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Introduction
This systematic review comprehensively examines the application of blockchain in health insurance, highlighting the current state of research, inherent challenges, and future trends. Blockchains have demonstrated excellent potential in health insurance, especially in fraud prevention, claims processing, and data security. Moreover, this study also aims to identify several critical challenges that hinder their broader adoption and effectiveness, including data heterogeneity, individual task requirements, scalability and regulatory alignment.
Methods
System Review
Results and Discussion
Through comprehensive analysis, this study discusses some actionable solutions and strategies. Conclusively, this review underscores blockchain’s transformative impact on building a secure, efficient, and patient-centric health insurance system.
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1 INTRODUCTION
Effective coordination among patients, healthcare providers, and insurers remains a cornerstone of the health insurance industry, yet the sector continues to face persistent operational bottlenecks. Claims submission, adjudication, and payment are often slowed by fragmented data systems, duplicated records, and fraud risks, contributing to high administrative costs and delayed reimbursements (He et al., 2023; Omoseebi et al., 2023). Fraud alone has been estimated to cost global healthcare systems billions annually, placing financial strain on insurers and indirectly burdening patients with higher premiums. Moreover, compliance with regulatory frameworks such as the Health Insurance Portability and Accountability Act (HIPAA) and the General Data Protection Regulation (GDPR) adds further complexity to ensuring secure and transparent data management. These challenges underscore the urgent need for innovative solutions that balance efficiency, fraud prevention, and patient-centric care.
Blockchain technology has emerged as a promising response to these challenges. Its decentralized, immutable, and tamper-proof architecture enhances trust and transparency by eliminating reliance on centralized intermediaries and enabling secure, consensus-driven validation of transactions. Within the health insurance domain, blockchain supports a range of applications, including fraud detection, secure claims management, and interoperable health data exchange (Abdelhamid et al., 2024; Arbabi et al., 2023; Singh et al., 2023). Key innovations such as smart contracts can automate claims adjudication and payments, reducing human error, administrative delays, and disputes between stakeholders. Furthermore, when integrated with complementary technologies like artificial intelligence (AI) and the Internet of Things (IoT), blockchain can enable real-time fraud analytics, continuous patient monitoring, and data-driven decision-making, thereby advancing the efficiency and resilience of insurance systems.
Despite these advantages, significant barriers hinder widespread adoption. Technical issues such as scalability, latency, and energy efficiency remain unresolved in many blockchain implementations, while interoperability with legacy systems poses integration difficulties (Kasyapa and Vanmathi, 2024; Atadoga et al., 2024). Additionally, regulatory alignment and compliance introduce uncertainty, as existing laws often lag behind emerging blockchain applications in healthcare. Overcoming these barriers will require not only technological innovation but also collaboration among policymakers, industry leaders, and healthcare stakeholders to create standardized frameworks and sustainable models of adoption.
While several surveys have reviewed blockchain in healthcare broadly (Abdelhamid et al., 2024; de Aguiar et al., 2020; Arbabi et al., 2023), they often treat health insurance only peripherally, overlooking domain-specific challenges such as claims adjudication, regulatory compliance, and fraud prevention. Moreover, few prior works adopt a systematic PRISMA methodology, and many fail to differentiate between theoretical proposals and real-world implementations, which limits practical applicability. This study addresses these gaps by conducting a PRISMA-guided review of 74 peer-reviewed works published in the last decade, focusing specifically on blockchain’s role across the health insurance lifecycle. Our contributions are threefold: (1) we provide a structured mapping of blockchain applications in registration, claims submission, adjudication, payment, and data management; (2) we integrate bibliometric keyword analysis to uncover research trends and thematic clusters; and (3) we synthesize actionable insights on emerging innovations such as parametric insurance, hybrid blockchain models, and AI-driven fraud detection. Together, these contributions position this study as the first comprehensive, health-insurance–focused systematic review of blockchain applications.
To address these issues, this paper provides a systematic review of blockchain applications in health insurance, focusing on their role in fraud prevention, claims processing, data management, and emerging patient-centric models. By synthesizing findings from peer-reviewed studies and real-world implementations, the study highlights blockchain’s transformative potential while critically examining its limitations. The review also identifies open challenges and future research directions, offering actionable insights for researchers, practitioners, and policymakers seeking to modernize the health insurance ecosystem. This paper provides a comprehensive analysis of blockchain applications in health insurance, focusing on its role in fraud prevention, data management, claims processing, and payment reconciliation. Additionally, it explores emerging trends and challenges, offering insights into blockchain’s potential to create a secure, efficient, and patient-focused healthcare ecosystem.
The paper is structured as follows. Section 2 introduces the background and preliminary concepts, providing an overview of the health insurance ecosystem and the foundational principles of blockchain technology, with emphasis on processes such as claims submission, adjudication, and data security. Section 3 outlines the research methodology, describing the systematic review process, inclusion and exclusion criteria, and the PRISMA-guided selection of studies. Section 4 synthesizes the results, mapping blockchain’s role across the health insurance lifecycle through visual analysis and case-based comparisons. Section 5 highlights practical applications, focusing on secure interoperability, process automation, and fraud prevention, supported by real-world implementations. Section 6 discusses the transformative potential of blockchain, emphasizing five key enablers—data security, interoperability, scalability, cost efficiency, and real-time processing—while acknowledging integration and regulatory challenges. Section 7 identifies trends and open challenges, including clinical trial management, patient-centric models, disaster recovery, and fraud analytics, situating them within the broader trajectory of blockchain adoption in healthcare. Finally, Section 8 concludes the study by summarizing the core insights and presenting implications for both academic research and industry practice in health insurance.
2 BACKGROUND AND PRELIMINARY CONCEPTS
2.1 Health insurance processes
Health insurance operates within a complex ecosystem that requires seamless coordination between patients, healthcare providers, and insurers. The process begins when patients receive medical services, after which providers generate claims containing patient demographics, diagnosis codes, treatment details, and costs. These claims undergo multiple stages—submission, validation, adjudication, and settlement—each ensuring accuracy, compliance, and timely reimbursement.
Validation involves cross-referencing claims with policy terms, verifying medical necessity, and ensuring compliance with coding standards to prevent fraud, overpayments, and duplicate claims. Adjudication determines reimbursement eligibility, while settlement disburses payments to providers or beneficiaries. Transparency, automation, and interoperability are essential for efficiency and fraud prevention.
Regulatory compliance, particularly with HIPAA and GDPR, adds further complexity by mandating secure, privacy-compliant data handling. Fragmented data systems, slow manual processes, and inefficiencies in claims management underscore the need for innovative solutions. Addressing these challenges through advanced technologies like blockchain enhances security, trust, and efficiency, paving the way for a more transparent and patient centric health insurance system.
