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Objective: To examine habitual sleep health and investigate how habitual sleep duration impacts perfor-
mance and motivation in Reserve Officers' Training Corps (ROTC) tactical athletes.
Design: Observational.
Setting: A large, state university.
Participants: Fifty-four young tactical athletes enrolled in ROTC.
Measurements: Participants wore wrist actigraph devices and completed sleep diaries for 7 days prior to
completing a cognitive/motor test battery.
Results: Themeanobjective total sleep time of theparticipantswas 6.17±0.69 hours,with only 7.4% of par-
ticipants averaging ≥7 hours of sleep per day. A mean sleep quality rating between “Poor” and “Fair” was
reported by 22.2% of participants. The mean Epworth Sleepiness Scale rating was 8.80 ± 3.24, with 27.8%
of participants reporting scores N10. Controlling for age and gender, the average objective total sleep

duration was significantly associated with performance on the Symbol Digit Modalities Test (P = .026)
and with motivation levels to perform the cognitive/motor battery (P = .016), but not with performance
on the Psychomotor Vigilance Test, Flanker task, Trail Making Test, or Standing Broad Jump.
Conclusions: ROTC tactical athletes habitually sleep less than the recommended 7 hours per day with
roughly one-fourth reporting excessive daytime sleepiness and one-fifth reporting poor sleep quality,
which may increase their risk for future adverse health outcomes. Longer sleep durations were associated
with higher motivation levels and better cognitive processing speed performance; however, they were not
associated with executive function, psychomotor vigilance, or broad jump performance.

© 2019 Published by Elsevier Inc. on behalf of National Sleep Foundation.
Introduction

In order to promote optimal health and performance, it has been
recommended that adults consistently sleep at least 7 hours per night
1. Optimal health and performance is especially important in military
service members, who are often referred to as “tactical athletes” 2.
Military service members are at an increased risk of insufficient
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sleep duration 3. This is of concern considering marksmanship accu-
racy has been shown to decrease following sleep restriction 4,5 and
short sleep durations have been related to the development of mental
disorders following combat deployments in a military population 6.
Chronic insufficient sleep has also been associated with sleepiness,
mood changes, and cognitive impairments in memory, attention,
and alertness 7–9. In addition to the cognitive consequences of sleep
loss, impaired physical performance has been reported, including
skill execution, submaximal strength, andmuscular power 10. Consid-
ering what can be at stake in military performance, both in the cogni-
tive and physical domains, the consequences of insufficient sleep are
of great concern.

The Reserve Officers' Training Corps (ROTC) is the largest commis-
sioning source of officers among all military branches of service 11 and
trains tactical athletes to become leaders and decision makers within
eep health and its association with performance and motivation in
tional Sleep Foundation, https://doi.org/10.1016/j.sleh.2019.01.004
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Table 1
Demographic Information of Participants

Total study participants

No. of participants, n 54
Gender
Male 29 (53.7%)
Female 25 (46.3%)

Age, years 20.07 ± 1.75
Height (m) 1.71 ± 0.09
Weight (kg) 69.19 ± 10.85
BMI (kg/m2) 23.61 ± 2.59
Trait Anxiety (STAI Y2) 33.44 ± 9.35
State Anxiety (STAI Y1) 31.35 ± 8.85
Ethnicity
African American 5 (9.3%)
Asian/Pacific Islander 9 (16.7%)
Caucasian/White 39 (72.2%)
Multiracial 1 (1.9%)

ROTC Branch
Air Force 11 (20.4%)
Army 32 (59.3%)
Navy 11 (20.4%)

College Year
Freshman 8 (14.8%)
Sophomore 14 (25.9%)
Junior 17 (31.5%)
Senior 12 (22.2%)
Graduate 3 (5.6%)

Data are presented as mean ± standard deviation unless otherwise indicated.
BMI = body mass index. STAI = State–Trait Anxiety Inventory.
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the USmilitary.While it is known that college students, collegiate ath-
letes, andUS servicemembers have been found to habitually sleep less
than the recommended 7 hours per night 3,12–14, little is known about
the sleep health of ROTC tactical athletes. Knowledge about the sleep
health in this population will provide awareness and may help de-
velop, test, and implement strategies to optimize the health and read-
iness of this population. Because these individualswill be in leadership
roles in the military, their sleep health has the potential to affect the
well-being, health and performance of both themselves and their
subordinates.

