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University of Jyväskylä, Jyväskylä, Finland; 3Department of Military Pedagogy and Leadership, National Defence University, Finnish

Defence Forces, Helsinki, Finland; 4Finnish Defence Research Agency, Finnish Defence Forces, Tuusula, Tuusula, Finland; 5Faculty of
Social Sciences (Health Sciences), Tampere University, Tampere, Finland; and 6UKK Institute for Health Promotion Research,
Tampere, Finland

Abstract
Pihlainen, K, Kyröläinen, H, Santtila, M, Ojanen, T, Raitanen, J, and Häkkinen, K. Effects of combined strength and endurance
training on body composition, physical fitness, and serum hormones during a 6-month crisis management operation. J Strength

Cond Res XX(X): 000–000, 2020—Very few studies have examined the impact of training interventions on soldier readiness during
an international military operation. Therefore, the present study investigated the effects of combined strength and endurance
training on body composition, physical performance, and hormonal status during a 6-month international military deployment
consisting of typical peacekeeping tasks, e.g., patrolling, observation, and on-base duties. Soldiers (n 5 78) were randomly
allocated to a control group (C) or one of 3 combined whole-body strength and endurance training groups with varying strength-to-
endurance training emphasis (Es 5 25/75%, SE 5 50/50% or Se 5 75/25% of strength/endurance training). Body composition,
physical performance (3000-m run, standing long jump [SLJ], isometric maximal voluntary contraction of the lower [MVC lower] and
upper extremities [MVC upper ], muscle endurance tests), and selected serum hormone concentrations were determined prior to
training (PRE), and after 9 (MID) and 19 (POST) weeks of training. Within- and between-group changes were analyzed using linear
regression models. The average combined strength and endurance training frequency of the total subject group was 36 2 training
sessions per week. No changes were observed in physical performance variables in the intervention groups, whereas SLJ
decreased by 1.9% in C (p, 0.05). Maximal voluntary contraction lower increased by 12.8% in the combined intervention group (p
, 0.05), and thiswas significantly different toC (p, 0.05). Testosterone-to-cortisol ratio increased inSE andSe (p, 0.05), whereas
no change was observed in C. The intervention groups maintained or improved their physical performance during deployment,
which is beneficial for operational readiness. However, the high interindividual variation observed in training adaptations highlights
the importance of training individualization during prolonged military operations.

Key Words: readiness, performance, soldier, resistance and aerobic training, military

Introduction

A high level of operational readiness is a prerequisite for soldiers
during deployments. However, optimal occupational performance
may be challenged during prolonged military operations by a com-
bination of stressors, such as sustained physical activity without
optimized recovery, sleep deprivation, energy deficit, dehydration,
climate, and cognitive and emotional stress (4,26,27,30). Such an
environment may disrupt homeostatic regulation and with

insufficient recovery, decreases in serum concentrations of anabolic
hormones and increases in catabolic hormonesmay lead to increased
muscle protein breakdown and thus, decreases in muscle mass and
physical performance (5,16). Cumulatively, these stressors may re-
duce the ability to successfully fulfil operative duties. Even though the
overall operative physiological stressmaybe lower during prolonged
crisis management operations than during intensive combat opera-
tions (34), soldier readiness should still be maintained at a high level,
because the security situation can change quickly in both types of
operations.

Although several studies have reported negative changes in body
composition, hormonal status, and physical performance following
prolonged military field exercises (12), fewer studies have been
published related to peace enforcement or crisis management oper-
ations (10,30,34). The findings of studies concerning military de-
ployments are partly contradictory regarding changes in body
composition and physical performance. However, decreases in aer-
obic fitness (10,25,40,43) and increases in fat mass (11,25,40) have
been observed in several studies. These changes may also be inter-
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related (32,44), and they may compromise occupational physical
performance (33), increase the prevalence of injuries (43), and
thereby have a negative impact on operative readiness.

Several studies have shown that superior physical performance
is related to more efficient job performance within the military
context (14,41). Because many typical military tasks require a
combination of strength and endurance, it is logical to assume
that through properly planned training, improvements in physical
fitness variables would be associated with improved military
performance and readiness (14,23,24). For example, regular
strength training enhances neural input and motor control during
voluntary muscle actions, and it also increases muscle cross-
sectional area (18,21). Together, these changes lead to increases
in maximal strength and the rate of force development, especially
when explosive strength training is included (8), but also in
movement economy during submaximal workload (2). These are
important determinants of various military tasks, such as rushes
and loaded running (33). In addition, typical military tasks, such
as maximal lifting capacity and repetitive lifting performance, can
be improved by strength training (45). Low-intensity endurance
training increases not only the capillary network density but also
the mitochondrial and aerobic enzyme content of the trained
muscle cells. Together, these adaptations improve fat oxidation
and acid-base balance during prolonged submaximal exercise
(17) such as marching. High-intensity endurance training results
in central adaptations, such as higher maximal cardiac output
(15), and thus increases the functional reserves for load carriage
by enabling soldiers to operate at a lower percentage of their
maximal capacity (9). High-intensity endurance training and
high-intensity functional training may also enhance combat
readiness by eliciting similar psychophysiological responses to
high-stress combat situations (42). On the other hand, prolonged
combined endurance and strength training seems to lead to in-
terference, especially in explosive force development (19).
Moreover, a high volume of endurance typemilitary trainingmay
interfere with optimal strength and power development (38).
Nonetheless, improvements in the abovementioned physical fit-
ness attributes likely lead to superior occupational performance
and enhanced tolerance of mental and physical stress (29).

Thus, physical performance may be enhanced by optimally
periodized strength and endurance training in various military
environments (24). However, studies focusing on the effects of
combined strength and endurance training during international
military operations are scarce. Therefore, the purpose of the
present study was to investigate the effects of different combina-
tions of strength and endurance training on body composition,
physical performance, and serum anabolic and catabolic bio-
markers during a six-month crisis management operation in the
Middle East.

