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August 2019 report: Namni Goel, PhD, Principal Investigator (PI), relocated to Rush University Medical Center (RUMC)
officially as of July 1, 2019. This grant is in the process of being transferred to RUMC and NASA grants and HFBP (Human
Factors and Behavioral Performance) element management have been informed of the relocation. The grant has not yet been
released by the University of Pennsylvania, and therefore all affiliations have been retained in their current state for this report.
[Ed. note 12/27/19: due to Task Book system requirements, the PI's affiliation does now show as Rush University, with note
about previous affiliation at University of Pennsylvania; a new grant at Rush has been awarded]

Basner, Mathias M.D., Ph.D. ( University of Pennsylvania )
Bhatnagar, Seema Ph.D. ( Children's Hospital of Philadelphia )
Dinges, David Ph.D. ( University of Pennsylvania )
Kirkpatrick, James M.D. ( University of Washington )

Weljie, Aalim Ph.D. ( University of Pennsylvania )

NNX14AN49G

This proposal is responsive to the NASA Behavioral Health and Performance gap (BMed5) to find individual characteristics that
predict successful adaptation and performance in an isolated, confined, and extreme environment, especially for long duration
missions. The project also relates to Human Research Program (HRP) Sleep Gap 4 to identify indicators of individual
susceptibilities and resiliencies to sleep loss and circadian rhythm disruption, to aid with individualized countermeasure regimens,
for autonomous, long duration, and/or distance exploration missions. The proposal is also responsive to BMed 1 and BMed 2, and
Sleep Gap 2 and Sleep Gap 9. To address these gaps, this proposal will assess biomarkers as predictors of resiliency and
susceptibility (individual differences) to performance stress and sleep loss using the HRP Human Exploration Research Analog
(HERA) and the Hawaii Space Exploration Analog and Simulation (HI-SEAS) high fidelity space analog facilities. We will
conduct a ground-based experiment—strongly anchored in our previous laboratory-based research—on N=32 healthy men and
women (ages 26-55) in the HERA facility (short-duration analog) and on N=6 healthy men and women (ages 21-65) in the
HI-SEAS facility (long-duration analog) to determine the predictive validity of a set of relevant, valid, and reliable biomarkers for
distinguishing those who are more resilient versus those who are more susceptible to the adverse neurobehavioral effects of the
combination of high performance demands and total sleep deprivation (TSD) stressors—two conditions commonly experienced in
space flight. These biomarkers include the following: cardiovascular measures (blood pressure, heart rate and heart rate
variability, stroke volume, and cardiac output), salivary cortisol, catecholamines (dopamine, noradrenaline, and adrenaline), an
inflammatory marker (C-reactive protein; CRP), metabolomic markers (via unbiased metabolomics), and microRNAs (epigenetic
markers). The project deliverable will be a countermeasure (set of diverse biomarkers) for distinguishing those who are more
resilient versus those who are more susceptible to the adverse neurobehavioral effects of high performance demands and sleep loss
stressors. If valid markers of such susceptibility can be found, it will be possible to optimize and individualize crew resources,
and mitigate stress and other behavioral health and performance risks autonomously during long-duration space flight.

The project's research will deliver a countermeasure (set of diverse biomarkers) for distinguishing those who are more resilient
versus those who are more susceptible to the adverse neurobehavioral effects of high performance demands and sleep loss
stressors. If valid markers of such susceptibility can be found, it will be possible to optimize and individualize crew resources,
and mitigate stress and other behavioral health and performance risks autonomously during long-duration space flight. This
information would also be of use on Earth in applied occupations that demand similar risks and stressors.

We integrated the complex, multifaceted five-day stress and sleep loss experiment into HERA and successfully collected data in
all four 14-day 2015 and all four 30-day 2016 missions (N=32 crewmembers). These data include the following biomarkers: blood
markers from 6 time points in 32 crewmembers (190 blood markers; n=2 crewmembers did not participate in one biomarker
assessment); 2 saliva markers each from 6 time points in 32 crewmembers (382 saliva markers; n=1 crewmember did not
participate in one biomarker assessment); blood pressure markers from 6 time points in 32 crewmembers (191 blood pressure
markers; n=1 crewmember did not participate in one biomarker assessment); stroke volume and cardiac output from 6 time points
in 32 crewmembers (191 stroke volume and cardiac output markers; n=1 crewmember did not participate in one biomarker
assessment); and heart rate from 6 time points in 32 crewmembers (189 heart rate markers: 3 heart rate monitor data points were
not collected due to n=2 crewmembers mistakenly not turning on the heart rate device and n=1 crewmember not participating in
one biomarker assessment; however, heart rate data collected from the echocardiography and/or blood pressure devices can be
used as needed). We also have data from 11 neurobehavioral tests for 32 crewmembers (348 neurobehavioral tests; one
crewmember did not participate in 4 neurobehavioral assessments). Almost all the missing data can be attributed to one
crewmember who experienced a medical emergency. Finally, we have continuous actigraphy data on n=16 crewmembers for
14-days each (a total of 224 days of actigraphy) and on n=16 crewmembers for 30-days each (a total of 480 days of actigraphy).
Analyses of the wrist actigraphy data from the four 14-day HERA missions of 2015 (n=16) and the four 30-day HERA missions
of 2016 (n=16) indicate crew members were compliant with the dictated sleep-wake times at baseline and recovery, and were not
sleeping during the total sleep deprivation (TSD) night. As expected for these 32 crewmembers, on average, the performance
variables show significant impairment with TSD (with individual differences in neurobehavioral responses). Thus, the sleep loss
manipulation in HERA was highly effective.

