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In order to evaluate the influence of physical exercise and protein intake on Rest
ing Metabolic Rate (RMR) and Postprandial Energy Expenditure (PEE), 16 healthy,
normal-weight, 15 year-old, adolescent males at the same stage of pubertal devel
opment were studied. They were assigned to two dietary groups receiving the same
energy intake (1.3 x by measured RMR) and different proportions of macronutrients
(13 % protein, 39 % fat, 48 % CHO in Group A; 30 % protein, 32 % fat, 38 %
CHO in Group B). An increase in postprandial energy expenditure, relative to basal,
was observed in all individuals. The postprandial energy expenditure was higher in
group B than in group A. Postprandial Post-exercise Thermogenesis (expressed as
Kcal/3 h) was significantly higher in group B than group A (p<0.05). Although the
RMR on the test day was not different between the groups, the RMR on day 2 was
significantly higher than on day 1 in group B (p<0.01). In group B, the post-exercise
RQ was significantly lower than the preexercise RQ (p<0.01). It is concluded that
in normal-weight-adolescents, a hyperproteic diet followed by moderately-intensive
exercise induces increases in EE and decreases in RQ in the postprandial post-exercise
period and is accompanied by increase in the RMR the following day.
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Total Energy Expenditure can be di
vided into three components: 1) Basal
Energy Expenditure (BEE), 2) physical ac
tivity and 3) thermogenesis which includes
the increased rate of resting metabolism in
response to such stimuli as a meal, cold ex
posure, certain drugs or stress.
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Exercise may induce negative energv
balance through one or more of the fol
lowing mechanisms: by directly enhancing
EE (cost of the exercise perse); by affecting
the other two components of EE (BEE and
postprandial thermogenesis) and by affect
ing energy intake. Exercise might change
the Resting Metabolic Rate (RMR) as an
acute phenomenon and/or as a part of the
long-term adaptation to training. Al
though the acute effect to exercise on RMR
is generally accepted (7), discrepancies ex
ist in relation to magnitude and duration of
this post-exercise increase in VO2. Poten
tially, any effect of exercise on RMR could
be very important in total energy expen
diture represented by the RMR.

Exercise may affect the thermic effect of
food either acutely or as a chronic phe
nomenon associated with the training ef
fect. Several investigators have studied
whether physical exercise influences Post
prandial Thermogenesis (PT). Some stud
ies were unable to show this additional
effect of exercise on PT (23, 26) whereas
others suggest that exercise raises PT when
closely followed by a. meal (28, 29). Some
of the differences might be explained by
the type of exercise, exercise intensity and
type of meal ingested. Many studies sug
gest that PT, or the increase in Postpran
dial Energy Expenditure (PEE) relative to
RMR, depends on the energy content of

Table I. Anthropometric characteristics (means ±
S.D.) of the subjects at the beginning of the study.

All comparisons between groups are not significantly
different. Group A and group B received a “balan
ced" and a hyperproteic diet respectively (n = 8).

Group A Group B

Body weight (kg) 56.1 ±7.6 59.2±8.3
Height (cm) 163±3.0 166±8.0
Body Mass Index 21.2±2.8 21.5±2.9

(kg/m2)
Mid Arm circumference 25.2±2.9 25.6±1.8

(cm)
Triceps skiridfold (mm) 17.3±8.4 17.3±9.5
Body fat (kg) 11.5±4.8 12.7±5.9
Body fat (%) 19.9±6.6 20.7±7.4
Body fat-free-mass (kg) 44.6+4.1 46.6±4.7

the meal (10,17). The influence of the mac
ronutrient composition of the meal on PT
remains controversial (1, 10). However, it
could seem logical that a larger proportion
ofprotein in the diet may induce a higher
PT since, from the stoichiometric aspect,
the expenditure that protein absorption re
presents, its metabolism to urea and glu
cose or towards new protein synthesis is
higher than in other metabolic pathways
(18). If either the physical exercise or a lar
ger proportion of protein in a meal raises
the PT, then the conjunction of the two
should have and additive effect on PT.

