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1)  Relevance to Warfighter:  Cognitive dominance is an 
essential element of success for multi-domain operations (MDO). 
Within the MDO context, the American Soldier will need to 
process large amounts of information, sort through the noise, and 
identify and respond to threats during vulnerable periods of the 
normal wake-rest cycles. The Soldier’s ability to maintain 
vigilance, creativity, and flexibility is compromised during 
periods of stress and fatigue. Over the past four decades, the 
Sleep Research Team (SRT) at the Walter Reed Army Institute of 
Research (WRAIR) is the world’s leader in developing solutions 
to maintain Warfighter cognitive dominance. The American 
Warfighter owns the night and will continue to do so with cutting 
edge technology, knowledge products, and pharmacologic 
interventions developed at WRAIR. 

 
1A) Incidence and Prevalence:  It is well known that 
Soldiers consistently fail to obtain the 7+ hours of nightly 
sleep that is jointly recommended by the American Academy 
of Sleep Medicine and the Sleep Research Society (Watson, 
2015). In fact, more than 62% of Soldiers average less than 6 
hours of sleep per night and almost half of all service 
members meet the definition for a significant sleep problem 
(Troxel, 2015). Thus, a majority of Soldiers are chronically 
sleep restricted – a situation that reduces the military’s 
competitive edge in increasingly complex and multi-faceted 
environments.  
 
1B) Performance:  It is well established that sleep loss 
reduces readiness in the operational environment. Sleep loss 
has its greatest effects on high-level mental tasks such as 
problem solving, decision making, situation awareness, and/
or sustained vigilance. But lower level cognitive tasks are 
affected as well. For example, after a 3-day field exercise, 
Soldier’s ability to identify and shoot the enemy decreased by 
220%, errors in decision-making increased by 86%, and 
reaction time slowed 22% (Lieberman, 2005). Soldiers 
operating on 3 hours of sleep have been shown to have 
reduced marksmanship accuracy (McLellan, 2005). Also, in a 
recent study conducted by researchers from WRAIR it was 
found that Special Operations Command (SOCOM) Soldiers 
report lower morale, motivation, and higher levels of fatigue 
after sleep loss (Mantua, 2019). These Soldiers also had a 
marked reduction (from 80%-69%) in subjective ratings of 
both physical and mental readiness. Thus, even the most 
highly trained and motivated Soldiers are not immune to the 
decrementing effects of sleep loss.  
 

1C) Safety:  Sleep loss increases rates of errors and  
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operational accidents. In a study examining the effects of  
sleep loss on safety during a deployment, it was found that 
51% of reported accidents were attributable to sleep loss, and 
over 1/3 of Soldiers reported falling asleep on duty (LoPresti, 
2016). Drivers who sleep <4 hours in the past 24 hours were 
11.5 times more likely to crash their vehicle than those that 
slept 7+ hours (Tefft, 2016). The accident risk associated with 
driving after having slept for only 4-5 hours is similar to the 
crash risk associated with driving with a breath alcohol 
content (BAC) of 0.08 (the legal limit in all U.S. states); 
which increases to BAC 0.12-0.15 after sleeping < 4 hours. 
(Czeisler, 2016; Compton, 2015; Bloomberg, 2005). It should 
also be noted that sleep loss is costly. It has been estimated 
that sleep loss-related errors, accidents, inefficiencies, 
absenteeism and presenteeism in the U.S. workforce accounts 
for a $411 billion economic loss every year (Hafner, 2016). 
Although similar estimates are not currently available for the 
DoD, it is reasonable to infer that – in addition to the costs 
borne by military personnel in terms of their health, safety, 
and well-being – the financial burden of sleep loss on the 
military is considerable. As one example, it has been reported 
that the cost of repairing the USS Fitzgerald damage 
following its fatigue-related mid-sea collision was 
$367,000,000. Furthermore, it has been found that Soldiers in 
an elite training battalion who reported poor quality sleep had 
higher levels of job burnout than those reporting good sleep 
quality (Bessey, 2019). Job burnout is itself a predictor of 
workplace errors and accidents (Weeks, 2010). These 
findings, and a multitude of others, confirm what decades of 
science as well as common sense dictates: that sleep loss 
constitutes a significant threat to force readiness.  
 
1D) Physical Health:  In general, limited sleep is well 
documented to increase risk for musculoskeletal injury 
(MSKI) ,obesity, hypertension, diabetes, stroke, and heart 
attack. MSKI causes more morbidity among Army Soldiers 
than any other health condition (Canham-Chervak, 2018). 
Prevalence of injury is high, such as a 2017 finding that 56% 
of Soldiers were diagnosed with a new injury (U.S. Army 
Public Health Center, 2018). On average, there are 37 limited 
duty days per injury (Canham-Chervak, 2018). In 2017, MSK 
injuries and related conditions resulted in 2 million medical 
encounters and roughly 10 million limited duty days (U.S. 
Army Public Health Center, 2018). The risk for MSK injury 
increases as sleep duration decreases (Grier, 2019). In 2017, 
only 1 in 3 Active Duty Soldiers got the recommended 7-9 
hours of sleep per night during the week (U.S. Army Public 
Health Center, 2018).  
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If not addressed, poor sleep can result in long-term effects 
such as sleep disorders, chronic disease, decreased readiness, 
and poor Soldier retention (Shattuck, 2019). Poor sleep leads 
to demonstrable decreased physical performance, such as 
decreased likelihood of passing the Army Physical Fitness 
Test (APFT) in the top quartile, decreased chance of meeting 
aerobic and resistance training recommendations, and 
increased injury risk (Vanderburgh, 2008; Lentino, 2013).  

