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ABSTRACT

Introduction:

The U.S. Marine Corps (USMC) recruit training is a 13-week preparatory period for military service men and women.
Differences in absolute performance capabilities between sexes may impact physical and physiological responses to the
demands of recruit training. The purpose of this study was to monitor U.S. Marine Corps recruits throughout recruit
training to comparatively assess workload, sleep, stress, and performance responses in men and women.

Materials and Methods:

A total of 281 recruits (men = 182 and women = 99; age = 19 + 2 years) were monitored and tested. Workload, sleep,
and stress assessments occurred at week 2, week 7/8, and week 11 of training. Workload (energy expenditure per kg
body mass [EEgg; |, distance [DIS], steps) and sleep (continuity and duration) were tracked over 72-hour periods using
wearable accelerometry and heart rate technology. Stress responses were determined through salivary cortisol analyses.
Performance testing, consisting of countermovement vertical jump (CMJ) and isometric mid-thigh pull IMTP) perfor-
mance relative to body mass, occurred at weeks 2 and 11. Linear mixed models were used to test for sex, time, and
sex-by-time interactions (. <.05).

Results:

On average, recruits covered 13.0 + 2.7 km/day, expended 3,762 + 765 calories/day, and slept 6.2 4 1.1 hours/night. Sex-
by-time interactions were found for DIS, steps, sleep duration, cortisol, and CMJyg; performance (P <.05). Planned
contrasts revealed that men covered more DIS than women at week 7/8 (P <.001). Women experienced greater step
counts compared to men at week 11 (P =.004). Women experienced no significant change in sleep duration (P >.05),
whereas men increased sleep duration from week 2 to week 7/8 (P =.03). Women experienced greater sleep duration
at week 2 (P =.03) and week 11 (P =.02) compared to men. Women exhibited higher cortisol levels than men at week
2 (P<.001) and week 11 (P <.001). Women experienced declines in cortisol at week 7 compared to week 2 (P <.001).
Men experienced no changes in cortisol response at any timepoint (P >.05). Both sexes experienced declines in CMJ g,
from week 2 to week 11 (P>.001). Sex main effects were observed for EEgg; , DIS, CMIgg; , and IMTPgg; (P <.05)
with men experiencing greater overall workloads and producing greater strength and power metrics. Sex main effects
were also found for sleep continuity and cortisol (P <.05), for which men experienced lower values compared to women.
Time main effects were observed for EEgg; , DIS, steps, cortisol, CMJgg; , and IMTPgg; (P <.05).

Conclusions:

This study not only highlights the known sex differences between men and women but also sheds light on the differ-
ent physical and physiological responses of each sex to military training. Interestingly, the greatest physical demands
incurred earlier in the training cycle. Despite declining workloads, the stress response was maintained throughout the
training, which may have implications for adaptation and performance. In addition, average sleep duration fell notably
below recommendations for optimizing health and recovery. Effectively monitoring the demands and performance out-
comes during recruit training is essential for determining individual fitness capabilities, as well as establishing the
effectiveness of a training program. Individual performance assessments and adequately periodized workloads may help
to optimize recruit training for both men and women.
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Demands of USMC Recruit Training

INTRODUCTION
The U.S. Marine Corps (USMC) recruit training consists of
a 13-week program of instruction designed to instill physical
fitness, military discipline, familiarization with Marine Corps
history, and inculcate core values in new recruits. Both men
and women experience a variety of physical and psycholog-
ical stressors throughout this period intended to prepare the
recruits for military service. Assessing and profiling the phys-
ical and physiological demands during this period are valuable
when seeking to optimize recruit training and mitigate injury
risk. However, as men and women are known to possess dif-
ferences in absolute performance capabilities,!*? the question
remains as to whether sex differences occur in relation to the
physical and physiological demands of recruit training.
Strenuous training demands and social environment stres-
sors can increase psychological and physiological stress
and impact performance outcomes.> Workload and recovery
assessments can aid in optimizing performance and decreas-
ing injury risk by providing an objective evaluation of overall
training demands, recruit adaptation to the imposed training
demands, and fatigue status.* Physiological demands, termed
internal workload, can be assessed via heart rate (HR) mon-
itoring to determine caloric expenditure,*> whereas physi-
cal demands, termed external workload, can be assessed by
accelerometry and/or global positioning systems to determine
the distance covered (DIS) and number of steps taken.* In
addition to assessing workloads, sleep is an important aspect
of recovery.® Adequate sleep quantity and quality may act
to enhance adaptation and simultaneously buffer the negative
effects of increased training demands. Conversely, inadequate
sleep may lead to a worsened state of fatigue with signifi-
cant negative effects on performance, perceived effort, cogni-
tion, and other biological functions.”® Wearable technologies
unobtrusively monitor internal and external workloads, along
with sleep, making this a feasible method to assess both
physical and physiological demands of recruit training.’-'°
When assessing military readiness, it is important to con-
sider the combined psychological and physiological effects
of both the training stimulus and the environment. Biological
markers of stress and recovery can provide unique insight into
adaptation and readiness to perform.'' Biomarker changes in
conjunction with social and environmental conditions may
have implications for performance outcomes, given the cumu-
lative stress they represent. For instance, previous research
has reported negative changes in physical performance, body
composition, and anabolic and catabolic biomarkers follow-
ing 3 weeks of military field training.'? This suggests that the
overall stress is high during military training thereby point-
ing to the utility of monitoring stress responses during recruit
training. One useful biomarker to assess may be cortisol.
Monitoring resting cortisol values throughout recruit train-
ing can give an indication of how the recruit is responding
to the overall training environment and has previously been
shown to be related to physical performance changes with
training.'3

