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Abstract:

Graph Convolutional Networks (GCNs) have emerged as a potent tool for learning graph
representations, finding applications in a plethora of real-world scenarios, including the field
of healthcare, where they hold promise for tackling complex diseases such as Alzheimer's.
Alzheimer's disease (AD) is characterized by intricate and multifaceted pathological networks
involving neuronal connections and interactions that are not easily represented through
traditional data structures. GCNs, with their capability to capture relationships between nodes
and model interdependencies within graph-structured data, offer a promising approach for
analyzing such complex networks.

However, a significant portion of deep learning research has predominantly concentrated on
enhancing model performance by constructing deeper GCNs. Unfortunately, training deep
GCNs faces two fundamental challenges: the inadequacy of conventional methodologies to
handle heterogeneous networks, and the exponential surge in model complexity with increasing
network depth, which complicates interpretability and reduces practical utility in clinical
applications. This imposes constraints on deploying GCNs to analyze data effectively.

To surmount these limitations, we propose an innovative approach named the Wide Sub-stage
Graph Convolutional Network (WSSGCN), tailored to address both the depth and width
limitations of GCNs. Specifically, WSSGCN adopts a staged convolutional network
framework that reflects a step-by-step learning process akin to human cognition, which is
particularly valuable for tackling the nuanced progression and layered complexity of
Alzheimer's pathology.

Our framework prioritizes three distinct forms of consistency—response-based, feature-based,
and relationship-based—to ensure robust learning across multi-dimensional relationships. This
structured approach involves three tailored convolutional networks that capture hierarchical
insights at multiple scales. Additionally, WSSGCN introduces a novel method for expanding
graph width, providing an efficient way to train GCNs without necessitating excessive depth,
thereby facilitating better computational efficiency and stability. This wide sub-stage
configuration empowers WSSGCN to model complex biological networks more accurately,
with empirical validations on benchmarks highlighting its superior accuracy and faster training
speeds compared to conventional GCNs. By enabling more efficient and scalable graph



representation learning, WSSGCN could serve as a foundational tool in the pursuit of early
diagnosis and personalized treatment strategies for healthcare.
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