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Abstract3Background & aim:The in£uence of energy expenditure onbody weight regulation, in the absence of organic
disease, has never been studied in apaediatric population covering a broad range of bodyweights.The aimof this study
was to investigate resting energy metabolism in childrenwith constitutional leanness, normal body weight, or common
obesity.

Methods: Fourteen childrenwith constitutional leanness,16 childrenwith obesity, and controlswere studied. Resting
energy expenditure and postabsorptive substrate utilisation rate were measured by indirect calorimetry and body com-
positionwas assessed from skinfold thicknesses.

Results: As compared to thepredicted value calculated from the regression equationof restingenergyexpenditure on
fat-free mass in the controls, resting energy expenditure was decreased in lean children (P=0.002), whereas no di¡er-
ence was found in obese children. In obese children and the overall population, fat mass was positively correlated with
fatoxidation rate. Ineachgroup andin theoverallpopulation, fatoxidation ratewaspositivelycorrelated to restingenergy
expenditure.

Conclusions: Constitutionally lean children have a low resting metabolic rate, probably adaptive in nature. In obese
children, resting energy expenditure is increased in proportion to the fat-free mass, and fat balance is the main determi-
nant of energy balance.These data suggest a constitutional regulation of body weight.
r 2003 Elsevier Ltd. All rights reserved.
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Introduction

Body weight regulation involves adjustment of energy
intake to energy expenditure. In children, resting energy
expenditure (REE) contributes about two-thirds of the
total daily energy expenditure; the remaining third is the
sum of energy expenditures related to physical activity,
thermogenesis, and growth (1). When energy intake
matches energy expenditure, stature and body growth
increase steadily from birth to puberty.
When energy intake exceeds energy expenditure, the

excess energy is stored as fat, leading to obesity. Common
obesity seems primarily ascribable to a high energy intake
reflecting dysregulation of food intake control mechan-
isms; to a reduction in energy expenditure, particularly of
the component related to physical activity; or to a
combination of these two mechanisms (2, 3).
Conversely, a negative energy balance leads to weight

loss and growth delay. Mechanisms include a low energy
intake, related for instance to anorexia nervosa (4) or
chronic renal failure (5); and an increase in energy

expenditure, as in cystic fibrosis (6). These two mechan-
isms can occur in combination, as in Crohn’s disease (7).
Constitutional leanness is defined as leanness not

secondary to organic disease or anorexia nervosa (8). Similar
to obesity, within-family clustering of constitutional leanness
is common (8). Although this condition is not infrequent (8,
9), the mechanisms underlying the development and
perpetuation of the leanness remain unknown. An abnorm-
ality in food intake control, a high level of physical activity,
or a constitutional increase in REE may be involved.
The objective of this study was to measure REE and

energy substrate utilisation rate in children with
constitutional leanness, common obesity, or normal
body weight, in order to better define the metabolic
abnormalities underlying these constitutional nutritional
states unrelated to organic disease.

Methods

Subjects

Thirty-eight children were studied, 14 with constitu-
tional leanness (eight girls), 16 with common obesity
(nine girls), and eight with normal body weight
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(controls, five girls). The physical characteristics of these
38 children are shown in Table 1.
Children with constitutional leanness were recruited

at our outpatient clinic among patients evaluated for
leanness, defined as a relative body weight (i.e. body
weight/ideal body weight for height) lower than 90%.
The evaluation included a detailed medical history and
physical examination and the following laboratory tests:
erythrocyte, leukocyte, and platelet counts; plasma
haemoglobin; urea; creatinine; glucose; alanine amino-
transferase; aspartate aminotransferase; alkaline phos-
phatase; erythrocyte sedimentation rate; and serum IgA
antigliadin and antiendomysium antibodies. Anorexia
nervosa was looked for using the criteria of the
Diagnostic and Statistical Manual of Mental Disorders
IV (10). Constitutional leanness was defined as negative
results from all these tests, steady weight and height
gains during at least the 4 years preceding the
evaluation, constitutional leanness or leanness during
childhood in at least one of the parents, and absence of
organic disease.
Obesity was defined as a relative body weight greater

than 120%. None of the obese children had lost weight
during the month before the study. Medical history and
physical examination findings indicated that all these
children were in good health apart from their obesity.
None of them was taking any medication.
The controls had a relative body weight between 95%

and 105%. None was taking any medication.
All the children were on a free, non-controlled, diet

during the days preceding the study and no attempt was
made to influence their usual diet.
Our institutional Review board approved the study.

Informed consent was obtained from the children and
their parents before the study.

