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The objective of this study was to examine how circulating leptin concentrations and resting energy expenditures
(REE) are related to body composition in obese adults, and to examine differences in these parameters according
to gender. Twenty-three subjects, 6 males and 17 females, were recruited from patients with a body mass
index (BMI) of greater than 27 at the Obesity Clinic of the K University Hospital. Anthropometric assessments
and biochemical analyses were performed, and REEs were measured. In spite of having similar BMI values,
the plasma leptin levels of females (20.0+:6.5 ng/ml) were significantly higher (p <.05) than those of males
(14.2+6.0 ng/ml). In females, plasma leptin concentrations were found to be positively related to body weight,
BMI, waist-hip ratio (WHR), fat mass (FM), body fat, and to the circumferences of forearm, waist and hip
(p <.0001). However, in males, plasma leptin concentrations were positively related only to suprailiac thickness
(p <.05). The higher plasma leptin levels in females compared to males may, at least partially, be explained
by the females' higher subcutaneous fat mass. Plasma leptin concentrations appeared to reflect not only total
fat mass but also regional fat distribution, especially in females. REE values of males (2254.3+256.2 kcal/day)
were significantly higher (p <.01) than those of females (1799.1+454.7 keal/day). REE values for females were
positively related to body weight, BMI, lean body mass (LBM), FM, body fat, and to the circumferences of
waist and hip (p <.05); however, REE values for males were (positively) related only to LBM (p <.05). REE
values were not related to plasma leptin concentrations for either males or females, indicating that the plasma
level of leptin might not be a predictor for REE value.
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INTRODUCTION

Major risk factors of obesity could be a low resting
metabolic rate andfor a low rate of fat oxidation with
low levels of physical activity." The resting metabolic
rate is commonly referred to in the literature as resting
energy expenditure (REE), and is generally defined as
the energy consumed by an individual at rest after an
overnight fast. The basal energy expenditure (BEE), the
obligatory metabolic cost for maintenance of physio-
logical processes and cellular functions, accounts for
approximately 60% of total energy expenditure.*® REE
measured at rest is approximately 10% above the BEE.”
It has been reported that genetic factors controlling
energy expenditure might be of importance in the
development of obesity.”

Another possible factor associated with obesity is a
high level of leptin.” It has been known that leptin is
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secreted by adipose tissue and seems to be involved in
signaling the level of body fat stores to the central
nervous system, thereby possibly controlling appetite.”
On the other hand, the absence of leptin in the ob/ob
mouse leads to severe obesity, and the administration of
leptin reduces food intake and increases energy expen-
diture. "'V

In the last few years, a large number of studies have
dealt with the determinants of leptin concentration under
various physiological and pathological conditions. Alth-
ough gender and amount of body fat are strong con-
tributors,">™ it is not clear that these two factors can fully
explain the wide variability of leptin concentrations;
indeed, individuals with similar levels of BMI have very
different leptin levels.”™'® The results from clinical studies
examining whether fat distribution plays a role in de-
termining serum leptin concentrations are conflicting.''®
Further investigation is needed to clarify the relationship
between leptin secretion and fat distribution.

The objective of this study was to examine how
circulating leptin concentrations and resting energy
expenditures (REE) are related to body composition in
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obese adults, and to examine differences in these para-
meters according to gender.

SUBJECTS AND METHODS

1. Subjects

Twenty-three obese adults (6 males and 17 females),
with a body mass index (BMI) of greater than 27 kg/m”
were recruited from patients at the Obesity Clinic of the
K University Hospital between December, 2000, and
August, 2001. Female subjects who did not use oral
contraceptive agents or hormone replacement therapy
(HRT) were selected. Selection criteria were: (1) the
absence of clinical signs or symptoms of chronic
diseases; (11) no history of body weight fluctuations in
the preceding 4 months; and (iii) no use of medications
known to affect metabolic rate or body composition.
All subjects gave their written consent to participate in
the present study.

2. Anthropometric Measurements

The height, weight, fat mass, lean body mass (LBM),
and total body weight (TBW) were measured for each
subject by a Body Fat Analyzer (TBF-202, Japan).
Subjects were dressed in light clothing and wore no
shoes. Measurements were recorded to the nearest 0.1cm
or 0.1kg. The circumferences - including upper arm,
forearm, waist, hip, thigh, calf, and wrist - were mea-
sured using a measuring tape and recorded to the nearest
0.lcm. Skin fold thicknesses of the triceps, subscapular,
suprailiac, abdomen, and thigh were each measured three
times on the left side of the body by skin-fold calipers,
and were then recorded to the nearest O.lmm. The
average of the three records was taken as the final result
for each parameter.

3. Resting Energy Expenditure (REE)
REEs were measured by a portable indirect calorimeter

Table 1. Clinical characteristics of the subjects

(Metavine-N, Vine Bio-Dynamic Systems, Inc. Tokyo,
Japan) at the Obesity Clinic of the K University Hospital.
REEs were measured after subjects had been wakened
and placed in a comfortable sitting position for 30
minutes. The room temperature ranged from 20C to
257C. Subjects had nothing to eat or drink for at least
2 hours before their REEs were measured. During each
measurement, the subjects wore a face mask and brea-
thed normally for 3 minutes. The average of three mea-
surements was taken as a final result for each subject.