The objective of this study was to assess sleep health of tactical
athletes enrolled in ROTC and to determine whether habitual sleep
patterns are associated with cognitive/motor performance andmoti-
vation levels. It was hypothesized that ROTC tactical athletes would
sleep less than the recommended amounts and that longer sleep du-
rations would be associated with better performance on a cognitive/
motor test battery and motivation levels.

Methods

Participants

Students (age 18–30 years) enrolled in a ROTC program at the
University of Maryland, College Park were invited to participate in
the study. Participants were excluded at the initial screening if they
self-reported any of the following: history of psychiatric disorder,
take medications with sleep-related side effects, use illicit drugs, av-
erage more than 8.5 hours of sleep per 24-hours, extend their sleep
by more than 90 minutes per night on weekend nights compared to
weekday nights, or if they would not be able to comply with the
study procedures after the details were explained to them. The
study was approved by the University of Maryland Institutional Re-
view Board and written informed consent was obtained from all par-
ticipants. A total of 57 participants, whoweremembers of each ROTC
branch (Air Force, Army, Navy) provided written consent to partici-
pate in the study. Of those, three participants did not complete the
study and were excluded from the analyses (two did not wear the
wrist actigraph during the study and one actigraph malfunctioned).
A total of 54 (20.07 ± 1.75 years, 29 male, 25 female) ROTC tactical
athletes completed the study. Table 1 provides demographic infor-
mation and characteristics of the study population.

Sleep–Wake Monitoring

With the goal ofmeasuring sleep–wakepatterns in the participants'
natural sleep environment, participants wore wrist actigraphs and
completed the Consensus Sleep Diary 15 for 7 days prior to performing
a cognitive/motor test battery. Actigraphy is known to be a reliable and
validmeasure to study sleep in natural (e.g., home) environments 16,17

and has been validated against polysomnography 18. All monitoring
started on a Monday to ensure that all participants were on the same
weekday/weekend cycle prior to testing. Participants were instructed
to wear the Actiwatch 2 (Philips Respironics, Andover, MA) wrist
actigraph continuously for the duration of the study with activity
data collected in 1-minute epochs. Sleep–wake status for each 1-
minute epoch was computed using the Actiware 5.59 scoring algo-
rithm (Actiware software, Philips Respironics, Andover, MA). In con-
junction, participants used a sleep diary to record their sleep–wake
activity and daily sleep quality (Scored as: 1 = Very Poor, 2 = Poor,
3 = Fair, 4 = Good, 5 = Very Good), and were asked to annotate the
diary anytime they removed their wrist actigraph. The consensus
sleep diarywas used primarily to help validate scoring the actrigraphic
data. For example, if therewasmissing actigraphdata (whichwasmin-
imal), the diarywas used to clarify if it was an active period (ie, remov-
ing it for a sport competition). Participants received daily reminders via
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textmessaging to keep their actigraphwatches on andkeepup-to-date
on their sleep diaries.

Performance Testing

Every participant conducted testing on aMonday, after the 7 nights
of sleep monitoring. Testing was conducted in the same laboratory
room with consistent temperature/lighting/noise/etc. To control for
the effects of caffeine on performance, participants were instructed to
refrain from caffeine ingestion for 6 hours prior to testing.

Testing order and procedures were identical for all participants.
Upon arrival for testing, participants confirmed they had not con-
sumed caffeine during the previous 6 hours and completed question-
naires on subjective sleepiness (Epworth Sleepiness Scale (ESS) 19

and Karolinska Sleepiness Scale (KSS) 20), and anxiety (State–Trait
Anxiety Inventory (STAI) 21). Upon completion of the questionnaires,
the participants performed the Cognitive/Motor Test Batterywith sub-
tests administered in the followingorder: Psychomotor Vigilance Test
(PVT) 22–5-minute version, Flanker Task 23, the Trail Making Task
(A and B) 24, Symbol Digit Modalities Task (SDMT) (written and
oral versions) 25, and amaximum standingbroad jump (3 times). Fol-
lowing the cognitive/motor test battery, participants were asked to
annotate their motivation levels to perform the cognitive tasks (as a
whole) and the standing broad jumps using a 100-mm Visual Ana-
logue Scale (VAS) (anchors = No motivation, Highest possible moti-
vation). The average of these two was considered the participant's
average motivation level to perform the cognitive/motor battery.

