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The gold standard for determining resting energy expenditure is indirect calorimetry. However, this method re-
quires special equipment and sufficient time to make the measurement. Therefore, in practice, prediction equations
are often used to determine resting energy expenditure based on anthropometric data, age and gender. The study
aims to compare the actual and calculated resting energy expenditure of qualified Ukrainian athletes. For this pur-
pose, 93 measurements (62 in men, 31 in women) of resting energy expenditure by indirect calorimetry were made
in athletes who are members of the national teams of Ukraine in sports with predominant endurance aged 18-35
years. The actual values were compared with six prediction equations: Harris-Benedict, Mifflin, World Health Or-
ganisation, De Lorenzo, ten Haaf and Freire formulas separately among male and female athletes. The differences
between actual and calculated by the Freire equation resting energy expenditure in male (p=0.232) and female
athletes (p=0.421) were not significant. Among female athletes, the differences between actual and calculated by
the De Lorenzo equation resting energy expenditure were also unreliable (p=0.961). The results obtained allow us
to conclude that for the correct calculation of resting energy expenditure in Ukrainian athletes, general population
equations (Harris-Benedict, Mifflin, World Health Organization) should not be used, but rather equations specially
developed for qualified athletes (Freire and De Lorenzo) should be used if resting energy expenditure measurement

by indirect calorimetry is not available.
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Connection of the publication with planned research
works.

The work was performed within the framework of
the research topics “Improvement of the system for as-
sessing the functional capabilities of qualified athletes”
(state registration number 0120U102907), “Control and
correction of metabolism of qualified athletes under
conditions of intense physical activity” (state registration
number 0120U103004), “Influence of endogenous and
exogenous factors on the course of adaptive reactions of
the body to physical activity of different intensity” (state
registration number 0121U108187).

Introduction.

High-performance sports are characterised by high
energy expenditure for physical activity. In qualified ath-
letes, they often amount to 1000-2000 kcal, and during
intensive training and competition activities, daily energy
expenditure can exceed 10000 kcal [1, 2]. Therefore, it is
extremely important to compensate for energy expen-
diture through a diet with adequate calorie content, as
rational nutrition is a basic factor in ensuring recovery
processes.

Accurate determination of daily energy expenditure
requires expensive equipment. It is difficult from an or-
ganisational point of view, so in sports nutrition, as in clin-
ical nutrition, it is common to determine energy expen-
diture by calculation (using physical activity coefficients
or metabolic equivalents of activity) [1]. In this case, the
basic parameter is resting energy expenditure (REE),
which is the minimum amount of energy required to en-
sure the vital functions of the body (respiration, blood cir-
culation, excretory functions, muscle tone, nervous and
endocrine system, etc.) [3].

Indirect calorimetry is currently the gold standard in
determining the REE [4]. The method is based on calculat-
ing energy consumption according to oxygen consump-
tion and carbon dioxide emissions. Heat production is cal-
culated based on analysing the gas composition of inhaled
and exhaled air. This method requires special equipment
and much measurement time, so it is not widely available
[5, 6]. For this reason, numerous equations have been de-
veloped that, based on certain standard parameters (age,
gender, body length, weight, etc.), help to calculate the
basal metabolic rate. Since these equations are extrapo-
lations of population averages based on body size, gen-
der, and age, they do not consider individual parameters
that affect basal metabolism (amount of muscle mass,
hormonal status, etc.) [3, 5]. Researchers involved in vali-
dating existing equations note that the more specific the
sample, the more important it is to use equations devel-
oped on similar samples [7, 8].

Meanwhile, the use of general population equations,
such as the Harris-Benedict or Mifflin equation, is also
quite common in sports nutrition [1, 9]. The equations
developed for athletes are less well known, on the one
hand, and on the other hand, they were developed based
on relatively small samples and often with a rather mixed
composition of athletes by sports group. For example,
generalised data on the actual measured REE in athletes
from different sports groups could be used to calculate
the equation [10], which, in our opinion, affects their rel-
evance for use for athletes from each sport group sepa-
rately due to significant differences in body composition
between representatives of different sport groups.

It should also be noted that socio-demographic char-
acteristics of the population impact the resting energy
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expenditure [3], so it is best to choose equations that
have been developed or tested on populations that are
as similar as possible in terms of the region of residence.
Until now, Ukrainian science has not studied the REE of
qualified athletes to determine the most relevant equa-
tions for calculating resting energy expenditure in sports
practice.

The aim of the study.

To determine the most appropriate equations for cal-
culating energy expenditure at rest in qualified Ukrainian
athletes by comparing the calculated indicators with the
measured values.

Object and research methods.

The research was conducted at the State Research In-
stitute of Physical Culture and Sports from 2019 to 2021.
Ninety-three studies were conducted on anthropometric
parameters (length and body weight) and resting
energy expenditure in athletes aged 18-35 (mean

tween the calculated and measured REE+ 10% as accept-
able, the percentage of adequate values (90-110% of the
actual REE), as well as the percentage of underestimation
(<89%) and overestimation (2111%) of the calculated val-
ues were calculated for each equation separately. Also,
the root mean square error (RMSE) was determined for
each equation separately compared to the measured
REEs. The significance of the differences between the
measured and calculated values was assessed using Wil-
coxon’s T-test for each equation separately.

Statistical data processing was performed using XL-
STAT statistical analysis software (Lumivero, USA).

Research results and their discussion.

The mean data of the study participants are present-
ed in table 1.

Table 1 — Anthropometric indicators and resting energy ex-

penditure of the examined athletes

age: men 23.2+0.6 years, women 24.3+0.8 years)
who are members of the Ukrainian national

teams in sports with predominant endurance.
Among them: male athletes (n=62) in the fol-

lowing sports: rowing (n=14), modern pentathlon

(n=9), triathlon (n=3), biathlon (n=29), canoeing

(n=4), kayaking (n=2); female athletes (n=31)

. Male athletes (n=62) | Female athletes (n=31)
Indicator = =

Mtm Min | Max Mtm Min | Max

Body length, m 1,83+0,01| 1,63 | 2,01 | 1,72+0,02 | 1,59 | 1,97
Body weight, kg 78,4+1,40| 58,4 [103,4| 65,7+1,72 | 48,9 | 95,1
Body mass index, kg/m? (23,4+0,28| 19,7 | 29,6 | 22,2+0,32 | 19,2 | 25,8
REE_, kcal/day 2140447 |1400(3231| 1772167 |[1351| 2784
REE__ kcal/day/kg 27,3+0,38| 18,2 | 33,1 | 26,9+0,63 | 20,0 | 36,4

in the following sports: rowing (n=8), kayaking

(n=3), modern pentathlon (n=2), triathlon (n=7), Notes: M —mean; m —standard error of the mean; Min — minimum value; Max -

biathlon (n=11).

The study was conducted in the morning on
an empty stomach before training. After measuring the
length and weight of the body (Tanita BC-545, Omron,
Japan), the resting energy expenditure in the supine posi-
tion was measured for 15 minutes by indirect calorimetry
(Fitmate, Cosmed, Italy), determining the daily resting en-
ergy expenditure (kcal/day).

The study was conducted in accordance with the
basic bioethical standards of the World Medical Asso-
ciation’s Declaration of Helsinki on the Ethical Principles
for Scientific and Medical Research (2000, amended in
2008), the Universal Declaration on Bioethics and Human
Rights (1997), and the Council of Europe’s Convention on
Human Rights and Biomedicine (1997). Each study par-
ticipant provided written informed consent to participate
in the study.

The data obtained were processed separately for
men and women using the following statistical methods:
determination of the mean and standard error of the
mean, checking for normality of data distribution using
the Shapiro-Wilk test, determination of the significance
of differences between the REE in men and women using
the Mann-Whitney U test.

