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ABSTRACT

Healthcare can only benefit from the integration of Big Data and Blockchains that improve decision making, operational
management and data security. This research examines how Big Data analytics and Al driven algorithms can improve patient
care, resource allocation, and predictive modeling as well as Blockchain technology to assures data lapses, integrity, privacy,
and supply chain security. Four healthcare data analysis focused approaches, i.e., Federated Learning, Time-Series
Prediction, Deep Learning and Smart Management Information Systems were implemented. By using the proposed model,
the accuracy on disease prediction, fraud detection and medical supply chain management are achieved 95.4, 87.6 and 92.3
respectively, and are better than existing centralized systems. Related work comparative analysis reveals that solutions
leveraging Blockchain into Big Data have better security, scalability, and real time processing when compared to standard
Big Data. Finally, the study shows that privacy preserving Al models integrated with decentralized blockchain ledgers can
decrease data breach by 74.2 percent and optimize the decision making of medical problems by 89.5 percent. While faced
by regulatory impediments and interoperability difficulties, the findings emphasize the big data and Blockchain synergy as
a potent means to revolutionize the healthcare managements. The focus in future research should be on scalability
improvements, regulations for cross border data sharing and optimization of the Blockchain for real time processing in order
to take full advantage of this technology.

Keywords: Big Data, Blockchain, Healthcare Analytics, Al-driven Decision-Making, Predictive Modeling

1. INTRODUCTION

Big Data and Blockchain technology has been integrated in the healthcare industries to optimize the decision making and
operational management. Large amounts of data are shipped in from electronic health records (EHRS), medical imaging,
clinical research and wearable devices. Despite these challenges, this data can be so valuable: and yet, managing and using
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it requires huge investments and is difficult. Healthcare professionals can perform Big Data analytics to trace disease patterns,
make decisions based on actionnable insights, predict and prevent disease. On the other hand, Blockchain technology
provides a distributed, secure, tamper proof and transparent data management scheme [1]. The combination of these two
technologies provides a new way to solve critical healthcare challenges. Blockchain also provides data integrity, security,
and privacy — important things that must be handled while dealing with sensitive patient data [2]. Blockchain is based on the
use of cryptographic techniques to ensure unauthorized access to data and increase the trust in data sharing among healthcare
stakeholders [3]. By automating further administrative processes using smart contracts, the inefficiencies in hospital
management and supply chain operation are reduced. Ditto in terms of big data analytics processes and interpretated large
data to optimise the decision making like precision medicine, early disease detection and resource allocation. Such a
combination of technologies allows for an uninterrupted data transfer while at the same time keeping confidentiality &
compliance with regulatory standards such as HIPAA and GDPR. From a perspective of how Blockchain based Big Data
analytics translates into better operational management, it helps to eliminate duplicate records, reduce the incidence of fraud,
and give real time access to patient history. Additionally, it helps in the pharmaceutical shipment tracking and distribution
of medical equipment.

2. RELATED WORKS

1. Big Data and Blockchain in Healthcare Management

Jung [19] has investigated the adoption of Big Data and Blockchain in healthcare supply chain management (SCM), and in
particular states that blockchain can enhance data security, transparency, and increase operational efficiency. Decentralized
ledger systems can be implemented by hospitals and pharmaceutical companies to ensure the integrity of data, at the same
time to reduce fraud. Another similar thing is discussed in the work of Mishra and Singh [26] that is Internet of Medical
things (IloMT) where the blockchain is used for secure data exchange and to prevent cyber threats in the smart healthcare
ecosystems. Guo and Polak [16] examine enterprise intelligence and finance centralization, which can be carried out in a
blockchain smart healthcare billing system. Using such automation of financial records makes it tamper-proof, preventing
fraudulent claims and boosting confidence in providers and insurers. In this they are built on by Lazaroiu et al. [22] who
show how geospatial Big Data management with deep learning algorithms can be used to develop a predictive model of
healthcare resources to improve patient flow optimization in smart hospital.

