
1

O R I G I N A L  P A P E R

Nofer Institute of Occupational Medicine, Łódź, Poland

International Journal of Occupational Medicine and Environmental Health 2019;32(1):1 – 13
https://doi.org/10.13075/ijomeh.1896.01300

ENERGY EXPENDITURE  
OF ATHLETES’ ENDURANCE AND STRENGTH 
IN THE LIGHT OF  
THE POLISH ENERGY INTAKE STANDARDS
BARBARA FRĄCZEK1, ANDRZEJ GRZELAK2, and ANDRZEJ T. KLIMEK2

University of Physical Education in Krakow, Kraków, Poland
1 Faculty of Physical Education and Sport, Institute of Biomedical Sciences, Department of Sports Medicine  
and Human Nutrition
2 Faculty of Physical Education and Sport, Institute of Biomedical Sciences, Department of Physiology and Biochemistry

Abstract
Objectives: The purpose of the study was to estimate training energy expenditure (TEE) and daily energy expenditure (DEE) in the Polish elite athletes 
engaged in endurance sports and power sports, and to compare their levels with the Polish energy intake standards. Material and Methods: The study 
sample consisted of 30 athletes (15 women and 15 men) whose energy expenditure was estimated based on heart rate monitoring. Results: The mean 
values of DEE obtained for women engaged in endurance sports (WE – women endurance) and power sports (WP – women power) were 3201±533 kcal 
and 3217±554 kcal, respectively. In the group of male athletes, the respective values were 4518±717 kcal for endurance athletes (ME – men endurance) 
and 4459±837 kcal for power athletes (MP – men power). The mean values of TEE for female athletes were 819±240 kcal (WE) and 1047±248 kcal (WP).  
Those obtained for male athletes were significantly higher: 1440±675 kcal (ME) and 1337±331 kcal (MP). Conclusions: Unlike the demands of particu-
lar sport disciplines, an athlete’s sex proved to be a factor causing significant differences between the TEE and DEE of athletes representing different 
sport disciplines. Individual athletes were found to differ significantly in their demand for energy, which in some cases was considerably different from 
what energy intake standards propose. Int J Occup Med Environ Health. 2019;32(1):1 – 13
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INTRODUCTION
Sustainable energy balance is one of the main objectives 
of nutritional support for athletes training to increase 
their exercise capacity. For the balance to be achieved 
and maintained, food energy intake must correspond to 
the current demand for energy. Otherwise, energy balance 
may be disturbed and may lead to unfavorable changes 
in athletes’ body mass (BM), composition and function, 

reducing their capacity to exercise [1–4]. The planning of 
nutritional strategies emphasizing optimal exercise capac-
ity should therefore start with the determination of an 
individual’s energy requirements by estimating his or her 
daily energy expenditure (DEE). The DEE of competitive 
athletes depends to a  great extent on how much energy 
they use during training. Because of the demands of the 
sport discipline and the stage of the training cycle, training  
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Despite the increasing number of international publica-
tions on energy expenditure for athletes representing dif-
ferent sports and events [8,18–20,22–26], only few research 
reports present the real levels of the TEE and DEE for 
Polish competitive athletes. Therefore, this study was un-
dertaken to assess the TEE of Polish competitive athletes 
engaged in different types of endurance and power sports 
with respect to their DEE. Additionally, because the Pol-
ish energy intake standards for persons who are physically 
very active are rather general and thus hinder the planning 
of effective dietary regimes [27], the study has also sought 
to establish the relationship between athletes’ TEE and 
DEE and their sport disciplines, and compared the results 
with the Polish energy intake standards.

MATERIAL AND METHODS
The sample consisted of  30 elite Polish athletes (aged 
20–34 years old; 15 women and 15 men) who were divided 
into 4 groups using the criterion of sex and sport discipline. 
Group  1 (WE – women endurance; N  =  7) included fe-
male athletes engaged in endurance sports (speed skating 
[N  =  3], cross-country skiing, steeplechase, off-road cy-
cling). Group 2 (WP – women power; N = 8) was formed 
of female power athletes (volleyball [N = 2], alpine skiing 
[N  =  2], middle-distance running, sport climbing, tennis, 
kayaking). Group 3 (ME – men endurance; N = 7) includ-
ed male endurance athletes (rowing [N = 2], race walking 
[N  =  2], cross-country skiing, biathlon, off-road cycling). 
Group 4 (MP – men power; N = 8) consisted of male power 
athletes (kayaking [N = 2], middle-distance running, fenc-
ing, speed skating, handball, volleyball, and ice hockey).
The study was carried out during the preparatory period 
of the annual training cycle. The training protocol fol-
lowed by individual athletes was designed in line with the 
demands of their sport, training objectives and the stage of 
the preparatory period.
Before admission into the testing, BM, percent of body 
fat (BF) and fat free mass (FFM) were examined using  

