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Summary

To determine the effect of adiposity on adolescent
energy expenditure compartments, basal energy exp-
enditure {BEE) together with the thermic effect of food at
- rest and durlng post-exercise recovery were compared
in eight lean (BMI < 25kg/m?) and eight obese {(BMI >
27 kg/m?) 15-year-old adolescent males at the same
stage of pubertal development. Both groups were. of
equivalent fat-free mass.

Continuous energy expenditure was rneasured by
open circuit indirect calorimetry for periods of up to
three hours following: (i) an overnight fast; (ii) a test
meal; and (lli) moderate eéxercise after a further serving
of the test meal. Repeat baseline measurements were
taken on the following day.

Absolute basal energy expenditure was higher in
obese than in fean subjects. No significant differences

were observed hetween groups in relation to BEE per kg_

Intf_oduction

Obesity in adults and adolescents. is associated. with
increased absolute energy expenditure.! A higher basal

energy expenditure’ (BEE) in obesity is related to a larger

lean body mass as well as to greater. percentage body
fat.?*

Decreased meal-induced thermogenesis has been sug-
gested as a contributory factor in ‘obesity. Quantitatively,
however, since the thermic effect of food is a rather minor
component of total energy expenditure, a-defect in it would
be associated with only minimal differences in energy
expenditure in obese vs. lean subjects.

Further, discrepancies exist in published data in relation -

to the acute effect of physical activity on postprandial
energy expenditure (PEE). Some authors suggest that
exercise enhances postprandial thermogenesis in. lean but
not obese subjects™® while others fail to confirm this
effect.”® The acute interactions between exercise and food

+ . ingestion have been investigated by Segal ef l.5% in lean

and obese adults. Their evidence supports an interaction
between an acute bout of exercise and food ingestion, in

* iotal fat free-mass. Thermogenesis was significantly
greater in the lean relative to the obese group under

resting conditlons (61.1 + 8.9 vs, 41.4 = 5.1kealf3h; P <
0.05) and in the post-exercise period (6.4 £ 6.3 vs. 49.0
+ 5.6kcal3h; P < 0.05). Of the body composition
parameters, percentage fat mass was the best predictor
of the thermic eftect of food at rest (R = —0.53; P=0.03)
and post-exercise recovery (R = —0.61; P = 0.012).

The results indicated that: (I} even when lean and
obese adolescents are comparable with respect to fat-
free mass, thermogenesis is blunted in cbese subjects;
and (||) the best body composmon predictor of thermo—
genesis in adolescents is percentage fat mass.

Keywords:; themogenesns mdlrect calonmetry, obesny,
adolescents .

which the first enhances the thermic effect of the latter.
These authors have also shown that this' thermogenic
enhancement is diminished in the obese patient. '

Although it may be generally accepted that the principal
determinant of basal energy expenditure is lean body mass,
differences of opinion exist as to the factors predicting

~ postprandial and/or postprandial/post-exercise thermogene-

sis, probably because of the difficulties in distinguishing the
contributions of lean body mass, fat mass or body mass
index since these factors are strongly inter-related.

Total and basal energy expenditure are well documented
in lean and obese adolescents™>!! but a refative paucity of
information exists regarding the other components of

_energy expenditure in’ humans particularly - during the

growth phase. An important part of adolescent energy is
expended in tissue synthesis and growth; the latter being the
principal factor that distinguishes between adult and
adolescent metabolism. In addition, it is not known whether
the obese adolescent already has a blunted thermogenesis

which may be maintained into adulthood and, furthermore,

Received 11 March 1993; accepted 3 June 1993



718

thc factors that mlght cxplam this defect are cons:stently
ignored.

Hence, the objectives of this study were to compare BEE,
postprandial and postprandial/post-exercise energy expendi-

tuzre between lean and obese adolescents and, subsequently, -

by comparing the response of groups of adolescents with
similar FFM but different body fat content, to clarify the
relationship between body composition and thermo-
genesis.