2. Big Data for Predictive Healthcare Analytics

Big Data and Al is increasingly used to predict disease outbreaks, detect early symptoms, and optimization of treatment plans
using predictive analytics. In their analysis, Hassani et al. [17] study how Big Data technologies can help economies of
nations and private companies in planning healthcare and schemes for emergency response. This paper shows how large
scales patient data reveal pandemics and how you can improve hospital resources. Retrieved from Madanchian [25],
Madanchian discusses how complex systems can be utilized for predictive analytics as well which relate to early disease
detection in health care. Therefore, hospitals can leverage real time patient data to build Al driven risk assessment models to
predict chronic illnesses like diabetes and Cardiovascular diseases. Liang et al. [24] extend this to further present the
evolution of Smart Management Information Systems (SMIS) using blockchain integrated Big Data for real time healthcare
performance monitoring. Karras et al. [20] propose a more specialized approach to FL in healthcare based on the Federated
Learning Based Infrastructure for 10T Big data Management (FLIBD). Such a system guarantees privacy preserving training
of Al on the basis of patient records that are decentralized, hence avoiding the privacy risks of training on centralized Al
models.

3. Blockchain and Big Data for Supply Chain Optimization

Under the medical supply chain management, blockchain has gained wide spread use for securing and promoting the efficient
of drug distribution. In the paper Javed and others [18] focus on how advanced technologies and particularly during COVID
19 pandemic effect supply chain collaboration. As the title alludes to, and their paper explains, their study highlights the
value of real time data sharing, blockchain based fraud prevention and Al driven demand forecasting in order to ensure
supply chain resilience. Ding et al. [15] emulate the food industry logistics model to Big Data and Al for improving its food
industry logistics, and transferring the resulting model to medical supply chains to optimize the efficiency of drug
distribution. With blockchain based smart contracts, pharmaceutical companies can authenticate the medicine, its expiration
date and reliability of the source. This echoes with Kashpruk et al. [21] who prove that time series prediction models can
predict demand fluctuations of medical supplies so as to minimize shortages and waste. In addition, Li et al. [23] employ
Geographic Information Systems (GIS) to provide Supply Chain Tracking that can be coupled with blockchain based digital
ledgers to verify end to end shipment of medical supplies, to guarantee on time delivery and prevent counterfeiting.

4. Security and Privacy Challenges in Healthcare Data Management
Security and Privacy of Data concerns are one of the key problems to be addressed in Big Data analytics of healthcare.
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Traditional centralized data storage is highly vulnerable to cyberattacks, and this is why Jung [19] emphasizes that blockchain
integration is a tamper proof decentralized records that make these data safer. Similarly, with a similar demonstration, Karras
et al. [20] also demonstrate how the Federated Learning (FL) integrated with Blockchain can prevent unauthorized access to
medical records while also allowing the privacy compliant Al model training. Furthermore, Lazaroiu et al. [22] refer to
robotic wireless sensor networks that may improve secure data collection of wearable medical devices and inhibit data
manipulation in the telemedicine applications. Furthermore, Hassani et al. [17] discuss the economic and social impacts of
data security and showed that privacy losses may trigger heavy financial losses and the erosion of patient trust with healthcare
institutions.

3. METHODS AND MATERIALS

Data Collection and Description

A series of related studies are based on such secondary data of healthcare databases, electronic health records (EHR) and
block chain based health information systems. The dataset is anonymized patient records, clinical trial results, and operational
data resources in the healthcare like patient demographics, treatment history and items in the supply chain transactions. It is
primarily centered on structured and unstructured data (categorical and numerical and textual data) [4]. To verify data
integrity, blockchain logs can be used to verify that the data has not been modified with no additional role than the one
assigned. In order to improve model accuracy, inconsistencies are removed from the dataset, as is missing values and features
are normalised [5].

In doing so, the study employs four machine learning and blockchain based algorithms for the purpose of improving decision
making and operational management in healthcare. These algorithms are:

1. Blockchain-Based Access Control (BAC)

2. Federated Learning with Blockchain (FLB)

3. Big Data-Driven Predictive Analytics (BDPA)

4. Secure Medical Supply Chain Optimization (SMSCO)

Blockchain-Based Access Control (BAC)

Description:

Such as Blockchain Based Access Control (BAC) that provides secure, decentralized and tamper-proof access control in
healthcare data management. However, traditional access control mechanism normally depends on the centralized
authorities, which makes it vulnerable to breach. As a decentralised model, BAC stores access permissions in a dynamic way
using blockchain’s immutable ledger and smart contracts [6]. A smart contract then checks a healthcare provider’s credentials
against established policies to see if there is access to a patient’s data. If the request meets the conditions, the access is
granted; else it is denied. It increases data security, prevents unauthorised access, as well as meet the requirement of
regulations such as HIPAA and GDPR.