energy expenditure (TEE) may be within the range of 
20–56% of the DEE that in elite athletes may amount 
to  7000  kcal  [2]. The TEE and DEE levels having been 
determined, the optimal energy requirements of an indi-
vidual may be assessed, which are necessary to monitor en-
ergy balance. It is estimated that an adult person regularly 
exceeding the recommended average daily energy intake 
of 2000–3000 kcal by only 3% gains 3–4 kg in weight a year. 
This shows the importance of matching precisely athletes’ 
energy intake with their current energy expenditure.
There are several methods that researchers use to assess 
physical activity and energy expenditure, each having its 
advantages and drawbacks [5–7]. It is considered that the 
most accurate of them are direct calorimetry, the doubly-
labelled water (DLW) method and the indirect calorimetry 
method [5]. Because of their limitations (direct calorimetry 
requires the laboratory setting, indirect calorimetry makes 
the subject wear a  mask connected with a  breathing gas 
analyzer, and the DLW cannot be used for measuring ener-
gy expenditure during short training units) and high costs, 
they are, however, rarely used for measuring the DEE and 
TEE in athletes. 
The heart-rate monitoring method taking advantage of the 
linear relationship between heart rate (HR) and oxygen up-
take (VO2) is used more frequently. It is preferred by many 
researchers because it is relatively accurate, inexpensive 
and readily available, causes little discomfort to the tested 
person and allows the measurements to be made under nat-
ural conditions  [8–21]. Because of these characteristics, it 
was also selected for this study. Accuracy of the HR method 
using the actual maximum oxygen uptake and actual maxi-
mum heart rate was verified, e.g., in the study of Crouter 
et  al.  [16] who stated, that when the predicted values of 
maximum oxygen uptake (VO2max) and maximum heart rate 
(HRmax) were used, the Polar software calculating energy 
expenditure provided a  rough estimate of the EE during 
running, rowing and cycling, but using the actual values for 
VO2max and HRmax reduced the individual error scores.
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The statistical tools used for performing the mathematical 
and statistical analysis of the data and plotting the graphs 
were Microsoft Excel 2010 and Statistica 10.0. Variables 
selected for the analysis were characterized using the fol-
lowing descriptive statistics: arithmetic average (x–), mini-
mal value (min.), maximal value (max) and standard de-
viation (SD). To find out if the values of the analyzed vari-
ables were significantly different between the groups of 
male and female athletes, the Student’s t-test was applied. 
Values that failed to meet its assumptions were subjected 
to the non-parametric Mann-Whitney U test. Differences 
in results obtained for WE, WP, ME and MP were tested 
with ANOVA. The statistically significant differences were 
compared using the Tukey post hoc test. Whenever ANO-
VA assumptions were not met, the Kruskal-Wallis test and 
post hoc multiple comparison tests, the non-parametric 
equivalents of ANOVA, were applied. For all statistical 
tests, values and coefficients the level of statistical signifi-
cance was set at p < 0.05.

RESULTS
The Table 1 contains the values of anthropometric and 
physiological variables characterizing the male and fe-
male participants of the study. The mean BMI of the 
female athletes was 21.4 kg/m2, the mean BM – 63.7 kg,  
including 50.5 kg of lean body mass (LBM), and fat mass 
accounted for  21.2%. Their mean HRmax and VO2max  
recorded during the graded exercise test were 195 bpm 
and 54.2  ml/kg/min, respectively. The mean values of 
most anthropometric variables were slightly higher for 
female power athletes compared with female endur-
ance athletes (except for fat content) but the former had 
lower mean values of HRmax and VO2max. The differences 
were not statistically significant (Table 2). The mean BM 
of male athletes was 75.2 kg (66 kg of LBM and 12.6% 
of BF), mean height – 182 cm and BMI – 22.7 kg/m2. The 
mean HRmax and VO2max were calculated at 196 bpm and 
58.7 ml/kg/min. The mean values of all variables but age, 