Daytime sleepiness was recorded using the ESS and the KSS. The
ESSmeasures subjective sleep propensity in 8 standardized situations
on a 0–3 scale, with higher scores reflecting greater sleepiness. It is a
simple and reliablemethod formeasuring sleepiness in adults 26. The
KSS assesses subjective sleepiness on a 9-point scale ranging from 1
(Extremely alert) to 9 (Extremely sleepy, great effort to keep
awake, fighting sleep) and has been shown to be a valid measure of
extant sleepiness 27. The STAI was used to measure trait and state
anxiety 21 prior to performing the cognitive/motor battery.
eep health and its association with performance and motivation in
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Fig. 1.Boxplot showing each participant's average sleep duration (h) per daymeasured
by actigraphy over 7 days. The horizontal dashed-dotted line represents the recom-
mended 7 hours of sleep, of which, only 4 (7.41%) of the participants averaged more
than.
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A 5-minute modified version of the PVT was administered on the
computer using the Psychology Experiment Building Language
(PEBL) software programVersion 2.0 (licensed under the GNUGeneral
Public License) 28. Each 5-minute trial consisted of stimuli (red circle on
computer monitor) occurring at intervals ranging from 2 to 5 seconds
after each response from the participant. Participants responded to
the stimuli by pressing the spacebar on the keyboard as quickly as pos-
sible. The primary outcomes of interest were mean reaction time and
number of lapses (reaction times N500 milliseconds).

A modified version of the Flanker Task was administered on the
computer using the PEBL software program. Each trial consisted of ei-
ther congruent (bbbbb, NNNNN) or incongruent (bbN b b, NNbNN)
arrow stimuli presented on the computer screen, with the middle
arrow being the target stimulus. Throughout the task, congruent
and incongruent trials appeared in random order and pointed in the
right and left direction. The participant pressed the left-shift button
with the left index finger if the target stimulus pointed to the left
and a right-shift button with the right index finger if the target stim-
ulus pointed to the right. Participants were instructed to respond as
quickly and accurately as possible. The inter-trial interval (ITI) was
1000 ms and if the participant responded after 1500 ms, the trial
was counted as an error of omission. Participants performed a brief
practice trial with three practice stimuli prior to beginning the exper-
imental task. One block of 200 trials was presented, with 100 congru-
ent trials and 100 incongruent trials. Only correct responses were
used in the analysis. Mean reaction time on the congruent trials and
incongruent trials was calculated. Also, an interference score using
the following equation:

incongruent mean RT−congruent mean RT
congruent mean RT

x 100

was calculated as a metric of inhibitory control unbiased by differ-
ences in base reaction time 29–31.

The Trail Making Test A (TMT-A) and B (TMT-B) were adminis-
tered with pen and paper. Part A (TMT-A) required participants to
draw lines between consecutive encircled numbers in ascending
order, from 1 to 25. Part B (TMT-B) required participants to draw
lines connecting 25 encircled numbers and letters in an alternating
progressive sequence (ie, 1 to A to 2 to B) from 1 to 13. Time to com-
pletionwasmeasured, and the difference between TMT-B and TMT-A
was also calculated 32.

The SDMTwas administeredwith pen and paper. At the top of the
page was a key that paired 9 numbers with 9 corresponding geomet-
ric figures. Below the key were rows of symbols. Participants were
instructed to write, in order, as many numbers associated with sym-
bols as possible within 90 seconds. After the participants completed a
written version of the test, they performed an oral version of the
same 90-second test, where they verbally instructed the researcher
towrite in the numberwith the corresponding symbol. The combina-
tion of the written and oral version was calculated as the total score.

The last test administered was a gross motor task: a ‘maximum ef-
fort’ standing broad jump. After receiving instructions and performing
three practice jumps, participants stood with their toes behind a start
line and were instructed to “jump as far as possible” while landing
with both feet. Performance was the measurement from the starting
line to the posterior heel that was closest to the start line. Participants
performed three jumps andwere allowed up to 2minutes of between-
trial recovery between jumps. Performancewasmeasured as the aver-
age of the three ‘maximum effort’ jumps.