Methods

Experimental Approach to the Problem

A longitudinal study design was used to investigate the effects of
combined strength and endurance training on body composition,
physical performance and, selected serum hormonal concentra-
tions during deployment in South Lebanon. Themilitary duties of
the soldiers included patrolling and observing possible hostilities
outside the military base, and maintenance and headquarter
duties inside the base. The average ambient temperature was 22.3
6 4.3° C during the study period (34). According to previous
studies from the same study population, energy balance was

maintained with a self-reported average energy intake of
2,400–2,500 kcal·d21 (31), and objectively measured physical
activity data suggest that the daily average physical work load
was light (34). However, the soldiers were obligated to maintain
operative readiness at all times throughout the deployment,
which may have increased their psychological stress (34).

All measurements were conducted inside the military base in
South Lebanon. To determine adaptations to combined strength
and endurance training, baseline (PRE) measures of body com-
position, blood biomarkers and physical performance variables
were recorded before block-randomizing (1) of soldiers into 3
training groups and a control group. The respective measure-
ments were repeated 9 (MID) and 19 (POST) weeks after the
baseline measurements. Because of operational demands, the
soldiers were not able to attend all the measurements. In addition,
2 subjects voluntarily ended their participation in the study dur-
ing the operation. Thus, the final study sample within each vari-
able only consisted of soldiers who participated in all 3
measurements.

Subjects

A rotation unit of approximately 250 soldiers was given the
possibility to take part in the present study. Before the de-
ployment, a medical doctor physically examined these soldiers.
The exclusion criteria for the deployment included health limi-
tations requiring permanent medication, and a score lower than
2,300 meters in the 12-minute running test (7). Finally, 78 male
soldiers volunteered for the PRE measurements. The means 6
SDs and ranges for age, height, body mass (BM), and BM index
(BMI) of the soldiers were 29 6 8 (20–51) years, 1.80 6 0.07
(1.65–1.99) m, 79 6 8 (60–97) kg, and 24 6 2 (18–33) kg·m22,
respectively. The soldiers were informed of the study design and
possible benefits and risks of the investigation. Thereafter, the
soldiers gave their written informed consent to participate in the
study. The study was conducted in accordance with the statement
of the Ethical Committee of the Central Finland Health Care
District and accepted by the Finnish Defence Forces.

Procedures

The study measurements have been described previously in detail
(31–34). Briefly, body composition measurements and blood
sampling were conducted after a minimum of 10-hours of over-
night fasting at a military hospital. Body mass, BMI, skeletal
muscle mass (SMM), and fat mass (FATM) were determined us-
ing segmental multifrequency bioimpedance analysis (InBody
720, Biospace, Seoul, South Korea). Blood samples were analyzed
for serum testosterone (TES), sex-hormone binding globulin
(SHBG), cortisol (COR), and insulin-like growth factor-1 (IGF1).
Thereafter, the TES to COR (TES:COR) and TES to SHBG (TES:
SHBG) ratios were calculated.

Physical performance was assessed on separate days with a
minimum of 24 hours between the strength, endurance, and oc-
cupational tests. Soldiers were advised to avoid any training the
day before each test session.Maximal isometric force of the lower
(MVClower) and upper (MVCupper) extremity extensor muscles
were measured (28) bilaterally in a sitting position using an
electromechanical dynamometer (University of Jyväskylä,
Jyväskylä, Finland). The MVClower measurement (18) was per-
formed in a horizontal leg press position with knee and hip angles
fixed at 107 and 110°, respectively. For the MVCupper
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measurement, the handle bar was adjusted to the height of the
shoulders so that elbow angle was maintained at 90°. In both
measurements, soldiers were instructed to perform 3 maximal
efforts with a minimum of 30 seconds recovery between trials.
The trial with the highest force output was selected for further
analysis. A standing long jump (SLJ) was used to assess power
production of the lower extremities, whereas the maximal num-
ber of sit-ups and push-ups in one minute, and the maximum
number of pull-ups (no time limit), were used to assess dynamic
muscle endurance of the trunk and upper extremities. The soldiers
were familiar with these tests, because they have also been used
during basic military training. A test supervisor demonstrated the
correct technique before each test and registered the test results.

Endurance performance was assessed using the 3000-m run-
ning test (3000-m). Soldiers were instructed to complete the test
with maximal effort and in the shortest possible time, which was
the outcome measure. Heart rate was recorded for training pur-
poses using chest-strapped monitors (Memory belt, Suunto,
Vantaa, Finland).

The military simulation test (MST) (33) was designed to assess
occupational physical performance during crisis-management in
soldiers. The 243-m test track consisted of common movements
(rushes, jumps, changes in movement direction, and crawling)
and military tasks (load carriage and casualty drag), which the
soldiers may theoretically have to perform in an ambush during a
patrol or convoy in the deployment area. The test was performed
in the shortest possible time wearing regular patrolling gear
(combat dress uniform, boots, combat vest, ammunition, body
armor, and helmet) and carrying a replica assault rifle. The total
mass of the outfit including the weapon was 22.5 6 1.0 kg. Per-
formance time was the outcome measure.

After the PRE measurements, all participating soldiers were
block-randomized to one of the 3 intervention groups or the
control group (C) and provided with a training diary. The diaries
of the 3 intervention groups included the combined strength and
endurance training program with illustrated instructions of the
exercises to be performed twice a week, whereas the diary of
group C included only blank pages with instructions about how
to complete the diary. Pihlainen et al. (32) recently presented the
general description of the training program. The individual ex-
ercises of the training programwere similar between the 3 groups,
but the strength-to-endurance training emphasis varied. Group
SE performed 2 strength and 2 endurance training sessions in 2
weeks (i.e., 50% strength training). During the same time period,
group Se performed 3 strength and one endurance training ses-
sions (i.e., 75% strength training), whereas group Es performed 3
endurance and one strength training sessions (i.e., 25% strength
training). Furthermore, to avoid possible detraining, the soldiers
were encouraged to at least maintain the training volume that
they were accustomed to before the operation, but to follow the
training program and adjust their strength-to-endurance training
emphasis to match the given program.

The first half of the study focused on low-to-moderate-
intensity exercises. Thereafter, the training intensity was in-
creased, and volume was decreased during the latter half of the
study period. For hypertrophic (3–5 3 8–10 repetitions) and
maximal strength (4 3 2–4 repetitions) training, soldiers were
instructed to select weights for each exercise (e.g., squat, bench
press, and deadlift), so that the last repetitions in each set would
proceed as close to concentric failure as possible. The correct
performance techniques of the exercises were demonstrated for
the intervention groups and practiced before starting the training
program. For endurance exercises, peak heart rate (HRpeak) was

determined as the highest measured value during the 3000-m run
using Firstbeat PRO analysis (Firstbeat Technologies, Jyväskylä,
Finland). Because of the nature of the operation, the soldiers
performed the exercises and completed the diaries throughout the
study without supervision.

