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INTRODUCTION: Chronic sleep restriction (CSR) – multiple days with extended wake and 
insufficient sleep – is prevalent among both astronauts and Earth-based support crews. The 
effects of CSR on performance are worsened during circadian “nighttime” phases [1]. To 
ameliorate these adverse effects, we are developing tools to predict times of poor performance 
and alertness, and to design individualized countermeasures. At the core of our system is the 
development of an enhanced set of mathematical models that predict circadian phase, sleep, 
and neurobehavioral performance and alertness. These models will be adaptable to individual 
vulnerabilities or strengths. One goal is to create methods and tools that can be used by flight 
crews, flight surgeons, and NASA administrators to facilitate individualized predictions with our 
mathematical models. This work is aligned with and addresses multiple gaps within the NASA 
Human Research Program Integrated Research Plan “Risk of Performance Errors Due to 
Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and 
Work Overload”. 

METHODS AND RESULTS: We are reviewing the representation of CSR in our and other 
models (e.g., SAFTE/FAST, Three-Process and derivative models, and McCauley et al.). Model 
representations based on physiology are preferable because their results can be interpreted to 
design optimal countermeasures with physiological targets. Members of our research group 
have developed linked mathematical models of sleep and circadian rhythms and their effects on 
neurobehavioral performance and alertness [2,3,4]. These models are based on physiological 
data and predict the effects of light, including different wavelengths of light (e.g., Moon 
environment, spectral absorption through visors, and artificial lighting), and direct alerting effects 
of light. The models can be used to design and modify lighting and sleep-wake schedules to 
optimize performance and alertness under different operational requirements [5]. The models 
also predict the effects of sleep-wake schedules on the human circadian pacemaker, and on 
multiple cognitive performance and alertness tasks. The effects of countermeasures including 
caffeine and melatonin on fatigue and alertness have been incorporated [6,7], as well as 
alertness changes due to an individual’s morningness-eveningness tendency [8]. The effects of 
sleep deprivation are already included in these models; we are currently extending the models 
to include the effects of CSR, and directly comparing the predictions of our physiologically 
based model to other phenomenological models. 

CONCLUSION AND PLANS: Through mathematical modeling, we are able to integrate recent 
advances in our knowledge of the circadian system, light levels, and sleep-wake history into a 
modeling framework that is applicable to a wide range of operationally-relevant scenarios. In 
future work, improvements in the model will be applied to the design of interventions. These 
improvements will facilitate the generation of sleep-wake and work schedules with 
countermeasures that are optimized for each individual’s circadian rhythms and response to 
CSR. Individualized predictions from this schedule design tool will be useful for both ground- 
and space-based crews and by individuals or organizations in other industries. 

REFERENCES: . [1] Cohen DA et al. (2010) Science Translational Medicine. [2] Jewett ME and Kronauer RE (1999) 
J. Biol. Rhythms. [3] St. Hilaire MA et al. (2007) J. Theor Biol. [4] Phillips AJK and Robinson PA (2007) J Biol. 
Rhythms [5] Dean II DA et al. (2009) PLoS Computational Biology. [6] Puckeridge M et al. (2011) J. Theor. Biol. [7] 
Breslow E. R. et al. (2013) J. Biol. Rhythms. [8] Phillips AJK et al. (2010) J. Biol. Rhythms. ACKNOWLEDGEMENTS: 
Research supported by NSBRI HPF00405, HFP01604, HFP01701, and PF02101 (AJKP); NIH 1K99-HL119618 
(AJKP), NIH K02-HD045459 (EBK), K24-HL105664 (EBK), T32 HL07901-10 (MSH), RC2-HL101340-0. 

3273.pdfNASA Human Research Program Investigators' Workshop (2014)