Statistical Analysis

All statistical analyses were performed using SPSS 24.0 (IBM Cor-
poration, Armonk, NY, USA). Mean total sleep duration and mean
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sleep quality were calculated over the 7 days of habitual sleep moni-
toring. A Pearson correlation was employed to assess the association
between objective and subjective sleep data. Mean scores on each
questionnaire and test of the cognitive/motor batterywere calculated.
Multiple linear regression analysis, using age and gender as control
variables, was performed to examine the association between objec-
tive total sleep duration (independent variable) and performance on
each test and subjective questionnaire (dependent variables). Regres-
sion coefficient P b .05 was considered statistically significant.

Results

Sleep Duration

Mean objective total sleep time (as determined with wrist
actigraphy) was 6.17 ± 0.69 hours. Only 7.4% of the participants av-
eraged at least 7 hours of sleep per day, while 53.7% of participants
slept between 6.0 and 6.9 hours per day, and 38.9% slept less than
6.0 hours per day. Fig. 1 displays the average sleep duration for
each participant. The sleep diary mean total sleep amount was
6.46 ± 0.83 hours, which significantly correlated with the actigraph
data (Pearson's r = .553, P b .001).

Subjective Sleep Quality

Mean subjective sleep quality as measured on the Consensus
Sleep Diary was 3.40 ± 0.57, which was between the “Fair” (3) to
“Good” (4) range; 18.5% of participants had a mean sleep quality rat-
ing equal to or greater than “Good”(4), 59.3% of participants had a
mean rating between “Fair”(3) and “Good”(4), and 22. 2% of partici-
pants had a mean rating between “Poor”(2) and “Fair” (3).

Subjective Daytime Sleepiness

The mean ESS rating was 8.80 ± 3.24. 18.5% of participants re-
ported scores from 0 to 5 (indicating lower normal daytime sleepi-
ness levels), 53.7% of participants reported scores from 6 to 10
(indicating higher normal daytime sleepiness levels), and 27.8% of
participants reported scores N10 (indicating excessive levels of sleep-
iness). The mean KSS rating was 4.70 ± 1.56, with 38.9% reporting
some signs of sleepiness (KSS ≥6). KSS ratings were significantly cor-
related with ESS ratings (Pearson's r = .335, P = .013).
eep health and its association with performance and motivation in
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Fig. 3.Association of average sleep time (h) andmotivation to perform the test battery.
This figure shows the relationship prior to controlling for age and gender and shows
that on average, motivation to perform was 4.03 (SE = 2.05) millimeters/percent
higher for each additional hour of sleep (P=.054). After controlling for age andgender,
on average,motivationwas 5.06 (SE=2.04)millimeters/percent higher for each addi-
tional hour of sleep (P = .016).
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Cognitive/Motor Battery and Motivation

From the multiple linear regression analysis, after controlling for
age and gender, objective total sleep duration was only significantly
associated with SDMT performance (P = .026) and motivation to
perform the cognitive/motor battery (P = .016). On average, for
each additional hour of sleep duration, SDMT total performance
was 8.34 (SE = 3.63) items greater and motivation to perform the
cognitive/motor battery was 5.06 (SE = 2.04) mm greater on the
VAS. Figs. 2 and 3 show the association between total sleep time
and SDMT performance and motivation levels, respectively. No sig-
nificant associations between habitual total sleep time and any
other measures (PVT, Flanker Task, TMT A and B, or Standing Broad
Jump (SBJ))were found. Table 2 outlines the estimated regression co-
efficients, after controlling for age and gender, for the associations be-
tween objective total sleep duration (independent variable) and
performance on each test and subjective questionnaire (dependent
variables).

