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R E S E A R C H  A R T I C L E

Many workers must move between day and night shifts. 
Here, we study a particularly stressful job with such a 
schedule: F-22 pilots. Sleepiness and fatigue are par-

ticularly important for this community; human error is a causal 
factor in upward of 70–80% of military aviation accidents.25,30 
Understanding how and why pilots make errors is a critical part 
of the mishap investigation process. Given the roles of the stress 
system and sleep in attention and focus, we examine whether 
shifts in flying times are associated with changes to sleep, 
perceived workload, stress system activation, and cognitive 
performance.

Recent informal interviews with high-performance aircrew 
suggest that night flights are significantly more stressful than 
day flights because of the lack of visual information available to 
the pilot. Simply stated, if pilots can see a hazard, they can avoid 
it. At night, they are less likely to perceive and avoid threats to 

their safety. Hence, their subjective stress levels could be signifi-
cantly higher for night flights. Changes in sleep and stress levels 
may affect pilot ability to pay attention and focus.4,14,18 How-
ever, physiological and cognitive comparisons between day 
and night flying to validate that claim have not been investi-
gated directly.

Using nonflying days as a baseline, we examined whether 
sleep, workload, physiological stress, and performance differed 
between day-flying and night-flying days. The driving hypothesis 
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During Day and Night Flying
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 BACKGROUND:  Many workers routinely transition between day and night shifts—including pilots, where night flights are commonly 
considered more stressful. The physiological toll from this transition is not fully understood, though fatigue is a factor in 
many aviation accidents. This research investigated the changes in physiological markers of stress and cognitive 
performance as F-22 pilots transitioned from day flying to night flying.

 METHODS:  There were 17 fully-qualified F-22 pilots who took part in a 2-wk data collection using salivary swabs, wrist-worn activity 
monitors, the National Aeronautics and Space Administration-Task Load Index (NASA-TLX) inventory, and a go/no-go 
(GNG) test.

 RESULTS:  No differences were found in comparing day and night flying on the GNG reaction time/accuracy, NASA-TLX scores, or 
sleep quantity. Cortisol levels were significantly higher than civilian levels in all experimental conditions and control 
days. Participants had higher than predicted cortisol levels postflight in the day-flying condition and lower than 
predicted cortisol levels postflight in the night-flying condition, relative to levels from control day patterns. We also 
found smaller changes in cortisol (pre- to postflight) in the day-flying condition for those with more F-22 experience. 
Finally, we found a negative correlation between Perceived Stress Scale scores and age of pilots (r 5 20.72).

 DISCUSSION:  We hypothesized that the night-flying environment would be more stressful, but our results disputed this claim. Our 
results suggest day flying elicits more of a stress response; however, a larger sample size is required to verify results. 
Preliminary findings of potential stress adaptation may suggest stress adaptation in the F-22 community needs further 
investigation.
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was that a measurable difference existed in day vs. night flying. 
A secondary hypothesis was developed to examine evidence of 
a stress system adaptation within the F-22 community. The nor-
mal operating cycle for pilots flying F-22 aircraft shifts between 
day and night flight operations. Daytime sorties (training mis-
sions) usually commence at or around 07:00, which means that 
the pilots must be at the squadron roughly 2 h prior to takeoff 
time to prepare for the mission. Because crew rest protocol dic-
tates a maximum 12-h duty day, aircrew typically return home 
at 17:00.

Night sorties usually require pilots to be on base between 
13:00 and 14:00, with sorties commencing after sundown, typi-
cally 18:00 or later local time. Night flight rotations are required 
for aircrew to maintain night-vision goggle proficiency, night 
landing currency, and their Command Mission Ready rating. 
Night flying weeks typically occur for 2 wk once a quarter.

One of the primary outcomes in the present paper involves 
the response of the hypothalamic-pituitary-adrenal (HPA) axis 
and its main hormonal output, cortisol. Changes in cortisol are 
related to changes in attention and focus,14,29,33 which matter 
for pilot performance. Basal cortisol levels follow a strong circa-
dian rhythm throughout the day.13 Cortisol is relatively high 
upon waking, increases substantially (50–60%) in the 30–40 
min after waking (called the cortisol awakening response, or 
CAR), and subsequently declines across the day.3,26

The HPA axis periodically activates to respond to acute 
stress; such responses are considered adaptive.7,8,31 In particu-
lar, the CAR increases in the presence of acute daily stress-
ors,2,5,11 while it is generally lower in the presence of traumatic 
stress, particularly when accompanied by posttraumatic stress 
symptoms or disorders.27,34 Chronic stress is also associated 
with lower waking cortisol levels and slower drops in cortisol 
across the day.1,9 At the same time, HPA activation also declines 
with repeated exposure to the same stressor, indicating habitu-
ation, although the relationship is complex.12 In the case of F-22 
pilots, we may then expect higher daily cortisol levels following 
more stressful piloting experiences, relative to less stressful 
flights or control cortisol levels. However, more experienced 
pilots may be less physiologically stressed than newer pilots due 
to habituation.