a  body composition analyzer Akern BodyComp MF+  
(Italy). Subjects’ BM was measured using a Tanita TBF-300 
(Japan). The study was divided into 2 parts. Participants 
first performed incremental exercise tests to volitional ex-
haustion in the laboratory setting to record their maximum 
oxygen uptake (VO2max) and maximum heart rate (HRmax). 
The testing equipment was selected to match the demands 
of their respective sports. Accordingly, the rowers exercised 
on the Dansprint kayak ergometer. 
The initial workloads of 200 W for men and 100 W for wo
men were increased every 2 min by 30 W. To test the kayak-
ers, the upper body ergometer Cyclus2 was used. The ini-
tial workloads of 50 W for men and 40 W for women were 
adjusted upwards every  2 min by  20 W. The race walkers 
exercised on a treadmill made by HP-Cosmos GmbH. Walk-
ing speed that started with 10 km/h for men and 8 km/h for 
women was increased every 2 min by 1 km/h. After the speed 
of 14 km/h and 12 km/h was achieved, exercise intensity was 
raised every 2 min by increasing the treadmill elevation by 1°. 
The cyclists exercised on the cycloergometer Jaeger ER 900. 
The initial workloads of 100 W for men and 80 W for wo
men were increased every 2 min by 20 W until the tested 
athlete’s failure to maintain the pedaling speed of 60 r/min 

set by the metronome. The other participants performed 
a treadmill test. The initial belt speed of 2.7 m/s for men and  
2.4 m/s for women was increased every 2 min by 0.3 m/s.
The level of respiratory system parameters was recorded 
using the computerized ergospirometer Start-2000-M 
(MES, Poland). Training energy expenditure and the 
DEE were assessed in the study participants by hav-
ing them wear heart rate monitors (Polar Electro, Fin-
land) 24 h/day over a period of 7 days. The devices used 
in the study, RS-400, were provided with the „OwnCal” 
software calculating energy expenditure from variables 
such as sex, age, body height, BM, maximum heart rate 
(HRmax), maximum oxygen uptake (VO2max), and a  level 
of physical activity, and from heart rate monitored on an 
ongoing basis [16].



O R I G I N A L  P A P E R         B. FRĄCZEK ET AL.

IJOMEH 2019;32(1)4

for male and female athletes were significantly different 
(Table 2).
In the Table  3, the minimum and maximum means of 
the TEE and DEE, their SDs, and the differences be-

fat content and maximum oxygen uptake were higher for 
the MP group than for the ME group, but only BMI and 
LBM were found to be significantly different between 
the 2 groups. The values of most variables determined 

Table 1. Anthropometric and physiological indicators for the Polish elite athletes during the preparatory period  
of the annual training cycle in 2013

Group Age
[years]

BH
[cm]

BM
[kg]

BMI
[kg/m2]

BF
[%]

FFM
[kg]

HRmax
[bpm]

VO2max
[ml/kg/min]

Women
WE

M 23.1 172.4 62.9 21.1 22.2 49.2 196.3 55.6
SD 4.98 4.20 4.88 1.51 4.84 4.97 3.95 2.12
min. 20.0 166.0 56.0 18.8 14.6 44.2 188.0 53.4
max 34.0 177.0 70.0 22.9 26.5 57.4 200.0 60.1

WP
M 25.4 172.5 64.5 21.7 20.3 51.7 194.3 53.0
SD 3.81 7.89 5.66 1.42 5.61 3.73 2.92 2.27
min. 20.0 159.0 57.0 18.8 12.9 45.9 189.0 49.1
max 32.0 184.0 73.0 23.6 29.1 56.8 198.0 56.1

Total
M 24.3 172.5 63.7 21.4 21.2 50.5 195.2 54.2
SD 4.39 6.22 5.19 1.43 5.17 4.38 3.47 2.53
min. 20.0 159.0 56.0 18.8 12.9 44.2 188.0 49.1
max 34.0 184.0 73.0 23.6 29.1 57.4 200.0 60.1

