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maintain astronaut health, and improve mission outcomes. Despite 
advancements, challenges remain in developing effective, sustainable 
countermeasures for long-duration missions beyond low Earth orbit 
[9]. Future research focuses on refining current strategies, exploring 
new technologies, and understanding the underlying mechanisms of 
cardiovascular adaptation and deconditioning in space. Understanding 
and addressing these results are crucial for advancing human space 
exploration capabilities, ensuring astronaut health and safety, and 
preparing for future missions to destinations such as Mars and 
beyond [10]. Continued interdisciplinary research and collaboration 
are essential to overcoming these challenges and optimizing human 
performance in space environments.
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