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Introduction

Chronic Kidney Disease (CKD) is a slowly progressing condition that harms kidney function over time and affects nearly 10% of the world's population. Healthcare costs and mortality rates associated with CKD are high since it is diagnosed in later stages [1][2]. The traditional diagnostic methods use clinical and laboratory data, which rely too much on individual interpretation and can be inconsistent due to bias, leading to an unreliable outcome [2].

With advancements in healthcare technology, especially in AI and deep learning, the automation of disease classification at risk level has received attention in recent years. There is enormous potential for early detection and preemptive action for CKD using predictive models built on structured clinical data through tailored treatment plans derived from personalized predictive algorithms based on the theory of ‘algorithm-derived precision medicine’ [2][3]. Unfortunately, most AI-driven models neglect multi-stage classification of CKD by focusing only on binary classification CKD/non-CKD flagging model and ignoring clinically actionable risk stratification as per KDIGO guidelines (Kidney Disease: Improving Global Outcomes) [1, 3].

Problem Statement

Even though AI holds great potential for transforming healthcare, a significant number of chronic kidney disease (CKD) cases still go undiagnosed or are identified too late. This is largely due to the heavy reliance on manual assessments and the lack of standardized, automated risk evaluation methods.
 Current models often:
· Limit their predictions to a simple yes or no (CKD present or absent), overlooking the critical aspect of disease staging.
· Fail to provide clear explanations, which make them less reliable for healthcare professionals.
· Do not conform to established clinical guidelines like KDIGO for risk assessment.
[bookmark: _GoBack]This project is set to tackle these issues by creating a deep learning framework that not only detects CKD but also aligns with KDIGO standards for risk staging, all while offering transparent insights into feature importance.

Research Objectives
1. Develop a binary classification model to predict CKD status (Yes/No) using structured clinical and laboratory data.
2. Implement an ordinal regression model to estimate KDIGO-compliant CKD stages (G1–G5) for risk stratification.
3. Apply SHAP (SHapley Additive exPlanations) to interpret model predictions and identify key predictive features.




Methodology
· Dataset: Chronic Kidney Disease dataset from Mendeley Data (2023), containing patient demographics, laboratory values, and clinical features.
· Preprocessing: Data cleaning, handling missing values, encoding categorical variables, normalization, and feature engineering.
· Modeling:
· Binary Classification: Deep Neural Network (DNN) for CKD detection.
· Risk Stratification: Ordinal regression model for KDIGO stage prediction.
· Explainability: Use SHAP to interpret individual and global feature contributions.
· Evaluation: Standard metrics (Accuracy, Precision, Recall, F1-Score, ROC-AUC) and clinical utility metrics.

Fig 1: Proposed System Pipeline
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