2.2 Blockchain technology
Blockchain technology offers a decentralized, immutable, and transparent solution to key inefficiencies in health insurance (Wenhua et al., 2023). By maintaining a tamper-proof ledger of transactions, blockchain eliminates data silos, enhances trust among stakeholders, and reduces administrative burdens in claims processing and fraud prevention.
A key advantage of blockchain is its ability to automate workflows through smart contracts, ensuring real-time claims validation and adjudication while minimizing errors and disputes. Permissioned blockchain networks (Sukhwani et al., 2017; Liu et al., 2019) further enhance security by granting controlled access to authorized participants, ensuring compliance with data protection regulations such as HIPAA and GDPR.
Blockchain also improves interoperability by enabling secure, verifiable data exchange across healthcare providers and insurers. Its integration with IoT and AI strengthens fraud detection by ensuring real-time verification of health data, reducing financial losses, and improving system reliability.
By addressing challenges in data integrity, regulatory compliance, and operational inefficiencies, blockchain establishes a scalable and secure foundation for modernizing health insurance. Beyond claims processing, it supports patient-centric models, public health monitoring, and disaster recovery, reinforcing its transformative potential across the industry.
3 METHODOLOGY
In the rapidly advanced domain of Blockchain technology, it has become a basic tool in various applications, especially in health insurance. Nevertheless, although their use is becoming more prevalent, there remains a significant gap in understanding their full potential and limitations within these contexts. This survey employed a systematic review approach to analyze the application of blockchain technology in health insurance. According to the progress in methods, this review aims to amalgamate these existing work.
In our study, we follow the Systematic Literature Review (SLR) methodology as proposed by Barbara Kitchenham (Kitchenham, 2012; Kitchenham et al., 2009), a structured and evidence-based method widely used to systematically gather, assess, and synthesize research in computing and healthcare domains (Aleti et al., 2012; Liu et al., 2023). We organized the research questions (RQs) that guide our SLR process as follows:
	RQ1: What blockchain technologies are employed in the Health Insurance Lifecycle? Different domains, such as finance, security, healthcare may require tailed adaptations of blockchain to address domain-specific challenges and heterogeneous data. The question seeks to explore and categorize the different methods and techniques used in various stages of the health insurance lifecycle, which indicates the diversity of blockchain solutions—public, private, and consortium blockchains.
	RQ2: What applications using blockchain for Health Insurance? Different segments of the health insurance industry need specialized blockchain solutions to cope with issues such as fragmented data systems, protracted claims processes and vulnerability to fraud or data breaches. This question intends to introduce the representative application scenarios where blockchain has demonstrated notable promise and adoption.
	RQ3: What are the limitations and challenges of using blockchain for health insurance? Blockchain presents a transformative potential for health insurance, which has advanced patterns and data requirements. This question enhances the specific limitations, challenges, and future direction in using blockchain for health insurance.

These RQs were derived directly from gaps in the existing literature. Prior surveys of blockchain in healthcare have treated health insurance only peripherally and have not systematically examined insurance-specific technologies, applications, and challenges. To address this gap, RQ1 maps blockchain across the insurance lifecycle, RQ2 evaluates its applications, and RQ3 analyzes challenges and emerging directions. This structured approach differs from earlier reviews by explicitly aligning each RQ with unresolved problems and by ensuring that the results analysis in Sections 4–7 provides evidence-based answers to each question.
RQ1 calls for detailed studies of work used in applying blockchain across various stages in health insurance. RQ2 seeks to evaluate and compare the diverse scenarios of applications. RQ3 necessitates a comprehensive exploration of the obstacles and constraints faced when adopting blockchain technology in health insurance.
After delineating the research questions, we systematically integrate multiple search engines and academic databases, as listed in Table 1, to summarize related works. To ensure coverage of the lasted advancements, we also included OpenReview in our search strategy to capture forthcoming papers that offer significant insights.
TABLE 1 | Search engines and databases for manual search.	Source	Search scheme
	IEEE Xplore (https://ieeexplore.ieee.org/)	Title, Topic, Author, Keywords, Abstract
	ACM Digital Library (https://dl.acm.org/)	Title, Keywords
	PubMed (https://pubmed.ncbi.nlm.nih.gov/)	Keywords, Full Text
	ScienceDirect (https://www.sciencedirect.com/)	Title, Keywords
	SpringerLink (https://link.springer.com/)	Title, Keywords
	Scopus (https://www.scopus.com/)	Title, Keywords, Abstract
	Google Scholar (https://scholar.google.com/)	Topic, Author, Full Text


Searches were conducted across OpenReview, IEEE, Xplore, Google Scholar, PubMed, Scopus, ACM, Digital Library, and ScienceDirect using the keywords: healthcare + insurance + blockchain. From the initial * articles retrieved, duplicates were removed, and a rigorous screening process was applied. A final set of 74 articles was selected for in-depth analysis based on the following criteria:
3.1 Inclusion criteria
	- Studies focusing on blockchain applications in healthcare or health insurance.
	- Topics addressing fraud detection, data security, privacy preservation, claims processing, and data management.
	- Peer-reviewed publications, conference proceedings, and systematic reviews.
	- Articles published in English within the last 10 years.
	- Papers presenting practical implementations, frameworks, case studies, or proposals.

3.2 Exclusion criteria
	- Studies without blockchain as a primary focus.
	- Articles on general healthcare systems without connections to blockchain.
	- Non-peer-reviewed publications, editorials, and opinion pieces.
	- Duplicate articles and papers unavailable in full text.
	- Articles written in languages other than English.

This systematic selection process ensures the findings are based on high-quality, relevant literature, providing a robust foundation for analyzing blockchain’s diverse applications in health insurance.
We documented the search, screening, and selection process following the PRISMA 2020 guidelines, which emphasize transparent reporting of systematic reviews. The initial search across all databases retrieved 304 papers. After removing duplicates and rigorously applying the inclusion and exclusion criteria, 105 relevant studies were shortlisted for further evaluation. To ensure the quality and relevance of the final selection, the authors conducted a comprehensive screening process, ultimately refining the set to 74 high-quality papers that aligned with the review’s objectives and standards. The selection process is illustrated in Figure 1 below.
[image: Flowchart showing the identification, screening, and inclusion process of studies. Records from IEEE Explore, ACM Digital Library, PubMed, ScienceDirect, SpringerLink, Scopus, and Google Scholar totaled 170, with 63 duplicates removed. 105 records were screened; 16 excluded for not being peer-reviewed or outside the timeframe. 89 reports were retrieved, with 2 inaccessible full texts. Of 87 eligible reports, 13 were excluded for insufficient empirical content or being reviews/surveys. 74 studies were included in the review.]FIGURE 1 | Systematic literature selection process for blockchain in health insurance.4 RESULT SYNTHESIS
This study examines how blockchain enhances efficiency, security, and transparency across the health insurance lifecycle, from patient registration to claims processing and data management. By leveraging decentralization, automation, and cryptographic security, it offers a scalable framework for modernizing healthcare operations. Figure 2, attached below, visually represents blockchain’s impact across these stages. We also quantitatively explored the keywords co-occurrence in blockchain papers using VOSviewer, a bibliometric analysis software in Figure 8.