MILITARY MEDICINE, Vol. 189, July/August Supplement 2024

Resting cortisol concentrations provide information per-
taining to the stress response, with chronic elevations indica-
tive of hypothalamic—pituitary—adrenal (HPA)-axis maladap-
tation and impaired ability to recover from training.'" One
study examining biomarker responses associated with a
competitive soccer season reported cortisol concentrations
remained above the normal clinical range throughout the
entire season, indicating a heightened HPAl-axis response
to continuous high workloads.'*!*> Further, men and women
demonstrated different cortisol responses despite comparable
relative workloads, with women experiencing greater cor-
tisol concentrations throughout the entire season compared
to men.'* Additionally, another study reported that although
men and women have been shown to express similar perfor-
mance decrements following a 6-day military training exer-
cise, women experienced greater physiological stress.'® This
includes larger increases in cortisol and declines in insulin-
like growth factor-1 compared to men completing the same
physical tasks.'®:!” Taken together, these studies indicate that
men and women may experience differences in biomarker
response to training stress, which may have implications for
optimal recovery strategies for each sex.

In addition to potential differences in biomarker responses,
when comparing performance metrics between sexes, women
have lower absolute strength, anaerobic power, and aerobic
capacity compared with their male counterparts.”'® These
differences are in part the result of inherent physiological
differences leading to disparities in body composition, with
men exhibiting lower body fat percentages and greater abso-
lute muscle mass.'” On an absolute basis, women typically
demonstrate half the upper body strength and two-thirds the
leg strength as men,”’-2! but these differences are some-
what lessened when strength is expressed relative to body
mass?? and further lessened when expressed relative to fat-
free mass.”> However, absolute performance outcomes are
often not assessed using these caveats, particularly in a mil-
itary setting, potentially putting women at a disadvantage.
Women also have lower power capacity, shown by signif-
icantly lower vertical jump heights than those of men”'®
even when accounting for fat-free mass. Additionally, aero-
bic capacity has been shown to be 15 to 30% lower in both
trained and untrained women compared with men of similar
age,”*2° which may be attributable to cardiovascular system
differences (i.e., heart size, blood volume, and stroke volume
differences).?’-??> Although men tend to exhibit greater energy
expenditure (EE) than women because of larger body mass,’’
these differences are minimized when expressed on a relative
basis (per kg body mass).?

Men and women express differences in absolute perfor-
mance capabilities which may impact responses to the phys-
ical and physiological demands of recruit training. The data
for the current study were derived from a larger study, the
USMC Gender-Integrated Recruit Training study, the aim
of which was to provide data-driven recommendations to
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increase gender integration during USMC recruit training.?®
The purpose of the current analysis was to monitor USMC
recruits throughout recruit training and to assess and compare
workload, sleep, stress, and performance responses between
sexes. We hypothesized that men and women would respond
differently to USMC recruit training as expressed through
disparities in these metrics.

METHODS

Subjects

A total of 281 recruits M =182 and W=99; Age=19
+ 2 years) were monitored and tested throughout USMC
recruit training. Tables I to III include a breakdown of
the number of participants monitored per week, account-
ing for attrition and missing data. Written informed consent
was obtained under the direct supervision of an ombudsper-
son to further minimize the risk of coercion. The study
(STUDY20120069) was approved by the University of Pitts-
burgh Institutional Review Board and the USMC Human
Research Protection Office.