At the end of the follow-up, the training diaries were collected
and analyzed. In some cases (n 5 15), the self-reported training
did notmatchwith the emphasis of the given program. To provide
more accurate results regarding training adaptations, these sol-
diers were regrouped into the group thatmost closelymatched the
predetermined strength-to-endurance training emphasis for the
purpose of statistical analyses. The training diary data were an-
alyzed for relative strength and endurance training frequency
(sessions·wk21). In addition, endurance trainingwas analyzed for
volume (minutes·wk21) spent in different intensity zones (low-
intensity,75%HRpeak, moderate-intensity 75–85HRpeak, high-
intensity .85 HRpeak), and strength training for the lower- and
upper-body volume load (kg·wk21).

Statistical Analyses

Descriptive statistics (mean, SD, 95% confidence interval [CI],
percentages) are reported where appropriate. Differences in
within- and between-group changes, including the intervention
groups combined (i.e., SE1 Se1 Es), were analyzed using linear
regression models. The purpose of combining the intervention
groups was to investigate the possible effects of providing a
training program in general. Models were adjusted for the base-
line value of a given outcome, and group C was the reference
group. Outliers (z-score , 23.3 or .3.3) were detected and re-
moved separately in each model. Unstandardized regression co-
efficients were expressed with 95% CI (Tables 2–4 and see
Table 1, Supplemental Digital Content 1, http://links.lww.com/
JSCR/A242). Moreover, relationships were examined between
explanatory variables (body composition, physical performance,
and biomarkers) and the relative change from PRE to POST for
SMM, FATM, 3000-m, andMVClower. Analyses were performed
using backward linear regression with stepping method criteria p
5 0.05 for entering and p 5 0.10 for removing. Explanatory
variables with p , 0.05 in the univariate analysis were included
for backward linear regression. Stata 15.1 forWindows was used
for statistical analyses, and p , 0.05 was used to establish sta-
tistical significance.

Results

During the deployment, the average strength and endurance
training frequency of the whole subject group was 3.2 6 1.5
training sessions per week, of which 1.56 0.9 sessions focused on
strength and 1.7 6 1.2 focused on endurance training. The most
active groups in the average weekly training frequency were SE
(3.36 1.2) and C (4.0 6 2.0). Self-reported group-wise statistics
from the training diaries are presented in Table 1.

Body Mass increased by 0.5% during MID-POST in the
combined (SE, Se, Es) intervention group and by 0.9% in group
C. An increase of 1.3% in BM was also observed in SE during
PRE-POST. Skeletal muscle mass increased by 1.0% in the
combined group and by 2.3% in SE during PRE-POST (Figure 1).
In SE, a 1.6% increase in SMMwas also observed during the first
half of the study. In addition, FATM increased in the combined
group by 3.4% during MID-POST. Between-group comparisons
showed that the decrease in SMM during PRE-POST was higher
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in Es compared with the control group C (coef.20.7 kg, 95% CI
21.3 to 20.1 kg, p , 0.05). Within-group changes in body
composition are presented in Supplemental Digital Content 1 (see
Table 1, http://links.lww.com/JSCR/A242).

Although no within-group changes were observed in 3000-m
time, all groups improved their MST time between every mea-
surement point (Figure 1). No differences in the changes in 3000-
m or MST were observed between the intervention groups and
group C. Standing long jump decreased by22.4% and21.9% in
group C during PRE-POST and MID-POST, respectively. In ad-
dition,MID-POST decrements in SLJ performance were observed

in the combined group (21.5%) and SE (22.6%). MVClower

increased in the combined group by 12.8% during PRE-POST.
Significant PRE-POST increases in MVClower were also observed
in all individual intervention groups. Between-group analysis
(reference group C) showed a higher PRE-POST increase in the
combined intervention group (coef. 415 N, 95% CI 97–733 N,
p, 0.05) and Se (coef. 611N, 95%CI 181–1040N, p, 0.05). In
addition, when comparing with C, the increase in MVClower was
significantly higher during PRE-MID in Se (coef. 632 N, 95% CI
232–1031 N, p, 0.05), whereas in Es, the respective change was
higher during MID-POST (coef. 353 N, 95% CI 10–696 N, p ,

Table 1

Group-wise weekly mean (SD) and range of the training frequency, volume of endurance training and volume load of strength training in
the combined strength and endurance training groups and the control group during the operation.*

Training variables

SE Se Es C

Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range

Endurance training frequency (times) 1.5 (0.6) 0.6–3.1 0.7 (0.6) 0.0–2.0 2.2 (0.8) 0.8–3.5 2.2 (1.7) 0.0–6.5

Strength training frequency (times) 1.6 (0.8) 0.4–2.8 1.7 (0.5) 1.1–2.4 0.8 (0.4) 0.0–1.4 1.8 (1.4) 0.0–4.7

Total training frequency (times) 3.1 (1.2) 1.2–5.0 2.4 (0.7) 1.4–3.7 3.0 (1.1) 0.8–4.4 4.0 (2.0) 1.6–8.6

LIT (,75% HRpeak) volume (min) 62 (30) 30–151 50 (18) 30–81 78 (32) 36–144 55 (37) 20–125

MIT (75–85% HRpeak) volume (min) 48 (13) 24–67 49 (17) 30–72 43 (12) 27–60 43 (15) 21–65

HIT (.85% HRpeak) volume (min) 38 (22) 16–77 30 (11) 22–38 33 (12) 23–53 17 (5) 13–20

LB strength training volume load (31,000 kg) 15.7 (7.2) 3.0–31.1 16.8 (6.5) 4.4–26.8 16.2 (7.0) 4.7–27.7 10.8 (7.6) 3.4–34.9

UB strength training volume load (31,000 kg) 11.2 (4.5) 4.2–20.8 10.0 (3.0) 6.2–15.0 10.1 (4.2) 1.8–17.3 15.0 (9.3) 3.8–34.5

*SE5 50% strength training group; Se5 75% strength training group; Es5 25% strength training group; C5 control group; LIT5 low-intensity endurance training; MIT5 moderate-intensity endurance

training; HIT 5 high-intensity endurance training; LB 5 lower body; UB 5 upper body.