[image: Flowchart illustrating the health insurance lifecycle enhanced by blockchain. Stages include patient registration, service delivery, claims submission, claims adjudication, claims payment, and data management. Blockchain benefits listed are identity management, data privacy, consent management, interoperable health records, IoT integration, supply chain management, smart contracts, immutable storage, transparency, AI-powered fraud detection, dispute resolution, automated payments, auditable records, hybrid blockchain models, decentralized access, and regulatory compliance. Foundational elements for blockchain empowerment are data security, interoperability standards, scalability, cost and energy efficiency, and real-time processing.]FIGURE 2 | Health Insurance Lifecycle with Blockchain Applications.4.1 Patient registration
Patient Registration is a critical step in the healthcare and health insurance system, which Figure 3 summarizes the process. Traditionally, this process relies on centralized databases managed independently by hospitals, clinics, and insurance providers. Registration typically involves manual data entry or scanning physical documents, which are then recorded within siloed electronic systems (Harrell et al., 2022; Barton et al., 2002). Importantly, traditional patient registration now faces several challenges, identity duplication, data fragmentation, privacy and security risks, inefficient consent management (Adeghe et al., 2024; Dib and Rababah, 2020). These limitations will bring unsafe issues and need to control data using high cost.
[image: Diagram illustrating a secure patient data process. A patient interacts with a doctor, who encrypts and signs patient data. Data is sent to a server and recorded in a patient registry. Authorized personnel can decrypt and access this data, ensuring secure handling.]FIGURE 3 | Patient registration.Blockchain technology fundamentally transforms patient registration by addressing challenges such as identity duplication, fragmented data storage, and privacy concerns. A decentralized framework ensures data integrity and fosters trust among all stakeholders involved. As part of this system, each user is assigned a unique public and private key upon initialization to secure their digital identity (He et al., 2023). In blockchain-based EHR systems (Chouhan et al., 2023; Al Mamun et al., 2022), each account address ID is unique and can function as the primary key, streamlining record management and access control (Karmakar et al., 2023). Electronic Health Records (EHRs) are digital versions of patient medical histories, encompassing diagnoses, treatments, lab results, and other essential health information. They serve as a foundation for informed clinical decision-making and efficient patient care (Dubovitskaya et al., 2020).
One of the most significant advancements introduced by blockchain is identity management. It enables the creation of tamper-proof digital identities, ensuring accurate and seamless verification across healthcare providers, insurers, and other relevant entities. In a consortium blockchain model, this identity system could facilitate secure information exchange between insurance companies, medical institutions, and law enforcement agencies, improving administrative efficiency (Chen et al., 2023).
Consent management is another critical improvement. This process ensures that an individual’s identity and personal data are only shared with authorized individuals or departments based on explicit, informed consent (Nowrozy et al., 2024). Once consent is granted, other operators on the blockchain may create tailored financial or medical services based on the approved data (Lin et al., 2023). Blockchain’s immutable transparency guarantees that consent records remain verifiable and tamper-proof, empowering patients with full oversight of how their data is accessed. For instance, a doctor may be granted permission to review a patient’s historical medical records, but access to future medical data would require re-authorization from the patient (Merlo et al., 2023). Additionally, consent and access preferences must be acquired under specific legal frameworks to comply with data protection regulations such as the General Data Protection Regulation (GDPR) (Arbabi et al., 2023; Protection, 2018).
Furthermore, blockchain enhances data privacy through robust encryption techniques and decentralized storage, significantly reducing the risks associated with centralized databases and single points of failure. By addressing identity verification, consent management, and data privacy, blockchain creates a secure, patient-controlled registration system. This foundation enhances interoperability, reduces administrative burdens, and ensures a seamless healthcare experience.
A research has proposed a real-world blockchain application to BPJS Kesehatan, the national insurance in Indonesia which ensures secure and transparent identity verification during the registration phase (Andre et al., 2019). Similarly, MedRec system was proposed by MIT researchers and provides a secure way of patient registration (Azaria et al., 2016; Nchinda et al., 2019). In addition, ACTION-EHR (Dubovitskaya et al., 2020), introduced by the team at Stony Brook University, is a patient-centric blockchain-based electronic health record management system designed for oncology care networks. According to Table 2, we can find how these three blockchain applications target patient registration, reflecting their different implementation scopes and technical designs.
TABLE 2 | Patient registration example.	Dimension	BPJS Kesehatan (Indonesia)	MedRec	ACTION-EHR
	Identity Management	Unique blockchain identity per member; eliminates duplicate enrollments	Each patient/provider has unique blockchain address	Blockchain account as unified identity; verified mapping
	Consent Management	Consent stored immutably for data access across agencies	Smart contracts manage patient permission grants and revocation	Granular patient consent for data requests, tracked and auditable
	Data Privacy	Robust encryption, decentralized control, privacy by design	Data encryption, selective sharing; accounts only accessible by authorized parties	Strong access controls, encrypted off-chain storage


4.2 Service delivery
Traditional Service Delivery involves patients visiting healthcare providers where their medical information, diagnoses, and treatments are recorded and processed manually or within siloed electronic systems (Reddick and Turner, 2012). However, the communication and data sharing are often slow and rely on centralized databases, which leads to delays, redundant procedures.
As shown in Figure 4, interoperable electronic health records (EHRs) enable the secure and seamless exchange of tamper-proof patient data among healthcare providers, insurers, and other stakeholders. Blockchain technology optimizes service delivery by providing verifiable proof of medical interactions and treatments, thereby ensuring transparency and reducing administrative inefficiencies (Sookhak et al., 2021; Andrew et al., 2023; Khan et al., 2022; Atadoga et al., 2024; Shaikh et al., 2025). A real-world example is Robomed, which captures patient data via blockchain and securely distributes it to the healthcare professionals (Singh et al., 2023). This eliminates redundancies, enhances compliance with privacy regulations, and improves care coordination. Additionally, blockchain’s immutability guarantees data accuracy, while its permissioned access structure safeguards patient confidentiality.
