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Abstract

Military efforts must include different evaluations to prepare for battles around the world. This study aimed to
characterize the body composition and physical performance levels of military cadets from Angola. Ninety mil-
itary academy participants (males: n=48, females: n=42) aged 18-24 years old performed a battery of physical
fitness tests to evaluate upper and lower limbs muscle strength, cardiorespiratory fitness, and body composition.
Significant differences between sexes were observed in all variables (p<0.05). Males and females, respectively,
showed normal-range values in the body mass index (BMI) (23.32+3.95; 24.75+4.01 Kg/m2), body fat (9.09+6.17;
14.59+8.86 k), push-ups (36.88+9.81; 20.67+6.62 repetitions), sit-ups (71.04+17.14; 61.95+19.05 repetitions) and
medicine ball throwing (5.06+0.89; 4.00+0.84 m). However, countermovement jump (36.14+6.54; 23.53+7.62
cm), 80-meter sprint (13.08+1.90; 14.96+2.01 s), cardiorespiratory fitness (maximal oxygen uptake: 38.02+6.3;
33.1846.49 ml/kg/min), and fat-free mass values (54.17 + 8.06; 46.18 + 6.9 kg) were considered low, specifically in
females. Military cadets from Angola, especially females, presented low values of fat-free mass, cardiorespiratory
fitness, and neuromuscular maximal performances (countermovement jump and sprint). This highlights a need
for body composition and physical condition improvement to perform physical tasks with high military relevance.
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Introduction times (Friedl, 2012). It has been shown that soldiers who are

Recent wars have highlighted the need to maintain mili-
tary performance capabilities in demanding operations. These
soldiers are expected to engage in regular vigorous physical
activity to maintain the highest possible level of physical fit-
ness (Okhrimenko et al., 2023). This is the only way they can
maintain their physical standards to perform their duties at all

physically active on a daily basis perform better in combat and
are more resilient in stressful situations (Flanagan et al., 2012).
In addition, previous findings have shown that performance
on military-specific tasks is improved by higher levels of phys-
ical fitness and scores on tests throughout the service (Harty et
al., 2022; Romanchuk et al., 2021). Furthermore, these soldiers
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are less likely to develop diseases and musculoskeletal injuries
due to the protective effects of physical activity on the entire
body structure and better long-term health (Jones et al., 2017;
Havenetidis et al., 2013). Physical fitness also has an impact
on mental health, with several studies showing the benefits of
physical fitness on mental health (Okhrimenko et al., 2023).

Some have argued that the physical fitness level of a mili-
tary member should be higher than that of the general popula-
tion because their missions are performed in a large variety of
environments and require different physical abilities (Santtila
et al., 2009; Maupin et al., 2018). Among the most commonly
assessed and monitored components of physical fitness in the
military are body composition, muscular strength, endurance,
speed, and cardiorespiratory fitness (Maupin et al., 2018).
Good levels of strength and endurance are essential to sup-
port the physical skills that are required for successful military
combat activities (Santtila et al., 2009; Santtila et al., 2008). For
example, a high level of physical fitness can increase the abil-
ity to generate strength and power, delay fatigue, and speed
up recovery (Bulmer et al., 2022; Booth, 2006). In addition,
the development of specific physical characteristics affects the
overall ability to perform simple and complex motor activities.
As a result, it is widely accepted that this is the foundation of
military forces readiness (Knapik et al., 2012).

In addition to physical ability, the importance of body
composition to overall performance cannot be ignored. Pre-
vious research has shown that body composition is associat-
ed with aerobic capacity and muscular endurance (Moreno
et al., 2019). In fact, soldiers with more fat mass tend to have
more difficulty performing lower and upper body strength
tests, jumping and sprinting tasks, and cardiorespiratory fit-
ness tests (Santtila et al., 2009; Campos et al., 2018, Hollerbach
et al,, 2022). In addition, health is known to be influenced by
body composition, body weight, and body mass index (BMI),
which are commonly associated with an increased risk of car-
diovascular disease, type 2 diabetes, musculoskeletal disor-
ders, and certain types of cancers (Santtila et al., 2008; Santtila
etal., 2019).

