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ABSTRACT 

A blockchain-powered health information ecosystem offers a promising solution to 

the often-discussed issue of lifelong patient health data management. This challenge 

involves balancing patient privacy with the increasing demand for data from research and 

policy-making institutions. While the availability of such data is crucial in emergencies and 

significantly supports research, population health management, and development activities, 

its misuse can lead to serious social and ethical issues by malicious actors. Currently, 

privacy regulations for health data vary globally, but the core principles consistently 

emphasize protecting patient privacy over general availability. This protective stance often 

leads health system developers to adopt a defensive approach to avoid violating privacy 

laws, resulting in restricted data access. Consequently, policymakers and developers, 

especially in the pharmaceutical sector, face ethical and political challenges in utilizing this 

data. This article investigates how blockchain technology can secure data while maintaining 

accessibility. Our method follows the principles of the US HIPAA statute, which sets criteria 

for public access to health information, while local restrictions may differ. Blockchain's 

decentralization, absence of intermediaries, and cryptographic security provide a novel 

solution to securely storing medical data. It also improves the efficiency of electronic health 

records (EHR) by providing public access via peer-to-peer connectivity.  

Keywords: Health data storage, patient privacy, blockchain, EHR, cryptographically 

secure data storage, multi-signature data access. 
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Introduction 

Blockchain is a secure, 

unchangeable data structure that organizes 

information into blocks, linking them with 

cryptographic keys. As a decentralized 

system, it allows multiple participants in a 

network to manage and verify data 

collaboratively without a central authority 

overseeing the process. In a peer-to-peer 

setup, independent participants work 

together to keep the blockchain data 

consistent and synchronized, relying on a 

consensus mechanism to validate 

information. In open, permissionless 

blockchains, no single entity controls the 

consensus rules, as a network of 

independent peers maintains them. This 

structure eliminates the need for 

intermediaries, creating a system where 

trust is built directly through the network. 

Known as the “technology of trust,” 

blockchain's complex, costly consensus 

process ensures that data and transactions, 

once added, are practically irreversible. 

II. Centralized Electronic Health Record 

(EHR) systems face several challenges  

A. Current Healthcare Infrastructure  

Currently, a wide range of separate 

health information systems store individual 

patient data in large, isolated silos. These 

systems are structured differently based on 

the unique objectives of each healthcare 

provider's business. Whether it's a 

diagnostic center or a general practitioner, 

data is organized in distinct ways. In any 

case, both types of providers rely on (name, 

value) pairs to convey encounter results, 

which are then incorporated into EHR 

records through various structuring 

methods. These pairs are accompanied by 

key attributes, with the timing of events 

being particularly important. 

It requires a set of interfaces to be 

developed and maintained for years in order 

to amalgamate these data sources that are 

kept separately. Numerous protocols have 

been created to solve the problem of 

connecting disparate health data systems. 

Nevertheless, the lack of a standardized 

protocol is still hindering widespread access 

to data exchange. 

At the same time, there is a move 

from procedure and profession-based 

healthcare provision to comprehensive care 

- this requires more data about patients 

being available for health providers. This 

transition to a more accessible incorporated 

EHR format. This is combined with the 

pursuit of better care outcomes, and there 

are also myriad research initiatives or 

supplementary health providers (e.g., 

pharmaceutical companies or service 

sectors) who, too, would like to get the data 

from individual patients. This was an added 

layer due to space for personal fitness 

tracking gadgets deployed. 

B. Simplified Working Model of Patient-

Provider Relations 

Before you can thoroughly assess a 

patient, it is critical that you first understand 
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their details. Although the manner of 

operation varies in healthcare systems 

worldwide, one constant throughout is that 

Primary Care providers must ensure 

cooperation between various healthcare 

professionals and entities such as labs or 

pharmacies. This typically involves a central 

figure, such as the primary care provider 

(PCP) or designated physician of record, 

having services coordinated through them 

and generating critical information from any 

auxiliary providers. 

These methods can be effective for 

specific care scenarios, whether focused on 

a particular condition or level of care. During 

emergencies, centralized data storage 

systems hold the potential to offer critical, 

life-saving information. While centralized 

systems can efficiently provide requested 

data, the main concern lies in the 

centralization itself. Overly concentrated 

authorization in central bodies can lead to a 

convoluted permission structure, increasing 

the risks of data breaches and information 

disclosure. 

C. Aligning Care Delivery and Payment 

In healthcare systems, where how 

care is provided impacts providers' 

earnings, manipulating data can pose 

challenges. Introducing a blockchain-

based, secure patient record system can 

address inconsistencies and uphold data 

reliability.  

