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The objectives of the present study were to determine whether differences in usual physical
activity affect BMR, sleeping energy expenditure (EE), and EE during seated activities between
athletic and non-athletic adolescents, and to establish individual relationships between heart rate
and EE. Adolescenta(49, four groups of eleven to fifteen boys or girls aged 16—19 years)
participated in the study. Body composition was measured by the skinfold-thickness method and
maximum G, consumption (VQnay by a direct method (respiratory gas exchange) on a cyclo-
ergometer. The subjects each spent 36 h in one of two large whole-body calorimeters. They
followed a standardized activity programme including two periods of exercise simulating their
mean weekly physical activities. Fat-free mass (FFM) ¥ daily EE and EE during sleep and
seated activities were significantly higher in athletic than in non-athletic subjects of both sexes.
VO ,mae daily EE and EE during exercise adjusted for FFM were higher in athletic than in non-
athletic adolescent$(< 0001), whereas sleeping EE, BMR and EE during seated activities and
adjusted for FFM were not significantly different between athletic and non-athletic adolescents.
However, sex differences in EE remained significant. Thus, differences in EE between athletic
and non-athletic adolescents resulted mainly from differences in FFM and physical exercise.
Usual activity did not significantly affect energy utilization of substrates. Finally, individual
relationships were computed between heart rate and EE with activity programmes simulating the
usual activities of athletic and non-athletic adolescents with the goal of predicting EE of the same
subjects in free-living conditions.

Adolescents: Athletes: Body composition: Indirect calorimetry: Energy expenditure

Daily energy expenditure (EE) of humans depends mainly direct comparison of daily EE and its main components
on age, sex, body weight and composition, and physical between athletic and non-athletic adolescents in the same
activity. However, fat-free mass (FFM) and physical activ- environmental conditions, or information on EE of athletes
ity are the main determinants of daily EE (Goegtral. 1994; in free-living conditions during their various activities.
Brattebyet al. 1997; Morioet al. 1997). They are influ- Therefore, the objectives of the present study were: (1) to
enced by genetic, nutritional and environmental factors. determine whether differences in usual physical activity
Development of indirect calorimetry, the doubly-labelled affect BMR, sleeping EE, and EE during seated activities
water method, the heart-rate (HR) recording method, and between athletic and non-athletic adolescents, and (2) to
the factorial method have enabled major advances in know-establish precise individual relationships between HR and
ledge of daily EE and its main components in adolescents, EE to enable evaluation of the EE of the subjects in free-

either in controlled conditions (Riepet al. 1993; Molnar & living conditions from HR recordings. EE were measured by
Schutz, 1997; Bitaet al. 1999) or in free-living conditions  whole-body indirect calorimetry over a 24 h period accord-
(Bandiniet al. 1990; Livingstoneet al. 1992; Brattebyet al. ing to a standardized activity programme simulating the

1997, 1998). However, these studies did not provide any mean weekly activities of the subjects.

Abbreviations: EE, energy expenditure; FFM, fat-free mass; HR, heart ratg;}Omaximum oxygen consumption.
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Subjects and methods allowed to use the various pieces of equipment to alleviate
Subjects any concern or apprehension about testing conditions. The

