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Abstract

The Resting Metabolic Rate (RMR) is an amount of energy that the body burns at
complete rest and it is necessary for to maintaining the vital functions. It is most
accurately determined by Indirect Calorimetry (IC), a method that measures oxygen
intake and carbon dioxide output in order to estimate energy expenditure. Predictive
equations for RMR are mathematical formulas based on factors such as age, sex, weight
and height. The aim of this study is to compare the accuracy of six commonly used
predictive equations for RMR with its” measured value obtained by indirect calorimetry
in athletes of both genders. Fifty-one male and 39 female athletes from different sports
disciplines were included. The body composition analysis was performed by Bioelectrical
impedance analyzer In Body 720, (Great Britain). RMR was measured by IC using Fit
Mate, COSMED, (Italy) calorimeter. The predictive equations for RMR used for this
study were Harris-Benedict, Mufflin-St Jeor, Katch-McArdle, Cunningham, Henry and
Schofield equation.

Male athletes showed higher values for weight, height, body mass index (BMI) and lean
body mass (LBM) (p<0.05) and significantly lower values for body fat (BF) (p<0.05)
compared to female athletes. All equations predict lower values of RMR, while the
Cunningham equation has the least mean difference compared to measured RMR values.
The equations applied to sports population predict lower RMR values than the real ones.
The Cunningham equation which is based on the LBM is the most appropriate equation
for calculating RMR in the sports population.
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ONIPEAEJYBAIBE HA TOYHOCTA HA IIPEABUIJINBU
PABEHKH 3A METABOJIHA CTAIIKA BO MUPYBAIBE KAJ
CIIOPTHUCTH

Arncrpakr

Merabonmukara cranka Bo MupyBambe (MCM) e KonuurHa Ha €Hepryja mITo TeJI0To ja
COropyBa BO LIEJIOCHO MHUPYBamhe, a € HOTpeOHa 33 OJpXKyBarmbe Ha BUTATHUTE (DYHKIIUH.
HajnpenmsHo ce oapenysa co maaupektHa kanopumerpuja (MK), metox mro ro mepu
BHECOT HAa KHUCIOPOJ W M3JIE30T Ha jarjepoj] IHUOKCHJ CO IeN Ja Ce IPOLECHU
noTpounryBaukata Ha eHepruja. IlpeankruBHuTE paBeHkH 32 MCM ce mMaremaTHUKu
(opMysH KOM ce 3aCHOBaaT Ha (haKTOPH KaKBH LITO C€ BO3pACTa, IOJIOT, TEXKHUHATA U
BucuHaTta. llenra Ha oBa HCTpaKyBame € Ja Ce CIIOpear TOYHOCTA Ha LIECT HajuecTo
KOPUCTEHHM TNPEeIUKTHBHU paBeHKH 3a MCM co m3MepeHara BpeIHOCT A0OMEeHa co
WHIMPEKTHA KaJOpUMETpHja Kaj CIOPTUCTH 0] ABaTa nosa. Bxiydenu ce 51 mamku u 39
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JKEHCKHM CIIOPTUCTH OJ Pa3IMYHU CHOPTCKHM JUCLMIUIMHU. AHanu3aTa Ha TEIECHUOT
COCTaB € U3BpIIECHA CO aHAIM3aTOp Ha OnoenekTpuyHa nmnenanca In Body 720 (Bennka
Bpurannja). MCM e u3mepena co MK kopucrejkn kanopumerap Fit Mate, COSMED
(Uranmuja). [MpeankruBHMTE paBeHkr 32 MCM 1ITO ce KOPHUCTAT 3a 0Ba HCTPAXKYBAHE CE
paBenkute Harris-Benedict, Mufflin-St Jeor, Katch-McArdle, Cunningham, Henry u
Schofield. MamkuTe criopTuCTH MOKaXkaa IIOBHCOKH BPEAHOCTH 3 TEKUHATA, BUCUHATA,
nHAEKCOT Ha TenecHa Maca (U TM) u maca 6e3 macHoTHE (MM) (p<0,05) 1 3HAYUTEITHO
MIOHUCKH BPEAHOCTH 3a MacHata komnoHeHTa (p<0,05) Bo cmopenda co >KEHCKHTE
crnopructd. CuTe paBeHKU MNpenBUAYyBaaT MOHHUCKKM BpegHocty Ha MCM, noneka
paBenkata Ha Cunningam MMa HajMaja cpelHa pasjiHka BO cropenda co M3MepeHUTe
BpenHoctd Ha MCM. PaBeHkuTe MpUMEHETH Ha CIIOPTCKATa MOMYyJIalija IpeIBuIyBaaT
moHUCKY BpenHocTH HAa MCM on peamnurte. PaBenkara Ha Cunningam, koja ce 6a3upa
Ha MM, e HajcoosBeTHaTa 3a npecMeTyBambe Ha MCM kaj criopTckara IomyJiammja.

