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Research Objectives 

Introduces a Machine Learning (ML) Model:

• Key benefits: Early disease prevention, optimised treatment planning, enhanced patient-
physician communication, reduced healthcare costs, and improved resource allocation.

• Ethical implications



Concept and Importance:

1. Creating Digital Twin Clone of patients to enhance diagnosis and illness treatment procedures, by simulating the
human body using that clone for medical treatment as well as the medicine research and developments, Watts [2018].

2. PDTs transform healthcare by creating virtual replicas of patients, Habibzadeh et al. [2020] & Internet Things [2022].

3. DTs derive predictions about diagnosis, prognosis, efficacy, and optimization of therapeutic interventions, Indiana
University [2021].

4. PDT replicas leverage individual data, including genetics, Gawel et al. [2019].

5. PDT produce 3D heart models, Philips-USA [2018] & Copley [2018].

6. PDT Predictive Algorithms analyse real-time data to detect health risks to prevent diseases before symptoms arise,
Smith-B & Miller-EH.

7. PDTs are equipped with genetic and medical history information helpful in personalizing treatment plans, Wang-J &
Popa et al. [2021].

Ongoing R&Ds:

1. EDITH and CSA are exploring virtual human twin in integrated multidiscipline approach, EDITH.

2. MeDigit in Sweden’s Linköping University individualized Digital Twins are tested for diagnosis and treatment
evaluation in heart disease, Tilda & Tino.

3. Philips' Heart Model application offers cardiologists interactive 3D models of patients' hearts for surgical planning,
Philips-USA [2018], with similar products under development by Siemens Healthineers and GE Healthcare, Copley
[2018].

PDTs: Concept, Importance and Ongoing R&Ds



• Generic: Current Healthcare Systems
• Reactive: Traditional Healthcare
• AI based Healthcare with Significant Issues

Existing Healthcare Challenges



• ML models on Diabetes management. 
• PDTs provide highly personalized insights. 
• PDTs predictive maintenance

Proposed AI Concept



• Collected by the National Institute of Diabetes and Digestive and Kidney Diseases.

• Medical Data Women aged 21 and older.

• Study prevalence of diabetes in this population and developing predictive models.

Dataset-1: PIMA Indian Diabetes Dataset

Key Features Include: 
Pregnancies, Glucose, 
Concentration, Blood Pressure, 
Skin Thickness, Insulin Level, 
Body Mass Index (BMI), 
Diabetes, Age

Initial Preprocessing:

• Cleaning the Dataset

• Identified Outliers

• Interquartile Range (IQR) 
method to remove outlier data



• Box Plots: Visualize 
data distribution and 
identify outliers

• Pair Plots: Illustrate 
relationships between 
features.

• Identifying 
Distributions and 
Anomalies

Dataset-1: Exploratory Data Analysis



Histograms: 
• Show the 

frequency 
distribution of 
individual 
features.

• Assess data 
normality and 
skewness.

• Detect unusual 
data points that 
may affect model 
performance.

Dataset-1: Exploratory Data Analysis



Correlation Analysis:

• Heatmap: Visual representation 
of the correlation matrix.

• Purpose: Understand the 
relationships and dependencies 
between features.

• Insight: Identify highly 
correlated features that may 
impact model performance.

Data Standardization:

• MinMaxScaler: Applied to 
normalise the dataset.

• Purpose: Scale features to a 
uniform range.

• Benefit: Enhances model 
performance and convergence 
during training.

Dataset-1: Correlation and Standardization



Dataset Description:
• UCI Diabetes Dataset used for 

studying diabetes prediction.
• Contains patient data with 

various features and symptoms.

Key Features:
• Age: Patient's age.
• Sex: Gender of the patient.
• Symptoms: Includes polyuria, 

polydipsia, sudden weight loss, 
etc.

Preprocessing Steps:
• Shuffling: Ensures random 

distribution of data to avoid bias.
• Label Encoding: Converts 

categorical variables into 
numerical format for ML 
algorithms.

Dataset-2: UCI Diabetes Dataset



Correlation Analysis:
• Heatmap: Visualizes the 

correlation matrix.
• Purpose: Examine relationships 

and dependencies between 
features.

• Insight: Identify features that are 
highly correlated.