subjects spent 36 h in the calorimetric chambers, from 19.00
Adolescentsr{ 49, four groups of eleven to fifteen boys or hours to 07.00 hours 2 d later: one evening and one night for
girls aged 16—19 years) participated in this study according adaptation to the new environment and for adjustment of gas
to a 2x2 factorial design with sex (boys or girls) and concentrations followed by 24 h of measurements. Smoking
activity (athletic or non-athletic subjects) as variables. The was forbidden. During the 24 h measurement period subjects
subjects were recruited from a high school in Clermont- followed a defined activity programme except for exercise,
Ferrand either in sports-specialized classes for athleteswhich differed according to sex and activity status (athletic
(‘Pole France Athlésme’) or in ordinary classes of the or non-athletic subjects). Subjects awoke at 07.00 hours,
same study level for non-athletic subjects. Before the study BMR was measured from 07.00 hours to 08.00 hours, they
began, the purpose and objectives were carefully explainedgot up at 08.00 hours, and they underwent two periods of
to each subject and his or her parents. Informed consent wasexercises (at 11.00 hours and 16.00 hours) of different inten-
obtained from the adolescents and their parents. The experisities and durations. These two periods of activity were
mental protocol was approved by the National Ethical determined with the help of the subjects and their trainer.
Committee on Human Research for Medical Sciences. All They consisted of successive periods of walking, running on
subjects had a thorough physical examination and a medicala treadmill at various intensities, and physical fitness exer-
history was taken. Only individuals aged 16-19 years, cises (strengthening, stretching, etc.) reflecting the mean
apparently healthy, not suffering from any diagnosed disease weekly physical activities of the subjects (Table 1). This
and under no medication known to influence energy meta- facilitated establishment of the most precise relationships
bolism were included. All trained adolescents were non- between EE and HR in order to predict accurately EE from
smokers and only two non-athletic boys and two non-athletic HR recordings in free-living conditions. Between the exer-
girls were occasional smokers. cise sessions, activities were unstructured and recorded in
a follow-up book by the subjects. They consisted mainly
of seated activities (schoolwork, reading and watching
television). The subjects were not allowed to do any
Height was measured to the nearest 1 mm with an anthro-unplanned exercise. They were offered breakfast at 08.00
pometric plane. Weight was measured to the nearf@&d) hours, lunch at 12.30 hours, snack at 17.40 hours, dinner at
with a portable digital metric scale, which was calibrated by 19.30 hours, and they went to bed at 22.00 hours. Super-
using standard weights. Body composition was determined vision was continuous while subjects were in the calori-
using the skinfold-thickness method. Bicipital, tricipital, metric chambers.

subscapular and suprailiac skinfolds were measured on
each subject with a Harpenden skinfold caliper (Holtain
Ltd, Bryberian, UK) by the same investigator. Fat mass (%)
was estimated from regression equations that took into EE was determined by whole-body indirect calorimetry,
account age and sex (Durnin & Rahaman, 1967). FFM using two large open-circuit calorimetric chambers, com-
was estimated from the difference between measured bodyfortably equipped (Moricet al. 199). Air flow, O, and
weight and estimated body fat mass. Maximum uptake CO, concentration of air entering and leaving the chambers,
(VO-may Was measured by direct method (respiratory gas as well as ambient temperature, relative humidity and atmos-
exchange) in all subjects on a cycloergometer. The subjectspheric pressure were recorded every minute (Vernetral
performed several successive 3 min steps against increasind973). The accuracy of gas exchange measurements was
braking forces until exhaustion. The first step corresponded determined gravimetrically by continuous injection of €O

to 70W. The exercise intensity was then increased by and N, into the chamber (Vermoret al. 1995). The recovery
35W steps. The pedalling frequency was 70 rev./min. was 1012 (sp 18) % for O, and 1014 (sp 19) % for CO,

HR was recorded continuously (Scheller AG, Cardiovit during 6—8 h periods.

CS-6/12, Baar, Switzerland). Oconsumption and C©
production were measured continuously by open-circuit
respirometry and averaged every 30s using an automated
on-line system (Medical Graphics CPX ID, St Paul, MN, EE was calculated from £consumption and C@Oproduc-
USA). The criteria for reaching V&, were RQ > 1M1 tion by using the equation of Weir (1949). EE was calcu-
and a maximal HR close to the theoretical maximum HR lated over periods of 5min during exercise and 30 min for
(220-age (years)). the rest of the day. Data collected over the last 24 h were
used to compute individual polynomial relationships of the
third order (EE (kJ/minFE a+bxHR+cxHR?*+dxHR?)
which gave the best fitin a previous study (Bitaal. 1996).

