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Abstract 

This study introduces a novel application of Graph Neural Networks (GNN) to unravel the 

complexities of the gut-brain axis, particularly focusing on the modulatory role of nutrition. 

Recognizing the intricate network that connects dietary components, gut microbiota, and 

neurological health, our research leverages GNNs to model these interactions comprehensively. 

By representing the gut-brain axis as a graph, with nodes for nutrients, microbiota species, and 

neural responses, and edges reflecting their dynamic interactions, we provide a structured 

framework for analyzing the systemic impact of dietary patterns on mental and neurological 

health. The model successfully predicts the outcomes of dietary interventions, offering insights 

into personalized nutrition strategies aimed at optimizing gut microbiota composition and, 

consequently, enhancing brain function. This approach not only underscores the potential of 

GNNs in biomedical research but also paves the way for developing targeted dietary 

recommendations to prevent or ameliorate mental health disorders and neurological diseases. 

Through this research, we contribute to the understanding of the gut-brain axis, highlighting 

the importance of diet in maintaining neurological health and offering a scalable tool for future 

explorations in nutritional neuroscience. 

Keywords: Graph Neural Networks, Gut-Brain Axis, Nutrition, Dietary Patterns, Microbiota, 

Neurological Health. 

1. Introduction 

The exploration of the gut-brain axis represents a frontier in understanding how our diet 

influences mental and neurological health [1] [2]. This bidirectional communication system, 

linking the enteric and central nervous systems, is pivotal in mediating the effects of nutritional 

intake on brain function [3]. However, the intricate network of interactions between dietary 

components, gut microbiota, and the brain presents significant challenges for traditional 

analytical methods. Enter Graph Neural Networks (GNN), a deep learning technique tailored 

for modeling complex, non-Euclidean data structures. Our study harnesses the power of GNN 
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to dissect the multifaceted relationships within the gut-brain axis [4]. By conceptualizing these 

interactions as a graph, where nodes represent various entities such as nutrients, microbiota 

species, and neural responses, and edges denote the interactions among them, we offer a novel 

perspective on how diet can influence mental and neurological health through the gut 

microbiota. This model facilitates a deeper understanding of the systemic impact of dietary 

interventions, enabling the prediction of their outcomes on brain health. Consequently, our 

research not only demonstrates the applicability of GNNs in the realm of nutritional 

neuroscience but also sets the stage for the development of personalized nutrition strategies 

that leverage diet to optimize mental and neurological well-being [5] [6]. Through this 

pioneering approach, we aim to contribute to the burgeoning field of the gut-brain axis, offering 

a scalable and insightful tool for future investigations. 

2. Methodology 

The methodology for our proposed study on exploring the gut-brain axis through nutrition 

using GNN begins with the collection and preprocessing of multidisciplinary data, 

encompassing nutritional information, gut microbiota compositions, and neurological health 

indicators. This data serves as the foundation for constructing a comprehensive graph model, 

where nodes represent specific nutrients, types of gut microbiota, and aspects of neurological 

health, while edges signify the interactions and relationships among these entities. The 

construction of this graph is based on existing scientific literature, clinical studies, and 

databases that detail the effects of various dietary components on gut microbiota and, 

subsequently, on brain health. Once the graph is established, GNN algorithms are employed to 

analyze the complex, non-linear interactions within the gut-brain axis. The GNN model is 

trained and validated using subsets of the data to ensure its accuracy in predicting how changes 

in diet can alter gut microbiota and influence neurological outcomes. The final step involves 

interpreting the GNN model's outputs to derive actionable insights into personalized nutrition 

strategies that can potentially enhance mental and neurological health. By applying GNN to 

this intricate web of interactions, we aim to uncover novel connections within the gut-brain 

axis, providing a deeper understanding of how nutrition can be optimized to support 

neurological well-being. The proposed architecture is depicted in Figure 1. 
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Fig 2: Proposed Architecture 

2.1 Proposed Approach Overview 
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The proposed GNN architecture for analyzing the gut-brain axis through nutrition is designed 

to capture the complex interactions between dietary components, gut microbiota, and 

neurological health indicators. At its core, the architecture comprises several layers, each 

responsible for processing the graph data to learn representations of nodes (representing 

nutrients, microbiota species, and neurological health aspects) and their relationships (edges). 