Experimental Design

USMC recruits were monitored throughout recruit training to
assess the physical and physiological responses to training.
Three gender-integration models were evaluated to provide an
overall view of the demands of recruit training. Although it is
acknowledged that gender is a social construct and sex is a bio-
logical variable, the USMC refers to training men and women
together as gender integration, and therefore, the term gender
is used when referencing the integration models and ways to
improve integrated training based on the USMC nomencla-
ture. The first gender-integration model was the Series Track
at Marine Corp Recruit Depot (MCRD) Parris Island, which
consisted of separate companies with female series (2 pla-
toons of female recruits) training alongside a male company
(6 platoons of male recruits). In the Series Track model, a
male company is paired with a female company. Recruits
complete the training cycle in parallel and come together
for major training events. However, recruits live in differ-
ent barracks on the installation, eat separately, and may do
physical training activities, such as the obstacle course, sepa-
rately. Series Track recruits also march to integrated training
events from separate locations. Second, an Integrated Com-
pany was evaluated at MCRD Parris Island, which consisted
of a recruit company that had 2 female platoons and 4 male
platoons. Recruits are housed in the same barracks but live
in squad bays on different floors. Integrated companies eat at
the same time in the same chow hall and march to every train-
ing event or activity together. Lastly, a Male-only company
was evaluated at MCRD San Diego. Regardless of integra-
tion model, recruits were given the same opportunities to eat,
sleep, and hydrate throughout the observed data collection
period (see Supplemental Data Tables S1-S7 for workload,
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23,704 44,103
23,715 4 3,803
21,163 4 3,796"
19,679 +3,317*
20,866 4 4,251%
21,853 45,110"*

Steps

-0.52
-1.04
-0.74
-0.73

d

13.1 £2.47N#

Distance (km)
14.5+2.7"
13.64+2.6
10.9 +2.0*
12.54+2.6N*
11.7 +3.0*

-0.77
-0.49
-1.44
-1.14

d

expenditure .. ive

(kcal/kg)
61.247.9"
60.0410.6
53.446.0"*
51.74+6.3"
49.8 4 5.9"#
479 4+ 6.4*

Energy

-0.78
-0.71
-1.20
-1.09

d
kilometers.

TABLE I. Body Mass, Internal and External Workloads

expenditure
(keal)

4,494 4- 739"
3,677 + 692
3,920 + 498" #
3,185 + 444*
3,605 4 486" *
2,922 + 480*

Energy

—-0.11
-0.06

D

Body mass (kg)

73.9 +£10.4"
61.7+8.1
72.7 £8.7M*
61.247.1*

Week
7/8

1

1

180
98
77

158
150
kilograms, kcal = calories, kcal/kg = calories per kilogram body weight, km

Women
Men
Women
Men
‘Women

Sex
Men

Data are presented as mean + SD. All effect sizes (d) are compared to week 2.

kg
*Indicates a sex-by-time interaction.

Alndicates a sex main effect.
#Indicates a time main effect.
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TABLE Il. Sleep Metrics: Duration and Continuity

Sex n Week Sleep duration (hr) d Sleep continuity (au) d
Men 180 2 6.1+0.9" — 34407 —
Women 98 2 6.2+0.8 — 42407 —
Men 158 7/8 64412 0.33 3.5+0.8F 0.14
Women 83 7/8 6.04+0.9 -0.25 40+0.7 -0.29
Men 150 11 63+1.0" 0.22 33+0.8F 0.14
Women 77 11 64+12 0.25 4.04+0.7 -0.29

Data are presented as mean + SD. All effect sizes (d) are compared to week 2.

hr =hours, au = arbitrary units.
“Indicates a sex-by-time interaction.
"Indicates a sex main effect.

sleep, and stress variables broken down by gender-integration
model).

Workload monitoring occurred over 72-hour periods start-
ing on Monday morning during the start of week 2 (phase 1
[P1]), week 7 (MCRD Parris Island) or week 8 (MCRD San
Diego) (Phase 2 [P2]), and week 11 (Phase 3 [P3]) to encom-
pass the 3 phases of training recruits undergo before becoming
a Marine. These phases consist of P1 which includes tasks
such as: receiving, bucket issue (standard equipment), rifle
issue, initial strength test, introduction to Marine Corps mar-
tial arts program, weapons safety, close order drill; P2: com-
bat water survival, physical and combat conditioning, martial
arts, academic instruction; and P3: fundamentals of marks-
manship, basic warrior training, field skills, the Crucible.