The objective of this study was to eval
uated the influence of physical exercise and
protein intake on RMR and PEE to deter
mine new modes of treatment for obesity.

Materials and Methods

Subjects. — Sixteen healthy, adolescent,
15 year-old, male volunteers were studied.
They were selected from a previous study
(8), were of normal body weight and at
stage 3 of puberty as described by Tanner
(32). All subjects were healthy with no

fiersonal or family history of diabetes mel-
itus or other metabolic diseases (table I).

Highly aerobically-trained individuals
were not accepted into the study so as to
eliminate possible gross variations in met
abolic response resulting from differences
in levels of cardiorespiratory fitness. The
individuals were randomly assigned into
two groups on the basis of the diet admin
istered. Fully informed written consent to
participation was obtained from the par
ents and the study was approved by the
Hospital’s Ethical Committee.

Test-Meals. — Figure 1 shows the study
design. For each subject, the evening Test
Meal (TM) on the day prior to the study
consisted of 600 Kcal in the form of a liq
uid formula (Pentadrink®, Nutrition La
boratories, Zoetermeer, Holland). The
protein source of the TM was casein deri-
vates. On the day of the test, each individ
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ual was given 1.3-fold the previously-de
termined RMR calculated by indirect ca
lorimetry for half an hour and using Weir’s
formula (35). This excess-to-requirement
was to ensure that maintenance body
weight during the test period (37). The

Aerobic fitness test. — Submaximal aero
bic fitness was determined 3 days before the
study by continuous, multi-stage exercise
test on a cycle ergometer (ERG 550 Bosch,
Germany). Prior to the submaximal test,
time was allotted for the subjects to famil-

Fig. 1. Study design.
Time of the study protocol is represented at the bottom of the figure. Energy Expenditure (EE) at basal
(day 1 and day 2), postprandial and postprandial post-exercise conditions were measured. The little arrows

indicate the Test Meal (TM) administration and the big arrow indicates 30 min exercise test period.

energy requirement was calculated and ad
ministered in three isocaloric aliquots; two
of which were administered in the meta
bolic lab during the day and the third one
the same night at home. In group A the
energy intake was supplied in the form of
a liquid formula. Group B was given the
same liquid formula but with 10 g/100 ml
of a dietary supplement composed of a
protein solution (Clinical Nutrition, Ma-
taro, Spain). The energy content of the test
meal was 792 ± 83 Kcal (13 % protein,
39 % fat, 48 % carbohydrate) ana 795 ±
113 Kcal (30 % protein, 32 % fat, 38 %
carbohydrate) in groups A and B respec
tively.

iarize themselves with cycling on the er
gometer at a constant pedalling rate while
breathing through the apparatus used for
metabolic measurements. The subjects be
gan pedalling at 50 rpm with zero external
resistance. The work-rate was increased in
25 W stages every two minutes until heart
rate was 3=170 beats/min (defined as Phys
ical Working Capacity «PWC170») (34).
This test measures the work required by a
subject when his cardiac frequency reaches
170 beats/min. This system is considered
better for measuring the aerobic resistance
capacity than VO2max in adolescents (33).
A linear relationship exists between phys
ical effort and cardiac frequency at the ire- 
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quencies between ICO to 170 beats/minute
level. A relationship between pulse and ox
ygen uptake during physical activity has
also been reported (19). Hence the cardiac
frequency is a useful parameter for pre
dicting oxygen uptake.

From the results of the multi-stage ex
ercise test and by regression analysis, the
intensity of physical activity required to
reach a cardiac frequency of 170 beats/min
(PWC170) was calculated. On the day of
the test, the exercise intensity was adjusted
according to each subject’s level of aerobic
fitness and the level of physical exercise
was maintained at 70 % of the PWC170
for a period of 30 min.