Subjects and methods

Subjects

Eight obese 15-year-old male adolescents and their lean
counterparts were selected for investigation from among
subjects of a previous study.!? The obese subjects had a
BMI > 27kg/m? while the lean subjects had a BMI < 25 kg/
m? All were at stage 3 of puberty as described by Tanner. 3
All subjects were healthy with no personal or family history
of diabetes meilitus or other metabolic diseases. An oral
glucose tolerance test was administered, according to the
criteria of the National Diabetes Data Group,** to ensure
that all obese patients had normal glucose tolerance. Highly
aerobically-trained individuals were not accepted into the
study in order to eliminate variations in metabolic response
resulting from differences in levels of cardiorespiratory
fitness. The adolescents were non-smokers and were not
taking any medications. Fully-informed written consent for
participation was obtained from the parents and the study
was approved by the hospital’s ethical committee.

Study protocol
Figure 1 shows the study dcmgn One week before the test,
each subject’s sub-maximal aerobic fimess was assessed.

No strenuous exercise was allowed during the 24 h period |

before the test. For each subject, the evening meal of the day
prior to the study consisted of 600kcal in the form of a
liquid formula (Pentadrink®, Nutrition Laboratories, Zoe-
termeer, The Netherlands) supplemented with 10 g/100 ml
of a protein solution (Proteinas Conccntradas® Clinical
Nutrition, Mataré, Spain).

™

Test period

A

Time 20:00  08:00

12:30

As part the clinical work-up for the study, the BEE was
determined for each individual by indirect calorimetry
conducted over a 30min period using Weir’s formula, 13

On the day of the test, each individual was given a meal
representing 1.3 times the energy relative to the previously
determined BEE. This excess to requirements was used to
ensure maintenance of body weight during the test period. !¢
The energy requirement was calculated and administered in
three isocaloric amounts; two of which were administered in

- the metabolic laboratory during the day and the third on the

same night at home. The energy contents of the test meal
were 795 & 113 keal and 876 + 127 keal (30% protein, 32%
fat, 38% carbohydrate) in lean and obese groups
respectively.

Energy expenditure was continuously measured for 3h
in the postprandial and the postprandial/post-exercise
periods.

Aerobic fitness test

Submaximal aerobic fitness was determined by a con-
tinuous, multi-stage exercise test on a cycle ergometer
(ERG 550 Bosch, Berlin, Germany). Prior to the sub-
maximal - test, time was allotted for the subjects to
familiarize themselves with cycling on the ergometer at a
constant pedalling rate while breathing through the appara-
tus used for metabolic measurements. The subjects began
pedalling at 50rev/min with zero external resistance, The
work-rate was increased in 25 W stages every 2 min until
heart rate was > 170beats/min (defined as physical
working capacity, PWC170).17 This test measures the work
required by a subject when his cardiac frequency reaches
I70beats/min. This system is considered betier than
VO,max for measuring the aerobic resistance capacity in
adolescents.'®!® A linear relationship exists between phys-
ical effort and cardiac frequency at the 100-170 beats/min
level. A relationship between pulse and OXygen consump-
tion during physical activity has also been reported.?
Hence, cardiac frequency is a useful parameter for predict-
ing oxygen consumption. From the results of the mult-stage
exercise test and by regression analysis, the intensity of
physical activity required to reach a cardiac frequency of

Exercise
T™

13:30

08:00

16:30 20:00

24 h urinary collection’

 —————————— .

EE = Energy expenditure measurements
TM = Test meal

Figure 1 Experimental design,
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170beats/min (PWC170) was calculated. The exercise'

‘intensity was adjusted according to each subject’s level of

- aerobic fitness, and the level of physical exercise on the day

. of the test for a period of 30min on the ergometer was
. maintained at 70% of the PWC170,

Energy expendifure measurements

EE was measured by open circuit indirect calorimetry
(SensorMedics Energy Expenditure Unit 2900; Sensor-
Medics, Bilthoven, The Netherlands}. The equipment in-

-cludes a mass flowmeter transducer, a Beckman zirconium.