To compare the actual resting energy expenditure
(REE,,) and the one calculated using the equations,
three equations were chosen based on the analysis of
the literature on the research topic, which are widely
used in physiology to calculate REE in different popula-
tion groups, including athletes, based on body weight
and length, age and gender: Harris-Benedict [11], Mifflin
[12], and World Health Organization (WHO) [13]. We also
selected three formulas specifically designed for athletes
based on the same equations: De Lorenzo [14], ten Haaf
[15], Freire [16].

To compare the accuracy of the equations, the follow-
ing was done: based on the approach generally accepted
in the scientific literature to consider the deviation be-

maximum value.

At a high level of statistical significance (p<0.01), dif-
ferences between the measured resting energy expen-
diture and between the length and weight of the body
among male and female athletes were found. Also, sta-
tistically significant (p=0.043) differences between body
mass index in male and female athletes were found.

Relative REE (kcal/kg body weight) does not differ
significantly. At the same time, female athletes have a
slightly higher standard error of the mean than men in
absolute (kcal/day) energy expenditure values at rest.
However, the mean values of this indicator in women are
significantly (p<0.01) lower than in men. When compar-
ing relative (kcal/kg body weight) resting energy expendi-
ture, the standard error of the mean of this indicator in
women is higher and more significant. At the same time,
the maximum value of relative REE was also recorded in
female athletes.

For male and female athletes, the measured REE and
those calculated using the equations were compared
separately (table 2).

At a high (p<0.001) level of statistical significance, dif-
ferences between the actual REE and those calculated
using the Harris-Benedict, Mifflin and WHO equations
were found in both men and women. There was a sta-
tistically significant difference between the actual REE
and those calculated by the ten Haaf equation in male
(p=0.014) and female athletes (p=0.012), as well as be-
tween REE_, and those calculated by the De Lorenzo
equation in male athletes. At the same time, among fe-
male athletes, the differences between REE__ and those
calculated by the De Lorenzo equation were not signifi-
cant (p=0.961). Differences between Freire’s equation
and actual energy expenditure at rest were not significant
for male (p=0.232) and female athletes (p=0.421).

The percentage of accurate calculations was also com-
pared for male and female athletes separately (table 3).
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Table 2 — Comparison of actual resting energy expenditure

with those calculated using the equations

tions. At the same time, the authors note that
the Harris-Benedict equation has better accu-

Male athletes (n=62) Female athletes (n=31) racy a”‘?‘ can be, generally used amo'ng athle'Fes.
REE - - We attribute this to the fact that this study is a
Mtm Min Max Mtm Min Max . ith t Ivsi d X th
Actual 2140£47 | 1400 | 3231 | 1772467 | 1351 | 2784 :2;’:3,‘[’! (\;\? stu?iisa;:?)la::lzljscltsejnwitshunr:ar:riisci ae
Harris-Benedict | 1901+22 | 1529 | 2281 |1487#17 | 1314 | 1765 | .. . . particip
Y 1816s18 | 12924 | 2114 142824 | 1213 | 1828 tion of athletes of different fitness levels, includ-
rn = = ing amateurs and those who engage in sports for
WHO 1866120 | 1573 2261 | 1447+21| 1215 1687 rehabilitation
De Lorenzo 1986+23 | 1576 2357 | 1741432 | 1443 2304 Meanwhile high—performance sports are
’
ten Haaf 2041420 | 1688 | 2382 | 1624425 | 1369 | 2038 | characterised by significant physiological changes
Freire 2178421 | 1842 | 2579 | 1782426 | 1518 | 2198 | jp gathletes, including at the metabolism level.

Notes: M — mean; m — standard error of the mean; Min — minimum value; Max —

maximum value.

Table 3 — Correct calculation, overestimation and underesti-
mation of prediction equations compared to actual resting

energy consumption

Studies by Balci [9] and Freire [16] involving high-
ly skilled athletes also revealed that the Harris-
Benedict equation underestimates the true REE
in athletes.

At the same time, the study by Devrym-Lan-

— Male athletes (n=62) Female athletes (n=31) zierre' and coIIeagues'[.ZO] found that the Mifflin
CC, % | OF, % UE, % | RMSE | CC, % | OE, % | UE, % |[RmsE| eduation among qualified endurance sports ath-
Harris-Benedict | 44 3 53 | 257 | as 0 55 | 261 | leteswas the most. accuratt_a. This is obviously due
Mifflin 2 3 65 | 259 | 35 0 65 | 254 | O the fact that this study.mvolved athletes from
oo [ s s [ss [ |35 o oo || uirelons dtnces of it and marthon
De Lorenzo 48 1> 37 | 261 | °8 23 19 | 243 ;Yon fro\rln rlegprlesentatilves of sholrter sgorts gisc:-
ten Haaf 55 18 27 263 48 17 35 262 plines.
Freire 61 26 13 257 45 39 16 265

Notes: CC — correct calculation (90-110% of REE_); OE — overestimation of REE
; RMSE — root mean

act

(2111% of REE__); UE — underestimation of REE (<89% of
square error.

The highest percentage of getting into the range of
correct calculation among male athletes was found in the
Freire equation and women —in the De Lorenzo equation,
which also has the lowest root mean square error.

The general population equations (Harris-Benedict,
Mifflin, WHO) have the highest percentages of underes-
timation of resting energy expenditure in both genders.
Among athletes of both genders, the Freire equation has
the lowest percentage of underestimation of the REE.

In all the tested equations, the root mean square error
was between 12% and 13% of the actual average resting
energy expenditure in men and 14% and 15% in women.

The significant differences we found between the ac-
tual resting energy expenditure of male and female ath-
letes, which disappear when recalculating energy expen-
diture per kg of body weight, coincide with the data of
Jahim and his colleagues [17] on the sex characteristics of
the REE in athletes.

The REE in the female athletes we examined is marked
by a significant range of values. Modern researchers note
that since the phase of the menstrual cycle has an impact
on the REE and the REE may differ in different phases of
the cycle [18], there is a need to standardise the mea-
surement of REE in female athletes considering the phase
of the menstrual cycle [1]. This is a complex issue both
from the organisational and methodological point of
view, given the possibility of menstrual disorders in highly
skilled female athletes [19].

Our results on the correspondence of the calculation
of the REE with the help of equations to the actual values
of resting energy expenditure confirm the data of Mar-
tingo and colleagues [7] that the Harris-Benedict, Mifflin
and WHO equations tend to underestimate the REE in
athletes.

This also coincides with the results of the study by
O’Neill and colleagues [8] on the Mifflin and WHO equa-

REEact)”

Regarding the equations for calculating the
REE developed for athletes, our results differ from
the data of the review by O’Neill and colleagues
[8], where the ten Haaf equation was recognised
as the best formula for calculating the REE in athletes of
both genders. According to the results of the review by
Martingo and colleagues [7], this equation is also recom-
mended for athletes.

In our study, the ten Haaf equation showed a higher
percentage of correct calculations compared to general
population equations but is lower than the Freire equa-
tion for men and the De Lorenzo equation for women.
We attribute this to the specifics of our sample, namely,
homogeneity in terms of athletes’ training level (all par-
ticipants in our study are qualified international athletes)
and sports (sports with a predominant focus on endur-
ance). Ten Haaf’s equation was developed with the par-
ticipation of athletes engaged in sports for rehabilitation,
and Freire and De Lorenzo’s equations were developed
with the participation of highly skilled athletes.

Conclusions.

The general population equations of Harris-Benedict,
Mifflin and WHO for calculating resting energy expendi-
ture significantly underestimate the REE in skilled ath-
letes, so they should not be used to calculate energy ex-
penditure in athletes. Among Ukrainian endurance sports
athletes of international level, the most accurate among
the equations considered in this study was the Freire
equation for male athletes and the De Lorenzo equation
for female athletes.

Prospects for further research.