Men
ME

M 24.3 181.9 71.4 21.6 13.3 61.9 195.4 61.0
SD 4.92 4.30 4.89 1.09 4.22 5.54 3.87 5.63
min. 21.0 174.0 62.0 20.2 8.1 53.8 189.0 54.3
max 34.0 186.0 76.0 23.5 20.2 70.0 201.0 69.0

MP
M 22.0 182.1 78.5 23.6 12.0 69.6 196.6 56.7
SD 1.07 5.28 7.62 1.55 3.37 5.27 1.85 3.92
min. 20.0 177.0 69.0 21.3 7.0 64.3 193.0 52.8
max 23.0 190.0 94.0 26.6 15.3 80.3 199.0 63.4

Total
M 23.1 182.0 75.2 22.7 12.6 66.0 196.1 58.7
SD 3.51 4.68 7.25 1.67 3.71 6.53 2.91 5.12
min. 20.0 174.0 62.0 20.2 7.0 53.8 189.0 52.8
max 34.0 190.0 94.0 26.6 20.2 80.3 201.0 69.0

BF – body fat; BH – body height; BM – body mass; BMI – body mass index; FFM – fat free mass; HRmax – maximum heart rate; ME – men endurance; 
MP – men power; WE – women endurance; WP – women power; VO2max – maximum oxygen uptake.
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tween the means are shown. Subjects’  7-day TEE 
as well as DEE values were aggregated, so SDs rep-
resented the variability. The female athletes’ DEE 
ranges widely from  1904 kcal to  4958 kcal and its 
mean values amount to  3201±533.84 kcal (WE) and 
3217.4±554.52 kcal  (WP). The relative DEE (per ki-
logram of BM) also shows variations ranging from 
39.7 kcal/kg to  64.9 kcal/kg. With all these differences, 
the mean values of the DEE calculated for the groups 
of female athletes are similar (50.9±7.7 kcal/kg in the 
WE group and 49.4±5.08 kcal/kg in the WP group). The 
statistical analysis did not show the 2 groups to differ sig-
nificantly in the mean DEE (absolute or relative).
The male athletes’ DEE ranges 2529–6208 kcal. Its 
mean values are 4518.9±717.31 kcal (ME) and 4459.3± 
837.58 kcal (MP). The relative DEE varying be-
tween 44.4–76.8 kcal/kg has mean values of  62.9± 
6.80 kcal/kg (ME) and  56.6±11.09 kcal/kg (MP). The 
mean values of the DEE (relative and absolute) calculated 
for the 2 groups are not significantly different.
However, male and female athletes have been found to 
differ from each other. The mean absolute values of the 
DEE are greater for men than for women by around 
1200–1300 kcal, with all differences being statistically 
significant. The relative DEE of the ME group is higher 
by 12 kcal/kg and  13.5 kcal/kg from that obtained for  
the WE and WP groups. In this case, too, the differences 
are statistically significant.
The female athletes’ TEE ranges 360–2363 kcal/24 h. Its 
mean values have been estimated at  819.1±240.29 kcal/ 
24 h (WE) and 1047.2±248.12 kcal/24 h (WP). The differ-
ence of 228 kcal is not statistically significant. The mean 
TEE (per kg of BM and min of training time) is higher 
in the first group (0.137 kcal vs.  0.117 kcal) but the dif-
ference is not statistically significant again. The male 
athletes’ TEE varies from 380 kcal to 3207 kcal, with its 
mean values being slightly higher for the ME group than 
for the MP group in both absolute terms (1440±675 kcal 

G
ro

up

Tr
ain

in
g c

ha
ra

cte
ris

tic
s

En
er

gy
 ex

pe
nd

itu
re

TE
E/

D
EE

[%
]

du
ra

tio
n

[m
in

/24
 h

]

H
R

[b
pm

]
(M

)

H
R m

ax
[%

]

TE
E

D
EE

kc
al

kc
al/

kg
/m

in
kc

al/
24

 h
kc

al/
kg

/24
 h

M
P M

12
1.4

13
2.4

67
.3

1 3
37

.4
0.1

43
4 4

59
.3

56
.6

30
.0

SD
29

.13
10

.65
5.3

4
33

1.4
2

0.0
17

83
7.5

8
11

.09
7.1

0
m

in
.