We successfully completed a 17-day initial “shakedown” mission in November 2017 on N=6 subjects. Two miRNA samples were
not collected due to blood flow issues with the blood draws, and one NTB (Neurobehavioral Test Battery) test bout was not
collected; all other pilot data were successfully collected. We recently successfully completed a 4-month, long duration mission in
NEK (Nezemnyy Eksperimental’nyy Kompleks, the new long-duration analog, IMBP--Russian Institute for Biomedical Problems
facility) in July 2019 on N=6 subjects.

[Ed. note 7/27/2020: Project continues with same Principal Investigator Dr. Namni Goel at Rush University; see project with same
title and grant # 80NSSC20K 0243 for subsequent reporting]
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Goel N, Dennis L, Ecker A. "Biomarkers as predictors of resiliency and susceptibility to stress in space flight." Presented at the
2019 NASA Human Research Program Investigators’ Workshop, Galveston, TX, January 22-25, 2019.

Human Research Program abstract book. 2019 NASA Human Research Program Investigators’ Workshop, Galveston, TX,
January 22-25, 2019. , Jan-2019

Goel N, Dennis LE, Ecker AJ. "Heart rate is differentially altered by total sleep deprivation and psychological stress in resistant
vs. vulnerable individuals and predicts cognitive performance." Presented at the Center for Sleep and Circadian Neurobiology
Retreat, Philadelphia, PA, May 15, 2019.

Center for Sleep and Circadian Neurobiology abstract book, May 15, 2019. , May-2019

Goel N, Dennis LE, Ecker AJ. "Heart rate is differentially altered by total sleep deprivation and psychological stress in resistant
vs. vulnerable individuals and predicts cognitive performance." Presented at the Associated Professional Sleep Societies, San
Antonio, TX, June 8-12, 2019.

Sleep. 2019;42(Abstract Suppl):A95. https://doi.org/10.1093/sleep/zsz067.231 , Jun-2019

Yamazaki EM, Goel N. "Robust stability of trait-like vulnerability or resilience to common types of sleep deprivation in a large
sample of adults." Sleep. 2020 Jun 15;43(6):2s2292. https://doi.org/10.1093/sleep/zsz292 ; PMID: 31784748 , Jun-2020

Spaeth AM, Goel N, Dinges DF. "Caloric and macronutrient intake and meal timing responses to repeated sleep restriction
exposures separated by varying intervening recovery nights in healthy adults." Nutrients. 2020 Sep 3;12(9):E2694.
https://doi.org/10.3390/nu12092694 ; PMID: 32899289 , Sep-2020

Malone SK, Peleckis AJ, Grunin L, Yu G, Jang S, Weimer J, Lee I, Rickels MR, Goel N. "Characterizing glycemic control and
sleep in adults with long-standing type 1 diabetes and hypoglycemia unawareness initiating hybrid closed loop insulin delivery." J
Diabetes Res. 2021 Feb 12;2021:6611064. https:/doi.org/10.1155/2021/6611064 ; PMID: 33628834; PMCID: PMC7896863 ,
Feb-2021

Gottlieb JF, Goel N, Chen S, Young MA. "Meta-analysis of sleep deprivation in the acute treatment of bipolar depression." Acta
Psychiatr Scand. 2021 Apr;143(4):319-27. https:/doi.org/10.1111/acps.13255 ; PMID: 33190220 , Apr-2021

Allison KC, Hopkins CM, Ruggieri M, Spaecth AM, Ahima RS, Zhang Z, Taylor DM, Goel N. "Prolonged, controlled daytime
versus delayed eating impacts weight and metabolism." Curr Biol. 2021 Feb 8;31(3):650-7.e3. [Erratum in: Curr Biol. 2021 Feb

22;31(4):908] https://doi.org/10.1016/j.cub.2020.10.092 ; PMID: 33259790; PMCID: PM(C7878354 , Feb-2021

Yamazaki EM, Antler CA, Lasek CR, Goel N. "Residual, differential neurobehavioral deficits linger after multiple recovery
nights following chronic sleep restriction or acute total sleep deprivation." Sleep. 2021 Apr 9;44(4):zsaa224.
https://doi.org/10.1093/sleep/zsaa224 ; PMID: 33274389 , Apr-2021