Knyunu 300poBu: CIIOPTHCTH, TPEIUKTHBHU PaBEHKH, WHAWPEKTHA KaJIOPHUMETpH]ja,
MeTaboJIHa CTaIlka BO MUPYBambE.

Introduction

The accurate evaluation of the total daily energy expenditure (TDEE) is necessary for
determining individual energy requirements. Athletes, people that engage recreational
physical activity, but also a sedentary population need this evaluation in order to create a
nutritional regimen and To monitor its’ effectiveness. Unlike the sedentary population,
athletes have a higher TDEE, which is due to their daily intensive physical activity (1).
Sports nutritionists take measurements all the time to help athletes consume balanced and
adequate amounts of food, which contains enough calories with all macro and
micronutrients in order to maintain their weight with lean body mass (LBM). This will
provide better performance and fast recovery during the whole season. To provide all of
this, nutritionists are aware that their athletes need to be in energetic balance (2).
Depending on the type of diet, if an individual has a reduced protein intake, it can lead to
a decrease in lean muscle mass, which will result in a reduction of the strength (2).
Carbohydrates are the main source of energy at high-intensity intervals in endurance, but
also in strength sports such as boxing, bodybuilding, gymnastics, etc. An adequate intake
of carbohydrates and proteins is necessary to replenish glycogen stores, as well as to
maintain muscle mass and support muscle tissue synthesis (3). Therefore, in order to
preserve muscle mass and optimize strength in athletes, it is essential for the athlete to
follow a diet based on their individual active metabolic rate (training frequency and type)
and resting metabolic rate (RMR).

Indirect Calorimetry (IC) is a method that measures oxygen intake and carbon dioxide
output to estimate energy expenditure and is the most commonly used method for
determination of RMR.

Dating back from the 1970s, portable devices for IC with gas exchanging methods were
available for clinical use. These devices are very accurate with a deviation of only 5%,
although accurate measurement requires standard conditions such as fasting, no physical
activity, lying down, psycho-physical calmness and conditions of the device, such as
proper calibration, resting phase, duration of the test phase (4). The equipment can be
expensive, requires trained personnel, and is time-consuming, making it impractical for
everyday use. Therefore, the calculation of mathematical equations derived from direct
and indirect calorimetry measurements is accepted as the main method for determining

30 Physioacta Vol.15-No.1



DETERMINING THE ACCURACY OF PRED...

individuals' energy needs. The predictive equations are based on easily accessible
physical measurements such as age, sex, height, and weight (5).

Among the first and widely used predictive equations for RMR are the Harris and
Benedict (HB) dating from 1918 and FAO/WHO/UNU equations based on Schofield
database from 1985 (6,7). Many of the predictive equations used today are derived from
an elderly and obese population, and few equations are derived from a young and
physically active population, so these predictive equations would not be appropriate for
athletes.