To compare EE of athletic and non-athletic subjects, EE was
Subjects were admitted to the Human Nutrition Laboratory pooled into five main periods: actual sleep (from 22.00
at 18.00 hours the evening before their metabolic test. Theyhours to 07.00 hours), BMR (from 07.00 hours to 08.00
were fitted with probes for continuous recording of HR by hours), meals (lunch and dinner: 1 h 55 min including two
telemetry (Life Scope 6, Nikon Kohden, Tokyo, Japan), 30-45min periods of eating and two 15—-30 min postpran-
then they were fed dinner in the calorimetric chambers and dial periods of resting), seated activities (9 h 20 min), and

Anthropometric data and physical fithess

Measurement of energy expenditure

Calculation of energy expenditure

Timing of measurements and programme of activities
in the calorimeters
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Table 1. Nature, duration and intensity (% VO nax) Of exercise during the morning and the evening sessions in the whole-body calorimeters
(Mean values and standard deviations)

Boys Girls
Athletic Non-athletic Athletic Non-athletic
% VO ymax % VO pmax % VO ymax % VO smax
Duraton ———— Duraton ——— Duraton ———— Duraton ————
Activity (min) Mean ) (min) Mean  sD (min) Mean SD (min) Mean SD
Morning session
Walking (6 km/h) 15 32 3 20 41 5 15 34 2 20 54 8
Jogging* 20 73 6 0 20 77 2 0
Strengthening 15 38 6 0 15 40 2 0
Stretching 5 21 3 10 32 4 5 22 2 10 30 3
Recovery periods 20 35 20 35
Total 75 65 75 65
Evening session
Jogging*t 10 73 6 15 78 8 10 77 2 15 86 7
Strengthening 20 38 6 15 44 7 20 40 2 15 46 8
Running# 15 96-74 7 0 15 102-77 5 0
Walking (5 km/h) 15 27 3 30 36 4 15 29 2 30 45 7
Stretching 10 21 3 5 32 4 10 22 2 5 30 3
Recovery periods 20 35 20 35
Total 90 100 90 100
Total daily activity 165 165 165 165

*Speed: 11-13km/h and 9—-11 km/h in athletic boys and girls respectively.
T Speed: 9—-10 km/h and 8—9 km/h in non-athletic boys and girls respectively.
1 Speed: successive bouts at 18—12 km/h in athletic boys and 15-10 km/h in athletic girls.

exercise plus recovery periods (2h 45min) (Table 1). Institute Inc., Cary, NC, USA) according to the following

During the recovery periods the subjects freshened them-model: y=p +a gender 3 activity+x genderx activity +

selves up for about 5 min and had seated activities, generallye. The LS MEANS' statement was used to calculate the

watching television. adjusted means. The latter were compared usingrhier’
Mean RQ were computed to examine possible differences option, differences being considered significar at 0[05.

in substrate oxidation between athletic and non-athletic

subjects during sleep, seated activities (including meals), Results

and exercise plus recovery periods. Physical characteristics and body composition of subjects

Statistical analysis Age and physical characteristics of subjects are presented in
Table 2. There were no significant differences between

Data were analysed by ANOVA using PROC GLM of athletic and non-athletic subjects for the various criteria

SAS software (version 6, 1987; Statistical Analysis Systems considered: age, height, body weight, BMI. However,

Table 2. Physical characteristics, body composition and maximal oxygen uptake (VO ,nax) Of subjects
(Lean square means (LS means) with standard errors of LS means)

Boys Girls Statistical significance of
difference between means
Athletic Non-athletic Athletic Non-athletic (ANOVA): P value

