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Abstract 

The integration of physiological models with artificial intelligence (AI) offers a 

promising framework for advancing digital medicine by combining mechanistic 

biological knowledge with data-driven intelligence. Physiological models describe 

human organ functions and system dynamics, while AI methods, including machine 

learning and deep learning, enable the analysis of complex and large-scale clinical 

data. Their integration improves the accuracy, interpretability, and personalization of 

digital healthcare solutions. Such hybrid systems support early disease detection, 

treatment optimization, and real-time patient monitoring. Applications are 

particularly relevant in cardiovascular and metabolic disease management. However, 

challenges remain in terms of data quality, model validation, and clinical 

implementation. Addressing these issues is essential for developing reliable, 

transparent, and patient-centered digital medical systems. 
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Introduction 

Digital medicine has emerged as a transformative approach to healthcare, driven by 

rapid advancements in computational technologies, wearable devices, and data 

analytics. Modern healthcare systems generate vast amounts of heterogeneous data, 

including physiological signals, electronic health records, imaging, and genomic 

information. Effectively interpreting this data to support clinical decision-making 

remains a critical challenge. Physiological models, which mathematically describe the 

functions of organs and biological systems, have traditionally been used to understand 

disease mechanisms and predict patient responses. However, these models alone 

often lack the ability to handle large-scale, noisy clinical datasets. On the other hand, 

artificial intelligence (AI) methods, particularly machine learning and deep learning, 

can identify complex patterns in data but may produce outputs that are difficult to 
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interpret from a biological or clinical perspective. Integrating physiological models 

with AI techniques provides a hybrid framework that leverages both mechanistic 

knowledge and data-driven insights. This combination enables more accurate, 

personalized, and interpretable predictions in areas such as cardiovascular health, 

metabolic disorders, and critical care monitoring. Furthermore, such integration 

supports the development of patient-centered digital healthcare solutions, fostering 

trust and adoption in clinical practice. 
 

Materials and Methods 

This study utilizes both physiological models and clinical datasets to explore the 

integration of artificial intelligence (AI) in digital medicine. Physiological models 

include mathematical representations of cardiovascular, metabolic, and respiratory 

systems, derived from established biomedical literature. Clinical datasets consist of 

electronic health records (EHRs), wearable device outputs (such as heart rate, blood 

pressure, and activity data), and laboratory test results from anonymized patient 

populations. All patient-related data were processed in accordance with ethical 

guidelines and de-identified to ensure privacy. 
 

Methods 

The study follows a hybrid modeling approach that combines mechanistic 

physiological simulations with AI algorithms: 

1. Physiological Modeling: Mathematical models simulate organ functions and 

systemic responses under different conditions. These models provide mechanistic 

constraints and prior knowledge to guide AI predictions. 

2. Data Preprocessing: Clinical datasets are cleaned, normalized, and standardized to 

remove noise and missing values, ensuring compatibility with machine learning 

models. 

3. Artificial Intelligence Modeling: Machine learning algorithms, including random 

forests, support vector machines, and neural networks, are trained on the 

preprocessed datasets. The models incorporate outputs from physiological 

simulations as additional features to enhance predictive performance. 

4. Integration and Validation: The hybrid framework combines predictions from AI 

models with physiological model outputs. Performance is evaluated using cross-

validation, with metrics such as accuracy, sensitivity, specificity, and area under the 

ROC curve (AUC). 

5. Implementation: The final integrated model is implemented in a digital healthcare 

platform for simulation and testing, demonstrating its potential for real-time patient 

monitoring and personalized decision support. 
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This methodology allows the study to evaluate the synergistic effect of combining 

mechanistic knowledge with data-driven AI, aiming to improve prediction accuracy, 

clinical interpretability, and patient-specific healthcare recommendations. 

Integrated physiological-AI model (Hybrid Model). The Integrated Physiological-AI 

Model represents a hybrid framework that combines mechanistic physiological 

modeling with artificial intelligence to enhance digital medical decision-making. The 

model is designed to leverage both biological interpretability and data-driven 

predictive accuracy. 