40
.0

11
1.0

56
.5

47
3

0.1
07

2 5
90

44
.4

22
.5

m
ax

22
6.0

15
6.0

79
.3

2 8
32

0.1
56

6 1
49

76
.8

41
.5

Ab
br

ev
iat

io
ns

 as
 in

 Ta
bl

e 1
.

Ta
bl

e 3
. T

ra
in

in
g e

ne
rg

y e
xp

en
di

tu
re

 (T
EE

), 
da

ily
 en

er
gy

 ex
pe

nd
itu

re
 (D

EE
), 

an
d 

TE
E 

as
 a 

pe
rc

en
ta

ge
 o

f D
EE

 in
 th

e g
ro

up
s o

f m
ale

 an
d 

fe
m

ale
 P

ol
ish

 el
ite

 at
hl

et
es

 
du

rin
g t

he
 p

re
pa

ra
to

ry
 p

er
io

d 
of

 th
e a

nn
ua

l t
ra

in
in

g c
yc

le 
in

 20
13

 – 
co

nt
.



ENERGY EXPENDITURE OF POLISH ATHLETES        O R I G I N A L  P A P E R

IJOMEH 2019;32(1) 7

In the Figure 1, the relations between the TEE and DEE 
of male and female athletes are presented by sport disci-
pline. The mean values of the ratios between the TEE and 
DEE are similar (25.6% [WE], 32.6% [WP], 31.9% [ME] 
and 30% [MP]) and the estimated differences are not sta-
tistically significant (Table 3). As far as individual athletes 
are concerned, the lowest TEE as a percentage share of 

vs. 1337.4±331 kcal) and relative terms (0.166 kcal/kg/min 
vs.  0.143 kcal/kg/min). The differences are not insignifi-
cant in either case.
An analysis did not show factors influencing the energy cost 
of exercise, i.e., the mean duration of training (r = 0.77;  
p < 0.05) and mean heart rate (r = 0.69; p < 0.05) to 
cause significant differences between groups (Table 4).

Table 4. Differences in between-group means training energy expenditure (TEE), daily energy expenditure (DEE), and TEE as 
a percentage of DEE in the groups of male and female Polish elite athletes

Between-
group 

difference

Training characteristics
(M)

Energy expenditure
(M (%)) TEE/DEE

[%]duration
[min/24 h]

HR
[bpm]

HRmax
[%]

TEE DEE

kcal kcal/kg/min kcal kcal/kg/min

WE–WP –41.2 1.9 0.3 –228.1 (–21.8) 0.020 (14.6) –16.4 (–0.5) 1.5 (2.9) –7
ME–MP 9.4 3.3 2.2 102.7 (7.13) 0.023 (13.9) 59.6 (1.3) 6.3 (10) 1.9
ME–WE 25 3.4 2.1 621 (43.1)* 0.029 (17.5) 1 317.9 (29.2)* 12 (19.1)* 6.3
MP–WP –25.6 2.0 0.2 290.2 (21.7)* 0.026 (18.2) 1 241.9 (27.8)* 7.2 (12.7) –2.6
ME–WP –16.2 5.3 2.4 392.9 (27.3)* 0.049 (29.5)* 1 301.5 (28.8)* 13.5 (21.5)* –0.7
MP–WE 15.6 0.1 –0.1 518.3 (38.7)* 0.006 (4.2) 1 258.3 (28.2)* 5.7 (10.1) –2.6

Abbreviations as in Table 1.
* Statistically significant at p < 0.05.
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Figure 1. Training energy expenditure (TEE) and daily energy expenditure (DEE) of the Polish elite athletes by type of sport during 
the preparatory period of the annual training cycle in 2013
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the TEE values for groups of male and female athletes 
shows significant differences between the strength train-
ing TEE of female endurance athletes and the TEE re-
lated to predominantly endurance training in both groups 
of male athletes (p < 0.05) as well as between the mixed 
training TEE estimated for female power athletes and the 
endurance training TEE determined for male endurance 
athletes (p = 0.006).
The values of the DEE were juxtaposed with the Polish 
energy intake standards (Table 5) created for the general 
public  [23] with respect to physical activity levels (PAL) 
of 1.75–2.4, and for athletes representing different sport 
disciplines [2]. The most appropriate for mean DEEs cal-
culated for groups WE and WP proved to be PAL 2.2 of 
the general standards, and for male athletes the PAL 2.4.
The Figure 3 illustrates the numbers and percentages of 
athletes whose mean DEE corresponds best with energy 
intake standards developed for different levels of physical 
activity. For 3 athletes (2 women and 1 man) the PAL 1.75 
standards are the most appropriate, for 2 female athletes 
these are PAL 2.0 standards, and for 5 women and 3 men 