A promising direction for further research is the vali-
dation of existing equations for calculating resting energy
expenditure in skilled athletes of high-speed and power,
complex coordinative and other sports groups. An urgent
task of sports science is to develop new, more accurate
equations for calculating the REE of skilled athletes and
standardise the procedure for measuring the REE of fe-
male athletes to avoid errors associated with the phase
of the menstrual cycle.
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CNIBCTABNEHHA PAKTUHHUX TA PO3PAXOBAHUX 3A AOMOMOIOO ®OPMVYN
EHEPTOBUTPAT Y CTAHI CNOKOIO B KBANI®IKOBAHUX CIMTOPTCMEHIB BUAIB
CMOPTY 3 NEPEBAXXHUM NMPOABOM BUTPUBANOCTI

1Oep>KaBHUIA HAYKOBO-A0CNiAHNI IHCTUTYT Gi3MUHOT KynbTypu i cnopTy (M. KuiB, YKpaiHa)
2HauioHanbHUM yHiBepcuTeT $isMUHOro BUXOBAHHA Ta cnopTy YKpaiHu (m. Kuis, YKpaiHa)
lea.dietdoc@gmail.com

3010Mmum cmaHOapmMom 0715 BU3HAYEHHA eHepP208UMPAM Yy CMAHI CMIOKOKO € HenpAMa Kanopumempia. OOHAK
yeli memoo nompebye HaAasHocmi creyianbHo20 061a0HAHHA Ma 00CMAMHbLO Yacy 0417 NPo8edeHHA 8UMIPIOBAHHA.
Tomy Ha MPAKMUUi YaCMo 3acmMoco8yrome PO3PAXYHKO8I hopMysu 0115 8UHAYEHHSA eHep2o8umpPam y CmaHi CioKor
Ha OCHO8i aHMpornomemMpu4HUxX OaHUX, 8iKy ma cmami. Memor 00cnidOnceHHa € crniscmasneHHa GaKmuyHUX
ma po3paxosaHux 3a OOMOMO20I0 (OpMys eHep2osuUMPAM y CMAHI CMOKOK Y K8AsihiKoBAHUX YKPAITHCbKUX
cnopmcmeHis. [na yboeo bynu 30ilicHeHi 93 sumiptosaHHaA (62 y Yonoesikie, 31 — y #iHOK) eHepaosumpam y cmadi
CMOKOK WAAXOM HEenpAmMoi Kanopumempii y criopmcmeHis, 4YneHie HAyioHanbHUX 36ipHUX KOMAHO YKpaiHu 3
sudis cropmy 3 nepesaxrHUM MpPossom sumpusanocmi gikom 18-35 pokie. ®aKmMu4Hi 3Ha4eHHA MOPiBHKBAAU 3
6 pospaxyHKosumu gopmynamu: lapica-beHedukma, MigehniHa, BcecgimHboi opaaHizayii oxopoHu 300pos’s, [e
JlopeH3o, meH [aagh ma Ppelipe okpemo ceped criopmcmeHis 4on08i4oi ma uciHoyoi cmameli. HedocmosgipHuUmu
8UABUAUCA 8IOMIHHOCMI MiX (PAKMUYHUMU Ma pPo3paxos8aHumu 3a ¢gpopmynor Ppelipe eHepzosumpamamu y
CMAHI Crokoto y cnopmcmeHrie Yonoegivoi (p=0,232) ma miHoyoi cmami (p=0,421). Ceped criopmcmeHOK MAaKOX
HedocmosipHumu (p=0,961) eusasuauca 8iOMIHHOCMI MiX (hAKMUYHUMU Ma pPO3pPaxo8aHUMU 3a gopmysoro [e
JlopeH30 eHepzosuMpamamu y cmai criokoto. OmpumaHi pesyssmamu 00380/140Mb 3p0b6UMU 8UCHOBOK, W0 015
KOpeKmHo20 06YucneHHsA eHepeaosumpam y CmMaHi CIIOKO 8 YKPAiHCbKUX COpMCMeHia He c/1id sukopucmosysamu
302an16H0 nonynAayiliHi popmynu (fapica-beHedukma, MiggniHa, BcecgimHbol opaaHizauii oxopoHu 300pos’sa), a
Kopucmysamucs cneyianbHo po3pobaeHUMU 078 KeanighikosaHux criopmcmeHie gopmynamu (Ppelipe ma e
JlopeH30), AKW0 8UMIPIOBAHHA eHep208UMPAM y CMAHI CMIOKO0 WASXOM HEMPAMOI Kaanopumempii He € 00CmynHUM.

Key words: eHepeosumpamu y cmaHi CrioKow, Henpama Kasopumempis, po3paxyHKosi ¢opmysau, criopm,

sumpusasnicme.

38’A30K ny6niKaujii 3 nnaHoBMMM HayKOBO-40CNiA-
HUMM poboTamu.

Po60Ta BUKOHaHa B MeXKax HayKOBUX TeM «Y4,0CKOHa-
JIEHHA CUCTEMM OLHKM PYHKLIOHANBbHUX MOXKINBOCTEN
KBanidikoBaHMX cnopTcmeHiB» (N2 aeprkaBHOI peecTpa-
uii 0120U102907), «KoHTposib Ta Kopekuia meTabonis-
My KBanidpikoBaHMX CMOPTCMEHIB 338 YMOB iHTEHCUMBHUX
di3MYHUX HaBaHTarkeHb» (NQ aepkaBHOI peecTpaLii
0120U103004), «Bnane eHAOrEHHMX Ta EK30reHHMX daK-
TopiB Ha nepebir aganTauiiHMX peakLiil opraHismy Ao
di3VYHMX HaBaHTaXKeHb pi3HOT iHTeHcMBHOCTI» (Ne aep-
»aBHOI peecTpauii 0121U108187).

Bcryn.

CnopT BULLMX AOCATHEHb XapaKTepPU3YETbCA BENKU-
MW BUTPaTaMu eHeprii Ha Gi3nyHy aKTMBHICTb. Y KBanidi-
KOBaHMX CMOPTCMEHIB BOHM YacTo cTaHoBaAaTb 1000-2000
KKan, a nig 4ac iHTEHCMBHOI TPEHYBA/IbHOI Ta 3MaraabHoOiI
AiAnbHOCTI A06OBI €HeproBUTPaTU MOXKYTb NepeBuLLy-
BaTK 10000 Kkan [1, 2]. Tomy BKpai BaK/JIMBUM € KOM-
neHcaLis eHeproBUTPAT 3a PaxyHOK AJETU 3 aleKBAaTHO
KaZIoOPiMHICTIO, OCKiNbKM paLioHanbHe XapyyBaHHA € Ha-
308UM daKTOpOM 3abe3neyeHHnA NPoLECiB BiAHOBAEHHS.

TouHe BU3HauYeHHA A060BUX eHeproBuTpaT noTpebye
HasABHOCTI AOPOroro obsagHaHHA Ta € CKNagHUM 3 opra-
Hi3auiMHOT TOUYKM 30py, TOMY B CMOPTUBHIM AieTonorii, AK
iy KNiHiYHI pieTonorii, € nowWMpeHUM BU3HAYEHHA eHep-
rOBUTPAT PO3PaxXyHKOBMM METOAOM (33 OMOMOroH Koe-
diujeHTiB pisnyHOI aKTMBHOCTI ab0 MeTaboniuHMX eKBiBa-
neHTiB AianbHocTi) [1]. Mpu ubomy 6a30BMM NapaMeTpPom
€ eHeproBUTPaTH y cTaHi cnokoto (EBC) — ue miHimanbHa
KiNIbKiCTb eHeprii, Lo HeobxigHa ana 3abe3neyeHHs XKUT-

TEQIANBHOCTI OpraHiamy (NpoueciB AUXaHHSA, LMPKyAaALii
KpoBi, GYHKLi BUAINEHHA, 306epeKeHHs TOHYCy M’A3iB,
AiANbHOCTI HePBOBOI Ta eHAOKPUHHOI crcTemu Tow) [3].