Anthropometric data

On the study day, body weight and height were
determined in all the subjects, as well as skinfold
thickness measured using a Holtain Skinfold Caliper

at the biceps, triceps, subscapular, and suprailiac sites.
All skinfold thickness measurements were done in
triplicate to the nearest millimetre, by the same
investigator (PT). Ideal body weight and height were
calculated using the reference values determined in
French children by Sempé et al. (11). Fat-free mass
(FFM) and fat mass were calculated from skinfold
thickness values using the Durnin and Rahaman (12)
and Brook (13) formulas. Body mass index (BMI) was
defined as the ratio of body weight (kg) over height (m)
squared. The BMI Z-score was calculated using the
method and the values in French children reported by
Rolland-Cachera et al. (14).

Calorimetry study

REE and postabsorptive substrate utilisation rate were
measured using indirect calorimetry. All experiments
were performed in the morning after an overnight fast.
The subjects rested comfortably in a recumbent position
with their head enclosed in an airtight canopy. After an
adaptation period of 30min, oxygen consumption (VO2)
and carbon dioxide production (VCO2) were continu-
ously measured during 1 h using an open-circuit indirect
calorimeter (MMC Horizon-Beckman gas analyser,
Sensor Medics Corp., Anaheim, CA, USA). During
the measurement, the subjects rested quietly and
watched television. Concentrations of O2 in inhaled
and exhaled air were determined using a polarographic
analyser and concentrations of CO2 using an infra-red
analyser. Before each measurement procedure, the gas
analysers were calibrated using pure nitrogen and a
mixture of O2, CO2, and nitrogen in precisely known
concentrations. Urine was collected at the end of the
experiment for determination of urinary nitrogen excre-
tion using the Kjeldahl method (15). Each subject was
required to precisely note down the time of the last urine
voided before the study in order to determine the
duration of the urine collection.
Energy expenditure, net carbohydrate oxidation rate,

and net fat oxidation rate were calculated from VO2,
VCO2, and urinary nitrogen excretion (16, 17). Net
protein oxidation rate was derived from urinary nitro-
gen excretion (16, 17). The respiratory quotient and
non-protein respiratory quotient were calculated as the
ratio of VCO2 over VO2 and non-protein VCO2 over
non-protein VO2, respectively.

Statistical analyses

All results are reported as means7standard deviations.
The Mann–Whitney test was used for between-group
comparisons of means. Comparisons of measured and
predicted REE values were done using the Wilcoxon
test. Simple and multiple regression analyses were used
to calculate predicted REE values in lean and obese
children. To assess the relationship between carbo-
hydrate, fat and protein oxidation rates as dependent

Table 1 Physical characteristics in children with constitutional
leanness, children with obesity, and controls

Lean children
(n=14)

Obese children
(n=16)

Controls
(n=8)

Gender (M/F) 6/8 7/9 3/5
Age (y) 11.671.7 12.371.7 13.271.4
Weight (kg) 28.877.5nn 78.0721.8n 45.679.7
Height (m) 1.4270.12nnn 1.5570.14 1.5770.13
BMI (kg/m2) 14.071.5n 31.875.2n 18.371.5
BMI Z-score �2.1871.08n +4.1870.67n +0.0370.34
% IBW 82.076.7n 171.7722.4n 97.774.1
% IBH 98.476.0 104.276.7 101.473.3
FFM (kg) 24.775.9nn 46.4712.6 35.277.7
Body fat (%) 13.674.0n 40.275.5n 22.774.3
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variables and REE, FFM and fat mass as independent
variables, simple and multiple regression analyses were
performed.

Results

Anthropometric data

As expected, body weight, BMI, percentage of ideal
body weight, FFM, and fat mass were lower in lean
children and higher in obese children, as compared to
controls (Table 1). Lean children were significantly
shorter than controls, but this difference was no longer
present after normalisation of height for age and sex.

Resting energy expenditure

As compared to controls, mean absolute REE was 26%
lower in lean children and 18% higher in obese children
(Table 2). In all three groups, REE was significantly
correlated with FFM (r=0.79 and P=0.0007 in lean
children; r=0.89 and P=0.0001 in obese children;
r=0.87 and P=0.005 in controls). The predictive
equation for REE from FFM in controls was REE
(kJ/d)=99 FFM (kg)+2489.
To normalise REE for FFM, which is the metaboli-

cally active tissue, the REE measured in each lean or
obese child was compared to the predicted value
calculated by applying the observed FFM to the
regression equation of REE on FFM in the controls.
In lean children, measured REE was 10% lower than the
predicted value, whereas in obese children measured and
predicted REEs were similar (Table 2).
Since lean children were younger than controls,

although the difference was not significant (P=0.051),
measured REE in each lean child was compared to the
predicted value calculated from the multiple regression
equation for REE from FFM and age obtained in
controls (REE (kJ/d)=–17 FFM (kg)+668 age (y)
�2232). Measured REE remained 13% lower than the
predicted value (508171107 kJ/d, P=0.041).

