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ABSTRACT 
Introduction:
The Belgian Special Operations Regiment undergoes an 8-week basic training course (SOF Basic Course) following 
the Military Initiation Phase. The aims of the present study were to estimate energy expenditure and changes in body 
composition during SOF Basic Course.

Materials and Methods:
A multi frequency body composition analyser assessed baseline and endpoint body composition. For the purpose of 
estimating energy expenditure, 41 participants were fitted with triaxial accelerometers. T-tests were performed on paired 
and unpaired samples in order to estimate statistical significance. Effect size was estimated with Cohen’s d.

Results:
SOF Basic Course was completed by 88 out of 126 participants. The participants’ mean (SD) age was 25.0 (4.1) years, 
weight was 77.6 (8.6) kg, and body fat percentage was 15.3% (3.3). Body weight of completers decreased from 78.3 
(8.8) kg to 76.4 (8.0) kg (P = 0.01). Also, body fat decreased by 3.1 (1.8) kg (P = 0.01), and muscle mass increased by 
1.2 (1.7) kg (P = 0.01). There was a decrease in body fat percentage from 15.3% (3.3) to 11.6% (3.4) (P = 0.01), with a 
Cohen’s effect size of 1.86.
The loss of 3.1 kg of body fat corresponds to a loss of 21,700.0 kcal (90.3 MJ) or 362.0 kcal.d−1 (1.5 MJ.d−1). The mean 
(SD) energy expenditure by physical activity was 1,943.0 (653.8) kcal.d−1 (14.6 [2.7] MJ.d−1). The average (SD) total 
energy expenditure was 4,088.0 (710.0) kcal.d−1 (36.8 [3.8] MJ.d−1).

Conclusion:
Tactical athletes must perform in hypo-energetic environment. Research in the future should investigate the impact of 
increased energy intake on body composition.
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INTRODUCTION
A basic training and selection course for the Special Oper-
ations Regiment (SOF Basic Course) follows the Military 
Initiation Phase. There are 8 weeks of intensive training in 
this program that prepares military candidates for the more 
specialized Special Operations training. For success in the 
SOF Basic Course, sustained high-level performances are 
essential, and they can only be achieved following thorough 
preparation within an environment designed to enhance per-
formance. According to Pattyn et al. describing methodology 
of a holistic and multidisciplinary human performance pro-
gram, adequate energy supply via food and beverage is impor-
tant in the enhancement of performance, and it is a component 
of a holistic approach for selecting candidates who are capable 
of meeting these performance demands.1 Nevertheless, mili-
tary training and selection procedures are often conducted in 

negative energy environments.2–4 It is discussed in a narrative 
review by O’Leary et al. that negative energy balances can 
have multiple health consequences that reduce performance 
and increase attrition.5 Decreases in reproductive, thyroid, 
and metabolic hormone concentration, decreases in bone for-
mation, gastrointestinal symptoms, and decreases in cognitive 
and physical performances have been described in the litera-
ture associated with undernutrition.5 In a consensus statement 
of the Fourth International Congress of Soldiers’ Physical 
Performance, a more comprehensive knowledge of energy 
expenditure of military men and women has been recognized 
as research gaps and priorities.6

To date, the impact on body composition and energy 
expenditure of the Belgian SOF Basic Course has not been 
evaluated.

The purpose of this study was to estimate the energy expen-
diture and changes in body composition during the SOF Basic 
Course.

MATERIAL AND METHODS

Participants

Military participants attended the SOF Basic Course between 
February and April 2022 and between September and Novem-
ber 2022. It is composed of theoretical lessons, field training, 
tactical exercises, day and night trails, static and dynamic 
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shooting exercises, aerobic and anaerobic exercise, and sleep 
deprivation. The SOF Basic Course was completed by 88 out 
of 126 participants, all Caucasian males. The two main rea-
sons for attrition were injuries and fatigue. The participants 
provided written informed consent following an informational 
briefing by a civilian researcher emphasizing their freedom to 
participate. This study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and approved 
by the Ethic Committee of the University of Brussels.