Feature Selection:
• Basis: Selection based on 

correlation analysis and its 
impact on model performance.

• Removed Features: 'Delayed 
healing,' 'Itching,' and 'Obesity' 
were excluded due to low impact 
or high correlation with other 
features.

Dataset-2: Correlation and Feature Selection



Models Used:
• Logistic Regression: Basic yet effective linear model for binary classification.
• Random Forest Classifier: Ensemble model using multiple decision trees.
• Gradient Boosting Classifier: Advanced ensemble model that builds trees sequentially to 

improve performance.

Dataset-2: Model Training and Evaluation

Evaluation Metrics:
• Accuracy: Overall correctness of the 

model.
• Confusion Matrix: Visual tool to 

understand true positives, true negatives, 
false positives, and false negatives.

• Classification Report: Provides 
precision, recall, and F1-score.

Performance:
Gradient Boosting Classifier: Outperformed 
other models, delivering the highest 
accuracy and best evaluation metrics.



Gradient Boosting 
Classifier: 
• Consistently achieved 

the highest accuracy 
across both datasets.

Logistic Regression: 
• Better performance on 

Dataset 1 compared to 
Dataset 2.

Ensemble Methods: 
• Reduced false 

positives and false 
negatives, enhancing 
overall model 
reliability.

Comparative Analysis of Models

Key Insights:
• Gradient Boosting’s sequential learning improved accuracy and robustness.
• Logistic Regression's simplicity proved effective for certain datasets.
• Ensemble methods, like Random Forest & Gradient Boosting, offered better error correction.



Gradient Boosting Classifier: Emerged as the most robust and accurate model across both 
datasets.
Feature Engineering: Enhances model performance by selecting and transforming relevant 
features.
Comparison: Evaluated how different preprocessing methods.
Insights: Significant improvement in the accuracy and reliability of the models.

Results and Findings



Ethical Implications of G-AI in Healthcare:
• Data Privacy and Security: Ensuring patient data is protected against breaches and 

unauthorized access.
• Algorithmic Bias: Addressing biases in AI algorithms to prevent unfair treatment and 

disparities in healthcare outcomes.
• Diagnostic Accuracy: Ensuring the reliability and accuracy of AI-driven diagnostics to avoid 

misdiagnoses and harm to patients.
• Guidelines and Safeguards: Establishing comprehensive guidelines and safeguards to govern 

the ethical use of AI in healthcare, including transparency and accountability.

PDTs Ethical Implications: Issues and Solutions - I



Data Privacy Concerns: Data privacy concerns are of big concern,
Ahmadi-Assalemi et al. [2020]; Jahankhani et al. [2020];

Algorithmic Biasing Issue: Algorithmic biases within predictive
models may pose severe risks, Prainsack [2019]

Treatment Inequalities Issue:

1. DTs can challenge equality, Bruynseels et al. [2018]

2. Use of digital replicas of doctors in healthcare raises concerns
about the social implications, potential negative impacts on
doctor-patient communication, and liability issues, Zalake [2023].

3. There is necessity of addressing ethical considerations, privacy
concerns, and potential negative impacts on doctor-patient
communication to ensure responsible and equitable use of these
technologies, Shah & Bhatt [2023], Cluitmans [2023], Zalake
[2023] & Fontanari [2023].

End of Life Considerations:

1. Challenge of preserving child's place in care when using Digital
Twin Systems in paediatric care, Maeckelberghe et al. [2023].

2. Ensuring equitable access to DTS and guaranteeing safety of
systems for children is sensitive concern, David & Adrien [2022].

Individual Control Issues:

1. Interaction between the represented persons and their
simulations raises questions regarding privacy, autonomy, and
the control individuals have over their DTs, Iqbal et al. [2022].

2. PDTs presents a range of ethical challenges to data privacy,
accuracy, and reliability, Mittelstadt [2021]

PDTs Ethical Implications: Issues and Solutions - II

1. PDTs present both socio-ethical benefits and risks including
privacy and data ownership, individuality, data-driven approach
to healthcare, potential impact on a person's identity, disruption of
societal structures, and potential for inequality, Popa et al. [2021].

2. PDTs ethical issues include behavioural and management
attitudes, privacy, individuality, and the potential impact on
equality, Kerckhove [2021].

