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Physiological Limits to Performance
• Circadian time of day
• Number of hours awake (acute sleep debt)
• Cumulative sleep debt (chronic sleep debt)
• Time since awakening (sleep inertia)

Modifiers of Physiological Response
• Individual differences in susceptibility to sleep loss
• Sleep disorders
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Circadian Nadir = Poorest Performance
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Wake Maintenance Zone = Peak in Wakefulness
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CREW PARTICIPATION

PREFLIGHT:
•2 weeks at L-90

–“Normal sleep”
•L-11 through launch

–Shift in sleep/wake cycle
THROUGHOUT SPACEFLIGHT
MISSION
POSTFLIGHT:
•R+0 through R+7

Recovery sleep

n = 80 Missions
n = 60 Subjects
n = 26 Flights



Self-Reported Causes of Sleep Disruption in Space

Barger et al. Lancet Neuro, 2014



Sleep Duration by Study Condition

Barger et al. Lancet
Neuro, 2014





Sleep Outcomes by Sleep Medication
Use and Non-use

Barger et al. Lancet Neuro, 2014
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• 13% of nights misaligned during the L-11
block

• 20% of nights misaligned during flight
• 27% of nights misaligned during

vehicle/ISS docking
• Sleep medication reported on 24% of

misaligned nights and 11% of aligned
nights

Consequences of Circadian Misalignment

Flynn-Evans et al., In preparation, 2014



Aligned Misaligned

Mean (SD) Mean (SD) p-value

Actigraphy Sleep Duration (h) 6.4 (1.2) 5.5 (1.4) <0.01

Latency (m) 10.4 (15.1) 13.0 (24.9) 0.29

Number of Awakenings 1.7 (1.9) 1.8 (1.8) 0.36

Sleep Efficiency 89% (7%) 90% (7%) 0.18

Sleep Quality 66.8 (17.7) 60.2 (21.0) <0.01

Alertness 57.9 (21.7) 53.5 (21.4) 0.14

Consequences of Circadian Misalignment
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Performance Results
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Short-Haul Airline Operations



Early Starts/Irregular Schedules
• Early morning starts are a circadian challenge

• Circadian wake maintenance zone prevents early
bedtime

• Irregular schedules prevent regular bed- and wake
times

• Lead to chronic and acute sleep debt and circadian
misalignment



• Systematic evaluation of schedule types
• Baseline, early, evening, night schedules
• Assessment during duty days and days off

• Outcomes
• Hassle factors
• PVT on iPod
• Actigraphy
• Sleep logs
• Sleepiness scales, countermeasure logs
• Urine collection for melatonin assessment

• Data Mining
• Operational outcomes
• Correlations with fatigue measures

n = 44 study
n = 13 urine collection

Study Methods
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Melatonin Acrophase by Individual

Clock time (h)
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Sleep Duration Shorter on Early and Late Shifts
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Key Practical Take Away Points
• Sleep loss remains a concern in spaceflight and

aviation
• Circadian misalignment accounts for substantial

sleep loss in many high stress environments
• Scheduling and light countermeasures available to

facilitate increased sleep duration and performance
enhancement

• Fatigue Risk Management Systems must provide
better education about circadian misalignment and
how to prepare operators for non-traditional shifts