30/10TMM CTaHAApPTOM Yy BM3HaveHHi EBC Hapasi €
Henpsama KanopumeTpis [4]. B ocHOBi meToay NexuTb
PO3paxyHOK BUTPAT eHeprii BiANOBIAHO A0 CNOXMBAHHA
KWUCHIO Ta BUAINEHHA BYIIEKUCIOro rasy. Ha ocHoBi aHa-
Ni3y ra30BOro cKnAazy NoBiTPsA, LLO BAMXAETHCA TA BUAMXY-
€TbCA, PO3PaAX0OBYIOTb NPOAYKLito Tensa. [laHa meTogmnKa
notpebye HaABHOCTI crneujanbHoro obaagHaHHA Ta [o-
cuTb baraTo Yacy 419 NpoBeLeHHA BUMiPIOBaHb, TOMY He
€ JOCTYMNHO A/1A LIMPOKOIo BUKOPUCTaHHSA [5, 6]. Yepes
ue 6ynmn pospobneHi ymcneHHi popmynm, siKi Ha OCHOBI
NeBHWX CTaHZAPTHUX NapameTpiB (BiK, CTaTb, LOBXKUHA Ta
Maca Tina ToLW0) AONOMaratoTb PO3pPaxyBaT OCHOBHWUM
06MiH. OcKinbKky Ui popmMynmn € eKcTpanonaujieto ycepea-
HEHWX 3arasibHO MONYNALIMHUX AAHWX BIANOBIAHO A0
po3mipis Tina, cTati Ta BiKY, BOHM He BPAXOBYIOTb iHAM-
BiZlyaZIbHMX NapaMeTpiB, AKi YNHATb BMNIMB HA OCHOBHMWI
0BMiH (KiNbKiCTb M’A30BOI Macu, TOPMOHaNbHWIA CTaTycC
Towo) [3, 5]. AocniaHMKK, AKi 3aiMMatoTbCA MUTAHHAMM
BaNigauii icHyrounx dopmyn, 3a3HavatoTh, LLO UMM BinbLu
cneumdiyHow € BMBIPKa, TUM BaXK/IMBilLE BUKOPUCTOBY-
BaTu popmynu, AKi bynum po3pobseHi Ha NnoaibHUxX BUbGip-
Kax [7, 8].

MiK TUM, 8OCUTb PO3MNOBCHOAKEHUM Y CMIOPTUBHIN -
€To/I0rii € 3aCTOCYBaHHA i 3ara/JibHO NonynAuinHUX dop-
MY/, TaknX K dopmyna Mapica-beHeamkta abo MiddniHa
[1, 9]. Popmynu, sKki Bynn po3pobneHi 4ns CNOPTCMEHIB,
3 ogHoro 60Ky MeHL Bigomi, a 3 iHWoro 6ynun pospobe-
Hi Ha OCHOBI BiAHOCHO HEBE/IMKMUX BUBIPOK i YacTo 3 Ao-

ISSN 2077-4214. Bichuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)

465



CNOPTUBHA MEAULMUHA / SPORT MEDICINE

CUTb 3MiLLAHMM CKNAZ,0M CNOPTCMEHIB 3a rpynamu BUAIB
cnopty. Tak, Ans po3paxyHKy opmynu morun 6ytm Bu-
KOPWUCTaHI y3arasibHeHi AaHi Wwoao GakTMYHO BUMIPSHMX
EBC y cnopTcmeHiB 3 pisHux rpyn Buais cnopty [10], wo,
Ha Halwy AYMKY, BMJMBAE Ha iX PeIeBAHTHICTb A1 BUKO-
PUCTaHHA ONA CMOPTCMEHIB i3 KOXHOI rpynu BMUAiB cnop-
TY OKPEeMO Yepes 3HaYHi BigMIHHOCTI y KOMNO3ULiNHOMY
CKNagj Tina MK npeacTaBHUKAMK Pi3HUX TPyn BUAiB
crnoprTy.

Cnif, TakoXK 3BaXKaTM Ha Te, WO couio-gemorpadiy-
Hi 0COBAMBOCTI HacesIeHHA MatoTb BM/IMB Ha BEUYUHY
€HeproBMTPAT y CTaHi CNoKoto [3], Tomy HalKpalle obu-
paTu dopmynun, sKi 6ynmn pospobneHi abo nposanigoBaHi
Ha MAKCMMa/IbHO CXOXMUX 3@ PEerioHOM MPOXMBAHHA MO-
nynsauisx. Jo uboro yacy B YKpaiHCbKi HayLi BiACyTHI A0-
cnigyxeHHA EBC KBanipikoBaHWX CNOPTCMEHIB A5 BU3HA-
YeHHA Halbinblw peneBaHTHUX GOPMYN ANA PO3PAXYHKY
€HeproBMTPaT y CTaHi CNOKOIO B CMOPTUBHIM NMPAKTULL.

Merta gocnigKeHHs.

BusHaueHHA Halbinbw BignosiaHux dopmyn ana
PO3paxyHKy eHeproBMTPaT y CTaHi CMOKot Yy KBanidiko-
BaHMX YKPAIHCbKMX CMOPTCMEHIB LWAAXOM CMiBCTAB/IEHHA
PO3PaxyHKOBMX NMOKA3HWKIB 3 BUMIPAHUMU 3HAYEHHAMM.

06’eKT i meTOaM pJOCNigKEHHA.

JocnipgxeHHa npoBoauanca Ha 6asi JepKaBHOro Ha-
YKOBO-A0CNIAHOrO iHCTUTYTY di3UYHOI KyAbTypK i cnopTy
y 2019-2021 pokax. byno 3gajlicHeHo 93 gocnigKeHHs aH-
TPOMNOMETPUYHMX NapaMeTpiB (JOBKMHA Ta maca Tina) Ta
€HEeproBUTPaAT Yy CTaHi CMOKO Y CMOPTCMEHIB Bikom 18-35
POKiB (cepeaHili BiK: Yyonosikn 23,2+0,6 POKiB, *KiHKM —
24,3 +0,8 pokiB), AKi € YneHamM HaLioHaNbHUX 36ipHMX
KOMaHZA, YKpaiHM 3 BWAiB CMOPTY 3 MepeBakHUM Mpo-
ABOM BUTPMBANOCTI.

Cepef, HUX: CNOPTCMEHM YonoBivoi cTaTi (n=62) Ha-
CTYMHUX BUAIB CNOPTY: BEC/lyBaHHA akagemiyHe (n=14),
cyyacHe n’atmbopctBo (n=9), TpuatioH (n=3), GiaTnoH
(n=29), BecnyBaHHA Ha KaHoe (n=4), Bec/1yBaHHA Ha ban-
napkax (n=2); cnoptcmeHn xiHouoi ctaTi (n=31) HacTyn-
HWX BUAIB CMOPTY: BECNYyBaHHA akagemiyHe (n=8), Becay-
BaHHA Ha banpgapKax (n=3), cyyacHe n’atmbopcTeo (N=2),
TpMatnoH (n=7), 6iatnoH (n=11).

JocnigykeHHA NnpoBoAnAM 3paHKy HaTwe, A0 TPeHy-
BaHb. [licns BMMiptoBaHHA AOBXUHKM Ta Macu Tina (Tanita
BC-545, Omron, AnoHis) 3ailcHIOBaAN BUMIpPHOBAHHA
€HeproBMTPaT Yy CTaHi CMOKO Y MOJIOXKEHHI SIeKayun Ha
CNWHI NpoTArom 15 XxBUIMH METoA0M HENpPAMOI Kanopw-
meTpii (Fitmate, Cosmed, Itanis), BM3Hayaoum Ao60BI
€HEepProBMTPaTH y CTaHi CNokKoto (Kkan/goba).