3. Issues such as patient safety, privacy, and the rigorous ethical
review of AI in multiple aspects including legal, humanistic,
algorithmic, and informational aspects need to be addressed,
Rubeis [2023].

4. Nanoparticle-based measurement used in PDTs may enable
body hacking and the stealing of highly sensitive personal
health data, Dirk & Javier [2022].

Solutions:

1. A conceptual process map can help in mitigating risks. Identify
and address risks in the development of PDTs, Huang et al.
[2022].

2. Exacerbate existing social injustices and marginalization must
be carefully considered, Braun [2021].

3. By integrating LLMs with PDTs, healthcare professionals can
leverage the predictive capabilities of LLMs to create more
accurate and tailored digital representations of individuals,
leading to more effective and personalized healthcare
interventions, Shah & Bhatt [2023] and Cluitmans [2023].

4. Combination of LLMs and PDTs can democratize predictive
access to healthcare, providing daily support to individuals
and enabling precision wellness, prevention, and diagnostics,
Fontanari [2023].



PDTs Ethical Implications: Issues and Benefits - III

Ethical IssueEthical Issue Level and Type
Autonomy, Informed consent, Right to privacy, Surveillance health
care, Distortion of the understanding of health

Hyper-collection, Data quality and unorthodox useData collection

Autonomy, Health equity, Informed consent, right to privacy,
Transparency

Data ownership, data accessibility? data brokerage,
Hacking

Data
management

Discrimination or injustice, Distortion of the understanding of
health

Biased algorithms, Biased training data setData analysis

Autonomy, Distortion of the understanding of health, Victim
blaming, Damage physician–patient relationship, right to bodily
integrity, Sensitive, personal content sharing, Third party data use
against patient interests, Poor quality of data

Decontextualization of disease formation, Epistemic
injustice, Overdiagnosis, Quality compromise and secret
sharing

Information use

Annoyance, Improper assessment of treatment risks and cautions,
Over-reliance on doctor replica by PDTs, Unmonitored PDTs

Responsibility and accountability, Patient-practitioner
relationship, Disrupted self-care

Societal
disruption

Racism, Regionalism, Favouritism, Impartiality, Attitudinal
approach, Communication gaps between doctor and patient

Modelling based on the white, healthy, middle-aged
male, North-south, rich-poor injustice by access,
excluding those who do not use the technology

Inequality and
injustice

Improper Training Modules, Annoyance towards awakening
environment stakeholders, unethical handling of crisis situations

Environmental risks, Technology push and lock-in,
Crisis liability

Other issues

Benefits of PDTs Treatment and Technology
Better diagnostics, less invasive treatments, Fewer side-effects, less errorPatient Health
Faster medicine discovery, shorter treatment periods, faster clinical trials, better logistics and maintenanceCost Reduction
Patients have more power over treatment parameters, Patients take ownership of their body dataPatient autonomy
Fair and equal treatment of patients, Less animal sufferingOther benefits
Increased autonomy in life with new activities allowed, improved mental well-being, and decreased cognitive load, 
Improved social development, Increased participation in sports

Improved Health

Remote disease management, timely treatment adaptation, standardization of level of careImproved access 
to healthcare

Tabular classification of Issues based on bibliographic references from previous slides



Summary of Research:
• Potential of PDTs: Personal Digital Twins (PDTs) can transform healthcare by providing 

personalized, data-driven insights.
• Superior Model: Gradient Boosting Classifier consistently performed best in predictive 

tasks.
• Importance of Preprocessing: Proper data preprocessing and feature engineering 

significantly enhance model accuracy and reliability.
• Ethical Considerations: Addressing data privacy, algorithmic bias, and establishing robust 

guidelines are crucial for ethical AI use in healthcare.

Potential of Personal Digital Twins (PDTs):
• Revolutionise Healthcare: Emphasize how PDTs can transform healthcare by providing 

personalized, data-driven insights for better diagnosis, treatment, and prevention.
• Improved Outcomes: Highlight the potential for enhanced patient outcomes through tailored 

healthcare solutions.

Importance of Continued Research:
• Overcoming Challenges: Stress the need for ongoing research to address existing challenges, 

such as data integration, privacy concerns, and algorithmic biases.
• Future Innovations: Encourage further innovations and advancements in AI and healthcare 

technologies.

Conclusion and Further Scope
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