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ABSTRACT

BACKGROUND: Adequate supply of nutrients, water, minerals, and micronutrients is required to maintain energy-yielding and
constructive metabolism and support the body in the context of intense exercise load. This is especially important for young,
physically and socially active individuals such as athletes, military personnel, rescuers, police officers, and other adventure
and action professionals.

AIM: To find relationships between Bioelectrical Impedance parameters of body composition of multi-event athletes and their
key physical performance indicators determined by cardiopulmonary exercise testing with maximum exercise load.
MATERIALS AND METHODS: Nine men (a multi-event team) aged 18 to 22 voluntarily participated in the study. We used
anthropometry, Bioelectrical Impedance Analysis, skinfold caliper measurement, and cardiopulmonary exercise testing with
VO,max measurement at peak exercise load. Due to small sample sizes, the Spearman nonparametric rank correlation method
was used to analyze the relationship between the studied variables. Statistical analysis of the data was carried out using
Microsoft Excel and Statistica 10.0 software.

RESULTS: We found significant and strong correlations between the lean body mass, including muscle mass; water, protein
and mineral content and the exercise efficiency and muscle energy supply during intense exercise load measured by cardio-
pulmonary exercise testing.

CONCLUSION: It has been experimentally verified that during intense exercise load, most metabolic loading in the human body
is borne by its lean body mass, including skeletal muscles, and their unimpaired functioning requires sufficient supply of both
energy and proteins to maintain muscle volume and restore muscle mass. A reasonable way to increase the supply of proteins
to the athlete’s body is to introduce functional foods with given ingredients and optimal content of high-quality and easily di-
gestible protein into the diet.

Keywords: bioelectrical impedance analysis; cardiopulmonary exercise testing; multi-event team; athletes; nutritional status;
physical activity; physical performance.
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AHHOTALIUA

AxtyanbHocTb. [1ns obecneyeHns feATenbHOCTY CBA3aHHOM C MHTEHCUBHBIMU BU3MYECKMMM Harpy3KaMn HeobxoamuMo afex-
BaTHOE MOCTYMNIEHNe MUTATeNbHbIX BELLECTB, BOAbl, MUHEPANOB U MUKPO3NIEMEHTOB, 0becneunBaloLLMX 3HEpreTMYecKui
W NacTMYeckuin MeTabonnaM. 310 0cobeHHO BaXHO [J1S1 UL, MONIOLOM0 BO3PAcTa, aKTUBHBIX (DM3MYECKM U COLMANBHO, TaKuUX
KaK CMOpTCMEHbI, BOEHHOCNYXKALLMeE, CacaTes, MoMLENCKUE W NPOYME CELMANMCTLI SKCTPEMANbHBIX BUAO0B AEATENBHOCTU.
Llenb — nouck B3anMocesa3eii Mexay 61oMMNesaHCOMETPUYECKMMM NapaMeTpamMu cocTaBa Tefla CnopTcMeHoB-MHorobop-
LIeB M MX OCHOBHBIMW MOKa3aTensamMm Gusnyeckon paboTocnocobHOCTH, OLEHEHHBIMM B KapAMOPecnMpaTopHOM TecTe ¢ MaK-
CMMaJIbHOM QU3NHECKON Harpy3KO.

Matepuansl u Metoabl. B uccnefoBaHun npuHsnn [obpoBonbHoe yyacTve 9 MyxuuH (cOopHas CnopTvBHas KOMaHAa
no mMHorobopbio) oT 18 fo 22 net. Mcnonb3oBaHbl CnepylolwmMe METOLbI: aHTPOMOMETPUSA, BUOMMNeSaHCOMETpHS, Kanune-
POMETPUSA, KapAMOPECTIPATOPHbINA TECT C ONpefeneHMeM MaKCUManbHOro MoTpebnieHns KUCnopoaa Ha NuKe U3nYecKon
Harpy3ku. [lns aHanu3a B3aMMOCBSA3M MeXAy MCCNefyeMbiMU NMepeMeHHbIMU C YYETOM MarlblX pa3MepoB BblbOPOK Obin
UCMONb30BaH METOA, HenmapaMeTpUyecKon paHroBoi Koppensumu CnvpMeHa. CTaTUCTUYECKWA aHanM3 AaHHbIX NpoBefeH
C UCMosib30BaHMEM NporpamMMHbIX npoaykToB Microsoft Excel n Statistica 10.0.