Over the years, there seems to have been a trend toward a
decline in physical fitness among military recruits (Hoerster
et al., 2012; Meadows et al., 2018). For example, the physical
fitness levels of 3.875 female recruits changed significantly be-
tween 2005 and 2015, with body mass and BMI increasing by
4.2% and 3.8%, respectively (Santtila et al., 2019). Moreover,
the proportion of female recruits with poor endurance perfor-
mance increased by approximately 8% during these 10 years.
This reinforces the need to monitor and evaluate military per-
formance to help design appropriate training programs for
this population. A deeper understanding of the physical fitness
profiles of the military forces is important for analyzing recruit
selection and supporting the development of specific strength
and conditioning programs, particularly in some countries
where this knowledge is scarce. Specific physical fitness pro-
files would make it possible to assess specific performance
measures that determine success, address areas of weakness
within the individual’s fitness profile, and thus design a cus-
tomized training program for each unit or individual (Maupin
etal., 2018; Hall et al., 2022). In addition, these profiles would
allow reduce the risk of injury and provide information for the
design of specific training programs (e.g., return to training
after a period of inactivity) (Roy et al., 2012). Therefore, the
present study aimed to analyze the body composition, upper

14

and lower limb muscle strength, and cardiorespiratory fitness
of military cadets from the Instituto Superior Técnico Militar
of Angola.

Methods
Study Design

In this cross-sectional study, the participants were recruit-
ed from the Instituto Superior Técnico Militar from Angola
by convenience sampling. Participants ranged in age from 18
to 24 years old and had no recent history (within 6 months)
of medical disorders that limited participation in their phys-
ical training activities. Participants were informed about the
study protocol, and once they agreed, they voluntarily signed
the informed consent form. The evaluation tests have been se-
lected for their relevance in assessing the physical condition
and their common use by conditioning specialists and coaches
in sports training. The procedures were performed according
to the Declaration of Helsinki and were approved by the re-
view board of the Research Center in Sports Sciences, Health
Sciences and Human Development of the University of Beira
Interior, Portugal.

Participants

Ninety military personnel (48 male and 42 female) from
the Instituto Superior Técnico Militar in Angola volunteered
to participate in the study. Subjects were asked to report any
previous illnesses, injuries, or other physical problems, and
were excluded if there was any evidence of an orthopedic or
clinical problem or any other self-reported problem that would
compromise their health. Inclusion criteria to participate in
the study were to be cadets at the Instituto Superior Técnico
Militar of Angola, to be free of injury, and able to complete all
physical and anthropometric assessments. They were excluded
if they had any medical condition (temporary or permanent)
or injury preventing exercise participation, had an implanted
electrical medical device, or were pregnant. Participants were
carefully informed about the study design, with specific infor-
mation about potential risks and discomforts that may occur.

Procedures

After two familiarization sessions, the evaluations were
performed in different sessions (48 hours between) for two
weeks. In the first session, height was determined by a stadi-
ometer (Seca, Hamburg, Germany), and body mass, body fat,
and fat-free mass were determined by bioelectrical impedance
analysis (OMRON HBF 510, Omron Healthcare, Inc., Illinois,
USA). The device that was used was shown to be both reli-
able and valid for predicting fat-free mass and appropriate to
use for body composition assessment in the adult population
(Vasold et al., 2019). Participants’ age, height, and sex were en-
tered into the device and then the participant stepped barefoot
onto it with feet width apart. Participants were instructed to
hold the display unit with both hands and extend their arms
parallel to the floor. The body composition assessment was
performed after waking up and the participants were instruct-
ed to avoid alcohol and vigorous exercise 24 hours before
evaluation. Body mass index (BMI) was calculated afterward.
For ethical reasons, there was no recording of menstrual cycle
time in female participants.

