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ABSTRACT

The use of the blockchain technology in the healthcare sector presents

an opportunity to create a secure, decentralized and patient centered
approach to data management. In this paper a blockchain-based digital
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health ecosystem is suggested to support the continuous health

Lecturer, Department of monitoring and data sharing concept. Through the use of blockchain,
Computer Science and the platform provides the assurance of security in the transfer of health
Engineering, Alhaz information making sure that patients have sole rights to their data. The

Mockbul Hossain College,
Plot# 08 Road# 01,

Kadarabad Housing Society
Ltd, Mohammadpur, Dhaka- possible for individuals to sell their anonymized health information to

ecosystem incorporates the use of 10T and wearable technologies to

support real time health monitoring and data capture. It thus becomes

1207, Bangladesh. various parties including researchers, pharmaceutical companies and
insurance firms in exchange for tokens. This study seeks to meet major
challenges in the area of data interoperability, scalability, privacy, and

regulatory compliance, and it shows how this

model can enable healthcare advancement, enhanced outcomes, and
equal access to the ownership of health data. The ecosystem is intended to link the patient,
the doctor and other players in the healthcare sector and create a strong and viable platform
for managing digital health.
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1. INTRODUCTION

In the context of the increasing technological advancement in the healthcare industry, one of
the biggest challenges has been the controlled access of the patient data without
compromising on security throughout the different systems.’? The prevailing environment
surrounding the submission and utilization of health information faces major issues revolving
around who owns the data, confidentiality, security, as well as inequitable value contributions
among the participants or contributors.”! However, operating on the premise of secured
decentralized model, the blockchain technology seems to be the answer to all these
challenges. The use of blockchain in such systems can provide a reliable mechanism for the
control of electronic health information through its capacity of promoting sharing of data that
is open, immutable and given with the appropriate permissions.™ With a blockchain based
model, the patients have complete authority on their health data and the model provides for
authorization to use the data for monetization on fair and protected grounds. Such a system
not only promotes the effective exchange of information for the purpose of effective
monitoring of health status but also allows interaction among patients, doctors, health care
providers, researchers.l®! This paper discusses the concept of a blockchain based digital health
ecosystem focusing on the continuous monitoring of health as well as monetization of the
health data. The proposed model is one of its kind as it combines decentralized solutions with

privacy enhancing solutions in a seamless manner.

2. MATERIALS AND METHODS

2.1. Background

The integration of wearables, 10T health technologies and mobile applications into healthcare

has generated unprecedented amounts of data critical to the advancement of personalized

medicine and medicine in general.’® Meanwhile, these trends do not mitigate the challenges

presented by the existing health data management systems:

e Health Data Silos: They are siloed systems which do not facilitate interoperability and
therefore the collected health data is not utilized to its full potential.

e Patients Have No Control: Patients’ involvement in the decision concerning how their

health data is shared and used is usually minimal.
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Corporate Use of Health Data as A Commodity: Corporations utilize health data as a

commodity and almost never compensate people whose health data is used.

Blockchain technology as a solution to these challenges the management of health data

within the technology is decentralized and is characterized by security and transparency.®!

2.2. Blockchain Technology: Key Features

Blockchain’s unique features provide a robust framework for addressing the limitations of

existing health data systems.!*!

Decentralization: This feature enables the patients to have supervision over their health
data. They can exercise control over how their data is shared thus minimizing the threat of
data ownership and privacy. This is because it also gets rid of trust on all the centralized
entities.

Data Security: This is crucial in enhancing the trust of the data-sharing processes.
Blockchain solves the problem of issues such as indeed containing unauthorized users and
maintaining a durable system that can be used to store health data.

Transparency and Auditability: The blockchain eradicates this as all transactions can be
tracked thus all parties are held responsible for their actions. This is a very important
quality when it comes to data and research sharing agreements and fostering
collaborations among individuals.

Smart Contracts: With the help of smart contracts, the change in structure of the data-
controls embedded into the blockchain is done automatically using self executing
contracts. Data sharing protocols are stipulated ensuring that the terms are violated and
making the transactions cheap and effortless.