[image: Flowchart illustrating a healthcare service process using blockchain. It starts with a patient making a service request, followed by healthcare provider involvement. Next, blockchain verification occurs, then service execution, and an immutable service record is created. This record is accessible to authorized parties for audit.]FIGURE 4 | Service delivery.The integration of Internet of Things (IoT) (Abdul-Qawy et al., 2015) devices further revolutionizes service delivery by enabling real-time health monitoring and secure data collection (He et al., 2023) and enhances data reliability (Shen et al., 2023). Smart contracts enhance IoT integration by facilitating real-time patient monitoring and automated notifications for hospitals and patients via a secure, blockchain-backed platform (Taloba et al., 2021; Mahammad and Kumar, 2023). Wearable devices and medical sensors securely log health data directly onto the blockchain, ensuring tamper-proof records and reducing the risk of data manipulation or fraud. This enhanced data integrity supports patient-centric care models, enabling healthcare providers to make timely, informed decisions based on real-time patient metrics.
Blockchain also enhances supply chain management by ensuring transparency, traceability, and security. Distributed ledger technology (DLT) (Romero Ugarte, 2018; Collomb and Sok, 2016) maintains immutable transaction records, preventing unauthorized alterations and ensuring data consistency across stakeholders. This ensures that every pharmaceutical transaction, from production to distribution, remains verifiable and tamper-proof (Hu et al., 2024). Furthermore, DLT’s decentralized framework enables real-time tracking and verification of medical products, mitigating counterfeiting risks, supply chain fraud, and unauthorized diversions (de Aguiar et al., 2020). By maintaining an immutable audit trail, blockchain fosters trust among manufacturers, distributors, and healthcare institutions.
Additionally, real-time monitoring and automated tracking systems improve resource allocation, particularly during health crises such as pandemics. The ability to securely track and authenticate pharmaceuticals, medical supplies, and essential equipment helps streamline logistics, prevent shortages, and reduce misallocation of critical resources.
By securing patient data, improving supply chain transparency, and enabling real-time health monitoring, blockchain modernizes healthcare service delivery. These advancements optimize resource allocation, reduce fraud, and improve patient outcomes.
4.3 Claims submission
Traditional claims submission processes are often slow, error-prone, and susceptible to fraud, leading to delays, inefficiencies, and disputes. Blockchain technology introduces a secure and efficient framework that automates workflows, ensures data integrity, and enhances transparency across all stakeholders. Figure 5 describes the main steps in claims submission.
[image: Flowchart illustrating the health insurance claim process. A patient receives an insurance agreement, followed by treatment at hospitals and pharmacies. Hospitals submit claims to the insurance company, which shares medical files with a third-party auditor. The insurance company processes and receives the claim request, managing an insurance claim case.]FIGURE 5 | Claim submission.One of the key innovations in blockchain-based claims submission is the use of smart contracts. A smart contract is a self-executing digital script that automatically verifies and processes claims upon submission, eliminating the need for manual intervention (Kolhe, 2019). It validates the patient’s identity, checks the claim against the insurance policy, and initiates payments accordingly. Each time a new claim is submitted, the smart contract is re-executed, ensuring continuous validation based on predefined policy terms (El et al., 2024; Narne, 2024). This real-time automation significantly reduces processing times, minimizes errors, and enhances trust between patients, providers, and insurers.
In addition to automation, immutable blockchain storage further strengthens the integrity of claims data. Once a claim is recorded, it cannot be altered or tampered with, creating a transparent, verifiable audit trail that simplifies regulatory compliance, reduces fraud, and expedites dispute resolution.
By eliminating inefficiencies, reducing administrative burdens, and fostering greater collaboration within the health insurance ecosystem, blockchain transforms claims submission into a faster, more reliable, and fraud-resistant process, ultimately enhancing the overall patient and provider experience.
As shown in Table 3, real-world practitioners have explored blockchain-based claims submission. One example is that Deloitte uses smart contracts to reduce the time and cost associated with manual processing. This system enhances transparency and efficiency, benefiting both insurers and policyholders (Shaw and Eckenrode, 2016). Lemonade is one of the first insurance companies to use blockchain-based parametric insurance to support farmers in Kenya. With the application of smart contracts, the system automatically issues claims based on predefined parameters, such as rainfall data. As for 2023, this initiative facilitates prompt payouts to 7,000 farmers affected by drought conditions, eliminating the need for manual claims processing and reducing administrative cost (Alsdorf and Berkun, 2024). Additionally, the Forti-Ins system proposes a blockchain-based framework designed to automate healthcare insurance processing in smart cities, which integrates smart contracts with a distributed file system to enable secure processing (Alruwa et al., 2023).
TABLE 3 | Claim submission application.	Feature	Deloitte insurance solution	Lemonade parametric insurance (Kenya)	Forti-Ins (smart City health)
	Smart Contract	Automates claim–policy matching and triggers payment	Parametric trigger (e.g., rainfall) for instant payout	End-to-end automation: submission
	Immutable Storage	Entire claim process recorded on-chain, auditable	Event and trigger data on-chain, tamper-proof	All claim data on-chain, tamper-proof, auditable


4.4 Claims adjudication
Blockchain revolutionizes claims adjudication by enhancing transparency, enabling AI-powered fraud detection, and streamlining dispute resolution (El et al., 2024). Traditional adjudication processes often suffer from delays, inefficiencies, and a lack of visibility, requiring extensive manual checks. Blockchain addresses these challenges by providing a secure, automated, and tamper-proof framework that improves accuracy and trust among stakeholders.
Transparency is a major advantage of blockchain in claims adjudication. A decentralized ledger records all claim-related activities, ensuring that authorized stakeholders have real-time access to a single source of truth. This eliminates discrepancies, simplifies audits, and enhances trust in the system. Aetna and IBM are collaborating on a blockchain-based solution aimed at enhancing transparency, reducing administrative inefficiencies, and driving cost savings (Al Amin et al., 2024; Ng et al., 2021; Villarreal et al., 2023; Wang et al., 2023a; Shaikh et al., 2025).
AI-powered fraud detection further strengthens the process by leveraging blockchain’s immutable records to analyze patterns, detect anomalies, and flag potential fraud (El et al., 2024). This reduces financial losses, minimizes operational inefficiencies, and enhances overall system reliability by identifying fraudulent claims before they impact insurers and providers.
Dispute resolution is also streamlined through blockchain’s immutable records, which serve as verifiable evidence to quickly resolve disagreements. In cases of disputes, arbitration can be conducted efficiently, where the patient appeals to the arbitration institution, which reviews the recorded message content of all parties and makes an informed decision (Chen et al., 2021; Wenhua et al., 2023). Additionally, smart contracts automatically enforce policy terms, reducing processing delays and ensuring fair and consistent outcomes for all stakeholders.
The overall workflow of blockchain-enabled claims adjudication, including fraud detection, arbitration, and final settlement, is illustrated in Figure 6.