Pe3ynbTathl. BbisBNIEHbI CTAaTUCTUYECKU 3HAUMMbIE CUITbHBIE KOPPENALIMOHHBIE CBA3M NOKa3aTtesiel be3KupoBoi, B TOM YKC-
Ne MbILLIEYHO, Macchl TeNa, a TakKe 3HaYeHUI COAEpPIKaHWUs BOAbI, MPOTEMHA W MUHEpasIbHbIX BELLECTB C NOKa3aTensmu
3 (EKTUBHOCTM MbILLEYHON pPaboThl M ee 3HeproobecneyeHns Npy MHTEHCUBHBIX QU3NYECKUX Harpy3Kax, OLEHEHHBIX C Npu-
MEHEHUEM KapAMOpecnyMpaTopHoro TecTa.

3aksioyeHmne. JKcnepuMeHTanbHO MOATBEPXAEHO, YTO NPY BbINOHEHUW MHTEHCMBHOW (GU3NYeCKO paboTbl rnaBHyl MeTa-
BonmyecKyto Harpy3sKy B OpraHuM3Me YesloBeKa HeceT ero TOLLas Macca Tena, BKIouas CKeNleTHY0 MyCKynaTypy, Ansi NOJIHO-
LLeHHOW [1eATeNbHOCTY KOTOpoW HeobxoamMo JocTaTouHoe obecneyeHne He TONbKO 3HEPrUei, HO M NpoTeUHaMu Ans noaaep-
JKaHUS MbILLEYHbIX 06bEMOB, BOCCTAHOB/EHUS MbILLEYHOM Macchl. OAHMM M3 LOCTYMHBIX CNOCOBOB YBENMUYEHNS MOCTYMIEHUS
NPOTEMHOB B OPraHM3M CMOPTCMeHa ABNISIETCA BBEAEHWE B PaLMOH QYHKLUMOHAbHBIX MPOAYKTOB MUTaHWSA C 3a[laHHbIM CO-
CTaBOM U ONTUMASIbHBIM COLLEPXKaHUEM BbICOKOKAYeCTBEHHOTO JIErKOyCBOSEMOro beska.

KnioueBble csioBa: 61MoMMneaHCOMeTpUS; KapANOpPecnuMpaTopHbIA TECT; MHOrobopbe; CNOPTCMEHbI; CTATyC MUTaHUS;
du3mnyeckan Harpyska; pusmyeckas paboTocnocobHoOCTb.
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ORIGINAL STUDY ARTICLE

BACKGROUND

Optimal human functioning depends on the adequate
intake of essential nutrients, water, minerals, and mi-
cronutrients that support energy metabolism and con-
structive processes. Adequate nutrient intake is critical
for young individuals, especially those who are physically
and socially active and are regularly exposed to physical
and psychosocial stressors during professional activities,
including extreme conditions (athletes, military person-
nel, emergency responders, law enforcement officers,
and other professionals engaged in high-risk occupa-
tions) [1-3]. Currently, various methodological approach-
es for developing dietary strategies for such populations
have been proposed; however, many of these approaches
are contradictory [4, 5]. Therefore, when designing op-
timal dietary regimens for individuals engaged in mo-
derate to high levels of physical activity, their nutritional
status should be considered. A pilot study was conducted
to explore potential associations between physical per-
formance indicators and nutritional status in young male
athlete—soldiers engaged in multi-event training, as de-
cathlon resembles the physical demands encountered
in military professions. A larger-scale study involving a
statistically adequate sample will be conducted to as-
sess the effects of intense physical exercise on body
composition.