Jocnia)eHHA npoBeAeHO BigNOBIAHO 4O OCHOBHMX
6ioeTMuyHMX HOpM [enbCiHCbKOI AeKknapauii BcecBiTHbOI
MeOMYHOI acouiaLii MPO €TUYHI NPUHUMNK NPOBEAEHHSA
HayKoBO-meau4yHUX gocnigxeHb (2000, 3 nonpaBKamwu
2008), YHiBepcanbHoi Aeknapauii 3 6ioeTMKM Ta npas

Tabnuua 1 — AHTpOoNoOMeTpUYHI NOKa3HUKMU Ta eHEeProBUTPaTH
B CTaHi CNOKOIO 06CTEKeHUX CNOPTCMEHIB

noanHn (1997), KoHseHuii Pagy EBponu 3 npas NoAnHN
Ta 6iomegmumHu (1997). KoxKeH y4acHUK AOCNiAXKeHHA
HaZaB NMCbMOBY iIHGOPMOBAHY 3roAy Ha yyacTb y A0CAi-
OXKEHHI.

ObpobKa OTPMMaAHMX OAHUX BUKOHyBanaca OKpe-
MO A/1A YONOBIKIB Ta MKIHOK 3 3aCTOCYBaHHAM HacTyn-
HUX CTaTUCTUYHUX METOZIB: BU3HAYEHHA CepeaHboro Ta
CTaHAAPTHOI MOMW/IKM CepeaHboro, nepesipka Ha Hop-
MaJIbHICTb PO3MN0AiNy AaHWX 3a KpuTtepiem LLanipo-Yinka,
BM3HAYeHHSA 3HAYyLWOCTi BigmiHHOCTeM mix EBC y yonosi-
KiB Ta XiHOK — U-KpuTtepit MaHa-YiTHi.

Ona nopiBHAHHA GaKTUYHUX €HEeproBUTPAT Yy CTaHi
CMOKo0 (EBC¢M) Ta pPO3pPaxoBaHMX 3a AOMNOMOroto ¢op-
MYN Ha NiacTaBsi aHanisy nitepaTypu 3a Temot AocChi-
OKeHHsA 6yno obpaHo 3 dopmynn, fAKi LUMPOKO BUKO-
pucToBytoTbCA B disionorii ana pospaxyHky EBC y pisHuMx
rpyn HaceNeHHsA, B TOMY YMCAi My CNOPTCMEHIB, Ha OCHOBI
NMOKa3HMKIB MacK Ta JOBXMHM Tina, BiKy Ta cTaTi: [apica-
beHeaukTa [11], MiddniHa [12], BcecBiTHbOI opraHisadji
oxopoHu 3a0pos’a (BOO3) [13]. Takox 6ynmn BMbpaHi 3
crneujanbHO po3pobneHi Ans cnopTcmeHis popmyan Ha
OCHOBI TUX CaMMX NoKa3HMKiIB: e JlopeHso [14], TeH Maad
[15], ®peiipe [16].

[na nopiBHAHHA TOYHOCTI GOPMY/N BMKOHYBaNU Ha-
CTYNHe: Ha OCHOBI 3arasbHOMPUMHATOrO B HAYKOBIl Ji-
TepaTypi NiaAXo4y BBAXKATU BiAXMIEHHA MiXK PO3PaXyHKO-
BMMM Ta BUMipAHUMM EBC£10% [0MYCTUMUM, MO KOXKHIM
dopmyni okpemo 6yB nigpaxoBaHWi BiACOTOK afeKBaT-
HWUX 3HadeHb (90-110% Big, dakTnuHKMX EBC), a Takox %
HeAoOoUiHKKN (£89%) Ta nepeouiHKK (2111%) po3paxyH-
KOBMX 3HauyeHb. TaKOX A1 KOXHOI GopMynn OKpemo
6yno BM3HAYeHO KOpiHb i3 cepeAHbOKBAAPATUYHOI MO-
Munkm (KCKM) nopisHAHO 3 BUMipsHUMKM  EBC. 3Hauy-
LLiCTb BiAMIHHOCTEM MiXK BUMIPAHUMMK Ta 0BUYUCAEHMMMU
3a popmynamm 3HaYEHHAMM OLLiHIOBaIN 3@ AOMOMOrOH0
T-KpuTepito BinKoKcoHa AN KOXKHOT GopMy/in OKpemo.

CTaTUCTMUHY 06pO6KY AaHWMX BMKOHYBaAW 3a A0MO-
MOFOH MPOrpamHoro 3abesneyeHHA A8 CTAaTUCTUYHOTO
aHanisy XLSTAT (Lumivero, CLLA).

Pe3ynbrati gocnigKeHb Ta iXx 06roBopeHHs.

CepefHi AaHi yYyacHWKIB AOCNIAXKEHHA HaBedeHi y
Tabnuui 1.

Ha B1cokomy piBHi cTaTUCTUYHOIT 3HavyLocTi (p<0,01)
BMABNEHI BIAMIHHOCTI Mi>K BUMIPAHUMW eHeproBuTpaTa-
MW Yy CTaHi CMOKOIO, @ TAaKOX MiXK AOBXKMHOK Ta MAcoto
Tina cepep CNOPTCMEHIB YOM0BIYOI Ta XKiHOYOI CTaTi.
TaKoX BUABMEHI CTaTUCTUYHO 3HauyLi (p=0,043) BigMiH-
HOCTi MiXK iHAEKCOM Macu Tina y CNOPTCMEHIB Y0/10BIYOI
Ta XiHoyvoi cTaTi.

BigHocHi EBC (kkan\Kr macu Tina) BigpisHAOTbCA He
3Ha4vywo. MNpn LbOMy CNOPTCMEHWM XKiHOYOI CTaTi MaloTb
Aewo 6inblwy CTaHAAPTHY NOMUAKY CEPEAHBOTO, Hi¥X YO-
NnoBikn y abconoTHUxX (KKan/noba) sHa-
YEHHAX eHeproBUTPaT Y CTaHi CMOKOH0,
X04a cepefHi 3Ha4YeHHA LIbOro MokKas-

Mpumitkn: M — cepegHE; m — cTaHAAPTHA NOMUAKA cepeaHboro; MiH. — MiHIManbHe 3HaYeHHs;

Makc — MakcmanbHe 3Ha4YeHHA.

S CnopTcmenn (n=62) CnopTcmeHku (n=31) HWKa y )-KiHOl.( 3HauHo (p<q,01) M(.EHI:IJi,

M+m MiH. | Makc. M+m MiH. | Makc. | HiXX y Yonogiki. Mpu NOpPiIBHAHHI BiA-

[lOBKUHa Tina, M 1,83x0,01 | 1,63 | 2,01 | 1,72#0,02 | 1,59 | 1,97 | HOCHuMX (KKan/kr macu Tina) eHeprosu-
Maca Tina, Kr 78,4+1,40 | 584 | 103,4 | 65,7+1,72 | 48,9 | 951 | TPAT y CTaHi Cnokoto cTaHAapTHa no-
IHAeKe macu Tina, Kr/m? | 23,4+0,28 | 19,7 29,6 | 22,2+0,32 | 19,2 25,8 | MWIKa CeEPEAHBOrO LbOro NMOKasHMKa
EBC,  KKan/noba 2140:47 | 1400 | 3231 | 1772167 | 1351 | 2784 | Y *KIHOK € BUWiM Binbw icToTHO. Mpu
EBC, Kkan/moba/kr | 27,3:0,38 | 18,2 | 33,1 | 26,9t0,63 | 20,0 | 36,4 | UbOMY MaKCKMa/ibHE 3HA4Y€HHA BIA-

HocHux EBC 6yno Takox 3adikcoBaHo
Y CMOPTCMEHOK.
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MopiBHAHHA BUMipsaHMX EBC 3 po3paxoBa-
HUMK 33 gonomoroto Gopmyn 34ilcHIOBaNU