METHODS

Subjects
The research was designed as a prospective, quasi-experimental 
design within participants’ observational study. Volunteer par-
ticipants gave written informed consent and the study was con-
ducted in accordance with IRB protocol NHRC.2018.0007. 
Participants collected cortisol samples on 2 control days and 
during 1 d in each experimental condition. There were 2 wk of 
sleep data collected.

Cognitive performance and workload data were collected  
1 d during each experimental condition. Performance and sali-
vary data were collected on the same day in each experimental 
condition. The first week was a normal flying week in which 

participants flew during daytime hours. The second week of 
data collection was a night week in which takeoff times were 
shifted to the evening hours. Participants were instructed to not 
alter their natural awakening time for the purpose of this  
study. Data was collected from February 26, 2018, to March 9, 
2018, at the F-22 squadrons located at Hickam Air Force Base, 
HI, USA.

Volunteering to participate in the study were 17 male F-22 
pilots. Inclusion criteria required the pilots to be actively flying 
during the 2-wk data collection period, not medically grounded, 
with no known disorder that affects HPA axis function. Inclu-
sion criteria were self-reported and assessed during recruit-
ment briefs. No access to medical records was required. 
Participants could take part in all or parts of the study depend-
ing on their comfort level.

Equipment

Wrist activity monitor. Participants were issued a wrist activ-
ity monitor (WAM), which was a nontransmitting activity 
monitor manufactured by the Philips Respironics company. 
WAMs were preprogrammed at the Naval Postgraduate School 
(NPS) for passive data collection following the recruitment 
brief and were worn continuously throughout the 2-wk data 
collection. Participants were instructed to wear the WAM on 
their nondominant wrist and only remove it for hygiene pur-
poses. WAMs were returned at the conclusion of the data 
collection period. Two participants turned in their WAMs 
early due to changes in their flying schedule.

Data from the WAMs were downloaded to allow for calcula-
tion of total daily sleep, defined as the amount of sleep obtained 
in a 24-h period. In the actigraphic recordings, 1-min epochs 
were used. The 24-h period was calculated from midnight to 
midnight of each day and was separated into two categories: the 
average sleep for the day-flying week and for the night-flying 
week.

NASA Task Load Index. Perceived workload was measured 
using the computer NASA Task Load Index (NASA-TLX). 
The paper and computer NASA-TLX versions vary in sensi-
tivity, with the computer-executed assessments incurring more 
workload.24 We accepted this additional measured workload in 
the experimental design as it reduced computational error by 
researchers. Apple iPads were used to administer the NASA-
TLX with preloaded study and participant information. 
Weightings of each of the six dimensions (mental demand, 
physical demand, temporal demand, performance, effort, and 
frustration level) and a workload score were automatically cal-
culated by the NASA-TLX application.

Saliva Samples
Saliva samples for analysis of cortisol (sCort) were collected using 
the SalivaBio Oral Swab (Salimetrics, Carlsbad, CA, USA). Par-
ticipants were instructed to refrain from eating or drinking for 30 
min prior to salivary sample collection. Instructions and a list of 
items to avoid were provided to participants for their reference. 
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Participants collected saliva by placing the SalivaBio Oral Swab 
sublingually for 2 min and then placing the swab in the collection 
tube. Participants were instructed to not touch the swab either in 
the placement of the swab or in the removal of the swab to place 
in the tube. Participants were instructed to not chew on the swab 
during the sample collection. No stimulants were given to 
increase saliva production. Swabs were then transferred to collec-
tion tubes and either stored in home fridges (if self-collected) 
until they could be turned into NPS researchers or immediately 
in NPS-provided coolers if collected in the presence of research-
ers. All sample swabs were refrigerated for transport from 
Hawaii to California. Samples were then transferred to 280°C 
freezers at NPS for storage until analysis. Samples were frozen 
for approximately 1 mo prior to analysis.