Energy Expenditure. — EE was meas
ured by open circuit indirect calorimetry
(SensorMedics Energy Expenditure Unit
2900, Holland) which includes a mass
flowmeter transducer, a Bechman zircon
ium O2 analyzer and a Bechman LB-2
nondispersive infrared CO2 analyzer. The
subjects breathed through a Hans-Ru
dolph non-rebreathing valve and used a
face mask during the exercise period. Dur
ing the postprandial and post-exercise pe
riod, exhaled air was collected using a hood.
This system allows the continuous mea
surement of oxygen uptake (VO2), the
production of carbon dioxide (VCO2) and
the Respiratory Quotient (RQ = VCO2/
VO2). Before and after each test, O2 and
CO2 sensors were calibrated using differ
ent gas mixtures of known N2, O2 and
CO2 concentrations. Periodically, the pre
cision of the measurement was confirmed
(24, 25). To calculate the energy expendi
ture, the following formula was used
(6): EE(Kcal) = 3.581 VO2(L) + 1.448
VCO2(L) — 1.773 urinary nitrogen
(g/24h). .

The urinary nitrogen was determined by
the Kiendhal method (16) on the urine col
lected during 24 hours of the test day. On
the night prior to the test, the subjects con
sumed the assigned 600 Kcal liquid for
mula diet (fig. 1). At 8 a.m. the following 

morning, and after a period of at least 30
min of absolute rest, the VO2 and VCO2 at
basal conditions were measured every min
ute for 30 minutes by indirect calorim
etry and from which the RMR (day 1)
was calculated. Following this, the first
part of the test meal was consumed within
30 min and the VO2 and VCO2 were mea
sured over the subsequent three hours. The
PEE was calculated from the area under
the curves of the EE measurements and ex
pressed in Kcal/min. PT was calculated as
[postprandial EE area (Kcal/3 h)] — [RMR
(Kcal/min) X 180 min] and expressed as
Kcal/3 h or as a function of the energy con
tained in the test meal.

The second part of the test meal was
then consumea over a 30 minute period
and the VO2 and VCO2 were again mea
sured over a 30 minute exercise period and
for the following three hours of recupera
tion. From these data, the postprandial
post-exercise energy expenditure was cal
culated and expressed as Kcal/min. Post
prandial Post-exercise Thermogenesis
(PPT) was calculated from [postprandial
post-exercise EE area (Kcal/3 n)] — [RMR
(Kcal/min) X 180 min] and expressed as
Kcal/3 h or as a function of the energy con
tained in the test meal. Also the RQ in the
basal, postprandial and the postprandial
post-exercise states were calculated. At
20:00 h, the subjects consumed the third
aliquot of the meal. At 8 a.m. the following
morning the VO2 and VCO2 at basal con
ditions were repeated from which RMR
(day 2) was calculated.

The calorimetric measurement was per
formed while the subject rested quietly
watching television. Particular attention
was given to prevent any extra movements
of the subject since this contributes to in
crease resting energy expenditure.

Anthropometric measurements. — Skin
fold measurements were made at the tri
ceps, biceps, suprailliac and subscapular
regions. Chest size, height and weight were
measured using the Holtain apparatus. The 
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measurements were made by a single in
vestigator according to a standardized pro
tocol. Body fat was estimated using the
following equation of GARC1A-LLOP et al.
(15): —27.98 + (25.30 X log of the sum of
the four skin-fold (mm) measurements +
(0.2345 X BMI), where BMI (Body Mass'
Index) — body weight (Kg)Zheight2 (m).
The Fat-Free body Mass (FFM) was cal
culated by subtraction of the estimated fat
mass from the total body weight.

Analysis of data. — Statistical analyses
were conducted using the SPSS/PC pack
age. For the comparison of means the
Mann-Whitney U-test was used for un
paired data and the Willcoxon test for
paired data. All values at the 0.05 % level
were considered significant.

Results

There were no significant differences in
weight, height, BMI or any other anthro
pometric measurement between the
groups A and B (table I). The mean RMR
on day 1 was not significantly different be
tween the two groups (table II) when ex
pressed either as Kcal/min or as Kcal/kg of
FFM/h (1.69 ± 0.07 Kcal/kg FFM/h and
1.64 ± 0.06 Kcal/kg FFM/h in groups A
and B respectively).