The following sessions were used to assess physical fitness,
randomly: push-ups, medicine ball throwing, sit-ups, coun-
termovement jump (CM]), 80-meter sprint, and shuttle run
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test. The push-ups assessment was performed with the subject
lying prone on the floor with both hands under the shoulders
and pushed up off the floor until the elbows were straight
while keeping the entire body straight. The participant then
lowered the body with the arms until the elbows were bent at
a 90° angle. Participants were instructed to repeat the exercise
for 1 minute as many times as possible, stopping if they could
not perform the push-up correctly (Santilla et al., 2019).

For the sit-ups evaluation, participants started with their
feet and shoulders flat on the floor and their knees at a 90° an-
gle with their arms crossed over their chest. A second person
held the lower legs or ankles. At the beginning of the exercise,
they were asked to lift their torso, bringing their chest toward
their knees. When the subjects reached an angle of about 30°
between their torso and the floor, they could return to the
starting position. They were instructed to repeat the exercise
as many times as possible for 2 minutes, stopping if they could
not perform the sit-up correctly (Lin et al., 2022).

For the strength assessments, upper-body and lower-body
muscular power were assessed by medicine ball throwing and
CM]J, respectively. For lower-body assessment, sprint perfor-
mance was also evaluated. In the medicine ball throwing as-
sessment, each participant seated against a wall at a 90°angle
with his legs straight out and his head against the wall and
then threw a 3kg medicine ball horizontally with as much
force as possible without moving his back or head. The dis-
tance was then measured with a tape measure. Each partici-
pant had three attempts (3 minutes rest) and the highest value
was recorded (Borms et al.,, 2018). In the CM], each partici-
pant performed three maximal jumps (3 minutes of rest be-
tween trials), and the height was measured (Optojump pho-
tocell system, Microgate, Bolzano, Italy). All CMJs were per-
formed with the hands on the hips throughout the test. While
standing upright, participants were instructed to bend their
knees to a squatting position (90°) and immediately rebound
in a maximal vertical jump. The best height score was recorded
for analysis (Claudino et al., 2017). Regarding sprint, two test
trials of 80m linear sprint running were performed (10 min-
utes of rest between trials). The time taken to complete the 80
m distance was measured by two experienced coaches using a
chronometer (Golfinho Sports MC 815, Aveiro, Portugal). The
mean value was recorded for further analysis.
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The cardiorespiratory fitness was evaluated by a shuttle
run test. This test required running between two lines set 20
meters apart at a speed dictated by a stereo system that played
sounds at predetermined intervals. The initial speed was set at
8.5km/h for the first minute and increased by 0.5 km/h each
minute. The test score achieved by the subject was the number
of 20-meter shuttles completed before the participant either
gave up voluntarily or failed to be within 3 meters of the end
lines on two consecutive tones (Paradisis et al., 2014). Maxi-
mal oxygen uptake (VO2max) was then determined using a
validated equation (Flouris et al., 2005): Vo2max = (MAS x
6.65-35.8) x 0.95 + 0.182, where MAS is the maximal attained
speed during shuttle run test (km/h) and Vo2max is the pre-
dicted maximal oxygen uptake (ml/kg/min).

Statistical analysis

Means and standard deviations (SDs) were calculated for
all measures, and 95% confidence intervals were determined.
The normality of all distributions was tested using the Kolm-
ogorov-Smirnov test and non-parametric statistical analysis
was applied. The Mann-Whitney U Test was used to com-
pare means, and the level of statistical significance was set at
p<0.05. A specific effect size calculator was used to determine
the effect size of the non-normally distributed variables (Hop-
kins et al., 2009). The effect size calculator for non-parametric
tests was used to determine the eta square and then converted
to Cohen’s d values for standardization (Lenhard et al., 2016).
Cohen’s d values were 0.20, 0.60, 1.20, and 2.00, correspond-
ing to small, moderate, large, and very large magnitudes, re-
spectively (Hopkins et al., 2009). A percentile distribution was
then generated for each of the variables analyzed in the study.
Statistical analyses were performed in Microsoft Office Excel®
(Microsoft Inc., Redmond, WA, USA) and SPSS v28 (IBM
Corp., Armonk, NY, USA). Data were plotted using GraphPad
Prism v7 (GraphPad Inc., San Diego, CA, USA).