MATERIALS AND METHODS

Nine male military personnel (members of a multi-
event sports team) aged 18-22 years voluntarily partici-
pated in the study. The sample size was determined by
the number of team members. Anthropometric measure-
ments (stadiometer and medical scales) and bioelectrical
impedance analysis (InBody770 body composition ana-
lyzer, Biospace Co., Korea) were used to assess the fol-
lowing parameters: height (cm), body weight (kg), total
body water (L), intracellular water (L), extracellular or
interstitial water (L), protein (kg), minerals (kg), body fat
mass (BFM; kg), soft lean mass (kg), lean body mass (kg),
skeletal muscle mass (kg), body mass index (kg/m?),
percent body fat (PBF;%), ideal body weight (kg), basal
metabolic rate (kcal), waist-to-hip ratio (WHR; unitless),
visceral fat area (VFA; cm?), degree of obesity (unitless),
and active cell mass (kg).

In assessing physical performance and endurance,
the participants (in a fasted state) underwent a cardio-
pulmonary exercise test to determine the maximal ox-
ygen consumption (VO,max) at peak physical exertion.
The test was conducted using an ergoline bicycle ergome-
ter connected to the ergospirometry system Metalyzer 3B
(Cortex, Germany), following the protocol: rest for
1.5 minutes and then free pedaling for 1.5 minutes,
followed by incremental loading starting at 20 W and
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increasing by 20 W/min until the participant refused
to continue, followed by a 3-minute recovery period.
The following parameters were measured: heart rate
(HR; bpm), respiratory rate (RR; cycle/min), minute venti-
lation (L/min), oxygen consumption (V'0,/kg, mL/min/kg),
respiratory exchange ratio (RER; unitless), and maximal
work rate at VO,max (WR; W). The parameters at rest,
moderate physical activity corresponding to approximate-
ly 50% of VO,max, and maximal physical activity upon
reaching VO;max were recorded.

A correlational study design was employed, with
physical performance indicators as the independent vari-
ables and metabolic and body composition parameters as
the dependent variables. The statistical hypothesis pos-
ited a relationship between physical performance metrics
and metabolic and body composition characteristics.

Data were statistically analyzed using Microsoft
Excel, Statistica 10.0, and SPSS23. The critical value for
statistical significance in testing null hypotheses was
0.05. In analyzing the relationship between the variables,
considering the small sample sizes, Spearman’s rank
correlation method was used [6, 7].

RESULTS AND DISCUSSION

Table 1 presents the statistical data obtained from the
anthropometric and bioelectrical impedance measure-
ments of the study participants.

The main results of the cardiopulmonary exercise
test, conducted at rest and under various levels of physi-
cal load, are summarized in Table 2 as medians, along
with the corresponding maximum and minimum values.
In this context, the use of the median is preferred than
the mean, as not all values follow a normal distribution,
and in small samples, outlier correction is challenging,
and the median is not sensitive to outliers.

Changes in physiological parameters in response to
physical load remained within normal limits. No path-
ological symptoms were observed, including on ECG
monitoring. At the point of voluntary test termination,
all the athletes attained VO,max, which was indicated
by the oxygen uptake curve reaching a plateau and the
RER exceeding 1.0 [8]. A correlation analysis was per-
formed to identify potential correlations between the
cardiopulmonary and metabolic parameters and bio-
electrical impedance-derived nutritional status indica-
tors of the examined athletes. The results are shown
in Tables 3-5.