The different mid-points at MCRD Parris Island and San
Diego were used to control for the difference in training sched-
ule activities between locations. Cortisol sampling occurred
on the Monday of week 2 (P1), week 7/8 (P2), and week 11
(P3). Human performance testing (countermovement vertical
jump [CMIJ] and isometric mid-thigh pull [IMTP]) occurred
at the start of week 2 (P1) and at the start of week 11 (P3)
of USMC recruit training. The Series Track (MCRD Parris
Island) was evaluated starting in early June 2021, 99 (52%
female), the Integrated Company (MCRD Parris Island) start-
ing in late June 2021 with 97 (49% female) recruits, and
the Male-only company (MCRD San Diego) starting in early
September 2021 with 85 recruits.

Wearable Tracking

Recruits were provided a wrist-worn wearable tracking device
(Polar GritX, POLAR Electro, Kempele, Finland) which was
programmed with individual recruit information including
age, height, weight, and sex. Recruits were instructed to
wear the device covered with a sweatband for 3 consecutive
days and nights until collected by the research team. Settings
and displays on the wearable screen were locked throughout
the duration of use. The device also indicates if and when
the watch was worn and when it was taken off in order to
calculate compliance. The device combines accelerometry,
global positioning systems, and HR (via photoplethysmogra-
phy) technologies in order to determine EE, DIS, steps taken,
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sleep duration, and sleep continuity. Two male participants
and one female participant were excluded at week 2 (P1); and
3 male participants and one female participant were excluded
at week 11 (P3) because of missing data.

EE is estimated from continuous HR data combined with
movement/activity and surface area (a function of height and
weight) calculations and expressed on an absolute and per kg
body mass basis (EEgg; ). EEgg; for weeks 7/8 (P2) were cal-
culated based on body mass assessments from week 2 (P1).
Total DIS and steps taken are calculated using data derived
from the internal accelerometer sensors. Sleep duration is
assessed by 3D acceleration measurements and is determined
as the time between falling asleep and waking up. Measure-
ment of the times between successive heart beats and analysis
of their variation is used for the classification of sleep into the
different sleep stages. A Polar sleep algorithm classifies 30-
second epochs during this period into light sleep, deep sleep,
REM sleep, or interruptions. The sleep continuity score is
based on an evaluation of continuous sleep using patterns of
interruptions and sleep bouts assessed by the wearable moni-
tors during the night. This score is expressed on a Likert scale
of 1 to 5, where 1 reflects fragmented sleep and 5 reflects
continuous sleep.

Cortisol

After distributing wearable devices at ~04:00 to 05:00 hours
for Series and Integrated Tracks and at ~04:30 to 05:00 hours
for the Male-only track, saliva was collected by passive
drool method. Recruits were provided with a cryovial and
salivary collection straw and were instructed to allow the
saliva to pool in the mouth. Then, with head tilted forward,
recruits were instructed to gently guide saliva through the
straw into the vial until the vial was filled with approximately
1.5mL of saliva. Samples were frozen at or below —20°C
immediately after collection and then shipped to Salimetrics,
LLC (Carlsbad, CA, USA) for the analysis of salivary corti-
sol via enzyme-linked immunosorbent assay. Samples were
thawed to room temperature, vortexed, and then centrifuged
for 15 minutes at approximately 3,000 revolutions per minute
(RPM) (1,500 x g) immediately before performing the assay.
Sample test volume was 25 pl of saliva per determination. The
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0.32
0.11

d

Relative peak force (N/kg)

34.6453"
275446
36.344.8"*
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Peak force (N)
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d

power (W/kg)

Relative peak
49.9 462"
37.6+49
447 £527M#
35.744.2%

—-0.66
-0.34

TABLE lll. Performance Testing (Countermovement Vertical Jump and Isometric Mid-thigh Pull)
d

Peak power (W)

3,699 + 624"
2,329 + 372
3,290 4 533"/ #
2,201 4 342*

176
98
129
70

n
watts per kilogram body weight, N = newtons, N/kg = newtons per kilogram body weight.

Week
11

watts, W/kg
*Indicates a sex-by-time interaction.

Alndicates a sex main effect.

Men
Women
Men
Women

Sex

Data are presented as mean + SD. All effect sizes (d) are compared to week 2.

w
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assay has a lower limit of sensitivity of 0.007 ng/dL, with a
standard curve ranging from 0.012 to 3.0 pg/dL. Samples were
run in duplicate with a coefficient of variation of 3.6%. Two
female participants were missing cortisol samples at week
2 (P1), and 4 male participants and one female participant
were missing cortisol samples at week 7/8 (P2) and were not
included in the cortisol analysis.