the DEE was determined for a female cross-country skier 
(14.2%) and the highest – for a male athlete in the same 
sport discipline (47.3%).
In the Figure 2, the mean energy expenditures are com-
pared by type of training. The lowest energy cost of train-
ing has been determined for strength training (TS) in the 
group of female endurance athletes (0.1 kcal/kg/min); 
the other groups of female athletes were similar in the 
TS-related energy cost (around  0.121 kcal/kg/min). The 
energy cost of mixed training (TM) for women represent-
ing speed-strength sports amounts to 0.121 kcal/kg/min, so 
it is similar to the energy cost of TS. Its values estimat-
ed for other groups are much higher. The highest value, 
0.168 kcal/kg/min, has been obtained for the WE group. 
The energy cost of endurance training (TE) varies from 
0.143 kcal/kg/min (WE) to  0.171 kcal/kg/min (ME). The 
results of the statistical analysis do not show significant dif-
ferences between the type of training and the TEE in the 
groups of male athletes (ME and MP). As far as female 
athletes are concerned, significant differences between 
the energy cost of TS and TM are noticeable for women 
engaged in endurance sports (WE). The comparison of 

TS TE TM

0.100

0.143

WE WP ME MP

Group

TE
E 

[k
ca

l/k
g/

m
in

]

0.168 0.164 0.160

0.122

0.159

0.121 0.121 0.120

0.171
0.161

0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

TE – endurance training; TM – mixed training with endurance,  
and/or speed and/or strength components; TS – strength training.
Other abbreviations as in Table 1.

Figure 2. Training energy expenditure (TEE) by group and type 
of training in the Polish elite athletes during the preparatory 
period of the annual training cycle in 2013
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PAL 1.75–2.4 – physical activity levels: general energy intake standards 
for persons with moderate and high levels of physical activity; 
SPORT – energy intake standards for the athletes: I) light training 
period, II) intense training period.

Figure 3. Athletes with daily energy expenditure (DEE) best 
matching particular energy intake standards in the Polish elite 
athletes during the preparatory period of the annual training 
cycle in 2013
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the PAL 2.2 standards may be recommended. The DEE 
of most athletes (4 women and 6 men) is best matched by 
energy intake standards for PAL 2.4. In the case of 7 par-
ticipants (2 women and  5 men), standards dedicated to 
athletes are the most suitable.