1E) Behavioral Health: A study conducted with Soldiers 
deployed during Operation Iraqi Freedom (OIF) found that 
those who slept <6 hours had 11.4 times greater risk for 
depression, verses those sleep 6+ hours were only associated 
with 3.5 times greater risk for depression (Luxton, 2011). 
Short sleep duration is the strongest predictor of Post-
Traumatic Stress Disorder (PTSD), indicating that the odds 
are 4.7 times higher if a Soldier had less than 6 hours of 
sleep. Overall, poor sleep in military populations result in 
decreased memory, reaction time, decision making abilities, 
motivation and morale (Vanderburgh, 2008; Lentino, 2013).  
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2)  What is WRAIR Doing About It? 
 
2A) Lines of Effort:  Maximize Human Potential and 
Soldier Lethality 
 

 Military Operational Medicine Research Program 
(MOMRP) - Physiological Health and Performance, 
Q5a:  Restorative Sleep for Performance and Health, 
BPE:  Medical Aspects of Performance Optimization 
and Enhancement 

 The Joint Program Committee-5 (JPC-5) - Fatigue 
Mechanisms and Countermeasures 

 
2B) Historical Success:  Substantial contributions to the 

body of research regarding sleep deprivation and sleep 
restriction began as early as 1959 with the Lapse 
Hypothesis of sleep deprivation, which established four 
features of lapses during sleep deprivation: that similar 
to lapses in fatigue and hypoxic conditions, as sleep loss 
progresses, lapse frequency and duration increases, there 
are strong affects from stimulus monotony, and the effect 
of performance varies with the properties of the task 
(Williams, 1959). Since the discovery of the sleepiness-
induced speed/performance tradeoff (1967) and the first 
description of sleep inertia (1976), the grogginess you 
feel upon awakening, significant progress has been made 
to be used as a layered stand-off against fatigue-related 
performance impairments. 
 
WRAIR developed the first actigraph that is now worn 
on the wrists of many Americans. We developed the 
SAFE-T model now utilized by the commercial airline 
industry to regulate the sleep / wake schedule for pilots 
and crews. WRAIR continues to be at the cutting edge 
now developing personalized, machine learning 
optimized strategies to individualize recommendations 
for sleep and caffeine intake. Recommendations for 
improving sleep in the general population are often 
inappropriate for military personnel in high OPTEMPO 
operational environments. WRAIR’s SRT continues to 
develop and transition solutions for the unique and 
increasingly complex military operational environment. 
Recent successes since the 1980’s include mathematical 
performance prediction modeling, field studies of sleep 
and performance in Soldiers, and unique head-to-head 
comparisons of pharmaceutical agents to determine 
behavioral effects / suitability for use in military 
operations. For example, the WRAIR SRT helped 

develop and validate caffeine gum administration 
recommendations to provide alertness enhancement 
(Kamimori, 2002) and a performance prediction 
algorithm (2B-Alert) to be used either online 
(sleep.bhsai.org) or to provide individualized predictions 
via a smartphone application (Reifman, 2019). The 
WRAIR SRT is currently focused on making limited 
sleep opportunities more restorative (via a fieldable slow
-wave sleep enhancement headband); developing 
pharmaceutical methods for rapidly inducing and 
reversing both sleep and alertness;  and strategically 
enhancing alertness (via individualized caffeine dosing/
timing recommendations and application of novel 
transcranial electrical stimulation signals). Solutions and 
products developed through our research can be 
employed across all domains, culminating in a 
comprehensive fatigue management system. The 
comprehensive fatigue management will be a multi-
domain solution to maximize human performance and 
increase soldier lethality. 

2C) Lab Success/Transitions:  Major lab successes include: 
sleep banking, caffeine studies, and mathematical 
performance prediction modeling. Sleep banking is a 
phenomenon discovered by WRAIR scientists and 
published in 2009. It is the knowledge that extending 
sleep prior to a period of sleep loss reduces the rate at 
which alertness and performance decline during that 
sleep loss. It had previously been thought that extended 
sleep provided little to no benefit - and that the 
recuperative value of sleep was reduced as sleep was 
extended. We showed that sleep extension does have 
benefits, but these benefits are only apparent under the 
“challenge” of subsequent sleep loss which was 
transitioned to the FM 7-22 manual (Holistic Health and 
Fitness). Sleep-related guidance now indicates that sleep 
duration should be maximized to the greatest extent 
possible given extant operational constraints. Prior 
guidance placed a cap on the amount of sleep that should 
be obtained (e.g., 7-9 h).  
 