Performance Testing

Recruits performed all tests dressed in standard physical train-
ing uniform and athletic footwear. Before testing, body mass
and height were assessed using a stadiometer and calibrated
scale. Recruits performed a 5-minute standardized dynamic
warm-up consisting of squats, hip hinges, lunges, and jump-
ing movements.

Countermovement vertical jump

Recruits were instructed to jump “as high and as fast as
possible” with hands akimbo at all times. Three maximal
CMI repetitions were performed, and the highest jump height
recorded. Trials were separated by approximately 2 minutes
rest to ensure adequate recovery. Tests were performed on
bilateral force platforms (FDLite Forcedeck dual force plat-
forms; VALD Performance, Sydney, Australia) sampling at a
frequency of 1,000 Hz. Peak power was recorded as the maxi-
mal power output achieved during the CMJ, and that value was
then normalized to body mass to attain relative peak power
(Wikg).

Isometric mid-thigh pull

IMTP was performed on a custom fabricated steel test-
ing apparatus equipped with bilateral force platforms (FDLite
Forcedeck dual force platforms; VALD Performance, Sydney,
Australia) at a sampling frequency of 1,000 Hz. Weightlift-
ing straps were used to limit the effect of grip strength. The
height of the steel apparatus was adjusted so that knee flex-
ion was approximately at 125 to 145 degrees and hip flexion
was approximately 140 to 150 degrees as measured by a hand-
held goniometer.?” The height at which optimal joint angles
were achieved was recorded for each recruit to be repeated at
subsequent testing. Familiarization repetitions of 3 seconds in
duration were administered at 50, 75, and 90% of perceived
maximal effort. Testing consisted of 2 maximal repetitions of
5seconds in duration separated by approximately 2 minutes
rest. Recruits were instructed to “pull as hard and as fast as
possible” to attain peak force (Ns). A third trial was adminis-
tered if >250 N difference in peak force was observed between
trials.? Values were then normalized to body mass to attain
relative peak force (N/kg).

Statistical Analysis

Mean values for all measures from wearables were calcu-
lated for each individual during each observation period.
Individuals with at least one full day of wearable data were
included in the analyses. If data from one of the 3 days were

#Indicates a time main effect.
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incomplete (because of recruit taking off the watch or bat-
tery not charged), the incomplete day was excluded, and the
remaining days were averaged based on the full days infor-
mation only. Linear mixed models were used to test for sex
and time main effects as well as sex-by-time interactions for
workload variables, sleep variables, and cortisol for weeks 2
(P1), 7/8 (P2), and 11 (P3), as well as for performance vari-
ables for weeks 2 (P1) and 11 (P3). Significant interactions
were followed up with a planned contrast of time within sex
comparisons back to week 2 (P1). Significant sex and time
main effects were also followed up with planned contrasts of
sex or time, respectively, using week 2 (P1) as the comparison
point. Gender-integration model was inputted as a fixed effect
covariate in all statistical models to adjust for the effect of this
variable on the outcome variables. Cohen’s d was used to cal-
culate effect sizes. Using Cohen’s conventions, ES of 0.20,
0.50, and 0.80 were considered indicative of small, medium,
and large effects, respectively. All effect sizes are compared
to week 2 (P1). All analyses were conducted using R Studio
(version 4.1.0) with the Ime4 (version 1.1-27.1) and emmeans
(version 1.6.201) packages.

RESULTS
Body Mass

No sex-by-time interaction was observed (P = .307) through-
out the USMC recruit training. A significant sex main effect
was found (P <.001) as men exhibited greater body mass
than women. A significant time main effect (P <.001) was
observed, and planned contrasts revealed declines in body
mass from week 2 (P1) to week 11 (P3). Body mass data are
presented in Table I.

Workload Variables
Energy expenditure

No sex-by-time interaction was found (P =.269). A sig-
nificant sex main effect (P <.001) was observed with men
experiencing greater EE than women throughout the USMC
recruit training. A significant time main effect (P <.001)
was observed revealing that EE was significantly lower than
week 2 (P1) at week 7/8 (P2) (P<.001) and week 11 (P3)
(P<.001).