D. Patient Data Accessibility 

In healthcare systems where provider 

earnings are influenced by care provision, 

the manipulation of data can pose 

challenges. Implementing a blockchain-

based system for immutable patient records 

can help prevent inconsistencies and 

preserve the reliability of data.    

III. A Regulation to Begin With - HIPAA 

Given the variation in national 

regulations, we will begin by applying the 

standards set forth in the Health Insurance 

Portability and Accountability Act of 1996 

(HIPAA). This paper does not aim to offer an 

exhaustive summary of pertinent 

regulations; instead, we will rely on 

fundamental principles common to most 

national jurisdictions. 

The essential part of the HIPAA 

rules is summarized as: "All individually 

identifiable health information held or 

transmitted by a covered entity or its 

business associates in any form or media, 

whether electronic, paper, or oral," 

constitutes private patient health 

information. De-identified health information 

is defined as: "Health information that does 

not identify an individual and with respect to 

which there is no reasonable basis to 

believe that the information can be used to 

identify an individual is not individually 

identifiable health information." The use 

restrictions for de-identified data are 

summarized as follows: "There are no 

restrictions on the use or disclosure of de-
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identified health information. De-identified 

health information neither identifies nor 

provides a reasonable basis to identify an 

individual." The line between identifiable 

data and de-identified data is determined by 

any details that could limit the potential 

number of individuals linked to a set of 

information to a specific proportion of the 

total population. This proportion is 

subjective and may vary based on local 

circumstances. 

IV. Tools used for encryption and intelligent 

contracts 

It seems like you're outlining the 

foundational cryptographic tools and 

concepts that are crucial for blockchain-

based systems in healthcare. Here's a 

summary of each: 

A. Public-key cryptography (PKI): This is 

essential for secure identification and 

transactions within blockchain systems, 

utilizing private-public key pairs. 

B. Digital signatures: Ensures the integrity 

and authenticity of data by confirming its 

source using cryptographic verification. 

C. Blind signature: Allows signing of 

messages without revealing their content, 

useful for protecting sensitive patient 

information in healthcare systems. 

D. Multi-signature: Requires multiple parties 

to sign a transaction, enhancing security 

and decentralization in blockchain 

networks. 

E. Smart contracts: Automated, self-

executing contracts with predefined rules, 

integral to blockchain ecosystems like 

Ethereum, enabling decentralized 

applications (dApps) and complex 

transactional logic. 

These tools collectively provide a 

robust foundation for secure, privacy-

preserving, and efficient healthcare 

information systems based on blockchain 

technology. 

V. Electronic Health Record Application 

Model 

Blockchain technology offers 

transformative benefits to healthcare's 

Electronic Health Record (EHR) systems, 

addressing challenges inherent in 

centralized data management. By 

decentralizing data storage, blockchain 

enhances security, relying on consensus 

mechanisms like mining and cryptographic 

tools, such as blind signatures and multi-

signatures, to protect data privacy. It also 

expands data sources beyond traditional 

providers to include IoT-based wearables, 

implants, and home devices, which enrich 

data reliability. Access to sensitive 

information is tightly controlled through 

encryption, allowing only authorized users 

access and avoiding centralized data 

gatekeeping. The technology also reduces 

operational costs by minimizing database 

maintenance expenses while supporting 

interoperability through a secure, immutable 

platform that eliminates complex data 

reconciliation processes. To balance 

security and accessibility, EHR systems can 
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operate in both permissioned and 

permissionless settings. Permissioned 

subsystems restrict sensitive data access to 

authorized entities and ensure compliance 

with regulations like GDPR and HIPAA, 

while permissionless subsystems handle 

decentralized storage of non-sensitive or 

anonymized data, facilitating research, 

public health analysis, and system 

interoperability without risking privacy. 

Incentive models in these blockchain 

networks vary: permissioned systems may 

reward participants through centralized 

governance rules, while permissionless 

systems often rely on native tokens within a 

decentralized governance structure to 

incentivize network participation and 

maintain security. By integrating both 

models, blockchain-based EHR systems 

promote secure, decentralized, and 

compliant healthcare data ecosystems that 

support both patient privacy and broader 

data-sharing needs, enabling an adaptable 

and resilient healthcare information 

infrastructure. 

VI.  Summary  

This paper introduces an integrated 

health information model based on 

blockchain technology. It solves data 

access problems without compromising 

personal privacy. The decentralized and 

cryptographically secured network supports 

new service providers and automatic 

personal monitoring devices, advancing 

healthcare delivery.   
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