Biochemical Analysis
The saliva samples were thawed overnight and the swabs were 
placed into sterile syringes. Saliva was extracted by pushing on 
the plunger to squeeze out liquid volume into 1.7-mL tubes. 
Tubes were refrozen in two −40°C freezers for approximately  
20 d until analysis was completed. Saliva samples were thawed 
24 h prior to biochemical analysis. When thawed, samples were 
vortexed and then centrifuged at 1500 rpms for 15 min prior to 
analysis.

Salivary cortisol concentrations were found using a Salimet-
rics Salivary Cortisol ELISA kit. The test required 25 mL of vol-
ume for analysis and had a sensitivity of 0.007 mg · dL21 for the 
concentration range of 0.012–3.00 mg · dL21. The serum-saliva 
correlation is 0.91.28 Interassay variation was mediated by ana-
lyzing participants on the same microplate. All samples were 
run in duplicates when the volume allowed. Intra-assay coeffi-
cient of variation remained within an acceptable limit for all 
eight plates tested.

Go/No-Go
A computer Go/No-Go (GNG) test developed by the Naval 
Aviation Medial Research Unit at Dayton was used to evaluate 
changes in cognitive performance pre- and postflight in both 
day- and night-flying conditions. The GNG tests reaction time 
to one stimulus while refraining from responding to incorrect 
stimuli (response inhibition). The task is similar to decision 
making in the aircraft where 
“friend vs. foe” identification is 
required. The test included 180 
trials, 20% of which were no-go 
stimuli. The interstimulus inter-
val, or the time between tri-
als, was 0.5–1.0 s. The random 
nature of the interstimulus inter-
val prevented the participants 
from establishing a predictable 
response rhythm. Participants 
were instructed to press the 
space bar if a “go” indication 
was received and to refrain 
from pressing the space bar if 

a “no-go” indication was received. The indications were either a 
yellow or purple square in the middle of the laptop computer 
screen. The “go” and “no-go” indications were randomly 
assigned each time a participant signed into the computer. After 
a brief practice session, participants began the 5-min timed test. 
This procedure was the same for both the pre- and postflight 
data collection in both conditions.

Procedure
A recruitment brief was conducted in accordance with IRB pro-
tocol NHRC.2018.0007 and took place on February 23, 2018, 
during squadron administration briefs with approval by the 
Squadron Director of Operations. Participants were briefed on 
the background, purpose of the study, and various components 
of the study. Individual recruitments were conducted until Feb-
ruary 28, 2018, to accommodate senior leadership schedules. 
Study volunteers were issued consent forms, the presurvey 
questionnaire, a preprogrammed WAM, salivary collection 
sampling materials, and instructions about the salivary collec-
tion process.

The prestudy questionnaire consisted of five validated stress 
and fatigue scales. Because research suggests that the interaction 
of home and job stress can negatively impact flying perfor-
mance,10 a Cohen Perceived Stress Scale (PSS) and Holmes-Rahe 
Stress Readjustment Rating Scale (SRRS) were administered 
to participants in addition to the Epworth Sleepiness Scale 
(ESS), Pittsburgh Sleep Quality Index (PSQI), and the Morn-
ingness-Eveningness Questionnaire-Self Assessment version 
(MEQ-SA).

Participants completed saliva sample collection during three 
conditions: nonflying, day flying, and night flying (Fig. 1). The 
nonflying condition was used as a control for establishing the 
participants’ normal diurnal rhythm of sCort. Saliva sampling 
began February 26,2018 and consisted of five samples per day 
for 4 nonconsecutive days, of which 2 d were control days (con-
secutive), 1 d was a day-flight day, and 1 d was a night-flight day. 
All subjects completed their control and day-flight samples 
prior to night-flight samples. This adhered to the current sched-
ule within the squadron.

The first sample for each day was to be taken immediately 
upon waking. The second was scheduled to be collected 30 min 

Fig. 1. schematic of approximate saliva sampling timing for the two nonflight (control) days, one day-flight day, and 
one night-flight day, as well as timing of the go-no go (GnG) and national Aeronautics and space Administration-Task 
Load index (nAsA-TLX) tasks.
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after waking to establish the CAR.32 The three additional 
samples were to be taken at intervals throughout the day 
(approximately before lunch, afternoon, and evening).  
Participants were given flexibility in selecting the exact 
time for these sample collections to allow for flight times, 
simulator training, and additional constraints on individual 
schedules. Text message reminders by research personnel 
were sent at the request of participants preceding a sample 
collection day.