DISCUSSION
The analysis of individual data reveals significant differ-
ences in the DEE of athletes representing different sport 
disciplines during the preparatory period of the annual 
training cycle. For female athletes it varies from 1904 kcal 
to  4958  kcal and for male athletes – from  2529 kcal to 
6208  kcal. As regards the TEE, the respective ranges 
are 360 kcal and 2363 kcal and 380 kcal and 3207 kcal. The 
ratio of the TEE to DEE takes values 14.2–47.3%. Differ-
ences between individual athletes may be explained through 
many interrelated factors, such as sex, BM, and the special 
requirements of their sport, but also in terms of the stage of 
the preparatory period, training intensity and duration, and 
physical activity during the non-training period.
The mean values of the DEE and TEE were calculated 
with respect to athletes’ sex and sport discipline (requiring 
endurance or power). Sport alone does not significantly 
differentiate male athletes from female athletes, which 
implies that the demands of particular disciplines do not 
influence the absolute means of energy expenditure but 
sex contributes to significant between-sex differences in 
the absolute values of the DEE and TEE (higher in men). 
The probable reason is much greater body height, BM, 
BMI and LBM in the latter. The comparison of male and 
female athletes’ relative DEE and TEE shows that only 
some between-group differences are statistically signifi-
cant. The relative TEE of male endurance athletes is sig-
nificantly higher than that estimated for female athletes 
representing speed-strength sports, and their relative 
DEE significantly exceeds relative DEE obtained for both 
groups of female athletes (by  19.1% [WE] and  21.5% 
[WP]). The differences are probably due to male endur- Ta
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participants ranged  2824–4809 kcal, with weekly means 
of 3417  kcal and  4092 kcal. Both this study and that of 
Bajerska-Jarzębowska et al. [13] provide evidence that de-
pending on the stage of the annual training cycle athletes 
representing the same sport discipline may differ signifi-
cantly in the case of the TEE and DEE and in the ratio 
between them.
As far as international studies are concerned, the study 
of Japanese track and field athletes conducted by Mo-
tonaga et al. [19] is noteworthy. In the study, participants’ 
heart rate was recorded for 24 h/day to assess their dai-
ly and training energy expenditure. The TEE and DEE 
of 6 middle- and long-distance runners aged 19–21 years 
old were measured on days 1, 6, 8 and 10 of an 11-day ob-
servation period during the preparatory cycle. Their mean 
TEE estimated at 2255±658 kcal accounted for 49.3% of 
their DEE. The average daily energy intake amounted 
to 4514±739 kcal/day.
In 2 studies involving Kenyan long-distance runners, par-
ticipants’ DEE was estimated at an average of  3605± 
119 kcal  [28] and  3492±249 kcal  [23]. In other studies 
on endurance athletes (rowers, long-distance swimmers, 
triathlon racers), the mean values of the DEE amounted 
to  4824±773 kcal  [24],  4080±638 kcal  [29], and  3846± 
580 kcal [30]. In this study, the mean DEE of endurance 
athletes was 4518±717 kcal.
The absolute values of the DEE calculated during the pre-
paratory phase of training for female athletes in this study 
are significantly lower (by around 1200–1300 kcal/day) 
from those obtained for male athletes. The authors of in-
ternational studies with female long-distance runners esti-
mated their mean DEE at 2990±415 kcal [31], 2938 kcal 
[32], 2629 kcal  [33], 2467 kcal  [6] and 2099 kcal [34]. In 
this study, the DEE of a female 3000 m steeplechase run-
ner ranged 2023–2743 kcal, with a mean of 2341±336 kcal. 
A  higher mean DEE,  3036±179 kcal, was obtained for 
a female middle-distance runner. Hill and Davis [22] who 
analyzed 7 female rowers aged 20±1.1 years old estimat- 

ance athletes and both groups of female athletes differing 
in BM. The mean BM of athletes in the MP group is great-
er by 14.8 kg and 7.1 kg as compared with female athletes 
and male athletes in the ME group, meaning that their 
relative energy expenditure (per kg of BM) is lower than 
in endurance athletes and insignificantly different from 
that estimated for groups of female athletes. This leads to 
a conclusion that relative energy expenditure, which large-
ly depends on BM, is influenced by an athlete’s sex and 
sport discipline that expects athletes to have specific BM.
Because the mean values of the TEE are not significantly 
different between the groups of both male and female 
athletes it may be concluded that during the preparatory 
phase of training, male and female athletes engaged in en-
durance and power sports have similar levels of the TEE 
(slightly higher for endurance athletes). A probable rea-
son for this similarity is comparable intensity and dura-
tion of their training. The statistical analysis did not find 
these 2 factors, both of which have major influence on 
energy expenditure, to be significantly different between 
groups [3]. For most athletes, strength training and endur-
ance training involved the lowest and highest energy cost, 
respectively.
The findings of this study during the preparatory period 
of the annual training cycle, relate to the results obtained 
by Bajerska-Jarzębowska et al. [13], who estimated energy 
expenditure in 7 Polish race-walkers aged 21 years old in 
the preparatory and competition periods also by monitor-
ing participants’ heart rate for 24 h/day. The mean values 
of the TEE were 2344 kcal and 2073 kcal, respectively, and  
the TEE in relation to the DEE exceeded  50% in both 
periods. The mean DEE was estimated at  4209 kcal 
and 3912 kcal. In this study, which was conducted in the 
preparatory period, 2 race-walkers had the TEE in the 
range of  380–1826 kcal and  556–1485 kcal (the means 
were 717 kcal and 989 kcal), which accounted for 14–38% 
of their DEE (the respective means for the ME group 
were  19%,  24%, and  31.9%). The DEE of the study 
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veloped by Celejowa [2]. In the study of basketball players 
conducted by Silva et al. [25], physical activity levels varied 
from 2.2 to 3.7, with a mean of 2.8±0.4.
The above findings lead to a conclusion that using the gen-
eral energy intake standards created for athletes and/or 
physically active people as the only reference in design-
ing nutritional strategies for athletes may expose the latter 
to energy imbalance problems. Such problems are likely, 
when athletes’ actual demand for energy intake and the 
standards differ significantly from each other. Therefore, 
athletes should be monitored for energy expenditure to 
determine the amount of energy intake they really need.