O, analyser and a Beckman LB-2 non-dispersive infra-red
CO, analyser. The subjects breathed through a Hans—
Rudoiph non-rebreathing valve and used a face mask during
the exercise period. During the postprandial and post-
exercise period, exhaled air was collected using a hoed.
This system allows the continuous measurement of oxygen
‘consumption (V0,), the production of carbon dioxide
(VCO,) and the respiratory quotient (RQ = VCO,/VO,).
Before and after each test, O, and CO, sensors were
calibrated using different gas mixtures of known Ny, O, and
C02 concentrations. Periodically, the precision of the
mweasurement was confirmed.?! To calculate the energy
-~ expenditure, the following formula of Burs.ztem22 was
used:

= 3.581 VO, (litres) + 1.448 VCG, (litres)
— L.773 urinary nitrogen (g/24 h) '

EE (kcal)

The urinary nitrogen was determined by the Kjeldahl
method”® on the urine collected during the 24 hours of the
test day.

On the night prior to the test, the ";ubJects consumed the

assigned 600 keal liquid formula diet (Figure 1). At 08:00h
the foliowing moming, the VO, and VCO, at basal
conditions were measured every minute for 30min by
indirect calorimetry and from this the BEE (day 1) was
calculated. Following this, the first part of the test meat was
consumed within 30min and the VO, and VCO, were
measured over the subsequent 3 h. The PEE was calculated
from the area under the curves of the EE measurements and
expressed in kcal/min. Postprandial thermogenesis (PT) was
calculated as [postprandial EE area (kcal/3 h) — [BEE (kcal/
min) X 180min] and expressed as keal/3 h or as a function
of the energy contained in the test meal. The second part of
the test meal was then consumed over a 30 min period and
the VO, and VCO, were measured over a 30 min exercise

period and for the following 3 h of recuperation. From these

. data, the postprandial/post-exercise energy expenditure was
calculated and expressed as kcal/min, Postprandial/post-
exercise thermogenesis (PPT) was calculated from [post-
prandial/post-exercise EE area (kcal/3h)] — [BEE (keal/

min) % 180min] and expressed as kcal/3h or as a function.

of ‘the energy contained in the test meal.
© At 20:00h, the subjects consumed the third part of the
diet at home. At 08:00h the following mormning, the VO, and

- VCO, at basal conditions were repcated from which day 2

- BEE was calculated.
All the thermogenesis measurements were performed on

the same day so as to minimize the effects of the 4-7% day-

to-day variability in basal energy expendltu:re on the

measured paramettrs

Anthropometric measurements
Skinfold mesasurements were made at the triceps, biceps,
supra-iliac and subscapular regions. Chest size, height and

- weight were measured using the Holtain apparatus. The

measurements were made by a single investigator according .
to a standardized protocol. Body fat mass was estimated
using the following equation of Garcia-Llop ef al.:*

body fat mass = —27.98 + [25.30 X log 3 4SF(mm)] +
[0.2345 X BMI]

where BMI (body mass index) = body weight/height? (kg/
m?) and. 3 4SF is the sum of the four skinfold measure-
ments. The fat-free mass {FFM) was calculated by subtrac-
tion of the estimated fat mass from the total body weight.

Analysis of data
Statistical analyses were conducted using the SPSS/PC

© package (SPSS Inc, Chicago, Illinois, USA). For the

comparison of means, Student’s paired and unpaired  tests
were used. All values at the 0.05% level were considered
significant.