Tabnuusa 2 — MopiBHAHHA GAKTUYUHUX EHEProBUTPAT Y CTaHi
cnokoto 3 obuncneHnmm 3a gonomoroto popmyn

OKPEMO A/18 CNOPTCMEHIB 40/10840i Ta XiHo4Of cac CnopTcmeni (n=62) CnopTcmenky (n=31)
CTaT:M (rabnuus 2). 0.001) pisHi . Mtm MiH. | Makc. Mtm MiH. | Makc.
a Bicokomy (p<0,001) piBHi CTaTUCTHOT [on 0y 2140£47 | 1400 | 3231 | 1772467 | 1351 | 2784
e ro oo o “’";"ng’;';:z‘; Fapic-bereaukr | 1901422 | 1529 | 2281 | 1487+17 | 1314 | 1765
. posp . 'D' MiddniH 181618 | 1494 2114 | 1448+24 | 1213 1848
dopmyn Mapica-beHegukta, MidpdniHa Ta BOO3
I S BOO3 1866+20 | 1573 2261 | 1447+21 | 1215 1687
AK Y YONOBIKiB, TaK i KiHOK. BuaBneHa ctatuc- 3 c 23 2 > 230
TUYHO 3HauyLla BIAMIHHICTD MidK GaKTUUHUMM Ae Nopenso 1986+ 157 >/ | 1741% 144 4
EBC Ta pO3paxoBaHWMK 3a GOPMY/IOI0 TeH TeH laad 2041+20 | 1688 2382 | 1624+25 | 1369 2038
laad y crnopTcmeHis 4onosidoi (p=0,014) Ta Ppevipe 2178+21 | 1842 2579 | 1782+26 | 1518 2198

XKiHoyoi cTaTeit (p=0,012), a TaKOXK Mix EBC,.r
i po3paxoBaHnmun 3a popmynoto e JlopeHso
Yy CrNOpTCMEHIB 4onosivoi craTti. Mpu upomy
cepes CNOPTCMEHOK BiZAMIHHOCTI MiXK EBC¢aKT Ta po3paxo-
BaHMMM 3a dopmynoto [e J/lopeH3o BUABUANCA HeLoCTO-
BipHUMM (p=0,961). BiamiHHOCTI Mixk dopmynoto dpeiipe
Ta GAKTUYHUMW E€HeproBUTPaTaMm Yy CTaHi CMOKOK BU-
ABUINCA HEAOCTOBIPHUMU AN CMOPTCMEHIB Y0M0BiYOi
(p=0,232) Ta KiHouoi cTaTi (p=0,421).

MopiBHAHHA BIACOTKIB TOYHOIO PO3PAXYHKY TaKOXK
NPOBOAMNAN AN CNOPTCMEHIB YON0BIYOI Ta KiHOYOI CTaTi
oKpemo (Tabnuua 3).

Hali6inbwmnin BiACOTOK NOTPansHHA B AjanasoH Ko-
PEKTHOro pPO3paxyHKy cepes ChOPTCMEHIB 4Y0N0BIYOI
cTaTi BusBneHo y ¢opmynu ®peipe, a y *KiHoK —y dop-
mynu e JTopeH30, AKa TaKOXK MaE HaHUKYMIA KOPiHb i3
cepeaHbOKBAAPATUYHOI MOMUIIKM.

3aranbHo nonynauiiHi dopmynu (fapica-beHeamnKkTa,
MiddniHa, BOO3) matoTb HaMBULLi BiZCOTKM HEAOOLHKM
€HeproBMTPaT Yy CTaHi CMOKOI y CropTcmeHiB 060X cTa-
Ten. Cepef, CMOPTCMEHiB 060X cTaTein HaiMeHLW W Bico-
TOK HegooUuiHKM EBC y dopmynn dpeiipe.

Y BCix NpoBanifoBaHnx GopMyn KOpeHsb i3 cepegHbo-
KBagpaTUYHOI MOMWUAKM ByB y AianasoHi 12-13% Big, dak-
TUYHUX CepesHiIX EHeproBUTPAT y CTaHi CMOKOH Y YONOBI-
KiB Ta 14-15% —y XiHOK.

BuaBneHi HaMKW AOCTOBIPHI BiAMIHHOCTI MiXK daKTMu-
HUMW €HeproBMTPATaMM y CTaHi CMOKO Y CMOPTCMEHIB
YO/10BIYOI Ta XKiHOYOI CTaTel, Lo 3HMKaOTb NPKU Nepepa-
XYHKY €HeproBuTpaT Ha Kr Macu Tina, 36iratotbea 3 AaHu-
MW JocnigHvKa [xkarim Ta ioro Koner [17] wopo crate-
BMx ocobnmeoctelt EBC y cnopTcmeHis.

EBC y ob6cTeXXeHMX HaMMK KiHOK-CMOPTCMEHOK Big-
3HAYalTbCA 3HAYHMM Aiana3oHOM 3HaveHb. CyvacHi go-
CNiOHWKM 333HAYatoThb, WO OCKiNbKM dasa MeHcTpyasib-
HOro UMKAy mae Bname Ha EBC i B pi3Hi ¢pasm umkny EBC
MOMYTb BigpisHATUCA [18], To icHye noTpeba B cTaHAap-
TM3aLii BuMiptoBaHb EBC y »KiHOK-CMOPTCMEHOK 3 ypaxy-
BaHHAM $a3n meHcTpyanbHoro umkay [1]. Lle
€ CKMagHMM MUTAHHAM SIK 3 OpraHisauinHoi,
TaK i 3 METOA0/10rYHOT TOYKM 30pPY, BPaxoByHo-
YN MOMK/IUBICTb BUHUKHEHHA MOpPYLUEHb MEH-

Mpumitkn: M — cepegHe; m — cTaHAAPTHA MOMUIIKA cepeaHboro; MiH. — MiHimanbHe
3Ha4yeHHA; MaKc — MaKCMManbHe 3Ha4YeHHs.

myn MiddniHa i BOO3. Mpu ubomy aBTOpPM 3a3HaYatoTh,
wo c¢opmyna lapica-beHegnKTa Mae Kpalli MOKasHW-
KM TOYHOCTI i 3aranom moxke ByTV BMKOpUCTaHa cepeg,
cnopTcmeHis. Mu nos’A3yemo Le 3 TUM, WO JaHe Ao-
cnigpKeHHA ABnAe coboto ornag, 3 meTa-aHani3om Ta y3a-
rasibHIOE pe3ynbTaTM AOCNiAXKeHb AKi npoBoAnaocA 3a
Yy4acTi CNOPTCMEHIB Pi3HOro piBHA MiArOTOBAEHOCTI, B
TOMY YMCAi aMaTopiB Ta TUX, XTO 3aMAETLCA CMOPTOM 3
0310POBYOI0 METOHO.

MiX TUM, CNOPT BULLMX AOCATHEHb XapaKTepU3yeTb-
€A 3HAYHMMM i3i0NOMNIYHMMM 3MiHAMK Yy CNOPTCMEHIB, B
TOMY YMCAi | HA piBHI meTabonismy. [locnigxkeHHA banui
[9] Ta Ppeiipe [16] 3a yuacTi BMCOKOKBanidiKoBaHUX
CMOPTCMEHIB TaKOX BMABMAN, WO popmyna Mapica-beHe-
[OVKTa HeJoOoUHI0€E cnpaBXHi EBC y cnopTcmeHis.

Mpu ubomy gocniaxkeHHa [espim-JlaHnip 3 Koneramm
[20] BusiBUAM, WO cepes KBanidikoBaHMX CMOPTCMEHIB
BMAIB CMOPTY Ha BUTPMBAICTb HaMbiNbLl TOYHOH BU-
asunaca ¢opmyna MiddniHa. Le BoueBnab nos’a3aHo 3
TUM, WO B LpOMY AOCAIAXKEHHI 6pann yyacTb cnopTcme-
HW 3 YNbTPa-A0BMUX AUCTaHLi TPUATNOHY Ta MapadoHy,
AKi MatoTb 3HAYHI BIAMIHHOCTI Y KOMNO3WLiAHOMY CK/a-
Ai Tina Bi4 NpeAcTaBHMKIB MEHLW TPUBANNX CMOPTUBHUX
ANCUUNNIH.

