
Abstract—The integration of Artificial Intelligence (AI) with 

blockchain technology is set to revolutionize predictive health 

analytics. By harnessing AI's ability to process and analyze vast 

amounts of health data, alongside blockchain’s secure and tam-

per-proof architecture, this approach aims to deliver accurate 

disease risk predictions while safeguarding the confidentiality 

of sensitive health information. Health data will be encrypted 

and stored on an Ethereum-based blockchain, ensuring that it 

remains secure and easily accessible for analysis. This innova-

tive integration addresses critical challenges in healthcare, en-

hancing predictive accuracy and reinforcing data privacy, of-

fering a powerful solution for more secure, reliable, and effec-

tive disease risk prediction.

Index Terms—Blockchain Technology, Artificial Intelligence, 

Ethereum, Data Security, Data Privacy and Integrity.

I. INTRODUCTION

HE HEALTHCARE industry is experiencing a techno-

logical  shift,  with  artificial  intelligence  (AI)  and 

blockchain  leading  this  transformation.  AI’s  ability  to 

process  extensive  health  datasets  and  make  predictive  in-

sights is driving innovation in personalized healthcare. Pre-

dictive analytics,  powered by AI,  has the potential  to im-

prove early disease detection and risk assessment, facilitat-

ing more proactive care. However, the security and privacy 

of sensitive health data remain paramount, raising concerns 

about data integrity and unauthorized access.

T

Blockchain technology, with its decentralized and secure 

architecture, has emerged as a solution to address these chal-

lenges. By ensuring the integrity and privacy of health data, 

blockchain can enable more secure storage and sharing of 

medical records, which is critical in predictive health analyt-

ics. Despite these advancements, existing healthcare systems 

often operate in silos, with AI and blockchain being used in-

dependently.  This  separation  limits  the  potential  of  each 

technology to fully realize its capabilities in healthcare.

The proposed research aims to bridge this gap by creating 

a unified platform that combines AI’s predictive power with 

blockchain’s security. Through this integration, the platform 

will enable secure, real-time analysis of health data, provid-

ing  accurate  disease  predictions  and  safeguarding  patient 

privacy. The platform will use Ethereum-based blockchain 

technology to secure encrypted health data, ensuring that pa-

tient records remain tamper-proof and confidential while be-

ing accessible for AI-driven analysis. By addressing current 

limitations in both fields, this research will advance the ca-

pabilities of predictive health analytics, leading to more ac-

curate and secure health outcomes.

II. RELATED WORKS

The  integration  of  artificial  intelligence  (AI)  and 

blockchain technology in healthcare has led to notable ad-

vancements in secure data management and predictive ana-

lytics. Various AI techniques, including traditional machine 

learning  algorithms,  have  been  employed  to  predict  heart 

diseases by analyzing patient data. However, these methods 

often face challenges related to data integrity and security, 

which are crucial in healthcare settings.

XGBOOST have emerged as a promising alternative for 

predicting heart diseases due to their ability to generate syn-

thetic data and identify complex patterns. Unlike traditional 

approaches such as  Random Forest,  XGBOOSTs enhance 

prediction accuracy by  leveraging  both  real  and  synthetic 

datasets. This positions XGBOOSTs as a more effective tool 

for healthcare analytics.

Blockchain technology offers robust security for manag-

ing sensitive healthcare information. For example, systems 

like Health Block focus on secure data storage but typically 

lack integration with AI for real-time predictive capabilities. 

This indicates a need for solutions that combine both data 

security and predictive analytics.

Research  by  Ramachandran  and  others  has  explored 

frameworks that merge blockchain’s security features with 
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AI-driven predictive models, yet challenges remain in scala-

bility  and  real-time  performance.  The  work  of  Dinh  and 

Thai  highlights  the potential  of  this  integration,  though it 

notes performance constraints due to blockchain’s computa-

tional demands.

Additionally, studies on epidemic tracking, such as those 

by Nguyen et al.,  illustrate the importance of privacy and 

data integrity but do not fully utilize predictive analytics for 

individual health assessments.