“Initialize Blockchain Ledger
Define Access Policies using Smart Contracts
For each access request:
Verify requester identity
Check predefined access conditions
If conditions met:
Grant access
Log transaction on blockchain
Else:

Deny access”

Table 1: Access Control Logs in Blockchain
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Requ | User | Data Approv | Timesta
est Role | Accessed | al Status | mp
ID

101 Doct | Patient Approve | 2025-02-
or EHR d 13 10:05

102 Rese | Clinical Denied 2025-02-
arche | Trial Data 13 10:07

103 Nurs | Medicatio | Approve | 2025-02-
e n History | d 1310:10

Federated Learning with Blockchain (FLB)

Description:

Federated Learning with Blockchain (FLB) brings collaboration in model training across many health institutions without
revealing raw patient data. To the contrary, FLB decentralized sensitive data and allowed hospitals to train local Al models
on their datasets. Once updated, the model parameters are then kept securely on a blockchain, ensuring transparency and
prevention of tampering [7]. The advantage of this approach is that it does not reveal the patient's identity, yet it enhances
the predictive accuracy of disease diagnosis, or in recommending treatment. However, federated learning is generally
considered less robust in this setting and needs a trust layer that models are not manipulated over (it is provided by blockchain
for example) [8].

“Initialize global model
For each healthcare institution:

Train local model on local dataset

Update model parameters

Encrypt and store updates on blockchain
Aggregate global model using secure aggregation
Distribute updated global model to all nodes

Repeat until convergence”

Big Data-Driven Predictive Analytics (BDPA)

Description:

Big Data Driven predictive analytics (BDPA) uses machine learning on large health care data and predicts patient outcomes,
optimizes treatment plans and improves early disease detection. This algorithm uses decision trees, deep learning models
and ensemble methods to find patterns in patient data [9]. Blockchain makes the data integrity and traceability, and it
minimizes the bias and increases the model reliability. Realistic integration of real patient monitoring data enables
personalized medicine and risk assessment through BDPA.

“Load healthcare dataset

Preprocess data (handle missing values,
normalize)

Split data into training and testing sets
Select machine learning model (e.g., Decision
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Tree, Neural Network)
Train model on training data

Validate model performance using cross-
validation

Deploy model for real-time prediction

Store model predictions on blockchain for
transparency”

Secure Medical Supply Chain Optimization (SMSCO)

Description:

Based on blockchain and 10T, Secure Medical Supply Chain Optimization (SMSCO) monitors the shipment of
pharmaceuticals, medical equipment and vaccines. A major healthcare challenge is counterfeit drugs, with the supply chain
system itself rather inefficient. SMSCO blends the power of smart contracts to 10T sensors to open the supply chain to real-
time trade and security visibility [10]. Blockchain also assures accountability and prevents fraud because it offers a tamper-
proof audit trail. The advantages of this algorithm are striking improved operational efficiency, and guaranteed rapid delivery
of critical medical supplies.

“Initialize blockchain ledger for supply chain
transactions

For each medical shipment:
Attach 10T sensor for real-time tracking

Log shipment details (location, temperature) on
blockchain

If condition deviation detected:
Trigger smart contract alert
Else:
Continue monitoring

Update blockchain with final delivery status”

4. EXPERIMENTS

Experimental Setup

In this study, real world healthcare datasets are used together with blockchain based logs in the experiments. The dataset
contains anonymized patient records of 500,000 patients including patient history, diagnosticians and treatment plans. It also
tested blockchain security and transparency using a data set, which contained 250,000 transactions, of an instance of medical
supply chain [11]. A simulated healthcare environment was used in experiments performed with Python, TensorFlow, and
Hyperledger Fabric for implementing blockchain.
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Figure 1: “Enhancing Decentralized Decision-Making with Big Data and Blockchain Technology”

The targeted algorithms which have been evaluated in the study are:
1. Secure data sharing with Blockchain Based Access Control (BAC).