Mifflin et al., (8) for example have developed the RMR equation using parameters such
as height, weight and sex in obese population. Similar to this Nelson et al. (9) have
developed an equation from previously collected data from obese and non-obese, but
physically inactive populations.

Because of the different body compositions and the level of physical activity at the young
and physically active population, these equations are not accurate and applicable. The
RMR value from these equations compared to the RMR utilized from IC will have a
difference ~ 300 kcal (+/- 10%) (10). One of the reasons for the difference between the
RMR values utilized from the equations and from IC is because of the different body
compositions, especially the high fat free mass (FFM) of athletes compared to the general
population. If the FFM is not taken as a parameter in the equation, when applied to
athletes there will be a difference in the values utilized from the equation and from IC
(11). From this, we can conclude that in the literature there is not enough data pertaining
to the accuracy of the predictive equations for athletes, especially for female athletes.
There are many variations of the predictive equations in relation to physical
characteristics of the population (8,11,12,13,14,15). The RMR value measured with the
use of IC is the necessary information which will help us to find out which equation would
be most accurate for application and therefore for the accurate estimation of the total daily
energy expenditure.

The aim of this study was to compare the estimated values of RMR derived from the most
frequently used predictive equations with the actual RMR values obtained by IC in male
and female athletes.

Material and methods

The study had a cross-sectional design and it was conducted over a one-month period,
from January 15, 2021, to February 15, 2021, at the Institute of Physiology, Faculty of
Medicine, UKIM, Skopje. Fifty-one male and 39 female athletes were included. They
were divided into different types of sports, which included the following: male athletes
(football n=22, handball n=21, fitness n=2 athletics n=2, bicycle n=3 and karate n=1) and
female athletes (athletics n=19, basketball n=1, bicycle n=8, fitness n=4, volleyball n=4,
tennis n=1 and karate n=2). All participants were asked for detailed medical history and
they completed a questionnaire regarding their demographic data, their hygiene and
dietary habits. All participants underwent body composition analysis and RMR
measurements. Prior to the testing, all participants were informed about the details of the
testing and signed informed consent.

All athletes rested and fasted in the last eight hours prior to testing. Initially, they had
their height measured with a stadiometer-CEKA expressed in cm with a reading accuracy
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of up to 1 mm. Body composition analysis was measured with bioelectrical impedance
InBody 720, Great Britain. All participants were asked to wear light-weighted clothes and
to remove all the jewelry and metal objects. The obtained parameters from this testing
included: weight, body mass index (BMI), lean body mass (LBM), percentage body fat
(PBF) and body fat mass/kg (BF).

Resting metabolic rate was measured with the use of Indirect Calorimetry with Fit Mate,
COSMED, (Italy). Respiratory coefficient was set at 0.85 because all participants
consumed a mixed diet, including all the macronutrients (carbs, protein and fats). The
participants were in supine position, calm and awake during the testing in a quiet and
darkened room at normal room temperature and humidity. The duration of the testing was
six minutes. The first minute was the test phase while the breathing frequency and depth
was stabilized.

Physical characteristics and descriptive information for the participants (table 1) were
further used in order to compare the estimated RMR values obtained by six predictive
equations with the RMR values measured by IC. For the purpose of the study, we used
the following RMR predictive equations: Mufflin-St Jeor (8), Cunningham (11), revised
Harris-Benedict (12), Katch-McArdle (13), Henry (14) and Schofield (15) (table 2).

Table 1. Mean values and standard deviations of measured parameters in
athletes.