In 2018, dose-response effects of caffeine were explored 
using aggregated data from several of the WRAIR 
studies that assessed the effects of caffeine during sleep 
loss. This exploration resulted in the development of 
guidance for the use of caffeine during military 
operations. This information was also transitioned to  
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FM 7-22, which includes detailed suggestions for timing 
and dosing of caffeine during military operations. 
WRAIR has conducted several studies in which the 
relative effects and efficacy of various stimulants (e.g., 
modafinil, d-amphetamine, and caffeine) were compared 
and contrasted.  Findings show that with judicious timing 
and dosing, caffeine is just as effective as the controlled 
substances. Thus, caffeine is the recommended stimulant 
for sustaining alertness/performance during sleep loss 
during military operations.   
 
Major lab successes include: sleep banking, caffeine 
studies, and mathematical performance prediction 
modeling. Sleep banking is a phenomenon discovered by 
WRAIR scientists and published in 2009. It is the 
knowledge that extending sleep prior to a period of sleep 
loss reduces the rate at which alertness and performance 
decline during that sleep loss. It had previously been 
thought that extended sleep provided little to no benefit - 
and that the recuperative value of sleep was reduced as 
sleep was extended.  We showed that sleep extension 
does have benefits, but these benefits are only apparent 
under the “challenge” of subsequent sleep loss which 
was transitioned to the FM 7-22 manual (Holistic Health 
and Fitness).  Sleep-related guidance now indicates that 
sleep duration should be maximized to the greatest extent 
possible given extant operational constraints.  Prior 
guidance placed a cap on the amount of sleep that should 
be obtained (e.g., 7-9 h).  
 
2B-Alert application is a smartphone app that facilitates 
fatigue management in operational environments. It 
provides individualized performance predictions based 
on the level of sleep debt, the circadian rhythm of 
alertness (time of day/night) and caffeine consumption. 
Findings from the caffeine studies have been transitioned 
to provide information for the 2B-Alert algorithm. The 
updated algorithm now includes predictions and 
guidance (based on WRAIR data) on dosing and timing 
of caffeine administration to proactively avoid 
significant performance/alertness deficits during military 
operations involving sleep loss and/or circadian rhythm 
disruption. Due to further studies in which caffeine’s 
effects were compared to other stimulants, the decision 
was made to model the effects of caffeine and utilize this 
model to the 2B-Alert application. 

Forward-looking success includes exploring the Trans-

Cranial Electrical Stimulation (TES) method for 
enhancing the recuperative value of sleep.  This is an 
ongoing effort with promising preliminary results. 
Preliminary results suggest that it is possible to enhance 
the minute-by-minute recuperative value of sleep by 
“driving” slow wave EEG activity during sleep (e.g., it 
may be possible to condense 8 hours of sleep recovery 
into 5 hours of actual sleep). Future interventions 
developed will mitigate the consequences of sleep loss as 
well as enhance the restorative value of the sleep that is 
able to be obtained. 

2D) Bibliography (2009-current):  
 

 Rupp, T. L., Wesensten, N. J., Bliese, P. D., & Balkin, 
T. J. (2009). Banking sleep: realization of benefits 
during subsequent sleep restriction and recovery. 
Sleep, 32(3), 311-321. 

 Killgore, W. D., Kahn-Greene, E. T., Grugle, N. L., 
Killgore, D. B., & Balkin, T. J. (2009). Sustaining 
executive functions during sleep deprivation: a 
comparison of caffeine, dextroamphetamine, and 
modafinil. Sleep, 32(2), 205-216. 

 Rupp, T. L., Wesensten, N. J., & Balkin, T. J. (2010). 
Sleep history affects task acquisition during 
subsequent sleep restriction and recovery. Journal of 
sleep research, 19(2), 289-297. 

 Alfred, P., Boykin, G., Caldwell, L., Lieberman, H., 
Matsangas, P., Miller, N. L., ... & Wesensten, N. 
(2010, September). Sleep across military 
environments. In Proceedings of the human factors 
and ergonomics society annual meeting (Vol. 54, No. 
11, pp. 769-773). Sage CA: Los Angeles, CA: SAGE 
Publications. 

 Killgore, W. D., Killgore, D. B., Grugle, N. L., & 
Balkin, T. J. (2010). Odor identification ability 
predicts executive function deficits following sleep 
deprivation. International Journal of Neuroscience, 
120(5), 328-334. 

 Picchioni, D., Cabrera, O. A., McGurk, D., Thomas, J. 
L., Castro, C. A., Balkin, T. J., ... & Hoge, C. W. 
(2010). Sleep symptoms as a partial mediator between 
combat stressors and other mental health symptoms in 
Iraq war veterans. Military Psychology, 22(3), 340-
355. 

 Killgore, W. D., Grugle, N. L., Killgore, D. B., & 
Balkin, T. J. (2010). Sex differences in self-reported 
risk-taking propensity on the evaluation of risks scale. 
Psychological reports, 106(3), 693-700. 

Comprehensive Fatigue Management:  

Maintaining Cognitive Dominance and the Tactical Advantage  

in Multi-Domain Operations 



 

 
www.facebook.com/WRAIROfficial 
www.twitter.com/WRAIR  | @WRAIR 
www.instagram/WRAIROfficial  | @WRAIROfficial 

WRAIR [Headquarters] 
503 Robert Grant 

Silver Spring, MD 20910-7500 

Main: usarmy.detrick.medcom-wrair.mbx.public-affairs@mail.mil 
 

 

2D) Bibliography (2009-current) contd.: 
 

 Killgore, W. D. (2010). Effects of sleep deprivation 
on cognition. In Progress in brain research (Vol. 185, 
pp. 105-129). Elsevier. 