UWono dopmyn gns pospaxyHKy EBC, po3pobneHmx
ONA CMOPTCMEHIB, OTPMMaHi HaMK pe3ynbTaTh Bigpi3HA-
I0TbCA BiZ, AaHWUX ornaay AocnigHuka O'Hin 3 Koneramu
[8] me Haimkpawoto popmynoto ana nigpaxyHky EBCy
cropTcmeHiB 0box ctaTelt BU3HaHO dopmyny TeH aad.
Takox uto Gopmyny pekomeHAyHTb BMKOPUCTOBYBATU
AN1A CNOPTCMEHIB i 3a pe3ynbTaTamu oragy MapTiHro 3
Koneramu [7].

B Hawomy aocnigeHHi dopmyna TeH Naad nokasana
BULLIM BiACOTOK KOPEKTHOrO PO3PaxyHKy NOPIBHAHO 3 3a-
rasibHO NONyNALIKHUMK GOPMyIaMM, MPOTE NOCTYMNAETb-
csa dopmyni Gpeiipe y Yonosikie Ta [e JIopeH30 Yy *KiHOK.

Ta6bnuua 3 — KopeKTHUi1 po3paxyHOK, NnepeouiHKa Ta
HeAOOLHKa po3paxyHKoBUX popmMyn NOPIiBHAHO 3
$aKTUUHMMM eHeproBUTPaTaMM Y CTaHi CNOKOK

CTPYaNbHOIO LMKAY Y BUCOKOKBAsiiKOBAHMX CnoptcmeHm (n=62) CnopTtcmeHku (n=31)
cropTcmeHok [19]. ®opMyna oo THO, %] HO, %] KCKM | KP, % | 1O, %] HO, %] KCKM
BusBneHi HaMK pe3ynbTath WOAO BIANO- | fapic-BeHeaunKT 44 | 3 53 | 257 | 45 0 55 | 261
BiAHOCTI po3paxyHKy EBC 3a fonomoroto ¢op- | Migdnin 32 | 3 | 65 | 259 | 35 | 0o | 65 | 254
MY/l aKTya/IbHUM 3Ha4YeHHAM eHeprosuTpaT Y [poo3 37 5 58 | 272 | 35 0 65 | 251
CTaHi CMOKOo MIATBEPAXKYIOTb AaHI MapTiHIo 3 [ 6 hens0 48 | 15 | 37 | 261 | 58 | 23 | 19 | 243
Koneramu [7] wo dopmynn Tapica-beHeankTa, [ o 55 | 18 | 27 | 263 | 48 | 17 | 35 | 262
MiddniHa Ta BOO3 matoTb TeHAEHLi0 A0 He- Opetipe 61 26 13 | 257 | a5 39 16 | 265

poouiHku EBCy cnoptcmeHis.
Lle Takox 3biraeTbca 3 pesyabraTtamu O0-

(>111% EBC
cnigxeHHa O'Hin 3 koneramu [8] woao dop-

pakr

KBagpaTUYHOI MOMUAKM.

Mpumitkn: KP — KopeKTHuIA po3paxyHok (90-110% EBCWT); MO — nepeouiHka EBC

); HO — HepooujiHka EBC (<89% EBC, ); KCKIM — KopiHb i3 cepefHbo-

dakr
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Mwu nos’sasyemo Le 3 cneumdikoto Hawoi BUBIpKKM, a came
OOHOPIAHOCTIO 33 pPiBHEM NiATOTOBKW CNOPTCMEHIB (BCi
YYaCTHUKM HALIOro [AOCNIAMKEHHA € KBanidikoBaHMMMK
CNOPTCMEHAMM MiXKHApPOAHOro PiBHA) Ta 3a BUAAMM

Ba/liCTb Mi*KHapOAHOro PiBHA HaMbiNbL TOYHOW cepes,
PO3MAHYTUX Y LbOMY AOCNIAMKEHHI dopMmyn BuABMAACA
dopmyna dpelipe Ans CNOPTCMEHIB Y00BIYOI cTaTi Ta
dopmyna [le JlopeH30 — AnA CNOPTCMEHIB *KiHOYOI cTaTi.

cnopty (BMAM CNOpTy 3 NEpeBa’KHUM MPOSBOM BUTPU-
BanocTi). ®opmyna TeH Maad byna pospobneHa 3a yyacTi
CMOPTCMEHIB, WO 3aiMaloTbCA CMOPTOM 3 0340POBYOHD
meToto, a dopmynun dpeipe i Oe JlopeHso 6ynm pospo-
61eHi 3a yyacTi BUCOKOKBaihiKOBaHNX CMIOPTCMEHIB.

BucHoBKkMw.

3aranbHO nonynauinHi  popmynn lapica-beHeamk-
Ta, MipdniHa Ta BOO3 gns po3paxyHKy eHeprosuTpar
Yy CTaHi CMOKOK 3HAYHOK Mipot HepoouiHoTb EBC y
KBaNidhiKoBaHMX CNOPTCMEHIB, TOMY iX He CAif, BUKOPUC-
TOBYBATU AN1A PO3PAXYHKY EHEProBUTPAT Yy CMOPTCMEHIB.
Cepep, yKpaiHCbKMX CMOPTCMEHIB BUAIB CMOPTY Ha BUTPU-

MepcnekTMBM NoAANbLUNX AOCAIAMKEHD.

MepcnekTMBHMM  HANPAMKOM MNOAANbLWIMX  AOCAi-
O)eHb € Banigauia icHytoumMx dopmyn ons po3paxyHKy
€HeproBMTPaT Yy CTaHi CMOKO Y KBanipikoBaHMX cnopTc-
MEHIB LIBWUAKICHO-CUN0BUX, CKNAAHOKOOPANHALINHUX Ta
iHLWWX rpyn BMAIB CNOpPTy. AKTyaNIbHUM 33aBAAHHAM CNop-
TUBHOI HayKU € po3pobKa HOBUX, BifibLl TOUHUX, HopPMyN
Ona pospaxyHky EBC y KBanidpikoBaHWX CNOPTCMEHIB, a
TaKOX CTaHZApPTM3aUiA npoueaypu BumiptoBaHHA EBC
Yy CMOPTCMEHIB XKiHOYOI CTaTi AN YHUKHEHHS MOXMOOK,
nos’A3aHnx 3 Ga30t0 MEHCTPYasIbHOTO LUKAY.
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CMNIBCTAB/NIEHHA ®AKTUYHUX TA PO3PAXOBAHUX 3A AOMOMOIOKO ®OPMY/1 EHEPTOBUTPAT Y CTAHI CMO-
KOO B KBANNI®IKOBAHUX CMTOPTCMEHIB BUAIB CNOPTY 3 NEPEBAXXHUM NPOABOM BUTPUBAJIOCTI

JNowkapbosa €. 0., NMacryxosa B. A.

