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Highlights

• Proposes an Artificial Intelligence

(AI)-driven four-dimensional diet-

intestinal microbiota-host health

paradigm.

• El u c i d a t e s A I a d v a n c e s i n

deciphering bidirectional diet-

microbiota interactions.

• Evaluates AI-driven precision

nutrition intervention designs and

clinical translation.

• Cri t ical ly analyzes inherent

limitations of microbiome AI

models whi le out l in ing key

challenges and future directions.



AI-decoded microbiota-mediated nutritional signaling and host health

Figure 1 Artificial intelligence (AI)-assisted integration of gut-organ axes.



AI-enabled cross-species translation and the one health framework

Figure 2 Cross-species extension of the four-dimensional framework.



AI-integrated multi-omics for redefining microbial modulation strategies

Figure 3 AI-assisted workflow for the discovery of microbiome-derived antimicrobial peptides.



AI-integrated multi-omics for redefining microbial modulation strategies

Figure 3 AI-assisted workflow for the discovery of microbiome-derived antimicrobial peptides.



AI-empowered precision nutrition and digital intestinal twins

Figure 4 AI-enabled integration of multimodal patient data for biomarker identification and personalised health management.



AI-facilitated development of healthy animal farming systems

Figure 5 Applications of AI in livestock production within a One Health context.



AI-enhanced intelligent monitoring of food safety

Applications of AI in food safety.



AI-enhanced intelligent monitoring of food safety

Applications of AI in food safety.



Conclusions and future perspectives

❑ In this study, we propose an AI-driven four-dimensional “diet–gut microbiota–host 

health” paradigm.

❑ We elucidate advances in AI-enabled deciphering of bidirectional diet–gut microbiota 

interactions, and evaluate the AI-driven design of precision nutritional interventions 

and their clinical translation.

❑ We critically analyze the inherent limitations of microbiome AI models and outline key 

challenges and future research directions.

❑ Future directions are focused on organoid models, spatial multi-omics, digital twins 

and multimodal deep learning to advance research into host health.
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