2.3. Blockchain-Based Digital Health Ecosystem

A blockchain-based digital health ecosystem introduces a decentralized platform for changing

health statistics securely and transparently.™

Patient Empowerment: Patients regain possession and manage in their health data records.
They determine who can get access to it, below what phrases, and for what purposes,
improving their privacy and autonomy.

Monetization Opportunities: Blockchain enables patients to monetize their anonymized
health information. Compensation can be provided within the form of tokens, virtual

belongings, or offerings, creating an equitable information economy.
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e Accessible Data for Research: Researchers and agencies advantage get entry to a
numerous pool of awesome, anonymized health facts. This fosters clinical improvements,

helps innovation, and guarantees the moral use of patient statistics.

3. LITERATURE REVIEW

In current years, blockchain generation has emerged as a transformative device throughout
diverse industries, along with healthcare. The development of blockchain-based digital health
records system guarantees to address crucial demanding situations together with secure
records sharing, privacy, and monetization in continuous health tracking systems. This

literature evaluation examines the prevailing research and improvements in this area.

3.1. Blockchain in Healthcare

Blockchain generation is characterized via its decentralized, immutable, and transparent
nature that is in particular fine for healthcare statistics management. Studies including Xia et
al. (2017) emphasize the position of blockchain in making sure steady, tamper-proof storage
and sharing of scientific records. Additionally, studies highlights its capacity to mitigate
issues such as statistics breaches and unauthorized get right of entry to (Azaria et al., 2016).
Blockchain's use in healthcare has gained traction because of its potential to streamline

information trade among stakeholders whilst retaining privateness and facts integrity.

3.2. Health Data Ecosystem

Digital health data ecosystem leverage blockchain to allow secure and decentralized
platforms for buying and selling fitness facts. Patients and healthcare carriers can share and
monetize information even as maintaining manage over its utilization. For example, Peterson
et al. (2016) advise a blockchain-primarily based health records change model that
incentivizes data sharing at the same time as retaining user anonymity. Similarly, platforms
like MedRec and Healthbank exemplify how blockchain can facilitate decentralized statistics

exchanges for patient-centric healthcare.

3.3. Continuous Health Monitoring

Continuous health tracking entails the real-time series of affected person statistics thru
wearable gadgets, mobile fitness apps, and loT-enabled medical gadgets. Studies have
underscored the want for secure records transmission and storage systems, in particular as the

extent of records generated will increase exponentially (Dwivedi et al., 2017). Blockchain
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integration can address those demanding situations with the aid of ensuring information

authenticity and reducing risks of tampering or loss.

3.4. Data Monetization in Healthcare

The monetization of fitness records has been a contentious but promising region. Patients
regularly have confined manage over how their statistics is used or monetized through third
events. Blockchain-based solutions permit sufferers to maintain possession in their
information and acquire reimbursement for sharing it. Researchers including Roehrs et al.
(2019) recommend frameworks in which patients act as information companies in steady,
blockchain-powered environments. Smart contracts facilitate computerized bills and make
sure compliance with predefined conditions.

3.5.  Privacy and Security Concerns

One of the number one demanding situations in enforcing blockchain-based health records
ecosystems is ensuring facts privacy and compliance with policies like GDPR and HIPAA.
Recent studies propose privacy-maintaining mechanisms such as understanding proofs and
homomorphic encryption to address those issues (Zhang et al., 2018). Additionally,
improvements in permissioned blockchains offer enhanced manipulate over records get

admission to.

3.6. Existing Challenges and Gaps

While blockchain gives several blessings, challenges continue to be in scalability,
interoperability, and user adoption. Current research highlights the high computational costs
and latency associated with blockchain networks (Mohanty et al., 2020). Moreover,
integrating blockchain with legacy healthcare structures and loT gadgets calls for strong

answers to obtain seamless interoperability.