Energy expendituregg;

No sex-by-time interaction was found (P =.600). Signifi-
cant sex (P =.028) and time (P<.001) main effects were
observed for EEgg; . Planned contrasts revealed higher
EEgg. in men compared to women. In addition, rela-
tive EEgg; was greatest at week 2 (P1) and declined at
week 7/8 (P2) (P<.001) and week 11 (P3) (P<.001) in
both men and women. EE and EEgg; data are presented
in Table I.
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Distance covered

A significant sex-by-time interaction (P <.001) was observed
for DIS throughout the USMC recruit training. Planned con-
trasts revealed that men covered more DIS than women at
week 7/8 (P2) (P<.001). There were no sex differences at
week 2 (P1) or week 11 (P2) (P>.05). In addition, significant
sex (P <.001) and time (P <.001) main effects were found. On
average, DIS was greater in men compared to women. Both
men and women experienced significant declines in DIS at
week 7 (P2) (P <.001) and week 11 (P3) (P <.001) compared
to week 2 (P1). DIS data are presented in Table L.

Steps taken

There was a significant sex-by-time interaction (P <.001)
for total steps taken throughout the USMC recruit training.
Planned contrasts revealed that women experienced a greater
step count compared to men at week 11 (P3) (P=0.004),
while no differences were found at week 2 (P1) or week 7/8
(P2) (P>.05). A time main effect was also found (P <.001),
indicating that the step count was highest at week 2 (P1)
and declined at week 7/8 (P2) (P<.001) and week 11 (P3)
(P <.001) for both men and women. No sex main effect was
observed (P >.05). Steps data are presented in Table I.

Sleep
Sleep duration

A significant sex-by-time interaction was found for sleep
duration (P =.014). Planned contrasts indicated that women
experienced no change in sleep duration throughout recruit
training, whereas men experienced increased sleep duration
from week 2 (P1) to week 7/8 (P2) (P =.03) but no changes
from week 2 (P1) at week 11 (P3) (P =.22). In addition,
women experienced greater sleep duration at week 2 (P1)
(P=.03) and week 11 (P3) (P =.02) compared to men. No
sex differences in sleep duration were seen at week 7/8 (P2)
(P>.05). No sex (P =.09) or time (P = .09) main effects were
observed. Sleep duration data are presented in Table II.

Sleep continuity

No sex-by-time interaction (P =.060) or time main effect
(P =.098) was observed for sleep continuity. A significant sex
main effect was found for sleep continuity (P <.001), whereby
women experienced greater sleep continuity throughout the
USMC recruit training. Sleep continuity data are presented in
Table II.

Cortisol

A significant sex-by-time interaction (P =.01) was observed
for cortisol responses. Planned contrasts revealed women
exhibited higher cortisol levels than men at week 2 (P1)
(P<.001) and week 11 (P3) (P<.001) but no differences at
week 7/8 (P2) (P=.09). In addition, women experienced
significant declines in cortisol at week 7 (P2) compared to
week 2 (P1) (d=-0.50; P <.001) but no changes in cortisol
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FIGURE 1. Cortisol responses between men and women throughout the USMC recruit training. Data are presented as means =+ standard error.

g = micrograms, dL = deciliter. *Indicates a sex-by-time interaction.

response at week 11 (P3) compared to week 2 (P1) (d = 0.00;
P>.05). Men experienced no changes in cortisol response at
any timepoint (P >.05). Sex (P =.001) and time (P <.001)
main effects were also observed. Women had higher corti-
sol than men throughout basic training. Cortisol changes are
presented in Figure 1.

Performance
Countermovement vertical jump

A Significant sex-by-time interaction (P <.001) was observed
for CMJ. Planned contrasts revealed men exhibited greater
peak power compared to women at week 2 (P1) (P<.001)
and 11 (P3) (P<.001). Significant declines in peak power
were seen from week 2 (P1) to week 11 (P3) in women
(P<.001) and men (P <.001). Significant sex (P <.001) and
time (P <.001) main effects were also observed. Peak power
was greater in men compared to women (P <.001). Regard-
less of sex, peak power decreased from week 2 (P1) to week
11 (P3).

When assessed relative to body mass, a significant sex-by-
time interaction (P =.001) was observed. Planned contrasts
revealed that men expressed greater relative peak power out-
puts at week 2 (P1) (P<.001) and week 11 (P3) (P<.001)
compared to women. Significant declines in CMJ peak power
performance were seen from week 2 (P1) to week 11 (P3)
in women (P>.001), and men (P <.001). Further, signif-
icant sex (P<.001) and time (P =.001) main effects were
found. Relative peak power was greater in men compared
to women (P <.001). Regardless of sex, relative peak power
decreased from week 2 (P1) to week 11 (P3) (P=.001).
Peak power and relative peak power data are presented
in Table III.
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Isometric mid-thigh pull

No significant sex-by-time interaction (P = .18) or time main
effect (P =.43) were found for peak force IMTP. Signifi-
cant sex main effects were found for peak force (P <.001).
Planned contrasts revealed that men exhibited greater peak
force production compared to women (P <.001).