Participants were told not to alter their crew rest require-
ments or their normal sleeping schedule for the purpose of the 
study. Therefore, participants were required to collect several of 
their own salivary samples. The self-collection of participants’ 
samples is common in salivary biomarker analytics and histori-
cally has high compliance rates.15,22

Two additional saliva samples were collected during flying 
days, one preflight and one postflight, for a total of seven sam-
ple schedules on those days. Pilots completed the preflight sali-
vary sample within 30 min of planned engine start-up and the 
postflight sample immediately after returning to the aircrew 
flight equipment room. NPS researchers supervised the pre- 
and postflight salivary sampling.

In both day- and night-flying conditions, participants were 
instructed to take a GNG both before and after the scheduled 
flight. Participants elected to complete the GNG after the debrief 
but before donning their aircrew flight equipment (prior to 
their saliva samples). Participants completed the NASA-TLX 
assessment following the GNG only postflight. Participants 
completed the pair-wise comparisons each time they were 
administered the NASA-TLX.

Statistical Analysis
The sleep amounts measured by WAMs were compared for 
each day across both conditions (e.g., Monday of day-flying 
week was compared to Monday of the night-flying week) using 
a two-tailed paired sample t-test. Data from the WAMs were 
also used to establish an average awakening time in the absence 
of an awakening salivary sample for plotting the predicted 
sCort concentration curve.

NASA-TLX scores were calculated by the iPad NASA-TLX 
application. Scores were compared within subjects using a two-
tailed paired sample t-test on Microsoft Excel software.

The CAR was calculated by subtracting the awakening sam-
ples from the awakening + 30 min sample (in mg · dL21); this 
required participants to have provided both samples that day. 
The CAR value was compared across conditions using a two-
tailed paired sample t-test.

Slopes of salivary cortisol levels were compared to civilian 
populations along with predicted sCort concentrations in rela-
tion to hours after awakening. We used the 50th percentile read-
ings for men ages 31–40 from the CIRCORT database, as this 
group was most similar in age to our male pilots.21 We fit a qua-
dratic curve to cortisol levels as a function of hours since awak-
ening using the database sCort levels. To see if observed cortisol 
levels of F-22 pilots differed from those predicted using the 
civilian-predicted fitted curve, we used a Wilcoxon sign test, 

where the test statistics, x, is the number of participants with 
more positive than negative residuals.

Because the exact timing of cortisol sampling differed across 
days, we used the cortisol observations from the control days to 
predict participants’ “expected” diurnal patterns. Specifically, 
we fit sCort levels for the control (nonflying) samples as a qua-
dratic function of hours since awakening on the available sample. 
We predicted the “expected” cortisol level for each pre- and 
postflight sample on flying days based on the individuals’ hours 
since wake. We then compared the real observed value to this 
predicted value using a two-tailed t-test.

Reaction time and accuracy were automatically calculated 
by the GNG using MATLAB software. A two-tailed paired 
sample t-test was used to compare GNG results pre- and post-
flight in both day- and night-flying conditions. All statistical 
analyses were performed using JMP software (SAS, Cary, NC, 
USA) unless otherwise noted, and the level of statistical signifi-
cance was set to P , 0.05 (two-tailed).

RESULTS

Participating in varying degrees in the study were 17 F-22 
pilots. Participants were on average 36 yr old (SD 5 6.29 yr), 
with the following averages (X): total flight hours X 5 1745  
(SD 5 944 h); F-22 flight hours X 5 576 (SD 5 347 h); and 
night-flying hours X 5 204 (SD 5 158 h). Age was positively 
correlated with total flying hours (r 5 0.75, P 5 0.004), F-22 h 
(r 5 0.65, P 5 0.016), and night flying hours (r 5 0.67, P 5 
0.012). Of the participants, 13 of 17 returned the MEQ-SA, ESS, 
PSQI, and PSS for a 76.5% return rate.

MEQ-SA test scores ranged between 16 and 86. A score of 
41 or below indicates an evening type person, who tends to 
function better at night. Scores of 59 and above indicate morn-
ing types, who function better in the morning. A score in the 
range of 42–58 indicates an intermediate type, with neither 
morning nor evening characteristics. Four respondents (31%) 
were categorized as morning types, eight respondents (61%) 
were intermediate types, and one respondent (8%) was catego-
rized as an evening type.