[image: Flowchart illustrating a smart contract process on a blockchain ledger. It includes: contract adjudication, fraud detection checks, and an arbitration institution. Fraud detection results in either recording a decision or sending to arbitration if suspicious. Final decisions are recorded on the blockchain, updating the ledger and notifying all parties. An icon of buildings represents involved entities.]FIGURE 6 | Claims adjudication.By enhancing transparency, leveraging AI for fraud detection, and automating dispute resolution, blockchain transforms claims adjudication into a more efficient, reliable, and equitable process, ultimately fostering trust and operational efficiency in the health insurance ecosystem.
4.5 Claims payment
Blockchain revolutionizes claims payment by automating transactions, ensuring record integrity, and enhancing efficiency through its decentralized and auditable ledger. Traditional payment workflows are slow, error-prone, and reliant on intermediaries, leading to delays and disputes. Blockchain effectively eliminates these inefficiencies by enabling secure, automated, and transparent claim settlements.
One of the earliest blockchain-based solutions for improving scalability and performance is payment channels. These off-chain bidirectional channels allow fast and efficient transactions between multiple participants without recording each transaction on the main blockchain. This method is particularly effective for handling high-frequency, small-value transactions, making it ideal for micropayments, streaming payments, and recurring claims settlements (Kasyapa and Vanmathi, 2024).
Smart contracts further enhance payment automation by executing transactions immediately after claim validation, eliminating manual delays and errors. Once the preset conditions—such as a verified medical diagnosis or insurance incident—are met, the smart contract automatically triggers the claim payment, transferring funds directly to the beneficiary’s account (Chen et al., 2021). This accelerates claim settlement, reduces administrative costs, and ensures prompt reimbursements, fostering trust between insurers and policyholders.
Moreover, blockchain’s immutable ledger maintains a tamper-proof history of all claim payments, allowing stakeholders to verify transactions transparently and resolve disputes efficiently. From the occurrence of an insurance incident to final payment, all claim-related information is automatically generated and recorded via smart contracts, eliminating the need for manual investigation and assessment (Chen et al., 2021).
The overall workflow of blockchain-enabled claims payment from determining approved amounts, selecting payment channels, to final fund transfers to patients or providers is illustrated in Figure 7.
[image: Flowchart illustrating an insurance payment process. An insurance company determines if the approved amount is less than the claimed amount. If yes, partial payment is routed through either off-chain or on-chain payment channels to a bank or payment gateway, then to providers and patients. If no, full payment is made directly. Icons include a building for the insurance company, providers like hospitals, and patients.]FIGURE 7 | Claims payment.By combining automation with secure, decentralized record-keeping, blockchain streamlines claims payments, ensuring faster processing, reduced errors, and greater accountability within the health insurance ecosystem.
Together, blockchain-driven claims submission, adjudication, and payment create a seamless, fraud-resistant system that accelerates reimbursements, reduces costs, and enhances trust across the insurance ecosystem.
4.6 Data management
Blockchain transforms healthcare data management by enabling hybrid models, decentralized access, and regulatory compliance. Traditional systems struggle with data silos, limited interoperability, and security vulnerabilities, leading to inefficiencies and privacy risks. Blockchain offers a scalable, secure, and patient-centric solution to these challenges. Hybrid blockchain models strike a balance between privacy and transparency by storing sensitive data on private chains while using public chains for validation and audit purposes. This enhances data security and accountability without compromising accessibility. Decentralized access allows authorized stakeholders to securely share data, improving collaboration among healthcare providers while ensuring patients retain control over their health records. The HIE of One model proposes a blockchain-driven authentication framework, where medical credentials are issued by regulatory bodies rather than stored within hospital IT systems, shifting identity control to trusted, decentralized networks (Gropper, 2016). To achieve scalability for EHR data, ACTION-EHR employs a hybrid approach, storing metadata on-chain while encrypting and storing EHR data off-chain in HIPAA-compliant cloud-based storage (Dubovitskaya et al., 2020).
Regulatory compliance is seamlessly integrated into blockchain’s architecture. HIPAA regulations define standards for secure data exchange, covering healthcare plans, providers, clearinghouses, and business associates (de Aguiar et al., 2020). Additionally, GDPR mandates that users must be informed about collected data, even when sourced indirectly (Arbabi et al., 2023). Blockchain facilitates compliance through immutable records, encryption, pseudonymization, and smart contracts, which automate compliance processes, reduce security risks, and build trust with patients and regulators.
The claim and member data stored in blockchain can be used for machine learning to detect fraud and enhance predictive analytics (Haque and Tozal, 2022). By leveraging blockchain’s immutable records, machine learning models can identify fraudulent patterns, optimize risk assessment, and enhance decision-making in health insurance operations (Chen et al., 2025). Federated learning further strengthens privacy-preserving analytics by enabling decentralized AI model training across hospitals, research labs, and mobile devices without exposing sensitive patient data. This approach enhances collaboration while mitigating risks associated with centralized data storage and leakage (Joshi et al., 2022).
Recognizing blockchain’s transformative potential, Aetna, Anthem, and Cleveland Clinic are backing the development of Avaneer Health, a blockchain-powered healthcare network aimed at modernizing claims processing, ensuring secure health data exchanges, and enhancing provider directory accuracy (Singh et al., 2023). By enabling real-time, permissioned data sharing, Avaneer Health seeks to reduce administrative inefficiencies, lower costs, and improve overall healthcare interoperability.
Table 4 below compares traditional health insurance processes with blockchain-based solutions, highlighting key differences in efficiency, security, and automation across critical areas such as patient registration, claims processing, and data management.
TABLE 4 | Comparison of traditional vs blockchain-based health insurance processes.	Processes	Traditional approach	Blockchain-based approach
	Patient Registration	- Identity issues:
 Data duplication and fragmentation.
- Privacy risks:
 Centralized storage vulnerable to breaches.
- Limited access:
 Hard to share records across providers.	- Decentralized identity:
 Secure, tamper-proof records.
- Seamless sharing:
 Interoperability across providers.
- Patient control:
 Users manage access permissions.
	Service Delivery	- Siloed data:
 Inefficient and hard to retrieve.
- Manual verification:
 Slow processes.
- Security risks:
 Prone to tampering and unauthorized access.	- Tamper-proof records:
 Immutable blockchain data.
- Real-time access:
 Faster, efficient care.
- Smart contracts:
 Automate verification.
	Claims Submission	- Slow processing:
 Manual and error-prone.
- High fraud risk:
 Lack of transparency.
- Disputes:
 Frequent errors lead to conflicts.	- Automated validation:
 Smart contracts process claims instantly.
- Fraud prevention:
 Immutable records.
- Faster approvals:
 Reduces manual work.
	Claims Adjudication	- Time-consuming:
 Manual reviews take long.
- Disputes:
 Hard to verify claim authenticity.
- Fraud risks:
 Lack of real-time detection.	- Transparent audit trail:
 All activities recorded.
- AI fraud detection:
 Identifies anomalies.