Ballard R, Parkhurst J, Julian K, Pasetes LN, Fawcett A, Li A, Goel N, Sit DK. "Light therapy for adolescent depression: A
scoping review." Curr Psychiatry Rep. 2023 Jul 25. Review. https://doi.org/10.1007/s11920-023-01437-5 ; PMID: 37490215,
Jul-2023

Pasetes LN, Rosendahl-Garcia KM, Goel N. "Cardiovascular measures display robust phenotypic stability across long-duration
intervals involving repeated sleep deprivation and recovery." Front Neurosci. 2023 Jul 20;17:1201637.
https://doi.org/10.3389/fnins.2023.1201637 ; PMID: 37547137; PMCID: PMC10397520 , Jul-2023

Malone SK, Matus AM, Flatt AJ, Peleckis AJ, Grunin L, Yu G, Jang S, Weimer J, Lee I, Rickels MR, Goel N. "Prolonged use of
an automated insulin delivery system improves sleep in long-standing type 1 diabetes complicated by impaired awareness of
hypoglycemia." J Diabetes Sci Technol. 2023 Jul 14;19322968231182406. Online ahead of print.

https://doi.org/10.1177/19322968231182406 ; PMID: 37449426 , Jul-2023

Goel N. "Elected Member, Strategic Planning Workshop, Sleep Research Society, 2018." Aug-2018
Goel N. "Liaison, Pipeline Development Committee, Sleep Research Society, 2018-Present." Aug-2018
Goel N. "Elected, Board of Directors, Sleep Research Society Foundation, 2018-Present." Aug-2018
Goel N. "Elected, Board of Directors, Sleep Research Society, 2018-Present" Aug-2018

Goel N. "Invited Member, Diabetes Research Center and Institute for Diabetes, Obesity and Metabolism, University of
Pennsylvania School of Medicine, 2019." Feb-2019

Goel N. "Sleep Loss Significantly Slows Metabolism & Fat Loss." Women’s Muscle Media digital magazine, October 2018.,
Oct-2018

Johansson R. " 'Eating late at night linked to weight gain, diabetes and heart conditions.' Dr. Goel is interviewed in this article,
which is also based on her research." Natural News, October 17, 2018.
https://www.naturalnews.com/2018-10-17-eating-late-at-night-linked-to-weight-

- ain-diabetes-heart-conditions.html ; accessed
12/27/19., Oct-2018

Goel N. " 'Sniff Your Way to Better Sleep with Natural, Healthy Aromatherapy.' Dr. Goel's sleep research is recommended for
sleep aromatherapy." Restonic website blog, October 28, 2018., Oct-2018

Brar P. " 'Late Night Eating: Hurting Your Health.' Dr. Goel's research is referenced." Communicating Science (2018w109).
November 12, 2018., Nov-2018

CountingSheep site. " 'Best Sleeping Pills OTC and Prescription Sleep Aids.' Dr. Goel's research is referenced." Counting Sheep
blog. Updated April 2019. https://www.countingsheep.net/best-sleeping-pills/ ; accessed 12/27/19., Apr-2019

Servick K. " 'Poor sleep could clog your arteries. A mouse study shows how that might happen.' Dr. Goel's research is
referenced." Science magazine. February 13, 2019. https:/doi.org/10.1126/science.aax0042 , Feb-2019
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Goel N. "Knock on the blackboard! Nature: Sleep is important, it's about cardiovascular health." BioDiscover.com, February
2019., Feb-2019

Goel N. "Scientific hammer, sleep is interrupted, will promote arteriosclerosis." Will be Healthy website, February 2019.,
Feb-2019

Goel N. "Eating less at night alleviates sleep deprivation symptoms." Guida do Sono website, March 2019., Mar-2019

Hill C. " 'This $8 product may be the secret to a better night’s sleep.' Dr. Goel's research is referenced " MarketWatch websrte
June 26, 2019. https://www.marketwatch.com/sto
accessed 12/29/19., Jun-2019

Goel N. "Buy this, not this: the secret of a better night's sleep may be this $8 product." CBD Sleep Disorders, April 2019.,
Apr-2019

Migala J. " 21 Little Tricks to Get Your Best Night's Sleep Ever.' Dr. Goel's research is referenced." Woman’s Day. April 10,
2019., Apr-2019

Goel N. "Want to sleep well all night? Smell "this scent" before going to bed." World Journal. April 2019., Apr-2019

Goel N. "Want to take a good sleep? American research points out: Lavender can effectively improve sleep quality." SETN.com
April 2019., Apr-2019

Brunk D. " 'Daytime eating schedule found to help with weight management.' Dr. Goel is interviewed and her research covered in
this article; report from Sleep 2019 conference " MDedge News. June 22, 2019

- accessed 12/27/19., Jun-2019
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