Figure 1.Within-group means and SDs for muscle mass, 3000-m running test, military simulation test and testosterone-to-
cortisol ratio of the combined strength and endurance training groups and the control group during the operation. *p, 0.05;
**p , 0.01; ***p , 0.001. Abbreviations: PRE, baseline; MID, first (9 weeks) follow-up measurement; POST, second (19
weeks) follow-up measurement; SE, 50% strength training group; Se, 75% strength training group; Es, 25% strength training
group, C, control group.
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0.05). MVCupper increased during PRE-MID in the combined
intervention group by 2.3%, whereas during MID-POST, a de-
crease of23.4% was observed in C. Strength endurance tests (1-
minute sit-ups and push-ups, maximum number of pull-ups)
improved in all groups throughout the study. Within-group
changes in physical performance are presented in Table 2.

Despite modest changes in the group mean values of body
composition and some physical performance variables, in-
terindividual variation in the magnitude and direction of changes
was high (Figure 2).

TES increased by 10% and COR decreased by 28.7% in the
combined intervention group during PRE-POST. TES also increased
in C by 14.7% during PRE-MID and in Es by 16% during PRE-
POST. The TES:COR ratio increased during the different phases of
the study in the combined intervention group, Se and SE, but not inC
or Es (Table 3). No differences were detected in the abovementioned
changes between the intervention groups and groupC. Nowithin- or
between-group changeswere observed in IGF1. TheTES:SHBG ratio
increased during PRE-POST in all groups, whereas between-group
comparisons showed a PRE-MID decrease in Se compared with C
(coef. 20.12 nmol·L21, 95% CI 20.24 to 20.01 nmol·L21, p ,
0.05), but during MID-POST, the respective change was positive
(coef. 0.23 nmol·L21, 95% CI 0.05–0.42 nmol·L21, p , 0.05).
Within-group changes in serum anabolic and catabolic biomarkers
are presented in Table 3.

Multiple linear regression with backward elimination for the
relative increase in SMM resulted in a relationship with a higher
strength training frequency (coef. 1.283, 95% CI 0.495 to 2.072,
p5 0.002), and relative decreases inMST time (coef.20.176, 95%
CI20.294 to20.057, p5 0.014) andTES:SHBG ratio (coef. 0.011,
95%CI 0.000 to 0.023, p5 0.052), which together explained 32%
of the variance in the change in SMM (Adj. R2 5 0.317). For in-
creased FATM, a relationship was found with higher LB strength

training volume load (coef. 1.058, 95% CI 0.335 to 1.780, p 5
0.005) and increased 3000-m time (coef. 2.303, 95% CI 1.285 to
3.321, p , 0.001), with an adjusted R2 of 0.514. Similarly, a re-
lationship with the relative increase inMVClower was foundwith the
relative increase in SLJ (coef.50.863, 95%CI20.126 to1.851,p5
0.086) and the respective decrease in MST time (coef. 5 20.559,
95% CI21.106 to20.012, p5 0.045) (Adj. R2 5 0.105). Finally,
the relative change in 3000-m time was related to respective changes
in BMI (coef. 5 0.694, 95% CI 0.434 to 0.954, p , 0.001), MST
time (coef.50.236, 95%CI0.092 to 0.380,p50.002), andpull-up
repetitions (coef.520.017, 95% CI20.037 to 0.003, p5 0.089),
as well as PRE 3000-m time (coef. 5 20.016, 95% CI 20.027
to 20.004, p 5 0.007), which together explained 68% of the vari-
ance in 3000-m time (Adj.R25 0.675). Univariate linear regression
results showing significant relationships with relative changes in
3000-m, MVClower, SMM, or FATM are presented in Table 4.

Discussion

The present study showed that intervention groups that performed a
combined strength and endurance training program were able to
maintain or improve all of the examined physical performance
variables. Thus, from a physical performance point of view, the
soldiers were able to maintain their operative readiness during the
study period. In addition, both TES:COR and TES:SHBG ratios
increased during PRE-POST and MID-POST in the combined in-
tervention group, indicating a shift to a more anabolic status, and
thus providing a favorable physiological milieu for positive training
adaptations.MVClower improvedmore in the combined intervention
group than in group C. Although nonsignificant changes within the
training groups occurred according to the specificity principle of
training, large interindividual variations in training adaptationswere

Figure 2. Individual and group mean (bolded line) changes in skeletal muscle mass, fat mass, maximal voluntary force of the
lower extremities, and 3000-m running performance of the combined strength and endurance training groups and the control
group during the operation. *Significantwithin-group change compared to PRE (p, 0.05). Abbreviations: PRE, baseline;MID,
first (9 weeks) follow-up measurement; POST, second (19 weeks) follow-up measurement; SE, 50% strength training group;
Se, 75% strength training group; Es, 25% strength training group, C, control group; MVClower, maximal voluntary force of the
lower extremities.
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observed. Possible explanatory factors for not finding statistically
significant differences include the low number of subjects in each
study group and individual differences in baseline fitness levels,
which should be taken into consideration when implementing a
training program for soldiers during deployment.

Group SE, who performed an equal distribution of strength
and endurance training (49% strength training), was the only
group that showed an increase in SMM while simultaneously
maintaining endurance performance during the operation. In-
creases in muscle mass during military operations have been

Table 2

Physical performance variables (mean and SD) of the combined strength and endurance training groups and the control group at
baseline (PRE), after 9 (MID) and19weeks (POST) and their changeswithin groups, basedonunstandardizedcoefficients (Coef.) and 95%
confidence intervals (CI) from linear regression models.*†

n PRE MID POST

Within groups

PRE-MID PRE-POST MID-POST
Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)

3000-m running test (min:s)

SE 18 14:11 (1:36) 13:50 (1:17) 14:00 (1:29) 20:16 (20:36 to 0:04) 20:08 (20:27 to 0:11) 0:10 (20:07 to 0:27)

Se 10 13:49 (1:18) 13:53 (0:52) 13:52 (0:57) 0:04 (20:23 to 0:31) 0:03 (20:22 to 0:28) 20:01 (20:23 to 0:21)