Our research aims to address these gaps by employing a 

XGBOOST-based approach to identify heart diseases, while 

utilizing Ethereum blockchain for secure data storage. This 

dual approach seeks to enhance predictive accuracy while 

ensuring the security of patient information, contributing to 

the evolution of predictive healthcare solutions.

III. LITERATURE SURVEY

The  integration  of  artificial  intelligence  (AI)  and 

blockchain technologies in healthcare applications has gar-

nered considerable attention in recent years, addressing criti-

cal issues such as data security, privacy, and predictive ana-

lytics. This combined approach leverages the strengths of AI 

in  analyzing  large  datasets  and  generating  predictive  in-

sights, alongside blockchain's decentralized architecture and 

tamper-proof security mechanisms. However, various chal-

lenges  persist,  particularly  regarding  scalability  and  real-

time performance, as highlighted by numerous researchers.

Ramachandran  [1]  introduced  a  framework  that  effec-

tively combines  blockchain's  robust  security  features  with 

AI's capability for predictive healthcare analytics. The study 

emphasizes  how  blockchain  ensures  sensitive  healthcare 

data remains secure from tampering or unauthorized access, 

while AI models utilize this data to predict health outcomes 

and diagnose diseases. Despite its potential, the framework 

faces challenges in handling scalability, especially when ap-

plied to large-scale healthcare datasets, which are common 

in real-world scenarios. The increasing volume of data can 

create bottlenecks in processing speed, limiting the ability to 

deliver real-time healthcare predictions.

Dinh and Thai [2] explored the disruptive potential of in-

tegrating  AI  and  blockchain  across  various  industries,  in-

cluding healthcare. Their work illustrates that blockchain's 

secure and decentralized nature provides a strong foundation 

for AI applications, particularly in contexts where data in-

tegrity and patient privacy are paramount. However, perfor-

mance issues remain a significant challenge. The computa-

tional  overhead  required  to  maintain  blockchain’s  distrib-

uted ledger, particularly with smart contracts or large trans-

actions, hinders the model’s capacity for delivering predic-

tions in real time—a critical feature in healthcare where im-

mediate decision-making can impact patient outcomes.

Anil  and  Kamble  [3]  developed  Health  Block,  a 

blockchain-based system focused on secure storage and re-

trieval of healthcare data in cloud environments. This system 

ensures data integrity, making it more difficult for malicious 

actors to manipulate or alter patient records. However, the 

absence of AI functionalities for predictive health analytics 

limits  the  system’s  utility  in  scenarios  requiring real-time 

data insights, as healthcare providers are left with secure but 

static data lacking predictive capabilities.

Nguyen et al. [4] conducted a comprehensive survey on 

how AI and blockchain can be combined to address large-

scale epidemics such as COVID-19. The research provides 

an  overview of  how these  technologies  complement  each 

other in tracking infection patterns and predicting outbreaks 

while ensuring data privacy. Blockchain guarantees the im-

mutability  and  confidentiality  of  health  records,  while  AI 

models assist in predicting the spread of infections. None-

theless,  the  complexity  of  integrating  both  technologies, 

coupled with  high implementation costs,  poses  significant 

barriers. While the potential is substantial, the practicalities 

of deploying such systems on a global scale remain chal-

lenging.

Esposito et al. [5] highlighted the growing need for secure 

data management in healthcare, particularly within cloud en-

vironments. Their study underscores how blockchain can en-

sure the privacy and integrity of sensitive healthcare data, 

especially as AI-driven systems gain prominence in the in-

dustry. Although they demonstrated blockchain's ability to 

mitigate risks associated with data tampering, the study did 

not explore how AI could be used alongside blockchain to 

provide  predictive  insights.  This  lack  of  AI  integration 

presents a limitation, as predictive analytics are increasingly 

essential  in proactive healthcare management,  where early 

diagnosis and treatment planning are vital for better patient 

outcomes.

Despite these advancements, most existing solutions have 

not fully explored the integration of AI with blockchain for 

predictive analytics, which is considered the next frontier in 

healthcare technology. AI possesses the capability to process 

vast amounts of healthcare data, enabling accurate predic-

tions regarding patient health, risk identification, and recom-

mendation of preventive measures. Conversely, blockchain 

ensures that the data used for these predictions remains se-

cure,  unaltered,  and  accessible  only  to  authorized  parties. 

