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MODELING THE NEUROIMMUNE STRESS AXIS IN LONG-DURATION SPACEFLIGHT

Abstract

Long-duration spaceflight exposes crew members to chronic psychosocial stress, circadian disruption,
and space radiation, all of which influence integrated physiological regulation. Increasing evidence suggests
that autonomic imbalance and sleep disturbance may precede immune dysregulation and neuroinflamma-
tory risk; however, a systems-level physiological model linking these processes remains underdeveloped.

This study proposes a Neuroimmune Stress Axis (NISA) framework integrating publicly available
spaceflight and analog datasets to characterize stress–autonomic–immune coupling during prolonged mis-
sions. Multi-omics data from NASA GeneLab and the NASA Twins Study will be analyzed to identify
conserved inflammatory, mitochondrial stress, and glucocorticoid-responsive pathways associated with
long-duration exposure. These molecular signatures will be integrated with published sleep-restriction
and isolation datasets to construct a composite physiological risk index representing autonomic–immune
interaction dynamics.

To assess operational relevance, the model will be prospectively evaluated during a space analog
mission. Daily heart rate variability, sleep metrics, short-duration cognitive testing, and perceived stress
scores will be collected to characterize autonomic and neurobehavioral status. Salivary cortisol sampling
and optional dried blood spot C-reactive protein measurements will serve as minimally invasive immune
proxies. Time-lagged analyses will determine whether elevations in the model-derived risk index predict
short-term cognitive slowing or physiological stress amplification.

By integrating molecular datasets with real-time physiological monitoring, this study advances a pre-
dictive framework for early detection of neuroimmune vulnerability in long-duration missions. The pro-
posed approach supports development of targeted countermeasures and personalized monitoring strategies
for Artemis and future deep-space exploration, contributing to risk mitigation in human spaceflight.
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