4, METHODOLOGY

In this section we defined our Proposed Framework which is "Blockchain-Based Digital
Health Ecosystem for Continuous Health Monitoring and Monetization." This method will
cowl the proposed device structure, facts handing, user interaction, and records
confidentiality and compliance measures, making sure a complete approach to the

ecosystem's implementation. Figure 1 shows the evaluation of Overall machine structure.
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Figure 1: Blockchain Framework for Continuous Health Monitoring and Monetization.

This discern describes the Layer wise blockchain farm work structure for continuous health
monitoring and monetization. Here’s a breakdown of each layer and its position in healthcare
data monitoring and monetization:

4.1. Hardware Layer

The foundational layer such as the hardware and bodily resources that help the blockchain.
This consists of the cloud servers, records facilities, and internal infrastructure that healthcare
establishments use to host nodes.

4.2. Data Layer
Holds and structures statistics recorded on the blockchain, including health statistics,
prescriptions, and treatment histories. Manages encrypted data storage and integrity,

maintaining affected person records personal while proving information authenticity.

4.3 Network Layer

Manages communication and interaction between distinct nodes (computer systems) in the
blockchain community. Network nodes consist of hospitals, clinics, wearable tool carriers and
EHR systems that constantly replace affected person data and synchronize it across the

network.
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4.4, Consensus Layer

Uses algorithms to affirm records validity and authorize transactions, securing affected
person consent for information sharing. Consensus algorithms like Proof of Authority (PoA)
or Proof of Work (PoW) assist to make certain secure and licensed facts validation, reducing

risks of fraud or unauthorized records sharing.

4.5. Application Layer

The utility layer connects stakeholders—patients, medical doctors, providers, insurers,

pharmacies, labs, and researchers—to blockchain for stable, seamless interaction.

» Patient DApp: Empowers sufferers to govern medical facts and manipulate get admission
to even as exploring doctor profiles.

« Doctor DApp: Supports actual-time health monitoring and records monetization. Patient’s
proportion anonymized records and earn rewards.

» HealthCare Provider DApp: Automates healthcare workflows and securely manages
affected person statistics, coverage claims, and offerings.

« Diagnostic Laboratory DApp: Offers secure lab offerings, together with test bookings and
result access, with full affected person data manage.

» Pharmacy DApp: Ensures tamper-evidence prescriptions, tracks medicine adherence, and
rewards healthy behaviors.

« Insurance Company DApp: Automates claims through clever contracts. Patients earn
rewards for healthy conduct, reducing rates.

» Researchers DApp: Facilitates stable facts sharing and monetization, with decentralized

collaboration and token incentives.

4.6 Data Flow Diagram

The DFD illustrates a blockchain-driven framework for secure health data management,
focusing on encrypted data flow, decentralized storage, and automated smart contracts.
Patients submit health data via devices, control access and receive insights, while providers
request data for diagnosis. Researchers purchase or request data for research, with
transactions managed through smart contracts. Key processes include data collection,
encryption, access control, ecosystem operations and analytics for generating insights. Data
flows from patients to the blockchain for secure storage, then to providers and researchers

post-permission validation.
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Figure 2: Data Flow Diagram for Blockchain-Based Digital Health Ecosystem for

Continuous Health Monitoring and Monetization.

Feedback loops provide patients with personalized insights and enable researchers to conduct
dvanced analytics, fostering innovation while ensuring privacy, transparency, and

incentivized data sharing.

4.7. Use Case Diagrams

4.7.1. Patients-Doctor Interaction

This use case diagram illustrates patient-doctor interactions facilitated by a blockchain
network. The primary actors include the Patient, Doctor, Pharmacy and Blockchain Network.
Patients can register, securely share medical records, grant access, view prescriptions, and
provide consent for data use. Doctors can register, access patient information, update medical
records, and issue prescriptions. Pharmacies process and verify prescriptions issued by
doctors. All interactions are facilitated through the Blockchain Network, ensuring data

integrity, security, traceability, and decentralized control via an audit trail of all activities.
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Figure 3: Use Case Diagram for Patient- Doctor Interactions Over a Blockchain

Network.