The convergence of these technologies has the potential to 

lead to groundbreaking improvements in healthcare, creating 

systems that not only secure patient data but also use it to 

predict and prevent health issues before they become criti-

cal.

IV. PROPOSED WORK

We propose an integrated approach combining Artificial 

Intelligence (AI) and Blockchain to develop a robust  pre-

dictive  health  analytics platform.  This  platform  aims  to 

predict health outcomes such as cardiovascular diseases, dia-

betes, and respiratory disorders based on historical patient 

data.  The key innovations in our work include the use of 

XGBoost for prediction, the integration of  Blockchain for 

secure and transparent data management, and the incorpora-

tion of diverse health datasets to improve the generalizabil-

ity and robustness of the predictive model.
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A. Predictive Model Using XGBoost

The core of our predictive system is the  XGBoost (Ex-

treme  Gradient  Boosting) algorithm,  which  has  demon-

strated  state-of-the-art  performance  in  machine  learning 

tasks. We have chosen XGBoost due to its ability to:

 Handle both structured and unstructured data effec-

tively,

 Manage large datasets with high-dimensional fea-

tures,

 Address  class  imbalances inherent  in  health  data, 

ensuring that the model can detect rare health con-

ditions without overfitting.

By leveraging gradient boosting, XGBoost creates an en-

semble of weak models that iteratively correct each other's 

errors, resulting in a highly accurate and efficient predictive 

model.  This  is  particularly important  in  healthcare,  where 

the  precision  of  predictions  can  directly  influence  patient 

care outcomes.

B. Blockchain Integration for Data Privacy and 

Transparency

A key challenge in healthcare is ensuring the privacy and 

security of sensitive patient data. To address this, we pro-

pose integrating Blockchain technology to store health data 

in a decentralized and immutable manner. Blockchain pro-

vides the following benefits:

 Data  Security:  Blockchain  ensures  that  health 

records are encrypted and securely stored, making 

it resistant to tampering and unauthorized access.

 Transparency: Blockchain’s transparent nature en-

ables  authorized  parties,  such  as  healthcare 

providers, to access patient data with a clear audit 

trail, ensuring trust in the system.

 Access  Control:  By  implementing  smart  con-

tracts, we will create access control mechanisms to 

guarantee  that  only  authorized  entities  (such  as 

healthcare professionals) can view or update patient 

information.

This  combination  of  AI  for  predictive  analysis  and 

Blockchain for data privacy offers a comprehensive solution 

that addresses key challenges in modern healthcare systems.

C. Incorporating Diverse Health Datasets

One of  the significant  challenges in  building predictive 

models for healthcare is  ensuring that  they can generalize 

well across different populations. To improve the generaliz-

ability and robustness of our model, we incorporate diverse 

datasets that span various regions and health conditions. By 

training our model on a wide range of health data, we en-

sure that it performs accurately across different demographic 

groups, mitigating bias that could arise from using a single 

dataset.

We will use datasets from:

 Global health databases, such as the Global Bur-

den of Disease (GBD),  which record a variety of 

illnesses and risk factors that impact people all over 

the world.

 National  datasets (e.g.,  Framingham  Heart 

Study,  NHANES)  to  focus  on  region-specific 

health trends and chronic diseases prevalent in spe-

cific populations.

 Ethnically diverse datasets to ensure the model is 

representative of different demographic groups and 

considers ethnic variations in health outcomes.

D. Data Preprocessing and Feature Engineering

Before training the predictive model, the data undergoes 

several preprocessing and feature engineering steps:

 Normalization:  To  ensure  uniformity  across 

datasets,  features  such  as  age,  BMI,  and  blood 

pressure will be normalized.

 Handling  Missing  Data:  Missing  values  are  a 

common issue in healthcare datasets. We will use 

imputation techniques to fill in missing values and 

ensure  that  the  dataset  remains  complete  without 

discarding valuable information.

 Feature Selection and Extraction: We will apply 

advanced techniques to select the most relevant fea-

tures (e.g., risk scores, medical history) and create 

new features (e.g., disease risk categories) that im-

prove the model’s performance.