Discussion

This is the first study to investigate the sleep health in ROTC tacti-
cal athletes and to document the relationship between habitual sleep
duration and daytime performance and motivation in this popula-
tion. Consistent with active duty military populations 12, ROTC tacti-
cal athletes obtain insufficient sleep. The mean actigraphic sleep
duration in this studywas just over 6 hours, below the recommended
amount for young adults 1. ROTC tactical athletes not only obtain less
sleep than the recommended amounts, they also appear to sleep less
than other undergraduate students13, including other student-
athletes 14. Over 92% averaged objective sleep durations less than 7
hours per day, a prevalence substantially higher than the 39% re-
ported in a large student-athlete population 14. The high prevalence
of insufficient sleep is concerning considering it has been associated
with cognitive and motor impairments 10, marksmanship accuracy
decrements 4,5, and increased risk of injuries 33. Injuries are the big-
gest health problem of the military services 34, as such, improving
sleep health in this population may be a potential mechanism for re-
ducing injuries. Aside fromphysical injuries, short sleep durations are
also related to the development of mental disorders, such as depres-
sion, post-traumatic stress disorder, and suicidality, following combat
Fig. 2.Association of average sleep time (h) and Symbol DigitModalities Test (Oral and
Written) performance. This figure shows the relationship prior to controlling for age
and gender and shows that, on average, SDMT performance was 8.27 (SE = 3.53)
higher for each additional hourof sleep (P=.023). After controlling for age and gender,
on average, SDMTperformancewas 8.34 (SE=3.63) higher for each additional hour of
sleep (P = .026).
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deployments in a military personnel 6. Poor sleep quality, which
nearly one-fifth of the sample reported, has also been associated
with negative moods and physical illness in college students 13. Col-
lectively, ROTC tactical athletes may be at a higher risk for adverse
physical and mental health outcomes, which ultimately may nega-
tively impact their ability to perform and lead. ROTC tactical athletes
are likely at an increased risk for poor sleep health due to demanding
academic and military training schedules. One potential way to im-
prove the sleep health of this population would be to implement ed-
ucation or awareness initiatives into their training that highlight the
importance and consequences of healthy sleep habits, as well as dif-
ferent strategies to improve sleep health. Brief educational courses
may be a cost-effective way to alleviate sleep problems in young
adults35. Sleep hygiene education, for example, has shown to im-
prove sleep duration in elite female athletes36.
Table 2
Multiple Linear Regression Analysis of Each Test and Motivation on Objective Average
Total Sleep Duration

Regression coefficients

B SE Sig. value

PVT
Lapses −0.77 0.94 .418
Mean RT (ms) −9.46 9.78 .338

Flanker Task
Congruent RT (ms) 0.23 15.37 .978
Incongruent RT (ms) −7.66 16.43 .643
Interference Score −1.55 1.16 .188