4.7.2. Patient-Healthcare Provider Interaction:

This use case diagram highlights interactions between patients, healthcare providers, and a

blockchain network in a healthcare system. Patients create profiles and, with providers,

update medical records on the blockchain. Access to medical histories, prescriptions and lab

results is managed with patient consent. Secure identity verification and data sharing ensure

continuity of care, while regulatory authorities audit compliance. The blockchain ensures

secure, transparent and immutable data management.
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Figure 4: Use Case Diagram for Patient-Healthcare Provider interaction over

Blockchain Network.

WWw.wjert.org

ISO 9001: 2015 Certified Journal

34




Jui et al. World Journal of Engineering Research and Technology

4.7.3. Patients-Diagnostic Laboratory Interaction

This Use Case Diagram illustrates a blockchain-based system for managing diagnostic
laboratory processes, involving key actors: Patients, Diagnostic Lab Technicians, Doctors,
Insurance Providers and the Blockchain Network. Patients initiate diagnostic test requests,
which are scheduled collaboratively with technicians. Following the performance of tests and
result generation by technicians, test results are securely uploaded to the blockchain to ensure
data integrity. Authorized users, including patients, doctors, and insurance providers, can
access these results as needed. Doctors review and interpret the results to guide treatment,

while insurance providers verify the data to process claims efficiently.
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Figure 5: Use Case Diagram for Patient-Diagnostic Laboratory over Blockchain

Network.

4.7.4. Patients-Pharmacy Interaction

This Use Case Diagram outlines a blockchain-based system for enhancing pharmacy
management, involving key actors: Patients, Pharmacists, and the Blockchain Network.
Patients are securely registered on the blockchain, allowing for validated prescription
verification. Once authenticated, the pharmacist dispenses medication, recording the
transaction on the blockchain for transparency and data integrity. Patient records are updated

securely, and their medication history is accessible to authorized users. The system also

WwWw.wjert.org ISO 9001: 2015 Certified Journal 35




Jui et al. World Journal of Engineering Research and Technology

provides real-time updates to patients regarding prescription status, ensuring fraud

prevention, secure data handling and efficient communication throughout the pharmacy
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\\\ Access Medication History
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management process.

Figure 6: Use Case Diagram for Patient-Pharmacy Interaction over Blockchain

Network.

5. RESULT AND DISCUSSION

This have a look at explores the potential of a blockchain-based digital health records system
designed to permit non-stop health monitoring and facilitate the monetization of health
statistics. The platform utilizes Proof of Stake (PoS) for consensus, AES-256 encryption for
secure statistics garage, and zero-knowledge proofs to preserve user privacy. The simulation
is carried out throughout three tiers of adoption—Ilow, mild, and excessive—to evaluate

machine scalability, transaction performance, and financial sustainability.

5.1. RESULTS
Simulation Results and Analysis

Table 1: Simulation Metrics by Adoption Stage.

Metric Low Adoption Moderate Adoption High Adoption
- 1,000 patients, 5,000 patients, 20, 000 patients,
FEUENES 50 providers 200 providers 1,000 providers
Daily Transactions 5,000 25,000 1,00,000
Transaction Latency 2.5 seconds 5seconds 9 seconds
Blockchain Utilization 25% 55% 85%
Consensus Mechanisum Proof of Stake Proof of Stake Proof of Stake
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Revenue 10,00,000 50,00,000 2,00,00,000
Token Circulation 15,000 tokens/day 75,000 tokens/day 3,00,000 tokens/day
Patient Incentives 2,00,000 10,00,000 40,00,000
Privancy Breaches None None None
Energy Consumption Low Moderate High

1. Participants

A bar chart showing the number of participants under three adoption scenarios: Low,

Moderate, and High Adoption. The number of participants increases significantly as adoption

levels increase:

- Low Adoption: Very few participants.

- Moderate Adoption: A moderate number of participants.
- High Adoption: Approximately 20,000 participants.

Participants

25,000

20,000
15.& Vertical (

10,000

- .
o | —

Low Adoption Moderate High Adoption
Adoption

Value) Axis

Figure 7: Participants over Adoption.