- Automated resolution:
 Smart contracts enforce policies.
	Claims Payment	- Delays:
 Manual fund transfers.
- High costs:
 Intermediaries add fees.
- Errors:
 Tracking issues lead to disputes.	- Instant settlements:
 Smart contracts trigger payments.
- Lower costs:
 No intermediaries.
- Real-time tracking:
 Reduces disputes.
	Data Management	- Centralized storage:
 High breach risks.
- Limited access:
 Patients lack control.
- Compliance challenges:
 Hard to meet regulations.	- Hybrid blockchain:
 Secure and decentralized.
- Patient ownership:
 Users control access.
- Automated compliance:
 Smart contracts enforce rules.


By integrating hybrid models, decentralized access, and automated compliance, blockchain redefines healthcare data management. This evolution empowers patients, streamlines governance, and fosters a more connected and secure healthcare ecosystem. Figure 8 also shows that AI and data related nodes (i.e., “AI drive application,” “data security,” “data authenticity”) are widely connected to other healthcare and insurance domains.
[image: Network diagram showing interconnected terms such as "car insurance claims system," "federated learning," "electronic health record," and "data authenticity." Lines of varying colors and thicknesses indicate relationships and data flow among nodes, which represent concepts like "smart contract," "privacy," and "healthcare sector."]FIGURE 8 | Network analysis for keyword Co-occurrence in blockchain papers.5 APPLICATION
5.1 Secure interoperability and data management
Health insurance systems generate and handle vast volumes of sensitive medical data across various sources, such as hospitals, clinical notes, lab tests, visit records, and wearable devices. For example, in managing prescription drugs (A et al., 2022), blockchain can address longstanding issues of data integrity, fraud, and process inefficiency. Through decentralized ledgers and smart contracts, blockchain ensures the digital prescriptions issued by clinicians are immutable and verifiable. Moreover, Preventing counterfeit (Alhasan et al., 2021) involves tracking and validating the authenticity of medical products or health services data. This blockchain system can prevent counterfeiting in the health insurance sector. Also, BlockMedCare (Azbeg et al., 2022; Karmakar et al., 2024) proposes a novel Digital Twin (DT) driven blockchain framework and models patient data as digital twins. Through combining hybrid on-chain and off-chain storage, this can ensure secure data management. Recent research on Web 3.0 further reinforces this direction, highlighting how blockchain-enabled decentralized applications (dApps) and smart contracts can support transparent and secure health data exchange, extending interoperability beyond insurers and providers to broader ecosystems (Zhang and Lu, 2025).
Blockchain technology offers a solution for secure data sharing and interoperability in this fragmented environment. By using a decentralized ledger, patient records and related health data can be stored and exchanged in an immutable and tamper-evident way, ensuring data integrity across stakeholders (Center for Telehealth and e-Health Law CTeL, 2023). Every update to a patient’s record (e.g., a new lab result or treatment note) can be appended as a transaction on the blockchain, visible to authorized parties and impossible to alter retroactively. This transparency and integrity are crucial for insurers who rely on accurate data for claims and underwriting.
One application is in electronic prescriptions and medication data management. For example, when a clinician issues a digital prescription, recording it on a blockchain makes it immutable and verifiable. The insurer and pharmacy can trust that the prescription has not been forged or modified, thereby preventing fraud such as prescription alterations or refills beyond allowed limits. In practice, researchers have designed blockchain-based e-prescription systems where the prescription is encoded in a smart contract—any pharmacy or insurer can cryptographically verify its validity and dispense or reimburse accordingly (ResearchGate, 2022). This ensures that medications billed to insurance are exactly as the doctor ordered, closing a common fraud gap.
Moreover, in the pharmaceutical supply chain, blockchain can record each handoff of a drug (from manufacturer to distributor to pharmacy) to create a traceable history that helps prevent counterfeit or substandard drugs from entering the system (Center for Telehealth and e-Health Law CTeL, 2023). By verifying drug authenticity, insurers can avoid paying claims for fake or unsafe medications, enhancing patient safety and trust.
Another key use is data interoperability between healthcare providers and insurers. Health insurers often need to aggregate medical records from various providers to assess claims or manage care. Traditional data sharing is slow and siloed, but blockchain can enable a unified, permissioned data network. A notable real-world example is a 2019 collaboration between major U.S. insurers (Aetna, Anthem, HCSC) and technology firms to build a blockchain health network. Their goal was to improve transparency and interoperability by allowing insurers, providers, and patients to securely share health information on a common ledger (PR Newswire, 2019b; PR Newswire, 2019c; PR Newswire, 2019d; PR Newswire, 2019e). By reducing administrative errors and friction, such a network could ensure that each party (with proper authorization) can access up-to-date patient data (e.g., eligibility information, prior treatments) almost in real time. This kind of data management not only speeds up processes like pre-authorizations and claims approvals but also enhances security: only authorized nodes (hospitals, insurers, etc.) participate in the permissioned blockchain, and patients could even be given keys to control who sees their data (PR Newswire, 2019e).
Beyond conceptual trials, academic frameworks have demonstrated the benefits of blockchain for health data management. BlockMedCare is one such framework that models each patient’s data as a digital twin on a hybrid blockchain system (Amofa et al., 2024). In this approach, high-volume or sensitive data (like medical IoT sensor readings or images) are stored off-chain (e.g., in secure databases or IPFS), while the blockchain stores hashes or pointers ensuring integrity and time-stamping of each record. The patient’s on-chain “digital twin” is essentially an index of all their health events and data versions.
5.2 Process automation for claims and settlement
For claims and settlement, process automation has been a critical stage that often involves manual verification, prone to errors, delays, and susceptibility to fraud. As depicted in (Khatun et al., 2022; Eletter, 2024), it creates an automated platform built on the Hyperledger Fabric permissioned blockchain, which showcases how insurers and healthcare providers can interact seamlessly in a decentralized manner. Another benefit that process automation can have is from blockchain-enabled parametric insurance models, which claims are triggered automatically based on external data sources. For instance, Lemonade’s blockchain-based parametric insurance automates crop insurance claims by using rainfall data as an objective trigger, eliminating paperwork and accelerating relief to farmers (Singhal et al., 2024; Cate, 2025; Okoampah et al., 2023; Bodemer, 2023). IBM-Aetna blockchain initiative aimed at exactly this: promoting efficient claims and payment processing through a shared ledger, thereby cutting down the back-and-forth that occurs today in claims adjudication. Early pilot results in such networks have shown promise in reducing claim processing times from days to minutes, since verification steps that used to be sequential can be executed in parallel by the smart contracts (PR Newswire, 2019a).