Es 10 13:25 (1:34) 13:18 (1:33) 13:23 (1:32) 20:12 (20:39 to 0:16) 20:05 (20:30 to 0:21) 0:04 (20:19 to 0:27)

C 17 13:43 (1:12) 13:49 (1:24) 13:52 (1:28) 0:05 (20:16 to 0:26) 0:09 (20:11 to 0:28) 0:03 (20:14 to 0:20)

SE, Se, Es 38 13:53 (1:31) 13:42 (1:15) 13:48 (1:22) 20:10 (20:23 to 0:04) 20:04 (20:17 to 0:08) 0:06 (20:06 to 0:17)

Military simulation test (min:s)

SE 15 2:33 (0:27) 2:21 (0:18) 2:10 (0:16) 20:11 (-0:14 to -0:07) 20:22 (-0:26 to -0:17) 20:11 (-0:15 to -0:06)
Se 9 2:29 (0:24) 2:15 (0:18) 2:07 (0:20) 20:13 (-0:18 to -0:09) 20:21 (-0:27 to -0:15) 20:08 (-0:14 to -0:03)
Es 11 2:22 (0:22) 2:12 (0:16) 2:06 (0:15) 20:13 (-0:17 to -0:08) 20:18 (-0:24 to -0:13) 20:06 (-0:11 to -0:01)
C 12 2:27 (0:19) 2:19 (0:14) 2:08 (0:17) 20:09 (-0:13 to -0:04) 20:19 (-0:24 to -0:14) 20:11 (-0:15 to -0:06)
SE, Se, Es 35 2:29 (0:25) 2:17 (0:17) 2:08 (0:16) 20:12 (-0:14 to -0:10) 20:20 (-0:23 to -0:17) 20:09 (-0:11 to -0:06)

Standing long jump (cm)

SE 18 234 (26) 237 (27) 231 (28) 2.8 (20.9 to 6.6) 23.2 (27.8 to 1.4) 26.0 (-10.0 to -2.1)
Se 12 238 (21) 238 (20) 236 (17) 20.1 (24.7 to 4.5) 2.1 (27.8 to 3.5) 22.0 (26.9 to 2.8)

Es 15 238 (20) 241 (22) 238 (22) 3.1 (21.0 to 7.3) 0.9 (24.1 to 6.0) 22.0 (26.4 to 2.3)

C 19 236 (25) 235 (28) 230 (29) 21.3 (24.9 to 2.4) 25.6 (-10.0 to -1.1) 24.4 (-8.3 to -0.6)
SE, Se, Es 45 236 (22) 238 (23) 235 (25) 2.2 (20.2 to 4.5) 21.5 (24.4 to 1.4) 23.6 (-6.1 to -1.1)

Maximal voluntary force of the lower

extremities (N)

SE 19 4,216 (797) 4,547 (964) 4,651 (1,036) 331 (83 to 580) 435 (168 to 702) 97 (2130 to 324)

Se 12 4,168 (1,110) 4,997 (1,598) 4,908 (1,448) 833 (520 to 1,146) 740 (404 to 1,077) 234 (2323 to 255)

Es 15 4,337 (735) 4,609 (828) 4,863 (982) 264 (217 to 544) 526 (225 to 827) 256 (20.1 to 511)

C 19 4,196 (1,081) 4,395 (1,191) 4,325 (1,013) 201 (247 to 450) 129 (2138 to 397) 298 (2326 to 131)

SE, Se, Es 46 4,243 (853) 4,684 (1,116) 4,787 (1,121) 440 (272 to 608) 544 (372 to 716) 115 (231 to 262)

Maximal voluntary force of the upper

extremities (N)

SE 20 1,150 (261) 1,177 (263) 1,167 (263) 27 (29 to 64) 18 (223 to 60) 29 (242 to 25)

Se 11 1,121 (204) 1,142 (213) 1,163 (210) 20 (229 to 69) 40 (216 to 95) 18 (227 to 64)

Es 15 1,199 (185) 1,228 (172) 1,204 (172) 33(-9 to 74) 12 (236 to 59) 219 (258 to 20)

C 19 1,104 (253) 1,137 (250) 1,102 (232) 30 (27 to 68) 26 (248 to 36) 237 (-72 to -3)
SE, Se, Es 46 1,159 (223) 1,185 (223) 1,178 (220) 27 (4 to 51) 21 (26 to 48) 26 (228 to 16)

Push-ups (repetitions in 1 minute)

SE 20 40 (12) 41 (10) 44 (13) 0.7 (22.0 to 3.5) 4.3 (0.7 to 8.0) 3.6 (0.7 to 6.5)
Se 11 37 (11) 41 (11) 46 (11) 2.7 (21.0 to 6.4) 8.7 (3.7 to 13.7) 5.9 (2.0 to 9.8)
Es 15 44 (14) 46 (15) 50 (13) 2.1 (21.1 to 5.3) 6.7 (2.4 to 11.0) 4.8 (1.4 to 8.2)
C 19 39 (13) 39 (12) 45 (16) 20.2 (23.0 to 2.6) 5.7 (2.0 to 9.5) 5.9 (2.9 to 8.8)
SE, Se, Es 46 41 (13) 42 (12) 47 (13) 1.6 (20.2 to 3.4) 6.2 (3.7 to 8.6) 4.5 (2.6 to 6.4)

Sit-ups (repetitions in 1 minute)

SE 20 45 (10) 47 (9) 48 (8) 1.8 (0.3 to 3.4) 2.8 (0.8 to 4.7) 0.9 (20.6 to 2.4)

Se 12 46 (7) 47 (8) 49 (9) 0.6 (21.4 to 2.7) 2.7 (0.2 to 5.3) 2.1 (0.1 to 4.0)
Es 15 48 (9) 50 (8) 50 (9) 2.6 (0.8 to 4.4) 2.5 (0.2 to 4.8) 20.0 (21.8 to 1.8)

C 19 46 (10) 46 (10) 48 (10) 20.1 (21.7 to 1.5) 1.8 (20.3 to 3.8) 1.8 (0.3 to 3.4)
SE, Se, Es 47 46 (9) 48 (8) 49 (9) 1.8 (0.8 to 2.8) 2.7 (1.4 to 3.9) 0.9 (20.1 to 1.9)