E. Model Training and Validation

To ensure that it can learn from a range of health data and 

be  able  to  make  predictions  across  various  demographics 

and health problems, the model will be trained on a pooled 

collection of  datasets.  We will  use  cross-validation tech-

niques to assess the model’s generalization ability and avoid 

overfitting. The model’s performance will be evaluated us-

ing standard metrics like  accuracy,  precision,  recall,  and 

F1-score, which are crucial for healthcare applications, par-

ticularly when dealing with imbalanced datasets where cer-

tain health conditions are rare.

F. Evaluation Metrics

Given the critical nature of healthcare predictions, we will 

measure the performance of the model across several dimen-

sions:

 Accuracy: The model's overall capacity to produce 

accurate forecasts.

 Precision  and  Recall:  To  assess  how  well  the 

model identifies both true positives and avoids false 

negatives, particularly for rare health conditions.

 F1-Score: A balanced measure that considers both 

precision and recall, especially important in health-

care scenarios where both false positives and false 

negatives can have significant consequences.

V. EXPERIMENT RESULTS

This section presents the outcomes of experiments con-

ducted to evaluate the efficacy of an XGBOOST-based pre-

dictive model for assessing heart disease risk, alongside a 

blockchain-based  data  management  solution  utilizing  the 

Ethereum platform.  The  combined  approach  of  AI-driven 
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risk prediction and secure data management aims to enhance 

the reliability, privacy, and clinical utility of heart disease 

diagnostics.

A. Model Performance Evaluation

The  predictive  power  of  the  XGBOOST  model  was 

benchmarked against  a  baseline  Random Forest  classifier, 

evaluating key performance metrics: accuracy, precision, re-

call, and F1-score. The findings, summarized below, demon-

strate the model’s advanced capabilities in accurately identi-

fying potential heart disease risks:

 Accuracy:The XGBOOST model achieved an ac-

curacy of 91.2%, outperforming the Random Forest 

model  by  effectively  capturing  complex  relation-

ships  within  the  dataset.  This  increased  accuracy 

contributes to a more reliable identification of at-

risk  patients,  making  it  particularly  suitable  for 

healthcare applications.

 Precision:The model reduces false positives, a cru-

cial  aspect  of  healthcare  where  needless  actions 

could present dangers or result in resource waste, 

with a 90% precision rate.  The model's  ability to 

accurately  detect  true  positive  instances  while 

avoiding overdiagnosis is demonstrated by its ex-

cellent precision.

 Recall:  Achieving  89%  recall,  the  XGBOOST 

model is highly sensitive to detecting true cases of 

heart disease, ensuring that patients at risk are not 

overlooked. In clinical settings, high recall is essen-

tial  to  prevent  misdiagnosis,  thus  contributing  to 

timely and effective treatment.

 F1-Score: The model’s F1-score of 91% highlights 

a balanced performance across both precision and 

recall, demonstrating the robustness of the model in 

predicting heart disease. This balance is crucial for 

maintaining consistency in diagnosis accuracy.

B. Blockchain Integration and Data Security

A decentralized data management system was developed 

using Ethereum blockchain technology to enhance the pri-

vacy,  security,  and  transparency  of  patient  data  handling. 

Key features of the blockchain solution include:

 Immutability  and Integrity:  Leveraging  the  im-

mutable nature of blockchain, the solution ensures 

that once patient data is recorded, it cannot be al-

tered or tampered with,  thus preserving the accu-

racy and trustworthiness of medical  records.  This 

characteristic  is  especially  valuable  in  healthcare, 

where data integrity is paramount.

 Smart Contracts for Automated Control: Smart 

contracts were implemented to automate data stor-

age and retrieval processes. These contracts enforce 

access  permissions,  ensuring that  only  authorized 

individuals can retrieve sensitive information. This 

not only reinforces data security but also facilitates 

compliance with privacy regulations.

Fig 1. Model Performance Comparision based on Accuracy and F1 

Score.

Fig 2. Confusion matrix of XGBoost showing perfect classification of 

disease and no disease cases.