Parameters Males (n=51) Female (n=39) All (n=90) p-value
Age (years) 24.86 +5,29 26,95 + 4,65 25,76+ 5,10 p=0,055

Height (cm) 183,37+ 10,1 165,17+ 8 175,37+ 13,04 p=0%*

Weight (kg) 82,43+ 15,38 62,145+10,16 73,51+ 16,70 p=0%*
BMI (kg/m ) 24,39+ 2.86 22,52+2,98 23,57+ 3,04 p=0,003*
LBM (kg) 71,01+ 13,59 47,224 5,58 60,55+16,03 p=0,003*

PBF (%) 12,99+ 4,76 228+7,78 17,30+7,92 p=0%*
BF (kg) 10,90+ 5,5 15,13 +7,38 12,76+ 6,70 p=0,002*

*0<0.05
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Table 2. An overview of most frequently used RMR predictive equations

Equation Formula

Revised Harris- Males: 88.362 + (13.397 x weight/kg) + (4.799 % height/cm) -
(5.677 x age)

Benedict Females: 447.593 + (9.247 x weight/kg) + (3.098 height/cm) -
(4.330 x age)
Mufflin-St Jeor Males: (10 x weight/kg) + (6.25 x height/cm) - (5§ x age) + 5
Females: (10 x weight/kg) + (6.25 x height/cm) - (5 xage) - 161
Katch-McArdle 370 + (21.6 x LBM/kg)
Cunningham 500 + (22 x LBM/kg)

Males: 10-18 age = 18.4 x weight/kg+581
18-30 age =16.0 x weight/kg+545
31-60 age =14.2 x weight/kg+593
Henry >60 age = 13.5 x weight/kg +514
Females: 10-18 age = 11.1 x weight/kg+761
18-30 age =13.1 x weight/kg+558
31-60 age =9.7x weight/kg +694
> 60 age = 10.1 x weight/kg +569
Males: 10-18 age = 17.686 x weight/kg + 658.2
18-30 age =15.057 x weight/kg+ 692.2
31-60 age =11.472 x weight/kg+ 873.1
>60 age = 11.711 x weight/kg + 587.7
Schofield Females: 10-18 age =13.384 xweight/kg + 692.6
18-30 age =14.818 xweight/kg + 486.6
31-60 age =8.126 xweight/kg + 845.6
>60 age = 9.082 x weight/kg + 658.5

kg- kilograms, cm-centimeters, LBM-lean body mass

Statistical analysis

Statistical analysis was performed in statistical programs Statistica 7.1 for Windows and
SPSS 23.01. For the numerical series (weight, height, fat mass, lean body mass, BMI, fat
mass, RMR) Descriptive Statistics (Mean; Std.Deviation; +95,00%CI; Median;
Minimum; Maximum) was applied. The difference between two values of the obtained
data according to sex was analyzed with t- test, independent, by groups (t / p) according
to distribution of the values. The correlation between two variables was performed by
means of utilizing the Pearson's correlation coefficient (r) and Spearman Rank Order R
(R), depending on the distribution of the data. Significance was determined at p<0.05.

Results

As can be seen from table 1, male athletes showed higher values for height, weight, BMI
and LBM (p<0,05) and significantly lower values for FM (p< 0,05) compared with female
athletes. (Table 1). The RMR utilized with IC in male athletes was significantly higher

when compared to all RMR predictive equations. The Cunningham (11) equation had the
smallest mean difference of 152 kcal (table 3).

Physioacta Vol.15-No.1 33



M Nestorova Brazhanska at al.

Table 3. Comparison between RMR values from IC and from predictive
equations in male athletes.

Male (n=51) p-value Mean difference

RMR (IC) 2214 + 346 kcal/day

Revised Harris-Benedict 1931+ 245 kcal/day | p<0.05* 282
Mufflin-St Jeor 1852+ 206 kcal/day | p<0.05* 361
Katch-McArdle 1903+293 kcal/day p<0.05* 310
Cunningham 20624299 kcal/day p<0.05* 152
Henry 1788+237 kcal/day p<0.05* 425
Schofield 18474208 kcal/day p<0.05* 366

RMR- resting metabolic rate, IC-indirect calorimetry
Mean+ SD; * statistical significance between RMR value from predictive equations and IC (p<0.05)

In female athletes, all the RMR predictive equations also underestimated RMR value
utilized by IC. All equations have statistically lower values for RMR compared to RMR
utilized by |IC, but Cunningham equation (11) has the lowest mean difference of 91 kcal,
while the other equations have much lower values (table 4).