CONCLUSIONS
Training energy expenditure and the DEE levels proved to 
differ significantly among athletes from different sports as 
well as between athletes in the same sport. This indicates 
the need to monitor the real energy expenditure of indi-
vidual athletes.
The mean absolute values of energy expenditure of male 
and female athletes were not related to the nature of their 
sport. The special demands of particular sport disciplines 
did not cause significant differences between the mean 
DEE of endurance and power athletes.
Male athletes and female athletes engaged in endurance and 
power sports have similar levels of the TEE (with a tenden-
cy for slightly higher levels among endurance athletes).
In most cases, the lowest energy cost was associated with 
strength training and the highest with endurance training.
The mean DEE and TEE differed significantly because of 
athletes’ sex and were higher for male athletes.
Groups of athletes formed according to athletes’ sex and 
the type of sport had significantly different relative energy 
expenditure (in relation to BM).
The mean values of female athletes’ DEE correspond-
ed best to the general daily energy intake standards for 
PAL 2.2. For the male athletes, PAL 2.4 standards were 
the most appropriate.

ed their mean DEE at  3957±1219 kcal. In this study, 
the DEE of female endurance athletes varied between 
2023 kcal and 4958 kcal, with a mean of 3217±554 kcal.
The mean DEE and TEE values that Woodruff and 
Meloche  [26] obtained for the members of the Cana-
dian women’s intercollegiate volleyball team were  3479± 
603 kcal and  511±216 kcal, respectively. Ojrzanowski et 
al. [35] who studied the members of the Academic Sports 
Association of the Academy of Physical Education (Aka-
demicki Związek Sportowy Akademii Wychowania Fizycz-
nego – AZS AWF) in Warsaw (women’s volleyball team) 
estimated their energy cost at 541±99 kcal for a  training 
session of 2 h and 647±126 kcal for a 3-h session. Daily en-
ergy expenditure without basal metabolism proved player-
specific and ranged 900–1800 kcal. In this study, the DEE 
calculated for the women’s premier volleyball league team 
ranged from  2121 kcal (non-training days) to 3829  kcal 
(a  day with  2 training sessions). The mean DEE was 
3233 kcal and average energy cost amounted to 714 kcal, 
with the average duration of a training session of 160 min.
It is quite obvious that sport disciplines have their spe-
cific profiles of physical effort, training and training cycle, 
which may contribute to variations for athletes’ TEE and 
DEE. This study, as well as other studies cited above, 
shows that an athlete’s sex, BM and body composition 
may cause significant differences in the TEE and DEE of 
not only athletes representing different sports, but also be-
tween athletes in the same sport. The stages of the annual 
training cycle that differ in training intensity and volume 
also have a differentiating effect.
The comparison of energy intake standards for PALs pre-
sented by Jarosz  [27] and the actual DEE levels of the 
athletes showed that PAL  2.4 was the most appropriate 
for 10 athletes (4 women and 6 men), PAL 2.2 – for 8 ath-
letes (5 women and 3 men), PAL 2.0 – for 2 female ath-
letes, and PAL 1.75 – for 2 women and 1 men. The DEE 
of the remaining 7 athletes (2 women and 5 men) corre-
sponded best with energy intake standards for athletes de-

http://www.ncbi.nlm.nih.gov/pubmed/?term=Woodruff%2520SJ%255BAuthor%255D&cauthor=true&cauthor_uid=22899818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meloche%2520RD%255BAuthor%255D&cauthor=true&cauthor_uid=22899818
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Energy intake required by individual athletes and the 
recommendations of nutritional standards may be signifi-
cantly different from each other. Using energy intake stan-
dards developed for athletes as the single basis for plan-
ning nutritional strategies carries a risk of miscalculating 
the necessary caloric intake and of occurrence of energy 
imbalance problems.
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