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Abstract

The glymphatic system is a perivascular clearance network that facilitates the removal of intersti-
tial metabolic waste from the brain, operating most efficiently during non-rapid eye movement slow-
wave sleep. Impairment of this system has been implicated in neurodegenerative disorders, including
Alzheimer’s disease (AD), where disrupted waste clearance contributes to amyloid- and tau accumula-
tion. Emerging evidence suggests that extended microgravity exposure alters cerebrospinal fluid (CSF)
dynamics, potentially perturbing glymphatic function through sustained cephalad fluid shifts and ventric-
ular remodeling. As human spaceflight enters an era of prolonged missions, understanding the neurological
consequences of chronic microgravity exposure has become increasingly urgent. Here, we synthesize longi-
tudinal neuroimaging data from astronaut cohorts and early-stage AD populations to compare ventricular
remodeling trajectories as indirect markers of CSF dysregulation. We show that ventricular enlargement
in spaceflight occurs rapidly and often exceeds the magnitude observed in early AD over comparable time-
frames, yet remains at least partially reversible upon return to gravity. These findings position spaceflight
as a unique, accelerated, and reversible model of CSF stress, offering insight into mechanisms of glym-
phatic vulnerability and informing potential countermeasures relevant to both astronaut health and AD.
Establishing this link provides critical insights into astronaut health risks while advancing space medicine
and terrestrial neurology in the early detection and treatment of neurodegenerative diseases.