ESS scores fell into one of the following categories: lower 
normal daytime sleepiness (scores 0–5), higher normal daytime 
sleepiness (scores 6–10), mild excessive daytime sleepiness 
(scores 11–12), moderate excessive daytime sleepiness (scores 
13–15), and severe excessive daytime sleepiness (scores 16–24). 
Seven participants’ scores (54%) indicated normal daytime 
sleepiness levels. Four participants (30%) showed higher than 
normal daytime sleepiness. One individual showed moderately 
excessive daytime sleepiness (8%) and one individual showed 
excessive daytime sleepiness (8%).

The PSQI is rated on a 0–21 scale, with higher numbers indi-
cating increasingly poor sleep quality. Scores greater than or 
equal to 5 indicate poor sleep quality. Six participants (46%) 
scored 5 or above, indicating poor sleep quality.

PSS scores fell into the following categories: low stress (score 
of 0–13), moderate stress (scores of 14–26), and high stress 



IP: 205.155.65.56 On: Thu, 06 May 2021 15:42:04
Copyright: Aerospace Medical Association

Delivered by Ingenta

AerospAce Medicine And HuMAn perforMAnce Vol. 92, no. 5 May 2021  307

performance in f-22 pilots—combs et al.

(scores of 27–40). There were 12 participants (92%) who indi-
cated low stress. Only one participant (8%) indicated moderate 
stress.

Of the participants, 11 of 17 returned the SRRS, for a 64.7% 
return rate. An SRRS score of 150 or less indicates a low likeli-
hood of developing a stress-related illness within the next 2 yr; 
all but one of the respondents fell within this range. One respon-
dent scored 164, indicating a 50% chance of developing a 
health-related breakdown within the next 2 yr.

We evaluated the PSQI, ESS, SRRS, MEQ-SA, and PSS for a 
relationship with age. The PSS was the only one of the five tests 
that was significantly correlated with age. Scores on the PSS 
decreased with age (r 5 20.72, P 5 0.005).

There were 15 participants who wore WAMs during the day-
flight week, and 14 who wore WAMs for all or a portion of the 
night-flying week. Participants slept on average 7.15 h during 
the day week (SD 5 52.2 min) and 7.01 h during the night week 
(SD 5 85.7 min). The difference in the expected number of 
hours slept between the 2 wk was not statistically different 
[t(14) 5 20.29, P 5 0.77]. The average sleep efficiency was 84% 
across the 2 wk and was positively correlated with the average 
minutes spent asleep (r 5 0.58, P 5 0.021). Postflight in the 
day-flight condition, 12 participants completed the NASA-TLX 
rating with an average workload score of 65.86 (SD 5 14.74,  
N 5 12). In the night condition, eight participants completed 
the NASA-TLX postflight with an average workload score of 
66.33 (SD 5 16.83, N 5 8). Only six participants completed the 
NASA-TLX postflight in both the day- and night-flying condi-
tions. There were no significant differences in workload ratings 
across the two conditions [t(5) 5 0.57, P 5 0.59].

A total of 17 pilots took part in the saliva collection with 
varying degrees of adherence to protocols. Only four partici-
pants completed the full sample collection (all control, day fly-
ing, and night flying samples) in the data collection period. 
There was no difference in the control to day-flight CAR 
responses [t(6) 5 20.85, P 5 0.43, N 5 7], the control to night-
flight CAR responses [t(5) 5 22.12, P 5 0.087, N 5 6], nor 
the day- to night-flight CAR responses [t(2) 5 21.83, P 5 
0.209, N 5 3]. Noncompliance limited the number of observa-
tions available for this analysis. We compared participant con-
trol (nonflying) cortisol levels to the fitted CIRCORT curve. 
Pilots in the sample had higher than expected cortisol levels 
than what was predicted from the CIRCORT database curve. 
Cortisol levels tend to increase with age.16 As a sensitivity anal-
ysis to verify that this pattern held, we used a more conservative 
sample excluding participants over the age of 40. The Wilcoxon 
tests showed that for both the total sample of 13 (x 5 13, P , 
0.001) and the age restricted sample of 9 (x 5 9,  
P 5 0.002), the observed median cortisol levels were signifi-
cantly greater than predicted (Fig. 2). The results indicate that  
x 5 n, meaning that both sample sizes had more positive than 
negative residuals in the comparison.