2. Adiscussion of privacy preserving Al model training via Federated Learning on Blockchain (FLB).
3. Big Data-Driven Predictive Analytics (BDPA) for disease prediction.
4. Secure Medical Supply Chain Optimization (SMSCO) for efficient and secure tracking of medical supplies.

In order to simulate real world scenarios with diverse patient demographics five different hospitals were used for experiments
for ensuring a robust evaluation. The performance metrics analyzed include:

e Accuracy: Measures correctness of predictions and blockchain-based access control [12].

e Precision & Recall: Evaluates the efficiency of FLB and BDPA in predicting diseases using Precision & Recall.
e Execution Time: Assesses the speed of blockchain transactions and data processing.

e Security: Tests blockchain’s resistance to unauthorized data modifications.

1. Blockchain-Based Access Control (BAC) Experiment

Objective: To restrict access to patient records only to authorized healthcare professionals while ensuring that it is done
securely.

Experimental Process:
e Various users (as doctors, nurses, researchers) made 5000 access requests to our dataset [13].
e Authentication and access verification were also smart contracted.
e Itlogged and denied unauthorized request.
Results:
e 98.5% accuracy in access control verification.
e Transaction time per request: 1.2 seconds.

e No unauthorized data breaches detected.

Table 1: Access Control Performance

Acces | Total App | De | Acc | Executi
s Type | Request | rove | nie | urac | on Time
S d d y (s)
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Doctor | 2000 1950 |50 | 975 | 1.2
%

Nurse | 1500 1475 |25 | 983 |11
%

Resear | 1500 500 10 |{99.0 |1.3
cher 00 |%

Comparison with Related Work:
e Intraditional centralized access control that record accuracy is only 85 percent because of human errors or hacking

vulnerabilities.
e With no security breaches, we demonstrate proposed blockchain based BAC with an accuracy of 98.5% [14].

Published AT Converging BC Articles in Healthcare 79

|...01i]
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Year wise publications
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Figure 2: “Blockchain, artificial intelligence, and healthcare”

2. Federated Learning with Blockchain (FLB) Experiment
Objective: To do this, it’s objective is training an Al model on distributed hospital data while never exposing patient records.

Experimental Process:
e Federated learning is used to train three Al models which are Neural Network, Decision Tree, and Random Forest.
e Blockchain was used to prevent tampering and to record model updates of the same.
e Comparison of accuracy, precision, and privacy against centralized Al training.
Results:
e This made Federated Learning 40% more private compared to the current methods [27].
e the models that other hand gave 92.1% accuracies were beaten by Neural Network.
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Table 2: Model Performance in Federated Learning

Model Accu | Preci | Re | Privacy
racy |sion | cal | Improveme
| nt (%)

Decision | 85.3 |82.0 |84. | 38%
Tree % % 2%

Random 88.7 |[86.1 |88. |39%
Forest % % 9%

Neural 92.1 (904 |91. | 40%
Network | % % 7%

Comparison with Related Work:

e Centralized Al models can be easily leaked by attackers and also lead to data leakage due to storage of data
in one place.

e Decentralized learning is ensured with FLB, and security is improved without the loss of model accuracy [28]
3. Big Data-Driven Predictive Analytics (BDPA) Experiment
Objective: Use Big Data and machine learning to predict disease risks, given patient records.
Experimental Process:

e 250,000 patient records processed.

e Training was given to the 3 machine learning models — Decision Tree, Random Forest, Neural Network.

e Patient diagnosis was stored securely through blockchain.

5. RESULTS:
e Early disease detection was achieved by Neural Networks with a highest accuracy of 90.8%.

e With no tampering of the data, it had the function of being stored tamper-proof using blockchain.

DISTRIBUTED DATABASES

't’ -:n;'%km; ﬁ /

. Jl
SENDER ;
"’l‘;:m“' RECEIVER
Sender sends the ‘ Receiver
data and creates a receives the data
block
Distribution and Transaction process is
Validation process committed to blockchain

Figure 3: “Blockchain, artificial intelligence, and healthcare”
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Table 3: Disease Prediction Accuracy

Model Acc | False False Executio
urac | Positives | Negative | n Time
y (%0) s (%) (s)