Pull-ups (repetition maximum)

SE 20 9 (6) 11 (5) 12 (6) 1.8 (0.7 to 2.8) 2.7 (1.4 to 4.0) 0.9 (20.0 to 1.9)

Se 12 9 (4) 10 (6) 12 (6) 0.8 (20.5 to 2.2) 2.9 (1.1 to 4.6) 2.0 (0.7 to 3.3)
Es 15 12 (5) 13 (6) 15 (6) 1.5 (0.3 to 2.7) 3.6 (2.0 to 5.1) 2.1 (0.9 to 3.2)
C 19 9 (5) 11 (6) 12 (6) 1.8 (0.8 to 2.9) 2.8 (1.4 to 4.2) 0.9 (20.1 to 2.0)

SE, Se, Es 47 10 (5) 11 (6) 13 (6) 1.4 (0.8 to 2.1) 3.0 (2.2 to 3.9) 1.6 (0.9 to 2.2)

*MID5 first (9 weeks) follow-up measurement; POST5 second (19 weeks) follow-up measurement; SE5 50% strength training group; Se5 75% strength training group; Es5 25% strength training group;

C 5 control group.

†Bolded values, p , 0.05.
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reported previously in 2 studies (25,44). Group SE also improved
MST time, MVClower, 1-minute sit-up and 1-minute push-up
performance, and pull-up performance during the deployment.
These changes were accompanied by a decrease in SHBG and
increases in the TES:COR and TES:SHBG ratios. When com-
paring the training and performance outcomes between SE andC,
it seems that SE achieved essentially the same training effects with
a slightly lower training frequency but with a higher volume and
higher relative share of high-intensity endurance training than
group C. Strength and endurance training were emphasized
rather equally in both groups. However, the lower-body strength
training load was higher than the upper-body strength training
load in SE, whereas it was the opposite in C.

Group Se spent 77% of weekly training frequency performing
strength training, and improved the same physical performance

test results as group SE, whereas other variables remained un-
changed. Compared with group C, a larger improvement was
observed in lower body strength in Se during PRE-MID and PRE-
POST. In addition, although the TES:SHBG ratio decreased more
in Se during PRE-MID, it also increased duringMID-POST when
compared with groupC. As was the case for SE, strength training
volume load in Se was higher for the lower body than the upper
body, suggesting that the soldiers focused training on more im-
portant muscle groups from a military occupational performance
perspective (3,14,33).

The same positive training adaptations as those observed in SE
and Se were also observed in Es, which included 75% endurance
training. This group improved MST time, MVClower, and all re-
petitive strength endurance test results during the study. Despite
the different planned and reported endurance training volumes,

Table 3

Serumanabolic and catabolic biomarkers (mean and SD) of the combined strength and endurance training groups and the control group
at baseline (PRE), after 9 (MID) and 19 weeks (POST) and their changes within groups, based on unstandardized coefficients (Coef.) and
95% confidence intervals (CI) from linear regression models.*†

n PRE MID POST

Within groups

PRE-MID PRE-POST MID-POST
Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)

Testosterone (nmol·L21)

SE 19 15.4 (3.9) 16.4 (3.7) 16.7 (2.9) 0.7 (20.8 to 2.3) 0.9 (20.5 to 2.3) 20.3 (21.8 to 1.2)

Se 11 15.4 (2.5) 15.9 (2.4) 17.4 (2.7) 0.2 (21.8 to 2.2) 1.7 (20.2 to 3.6) 0.7 (21.3 to 2.7)

Es 12 16.9 (7.1) 18.0 (4.9) 19.0 (5.1) 1.5 (20.4 to 3.5) 2.7 (0.9 to 4.5) 1.5 (20.4 to 3.4)

C 16 16.3 (4.5) 18.6 (4.6) 17.2 (3.4) 2.4 (0.8 to 4.1) 1.1 (20.5 to 2.7) 20.5 (22.2 to 1.1)

SE, Se, Es 42 15.9 (4.7) 16.7 (3.8) 17.6 (3.6) 0.8 (20.2 to 1.8) 1.6 (0.6 to 2.6) 0.5 (20.5 to 1.5)

Cortisol (nmol·L21)

SE 19 431 (74) 421 (127) 385 (130) 27 (261 to 47) 244 (298 to 9) 255 (2113 to 2)

Se 11 430 (97) 459 (95) 402 (156) 31 (240 to 102) 227 (298 to 43) 248 (2123 to 27)

Es 12 455 (114) 453 (132) 409 (118) 20 (249 to 88) 233 (2101 to 35) 239 (2111 to 33)

C 16 401 (118) 465 (109) 412 (105) 42 (217 to 102) 22 (261 to 57) 239 (2102 to 23)

SE, Se, Es 42 438 (91) 440 (120) 396 (131) 10 (226 to 47) 237 (-72 to -1) 249 (-87 to -11)
Insulin-like growth factor-1

(nmol·L21)

SE 19 27.9 (9.3) 25.2 (10.2) 23.9 (8.6) 22.6 (25.7 to 0.5) 23.9 (27.9 to 0.05) 22.3 (26.1 to 1.5)

Se 10 27.4 (10.4) 27.6 (9.5) 26.8 (13.9) 0.0 (24.3 to 4.3) 20.7 (26.2 to 4.7) 20.7 (25.9 to 4.6)

Es 12 29.8 (10.1) 30.7 (8.3) 28.0 (10.2) 1.6 (22.3 to 5.6) 20.7 (25.7 to 4.3) 21.3 (26.2 to 3.5)

C 16 26.0 (9.1) 27.3 (8.5) 27.5 (7.2) 0.8 (22.7 to 4.2) 0.7 (23.7 to 5.0) 0.2 (23.9 to 4.3)

SE, Se, Es 41 28.3 (9.6) 27.4 (9.5) 25.8 (10.4) 20.7 (22.8 to 1.4) 22.2 (24.9 to 0.5) 21.6 (24.1 to 0.9)

Sex-hormone binding globulin

(nmol·L21)

SE 19 31.0 (10.2) 25.7 (8.3) 23.6 (10.4) 26.0 (-9.3 to -2.6) 27.9 (-11.7 to -4.0) 22.8 (26.7 to 1.1)