Resulis

The subjects’ characteristics are presented in Table !. There
were no significant differences in age, height and FEM
between lean and obese adolescents. The two groups
differed with regard to skinfold measurements, weight, BMI
and body fat content. PWC170 was not significantly

~different between the two groups when -expressed in

absolute form, but, relative 1o total body weight, PWCI170
was significantly lower for the obese than the lean
adolescents (P < 0.001),

Pre-exercise period

The mean day 1 BEE was not significantly different
between the two groups when expressed either as kcal/min
or as kcal/kg FFM/h (1.64 + (.06 kcal/kg FEM/h and 1.71

Table 1 Subjacts’ charaéteﬁstics

Lean Obese

. (ﬂ = 8) (H = 8}
Body weight (kg} 592183 74.3 £ 9.5%+
Height (cm) 166+ 8 160 %7
Body mass index (kg/m®) 2154209 29,1 & 2.5%%
Mid-arm circumference {cm) 256+18 32.6L 2.9
Triceps skinfold (mm) 173495 302+ 6.7*
Body fat (kg) 127+ 59 24,9 & 2,94+
Body fat (%) 207274 335 £ 244
Body fat-free mass (kg) 466 +47 494+ 64
PWCL70 (W) 1157 £ 138 109.1 % 18.6
PWC170/kg body weight 1.97 £ 0.20 1.48 & 0.24%%

All values are expressed as means + s.d.
*P < 001 % P = 0.00] (Student's t test).
All .fubjecrs were gf srage 3 qf pubnm) as described by Tanﬂer
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Figure 2 Energy expenditure throughout the study peried in
relation o groups studied. Al postprandial (PEE) and postprandial/
post-exercise (FPEE) measurements ware significantly different (P<
0.01) from BEE {basal energy expenditure), day 1 BEE vs. day 2
BEE {P < 0.05} in cbese (&) and lean (M) groups.

Table 2 Comparisons of energy expenditure parameters between
lean and obese adolescents

Lean Obese
(n=8) (n = 8)
Day 1| BEE (kcal/min) 1.27 £ 3.06 140 £ 0.07
PT
kealf3h 61.1+89 414 £ 5.1%
% energy intake 787120 4.80 £ 0.64%
PEE (kcal/min} 1.61 & 0.07 1.63 £ 0.08
PPT . i :
keal/3h 60.4 + 6.3 490+ 5.6
%o energy intake 8.96 £ 1.00 578 £ 0.76*
PPEE (kcal/min) 166 £0.06 1.68 + 0.06
Pay 2 BEE (kcal/min) 1.38 + 0.067 1.49 + 0.07§

All values are expressed as means £ s.em.

* P < (.05, lean vs. obese (Student’s i test for unpmred daraj

TP<00; 1P <008 day I BEE vs. dayZ BEE(Smdenrsrrestfor

paired data).

BEE = basal energy expenditure; PT = postprandial themwgene.m PEE
= postprandial énergy expenditure; PPT = postprandial/post-exercise

rhemlogenesis; PPEF = posiprandial/post-exercise energy expenditure.

0.06 keal/kg FFM/h in lean and obese groups respectively).
Stepwise multiple regression analysis shows that FFM is the
primary predictive factor of day 1 BEE (R = 0.68; P <
0.005). In all individuals, a statistically significant increase
in PEE relative to basal values was observed (Figure 2). In
both groups, PEE at 180 min was significantly higher than
basal values.

PEE, expressed as a percentage increase relative to basal
values, was consistently higher in lean subjects compared to
obese subjects.

Postprandial thermogenesis (PT), expressed as kecal/3h or
as a percentage of energy intake, was significantly highcr in
the lean than in the obese group (Table 2).

Post-exercise period

Postprandial/post-exercise energy expendime (PPEE),

expressed in keal/min or in kcal/kg FFM/min, was not

significantly different between groups. PPT, expressed as |

kcal/3h or as a percentage of energy intake, was sig-
niﬁcantly'higher in lean than obese adolescents (Table 2).

No significant differences were found for PEE compared -
to PPEE nor PPT compared to PT for the two groups.

The lean and obese day 2 BEE were s1gmﬁc3nﬁly higher
than the comresponding value on day 1.