We compared actual cortisol levels to expected CIRCORT 
database sCort levels for person-specific pre- and postflight 
time since waking on the flying days. Actual sCort levels were 
significantly higher than CIRCORT predicted sCort levels in 

the preflight day-flying condition [t(13) 5 3.05, P 5 0.009], the 
postflight day-flying condition [t(12) 5 3.63, P 5 0.003], the 
preflight night-flying condition [t(10) 5 2.64, P 5 0.025], and 
the postflight night-flying condition [t(10) 5 3.78, P 5 0.003]. 
We fit sCort levels for the control (nonflying) samples as a qua-
dratic function of hours since awakening using 83 data points 
from the nonflying days from 13 pilots. Using this curve, we 
predicted the typical sCort concentrations throughout the day, 
which had the expected downward slope (Fig. 3). We then 
compared this predicted level to the actual observed day- or 
night-flight cortisol level for both pre- and postflight using a 
two-tailed paired sample t-test.

Preflight actual and predicted sCort levels were not different 
in the day-flying condition (N 5 13) [t(13) 5 0.96, P 5 0.35] or 

Fig. 2. plot of actual and circorT-predicted scort levels (mg · dL21) during 
control days by hours since awakening. circles: scort actual (control day); trian-
gles: circorT predicted scort.

Fig. 3. fitted diurnal curve for sample by hours since awakening.
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night-flying condition (N 5 10) [t(10) 5 0.25, P 5 0.80] rela-
tive to the slope predicted from the control condition. Postflight 
actual sCort levels were significantly higher in the day-flying 
condition [t(12) 5 2.19, P 5 0.049] and significantly lower in 
the night-flying condition [t(9) 5 22.30, P 5 0.05] relative to 
the slope predicted from the control condition (Fig. 4). The 
change in cortisol levels, preflight to postflight, was not signifi-
cant in the day-flying condition [t(11) 5 21.33, P 5 0.21] or 
the night-flying condition [t(10) 5 21.19, P 5 0.26]. 

We evaluated flying hours and the PSQI, PSS, ESS, MEQ-
SA, SRRS, and NASA-TLX for a relationship with the cortisol 
response change from pre- to postflight. A correlation existed 
only between the magnitude of the cortisol change (pre- to 
postflight) in the day-flying condition and F-22 h (r 5 20.89, 
P 5 0.001), such that individuals with fewer hours in the F-22 
experienced a larger increase in cortisol from preflight to 
postflight. There were 14 individuals who completed the GNG 
with varying levels of compliance. We compared the conditions 
using a two-tailed paired sample t-test.

Eight participants completed both a pre- and postflight 
GNG test in the day-flying condition. There were no significant 
changes in no-go accuracy [t(7) 5 20.57, P 5 0.58], total test 
accuracy [t(7) 5 21.13, P 5 0.29], reaction time of the correct 
response in seconds [t(7) 5 0.38, P 5 0.71], or reaction time of 
an incorrect response [t(7) 5 20.19, P 5 0.85] from pre- to 
postflight on the day-flying days.

Seven participants participated in both a pre- and postflight 
night GNG test. There were no differences in accuracy of the 
inhibitory response [t(6) 5 20.63, P 5 0.54], total test 

accuracy [t(6) 5 20.82, P 5 0.44], reaction time of the correct 
response [t(6) 5 20.11, P 5 0.91], or reaction time of an incor-
rect response [t(6) 5 0.459, P 5 0.66] from pre- to postflight on 
the night-flying days.

Four participants completed the preflight GNG tests in both 
the day- and night-flying conditions. The preflight inhibitory 
accuracy was worse at night and suggestive of a change [t(3) 5 
22.49, P 5 0.09], but did not meet the threshold for signifi-
cance. Neither total test preflight accuracy [t(3) 5 21.93, P 5 
0.14], preflight reaction time of a correct response [t(3) 5 
20.318, P 5 0.77], nor preflight reaction time of an incorrect 
response [t(3) 5 0.34, P 5 0.76] changed from the day to the 
night postflying condition.

Seven participants completed both postflight GNG tests 
in day- and night-flying conditions. There were no significant 
changes in the postflight inhibitory accuracy [t(6) 5 21.37, 
P 5 0.21], total test accuracy [t(6) 5 21.47, P 5 0.19], reaction 
time of a correct response [t(6) 5 20.74, P 5 0.48], or reaction 
time of an incorrect response [t(6) 5 20.865, P 5 0.42] from 
the day to the night postflying condition. Table I shows the 
results.