Table 4. Comparison between RMR values from IC and from predictive
equations in female athletes.

Females (n=39) p-value Mean difference

RMR (IC) 16324264 kcal/day

Revised Harris-Benedict 1421+ 114 kcal/day | p<0.05* 210

Mufflin-St Jeor 1365+ 142 kcal/day | p<0.05* 266
Katch-McArdle 1903+293 kcal/day p<0.05* 240
Cunningham 1392+121 kcal/day p<0.05* 91

Henry 1541+123 kcal/day p<0.05* 276

Schofield 1356+132 kcal/day p<0.05* 232

RMR- resting metabolic rate, IC-indirect calorimetry
Mean+ SD; * statistical significance between RMR value from predictive quotations and IC (p<0.05)
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Discussion

The aim of this study was to compare RMR obtained by IC and RMR estimated by the
predictive equation, and to find out which equation is the most suitable for accurate
prediction of RMR in athletes from both sexes. The results showed that all RMR
predictive equations from both sexes underestimate the RMR value measured by IC, and
that the Cunnigham equation had the lowest mean difference, which made it the most
accurate. The reason for that can be because the Cunnigham equation includes parameters
like LBM.

Athletes tend to have higher skeletal muscle mass and lean body mass compared to the
general population. High muscle mass and therefore LBM have high positive correlation
with RMR and give plenty of variations in RMR value. Due to this the Cunnigham
equation is the most accurate equation for prediction of RMR in athletes (10,11,16,17).
Lean body mass has a major impact on the energy requirements (18). Webb (18) has
found a strong positive correlation between 24-hour energy expenditure at rest and LBM
in males and females. Cunningham et al. (11) have discovered that the LBM is the major
factor that has influence on RMR and gives around 70% variations in RMR values.
The Cunningham equation is developed using a cohort group of respondents which were
classified as “active” compared to the respondents of the Harris-Benedict equation (7).

Some of the predictive RMR equations which are developed based on healthy and active
populations also have limitations. For example, De Lorenzo A. (19) has developed an
equation for only male athletes excluding LBM as a parameter. De Oliveira et al (20)
found that the World Health Organization (FAO/WHO/UNU) equation and Harris-
Benedict equation are the most accurate equations for RMR in overweight and obese
populations (7,21).
Weijs et al. (22) found that FAO/WHO/UNU predictive equation (21) is the best predictor
for RMR in adult, underweight hospitalized patients. Ten Haaf et al. (17) has found that
Cunningham equation (11) is most accurate for determining RMR (~10%) in Dutch
recreational male and female athletes. Thompson et al. (10) have discovered that the
Cunningham equation (11) is the best predictor for RMR in endurance athletes at both
sexes. De Lorenzo (19) made an evaluation of several predictive RMR equations and has
discovered that the Harris-Benedict (7) and Cunningham (11) equations are the most
accurate for predicting RMR at fifty-one professional male athletes who are more than
three hours per day active.

Physical activity right before the RMR measurement can lead to increased RMR from
seventy-two up to ninety-six hours after the activity (23,24,25) which explains why there
is a difference between the predicted and measured RMR value. From the obtained
results, we can conclude that all utilized RMR predictive equations will result in
underestimating values compared to real RMR value utilized by IC.

However, for determining the maximal accuracy of the RMR predictive equations we

need a larger group and number of participants with different physiological and
anthropological characteristics at different levels of physical activity.
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Conclusion

All predictive equations used to determine RMR in athletes, resulted in lower values than
the ones measured by IC. Cunningham equation has been shown to accurately predict
RMR in athletic populations as the model is primarily based on LBM.
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