This work (Bhamidipati et al., 2021) ClaimChain combines blockchain with IoT to automate the entire claims lifecycle - from initial claim filing to approval and final settlement–using a series of smart contracts. In ClaimChain, when a claim is filed, it is recorded as a unique digital asset on the ledger. Smart contracts then automatically perform tasks like verifying policy validity, checking the claim against known fraud indicators (e.g., whether the same expense has been claimed before), and even routing the claim through an IoT-integrated workflow for supporting data. For instance, if a claim involves a car accident injury (in auto-health combined scenarios), IoT sensors or telematics data about the crash could be attached and verified on-chain. ClaimChain’s design includes automation features at multiple levels: (a) running business rules to decide straightforward claims, (b) triggering required approvals (by linking insurers and possibly external investigators on the network), and (c) updating the status in real-time for all stakeholders. By simulating large volumes of transactions, the researchers showed that such a system can scale to handle realistic loads and markedly improve response times for claim handling. In essence, the blockchain acts as a neutral execution engine where insurers and healthcare providers collaborate without a central intermediary, each trustfully following the smart-contract-defined process.
In more conventional health insurance contexts, blockchain is enabling electronic claim management systems that improve on today’s processes. South Korea’s eClaim system is a notable example: it automates claim submission and verification for private health insurance by leveraging standardized electronic medical records and a blockchain backbone. Under eClaim, hospitals submit treatment data in a standard format, which a blockchain-based platform then cross-checks against insurance criteria automatically (PR Newswire, 2019a). Bae and Yi (2022) report that this approach greatly reduced the need for manual document handling and even led to an increase in the number of claims processed (since providers found it easier to file claims electronically). Similar advances in blockchain-driven financial automation have been demonstrated in supply chain finance, where large language models integrated with blockchain platforms enable real-time verification and settlement of financing claims; these parallel innovations underscore the feasibility of applying similar automation to health insurance claims (Yang et al., 2025). This demonstrates that automation can improve efficiency for all parties: providers get paid faster, insurers spend less on processing, and patients benefit from quicker reimbursements.
5.3 Fraud prevention and risk control
Fraud prevention and risk control are critical challenges in the health insurance blockchain ecosystem. This study presents an approach that integrates AI-Driven machine learning models (Amponsah et al., 2022; Pingili, 2025) to analyze the records stored in blockchain and identify anomalies indicative of fraud. IPFS-Blockchain (Mali et al., 2024) introduces the permissioned blockchain network where only authorized parties can participate and provides feature engineering to record each decision data frame (Ismail and Zeadally, 2021). uses multi-signature claim processing to reduce fraudulent activities, which ensure enhanced fraud prevention.
Beyond passive transparency, blockchain-based solutions actively integrate fraud detection algorithms and multi-party validation to catch anomalies. One approach is to harness Artificial Intelligence on the trustworthy data that blockchain provides. Because blockchain ensures data quality (no tampering, consistent format), AI models can reliably analyze claim records for patterns of fraud. For example, a recent framework combined blockchain with Large Language Models (LLMs) to scan through both structured claim data and unstructured medical notes stored on the ledger. In this system, the blockchain recorded all claim-related events and also stored references to detailed medical records in a decentralized storage (IPFS), ensuring the AI had a single source of truth. The LLM could then dynamically retrieve those records and evaluate if the clinical notes support the billed services, flagging discrepancies in real time. This context-aware analysis means even sophisticated frauds (like notes manipulation or unnecessary services) can be detected by cross-verifying narrative medical data with billing codes–a task very hard to do in legacy systems.
Another powerful mechanism is enforcing collaborative verification and access control to prevent fraud. Blockchain consortia in insurance allow multiple stakeholders (insurers, providers, regulators) to jointly verify claims. For example, the Block-HI framework (Islayem et al., 2025) proposes a consortium blockchain where insurers share data about claims and use smart contracts to detect fraud across the network. In such a setup, if a fraudster tried to scam multiple insurers with the same claim (a common trick when insurers’ databases are siloed), the shared ledger would immediately reveal the duplicate submissions. Block-HI goes further by defining a taxonomy of healthcare fraud patterns and encoding detection rules on-chain, so that claims are checked against multiple fraud scenarios automatically.
6 DISCUSSION
Blockchain technology presents a transformative opportunity for healthcare, addressing persistent challenges and establishing a more secure, efficient, and transparent system. Five key enablers—data security, interoperability, scalability, cost and energy efficiency, and real-time processing—define blockchain’s impact on the healthcare ecosystem and its potential for large-scale adoption. Emerging fields such as quantum science and quantum machine learning further broaden the horizon for blockchain in health insurance, as quantum-based methods could enhance computational efficiency, secure data exchange, and enable more advanced fraud detection and predictive modeling (Ye and Lu, 2022).
Data security is one of the most critical benefits of blockchain in healthcare. By leveraging encryption, pseudonymization, and decentralized storage, blockchain ensures that patient information remains protected from unauthorized access and tampering. The immutability of blockchain records enhances trust by creating a tamper-proof history (Abdelhamid et al., 2024; Wang X. et al., 2023), mitigating the risks of data breaches while ensuring compliance with privacy regulations such as HIPAA and GDPR. Compared to traditional centralized systems, blockchain-based identity management has been shown to significantly reduce the likelihood of medical identity theft, a growing concern in healthcare cybersecurity. Additional studies exploring real-world implementations of blockchain-driven privacy enhancements would further support these claims.
Interoperability remains a major challenge in healthcare due to fragmented data silos that limit seamless data exchange among stakeholders (Sharma et al., 2022). Blockchain eliminates these barriers by providing a decentralized framework that facilitates secure, real-time collaboration between healthcare providers, insurers, and researchers. The adoption of interoperability standards, such as Fast Healthcare Interoperability Resources (FHIR) in blockchain based systems (Vorisek et al., 2022; Reegu et al., 2023), has demonstrated potential in streamlining medical record-sharing and reducing administrative inefficiencies. Smart contracts play a crucial role in automating data access permissions, ensuring that only authorized parties can retrieve sensitive patient information. Further research into blockchain interoperability frameworks and real-world applications would strengthen the case for its broader implementation.
Scalability is a critical concern as healthcare systems generate vast amounts of data, requiring blockchain networks to process high transaction volumes efficiently. Traditional blockchains face processing speed and storage limitations, but hybrid blockchain models, Layer-2 scaling solutions (e.g., rollups), and alternative consensus mechanisms like Proof of Stake (PoS) and sharding offer promising solutions (Singh et al., 2023; Atadoga et al., 2024). To enhance data security and provenance, the MeDShare system employs four-layer system architecture—comprising the User Layer, Data Query Layer, Data Structuring and Provenance Layer, and Existing Database Infrastructure Layer—to ensure secure access, structured processing, authenticated transactions, and immutable record-keeping (Xia et al., 2017). These advancements optimize privacy, efficiency, and computational performance, making blockchain more viable for real-time healthcare applications. Further empirical studies evaluating blockchain scalability in large-scale healthcare deployments would provide valuable insights into its long-term feasibility and adoption.