Body Composition Assessment

In accordance with the International Society for the Advance-
ment of Kinanthropometry,7 the researcher performed anthro-
pometric measurements using standardized techniques and 
equipment. Baseline measurements were conducted barefoot 
and with minimal clothing on. Before the assessment, we 
instructed the participants to refrain from eating, drinking, 
physical activity, and have an empty bladder. Multifrequency 
bioelectrical impedance analysis (BIA) assessed anthropo-
metric measurements at baseline and at endpoint (MC-780 U 
Multi Frequency Segmental Body Composition Analyzer). 
Each BIA measurement was performed according to the man-
ufacturer’s guidelines in the best possible way using a multi-
frequency low-intensity electric current (i.e., 5 kHz, 50 kHz, 
250 kHz). BIA was performed at baseline and at endpoint for 
the completers.

Estimation of Basal Metabolic Rate and 
Dietary-induced Thermogenesis

The Henry et al. equation estimated the basal metabolic 
rate in kcal.d−1 for an athletic population (14.4*weight 
(kg) + 313.0*height (m) + 113.0).8 A 10% increase in basal 
metabolic rate from diet-induced thermogenesis was added.9

Assessment of Physical Activity

Forty one randomly selected participant wore the Actigraph 
GT3X+ (Actigraph LLC, Pensacola, Florida, USA) during 
40 days on the dominant wrist providing information regard-
ing energy expenditure resulting from physical activity. The 
40 days of data collection represented both high and low 
energy expenditure days. Data from seven non completers 
were only used during the training period. We analyzed the 
acceleration data with the Actilife software (version 6.11.0; 
Actigraph LLC, Fort Walton Beach, FL, USA). The partic-
ipants wore an accelerometer for 95% of the time during 
the study. In Actilife software, the vector magnitude.min−1

of the triaxial accelerations was selected, (i.e., vector 
magnitude.min−1 =

√
𝑉𝑇 2 + 𝐴𝑃 2 + 𝑀𝐿2), with VT, AP, and 

ML as triaxial accelerations. The Freedson VM3 Combi-
nation equation = (0.001064 × vector magnitude.min−1) +
(0.087512 × body weight (kg))—5.500229 estimated energy 
expenditure in kcal.min−1.10

Assessment of Total Energy Intake and Expenditure

The total energy expenditure (kcal.d−1) was calculated by 
combining basal metabolic rate with diet-induced thermoge-
nesis and physical activity-induced energy expenditure.

Total energy intake (kcal.d−1) was assessed by subtracting 
the loss in fat mass (kcal.d−1) from total energy expenditure 
(kcal.d−1).

STATISTICS
We analyzed data with IBM SPSS statistics for Windows 
version 28.0 (Armonk, NY: IBM Corp). The Kolmogorov-
Smirnov Goodness of Fit Test is used to determine whether 
the distributions are normal when presenting descriptive 
data. A modified Z-score was applied to assess skewness, 
kurtosis, and the presence of outliers. Data were calcu-
lated for 24 hours, expressed as day−1. The statistical sig-
nificance of the relationship between baseline character-
istics and endpoint characteristics was tested using both 
paired and unpaired T-tests. A sample size of 128 partici-
pants was required in order to detect a medium effect size 
between completers and non-completers with an alpha of 
0.05 and a power of 0.80. Effect size was estimated with
Cohen’s d.

RESULTS
According to Table I, the mean (SD) age of the participants 
was 25.0 (4.1) years, the weight was 77.6 (8.6) kg, and the 
body fat percent was 15.3% (3.5%). The body compositions 
of the 88 completers and the 38 non-completers were not dif-
ferent. The percentages of body fat in both groups were 14.7% 
(3.9) and 15.3% (3.5) (P = 0.397). 