The key operation within the GNN involves aggregating feature information from the 

neighbors of each node and then updating the node's representation based on this aggregated 

information. This process can be formalized by 

ℎ(𝑙+1) = 𝑓(ℎ(𝑙), 𝑎) 

where ℎ(𝑙)represents the node features at layer𝑙, 𝑎 is the adjacency matrix encoding the graph 

structure, and 𝑓 is a function (such as a neural network layer) that updates node features by 

aggregating neighbor information. The initial feature representation ℎ(0)corresponds to the 

input features of the nodes, such as specific nutrient levels, types of gut microbiota, or 

indicators of neurological health. Through successive layers, the GNN refines these features 

by incorporating information from the graph structure, allowing it to learn complex patterns of 

interaction within the gut-brain axis. The final layer's output ℎ(𝑙) (where 𝑙 is the last layer) 

serves as the basis for predicting outcomes, such as the impact of dietary changes on 

neurological health, through a classification or regression mechanism depending on the specific 

objectives of the study. This architecture enables the model to harness both the compositional 

and relational data within the gut-brain axis, offering insights into how nutrition can influence 

neurological health via the microbiome.  

 

3. Results and Analysis 

3.1 Simulation Setup 

The proposed study is evaluated using Human Microbiome Project (HMP) dataset [7] offers 

extensive data on human microbiota collected from different body sites, including the gut. The 

HMP dataset can be augmented with nutritional data (such as dietary intake information from 

nutritional surveys or databases) and neurological health indicators (such as cognitive function 

assessments or mental health evaluations). This enriched dataset would provide a multi-

dimensional view of the interactions between diet, gut microbiota, and brain health, making it 

an excellent choice for training and testing the proposed GNN architecture. 
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3.2 Evaluation Criteria 

The proposed GNN model exhibits strong efficacy in the context of exploring the Gut-Brain 

Axis through nutrition which is demonstrated in Figure 2 a and b. The model was evaluated on 

a diverse set of features related to dietary intake, microbiota composition, neurological health, 

diet-microbiota interaction, microbiota-brain interaction, and the overall gut-brain axis. The 

accuracy scores, which measure the model's ability to correctly classify different features, 

demonstrate consistent and high performance. The accuracy scores range from 0.88 to 0.95, 

indicating that the GNN model can accurately classify and predict various aspects of the gut-

brain axis based on nutrition-related features. 

Furthermore, the AUC-ROC scores, which assess the model's ability to discriminate between 

positive and negative instances, also reflect excellent performance. The AUC-ROC scores 

range from 0.90 to 0.97, highlighting the model's robustness in distinguishing between different 

features related to the gut-brain axis. These high AUC-ROC scores indicate that the GNN 

model effectively captures the underlying patterns and relationships in the data, contributing to 

its strong predictive power. 
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Fig 2: a) Accuracy b) AUC-ROC 

4. Conclusion 

In conclusion, the proposed GNN model demonstrates remarkable efficacy in exploring the 

Gut-Brain Axis through nutrition. It excels in accurately classifying and predicting various 

features associated with dietary intake, microbiota composition, neurological health, and their 

interactions. The consistently high accuracy and AUC-ROC scores validate the model's 

capability to unravel complex relationships within the gut-brain axis. This research contributes 

to a deeper understanding of the intricate connections between nutrition and the gut-brain axis, 

paving the way for potential applications in personalized nutrition recommendations and 

interventions. Overall, the study underscores the importance of leveraging advanced machine 
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learning techniques like GNNs to gain insights into complex biological systems and their 

responses to nutrition, ultimately benefiting our understanding of human health and well-being. 
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