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Abstract

The gut microbiota, functioning as a “virtual endocrine organ” in the human body, engages in exten-
sive and profound bidirectional communication with the host’s endocrine system through various
mechanisms such as producing metabolites, regulating immune responses, and influencing neural
signaling. This dialogue not only forms the basis for maintaining host homeostasis in energy metab-
olism, stress response, and reproductive function but also serves as a key driver in the development
of conditions such as obesity, type 2 diabetes, polycystic ovary syndrome, non-alcoholic fatty liver
disease, and neuroendocrine disorders when disrupted. This article aims to systematically review
the molecular and cellular mechanisms underlying major communication axes, including the gut-
pancreas axis, gut-brain axis (via the HPA axis), gut-gonad axis, and gut-adipose axis. It begins by
elucidating the central role of microbially derived signaling molecules (e.g., short-chain fatty acids,
secondary bile acids, tryptophan metabolites) in endocrine regulation. Furthermore, the article
summarizes the current status of microbiota-based diagnostic biomarkers and the potential and
challenges of emerging therapeutic strategies such as fecal microbiota transplantation, precision
probiotics, and microbiome engineering. Finally, it provides an outlook on future research direc-
tions, including in-depth analysis of causal relationships, development of personalized intervention
strategies, and integration of the microbiota-endocrine axis into precision medicine. Understanding
and modulating the dialogue between the gut microbiota and endocrine axes will offer revolution-
ary perspectives and novel strategies for the prevention and treatment of a range of endocrine and
metabolic diseases.
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