2. Blockchain Utilization

A line graph displaying blockchain utilization (percentage) across the three adoption

scenarios. Utilization increases linearly with adoption:
- Low Adoption: Around 20%.

- Moderate Adoption: Around 50%.

- High Adoption: Close to 90%.
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Figure 8: Blockchain Utilization over Adoption.
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3. Daily Transactions

A bar chart showing the number of daily transactions under the three adoption levels.
Transactions increase drastically with adoption:

- Low Adoption: Few thousand transactions.

- Moderate Adoption: Approximately 25,000 transactions.

- High Adoption: Around 100,000 transactions.
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Low Adoption Moderate High Adoption
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Figure 9: Transaction over Adoption.

4. Revenue and Patient Incentives

A grouped bar chart comparing revenue (in blue) and patient incentives (in red) across
adoption levels. Revenue and incentives rise with adoption:

- Low Adoption: Minimal revenue and incentives.

- Moderate Adoption: Noticeable increase in both revenue and incentives.

- High Adoption: Revenue exceeds 2x107 BDT, with significant incentives as well. 5.2.

25000000

20000000
15000000
W Revenue
10000000 -
W Incentives
5000000
0 L mmm L

Low Adoption Moderate High Adoption
Adoption

Figure 10: Revenue and Patient Incentives.

5.2. DISCUSSION

1. Real-Time Health Monitoring: The platform enables continuous series of health
statistics, selling more customized care. As the volume of information will increase,
healthcare providers gain treasured insights, leading to informed selections and improved

health outcomes.
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2. Scalability Challenges: The gadget performs effectively at smaller scales however faces
demanding situations as adoption increases. To address this, incorporating off-chain
mechanisms or layer-2 scaling techniques like rollups can help reduce gadget pressure and

make certain seamless operation.

3. Economic Model and Growth: The token-primarily based reward system motivates
patients to percentage their health facts, making sure a regular waft of participation. As
consumer engagement grows, the platform’s economic shape will become more sturdy,

growing a self-sustaining ecosystem that blessings all involved.

4. Privacy and Regulatory Compliance: The platform adheres to key facts privacy policies
like GDPR and HIPAA, ensuring the steady dealing with of personal health data. This
commitment to international privacy standards facilitates build user consider and enables
global expansion.

6. CONCLUSION

Blockchain technology has the capability to revolutionize the healthcare area, specifically in
the management, sharing, and use of healthcare records. This paper introduces a blockchain-
powered framework for a digital healthcare records ecosystem, specializing in how it could
empower sufferers, privacy, and permit for steady, decentralized monetization of health
information. By utilizing blockchain’s key capabilities—decentralization, immutability, and
transparency—the proposed gadget addresses key issues in healthcare, together with records

fragmentation, confined affected person control, and company misuse of health data.

The framework consists of 10T devices and wearable devices to permit continuous health
monitoring, bearing in mind real-time information collection and presenting insights that sell
proactive health control. Furthermore, tokenized incentives create a sustainable financial
version that rewards sufferers for sharing their anonymized data, fostering participation while

retaining ethical standards.

The machine’s multi-layered layout guarantees scalability and robust functionality, with
every layer that specialize in secure records processing, clean communique, and user
interaction. Decentralized applications (DApps) for various stakeholders, along with patients,
healthcare companies, doctors, diagnostic labs, pharmacies, and insurance corporations, help

create an extra interconnected and obvious healthcare atmosphere.
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Although blockchain offers huge benefits for healthcare, demanding situations which include
scalability, interoperability, and regulatory compliance stay. Future work must attention on
improving consensus mechanisms, growing privacy-keeping algorithms and aligning with

worldwide statistics safety laws, consisting of GDPR and HIPAA.

In conclusion, a blockchain-based digital health data ecosystem can transform healthcare with
the aid of connecting patients with key stakeholders, promoting innovation, and
democratizing access to health facts ownership. By empowering people and fostering
collaboration, the system has the ability to create a greater efficient, equitable, and patient-

focused healthcare environment.
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