Postabsorptive substrate utilisation rate

Because of the broad range of REE values in the three
groups, in the between-group comparisons net substrate

oxidation rates were expressed as a percentage of REE
rather than as absolute values. In the lean children, the
net protein oxidation rate was significantly lower than in
the controls, whereas as compared to the obese children
the net carbohydrate oxidation rate was higher and the
net fat oxidation rate was lower (Table 3). Net substrate
oxidation rates were not significantly different between
the obese children and the controls, although a trend for
a higher fat oxidation rate was found.
In the lean children, a significant positive correlation

was found between net carbohydrate oxidation rate and
fat mass. Fat mass explained 29.2% of the variance of
carbohydrate oxidation (Table 4).
In the obese children, there was a significant positive

correlation between the net fat oxidation rate and fat
mass. Fat mass explained 24.1% of the variance of fat
oxidation (Table 4).
In the overall population, FFM was positively

correlated with carbohydrate, fat, and protein oxidation
rates and explained 10.6%, 38.6%, and 19.0% of their
variances, respectively (Table 4). Fat mass was positively

Table 2 REE in children with constitutional leanness, children with
obesity, and controls

Lean children
(n=14)

Obese children
(n=16)

Controls
(n=8)

Measured REE (kJ/d) 44357755n 706071225nn 59897888
Predicted REE (kJ/d) 49457586nnn 709371255

nP=0.002 vs controls; nnP=0.03 vs controls; nnnP=0.002 vs predicted
REE.
Abbreviations: REE: resting energy expenditure; predicted REEs were

Table 3 Substrate utilisation rate in the fasting state expressed as a
percentage of REE and as absolute values in children with
constitutional leanness, children with obesity, and controls

Lean children
(n=14)

Obese children
(n=16)

Controls
(n=8)

RQ 0.8870.04n 0.8370.05 0.8970.06
npRQ 0.8970.05n 0.8370.06 0.8670.08
Carbohydrate (% REE) 54.6713.1n 40.2718.2 43.6721.7
Fat (% REE) 32.5714.7nn 45.5718.3 37.7722.0
Protein (% REE) 12.974.1nnn 14.275.9 18.575.6
Carbohydrate (mmol/min) 5917151 6917330 6157248
Fat (mg/min) 26713y 57726 42727
Protein (mg/min) 2377yz 40717 45715

nP=0.02 vs obese children; nnP=0.04 vs obese children; nnnP=0.03 vs
controls; yPr0.0006 vs obese children; zP=0.002 vs controls.
Abbreviations: RQ: respiratory quotient; npRQ: non-protein respira-
tory quotient; REE: resting energy expenditure.

Table 4 Correlation coefficients between FFM, fat mass and REE
and net carbohydrate, fat and protein oxidation rates in lean, obese,
and control children, and in the whole cohort

Lean
children
(n=14)

Obese
children
(n=16)

Control
children
(n=8)

Overall
population
(n=38)

Fat-free mass vs
Cox 0.461 0.391 0.318 0.326n

Fox 0.329 0.364 0.585 0.621y

Pox 0.373 0.074 0.485 0.436nnn

Fat mass vs
Cox 0.540n 0.280 0.270 0.269
Fox 0.031 0.491n 0.498 0.628y

Pox 0.340 0.230 0.313 0.276
REE vs
Cox 0.386 0.236 0.495 0.217
Fox 0.600nn 0.535n 0.767nn 0.732y

Pox 0.343 0.290 0.481 0.552y
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correlated only with fat oxidation rate and explained
39.4% of the variance of this parameter (Table 4). In the
multiple regression analysis model, adding fat mass
resulted in a 3.4% increase (r2=0.42) in the proportion
of the fat oxidation rate variance already explained by
FFM.
In each group and in the overall population,

significant positive correlations were found between fat
oxidation and REE, and REE was consistently the most
important contributor to the variance of fat oxidation
(Table 4).

