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CIRCADIAN RHYTHMS, SLEEP AND COGNITIVE PERFORMANCE IN SIMULATED SPACE:
UNDERSTANDING ADAPTATIONS FOR SPACE EXPLORATION

Abstract

Circadian rhythms and sleep are critical for cognitive performance, mood regulation and overall health
in space missions. Exposure to atypical light-dark cycles and isolation can lead to circadian misaligment,
sleep disruption, fatigue and reduced alertness, with an impact on performance and decision making.

To investigate how prolonged exposure to a subterranean environment without natural light, like that
planned for future lunar habitats, affects sleep-wake regulation and physiological rhythms, nine astronauts
lived in a simulated lunar base located in the mountainous area of Sasso San Gottardo, Switzerland for
two weeks in the summer 2025 under the Asclepios V analogue mission. They lived in isolation and
without exposure to sunlight, only allowed to leave the base during simulated extravehicular activities at
night.

Continuous recording of light exposure, wrist temperature, activity, and body position was carried
out using wearable circadian actigraphy to quantify rhythm stability and synchronization across the three
differents phases of the mission: pre-mission (2 weeks before astronauts started the mission), in-mission



(2 weeks in the simulated lunar base) , and post-mission phases (2 weeks after they left the simulated
lunar base). In parallel, validated psychological questionnaires evaluated sleepiness and fatigue (KSS,
Samn-Pirelli), mood and distress (POMS, DASS-21), subjective operational state (VAS), and cognitive
performance through psychomotor vigilance testing (PVT) during the mission all delivered in a computer-
based format. Baseline demographic data and individual chronobiological profiles were also collected to
characterize the cohort and support interindividual analyses. Salivary melatonin sampling and genetic
analyses of circadian clock genes via oral mucosa sampling of each of the astronauts are planned to identify
biochemical and molecular correlates of circadian misalignment.

This study aims to establish reliable biomarkers of circadian adaptation and inform countermeasures
for fatigue, sleep loss, and cognitive decline during future crewed space missions. Moreover, the insights
gained may support chronobiological interventions for night-shift workers and individuals exposed to
artificial-light environments on Earth, contributing to health and performance in both space and terrestrial
contexts.



