledger. This ensures that the data used for AI processing is reliable, tamper-proof, and securely shared across different healthcare providers, improving both the quality and trustworthiness of AI-driven healthcare solutions (Ajimatanrareje et al., 2025).
Blockchain also has a pivotal role to play in the Internet of Things (IoT) within healthcare. IoT devices, such as wearable health monitors and connected medical equipment, generate a significant amount of real-time data. Blockchain can help secure and manage the data generated by these devices, ensuring that it is not only stored securely but also accessible to authorized healthcare providers. This would enable more efficient monitoring of patient health, timely interventions, and improved outcomes. Moreover, through the utilization of blockchain, IoT devices can communicate more seamlessly, with data transactions recorded in a transparent and immutable manner, creating a trusted framework for real-time health data sharing.
4.8.2 Innovative Use Cases
Beyond the traditional applications of blockchain in data security and EHR management, several innovative use cases are emerging that could revolutionize healthcare. One of the most promising areas is personalized healthcare, where blockchain can empower patients to take control of their medical data. By storing health records on a blockchain, patients can grant or revoke access to their data, share it with multiple healthcare providers, and ensure that their information is used in a way that aligns with their personal healthcare needs. This patient-centred approach not only enhances privacy but also supports more tailored treatment plans based on the comprehensive data available across various healthcare providers.
Another innovative use case is telemedicine, which has gained significant traction in recent years, especially due to the COVID-19 pandemic. Blockchain can help secure telemedicine consultations by ensuring that all communications, prescriptions, and patient data shared during these remote consultations are encrypted, immutable, and properly authenticated. This can significantly reduce the risks associated with remote healthcare delivery, such as fraud, data breaches, and miscommunication.
Additionally, patient-controlled health records are emerging as a major innovation. Blockchain allows patients to have sole ownership and control over their health records, with the ability to grant access to specific medical professionals at their discretion. This could lead to greater patient engagement, improved healthcare outcomes, and more effective management of chronic conditions.
4.8.3 The Future of Blockchain in Healthcare Systems
As we look toward the future, blockchain is expected to play an increasingly significant role in the transformation of healthcare systems. One of the most anticipated developments is the widespread adoption of blockchain-based EHRs, which could eliminate the silos in healthcare data management, improving interoperability across institutions and reducing inefficiencies. Blockchain can break down the barriers between healthcare providers, ensuring that patients receive more coordinated and comprehensive care.
Furthermore, blockchain is likely to be central to the development of integrated health ecosystems that combine electronic records, IoT devices, and AI-driven decision-making tools. As these systems evolve, blockchain can serve as the foundational layer for trust and transparency, ensuring that data across various technologies and stakeholders remains secure and verifiable
5. Conclusion
This paper has explored the potential of blockchain technology in addressing the significant challenges faced by healthcare systems in data storage and sharing. Blockchain’s decentralized nature offers a robust solution to many of the issues related to data security, privacy, and interoperability in healthcare. One of the core advantages of blockchain is its ability to ensure that healthcare data, including Electronic Health Records (EHR), is securely stored in an immutable and transparent manner. Through the use of cryptographic techniques and consensus mechanisms, blockchain enables the secure sharing of data among healthcare providers, reducing the risks associated with data breaches and unauthorized access.
The paper has also listed various real-world applications of blockchain in healthcare, such as in Estonia’s blockchain-based healthcare system, IBM’s Food Trust Blockchain in pharmaceuticals, and blockchain-based platforms like MedRec for managing medical records. Also, the challenges of implementing blockchain in healthcare have been thoroughly examined, including issues related to scalability, regulatory compliance, and integration with existing healthcare infrastructures. The paper discussed potential solutions to these challenges, such as hybrid blockchain models and collaborations between healthcare providers, technology developers, and regulators. The importance of addressing these technical, legal, and organizational barriers is essential to ensuring the successful adoption of blockchain in healthcare. Additionally, we examined the promising future directions for blockchain in healthcare, including the integration of AI and IoT with blockchain, as well as innovative use cases such as personalized healthcare, telemedicine, and patient-controlled health records. 
The integration of blockchain into healthcare systems has the potential to revolutionize data storage and sharing by ensuring data security, improving patient privacy, and enhancing interoperability. Blockchain’s transparency, immutability, and decentralization can eliminate the inefficiencies and risks associated with traditional centralized systems. Through seamless, secure data exchange, blockchain can improve coordination among healthcare providers, leading to better patient care and outcomes. As blockchain adoption grows, it could fundamentally change how healthcare systems operate, making them more efficient and trustworthy.
While the potential of blockchain in healthcare is clear, there are still significant implementation barriers that need to be addressed. Continued research into blockchain scalability, integration strategies, and regulatory frameworks is crucial for overcoming these challenges. Collaboration between healthcare providers, regulators, and technology developers is essential to ensure that blockchain solutions are implemented effectively and in compliance with legal requirements. To advance the field further, future research should focus on developing standardized frameworks for blockchain integration with existing health information systems, conducting longitudinal pilot studies to evaluate patient outcomes and cost-effectiveness, and exploring cross-border regulatory harmonization for secure data exchange. Healthcare organizations are encouraged to invest in workforce training and capacity building to foster blockchain literacy among stakeholders. As the healthcare industry moves towards more decentralized, patient-centred systems, blockchain will undoubtedly play a pivotal role in shaping the future of healthcare.
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