When expressed relative to body mass, no significant sex-
by-time interaction was observed (P =.09). However, a sex
main effect (P <.001) and time main effect (P =.001) were
found. Men expressed greater peak force production com-
pared to women (P <.001). Overall, peak force increased
from week 2 (P1) to week 11 (P3) (P =.001). Peak force and
relative peak force data are presented in Table III.

DISCUSSION

The USMC recruit training consists of a physically demand-
ing fitness curriculum designed to transform recruits into
Marines. Recruits covered an average of 13.0 4+ 2.7 km per
day, expended 3,762 4765 calories per day, and slept an
average of 6.2 £ 1.1 hours per night throughout training. The
results of this study indicate the most physically demand-
ing time period for USMC recruits occurs during the first
phase of training. During this time, EE, DIS, and steps
taken were greatest compared to all other time periods eval-
uated. Although workloads tended to decrease as training
continued, the consistently elevated resting cortisol values,
particularly in women, point to the cumulative nature of
training-induced stress in addition to persistent psychological
demands. Despite workload demands, peak power perfor-
mance declined throughout the training cycle, while strength
metrics were relatively maintained from week 2 (P1) values.
Although sleep continuity improved for both sexes, overall
total sleep duration still fell notably below recommendations
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for optimizing health and recovery.®' These findings are simi-
lar to reports of poor sleep during Army basic training with
recruits averaging 6.7 hours per night.>> Additional recov-
ery methods may be warranted to counteract the high-stress
environment of recruit training in an effort to enhance perfor-
mance adaptations.

This study not only highlights the known sex differences
between men and women but also sheds light on the different
physical and physiological responses of each sex to military
training. One of the more consistent findings was related to the
differences between male and female recruits in terms of total
workloads. Women experienced relatively lower internal and
external loads compared to men, and these differences were
further amplified in measures of strength and power. How-
ever, although workloads were reportedly lower, the stress
response was greater in women during recruit training. These
findings are consistent with other researchers who have found
that women expend fewer calories throughout training despite
greater physiological stress than men completing the same
physical tasks.!” Interestingly, both men and women experi-
enced similar declines in power performance, with minimal
changes in strength outputs. Despite differential workloads,
changes in performance outcomes were similar across sexes.
These findings are in agreement with other studies who have
reported changes in performance outcomes between sexes
pre and post basic training.** In fact, Sharp et al. reported a
decline in vertical jump height, peak power, and mean power
in both the male and female recruits.** Lack of changes or
adverse changes may be reflective of the below optimal sleep
metrics leading to a lack of recovery and adaptation. These
findings have direct relevance for gender-integration implica-
tions and future integration efforts as they highlight areas of
both challenge and opportunity for the Marine Corps recruit
training.

Another interesting finding occurred with regard to differ-
ences in step count compared with total DIS between men
and women. It is unclear as to why men cover more DIS
with similar steps to women at week 7/8 (P2) of training. The
incongruence between step count and DIS is further seen at
week 11 (P3), where men cover more DIS with fewer steps
compared to women. The authors speculate that this may
relate to differences in walking/rucking and running kinemat-
ics between sexes. Because of height differences, women may
have smaller stride lengths when running or under load car-
riage conditions such as rucking, and therefore, the type of
physical training occurring at each time point may impact
the accelerometry data. Although this notion needs to be
investigated further, taking greater steps to cover similar DIS
may have implications for increased workload and injury risk
factors between sexes.

Although this study brings forth important practical appli-
cations, there are some limitations and challenges to working
in a real-world military field environment. First, although the
use of an ombudsmen to minimize coercion and clear instruc-
tions on the voluntary nature of the study occurred during the