LS mean SE LS mean SE LS mean SE LS mean SE Sex Activity  SxA

No. of subjects 15 12 11 11
Age (years) 1732 oz 160% 03 16@° 03 17a® o3 008 0189 002
Height (m) 1798 16 1788 18 1633 138 16301 18 0001 0B6 0B7
Weight (kg 698% 1 650°% 19 55[3 20 5309 20 0mo1 oM1 037
BMI (kg/m?) 216 0B 204 0B 2007 0B 203 0B 039 04 043
Fat-free mass (kg) 623% 13 562° 14 4414 15 419 15 0[0o1 0004 022
Fat mass (%) 106? 0B 120? 0o 194 10 2109 10 0001 0MD4 0B9
VO ymax (litre/min) 3B83* 0m8 201° 009 2[20° 0MD9 183 009 0m01 Omo1 05
VO 2max (MI/min per kg) 553% 12 450° 125 4319° 131 340 131 0001 0001 0B3
Adjusted VO yna (litre/min)*  3@5°2 oao 276" 008 2B9° 000 222 011 0mOo1  Omo1 o4

3¢ Mean values within a row not sharing a common superscript letter were significantly different, P< 0D5.
* Adjusted VO ynax (litre/min), VO ,nax adjusted for fat-free mass.
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height and body weight were significantly higher in boys
than in girls. FFM was significantly affected by usual
physical activity P <0[004) and sexR < 0[001) but the
interaction was not significant. The differences welkkg)

in boys and Bkg in girls. In addition, percentage of fat
mass was significantly lower in athletic than in non-athletic
subjects P =0[04).

Physical capacities

Athletes performed 8-11h physical training (including
competition) per week (B h on average) while non-athletic
subjects performed 1-4 h physical activity per weeld (2

on average). V@ was significantly higher in athletes than
in non-athletic subjectd(< 0001) and in boys than in girls
(P < 0[001), and the interaction was significaift < 0[05;
Table 2). The differences were on averad@lire/min and

0B litre/min in boys and girls respectivelyP  0001).

VO, maxexpressed per kg body weight was also significantly
affected by usual physical activityP(« 0001) and sex
(P<0001) but the interaction was not significant. Simi-
larly, VO,a adjusted for FFM was significantly higher in
athletic than in non-athletic subjectB € 0001) by 25%
and 21% in boys and girls respectively, and in boys than in
girls (P < 0001).

Daily energy expenditure

Daily EE exhibited great variations in each group (Fig. 1).
Daily EE were significantly higher in athletic than in
non-athletic subjectsP(< 0[001), and in boys than in girls
(P < 0@01), and the interaction was significaft<{ 0[02).
The differences were@3 MJ in boys and M5 MJ in girls
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(P < 0001). However, because of the great differences in
body size and composition in each group, daily EE was
adjusted for differences in FFM. Adjusted daily EE was
significantly affected by usual physical activity and sex
(P <0[001) and the interaction was significaft < 0[04).
The differences were @1 MJ in boys P <0001) and
166 MJ in girls < 0[01).

Daily energy expenditure energy expenditure of exercise

Because intensity and duration of exercise were different
between athletic and non-athletic subjects, and between
boys and girls, EE during the periods of exercise were sub-
tracted from daily EE to compare EE of the four groups of
subjects in the same conditions and with the same activity
programme (Fig. 1). Over more than 21 h/d, daily HEE
exercise were significantly higher in athletic than in non-
athletic subjects% 067 MJ; P < 0[01), and in boys than in
girls (+ 283 MJ; P < 0[001). However, daily EE EE exer-
cise adjusted for FFM was not significantly affected by
usual physical activity, but was significantly higher in boys
than in girls P =004, Table 3).