There was a statistically significant difference in body 
composition of the completers between baseline and endpoint 
(Table II). Body weight decreased from 78.3 (8.8) kg to 76.4 
(8.0) kg (P < 0.01), with a Cohen’s effect size of 0.88. The 
cause of this difference was a decrease in body fat mass by 
3.1 (1.8) kg, with a Cohen’s effect size of 1.78. Body fat per-
cent decreased from 15.3% (3.3) to 11.6% (3.4) (P < 0.01), 
with a Cohen’s effect size of 1.86. 

It is calculated that the average basal metabolic rate was 
1,936.0 (192.2) kcal.d−1, while the average energy expen-
diture by physical activity was 1,943.0 (653.8) kcal.d−1

(Table III). Total energy expenditure was 4,088.0 (710.0) 
kcal.d−1. A decrease in body fat mass of 3.1 kg was observed, 
which is equivalent to a loss of 22.066 kcal during 56 days, or 
394 kcal.d−1. We estimated the daily energy intake at 3,642 
(717) kcal.d−1.

DISCUSSION
During Belgium SOF Basic Course, trainees experienced 
a decrease in body fat mass by 3.1 (1.8) kg, which is 
equivalent to a loss of 22.066 kcal during 56 days, or
394 kcal.d−1.
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TABLE I. Baseline Body Composition of Study Participants

 Total group (n= 126)  Completers (n= 88)  Non-completers (n= 38)

n:126 Mean SD Mean SD Mean SD Pa

Age (years) 25.0 4.1 25.0 4.0 25.7 4.1 0.374
Height (cm) 179.0 6.1 177.5 5.5 179.6 6.3 0.065
Body weight (kg) 77.6 8.6 76.1 7.9 78.3 8.8 0.199
Body Mass Index (kg/m2) 24.2 2.0 24.2 2.3 24.2 1.9 0.917
Body water (%) 59.1 2.9 59.5 3.1 59.0 2.7 0.366
Body fat percent (%) 15.1 3.5 14.7 3.9 15.3 3.5 0.397
Body fat mass (kg) 11.9 3.6 11.4 3.8 12.1 3.6 0.269
Body muscle mass (kg) 62.5 6.0 61.6 5.6 62.9 6.2 0.266

aP < 0.01 after unpaired-samples T-test between completers and non-completers/SD = standard deviation.

TABLE II. Body Composition Changes during the Special 
Operations Forces Basic Training

 Mean (SD)

n= 88 Baseline Endpoint Difference Cohen’s d

Body weight 
(kg)

78.3 (8.8) 76.4 (8.0) −1.9 (2.1)a 0.88

Body Mass 
Index (kg/m2)

24.2 (1.9) 23.6 (1.7) −0.6 (0.6)a 0.87

Body water (%) 59.0 (2.7) 59.8 (7.0) 0.9 (6.8) 0.13
Bone mass (kg) 3.3 (0.3) 3.33 (0.3) 0.03 (0.1)a 0.52
Body fat percent 

(%)
15.3 (3.3) 11.6 (3.4) −3.7 (2.0)a 1.86

Body fat mass 
(kg)

12.1 (3.6) 9.0 (3.2) −3.1 (1.8)a 1.78

Body muscle 
mass (kg)

62.9 (6.2) 64.1 (6.1) 1.2 (1.7)a 0.71

aP < 0.01 after paired-samples T-test/SD = standard deviation.

In our study, total energy expenditure was 4,088.0 (710.0) 
kcal.d−1. Barringer et al. generated a predictive equation to 
estimate energy requirement of Special Operations Forces.11 
The researchers collected energy expenditure determined with 
doubly labelled water from 12 different training scenarios for 
Special Operations Forces. Physical activity level was broken 
into quartiles (0 = mission preparation, 1 = common warrior 
tasks, 2 = battle drills, 3 = specialized intense activity) to gen-
erate a physical activity factor (PAF). Using the model of Bar-
ringer et al., i.e., total energy expenditure (kcal.d−1) = (61.99 
* fat-free mass in kg) + (716.49 * PAF)—721.30, with 
PAF = 1, we obtained a total energy expenditure of 4,070 
(391) kcal.d−1. This is highly comparable with our total energy 
expenditure of 4,088 (710) kcal.d−1.