Se 11 32.4 (11.8) 35.6 (8.6) 22.5 (8.9) 3.2 (21.2 to 7.7) 29.9 (214.9 to 24.8) 212.5 (217.5 to 27.5)
Es 12 34.7 (14.9) 32.8 (11.9) 30.9 (16.6) 20.8 (25.0 to 3.5) 23.0 (27.8 to 1.9) 21.6 (26.3 to 3.1)

C 15 32.2 (11.9) 32.4 (10.1) 27.2 (9.8) 0.1 (23.7 to 3.9) 25.0 (29.3 to 20.7) 25.0 (29.2 to 20.8)
SE, Se, Es 42 32.4 (11.9) 30.3 (10.3) 25.4 (12.4) 22.1 (24.5 to 0.4) 27.0 (29.6 to 24.4) 25.0 (27.8 to 22.3)

Testosterone-to-cortisol ratio

SE 18 0.037 (0.010) 0.041 (0.012) 0.047 (0.017) 0.001 (20.003 to 0.006) 0.010 (0.003 to 0.016) 0.008 (20.001 to 0.016)

Se 11 0.038 (0.013) 0.036 (0.007) 0.050 (0.021) 20.004 (20.010 to 0.002) 0.011 (0.003 to 0.020) 0.012 (0.002 to 0.023)
Es 11 0.040 (0.015) 0.039 (0.009) 0.046 (0.014) 20.001 (20.007 to 0.005) 0.006 (20.003 to 0.014) 0.007 (20.004 to 0.018)

C 15 0.045 (0.022) 0.040 (0.010) 0.045 (0.019) 20.001 (20.007 to 0.004) 0.001 (20.006 to 0.008) 0.005 (20.004 to 0.015)

SE, Se, Es 40 0.038 (0.012) 0.039 (0.010) 0.048 (0.017) 20.001 (20.004 to 0.002) 0.009 (0.005 to 0.014) 0.009 (0.003 to 0.14)
Testosterone to sex-hormone

binding globulin ratio

SE 17 0.50 (0.17) 0.63 (0.13) 0.75 (0.26) 0.11 (0.04 to 0.18) 0.25 (0.16 to 0.34) 0.14 (0.03 to 0.25)
Se 10 0.52 (0.20) 0.45 (0.08) 0.79 (0.25) 20.07 (20.16 to 0.02) 0.28 (0.16 to 0.39) 0.33 (0.18 to 0.47)
Es 11 0.52 (0.13) 0.55 (0.14) 0.64 (0.18) 0.03 (20.06 to 0.12) 0.12 (0.01 to 0.24) 0.09 (20.04 to 0.23)

C 16 0.55 (0.23) 0.58 (0.21) 0.68 (0.29) 0.06 (20.02 to 0.13) 0.13 (0.04 to 0.23) 0.10 (20.01 to 0.21)

SE, Se, Es 38 0.51 (0.16) 0.56 (0.16) 0.73 (0.24) 0.04 (20.01 to 0.09) 0.22 (0.16 to 0.28) 0.17 (0.10 to 0.25)

*MID5 first (9 weeks) follow-up measurement; POST5 second (19 weeks) follow-up measurement; SE5 50% strength training group; Se5 75% strength training group; Es5 25% strength training group;

C 5 control group.

†Bolded values, p , 0.05.
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all groups were able to maintain their endurance performance
during the operation. This is important especially from the per-
spective of the groups with lower endurance training volume,
given that high mechanical loading from running may increase
musculoskeletal injury risk and thereby reduce operative work-
force during deployment (37). Overall, maintenance of endurance
performance may be considered a positive adaptation during a
military operation, because in many prior studies aerobic fitness
has been shown to decrease during deployment (10,25,40,43).

Currently, there are no military standards for physical training
during deployment in soldier populations. Because the soldiers in
group C were not provided with any additional tools for im-
proving physical performance, their exercise behavior and
changes in body composition and physical performance reflect
individual preferences, and are comparable to previous samples
of military operation studies. Group C improved PRE-POST
military-specific performance (MST) andmuscle endurance of the
trunk and arm flexors while maintaining endurance performance
and body composition. Many previous studies of military oper-
ations have demonstrated positive changes in muscle endurance
(10,37,40,44), whereas decrements in endurance performance
have also been observed (10,26,41,44). In the present study, en-
durance performance was maintained at least at baseline levels.
Similar results were reported after a 4-month military operation
inChad byRintamäki et al. (36), and after a 6-month operation in
Afghanistan by Fallowfield et al. (11). Interestingly, the highest
average training frequency (4 6 2 times per week), with 46% of
the training sessions focusing on strength training, was reported
in group C. On the other hand, the average lower body strength
training volume load (kg·wk21) of group C was the lowest, and
the respective upper body training volume load was the highest
among all groups of this study. This suggests that the training
programs performed by the intervention groups may have em-
phasized lower body strength training more during the operation.
Despite the higher overall upper-body strength training volume,

no PRE-POST changes but a decrease in MID-POST were ob-
served in MVCupper performance of group C. Furthermore, all
other groups exceptC improved their lower-body strength during
the study, whereas power of the lower extremities, assessed by
SLJ, decreased only in group C between PRE and POST. This is
important to note, given that lower body strength and power are
very important physical abilities of a combat-armed soldier (3). It
is possible that individual preferences do not necessarily reflect
optimal training habits among tactical athletes, which may in-
crease the risk of injury while on-duty or during training (35).
These findings emphasize the role of strength and conditioning
professionals in the prescription of periodized of strength and
endurance training programs during crisis-management
operations.