D,y1 Time (mln) Dly2

Fig. 2. Basal (day 1), Postprandial, Postprandial
post-exercise and Basal (day 2) energy expenditure
throughout the study period in relation to groups
studied (13 % and 30 % of energy as protein in

groups A (•) and B (■), respectively).
* p < 0.05 vs group A; ** p < 0.01 BEE day

1 vs BEE day 2 in group B.

Postprandial Pre-exercise Period. — In
all individuals, a statistically significant in
crease in PEE relative to basal was ob
served (fig. 2). In group A, EE was
maximal at 90 minutes after test-meal
ingestion whereas in group B the augmen
tation was observed within the first 30
minutes and was maintained constant
throughout the following three hours. In
both groups, PEE at 180 minutes was sig
nificantly higher than basal values.

PEE, expressed as a percentage increase
relative to basal values, was consistently

•(ns) and b(p < 0.01) vs RMR Day 1 in respective groups.

Table II. Comparisons of EE parameters (means ± S.E.M.) during pre-exercise and post-exercise period between
Group A ("balanced" diet) and group B (hyperproteic diet)

Group A Group B "P"

RMR Day 1/(Kcal/min) 1.26 ± 0.05 1.27 ± 0.06 ns
Postprandial Thermogenesis

(Kcal/3 h) 54.2 ± 5.4 61.1 ± 8.9 ns
(% energy intake) 6.9 ± 0.8 7.9 ± 1.2 ns

Postprandial EE (Kcal/min) 1.56 ± 0.05 1.61 ± 0.07 ns
Postprandial Post-exercise Thermogenesis

(Kcal/3 h) 51.2 ± 5.7 69.4 ± 6.3 P<0.05-
(% energy expenditure) 6.6 ± 0.8 9.0 ± 1.0 ns

Postprandial Post-exercise EE (Kcal/min) 1.54 ± 0.05 1.66 ± 0.06 ns
RMR Day 2 (Kcal/min) 1.32 ± 0.06* 1.38 ± 0.06^ ns
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higher in group B relative to group A, the
differences being greater after 120 minutes.
PEE increases relative to basal were 23.8 ±
4.3 %, 28.6 ± 2.9 %, 30.1 ± 3.5 %, 27.0 ±
2.9 %, 22.2 ± 2.3 % and 21.4 ± 2.6 % at
30, 60, 90, 120, 150 and 180 minutes in
group A and 27.4 ± 1.0 %, 30.4 ± 4.4 %,
29.6 ± 4.9 %, 30.4 ± 5.7 %, 30.8 ± 4.4 %
and 29.9 ± 4.2 % for group B. All post
prandial and postprandial post-exercise
measurements were significantly different
(p<0.001) from Resting Metabolic Rate.

Postprandial Thermogenesis, expressed
as Kcaf/3 h or as a percentage of energy in
take, was higher in group B than in group
A. These differences failed to reach statis
tical significance (table II).

Postprandial Post-exercise Period. —
PPEE is consistently higher in group B
than group A. Statistically significant dif
ferences were observed at 30, 150 and 180
minutes (fig. 2).

PPT (expressed as Kcal/3 h) was signif
icantly higher in group B than group A (ta
ble II) (P<0.05).

Pre-exercise vs Post-exercise Period. —
No significant differences were found in
PEE with resp ect to PPEE nor PPT with re
spect to PT for the two groups (table II).

In group A, when comparing the post
prandial RQ pre and postexercise, a sta
tistical difference was only observed at the
60 min period, whereas in group B, the

0.85 -

0.84 -

0.33 -

0.32 -

0.81

0.80 -
Basal Pre-exerclsa Post-exercise

Fig. 3. Respiratory Quotient values during the
study period.

postprandial post-exercise RQ was signif
icantly lower than the postprandial post
exercise RQ at 60, 90, 120 at 180 min time
points. These differences were consistent
when comparing the RQ area under-the-
curve (p<0.01) (fig. 3).