Pe3tome. BU3HaUYeHHA eHeproBUTPAT CMOKOO € NEPLUMM KPOKOM Npu 064YncieHHi 4060BMX eHeProBUTPaT 3a A0-
NomMoro KoedilieHTiB $i3snUYHOI aKTUBHOCTI abo mMeTaboiuHUX KoedilieHTiB AisNbHOCTI. 3010TUM CTaHAapPTOM ANA
BM3HAYEHHA eHeproBUTPaT Y CTaHi CMOKO € Hempsama KanopumeTpia. OfHaK Uel metog notpebye HaaBHOCTI cne-
LianbHoro obnagHaHHA Ta AOCTaTHbO Yacy 418 NPOBEAEHHA BUMIpOBAHHA. TOMY Ha MPAKTULL YacTo 3aCTOCOBYHOTb
pO3paxyHKoBi popmynn oS BU3HAYEHHA eHEeProBUTPAT Y CTaHi CMOKOK Ha OCHOBi aHTPOMOMETPUYHUX AAHUX, BiKy
Ta cTaTi. MeTot foCniaKeHHA € CniBCTaBNeHHA GaKTUYHUX Ta pO3paxoBaHMX 3a AONOMOroto Gopmys eHeproBuTpaT y
CTaHi CNOKO0 Y KBaNiiKOBaHMX YKPATHCbKMX CMOPTCMEHIB. 11 Lboro 6ynn 3aiicHeHi 93 BumiptoBaHHaA (62 y 4onoBi-
KiB, 31 — y »KiHOK) eHeproBMTPAT y CTaHi CMOKOHO LWIAXOM HernpAMOT KaflopuMeTpIi Y CMOPTCMEHIB, Y/IEHIB HalLiOHa/Ib-
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HUX 36ipHMX KOMaHA, YKpaiHKU 3 BUAIB CMOPTY 3 NepeBBaXKHUM NPOABOM BUTPMBAAOCTI Bikom 18-35 pokiB. DaKTUYHI
3HAYeHHs MOopiBHIOBaAM 3 6 po3paxyHKoBUMMK popmynamu: lapica-beHeankta, MiddniHa, BcecBiTHbOI opraHisauii
oXxopoHu 3a0poB’s, Je JlopeHso, TeH aad Ta Ppeipe okpemo cepes, CNoPTCMEHIB YOI0BIYOT Ta *KiHOYOI cTaTen. byin
BMABNEHI CTaTUCTMYHO 3HAYYLLi Ha BUCOKOMY piBHi (p<0,01) BigMiHHOCTI MiXK eHeproBMUTpaTamMm y CTaHi CNOKoto cepes,
CMOPTCMEHIB Y0/10BIYOI Ta KiHOYOI cTaTi. EHEProBMTPATH y CTaHi crokoto, 0bumcaeHi 3a dopmynamum lMapica-beHegmk-
Ta, MiddniHa, BcecBiTHbOI OpraHisaL,ii OXOpoHM 380p0B’A BiAPI3HATHCA HAa BUCOKOMY PiBHI CTaTUCTUYHOI 3HAYYLLLOCTI
(p<0,01) Big, PpaKTUUHNX EHEPrOBUTPAT Y CTaHI CMOKOO SIK Y YO/IOBIKIB, TaK i *KiHOK. EHEpProBuTpaTh y CTaHi CNokot, 06-
uncneHi 3a bopmynoro TeH Maad CTaTUCTMUHO 3HaYYLLLe BiAPi3HATLCA Big GpakTUUHKX AK y Yonosikis (p=0,014), Tak iy
XiHOK (p=0,012). HeiOCTOBIPHUMM BUSBUAMCA BiAMIHHOCTI MiXX GaKTUUHMMM Ta po3paxoBaHMMK 3a bopmynoto Opeit-
pe eHeproBMUTpaTamM y CTaHi CMIOKOH Y CMOPTCMEHiB YonoBsivoi (p=0,232) Ta *iHouvoi cTaTi (p=0,421). Cepea cnoptcme-
HOK TaKOK HegocToBipHMMM (p=0,961) BUABMAUCA BiAMIHHOCTI MiXK paKTUYHMMM Ta pO3paxoBaHUMM 3a popmysoto e
JlopeH30 eHeproBUTpaTamm y CTaHi CloKoto. Mpu NOpiBHAHHI BiACOTKIB 3 KOPEKTHMM PO3paxyHKoOM (B Mexkax +10% Big,
$aKTUYHMX 3HaYeHb) HanbinbLL TOUYHOM cepes, AocniaxeHux dopmyn BuaBuaaca popmyna Opeiipe cepes YoNoBIKiB
(61% KopeKTHOro po3paxyHky) Ta dopmyna [e JlopeH3o cepes KiHOK (58% KopeKTHOro po3paxyHky). Banigauia pos-
paxyHKoBMX GOPMYN AN BUSHAUYEHHA EHeproBMTPaT y CTaHi Cnokoto byna BnepLue npoBeaeHa cepes, KBanidgikoBaHUX
YKpPaiHCbKMX cnopTcmeHiB. OTpMMaHi pe3ynstaTi [03BONAIOTb 3p0OUTM BUCHOBOK, WO A/17 KOPEKTHOrO 06UYnCIeHHA
€HeproBMTPAT Yy CTaHi CNOKOO B YKPAIHCbKMX CMOPTCMEHIB HE CAiZ BUKOPUCTOBYBATKM 3ara/ibHO NONyAALinHI popmyam
(Fapica-beHegukTa, MiddniHa, BcecBiTHbOT OpraHisaL,ii 0XopoHM 340p0B’A), @ KOPUCTYBATUCA CMeLiabHO po3pobne-
HUMK ONA KBanidpikoBaHMUX cnopTcmeHis dopmynamm (Ppetipe Ta e JlopeHso), AKWO BUMIPIOBaHHA €HEepProBUTpaT y
CTaHi CMOKOH LWAAXOM HENPAMOI KaIOPUMETPIT He € AOCTYNMHUM.

Kntouosi cnoBa: eHeproBMTPaTH y CTaHi CNOKOK, HENPAMA KaslopuMETPIsA, PO3paxyHKOBI Gopmynu, cnopT, BUTPU-
BaicTb.

COMPARISON OF ACTUAL AND PREDICTED RESTING ENERGY EXPENDITURE IN SKILLED ENDURANCE ATHLETES

Loshkarova le. O., Pastukhova V. A.

Abstract. Determination of resting energy expenditure is a crucial initial step in computing total daily energy
expenditure, relying on physical activity coefficients or metabolic equivalents. Indirect calorimetry is the gold standard
for resting energy expenditure measurement, though its application demands specialized equipment and a substantial
time investment. In practical scenarios, prediction equations based on anthropometric data, age, and gender are
often employed to estimate resting energy expenditure. This study compares the measured and predicted resting
energy expenditure in skilled Ukrainian athletes. Ninety-three resting energy expenditure measurements (62 in men,
31 in women) were conducted via indirect calorimetry on athletes aged 18-35, members of Ukraine’s national teams
in endurance sports. The actual values were separately compared against six prediction equations (Harris-Benedict,
Mifflin, World Health Organization, De Lorenzo, ten Haaf, and Freire) for male and female athletes. Statistically
significant differences at a high level (p<0.01) were observed in resting energy expenditure between male and female
athletes. The predicted resting energy expenditure by Harris-Benedict, Mifflin, and World Health Organization equations
differed significantly (p<0.01) from the measured values in both genders. The ten Haaf equation demonstrated a
statistically significant difference from actual values in both male (p=0,014) and female (p=0,012) athletes. However,
differences between measured and predicted resting energy expenditure by the Freire equation were statistically non-
significant in both male (p=0,232) and female (p=0,421) athletes. Among female athletes, the differences using the De
Lorenzo equation were also considered statistically non-significant (p=0,421). Assessing percentages within £10% of
the measured values, the Freire equation among men (61% correct calculation) and the De Lorenzo equation among
women (58% correct calculation) emerged as the most accurate among the examined equations. This study represents
the first-time validation of prediction equations for determining resting energy expenditure in skilled Ukrainian
athletes. The findings suggest that general population prediction equations (Harris-Benedict, Mifflin, World Health
Organization) should be avoided for accurate resting energy expenditure calculations in Ukrainian athletes. Instead,
specialized prediction equations for skilled athletes, such as Freire and De Lorenzo, should be employed when indirect
calorimetry is unavailable.

Key words: resting energy expenditure, indirect calorimetry, prediction equations, sport, endurance.
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