Sleeping energy expenditure, BMR, energy expenditure
during meals and energy expenditure during
seated activities

Sleeping EE and BMR were significantly higher in boys

than in girls P <0001, Figs. 2 and 3). Sleeping EE was

significantly influenced by usual physical activify < 0[01)

but not BMR, and the interaction was not significant. Sleep-
ing EE adjusted for FFM was significantly higher in boys

than in girls P <0[002), and slightly but not significantly

*
*

*
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Boys ——»

Daily EE - EE exercise

Daily EE Daily EE - EE exercise
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Fig. 1. Daily energy expenditure (EE) and daily EE — EE during exercise in adolescent athletes ((J) and non-athletes (&) of both sexes (n 49). EE
was measured in the final 24 h of a 36 h stay in a whole-body calorimeter. Subjects followed a standardized activity programme simulating their
mean weekly physical activities. Mean values were significantly different between athletes and non-athletes: **P < 001, ***P < 0001 (ANOVA).
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Table 3. Energy expenditure (EE) adjusted for fat-free mass and body weight in adolescents as measured by whole-body indirect calorimetry
(Lean square means (LS means) with standard errors of LS means)

Boys Girls Statistical significance of
difference between means
Athletic Non-athletic Athletic Non-athletic (ANOVA): P value
LS mean SE LS mean SE LS mean SE LS mean SE Sex Activity SxA
Daily EE (MJ) 1462* 0142 11m01° 0033 1108° 0140 10032 045 0001 0001 004
Daily EE —EE exercise 8M0* 028 835%® 021 704° 026 785° 030 004 0032 054
(MJ)
BMR (kJ/min) 524 027 5012 021 5018 0026 4094 029 om27 057 07
Sleeping EE (kJ/min) 526° 0as 499% o2 4121 0014 4120 016 0002 026 024
EE meals (kJ/min) 833 0037 853 029 861 0036 835 040 003 001 0140
EE seated activities 8[70* 029 87 023 780 028 725° 032 o001 0010 082
(kJ/min)
EE exercise (kJ/min)* 3432 008 o1 002 24[8° 104 1507 108 0001 0mo1 0Mmo1

3¢ Mean values within a row not sharing a common superscript letter were significantly different, P< 0[D5.
* Adjusted for differences in body weight.

higher in athletic than in non-athletic subjects (Table 3). On athletic and non-athletic adolescents respectively. The
the contrary, EE corresponding to seated activities or mealsintensities of exercise, expressed as %,\§ are presented
were significantly higher in athletic than in non-athletic in Table 1. EE during physical exercise and recovery
subjects P < 0[002), and in boys than in girl?(< 0001). periods was on averagelB3fold higher than for seated
Similarly, after adjustment for differences in FFM, EE activities in athletic boys and girls. It was significantly
during seated activities remained higher in boys than in higher in athletic than in non-athletic subjecB<( 0001,
girls (+107 kJ/min, i.e+14%,P <001) and tended to be  Figs. 2 and 3). EE during exercise and recovery periods
higher in athletic than in non-athletic subjec®<( 010), amounted to B8 and 32 MJ in athletic boys and girls
especially for boys (Fig. 2). respectively, i.e. 32 and 338 % of daily EE. The corre-
sponding values werd® and 246 MJ, i.e. 2& and 2B %

in non-athletic boys and girls respectively. EE during physi-
cal exercise adjusted for body weight was also significantly
The duration of actual physical exercise (i.e. without the higher in athletic than in non-athletic subjecBs<¢ 0[001)
stretching and recovery periods) was 110 and 85min in and in boys than in girlsR<0[001). Furthermore, the

Energy expenditure during physical exercise
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Fig. 2. Energy expenditure (EE) of adolescent athletic ((J) and non-athletic () boys during the various daily activities, measured during the final
24 h of a 36 h stay in a whole-body calorimeter. Subjects followed a standardized activity programme simulating their mean weekly physical
activities. Mean values were significantly different between athletes and non-athletes: *P<< 001, ***P< 0001 (ANOVA).
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Fig. 3. Energy expenditure (EE) of adolescent athletic ((J) and non-athletic (&) girls during the various daily activities, measured during the final
24 h of a 36 h stay in a whole-body calorimeter. Subjects followed a standardized activity programme simulating their mean weekly physical
activities. Mean values were significantly different between athletes and non-athletes: ***P < 0[001.

