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ABSTRACT

The rapid digitalization of healthcare has intensified the need for robust, privacy-​
preserving techniques to manage sensitive patient data. Federated Learning (FL) 
and Generative AI (GenAI) have emerged as transformative technologies that enable 
secure, collaborative model development without centralizing raw medical data. 
This chapter explores the foundational principles, privacy-​preserving mechanisms, 
and integrated frameworks that combine FL and GenAI to support secure digital 
healthcare applications such as medical imaging, clinical decision support, genomics, 
and remote monitoring. It highlights key challenges including privacy leakage, data 
heterogeneity, adversarial threats, and regulatory complexities while identifying 
future research directions for scalable, trustworthy, and interoperable healthcare 
AI systems. The convergence of FL and GenAI represents a critical pathway toward 
secure, ethical, and data-​driven healthcare innovation.

1. INTRODUCTION

1.1 Background and Motivation

The digitalization of the healthcare systems across the globe has caused an un-
precedented increase in the amount, speed, and type of electronic health data. The 
electronic health records (EHRs), medical imaging, genomics, wearable devices, 
telemedicine platforms and remote monitoring systems all produce sensitive and 
highly personal health data. Although these data sources could have unparalleled 
potential in improving diagnostics, disease prediction, precision medicine, and clinical 
decision support, they have serious implications regarding patient privacy, misuse 
of data and compliance to regulations. The classical machine learning systems use 
centralized data storage whereby sensitive data is collected in one place to be used 
in training (Asha et al., 2026). Though it is effective to enhance the performance 
of the model, this method presents significant weaknesses, such as the possibility 
of cyberattacks, unauthorized data disclosure, and unintentional privacy breach. It 
is against this backdrop that the healthcare sector is in dire need of sophisticated 
technological systems that can be used to draw insights on distributed data without 
undermining security or breaking privacy of a patient.

Federated Learning (FL) and Generative AI (GenAI) are new tools that have 
become effective in solving these issues. Federated Learning allows the joint training 
of models in a number of decentralized healthcare facilities, including hospitals, 
laboratories, and clinics, without moving raw patient data outside the institution 
(Trivedi et al., 2023). Rather than the exchange of datasets, a model update or gra-
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