As mentioned earlier, strength and endurance constitute the
basis of soldier physical performance (14,24,29). Optimally
periodized combined strength and endurance training may im-
prove muscle strength and endurance performance simulta-
neously without interference effects (19). It must be taken into
consideration that higher (.3 times·wk21) endurance training
frequency and volume, especially with high overall training vol-
ume, may have a negative influence on strength performance
outcomes during concurrent training (38,46). In the present
study, no interference effect on strength development was ob-
served, but a weak correlation between increased strength train-
ing in relation to endurance training and increased 3000-m time
was found in a previous study consisting of the same study sample
(32). Similarly, a relationship between higher strength training
frequency and increased 3000-m time was found with linear re-
gression analyses in the present study. Increased 3000-m timewas
also associated with increased FATM. Thus, decreases in aerobic
fitness and increases in fat mass, which have been observed in
several military operation studies (11,25,40), seem to be at least
partly linked. Furthermore, a relationship was observed between
increased FATM and decreased MST time, which could be used

Table 4

Unstandardized regression coefficients (coef.) with p-values <0.05 for the PRE-POST relative change in 3,000 m running test
performance (3000-m), maximal isometric force of the lower extremity extensor muscles (MVClower), muscle mass (SMM), and fat mass
(FATM).*†

Δ % 3000-m Δ % MVClower Δ % SMM Δ % FATM

n Coef. p n Coef. p n Coef. p n Coef. p

Strength training frequency (times·wk21) 43 2.16 ,0.001 60 0.98 0.009

LB strength training load (31,000 kg) 54 0.99 0.002

Δ PRE-POST body mass index (%) 54 0.75 ,0.001

PRE FATM (kg) 55 20.41 0.034

Δ PRE-POST FATM (%) 54 0.11 ,0.001

Δ PRE-POST SLJ (%) 64 1.10 0.012

Δ PRE-POST MST (%) 49 0.35 ,0.001 58 20.61 0.028 62 20.11 0.027 62 0.83 0.009

Δ PRE-POST sit-up (%) 53 20.10 0.042 72 20.43 0.024

Δ PRE-POST pull-up (%) 53 20.03 0.020

PRE MVClower (N) 55 0.0013 0.046

Δ PRE-POST MVClower (%) 53 20.09 0.045

Δ PRE-POST MVCupper (%) 71 0.091 0.024

Δ PRE-POST 3000-m (%) 64 1.87 0.001

Δ PRE-POST SHBG (%) 50 20.029 0.021

Δ PRE-POST TES:SHBG (%) 50 0.019 0.041

PRE IGF1 (nmol·L21) 50 20.69 0.012

Δ PRE-POST IGF1 (%) 50 22.15 0.003

*PRE5 baseline measurement at the beginning of the operation; POST5 final measurement at the end of the operation; LB5 lower body; FATM5 fat mass; kg5 kilogram; SLJ5 standing long jump; MST

5 military simulation test; MVCupper5 maximal isometric force of the upper extremity extensor muscles; SHBG5 Sex-hormone binding globulin, TES:SHBG5 Testosterone to sex-hormone binding globulin

ratio; IGF1 5 Insulin-like growth factor-1.

†Explanatory variables are adjusted for the baseline value of the outcome.
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from a physical performance perspective as an indirect measure of
military readiness.

It has been suggested that during deployment, the training
objective should be to maintain fitness levels, which can be
achieved by performing strength training twice weekly, ac-
companied by anaerobic-aerobic endurance training one or 2
times per week (13). However, psychological stress induced by
operative duties may accumulate internal training load, and
should be taken into consideration in the daily training plan
from a recovery perspective (13). In addition, other intrinsic
factors such as age, individual fitness level and training status
may affect internal training load, and thereby training adapta-
tions (21,32). In the present study, baseline body composition
(e.g., higher FATM) and physical performance (e.g., weaker
MVClower result) showed weak but statistically significant re-
lationships with training outcomes, namely, larger improve-
ments in 3000-m time. Another study in conscripts (22) showed
that despite the same standardized weekly program during basic
military training, the highest internal training loads and the
largest training adaptations were found in individuals with the
lowest baseline fitness level and vice versa—the fittest individ-
uals experienced the lowest internal training load. These results
are in line with studies showing that untrained individuals seem
to benefit from concurrent training similarly compared with
training each mode separately, whereas individuals with a
longer training background seem to be more susceptible to in-
terference effects (6). In the present study, large variability in
training adaptations may have been at least partly explained by
the inadequate individualization of the training, which was be-
cause of randomization of the training groups. A previous study
using the same study sample showed that soldiers with higher
baseline levels of FATM and lower levels of SMM and lower-
body strength were more likely to improve their endurance
performance during the military operation (32). Obviously, in-
dividualization of training is challenging in the military context,
because the number of soldiers is typically high within the same
training session. Moreover, training possibilities are limited in
many hazardous deployment environments.

All 3 measurement points of the present study were con-
ducted in the deployment area during the crisis management
operation. In most previous military operation studies, the
measurements were performed before and after the de-
ployment, and thus the delay between measurements and the
deployment may have influenced the results. In addition, 3
measurement points provide valuable information about
possible fluctuations in variables of interest within the follow-
up period. A limitation of this study was low adherence to the
randomly selected training program. As mentioned, 15 sol-
diers did not follow the prescribed strength-to-endurance
emphasis. To analyze group changes reliably, modifications to
the original group division had to be performed according to
self-reported training diaries. On the other hand, this is an
important finding to be taken into consideration when
implementing an unsupervised training program. Another
option would be supervised training sessions, which may be
challenging during a military operation with rotating work
shifts. In addition, one limitation was not using the gold
standard in vivo methods to measure body composition (e.g.,
hydrostatic weighing or dual energy X-ray absorptiometry)
and aerobic fitness (e.g., direct maximal oxygen consumption
measurement). Implementing the study during an in-
ternational crisis management operation limited the possi-
bility to select the best possible measurement methods, and

created logistical challenges regarding measurement devices
and personnel. Finally, dietary control might have provided
further support for interpretation of training adaptations.

Practical Applications

The present findings suggest that operational demands did not
increase the internal training load of soldiers excessively
during the present study, which enabled the maintenance or
development of physical performance during the deployment.
Maintenance of baseline BM and composition and endurance
performance during deployment was achieved by performing
combined strength and endurance training, on average 3 times
a week. This average is in line with previous deployment
studies (36,44) and recommended training frequency guide-
lines in this setting (13). During the follow-up period, the
training group that performed an even volume of combined
strength and endurance training (SE) was the only group to
increase muscle mass, while simultaneously improving the
same physical performance outcomes as the other intervention
groups. Although individualized training prescription should
take into account factors such as baseline fitness level, pro-
vision of a combined strength and endurance training pro-
gram should encourage soldiers to focus training more on
qualities related to their task demands, such as strength and
power of the lower extremities. Finally, compulsory physical
training or other supervised physical activities may help less fit
and less motivated soldiers to avoid decrements in physical
performance during longer operations.
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