interaction was significantP(< 0001). The differences the 5d/week with physical training, and 12 v. 1298 MJ
amounted to 18 kJ/min and &kJ/min on average, in and 909 v. 9110 MJ in non-athletic boys and girls respec-
boys and girls respectivelyP(< 0001, Table 3). tively (J Ribeyre, N Fellmann, J Vernet, M Déta, A
Chamoux, J Coudert and M Vermorel, unpublished results).
Body composition of the subjects was assessed by the
skinfold-thickness method. Its limitations are well known,
Substrate utilization was not significantly affected by usual especially in children and obese people (Deurenietra)l.
physical activities or sex. The RQ corrected for zero energy 1990), who were not the subjects of the present study.
balance averaged&50 (D 0[037), 0861 D 0029), 0942 Measurements were made by the same investigator and
(sp 0036) during sleep, seated activities (including meals), with a high methodological discipline, to minimize errors
and exercise plus recovery periods respectively. between groups. Determination of body composition by the
bioimpedance analysis method failed for technical reasons.
However, a previous study in our laboratory showed that
there was a good agreement between the skinfold-thickness
The correlations coefficientdRf) of the regressions of EE  and the bioimpedance analysis methods in 12—16-year-old
over HR averaged®1 (sp 003). The differences between adolescents (Bitagt al. 1999).
daily EE calculated and daily EE determined by whole-body  Regular intensive physical training induced significant
indirect calorimetry during the same period averagedb (  alterations of body composition, in agreement with the
143) kJ/d. results of Broedert al. (1992) and Horton & Geissler
(1994) in young adults. FFM of athletes was 11 % and 6 %
higher than those of non-athletes in boys and girls respec-
tively, whereas fat mass was 10 % lower in athletic than in
The athletic adolescents exhibited higher EE during sleep, non-athletic subjects. Interestingly, the higher body weight
BMR, seated activities and meals, that is to say daily-EE of athletes was only due to their greater FFM. ¥ was
EE exercise, than non-athletic subjects, but the differencesalso 32 % higher in athletic than in non-athletic subjects of
were explained mainly by differences in FFM. Furthermore, both sexes in agreement with the results of Broezteall.
substrate utilization was not significantly altered by differ- (1992) and Horton & Geissler (1994) in young adults.
ences in usual physical activities. The activity programmes  Sleeping EE adjusted for differences in FFM was not
in the whole-body calorimeters were suitable for the sub- significantly affected by usual training. This result agrees
jects and well adapted to their habits since their daily EE with those obtained for resting metabolic rate by Broeder
were similar to those measured in free-living conditions et al. (1992), for sleeping EE by Van Ettex al. (1997), for
using the HR-recording method: B2 v. 1613 MJ and 1104 daily EE and sleeping EE by Horton & Geissler (1994) in
v. 11107 MJ in athletic boys and girls respectively, during athletes, and for daily EE without exercise in trained and

Substrate utilization

Relationship between heart rate and energy expenditure

Discussion
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untrained men by Schultet al. (1991), suggesting that benevolent cooperation. The authors thank Dr M. Bedu and
resting metabolic rate adjusted for FFM was independent of B. Beaune for their expert contribution to measurement of
both the subject’s current aerobic level and training status VO, E. Verdier and G. Manlhiot for their cooperation
(Broederet al. 1992). BMR adjusted for FFM was, however, and their skilled assistance and Dr R. Taylor for revising the
5% and 10 % higher in resistance-trained and endurance-English. The study was supported by Minigtede la
trained young men respectively, than in untrained subjects Jeunesse et des Sports and by Institut Danone.
(Poehlmanet al. 1992). In addition, foux 30 min cycling

periods on five separate days with workloads ranging from

0 to 100W in men and 0 to 75W in women induced References
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