MILITARY MEDICINE, Vol. 189, July/August Supplement 2024

informed consent briefing, it is not possible to fully control
for the pressure to enroll often incurred in a military set-
ting. Further, it is important to consider the environmental and
infrastructural differences that may have partially influenced
the disparities in workloads seen between men and women. As
a part of the gender-integration study, the USMC requested
that both MCRD sites should be investigated. At the time,
MCRD San Diego was only training male recruits, and there-
fore, all training for women was performed at MCRD Parris
Island, whereas training for men occurred at both MCRD San
Diego and MCRD Parris Island. Therefore, it is not possible
to separate differences in MCRD terrain, layout, weather, and
training schedules, which may have affected the workload and
performance results between locations. Recruits at San Diego
also trained at Camp Pendleton which was the site of evalu-
ation during week 8 of wearable workload data monitoring.
This location is known to have hills and mountainous ter-
rain for hikes, which MCRD Parris Island does not. Similarly,
training in South Carolina is routinely affected by temperature
variations and humidity conditions that are not often expe-
rienced in southern California, making geographic location
a significant limitation to study design. However, the inclu-
sion of gender-integration model as a covariate in all analyses
provides some level of statistical control and accountability
for these issues. Another limitation is the proximity of the
week 11 (P3) testing to the final Marine Corps test known
as the “Crucible.” The Crucible is a 54-hour challenge con-
sisting of both physical and social stressors. Recruits partake
in a 15km conditioning march, 27 daytime events, and 2
nighttime events composed of a variety of military problem-
solving exercises. The “Crucible” took place <48 hours before
week 11 (P3) performance testing and may have impacted the
decrements in power performance that were seen in recruits.
In addition, in order to determine daily workloads, wearable
devices used accelerometry and photoplethysmography-based
technology along with algorithms to obtain sleep duration
and sleep continuity. This method may neither be sensitive
to differences in individual sleep patterns nor were subjec-
tive ratings of sleep collected. Although instructed to wear
the watch on their wrist for 72 hours during the data collection
period, there was no control for recruits taking off their watch,
though observed compliance appeared high. Finally, although
all recruits were provided meals prepared by the USMC din-
ing services, diet and hydration status is known to affect
workload and sleep responses, which was neither assessed nor
controlled for in this study. Of particular importance, while
the USMC does not allow recruits to take oral contraceptives
(OCs) during training, previous OC usage among recruits was
not measured. OC use has been previously shown to relate
to an increased stress response during intensive training peri-
ods.* Future research may consider evaluating previous OC
users and cortisol responses throughout a training cycle for
potential residual effects. It may be further beneficial to eval-
uate the recency of OC stoppage in relation to entering recruit
training, as hormonal fluctuations may be impacted by recruits
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cycling off OCs. Given the logistical challenges and demands
presented by assessment in this setting while trying to be
minimally intrusive, we believe that these limitations were
acceptable and largely unavoidable and should not minimize
the insight provided by these data.

Despite limitations, to the authors’ knowledge, this is
the first study to repeatedly assess workload and laboratory-
quality performance metrics in both men and women USMC
recruits throughout a recruit training program. Recruits expe-
rienced high initial workloads coupled with suboptimal sleep
throughout training. Despite low week 2 (P1) fitness met-
rics, declines in power were observed by week 11 (P3) in
male and female recruits. While periods of intense training are
necessary to provide an overload stimulus to maximize adap-
tations,® proper progression is also essential so that recruits
can adapt to handle the high training loads experienced during
initial training. Significant overload coupled with inadequate
recovery may lead to underperformance, excess fatigue, and
injury.?” In fact, higher external workloads have been shown
to result in greater injury occurrence during intense military
training.’® Research has also shown that the highest inci-
dence of injury occurs in the first few weeks during basic
military training.’®>*° Therefore, military training may ben-
efit from applying the basic training principles of progressive
overload.?***! Combined with adequate sleep and nutrition,
which act to buffer the negative effects of increased train-
ing demands, a periodized training approach may help to
enhance performance and reduce the risk of injury for both
men and women recruits in an integrated training environ-
ment. Future research may be necessary to evaluate the effects
of a periodized training programs or more progressive train-
ing that allow for adequate recovery and enhanced adaptations
and associations with performance outcomes and injury risk
factors. This study shows the importance of recognizing the
physical capacity differences, not just between sexes, but also
at the individual level. When working with heterogenic pop-
ulations with respect to physical fitness and resilience, it is
essential to identify limitations in abilities as well as areas
of opportunity for improvement. This may help to enhance
training for all recruits, allowing men and women to work
together earlier in the training cycle. Appropriately struc-
tured training with greater emphasis on mobility and skill
development and form may help to optimize performance
across sexes. This may be particularly beneficial for those
individuals with lower baseline fitness values. Finally, moni-
toring workload variables as well as performance outcomes
is essential in determining an individual’s fitness capabili-
ties, as well as establishing the effectiveness of a training
program.
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