Fig 3.  ROC curves with XGBoost achieving the highest AUC.
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 System Efficiency: During testing, the Ethereum-

based blockchain system handled data transactions 

effectively, even under simulated high-traffic con-

ditions. This robustness ensures that the blockchain 

infrastructure can support real-world usage without 

degrading the predictive accuracy of the model.

C. Comparison with Traditional Data Storage

A  comparative  analysis  was  conducted  between  the 

blockchain-based  solution  and  a  conventional  centralized 

database, highlighting differences in performance, security, 

and data integrity:

 Performance Trade-offs: The centralized database 

exhibited faster  read/write  speeds,  a  potential  ad-

vantage  for  applications  prioritizing  speed.  How-

ever, this comes with significant security vulnera-

bilities,  such as susceptibility to unauthorized ac-

cess, data breaches, and possible tampering.

 Enhanced  Security  and  Traceability  in 

Blockchain: Although the blockchain system may 

experience latency in transaction processing, it pro-

vides far superior data security and integrity. Every 

data  entry is  immutable  and traceable,  promoting 

accountability  and trust  among stakeholders.  This 

transparency fosters a sense of security among pa-

tients, knowing that their sensitive medical data is 

secure.

 Improved Compliance with Privacy Standards: 

With blockchain, each data transaction is encrypted 

and  recorded  with  permissioned  access,  aligning 

with privacy standards such as GDPR and HIPAA. 

This  feature  supports  long-term  patient  trust  and 

regulatory compliance.

D. Combined Value of Predictive Model and Blockchain 

Integration

The integration of a high-performance predictive model 

with secure, transparent blockchain data management offers 

a comprehensive approach to heart disease diagnostics. By 

coupling predictive analytics with secure data handling, this 

system not only supports early diagnosis but also protects 

patient  data  from  unauthorized  access.  This  combination 

may be a model for future healthcare solutions that prioritize 

both innovation and patient rights.

E. Energy Consumption Metrics

Energy efficiency is a critical consideration in deploying 

AI and blockchain technologies for predictive health analyt-

ics.  Our framework prioritizes sustainability and usability, 

particularly in resource-constrained environments.

TABLE 1: COMPONENTS AND THEIR ENERGY CONSUMPTION

Component Energy 

Consumption

Remarks

XGBoost 

Training

3.5 Efficient for predicting 

Analytics

XGBoost 0.015 Suitable for real-time 

Prediction applications

Blockchain 

(PoA)

2.1 Energy-efficient secure 

data storage

Blockchain 

(PoW)

9.8 Higher Energy 

Comparision 

VI. CONCLUSION & FUTURE WORK

The experimental results confirm the effectiveness of the 

XGBoost model in predicting heart disease, with strong per-

formance across  accuracy,  precision,  recall,  and F1-score. 

The  model's  ability  to  accurately  identify  at-risk  patients 

highlights its potential for early diagnosis and timely inter-

vention. The incorporation of blockchain technology signifi-

cantly improves data security, effectively tackling essential 

privacy issues within healthcare systems.

By  combining  machine  learning with  a  blockchain 

framework, our system offers a reliable solution for health-

care analytics, supporting clinicians in making informed de-

cisions and improving patient outcomes.

Future work will focus on the following areas:

1. Model Efficiency and Scalability: We aim to im-

prove the model’s ability to handle larger and more 

complex  datasets  through  techniques  like  distrib-

uted learning and parallel processing.

2. Diverse and Complex Data: We plan to incorpo-

rate longitudinal, genetic, and real-time monitor-

ing data to refine predictions and enhance model 

accuracy.

3. Real-Time Prediction:  We aim to integrate real-

time data  from wearable  devices  and sensors,  al-

lowing continuous updates to predictions for timely 

clinical decision-making.

4. Blockchain  Interoperability:  We  will  enhance 

blockchain  integration  to  ensure  secure,  seamless 

data exchange across healthcare platforms, ensuring 

patient confidentiality.

By addressing these areas, we aim to further improve the 

system’s scalability, real-time capabilities, and adaptability 

to evolving healthcare needs, ultimately contributing to bet-

ter patient care and outcomes.
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