 Rupp, T. L., Killgore, W. D., & Balkin, T. J. (2010). 
Socializing by day may affect performance by night: 
vulnerability to sleep deprivation is differentially 
mediated by social exposure in extraverts vs 
introverts. Sleep, 33(11), 1475-1485. 

 Killgore, W. D., Kamimori, G. H., & Balkin, T. J. 
(2011). Caffeine protects against increased risk‐taking 
propensity during severe sleep deprivation. Journal of 
sleep research, 20(3), 395-403. 

 Capaldi, V. F., Guerrero, M. L., & Killgore, W. D. 
(2011). Sleep disruptions among returning combat 
veterans from Iraq and Afghanistan. Military 
medicine, 176(8), 879-888. 

 Wright, K. M., Britt, T. W., Bliese, P. D., Adler, A. 
B., Picchioni, D., & Moore, D. (2011). Insomnia as 
predictor versus outcome of PTSD and depression 
among Iraq combat veterans. Journal of clinical 
psychology, 67(12), 1240-1258. 

 Rupp, T. L., & Balkin, T. J. (2011). Comparison of 
Motionlogger Watch and Actiwatch actigraphs to 
polysomnography for sleep/wake estimation in 
healthy young adults. Behavior research methods, 43
(4), 1152-1160. 

 Picchioni, D., Horovitz, S. G., Fukunaga, M., Carr, W. 
S., Meltzer, J. A., Balkin, T. J., ... & Braun, A. R. 
(2011). Infraslow EEG oscillations organize large-
scale cortical–subcortical interactions during sleep: a 
combined EEG/fMRI study. Brain research, 1374, 63-
72. 

 Balkin, T. J. (2011). Behavioral biomarkers of 
sleepiness. Journal of Clinical Sleep Medicine, 7(05), 
S12-S15. 

 Wesensten, N. J., Hughes, J. D., & Balkin, T. J. 
(2011). Countermeasures to the neurocognitive 
deficits associated with sleep loss. Drug Discovery 
Today: Disease Models, 8(4), 139-146. 

 Balkin, T. J., Horrey, W. J., Graeber, R. C., Czeisler, 
C. A., & Dinges, D. F. (2011). The challenges and 
opportunities of technological approaches to fatigue 
management. Accident Analysis & Prevention, 43(2), 
565-572. 

 

 Eonta, S. E., Carr, W., McArdle, J. J., Kain, J. M., 
Tate, C., Wesensten, N. J., ... & Kamimori, G. H. 
(2011). Automated Neuropsychological Assessment 
Metrics: repeated assessment with two military 
samples. Aviation, space, and environmental 
medicine, 82(1), 34-39. 

 Rupp, T.L., Wesensten, N.J., & Balkin, T.J. (2012). 
Trait-like vulnerability to total and partial sleep loss. 
Sleep, 35(8), 1163-72. 

 Rajaraman, S., Ramakrishnan, S., Thorsley, D., 
Wesensten, N.J., Balkin, T.J., & Reifman, J. (2012). A 
new metric for quantifying performance impairment 
on the psychomotor vigilance test. Journal of sleep 
research, 21(6), 659-74. 

 Killgore, W.D., Grugle, N.L., & Balkin, T.J. (2012). 
Gambling when sleep deprived: don't bet on 
stimulants. Chronobiology international, 29(1), 43-54. 

 Ramakrishnan, S., Laxminarayan, S., Thorsley, D., 
Wesensten, N.J., Balkin, T.J., & Reifman, J. (2012). 
Individualized performance prediction during total 
sleep deprivation: accounting for trait vulnerability to 
sleep loss. IEEE Engineering in Medicine and Biology 
Society. Annual Conference, 2012, 5574-7. 

 Moore, N.L., Gauchan, S., & Genovese, R.F. (2012). 
Differential severity of anxiogenic effects resulting 
from a brief swim or underwater trauma in adolescent 
male rats. Pharmacology, biochemistry, and behavior, 
102(2), 264-8. 

 Chow, H.M., Horovitz, S.G., Carr, W.S., Picchioni, 
D., Coddington, N., Fukunaga, M., ... & Braun, A.R. 
(2013). Rhythmic alternating patterns of brain activity 
distinguish rapid eye movement sleep from other 
states of consciousness. Proceedings of the National 
Academy of Sciences of the United States of America, 
110(25), 10300-5. 

 Rajdev, P., Thorsley, D., Rajaraman, S., Rupp, T.L., 
Wesensten, N.J., Balkin, T.J., & Reifman, J. (2013). A 
unified mathematical model to quantify performance 
impairment for both chronic sleep restriction and total 
sleep deprivation. Journal of theoretical biology, 331, 
66-77.  

 Ramakrishnan, S., Rajaraman, S., Laxminarayan, S., 
Wesensten, N.J., Kamimori, G.H., Balkin, T.J., & 
Reifman, J. (2013). A biomathematical model of the 
restoring effects of caffeine on cognitive performance 
during sleep deprivation. Journal of theoretical 
biology, 319, 23-33. 