DISCUSSION

F-22 pilots are high-functioning, resilient individuals tasked with 
operating the U.S. Air Force’s fifth generation fighter in support 
of missions across the world. Pilots are required to transition 
from day operations to short-term night operations to ensure 

Fig. 4. plot of actual and participant-developed curve predicted scort levels (mg · dL21) A. during the day postflight by hours since awakening and B. during the 
night postflight by hours since awakening.
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that their training remains current; however, the impact on avia-
tor performance from this short-term shift remains unknown. 
We quantified the stress burden on 17 volunteer participants as 
they made a short-term transition to night flights to maintain 
their readiness status. Performance, workload, fatigue, and stress 
patterns were monitored in the participants over 2 wk as the F-22 
aviators transitioned from day- to night-flying operations.

Neither sleep nor subjective workload ratings differed across 
flying conditions. Participants had average workload scores of 
approximately 66 postflight in both the day- and night-flying 
condition. These results were similar to NASA-TLX scores of 
commercial airline pilots executing a landing with the loss of 
the autopilot in a simulator,35 but significantly higher than F/A-
18 pilots executing an instrument landing with multiple cau-
tions and warnings in a simulator (X 5 39.04, SD 5 7.86).20

Participants had higher cortisol levels than would be pre-
dicted from civilian men of similar ages on control days, day-
flight days, and night-flight days. Day-flying appeared to cause 
a physiological stress response. In keeping with expected behav-
ior, neither day- nor night-flight days showed elevated cortisol 
levels preflight and failed to support an anticipatory effect in the 
stress response. Participants’ day-flight cortisol levels followed 
their control-day cortisol rhythms up until postflight, at which 
point they became elevated. Participants had higher than pre-
dicted cortisol levels postflight relative to what would be pre-
dicted by their control-day cortisol rhythms. Within the 
day-flight days, participants maintained the same level of corti-
sol pre- to postflight, which in itself is evidence of a stress 
response. Normal cortisol levels decrease throughout the wak-
ing day.3,21 In the absence of a stress response, participant corti-
sol levels would have dropped postflight, following their normal 
diurnal rhythm. Similar analyses failed to support a stress sys-
tem activation in the night-flying condition. Participants had 
significantly lower than predicted cortisol levels postflight at 
night-flying days.

The cortisol results were surprising, given the general per-
ception that night-flying is more stressful to pilots. Several fac-
tors could have influenced these results. First, the sample shared 
their runway with an international airport that was commonly 
congested with commercial air traffic during the day. Because 
Hawaii is a tourist destination, sightseeing aircraft also used the 
airspace. It is possible that daytime air traffic may have contrib-
uted to a stress response. Less commercial air traffic at night 
may require less attention devoted to aircraft deconfliction.

Second, day flying requires a visual scan to “see and avoid.” 
Radar assists in the identification of threats, but the visual sys-
tem is the primary sensory input device in the daytime flight 
environment. Pressure on the pilot to visually identify objects 

in an already congested airspace may have contributed to acti-
vation of the stress response. At night, visual scans are limited 
to instrumentation cues. While some maneuvers need to be 
confirmed under night vision goggles, the majority of the visual 
information about the environment is digitally processed. Pilots 
are both assisted by and restricted to their instrument feedback. 
These factors may have contributed to the lower than expected 
cortisol levels in the night-flying condition.

Third, the physical requirements of day flying are demand-
ing and also may have played a role in the cortisol spike. The 
F-22 is a 9-Gz capable aircraft. Several pilots reported experi-
encing high or repeated G forces during their day-flight sorties. 
G forces require a sustained muscle contraction, termed the 
anti-G straining maneuver, to maintain consciousness. Because 
night flying is G-limited, it does not require the same physical 
effort. The additional physical effort of day flying may have 
caused the higher than predicted cortisol levels postflight. 
Additionally, several pilots in the sample had indicators of poor 
sleep quality. Fatigue has been known to increase cortisol pro-
duction. Still, there are a number of gaps in our understanding 
of why cortisol is elevated postflight in day flight and further 
investigation is warranted.

