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Introduction: A midair collision during a routine nighttime air re-
fueling training mission in the early morning hours of December 6, 
2018, resulted in the tragic deaths of six Marine aircrew members 
and the loss of two US Marine Corps aircraft. Fatigue and the 
transition from day to night flights were called out as a problem 
area that continues to plague aviation commands. The goal of 
this study was to provide recommendations to the fleet regarding 
the limitations and best practices for shifting aviators from day to 
night operations to mitigate aviator fatigue and facilitate circadian 
re-alignment.
Methods: Longitudinal (10-day) within-subject assessment of avi-
ators (N=9) in hybrid conditions. Aviators completed validated 
questionnaires for sleepiness and workload. Performance was as-
sessed in simulated flight scenarios (one morning and three night 
sessions). The efficacy of a single 4-hour exposure of blue-enriched 
white light (~1000 lux) was assessed with the dim-light melatonin 
onset procedure. The study protocol attempted to replicate the 
work and rest patterns of aviators in the field who work during the 
day but could potentially be required to quickly shift their sched-
ules to support night flight operations.
Results: The circadian phase of all participants was successfully 
delayed an average of 1.3 hours (range: 0.88-1.93 hours). Despite 
the lack of control over light exposure or other activities over the 
study period, participants reported less sleepiness and reduced sub-
jective workload with improved flight performance.
Conclusion: Conclusions from the literature review and our study 
indicate that circadian entrainment in complex military operational 
settings should use light management as the dominant method for 
shifting the circadian clock. Based on these conclusions, we devel-
oped general recommendations and two circadian synchronization 
plans for aircrew switching from day to night operations. One plan 
shows a schedule that prepares for night operations by steadily 
shifting the daily schedule over multiple days. The other plan shows 
a schedule for aircrew who are required to shift from day to night 
operations abruptly without notice.
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Introduction: Sleep problems are often described as the “hall-
mark symptoms” of post-traumatic stress disorder (PTSD). 
Patients with PTSD show numerous disruptions of emotional 
functioning. Experimental evidence has shown that the ability 
to retain extinction memories following fear conditioning is im-
paired in people with PTSD.  Because of the key role of sleep in 

memory consolidation and emotional regulation, we hypothesized 
that regulating sleep and circadian rhythms with morning blue-
wavelength light therapy would facilitate emotional recovery and 
the ability to retain extinction memories.
Methods: Eighty-four individuals with PTSD (56 female; 
Age=31.38, SD=8.9) underwent a well-validated fear conditioning 
and extinction protocol and were then randomly assigned to re-
ceive either 6-weeks of BLUE (469 nm; n=44) or placebo AMBER 
(578  nm; n=40) morning light therapy for 30-minutes daily. 
Participants returned to undergo post-treatment extinction recall 
when exposed to the same previously conditioned stimuli, and a 
functional magnetic resonance imaging (fMRI) while the same im-
ages were presented. Participants also completed a variety of emo-
tional and mental health outcome measures and wore an actigraph 
to measure sleep over the 6-weeks.
Results: There was a significant interaction between light condi-
tion and time in bed and total sleep time (p<.05) indicating signifi-
cant increases in sleep with blue versus amber light over treatment. 
Additionally, declines in symptoms of PTSD on the Clinician 
Administered PTSD Scale (CAPS-5) correlated with improve-
ments in sleep for the blue, but not the amber light, group (all 
p-values <.05). During the fear conditioning and extinction para-
digm, blue light was associated with significantly greater extinction 
recall compared to the amber light condition (p=.05). Finally, blue 
light resulted in decreased fMRI activation within the right amyg-
dala and increased activation within the ventromedial prefrontal 
cortex to the previously feared and extinguished stimuli.
Conclusion: Blue light treatment was more effective than amber 
placebo at increasing sleep quantity, shifting circadian bedtime, 
reducing PTSD symptom severity, facilitating the retention of 
extinction memories, and reducing neural fear responses to pre-
viously feared stimuli. We suggest that improvements in sleep led 
to greater consolidation of extinction memories. These findings 
suggest that blue light treatment may facilitate treatment gains by 
improving sleep.
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