Comprehensive Fatigue Management:  

Maintaining Cognitive Dominance and the Tactical Advantage  

in Multi-Domain Operations 



 

 
www.facebook.com/WRAIROfficial 
www.twitter.com/WRAIR  | @WRAIR 
www.instagram/WRAIROfficial  | @WRAIROfficial 

WRAIR [Headquarters] 
503 Robert Grant 

Silver Spring, MD 20910-7500 

Main: usarmy.detrick.medcom-wrair.mbx.public-affairs@mail.mil 
 

 

2D) Bibliography (2009-current) contd.: 
 

 Rupp, T.L., Wesensten, N.J., Newman, R., & Balkin, 
T.J. (2013). PER3 and ADORA2A polymorphisms 
impact neurobehavioral performance during sleep 
restriction. Journal of sleep research, 22(2), 160-5. 

 Wesensten, N.J., & Balkin, T.J. (2013). The challenge 
of sleep management in military operations. U.S. 
Army Medical Department journal, < Missing volume 
number >, 109-18. 

 Newman, R.A., Kamimori, G.H., Wesensten, N.J., 
Picchioni, D., & Balkin, T.J. (2013). Caffeine gum 
minimizes sleep inertia. Perceptual and motor skills, 
116(1), 280-93. 

 Genovese, R.F., Simmons, L.P., Ahlers, S.T., Maudlin
-Jeronimo, E., Dave, J.R., & Boutte, A.M. (2013). 
Effects of mild TBI from repeated blast overpressure 
on the expression and extinction of conditioned fear in 
rats. Neuroscience, 254, 120-9. 

 Picchioni, D., Duyn, J.H., & Horovitz, S.G. (2013). 
Sleep and the functional connectome. NeuroImage, 
80, 387-96. 

 Killgore, W.D., Kamimori, G.H., & Balkin, T.J. 
(2014). Caffeine improves the efficiency of planning 
and sequencing abilities during sleep deprivation. 
Journal of clinical psychopharmacology, 34(5), 660-2. 

 Ramakrishnan, S., Laxminarayan, S., Wesensten, N.J., 
Kamimori, G.H., Balkin, T.J., & Reifman, J. (2014). 
Dose-dependent model of caffeine effects on human 
vigilance during total sleep deprivation. Journal of 
theoretical biology, 358, 11-24. 

 Wesensten, N.J. (2014). Legitimacy of concerns about 
caffeine and energy drink consumption. Nutrition 
reviews, 72 Suppl 1, 78-86. 

 Genovese, R.F., Johnson, C.C., Tobin, C.A., & 
Gauchan, S. (2014). Multiple presentations reduce the 
behavioral impact of protected predator exposure in 
rats. Behavioural processes, 108, 105-9. 

 Picchioni, D., Reith, R.M., Nadel, J.L., & Smith, C.B. 
(2014). Sleep, plasticity and the pathophysiology of 
neurodevelopmental disorders: the potential roles of 
protein synthesis and other cellular processes. Brain 
sciences, 4(1), 150-201. 

 Picchioni, D., Pixa, M.L., Fukunaga, M., Carr, W.S., 
Horovitz, S.G., Braun, A.R., & Duyn, J.H. (2014). 
Decreased connectivity between the thalamus and the 
neocortex during human nonrapid eye movement 
sleep. Sleep, 37(2), 387-97. 

 Moore, N.L., Gauchan, S., & Genovese, R.F. (2014). 
Adolescent traumatic stress experience results in less 
robust conditioned fear and post-extinction fear cue 
responses in adult rats. Pharmacology, biochemistry, 
and behavior, 120, 17-24. 

 McWhirter, K. K., Morrow, A. S., Lee, B. A., Bishu, 
S., Zametkin, A. J., Balkin, T. J., ... & Picchioni, D. 
(2015). A pilot study on the encoding of a perceptual 
learning task following sleep deprivation. Perceptual 
and motor skills, 121(1), 80-93. 

 Chapman, D.P., Liu, Y., McKnight-Eily, L.R., Croft, 
J.B., Holt, J.B., Balkin, T.J., & Giles, W.H. (2015). 
Daily insufficient sleep and active duty status. 
Military medicine, 180(1), 68-76. 

 Ramakrishnan, S., Lu, W., Laxminarayan, S., 
Wesensten, N.J., Rupp, T.L., Balkin, T.J., & Reifman, 
J. (2015). Can a mathematical model predict an 
individual's trait-like response to both total and partial 
sleep loss. Journal of sleep research, 24(3), 262-9. 

 Quartana, P.J., Wilk, J.E., Balkin, T.J., & Hoge, C.W. 
(2015). Indirect associations of combat exposure with 
post-deployment physical symptoms in U.S. soldiers: 
roles of post-traumatic stress disorder, depression and 
insomnia. Journal of psychosomatic research, 78(5), 
478-83. 

 Capaldi, V.F., Kim, J.R., Grillakis, A.A., Taylor, 
M.R., & York, C.M. (2015). Insomnia in the Military: 
Application and Effectiveness of Cognitive and 
Pharmacologic Therapies.  