TMT
TMT A (s) −2.44 1.50 .111
TMT B (s) −3.63 2.78 .117
TMT B-A (s) −1.18 2.07 .569

SDMT
Total (Written and Oral) 8.34 3.63 .026⁎

Standing Broad Jump
Average (cm) 1.50 4.48 .738

Motivation to perform:
Cognitive/Motor Battery (mm) 5.06 2.04 .016⁎

Notes: Changes are per 1 hour of additional sleep; Age and Gender were control
variables; Listed in order of performance; * P b .05; B = unstandardized coefficient;
SE = standard error; PVT = Psychomotor Vigilance Task; TMT = Trail Making Test;
SDMT = Symbol Digit Modalities Test; RT = reaction time.
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The findings in this study provide evidence that longer habitual
sleep durations are associatedwith highermotivation levels and better
performance on a task commonly used to access cognitive processing
speed. Improved task motivation levels may improve performance by
increasing “attentional effort” during a task 37, however, only SDMT
performance, which has been used as an indicator of information pro-
cessing speed and efficiency 38,39, was positively associatedwith longer
sleep durations. It was hypothesized that executive function tasks and
attention taskswould be impacted by habitual sleep durations because
performance on these tasks have been correlated with the prefrontal
cortex (PFC) 40,41, one of the regions of the brain, along with the thala-
mus, and inferior parietal/superior temporal cortex where the greatest
reductions in brain activity occur as a result of sleep loss 42. Habitual
sleep duration was not significantly associated with performance on
the Flanker task or TMT B-A, both of which are widely used measures
of executive functions 32,43, and it did not predict performance on the
PVT, which is considered the “gold standard” behavioral measure for
sleepiness due to its high reliability, sensitivity to circadian rhythm in-
fluences, and absence of learning effects 9,44,45. While participation of
the frontal lobes during executive function tasks is likely necessary, it
is also likely that other non-frontal brain regions are necessary 46. Sim-
ilarly, aside from the prefrontal region of the brain, psychomotor vigi-
lance (attention) performance has also been associated with
activation in theparietal andmotor regions, aswell as the basal ganglia
41. It has been previously hypothesized that the extent to which a cog-
nitive process candrawuponassociated regions for compensatory sup-
port, contributes to the extent to which sleep may impact that
cognitive process 45, which may explain the lack of association be-
tween habitual sleep amounts and performance on the PVT and exec-
utive function measures. In addition, the 5-minute version of the PVT
was used in this study and, while it is a viable alternative to the 10-
minute version, it may less sensitive to detect small changes in sleepi-
ness 47. It has also been shown that some individuals have trait-like
characteristics that make them resilient to sleep loss, making them
less susceptible to performance decrements following a period of
sleep restriction 48. Because of the nature of selection of ROTC tactical
athletes, it is possible that these individuals may be more resilient to
the effects of sleep loss, which may also explain why no other associa-
tions between sleep and other performance metrics were observed.
Supportive of this idea is the fact that even though a high percentage
(92%) obtained insufficient sleep, a relatively lower percentage (28%)
reported excessive daytime sleepiness, which appears less than the
51% found in other college athletes 14. Lastly, because of the high
prevalence of insufficient sleep, there may have not been enough var-
iability in total sleep duration to adequately observe its impact on
performance.

This study had limitations. First, this study was a part of a larger
study that examined the effects of a sleep manipulation, which ex-
cluded participants if they self-reported habitually sleeping more
than 8.5 hours a night. While no participant was excluded during the
screening process for this reason, there is a possibility that sleep dura-
tion estimates may have been biased towards lower values because of
the eligibility criteria and thus, the prevalence of insufficient sleepers
in this population may be lower. Second, the habitual sleep amount
for this study was only measured over 1 week for each participant. Al-
though data collection occurred over the course of the academic se-
mester for all participants, because of fluctuating academic and
military training requirements, it is difficult to be certain that this
weekwas representative of their “typical” sleep health. Lastly, because
motivation levels were obtained after the participant performed the
task, it is possible that their own perception of how they performed
the tasks may have confounded how they reported their motivation
levels. However, because motivation was associated with sleep dura-
tion and most tests were not, this may be unlikely. Future research
should consider measuring motivation levels prior to performance.
Please cite this article as: B.M. Ritland, G. Simonelli, R.J. Gentili, et al., Sl
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The main strength of the study was measuring the habitual sleep
health, both objectively and subjectively, in 54 ROTC tactical athletes,
including 25 females, from each branch of service and utilizing a di-
verse cognitive/motor battery. In addition, the study controlled for
caffeine intake prior to performance testing and controlled for week-
end/weekday sleep schedules by starting all participants on the same
day of the week.

Future research should focus on how sleep impacts military-
relevant performance (ie, physical fitness related testing, marksman-
ship, etc) and other health-related outcomes (ie, injury rates) in this
population. Considering many service members with sleep
disturbances frequentlymanage their symptomswithoutmedical su-
pervision and using various techniques 49, it is important to further
investigateways or techniques to optimize their sleep health. In addi-
tion, future studies may include neuroimaging during the perfor-
mance testing to further understand how differences in habitual
sleep durationmay be associatedwith differences in neural dynamics
during performance (ie, investigate the cognitive cost/workload dur-
ing performance to determine if habitual sleep duration is associated
with neural efficiency). This may also help better understand how
some individuals aremore resilient to lower levels of sleep durations.

Conclusions

In this initial study of ROTC tactical athletes training to become
leaders in the U.S. military, most of the sample habitually slept less
than the recommended 7 hours per day with roughly one-fourth
reporting excessive daytime sleepiness and one-fifth reporting poor
sleep quality. Longer sleep durations were associated with higher
motivation levels and better cognitive processing speed perfor-
mance; however, they were not associated with executive function,
psychomotor vigilance, or broad jump performance. Future research
should investigate the extent to which strategies that improve the
sleep health of military tactical athletes lead to improved subsequent
performance, motivation, and other health-related outcomes.
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