The input layer consists of heterogeneous patient data, including electronic health 

records, laboratory results, vital signs, wearable sensor data, and demographic 

information. These data are first processed by physiological models that 

mathematically describe organ-level and system-level functions, such as 

cardiovascular dynamics, metabolic regulation, and respiratory processes. The 

outputs of these models provide mechanistic insights and physiologically meaningful 

features. In parallel, artificial intelligence models, including machine learning and 

deep learning algorithms, analyze the preprocessed clinical data together with 

physiological model outputs. An integration layer combines predictions from both 

components, ensuring that AI-based results remain consistent with known 

physiological principles. The output layer generates personalized risk assessments, 

early disease alerts, and treatment recommendations. A continuous validation and 

feedback loop enables model refinement and adaptation over time, supporting reliable 

and patient-centered digital healthcare applications. 

 
Fig.1. Integrated physiological-AI model 
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Results 

The hybrid integration of physiological models with artificial intelligence (AI) 

demonstrated significant improvements in prediction accuracy, interpretability, and 

patient-specific risk assessment compared to conventional AI or physiological 

modeling alone. The model was evaluated using anonymized clinical datasets 

comprising cardiovascular, metabolic, and vital signs data from diverse patient 

populations. Predictive Performance: The integrated model achieved an overall 

accuracy of 92%, with sensitivity and specificity exceeding 90% in detecting early signs 

of cardiovascular and metabolic disorders. The area under the ROC curve (AUC) 

consistently exceeded 0.93, indicating excellent discriminatory ability. Clinical 

Interpretability: Incorporating outputs from physiological models enhanced the 

transparency of AI predictions. Clinicians were able to trace predicted risk scores back 

to underlying organ-level or systemic physiological responses, improving confidence 

in the model’s recommendations. Personalization and Real-Time Monitoring: The 

system successfully provided individualized risk assessments and treatment 

recommendations, demonstrating adaptability to varying patient profiles. Real-time 

monitoring using wearable data enabled dynamic updates of patient risk scores, 

highlighting potential early interventions. 

Overall, the results confirm that a hybrid Physiological-AI framework enhances 

predictive accuracy, supports clinical interpretability, and facilitates personalized 

healthcare, offering a practical solution for digital medicine applications. 

 

Discussion 

The results of this study highlight the significant advantages of integrating 

physiological models with artificial intelligence (AI) in digital medicine. By combining 

mechanistic understanding of organ and system functions with data-driven AI 

predictions, the hybrid model not only improved predictive accuracy but also 

enhanced clinical interpretability. This is particularly important in healthcare, where 

clinicians require transparent reasoning to trust and adopt AI-assisted decision 

support systems. The high sensitivity and specificity observed in detecting 

cardiovascular and metabolic conditions indicate that physiological constraints guide 

AI algorithms toward clinically plausible outcomes, reducing the risk of spurious 

predictions. Furthermore, real-time monitoring using wearable devices demonstrates 

the potential for dynamic, patient-specific recommendations, supporting proactive 

rather than reactive healthcare. Despite these promising outcomes, challenges 

remain. Integration requires high-quality, comprehensive datasets, robust 

preprocessing, and careful validation to ensure reliability. Computational complexity 
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may also limit scalability in some clinical settings. Nevertheless, the hybrid framework 

represents a step forward in personalized digital medicine, offering a model that 

balances interpretability, predictive performance, and adaptability to individual 

patient profiles. Future work should focus on expanding model applications to other 

medical domains and exploring seamless integration into routine clinical workflows. 

 

Conclusion  

This study demonstrates that integrating physiological models with artificial 

intelligence (AI) creates a powerful framework for digital medicine, combining 

mechanistic insights with data-driven predictive capabilities. The hybrid approach 

enhances accuracy in disease prediction, supports personalized treatment planning, 

and improves clinical interpretability, addressing key limitations of purely AI-based 

systems. Real-time monitoring and individualized risk assessment further underscore 

its potential for proactive healthcare management. Despite challenges related to data 

quality, model validation, and computational demands, the results indicate that this 

integrated framework can be effectively applied in cardiovascular, metabolic, and 

other clinical domains. Future research should focus on extending the model to 

additional medical areas, optimizing scalability, and facilitating seamless integration 

into routine clinical practice. Overall, the Physiological-AI hybrid model represents a 

promising solution for advancing personalized, reliable, and patient-centered digital 

healthcare. 
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