 Groeber Travis, C.M., Altman, D.E., & Genovese, 
R.F. (2015). Ketamine administration diminishes 
operant responding but does not impair conditioned 
fear. Pharmacology, biochemistry, and behavior, 139
(Pt A), 84-91. 

 Simonelli, G. (2015). Perceived neighborhood safety 
and sleep, commentary on the association of 
neighborhood characteristics with sleep duration and 
daytime sleepiness. Sleep health, 1(3), 156-7. 

 Kamimori, G.H., McLellan, T.M., Tate, C.M., Voss, 
D.M., Niro, P., & Lieberman, H.R. (2015). Caffeine 
improves reaction time, vigilance and logical 
reasoning during extended periods with restricted 
opportunities for sleep. Psychopharmacology, 232
(12), 2031-42 

Comprehensive Fatigue Management:  

Maintaining Cognitive Dominance and the Tactical Advantage  

in Multi-Domain Operations 



 

 
www.facebook.com/WRAIROfficial 
www.twitter.com/WRAIR  | @WRAIR 
www.instagram/WRAIROfficial  | @WRAIROfficial 

WRAIR [Headquarters] 
503 Robert Grant 

Silver Spring, MD 20910-7500 

Main: usarmy.detrick.medcom-wrair.mbx.public-affairs@mail.mil 
 

 

2D) Bibliography (2009-current) contd.: 
 

 Billings, M. E., Johnson, D. A., Simonelli, G., Moore, 
K., Patel, S. R., Roux, A. V. D., & Redline, S. (2016). 
Neighborhood Walking Environment and Activity 
Level Are Associated With OSA: The Multi-Ethnic 
Study of Atherosclerosis. CHEST Journal, 150(5), 
1042-1049. 

 Moore, N. L., Altman, D. E., Gauchan, S., & 
Genovese, R. F. (2016). Adulthood stress responses in 
rats are variably altered as a factor of adolescent stress 
exposure. Stress, 19(3), 295-302. 

 Brager, A. J., Yang, T., Ehlen, J. C., Simon, R. P., 
Meller, R., & Paul, K. N. (2016). Sleep is critical for 
remote preconditioning-induced neuroprotection. 
Sleep, 39(11), 2033-2040. 

 Ramakrishnan, S., Wesensten, N. J., Balkin, T. J., & 
Reifman, J. (2016). A unified model of performance: 
validation of its predictions across different sleep/
wake schedules. Sleep, 39(1), 249-262. 

 Reifman, J., Kumar, K., Wesensten, N. J., Tountas, N. 
A., Balkin, T. J., & Ramakrishnan, S. (2016). 2B-
Alert Web: an open-access tool for predicting the 
effects of sleep/wake schedules and caffeine 
consumption on neurobehavioral performance. Sleep, 
39(12), 2157-2159. 

 Seelig, A. D., Jacobson, I. G., Donoho, C. J., Trone, 
D. W., Crum-Cianflone, N. F., & Balkin, T. J. (2016). 
Sleep and health resilience metrics in a large military 
cohort. Sleep, 39(5), 1111-1120. 

 Yarnell, A. M., & Deuster, P. (2016). Sleep As A 
Strategy For Optimizing Performance. Journal of 
special operations medicine: a peer reviewed journal 
for SOF medical professionals, 16(1), 81-85. 

 Yarnell, A. M., Barry, E. S., Mountney, A., Shear, D., 
Tortella, F., & Grunberg, N. E. (2016). The Revised 
Neurobehavioral Severity Scale (NSS‐R) for Rodents. 
Current protocols in neuroscience, 9-52. 

 Doty, T. J., So, C. J., Bergman, E. M., Trach, S. K., 
Ratcliffe, R. H., Yarnell, A. M., ... & Quartana, P. J. 
(2017). Limited efficacy of caffeine and recovery 
costs during and following 5 days of chronic sleep 
restriction. Sleep, 40(12), zsx171. 

 Killgore, W. D., Balkin, T. J., Yarnell, A. M., & 
Capaldi II, V. F. (2017). Sleep deprivation impairs 
recognition of specific emotions. Neurobiology of 
sleep and circadian rhythms, 3, 10-16. 

 Vital‐Lopez, F. G., Ramakrishnan, S., Doty, T. J., 
Balkin, T. J., & Reifman, J. (2018). Caffeine dosing 
strategies to optimize alertness during sleep 
loss. Journal of sleep research, 27(5), e12711. 

 Brager, A. J., Heemstra, L., Bhambra, R., Ehlen, J. C., 
Esser, K. A., Paul, K. N., & Novak, C. M. (2017). 
Homeostatic effects of exercise and sleep on 
metabolic processes in mice with an overexpressed 
skeletal muscle clock. Biochimie, 132, 161-165. 

 Brager, A. J., & Mistovich, R. J. (2017). Game times 
and higher winning percentages of West Coast teams 
of the National Football League correspond with 
reduced prevalence of regular season injury. The 
Journal of Strength & Conditioning Research, 31(2), 
462-467. 

 Ehlen, J. C., Brager, A. J., Baggs, J., Pinckney, L., 
Gray, C. L., DeBruyne, J. P., ... & Paul, K. N. (2017). 
Bmal1 function in skeletal muscle regulates sleep. 
Elife, 6. 