Results

Physical performance and anthropometric characteris-
tics are presented in Table 1 for males and Table 2 for fe-
males. Differences between men and women were found
for height (p<0.001, d=1.50), BMI (p=0.019, d=0.51), body
fat (percentage: p<0.001, d=0.96; kg: p<0.001, d=0.75), fat-

Table 1. Anthropometric characteristics and physical test results of the male militaries (n = 48)

Mean + SD Range Percentles

25 50 75

Age (y) 20.92 +1.49 19-24 20 20 23
Height (m) 1.69 £0.07 1.52-1.84 1.64 1.70 1.75
Body mass (Kg) 66.34 = 10.02 51.8-102.2 58.63 64.65 72.35
BMI (Kg/m?) 23.32+3.95 18.67 - 38.47 21.09 22.28 24.60
Body fat (Kg) 9.09£6.17 2.68 -33.69 5.27 7.19 11.53
Body fat (%) 13.12+7.07 5.0-382 8.38 10.95 16.10
Fat-free mass (Kg) 54.17 +8.06 250-717 50.15 53.30 58.75
VO,max (ml/kg/min) 38.02+6.30 23.03 - 54.62 32,51 38.41 41.98
Push-ups (n) 36.88 +9.81 15-56 30.0 35.5 45.0
CMJ (cm) 36.14 £ 6.54 17.71-47.14 33.16 37.09 40.90
Sit-ups (n) 71.04+17.14 26-98 60.25 70.00 84.50
80-meter sprint (s) 13.08 = 1.90 10.45-18.21 11.47 12.51 14.45
Medicine ball throw (m) 5.06 +0.89 3.2-6.9 4.40 5.00 5.78
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free mass (p<0.001, d=1.06), push-ups (p<0.001, d=2.08),
CM]J (p<0.001, d=1.79), sit-ups (p=0.019, d=0.50), 80-me-
ter sprint (p<0.001, d=1.03), VO2max (p<0.001, d=0.75),
and medicine ball throwing (p<0.001, d=1.27). Despite
higher body height, body mass, and fat-free mass, men

had lower BMI and fat mass. In addition, physical fitness
variables showed higher mean values in men, specifically
the number of push-ups, sit-ups, VO2max, medicine ball
throwing, and CM]J. Men were also faster than women in
the 80-meter sprint.

Table 2. Anthropometric characteristics and physical test results of the female militaries (n=42)

Mean = SD Range Percentlles

25 50 75

Age (y) 20.31+1.49 18-24 19 20 21
Height (m) 1.60 + 0.06 1.46-1.71 1.56 1.60 1.64
Body mass (Kg) 63.10+11.03 45.3-89.5 53.83 64.10 69.20
BMI (Kg/m?) 24.75+£4.01 16.82-35.33 22.55 24.50 27.13
Body fat (Kg) 14.59 + 8.86 242-37.77 7.33 12.33 19.29
Body fat (%) 22.13+10.19 6.0-424 12.13 23.55 28.98
Fat-free mass (Kg) 46.18 £ 6.90 349-62.7 40.25 46.00 51.13
VO,max (ml/kg/min) 33.18 +6.49 23.03-48.30 2935 32,51 38.82
Push-ups (n) 20.67 +6.62 10 - 40 16.75 20.00 25.00
CMJ (cm) 23.53+7.62 9.61-42.69 17.71 22.69 28.25