We evaluated the energy balance from the change in body 
fat mass. The first reason to opt for this method is that dur-
ing the SOF Basic Course, it was impossible for participants 
to record food and beverages in diaries. Secondly, it is well 
known in nutritional epidemiology that energy intake by food 
and beverages is usually seriously under reported in food 
diaries and other reporting methods, with unreliable data as a 
possible consequence.12,13 We believe that this body fat mass 

TABLE III. Energy Expenditure during the Special Operations 
Forces Basic Training

n= 41 Mean SD

Basal metabolic rate (kcal.day−1)a 1,936.0 192.2
Dietary induced thermogenesis 

(kcal.day−1)b
195.0 20.7

Energy expenditure by physical 
activity (kcal.day−1)c

1,943.0 653.8

Total energy expenditure (kcal.day−1)d 4,088.0 710.0
Loss of fat mass (kcal.d−1)e 394.0 220.3
Daily energy intake (kcal.d−1)f 3642.2 717.4

aBasal metabolic rate estimated by Henry et al. equation.
bDietary induced thermogenesis estimated as 10% of the basal metabolic 
rate.
cMean energy expenditure by physical activity for the forty days estimated 
by accelerometer.
dMean total energy expenditure (= sum of basal metabolic rate + dietary 
induced thermogenesis + mean energy expenditure by physical activity).
eLoss of fat mass = (total loss of fat mass between baseline and endpoint * 
7,000 kcal)/56 days.
fDaily energy intake = total energy expenditure—loss of fat mass.
SD = standard deviation.

method has a higher validity than food records to evaluate 
energy intake, and that this method can be used to correct 
energy intake from diaries.

According to the position statement for tactical ath-
letes described in Gonzalez et al.,14 nutritional considera-
tions should include providing adequate energy, macronu-
trients, and fluids to meet daily needs. As a result, physi-
cal, cognitive, and occupational performance outcomes will 
improve; together with occupational readiness.14 To ensure 
optimal energy supply, carbohydrate intakes during meals 
and between meals should be increased during endurance 
exercises and operations.15,16

Energy expenditure during physical activity was estimated 
in this study using accelerometers that converted accelerations 
into energy expenditure.17–19 Accelerometers have shown 
promising validity when compared with the golden standard 
doubly labelled water for estimating energy expenditure. On 
684 women and 611 men, Chomistek et al. compared the 
energy expenditure estimated by doubly labelled water and 
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accelerometers using the Actigraph GTX3.20 It was found 
that the total energy expenditure assessed by the golden 
reference doubly labelled water was fairly similar between 
women and men, with 31.7 kcal.kg−1.d−1 for women and 34.5 
kcal.kg−1.d−1 for men, and 31.3 kcal.kg−1.d−1 for women and 
31.3 kcal.kg−1.d−1 for men for accelerometers.21 The devel-
opment of miniaturized sensor and monitoring technology 
integrated into small and easy-to-wear wristband wearables 
makes this method most suitable for military operations and 
exercises in the field.22

There are limitations associated with the present study as 
a result of military planning and operations. This required 
that we use low interfering assessment methods during the 
field study. Despite its status as the gold standard method, the 
doubly labelled water technique was deemed not appropriate 
for this study due to its expense, interference with training 
activities, and inability to determine energy expenditure for 
physical actively specifically.A second limitation is to deter-
mine diet-induced thermogenesis as a 10% increase in basal 
metabolic rate.23–25 We found no evidence to verify the appro-
priateness of assuming diet-induced thermogenesis is 10% in 
this population undergoing a stressful career-defining military 
programme. In general, diet-induced thermogenesis is esti-
mated between 5% and 15%.25 A third limitation is applying 
standardised equations and assumptions to this specific mili-
tary population. To limit a possible bias, we selected the Henry 
et al. equation to estimate the basal metabolic rate in kcal.d−1

for an athletic population.8

CONCLUSIONS
Tactical athletes must perform in hypo-energetic environ-
ment. Research in the future should investigate the impact of 
increased energy intake on body composition.
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