Table 3 reveals a positive rank correlation (rS =0.698)
between resting RR and body fat-related parameters,
namely, BFM, PBF, VFA, and WHR. Additionally, a nega-
tive correlation was observed between WHR and RER.
No significant correlations were found between minute
ventilation, HR, and V'0, with these body composition
parameters.
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Table 1. Anthropometric and Bioelectrical Impedance Analysis of the multi-event team members
Ta6nuua 1. [JaHHble aHTpONoMeTpun 1 broMMneaHCOMETPUM YNIEHOB CMIOPTUBHOM KOMaHAbI N0 MHOro6opbto

Parameters Quartile 1 Median, Me Quartile 3 Maximum Minimum
value value
Age, years 20.00 20.00 21.00 22.00 17.80
H, cm 172.50 176.75 181.38 186.00 169.00
BW, kg 72.08 74.90 71.50 87.60 65.60
TBW, L 46.95 49.60 51.65 56.10 42.70
ICW, L 29.48 31.25 32.38 35.00 26.60
ECW, L 17.38 18.55 19.28 21.10 16.10
Pr, kg 12.68 13.50 14.03 15.10 11.50
Min, kg 4.32 4.67 4.92 5.52 4.00
BFM, kg 5.45 6.60 8.85 10.90 4.10
SLM, kg 60.45 66.05 66.90 70.10 54.90
LBM, kg 63.98 67.80 70.53 76.70 58.20
SMM, kg 36.38 38.75 40.30 43.70 32.70
BMI, kg/m? 22.93 23.90 24.98 26.30 21.30
PBF, % 7.35 9.80 12.20 12.60 5.20
IBW, kg 72.08 76.05 71.50 87.60 65.60
BMR, kcal 1751.75 1835.00 1893.75 2026.00 1627.00
WHR, unitless 0.76 0.77 0.80 0.83 0.74
VFA, cm? 18.78 24.05 33.40 48.10 8.10
DO, unitless 104.50 109.50 114.50 120.00 97.00
ACM, kg 42.15 44.75 46.40 50.10 38.10

Table 2. Cardiopulmonary exercise test results at rest and exercise load
Tabnuua 2. PesynbTathl BbINOIHEHUS KapAMOPECTIMPATOPHOrO TECTA B NOKOE 1 C GU3MHECKON Harpy3Koii

Resting state Moderate intensity load at 50% Maximal intensity load at 100%
Parameters V0,max V0,max
Me max min Me | max | min Me max min
HR, 1/min 80.0 99.0 72.0 116 151 101 176 191 159
RR, 1/min 16.0 20.0 7.0 18 30 10 38 53 31
V'E, L/min 12.4 16.8 9.8 30.1 4.3 22 112.2 160.3 85.7
X'goz/ kg, mL/min/ 5.0 8.0 40 20 28 12 bts 48 40
RER, unitless 0.86 1.0 0.76 0.88 0.99 0.74 .1 1.26 1.05
WR, W 0.0 0.0 0.0 98 146 73 270 291 213

Table 4 presents the correlation data between the
studied parameters under moderate load.

The trend observed at rest was maintained during
moderate physical exertion. For the VFA parameter,
the significance level was p <0.05, and for the other
relevant parameters—BFM, PBF, and VFA — the sig-
nificance level was p <0.1 (Table 4). Notably, none of
the participants demonstrated increased BFM and PBF.
The ideal body weight obtained through bioelectrical
impedance analysis was almost identical to the actual
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body weight. Therefore, whether the amount of fat stored
in tissue depots could be a mechanical barrier to external
respiration function was unclear; however, the influence
of other mechanisms cannot be excluded. Additionally,
a negative correlation was observed (p <0.05) between
the WHR, which characterizes the degree of visceral
obesity, and respiratory exchange ratio at rest (Table 3).
This relationship indicates that an increased role of lipids
in energy supply during physical rest may occur in indi-
viduals with increased body fat content.
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Table 3. Correlation between the cardiopulmonary exercise test, metabolic parameters, and Bioelectrical Impedance Analysis of athletes
at rest (Spearman rank correlation)

Ta6nuua 3. KoppensuynoHHas cBA3b MeX [y KapAMopecnupaTopHbIM1, MeTaboIMYecKMM NapaMeTpaMu 1 NoKasatensamy GuouMnejaHcoMe-
TPUM y CMIOPTCMEHOB B MOKoe (paHroBas Koppensuus CinpMeHa)