Sit-ups (n) 61.95+ 19.05 30-95 48 64 75
80-meter sprint (s) 14.96 + 2.01 11.41 -20.55 13.44 14.63 16.41
Medicine ball throw(m) 4.00+0.84 29-6.1 3.48 3.80 4.50

The individual plots presented in Figure 1 and Figure
2 allow an understanding of the distribution of results
by percentiles, in each variable analyzed. In Figure 1, the
anthropometric variables confirm the higher values for

1857 .
1801 .
1754 = 5
E 170] = of =
£ 165 oFr oo g
2 160] oF e 7
1.554 o o
1504 ° 3:;
1.454 oo
40-
354
304
S 2 25]
& B 20-
g 515-
104
5_
0-

height, weight, and fat-free mass, and the lower values for
body mass index and body fat in men. Figure 2 shows the
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the males.
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Figure 1. Individual value plot of anthropometrical variables observed in males
and females. Median with interquartile range are also presented (gray lines).

Discussion

The current study aimed to characterize the fitness lev-
els and body profiles of military cadets from the Military
Higher Technical Institute of Angola. The results showed
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gender differences in body anthropometrics and physical
performance, with males having higher body mass, fat-free
mass, and lower body fat, as well as greater strength (push-
ups, sit-ups, CMJ, and medicine ball throwing), speed (80m
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Figure 2. Individual value plot of physical performance variables observed in
males and females. Median with interquartile range are also presented (gray lines).

sprint), and cardiorespiratory fitness. In addition, although
anthropometric variables showed normal ranges, physical
fitness tests showed low performance values, especially in
women. It was also possible to determine data percentiles,
which allowed the researchers to understand the spread
within a distribution of values to provide a reference inter-
val estimate. This is an important step in understanding the
anthropometric and physical performance characteristics of
military forces in Angola.

With respect to anthropometric measures, body fat mass
and BMI recorded in other military forces were consistent
with those in this study (Hall et al., 2022). For example, fe-
male and male recruits in Army Basic Training in New Zea-
land had mean BMI values of 26.0+3.1 kg/m2, and 24.3+3.0
kg/m2, respectively. Overall, these values are within a healthy
range, although they are close to the upper limit. Thus, the
potential for a higher BMI to have a protective effect against
injury may hypothetically be due in part to the greater abso-
lute muscle mass in the military. However, it is known that
BMI can significantly affect physical performance and all its
components (Friedl, 2022). Increases in BMI and body fat
percentage may be associated with some decline in physical
fitness (e.g., cardiorespiratory fitness) and reduced ability to
bear external loads (Knapik et al., 2012; Romanchuk et al.,
2021). Additionally, in some athletic movements, such as run-
ning or jumping, high body fat harms performance (Moreno
etal., 2017; Santtila et al., 2019; Aandstad, 2020). Studies sug-
gested that the elite military units generally have a lower body
fat percentage (~15%) than the general population (~20%)
and the general military (~17%) (Maupin et al., 2018). Never-
theless, recent data showed higher obesity rates among USA
military officers than previous studies, especially for women
(Hollerbach et al., 2022).

Despite normal BMI and body fat levels, the previously re-
ported fat-free mass values were higher than those presented
in the current study (Avila et al., 2013). Given the detrimental
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effects of high body fat and BMI and the need for high levels
of lean body mass, exercise programs specifically designed for
military newly recruits are important. For example, a 12-week
training program with a total of 32 sessions of both aerobic and
neuromuscular training in a sample of 130 male soldiers aged
18-19 years showed higher values at baseline (57.50+6.00kg)
that increased after training (58.80+6.00kg) (Campos et al.,
2017). With this in mind, it would be interesting to perform
a similar exercise training program in this study to see if fat-
free mass increases in the same proportion. In reference stud-
ies, exercise training programs of between 3 and 12 months,
depending on the characteristics of the study, intensity, and
volume of training, contribute to increases in fat-free mass
(Oliver et al., 2017).