Cost and energy efficiency are important considerations in determining blockchain’s sustainability in healthcare. The transition from energy-intensive consensus mechanisms such as Proof of Work (PoW) to more sustainable models like PoS and Byzantine Fault Tolerance (BFT) reduces environmental impact while maintaining security and decentralization (Chondrogiannis et al., 2022; Nelaturu et al., 2022). Blockchain also drives cost reductions by automating processes such as claims adjudication, fraud detection, and provider reimbursements through smart contracts, which minimize administrative overhead and accelerate payment cycles. Comparative analyses between blockchain-enabled and traditional healthcare IT systems in terms of cost efficiency and operational impact would provide further validation.
Real-time processing capabilities offered by blockchain redefine decision-making and responsiveness in healthcare. By integrating blockchain with IoT and AI-powered analytics, continuous patient monitoring and real-time fraud detection become feasible. Wearable health devices and sensor-based systems can be assisted by artificial intelligence (Nguyen et al., 2021) and securely transmit data to blockchain networks, supporting automated claim verification, remote diagnostics, and personalized treatment plans. Additionally, decentralized data storage ensures critical patient records remain accessible even during system failures or natural disasters, reinforcing healthcare resilience. Research focusing on blockchain-IoT integrations in real-world healthcare settings would further solidify its role in advancing medical technology.
By focusing on these five key enablers, blockchain lays the foundation for a secure, scalable, and patient-centric healthcare system. However, challenges such as regulatory uncertainty, integration complexities with legacy systems, and ensuring global interoperability remain significant barriers to widespread adoption. Continued collaboration among policymakers, industry leaders, and technology experts will be essential in bridging these gaps and accelerating blockchain’s adoption in healthcare.
7 TRENDS AND OPEN CHALLENGES
The integration of blockchain into healthcare continues to evolve, introducing innovations while presenting challenges that must be addressed for widespread adoption. Key emerging trends include clinical trial management, patient-centric models, disaster recovery, public health monitoring, and fraud analytics, all of which leverage blockchain’s transparency, security, and automation.
Blockchain enhances clinical trial management by ensuring data authenticity and preventing manipulation. Decentralized ledgers provide a single source of truth for researchers, regulators, and sponsors, streamlining approvals and improving trial credibility. Patient-centric models further empower individuals by granting them control over their health records, promoting secure data-sharing and consent management while complying with evolving privacy laws.
The resilience of blockchain infrastructure makes it an effective tool for disaster recovery by preserving medical records even during cyberattacks or system failures. Similarly, public health monitoring benefits from blockchain’s ability to aggregate real-time epidemiological data, aiding in disease tracking, vaccination management, and crisis response coordination among healthcare institutions and government agencies.
Fraud prevention and analytics are significantly improved through blockchain’s immutable records, AI-driven fraud detection, and IoT integration. These tools enable real-time verification of insurance claims and reduce financial losses by detecting fraudulent patterns.
Despite these advancements, regulatory hurdles, interoperability challenges, and scalability limitations continue to impede adoption. Many healthcare systems still rely on legacy infrastructures that require seamless blockchain integration, and standardized frameworks are needed to ensure compliance with privacy and security laws. Additionally, concerns regarding energy consumption and computational efficiency necessitate further research into sustainable blockchain solutions.
Beyond these broad concerns, blockchain in health insurance faces multi-layered obstacles that require careful navigation. On the technical side, scalability, latency, and data storage remain unresolved issues, while interoperability with legacy health IT continues to limit real-world integration. Regulatory uncertainty further complicates adoption, particularly where immutability conflicts with requirements such as GDPR’s “right to be forgotten.” Organizationally, high implementation costs, limited technical literacy among insurers, and resistance from entrenched stakeholders pose barriers to deployment. Nevertheless, emerging solutions—including Layer-2 scaling, hybrid blockchain models, federated learning for privacy-preserving analytics, and collaborative consortia like Avaneer Health—offer realistic pathways forward. Beyond these developments, recent surveys of quantum science and quantum machine learning suggest that the convergence of blockchain with quantum technologies may unlock unprecedented security and scalability, offering a pathway for long-term resilience in health insurance ecosystems (Lu et al., 2024). These developments suggest that while blockchain adoption will be gradual, its long-term prospects in improving efficiency, security, and patient-centric care remain strong.
Looking ahead, reconciling decentralized data systems with global privacy regimes will be essential. Cross-border insurance networks must navigate heterogeneous laws, from HIPAA in the United States to GDPR in Europe and evolving digital health regulations in Asia and Africa. Ethical reconciliation will likely require hybrid governance models, where blockchain ensures technical trust but oversight mechanisms—such as privacy-preserving computation, selective disclosure protocols, and ethics boards—guarantee alignment with patient rights and social values. Addressing these ethical dimensions is critical for building not just legally compliant but socially trustworthy blockchain health insurance systems.
Beyond regulatory compliance, blockchain in health insurance raises important ethical questions. Decentralized identity management, while empowering patients with control over their data, also shifts responsibility and potential liability onto individuals who may lack the expertise to manage cryptographic keys. Ethical concerns arise if patients lose access to their health data or if identity credentials are compromised. Furthermore, while blockchain’s immutability ensures data integrity, it also creates tension with ethical obligations to allow data correction or erasure, especially under laws like the GDPR’s “right to be forgotten.” These issues underscore the need for governance frameworks that align technological capabilities with ethical standards of patient autonomy, beneficence, and justice.
To fully realize blockchain’s potential in healthcare, collaborative efforts among policymakers, technology developers, and healthcare institutions are essential. By addressing these open challenges, blockchain can drive a more transparent, resilient, and efficient healthcare ecosystem that benefits patients, providers, and insurers alike.
8 CONCLUSION
Blockchain technology presents a transformative opportunity to enhance security, efficiency, and transparency in health insurance. By enabling immutable records, smart contracts, and decentralized data management, blockchain addresses key challenges in claims processing, fraud prevention, and interoperability. Its integration with AI and IoT strengthens fraud detection, streamlines workflows, and improves real-time decision-making.
Despite its potential, scalability, regulatory alignment, and integration with legacy systems remain critical challenges. Overcoming these barriers will require collaborative efforts among policymakers, industry leaders, and technology developers to establish standardized frameworks and scalable blockchain solutions.
As blockchain adoption continues to evolve, its role in patient-centric healthcare, public health monitoring, and automated insurance processes will expand. Future research should focus on real-world implementations, regulatory adaptation, and optimizing blockchain’s energy efficiency. By addressing these challenges, blockchain can drive a more transparent, resilient, and patient-focused health insurance ecosystem.
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