 Johnson, D. A., Simonelli, G., Moore, K., Billings, 
M., Mujahid, M. S., Rueschman, M., ... & Patel, S. R. 
(2017). The neighborhood social environment and 
objective measures of sleep in the Multi-Ethnic Study 
of Atherosclerosis. Sleep, 40(1).  

 Mantua, J., Grillakis, A., Mahfouz, S. H., Taylor, M. 
R., Brager, A. J., Yarnell, A. M., ... & Simonelli, G. 
(2018). A systematic review and meta-analysis of 
sleep architecture and chronic traumatic brain 
injury. Sleep medicine reviews, 41, 61-77. 

 Mantua, J., Helms, S. M., Weymann, K. B., Capaldi, 
V. F., & Lim, M. M. (2018). Sleep quality and 
emotion regulation interact to predict anxiety in 
veterans with PTSD. Behavioural neurology, 2018. 

 Simonelli, G., Bellone, G., Golombek, D., Chada, D. 
P., Glozier, N., Capaldi, V. F., ... & Kryger, M. H. 
(2018). Hours of service regulations for professional 
drivers in continental Latin America. Sleep health, 4
(5), 472-475. 

 Altman, D. E., Simmons, L. P., Vuong, C. T., Taylor, 
R. M., Sousa, J. C., Marcsisin, S. R., ... & Moore, N. 
L. (2018). Developmental differences in stress 
responding after repeated underwater trauma 
exposures in rats. Stress, 21(3), 267-273. 

 Schrader, A. J., Taylor, R. M., Lowery-Gionta, E. G., 
& Moore, N. L. (2018). Repeated elevated plus maze 
trials as a measure for tracking within-subjects 
behavioral performance in rats (Rattus 
norvegicus). PloS one, 13(11), e0207804. 

Comprehensive Fatigue Management:  

Maintaining Cognitive Dominance and the Tactical Advantage  

in Multi-Domain Operations 



 

 
www.facebook.com/WRAIROfficial 
www.twitter.com/WRAIR  | @WRAIR 
www.instagram/WRAIROfficial  | @WRAIROfficial 

WRAIR [Headquarters] 
503 Robert Grant 

Silver Spring, MD 20910-7500 

Main: usarmy.detrick.medcom-wrair.mbx.public-affairs@mail.mil 
 

 

2D) Bibliography (2009-current) contd.: 
 

 Reifman, J., Ramakrishnan, S., Liu, J., Kapela, A., 
Doty, T. J., Balkin, T. J., ... & Khitrov, M. Y. (2019). 
2B‐Alert App: A mobile application for real‐time 
individualized prediction of alertness. Journal of sleep 
research, 28(2), e12725. 

 Adrian, A. L., Skeiky, L., Burke, T. M., Gutierrez, I. 
A., & Adler, A. B. (2019). Sleep problems and 
functioning during initial training for a high-risk 
occupation. Sleep health. 

 Mantua, J., Bessey, A., Sowden, W. J., Chabuz, R., 
Brager, A. J., Capaldi, V. F., & Simonelli, G. (2019). 
A review of environmental barriers to obtaining 
adequate sleep in the military operational context. 
Military medicine, 184(7-8), e259-e266. 

 Mantua, J., Skeiky, L., Prindle, N., Trach, S., Doty, T. 
J., Balkin, T. J., Brager A.J., Capaldi V.F. & 
Simonelli, G. (2019). Sleep extension reduces fatigue 
in healthy, normally-sleeping young adults. Sleep 
Science, 12(1), 21. 

 Devine, J. K., Burke, T. M., Skeiky, L., Choynowski, 
J. J., Quartana, P. J., Balkin, T. J., ... & Simonelli, G. 
(2019). Objective changes in activity levels following 
sleep extension as measured by wrist actigraphy. 
Sleep Medicine. 

 Simonelli, G., Mantua, J., Gad, M., St Pierre, M., 
Moore, L., Yarnell, A. M., ... & Capaldi, V. F. (2019). 
Sleep extension reduces pain sensitivity. Sleep 
medicine, 54, 172-176. 

 Capaldi, V. F., Balkin, T. J., & Mysliwiec, V. (2019). 
Optimizing sleep in the military: challenges and 
opportunities. Chest, 155(1), 215-226. 

 Alger, S. E., Brager, A. J., & Capaldi, V. F. (2019). 
Challenging the stigma of workplace napping. Sleep, 
42(8), zsz097. 

 Mantua, J., & Simonelli, G. (2019). Sleep duration 
and cognition: is there an ideal amount? Sleep, 42(3), 
zsz010. 

 Ritland, B. M., Simonelli, G., Gentili, R. J., Smith, J. 
C., He, X., Mantua, J., ... & Hatfield, B. D. (2019). 
Effects of sleep extension on cognitive/motor 
performance and motivation in military tactical 
athletes. Sleep medicine, 58, 48-55. 

 Ritland, B. M., Simonelli, G., Gentili, R. J., Smith, J. 
C., He, X., Oh, H., ... & Hatfield, B. D. (2019). Sleep 
health and its association with performance and 
motivation in tactical athletes enrolled in the Reserve 
Officers' Training Corps. Sleep health, 5(3), 309-314. 