In group B, the RMR on day 2 was sig
nificantly higher than the corresponding
value on day 1 (table II).

Discussion

Total and basal energy expenditure is
well documented in lean and obese ado
lescents (11) but a relative paucity of in
formation exists regarding the other com
ponents of energy expenditure in humans
particularly during the growth phase as in
our study. An important part of the ado
lescent energy is expended in tissue syn
thesis and growth; the latter being the
principal factor that distinguishes between
adult and adolescent metabolism.

The two groups investigated in the pres
ent study were homogeneous with respect
to age, pubertal stage and other anthro
pometric parameters. The RMR (day 1)
observed in adolescents in this study were
similar to that described by DIETZ et al.
(11). The RMR on the first day of the stu
dy was not significantly different between
the groups expressed as Kcal/day or as
Kcal/Kg FFM/h.

In the present study, to compare the ef
fect of a «balanced» diet as opposed to a
hiperproteic diet the relative proportions
of protein-derived calories were 13 % and
30 % in groups A and B respectively as
compared to Belko et al. (1) who, varying
the protein proportion of the diet, showed
that the maximum PT was achieved in
adults with a test meal containing 30-45 %
of calories derived from protein. The ex
ercise intensity was adjusted according to
each individual’s level of aerobic fitness to
preclude contribution of cardio-respirato-
ry fitness. All the thermogenesis measure
ments were performed on the same day to 
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minimise the 4-7 % day-to-day variability
in basal energy expenditure (26) on the
measured parameters.

Postprandial Pre-exercise Period. — In
each individual a significant increase in EE
was observed at 30 minutes postprandially,
corresponding to PT, and which remained
high for the three hours of the test period.
These results are similar to those obtained
by Segal et aL (27) in adults indicating that
adolescents’ PT could extend well beyond
a three-hours period. Subjects with an in
take of high protein and low carbohydrate
derived energy showed an earlier, sus
tained increase in PEE than did individuals
who had received a more «balanced» diet.
The same results were obtained when PT
was evaluated as Kcal/3 h or as a function
of the energy contained in the test meal.
These findings were not statistically sig
nificant and may have resulted from limi
tations in the study design. Increasing the
numbers of individuals studied in each
group or by extending the study period to
six hours or more would have made the
differences clearer but such protocol was
not acceptable to our subjects’ parents. A
physiological explanation could be that the
diet of group B contained more energy de
rived from protein, whereas the energy de
rived from carbohydrates was less than in
group A. The highest effect on PT is pro
tein, followed by carbohydrates, with fats
having a minor effect, accounting for 28-
30 %, 9-26 % and 4 %, respectively (18).
Hence the increased protein intake in
group B may augment the difference in
proportional contribution of protein and
carbohydrate to the PT.

Of the macronutrients, carbohydrate
utilization produces the highest RQ and
this could explain the observation of a low
er RQ in group B (high protein diet) than
in group A (high carbohydrate diet) in this
period (14).

Postprandial Post-exercise Period. —
Several conflicting assessments of the effect 

of exercise on PT in obese and non-obese
subjects under various experimental con
ditions have been reported (1, 4, 5, 9, 23,
26, 29-31, 36). While a number of investi
gators have demonstrated that exercise fa
cilitated PT in lean (4, 20, 28, 29, 31) and
obese subjects (3), other investigators (9,
23, 36) have found no changes. Segal et al.
(30) found that postprandial thermogene
sis was facilitated by exercise in lean wom
en and men while Bradfield et al. (3)
showed that this effect occurred in obese
subjects, but only after the completion of
exercise.