Discussion

Absolute REE was 26% lower in the lean children than
in the controls. The steady gains in weight and height in
the lean children during the years preceding the study
indicated a good balance between energy intake and
expenditure. Since REE and energy expenditure for
physical activity account for nearly all the daily energy
expenditure (1, 3), the absence of fat storage despite the
REE reduction suggests that the lean children had either
a reduced energy intake for their age and sex or a
normal energy intake but a high level of physical
activity. Their leanness was clearly not caused by an
elevation in the resting metabolic rate, a mechanism seen
in some organic diseases (6, 7).
FFM is the main determinant of REE (18), raising the

possibility that the REE decrease in the lean children
was ascribable to their lower FFM. The decrease in
REE adjusted for FFM disproves this hypothesis and
suggests that the energy balance in the lean children was
neutral at a lower level of intake and expenditure than in
the controls, probably as a result of constitutional
factors. Energy intake has not been recorded in lean
children, but the reduced protein oxidation rate strongly
supports a reduced energy intake in this group (19).
Differences in FFM composition may contribute to

the difference in REE for FFM between the lean
children and the controls. Animal studies have shown
that the reductions in weight and metabolic rate induced
by energy restriction are greater in the gut and liver than
in the muscles (20, 21). The gut and liver have high
metabolic rates and contribute a large part of whole-
body energy expenditure (22). Thus, the decrease in
REE for FFM in the lean children may be ascribable in
part to smaller organ sizes and to a lower organ
metabolic rate.
The difference between measured REE and predicted

REE for FFM might also partly due to an over-
estimation of FFM in lean children. Body fat is
probably underestimated, especially in undernourished
patients (23), when assessed by skinfold thicknesses
measurements and using formulas established from
children with normal body weight (12, 13). Body
composition assessed by this method may therefore

artefactually overestimate FFM indirectly obtained
from body weight minus fat mass.
In keeping with previous reports (1, 2), as compared

to the controls, absolute REE was increased in the obese
children, whereas REE adjusted for FFM showed no
difference, indicating that the higher absolute REE in
obese children was ascribable to a greater FFM. During
weight gain, the positive energy balance expands both
the energy stores (fat mass) and the FFM. The increased
REE caused by the FFM expansion may eventually
offset the increased energy intake. Thus, obese children
may have a neutral energy balance, but with higher
energy intake, expenditure, and store values than in
controls.
The data found in the lean and obese children in our

study probably explain why lean children have difficulty
gaining weight and obese children losing weight. In lean
children, increasing the energy intake eventually induces
an increase in energy expenditure (24) that matches the
excess intake, so that the energy intake must be
increased even more if the weight gain is to continue.
Similarly, in obese children, decreasing the energy intake
induces a decrease in REE to a level below that
predicted by the decrease in FFM (24, 25), so that
further weight loss can be achieved only by reducing the
energy intake even more or by increasing the level of
physical activity.
As expected, FFM was correlated with REE in all

three groups and with all substrate oxidation rates in the
overall population (1, 18, 25). As previously described
(26, 27), fat mass was correlated with fat oxidation rate
in the obese children and the overall population. This
suggests that although a positive fat balance induces an
increase in body fat stores, as observed in obese children
(28), another effect may be an increase in fat oxidation
leading to a decrease in fat storage and ultimately to
restoration of a neutral fat balance at a higher
percentage of body fat. Conversely, when the fat balance
is negative, fat stores may decrease only until fat
oxidation falls to the level that matches the fat intake.
Thus, energy balance may be virtually equivalent to fat
balance. The positive correlation found in the three
groups between fat oxidation and REE supports this
hypothesis and suggests a usual higher fat intake in
obese children and lower fat intake in lean children.
Postabsorptive metabolism in lean children was

characterised by a higher carbohydrate oxidation rate
and a lower fat oxidation rate than in obese children.
These differences are probably ascribable primarily to
the considerably smaller fat stores in the lean children.
They may also reflect the differences in the macronu-
trient composition of the usual diet between lean and
obese children, since all children were on a free diet
during the days preceding the study. In the postabsorp-
tive state, net carbohydrate oxidation measured by
indirect calorimetry reflects the oxidation of glucose
released from hepatic or muscle glycogen; it does not
take into account the oxidation of glucose produced by
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gluconeogenesis from amino acids or glycerol, which is
included in the net protein or fat oxidation (29). The
relative contribution of gluconeogenesis to meeting
postabsorptive energy requirements was therefore prob-
ably lower in the lean than the obese children. This may
contribute to energy sparing in lean children, since
gluconeogenesis requires more energy than glycogen-
olysis (16, 17).
Fat oxidation rate rise during puberty (26). Since a

positive association is currently found between timing of
puberty and BMI (30), our obese children had probably
a higher pubertal maturation than lean children (data
not available). Thus, the higher postabsorptive fat
oxidation rate observed in obese children may be partly
ascribable to their earlier pubertal development. Simi-
larly, the likely delay in pubertal development of lean
children might partly explain their decreased REE,
although REE changes with pubertal maturation
depend mainly on changes in body composition (31),
which were taken into account in our comparisons.
In conclusion, we showed that resting energy meta-

bolism in children with constitutional leanness was
characterised by energy sparing, probably adaptive in
nature, and that of obese children by a shift of the
energy and fat balance to a higher level of energy stores.
These data suggest a constitutional regulation of body
weight, probably due to genetic influences.
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