RR, 1/min RER, unitless
Parameters
rs p rs p
BFM, kg 0.698 0.037 - -
PBF, % 0.778 0.014 - -
WHR, unitless 0.725 0.027 -0.855 0.003
VFA, cm? 0.724 0.028 - -

Note. The Table shows only significant correlations (rS=0.67, p <0.05; rS=0.83, p <0.01; r5=0.91, p <0.001).
[pumeyaHue. B Tabnuue yKasaHbl TONLKO 3Ha4MMble KOppensLmMoHHble casian npu rS=0,67 — p <0,05; r$=0,83 — p <0,01; r5=0,91 — p <0,001.

Table 4. Correlation between the cardiopulmonary exercise test, metabolic parameters, and Bioelectrical Impedance Analysis of athletes
at moderate exercise load (Spearman rank correlation)

Tabnuua 4. KoppensumoHHas cBA3b MeX Ly KapavopecnupaTopHbIMI1, MeTabonMyeckMm1 napaMeTpaMu 1 nokasatenamu 6uonMne iaHco-
METpu1M y CIOPTCMEHOB MpY YMepeHHOI Harpy3ke (paHroBas koppenauns CnvpMeHa)

RR, 1/min RR, 1/min RER, unitless
Parameters

rs p rs p rs p
BW, kg - - - - -0.686% 0.041
TBW, L - - - - -0.678* 0.045
ICW, L - - - - -0.678* 0.045
Pr, kg - - - - -0.678* 0.045
Min, kg - - - - -0.703* 0.035
LBM, kg - - - - -0.678* 0.045
SMM, kg - - - - -0.678* 0.045
BMR, kcal - - - - -0.678* 0.045
WHR, unitless - - - - -0.700* 0.036
VFA, cm? - - 0.672* 0.047 - -
DO, unitless -0.717* 0.030 - - - -
ACM, kg - - - - -0.678* 0.045

Note. The Table shows only significant correlations (* rS=0.67, p <0.05; ** r$=0.83, p <0.01).
[lpumeyanue. B Tabnuue yKasaHbl TOIbKO 3HAYMMbIe KOPPesALMOHHbIe cBa3n npu * — rS$=0,67 — p <0,05; ** — rS=0,83 — p <0,01.

Table 5. Correlation between the cardiopulmonary exercise test, metabolic parameters, and Bioelectrical Impedance Analysis of athletes
at peak exercise load (Spearman rank correlation)

Ta6nuua 5. KoppensumoHHas cBsi3b MeX/y KapA1opecnmpaTopHbIMK, METaboNMYecKMMM NapamMeTpaMm W NoKasaTensiM1 bruouMne AaHco-
MEeTPUM Y CMIOPTCMEHOB MPY MaKCUMarbHOI Harpy3ke (paHrosas koppensums CnupMeHa)

RR, 1/min V'E, L/min V'0,/kg, mL/min/kg WR, W
Parameters
rs p rs | p rs p rs p

BW, kg - - 0.917* 0.001 0.653 0.057 0.717* 0.030
TBW, L 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005
ICW, L 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005
ECW, L 0.800** 0.010 0.950** 0.000 0.787* 0.012 0.850** 0.004
Pr, kg 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005
Min, kg 0.683* 0.042 0.950** 0.000 0.728* 0.026 0.767* 0.016
SLM, kg - - 0.932** 0.000 0.732* 0.025 0.661 0.053
LBM, kg 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005
SMM, kg 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005
IBW, kg - - 0.917* 0.001 0.653 0.057 0.717* 0.030
BMR, kcal 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005
ACM, kg 0.767* 0.016 0.967** 0.000 0.728* 0.026 0.833** 0.005

Note. The Table shows only significant correlations (* rS=0.67, p <0.05; ** rS=0.83, p <0.01).
[lpumeyaHue. B Tabnuue yKasaHbl TOMBKO 3Ha4MMble KOPPENIALMOHHbIe cBsiau npu * — rS=0,67 — p <0,05; ** — rS=0,83 — p <0,01.
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Furthermore, correlation (p <0.05) was observed be-
tween the RER obtained under moderate load and bio-
electrical impedance parameters (Table 3) and was di-
vided into three conditional groups:

1. Correlations between RER and total body water,
intracellular water, protein, and mineral content

2. Correlations between RER and lean body mass,
skeletal muscle mass, and cell mass (but not with pa-
rameters related to body fat content)

3. Correlations between RER and basal metabolic rate

RER is known to indicate which substrate (lipids or
carbohydrates) is used for energy during athletic activ-
ity [9-11]. At the point of anaerobic threshold, there is
a shift from predominantly lipid aerobic catabolism to
a mixed aerobic-anaerobic process, leading to an in-
crease of RER values to levels comparable to those ob-
served at rest (Table 2).

Thus, it can be assumed that the athletes exhibiting
higher values in the three conditional groups abovemen-
tioned had lower RER values. This may demonstrate a
probable predominance of lipid-based energy supply dur-
ing exercises leading to anaerobic threshold in individu-
als with higher levels of water content and hydrophilic
fat-free body mass and more intense basal metabolism
[9, 12, 13]. As lipid catabolism requires the presence of
oxygen, it can be hypothesized that these individuals have
a more efficient energy supply for moderate or prolonged
(long-distance) physical activities. This is supported by
findings of increased lipid metabolites in calf muscles,
more pronounced expression of genes involved in fat
metabolism, and higher insulin sensitivity in endurance
athletes than in sprinters and untrained healthy individu-
als [14, 15]. Considering that the study participants are
engaged in multi-sport disciplines involving substantial
endurance training, the results of this study are consis-
tent with published data. Adipose tissue serves as an
energy depot; however, primary catabolic processes oc-
cur in the cells of soft fat-free tissues, particularly in
actively working muscles. Muscle activity requires more
than energy alone. For anabolic processes that maintain
muscle function, proteins, amino acids, and minerals are
required, which are obtained through diet like energy
sources. Therefore, the negative correlation between
RER values and fat-free and cell mass parameters, wa-
ter, protein, and mineral content highlights the need for
continuous replenishment of nutrients involved in ana-
bolic metabolism for individuals whose activities are con-
sistently associated with physical exertion (particularly
athletes).

Table 5 presents the positive correlation (p <0.05;
p <0.01; p <0.001) between the same three conditional
groups of bioelectrical impedance parameters and RR, ven-
tilation, relative VO,max, and the achieved workload WR.

Increased RR and ventilation during maximal physical
exertion is associated with intense respiratory muscle
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activity, which, in turn, elevates their metabolic rate, po-
tentially influencing parameters such as lean body mass,
cell mass, water, protein, mineral content, and basal
metabolic rate [16—20]. Active work requires an adequate
supply of substrate and oxygen; thus, relative V0;max
also positively correlates with these nutritional status
indicators of the athletes in the group. Because VO,max
is an indicator of human performance, and the achieved
power during peak physical exertion is the result of this
performance, the correlation between WR and lean body
mass, cell mass, water, protein, and mineral content is
also understandable.

CONCLUSION

Significant strong correlations were found between
the indicators of muscle work efficiency and its energy
supply during intense physical exertion and parameters
of lean body mass, including skeletal muscle mass, and
water, protein, and mineral levels in the body. Thus, the
study confirmed that the primary metabolic load in the
human body during physical activity is borne by its lean
(fat-free) component, including skeletal muscle, and its
full functionality requires adequate energy and proteins
to maintain muscle volume and facilitate muscle mass
recovery. An accessible method to increase peptide in-
take in athletes during intense physical exertion is in-
corporating functional foods with optimal protein content
in bioavailable form into their diet, supplemented with
vitamin and mineral complexes. Therefore, the develop-
ment of protein-enriched functional foods for individuals
exposed to intensive physical loads in their professional
activities is highly relevant in import substitution.
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