 Reifman, J., Ramakrishnan, S., Liu, J., Kapela, A., 
Mantua, J., & Ready, R. E. (2019). Emotion 
habituation is accelerated in chronic mild traumatic 
brain injury. Brain injury, 33(11), 1467-1475. 

 Lowery-Gionta, E. G., May, M. D., Taylor, R. M., 
Bergman, E. M., Etuma, M. T., Jeong, I. H., ... & 
Moore, N. L. (2019). Modeling trauma to develop 
treatments for posttraumatic stress. Translational 
Issues in Psychological Science, 5(3), 243. 

 Demiral, Ş. B., Tomasi, D., Wiers, C. E., Manza, P., 
Shokri-Kojori, E., Studentsova, Y., ... & Volkow, N. 
D. (2019). Methylphenidate’s effects on thalamic 
metabolism and functional connectivity in cannabis 
abusers and healthy controls. 
Neuropsychopharmacology, 44(8), 1389.  

 Kim, S. Y., Kark, S. M., Daley, R. T., Alger, S. E., 
Rebouças, D., Kensinger, E. A., & Payne, J. D. 
(2019). Interactive effects of stress reactivity and rapid 
eye movement sleep theta activity on emotional 
memory formation. Hippocampus. 

 Huguet, M., Payne, J. D., Kim, S. Y., & Alger, S. E. 
(2019). Overnight sleep benefits both neutral and 
negative direct associative and relational memory. 
Cognitive, Affective, & Behavioral Neuroscience, 1-
13. 

 Pichard, L. E., Simonelli, G., Schwartz, L., Balkin, T. 
J., & Hursh, S. (2019). Precision Medicine for Sleep 
Loss and Fatigue Management. Sleep medicine 
clinics, 14(3), 399-406. 

 Good, C. H., Brager, C. A. J., Capaldi, L. V. F., & 
Mysliwiec, C. V. (2019). Sleep in the United States 
military. Neuropsychopharmacology, 1. 

 Folgueira, A., Simonelli, G., Plano, S., Tortello, C., 
Cuiuli, J. M., Blanchard, A., ... & Barbarito, M. 
(2019). Sleep, napping and alertness during an 
overwintering mission at Belgrano II Argentine 
Antarctic station. Scientific reports, 9(1), 10875. 

 
3)   Way Forward 

 
3A) Description:  Since the inception of our republic when 

George Washington crossed the Delaware at night, the 
American Warfighter has been capitalizing on the 
element of surprise when adversaries are asleep (both 
physically and cognitively). The continued development 
and implementation of these cutting-edge solutions for 
enhancing sleep and optimizing alertness will support  
sustained operational readiness and cognitive dominance 
while providing the tactical advantage on the Multi  
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Domain Battlefield. As the technical capabilities of near-
peer adversaries approach parity with those of the US 
military, victory in multi domain warfare will 
increasingly depend upon the superior mental acuity, 
resilience, and resourcefulness of the US warfighter – 
capabilities that are achieved, sustained, and enhanced 
by sleep - and capabilities that WRAIR scientists are 
maximizing via application of cutting-edge brain 
science.       

 
3B) Product Map (Next Page): 
 
3C) Product Map Description: 

 
 Soldier/Squad Fatigue Management:  Currently, the 

WRAIR SRT uses wearable sleep tracking to provide 
individualized performance prediction through an 
algorithm, 2B-Alert, developed with collaborators at 
BHSAI. In the future, the development of real-time 
individualized biofeedback on sleep behavior and 
discovery of novel physical biomarkers will allow for 
targeted individualized interventions for fatigue 
management. 

 Sleep Leadership:  Leadership plays a critical role in 
unit performance. Tools to help educate leaders on 
Warfighter fatigue management have been developed 
and implemented via Army training manuals and the 
Performance Triad. As methods to monitor and 
predict fatigue, such as passive digital phenotyping, 
continue to be developed, these informational tools 
will be integrated for use during training and multi-
domain operations.  to implement decision-making 
strategies and countermeasures to maximize human 
potential. 

 Nutritional Supplements:  Currently, caffeinated gum 
developed by WRAIR and partners are  available in 
the MORE and First Strike Rations, as well as the 
knowledge products that teach leaders and Soldiers 
how to optimize caffeine intake for sustained 
performance. In the future, a Soldier’s unique 
microbiome and use of trusted and novel supplements 
can be individualized to maximize efficiency and/or 
effectiveness to enhance Soldier lethality and 
performance.  

 Performance Enhancement:  Currently, broad 
untargeted sleep inducers are widely prescribed to the 
Warfighter for sleep dysfunction. WRAIR researchers 
have created a knowledge product to help guide 
physicians on the various pharmacological options 

  
for sleep aid. Our lab is working on testing targeted 
sleep inducers that are more easily reversible and 
less cognitively detrimental as well as targeted 
wake promotors to increase alertness and maximize 
human potential. 

 “SMART” Cap:  Current research in our lab using 
non-invasive brain stimulation demonstrates 
promise for enhancing the recuperative value of a 
brief period of sleep and increasing alertness and 
performance during wakefulness. In the future, we 
will be developing and testing a ruggedized 
wearable “smart” cap device capable of stimulation 
to enhance cognition and performance during multi
-domain operations.   
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