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Highlights

✓ The extreme conditions of space present immediate challenges to astronaut health.

✓ The impact of spaceflight on the human immune system. 

✓ Microbiota play important roles in modulating immune responses and influencing the ageing process. 

✓ Spaceflight-induced changes in microbiota composition potentially influence ageing in astronauts. 
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Result: Immune System Alterations in Ageing and Spaceflight
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Spaceflight alters the immune function of astronauts in a manner similar to natural ageing.



Result: Microbial Associations with Ageing Across Diverse Body Sites
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MR analysis shows causality between ageing and specific microbes in the gut, skin, and oral cavity.



Result: Microbial Shifts in Gut, Oral, and Skin Tissues During Ageing

Metagenome-wide sequencing data  of gut 

collected from the dataset: PRJEB29015

Metagenome-wide sequencing data of oral 

collected from the dataset: PRJNA217052

Metagenome-wide sequencing data of skin 

collected from the dataset: CNP0000635
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Metagenomics analysis reveals multiple microbiota that 

change in ageing.



Result: Spaceflight Alters Microbiota Across Multiple Body Sites in Astronauts
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Metagenomics analysis reveals multiple microbiota that change in spaceflight.



Result: Spaceflight Modifies Age-Related Microbiota
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Integrative analysis identifies changes in the microbiota that co-altered during spaceflight and ageing.



Result: Spaceflight Alters Functional Dynamics of Microbiota
Scatter Plot with Regression Line, p-value, and R2
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Enriched in Post-flight

Enriched in Pre-flight

GroupMetatranscriptome analysis reveals the effect of spaceflight 

on gene expression of microbiota.



Summary

❑ Spaceflight alters the immune function of astronauts in a manner similar to natural 

ageing.

❑ Ageing alters the host microbiota across multiple body sites, leading to changes that 

may influence the ageing process itself.

❑ Ageing-associated microbiota in the oral cavity and skin exhibited significant changes 

after spaceflight.

❑ Spaceflight may potentially impact human health by altering microbiota function.

Yuan Sun, Sai Liu, Long Chen, Zheng Zhou, Mengyu Ma, Jinran Li, Yi Lu, Yiting Shi, Tingting Yao, Ruizhi Feng, 

Qiulun Lu, Fatimah Qassadi, Philip M. Williams, Tanya M. Monaghan, Guangji Wang, Zheying Zhu, Xinuo Li. 2025. 

“Spaceflight Redefines Ageing-Associated Microbiota.” iMeta 4: e70023. https://doi.org/10.1002/imt2.70023 
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