Two significant correlations suggest some form of stress 
adaptation within the F-22 sample. First, participant age was 
negatively correlated with their level of perceived stress on the 
PSS; that is, younger participants reported higher levels of 
stress. The PSS has generally shown a trend to decrease with 
age.6 Notably, the F-22 pilots’ distribution of PSS scores in this 
study is lower than the distribution averages of both men (N 5 
968, X 5 15.52, SD 5 7.44) and of 35–44 yr olds (N 5 331, X 5 
16.38, SD 5 7.07), in contrast to the elevated cortisol levels.

Second, we found a negative correlation between the magni-
tude of the cortisol change (from pre- to postflight) and the 
number of flight hours in the F-22, further suggesting an adap-
tation effect. As participants flew more hours in the F-22, the 
magnitude of their physiological stress response was smaller. 
Some experienced participants were nonreactors and main-
tained a steady cortisol decline even during flight. This suggests 
that with increased exposure to the stressor, in this case flying, 
the less stressed the individual would become.

These two points suggest potential adaptation, not burn-
out, within the F-22 sample.17 This physiological adaptation 
falls in line with other research into repeated stress expo-
sures.12 One possible reason for the adaptation would be the 
sample’s characteristics, or the pilot selection process that 
brings in individuals with high resilience. F-22 pilots are an 
elite group who are categorized as high-functioning, confi-
dent personalities who are often exposed to high-threat 

Table I. Go/no-Go Testing results by condition.

CONDITION MEAN NO-GO ACCURACY MEAN TOTAL TEST ACCURACY MEAN RT (s) (GO) MEAN RT (s) (INCORRECT RESPONSES)

preflight (d)* (N 5 8) 0.9166 (sd 5 0.088) 0.9825 (sd 5 0.017) 0.3135 (sd 5 0.025) 0.253 (sd 5 0.031)
postflight (d)* (N 5 12) 0.8957 (sd 5 0.072) 0.9768 (sd 5 0.014) 0.3149 (sd 5 0.03) 0.2631 (sd 5 0.031)
preflight (n)† (N 5 7) 0.8134 (sd 5 0.13) 0.9602 (sd 5 0.029) 0.3049 (sd 5 0.04) 0.2566 (sd 5 0.028)
postflight (n)† (N 5 9) 0.7931 (sd 5 0.175) 0.9555 (sd 5 0.034) 0.2994 (sd 5 0.033) 0.2595 (sd 5 0.025)

* day-flying condition; †night-flying condition.
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environments and show evidence of physiological adaptation 
to recurring stress like similar highly resilient populations.19 
We used a modified go/no-go test to measure reaction time 
and response accuracy in the participants. Despite differ-
ences in postflight cortisol across conditions, we found no 
difference as participants transitioned from day- to night-
flying operations. On average, participants had an inhibition 
test accuracy of about 90% in both pre- and postflight in the 
day-flying condition. Reaction time of the correct response 
averaged approximately 0.31 s and reaction time of the 
incorrect response averaged approximately 0.26 s preflight 
and postflight in the day-flying condition. In the night-flying 
condition, participants scored on average approximately 
80% inhibition accuracy, 0.30 s reaction time of the correct 
response, and approximately 0.25 s of the incorrect response 
in both pre- and postflight. Reaction times were similar to a 
civilian population using a 20% no-go test.23 However, the 
F-22 pilots had a significantly higher average inhibition 
accuracy in both flying conditions (90% and 80%) than the 
66% inhibition accuracy reported in the civilian popula-
tion.23 The authors acknowledge that the small sample size 
may have impacted the significance.

Many questions emerged from this study; continued 
research should focus on the impact of elevated daytime corti-
sol and whether it could pose a long-term health risk in this 
participant sample. If, indeed, further research confirms that 
job requirements are placing pilots’ health at risk, we need to 
delve deeper. Are F-22 pilots required to accept stress as a nor-
mal part of their duty? Do these results hold up in less busy 
airspaces? Are these changes unique to military aviation? These 
questions and others offer several opportunities for further 
research. The results of the present research suggest that the full 
burden of F-22 flying on pilots is not yet understood. We 
hypothesized that the night-flying environment would be more 
stressful on the aviator. While more research is required to sup-
port the results found this in this study, it appeared the opposite 
is true: day-flying is more stressful. The authors acknowledge 
that the small sample size and location of the data collection 
may have contributed to the significance. More research on the 
topic is warranted. Understanding the stress burden to F-22 
aviators during the transition between day- and night-flying 
operations is an important aspect of future mishap prevention 
efforts.
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