Interestingly, the physical performance assessment showed
some low results for the Angolan military forces. For instance,
previous studies have reported mean VO2max values slightly
higher than ours in different military forces (e.g., Santtila et al.,
2008; Campos et al., 2018; Figueiredo et al., 2022). The current
results were relatively low and may be representative of the low
cardiorespiratory fitness of this sample for males and females.
The participants in the current study were at the beginning of
their military service, and therefore their physical fitness is ex-
pected to change significantly with the implementation of an
exercise training program. For example, aerobic exercise train-
ing has been associated with significant increases in VO2max
(Santtila et al., 2008). In addition, VO2max is an important
determinant of physical fitness, so higher levels may translate
into better military performance (Santtila et al., 2008; Knapik
etal., 2017).

For the push-up performance test, the present results are
consistent with the literature, which reported trend values of
around 15 repetitions for females and around 35 repetitions
for males (Jones et al., 2017, Knapik et al., 2017). In addition
to push-ups, medicine ball throwing was also analyzed, as
this was found to be the best of eight muscle fitness tests in
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predicting performance in both heavy lifting and carrying a
task (Knapik et al., 2012; Harman et al., 2008). In addition, it
was suggested that this assessment would make a significant
contribution to defining the Army’s mission performance
(Aandstad et al., 2020). Some studies of military personnel at
the beginning of their careers have shown an average of be-
tween 3 and 2m for men and women, respectively. These val-
ues are much lower than those presented in the current study
for males and females. It should also be noted that the recruits
who participated in the current study had no prior experience
with military physical training. Perhaps the explanation for
the higher upper body explosive strength could be due to the
age and somatic characteristics of this sample, as previously
reported (Aandstad et al., 2020).

Regarding the lower body neuromuscular performance,
some authors have used similar tests, such as standing vertical
and horizontal jumps, to simulate military tasks that could be
added to field tests to expand the range of movement skills
tested (e.g., Knapik et al., 2017). The values of both female and
male cadets in this study were lower than some previous find-
ings (e.g., Havenetidis et al., 2013), but similar to other results
(e.g., Knapik et al., 2017; Pihlainen et al., 2018). These incon-
sistencies may arise due to differences in the study population,
context, and testing equipment (Merrigan et al., 2020). Sprint
times were also recorded to assess lower-body neuromuscular
performance. The current sprint times were similar to those
reported in recent studies (Romanchuk et al., 2021). However,
the distance ran in the present study was lower (80 m vs. 100
m), which reveals the low sprint performance of the partici-
pants of the current study. Although no studies have report-
ed 80-meter sprint running times in this context, the results
presented suggest that the military personnel included in this
study should train to improve their performance on this speed
test. Contrary to most of the physical variables in the current
study, the sit-up performance was consistent with previous
findings in military forces (Oliver et al., 2017). This measure
is used to determine the effect of physical fitness on the risk
of musculoskeletal injury in Army training, but it should be
interpreted carefully (Jones et al., 2017; Roy et al., 2021).

In summary, this research showed that body composition
assessment and physical fitness can provide a characterization
of military cadets, with a percentile distribution of military
cadets from Angola. Low values of fat-free mass, cardiore-
spiratory fitness, and neuromuscular maximal performances
highlight a need for specific training programs for body com-
position and physical condition improvement. Future stud-
ies should analyze innovative training protocols designed to
stimulate strength and aerobic gains. Some limitations should
be acknowledged, including the lack of circumference mea-
surements and skinfolds for body composition assessment
or other physical variables to complement evaluations. Also,
despite the participants being instructed regarding diet and
exercise, we should be aware that bioimpedance analysis for
body composition assessment may be influenced by factors
such as hydration status, skin temperature, or menstrual cy-
cle. Interpreting and generalizing the findings of the present
study must be done with caution and these data do not rep-
resent the whole population. Nevertheless, the representative
sample used in the present study showed a significant contri-
bution that can help design new strategies for the quality of
future research and practical applications regarding military
investigations.
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