Stepwise maltiple regression indicated that percentage fat
was the best predictor (among body composition para-
meters, which included percentage fat, FFM, body weight
and BMI) of the thermic effect of food in the postprandial
(# = —0.53; P = 0.03) and postprandial/post-exercise (R =
—0.61; P < (L012) states. The correlations between aerobic
fitness (PWC170) and the thermic effect of food, at rest or
in the post-exercise period, were not statistically
significant. - '

Discussion

The two groups investigated in the present study were
homogeneous with respect to age, pubental stage and fat-
frec mass. Body fat content was the greatest difference
between lean and obese adolescents studied. In terms of
BEE/kg body weight or BEE/kg FFM, the adolescents in
this study were similar to those described by Dietz et al.?
Similarly, the mean BEE predicted by equations of the
WHO/FAO'S were 1.18 kcal/min and 1.35 kcal/min for lean
and obese subjects compared to our findings of 1.27 kcal/
min and 1.40kcal/min respectively.

Our study showed that absolute BEE was higher in the
obese subjects, but similar to that in lean subjects if
expressed in terms of total body weight or of FFM. These
findings support the hypothesis that BEE is principally
determined by FFM rather than fat mass. Indeed, stepwise
multiple regression analysis shows that FFM is the primary
predictive factor of the day I BEE (R = 0.68; P < 0.005).

Pre-exercise perlod :

In measuring thermogenesis, the aclrmmstered eneigy
represented 1.3 times the individual BEE in order to ensure
that epergy intake for body weight maintenance was
equivalent between individuals. The relative proportion of

" protein-derived calories was 30%, since Belko et al2¢

demonstrated that maximum PT was achieved in adults with
a test meal contammg 30-45% of calories derived from
protein,

In each individual, we observed a significant increase in
EE at 30 minutes postprandially. Postprandial thermogene-
sis remained elevated over the three hours of the test period.
These results are similar to those obtained by Segal ef al.?’
and indicate that PT could extend well beyond three hours,

© 'We were unable to vahdate the time course of this elevation,

since a more protracted protocol, of six hours or more, was
not acceptable to the parents of our lean subjects.

Postprandial energy expenditure expressed as keal/min or
as keal/kg FFM was similar between lean and obese patients
and could be explained by the differences in BEE in the two
groups.

The present study indicated that obesity was assocmted
with a diminished capacny for Lhermogenes:s but not with
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reduced resting energy expenditure. Previous studies®®?’

have suggested that blunted thermogenesis is related to
insalin resistance and impaired glucose tolerance; a fre-

quent complication of obesity. All our subjects had normal-

glucose tolerance but the obese adolescents were hyper-
insulinemic compared with the lean (fasting insulin: 20 &
9uU/ml, n = 3, in obese subjects vs, 11 & 2 WUfml, n = §,
in lean subjects; P = 0.038, not significant) and it is
possibie that our cbese subjects have a degree of insulin

resistance as described elsewhere.>® Other possible mecha- -

nisms for the reduced thermic . effect of food in obese
subjects include reduced sensitivity to the actions of

thermogenic hormones {catecholamines and thyroid hor-

mones) stimulated by the ingestion of a meal with or
without exercise, or a reduced thermogenic capacity of
brown adipose tissue. We were unable to investigate these
aspects in the present study.

Postprandial/post-exercise period
In the period following exercise, thermogenesis was
diminished in obese subjects compared to lean. Since the
effect of exercise on postprandial thermogenesis depends on
the degree of physical training,” the exercise intensity had
been adjusted according to each individual’s level of
aerobic fitness to preclude any significant contribution of
cardiorespiratory fitness. Also, no subjects had participated
in any systematic physical training programme. )
Several conflicting assessments of the effect of exercise on
PT in obese and non-obese subjects under various experi-
mental conditions have been reported.%-21,2627:32-34 whije
a number of investigators have demonstrated that exercise
facilitated PT in lean™?"**3>36 and obese subjects,>” other
investigators’-52
Segal et al’ showed that, compared-to the postprandial
thermogenesis at rest, there was a significant increase in the
thermic effect of food in obese adult patients when the meal
followed an exercise period. The authors suggested that this
could be explained by the increased glucose uptake and
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