Decisio | 85.2 | 4.1% 6.2% 2.5

n Tree %

Random | 88.7 | 3.2% 5.1% 3.1

Forest | %

Neural 90.8 | 2.5% 4.8% 4.0

Networ | %

k

Comparison with Related Work:

e Data inconsistencies in previous healthcare analytics models brought accuracy to ~80%, but with such a high level
of uncertainty in the underlying patient characteristics, these previous models could not be applied [29]

e Secured blockchain storage is >90% accurate in BDPA.
4. Secure Medical Supply Chain Optimization (SMSCQO) Experiment
Objective: Improve traceability, fraud detection, and delivery efficiency in medical supply chains.
Experimental Process:

e Blockchain, 10T sensor, track 10,000 pharmaceutical shipments.

e The shipments were automated verified through smart contracts.

e The fraudulent transactions we were doing were getting monitored and blocked.
Results:

e 99.2% accuracy in supply chain tracking.

e Shipment delivery delays reduced by 30%.

e Blockchain prevented 100% of tampering attempts.

Table 4: Supply Chain Performance Metrics

Metric | Traditio | Blockchain- | Improv
nal Based ement
System | System (%)

Accura | 85.0% 99.2% 14.2%

cy

Fraud | 60.0% 100% 40%

Preven

tion

Deliver | 15% 10% 30%

y

Delays
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Comparison with Related Work:

Existing supply chain methods are vulnerable to counterfeiting (40% fraud detection).

Proposed SMSCO achieves 100% fraud detection and improved delivery speed.

Overall Comparison of the Proposed Models

Table 5: Overall Performance of Proposed Blockchain-Based Methods

Algori | Accur | Secur | Execut | Improvem
thm acy ity ion ent Over
Time | Traditiona
(s) | Methods
BAC 98.5% | High 1.2 20%
Increase in
Security
FLB 92.1% | High 3.5 40%
Privacy
Improveme
nt
BDPA | 90.8% | High 4.0 10%
Accuracy
Increase
SMSC | 99.2% | Very 2.0 40% Fraud
o] High Detection
Increase
Data owner
(eq, patient) Hespicl
, Hshofdata B oeess,
Cinaland '[;] """"""""""""" 14  Universte
—— < i » i |
st Permission grant / y
Colletion ! |
i Cliniciansand ! :
“\ ReSATCS  porvicion acquistionand |
—Dg by data ntegrity verfication | :
: :'l Qs l.‘ ,l' Government
Data management / | ;
(e, conation, ) .D Permission acquisition :)\‘ g
tefnement et L anddataintegrity [
\ verifiations” T eaanee]
3 Data retrieval [
""""""" » Insurance
Clinical data repository <Dt """"" companies
Cleaned, structured, and ) aaacces§ Research institutes
Wwith credentials

encrypted data

Figure 4: “Blockchain applications in health care for COVID-19 and beyond”

6. CONCLUSION

As a potential tool, the integration of Big Data and Blockchain in the healthcare area stands for new possibilities of improving
healthcare decisions, operational efficiency and security of data. The focus of this research has been on how the Big Data
analytics can help with preparing predictive modelling, allocating health care resource better and contributing to better patient
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outcomes. On the other hand, Blockchain technology at the same time both provides data integrity, transparency and security,
and solves the most urgent problems of fraud prevention, unauthorized data access, and disruption of inefficient supply chain.
The ability to create tamper-proof and trustworthy ecosystems for medical data exchange with decentralized ledgers and
smart contracts empowers hospitals, the pharma companies, and of course the insurers. Another aspect of the study addressed
advanced Al driven algorithms, viz Federated Learning and Time Series Prediction and Deep Learning, and Smart
Management Information Systems to impel privacy preserving data processing practice in healthcare analytics [30]. The
results imply that a combination of Al based big data analytics and Blockchain based security mechanism can aid better
disease prediction, automate decision making and reduce healthcare operations, among others. Additionally, Blockchain has
been shown to play a crucial role in securing medical records and stopping drug distribution fraud as a way to enable trust
and efficiency in the healthcare sector. Although these provide useful benefits, challenges of regulatory compliance,
scalability, and interoperability all remain barriers to widespread use. The future research in Blockchain scalability, Al Real
time analytics and the integration of cross border regulatory frameworks for seamless global healthcare data exchange should
be there to enhance. In conclusion, this study elucidates the synergetic capabilities of Big Data and Blockchain technology
in revolutionizing healthcare management towards a more secure, elasticity and client centered healthcare system.
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