In the present study, hyperproteic diet
administered prior to exercise raises the
Postprandial post-exercise energy expen
diture. Different mechanisms can explain
the PEE increase during the post-exercise
recovery period. Of primary importance is
the high energy cost of storage of carbo
hydrate as glycogen in the liver and mus
cles (13). Stoichiometric calculations indi
cate that 2 mol of ATP are required per
mol of glucose transformed into glycogen,
i.e. 5.3 % of the energy content of glucose
(13). Cessation of exercise is characterised
by a rapid increase, within 2-10 minutes, in
insulin levels and an elevation of muscle
sensitivity to insulin (12). Consequently,
mobilisation of glucose stores is observa
ble as an increase in EE. On the other
hand, Millward et al. (21) observed that
during the postprandial post-exercise pe
riod there is a higher contribution of pro
tein oxidation than in basal conditions.
While exercising, protein synthesis is in
hibited and subsequently compensated in
the post-exercise period (21). Hence, the
administration of a hyperproteic meal
prior to exercise would facilitate a higher
protein turnover due to the greater availab
ility of the substrate. This higher turn
over would be observed as an EE rise. In
addition exercise increases circulating lev
els of thermogenic hormones (adrenalin
and nor-adrenalin) causing an increase in
body temperature. Further more, as a
mechanism for enhancing metabolic con
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trol, substrate cycles may be activated to
process the various metabolites which in
crease during and after exercise (22). This
could account for the 12 to 24 hour post
exercise rise in energy expenditure ob
served (22).

In the two groups of adolescents, post
prandial post-exercise RQ was lower than
in the postprandial pre-exercise period.
This finding was similar to that observed
in adults by others (2, 5) as to the fact that
exercise slightly decreased the RQ. In
group B, the postprandial post-exercise
RQ was significantly lower tnant the pre
exercise period. This suggests that the hy-
perproteic and low carbohydrate diet in
take, before physical activity, increases fat
utilisation.

In our study, in group B a consistent in
crease of RMR on day 2 in relation to day
1 was observed, suggesting that there was
a prolonged effect of the meal with exercise
on energy expenditure. The influence of a
hyperproteic diet-with-exercise on PPT
represents a smaller effect on the total
energy balance, while its relative influence
on RMR is more important since the RMR
represents a larger percentage of the total
EE.

In conclusion, in the present study of
normal-weight-adolescents, the adminis
tration of a hyperproteic diet before mod-
erately-intensive exercise induces increases
in EE and decreases in RQ in the post
prandial post-exercise period together
with an increase in the RMR the following
day. These results would suggest that the
inclusion of physical activity together with
a hyperproteic diet in an obesity treatment
program would not only favour the con
servation or increase of FFM in the subject
but would also increase EE and fat utili
zation during the post-exercise recovery
period.
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Resumen

Se evalua la influencia del ejercicio ffsico y de
la ingesta proteica sobre el Gasto Energetico
Basal (GEB) y el Gasto Energetico Postprandial
(GEP), en 16 varones sanos, adolescentes de 15
anos de edad en el mismo estadio de desarrollo
puberal, en normopeso. Se reparten al azar en
dos grupos que reciben la misma cantidad de
energfa (1,3 X GEB medido) y diferente pro
porcion de macronutrientes (grupo A: 13 %
protemas, 39 % Ifpidos, 48 % hidratos de car-
bono, grupo B: 30 % protemas, 32 % Ifpidos,
38 % hidratos de carbono). En todos los indi-
viduos se observa un aumento en el GEP res-
pecto al GEB, el cual es superior en el grupo B.
La termogenesis postprandial post-ejercicio
(Kcal/3 h) es significativamente superior en el
grupo B (p<0,05). Aunque el GEB en el dfa 1
no se diferencia entre los dos grupos, el del dfa
2 es superior en el grupo B (p<0,01), siendo en
este grupo, el cociente respiratorio post-ejerci-
cio, significativamente menor respecto al co
ciente respiratorio pre-ejercicio (p<0,01). Se
concluye que, en adolescentes en normopeso,
una dieta hiperproteica seguida de un ejercicio
ffsico de intensidad moderada, induce un au
mento del GE y una disminucion del cociente
respiratorio durante el periodo postprandial
post-ejercicio, acompanandose de un aumento
del GEB del dfa siguiente.

Palabras clave: Dieta hiperproteica, Gasto energetico
postprandial, Calorimetrfa indirecta, Adolescentes,

Gasto energetico basal.
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