4. Biochemical Analysis

Blood samples were collected in test tubes containing
ethylenediamine tetraacetate(EDTA) and trasylol (Miles
Pharmaceutics, Rexdale, Canada) using a venous cath-
eter. These samples were drawn early in the morning
from a basilic vein after a 12-hour overnight fast. Plasma
insulin levels were determined by a radio-immuno assay
(RTA) using polyethylene glycol separation.”” Fasting
plasma leptin levels were determined by RIA using a
commercially available kit (Linco Research. St. Louis.
Mo., USA).”® Fasting plasma levels of FFA were mea-
sured by the colorimetric method.*”

5. Statistical Analysis

Statistical calculations were performed using the
Statistical Analysis System (SAS), version 6.12. All
values are given as the mean + SD. The nonparametric
U Mann-Whitney test for unpaired values was used for
comparisons between groups of subjects. Pearson’s
correlation analysis was performed among the values of
leptin, REE and the other variables. Levels of P <
0.05 were considered statistically significant. '

RESULTS

1. Clinical Characteristics of the Subjects
Table 1 summarizes the clinical characteristics of the

Male (n=6) Female (n=17) P-values

Age (yrs) 41.0+10.6 (26~58)" 41.4+11.0 (20~55) NS

Height (cm) 168.3+5.5 (158.1~176.6) 162.4t4.2 (155~173.5) NS

Body weight (kg) 84.8+5.8 (78.3~95.2) 77.5+12.8 (62.9~117.4) 0.0482
BMI (kg/mz) 31.0+2.4 (27.9~33.5) 29.1+4.0 (27.9~45.0) NS

WHR 0.97+0.05 (0.94~1.03) 0.90+0.04 (0.84~1.00) 0.0099
LBM (kg) 58.9+6.0 (52.7~67.0) 45.3+3.5 (38.7~49.8) 0.0004
FM (kg) 25.5+6.4 (18.8~38.5) 32.3+12.2 (18.9~72.2) 0.0478
Body fat (%) 30.6+6.4 (23.8~42.7) 40.5+7.8 (29.2~61.5) 0.0312
REE (kcal/day) 2254.3+256.2 (2062~2690.3) 1799.1+454.7 (1485.5~2338.0) 0.0060
Leptin (ng/ml) 14.245.9 (8.4~21.0) 19.9+6.5 (7.0~29.6) 0.0459

1) Values are mean+SD (range)

2) BMI ; body mass index, WHR ; waist-hip ratio, FM ; fat mass, LBM ; lean body mass, REE ; resting energy expenditure, NS ; not significant
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subjects. In spite of similar BMI values, the waist hip
ratio (WHR) values of females (0.90+£0.04) were sig-
nificantly lower (p <0.01) than those of males (0.97
+0.05). The LBM values of males (58.9+6.0kg) were
significantly higher (p <0.001) than those of females
(45.3+3.5kg). The REE values of males (2254.3+256.2
kcal/day) were significantly higher (p <0.01) than
those of females (1799.1+454.7kcal/day). The plasma
leptin levels and body fat (%) of females, at
20.0+6.5ng/ml and 40.5+7.8% respectively, were signi-
ficantly higher (p <0.05) than those of males at
14.2+6.0ng/ml and 30.616.4%, respectively.

2. Anthropometric Parameters of the Subjects

Table 2 summarizes the anthropometric parameters of
the subjects. The waist circumference of the males
(97.9+5.6cm) was significantly higher (p <0.05) than
that of the females (90.0+6.7); however, the other anthr-
opometric parameters were not significantly different
between the two groups.

Table 2. Anthropometric parameters of the subjects

Male (n=6) Female (n=17)
Circumferance (cm)
Upperarm 30.4+1.7Y 30.6+2.4
Forearm 26.1£0.6 24.1£0.9
Waist 97.9+5.6% 90.0+6.7
Hip 103.6+t34 101.3+4.1
Thigh 58.2+3.8 60.7+2.6
Calf 40.2+0.8 38.6x1.6
Wrist 17.4+0.9 16.4+0.3
Skinfold thickness (mm)
Triceps 22.1+5.8 30.6+7.0
Subscapular 33.4+6.7 34.5+8.1
Suprailiac 29.2+8.6 31.2+10.4
Abdomen 38.3+6.8 35.2+9.8
Thigh 25.2+6.1 32.0+6.6

1) Values are mean+SD
* p<0.05

3. Correlations Between Plasma Leptin Levels
and Anthropometric Indices

Table 3 summarizes the correlations between the
plasma leptin levels and anthropometric indices. For
females, leptin concentrations were significantly related
to body weight, BMI, FM, body fat (%), the waist and
hip circumferences, and the skinfold thickness of triceps
and suprailiac (p < 0.05). However, for males, leptin
concentrations were related only to the suprailiac skin-
fold thickness (p < 0.05).

and anthropometric indices

Table 3. Coefficients of correlation between plasma leptin levels

Coefficients (r)

Male Female
Age (yrs) 0.02 0.02
Body weight (kg) -0.13 0.76%*
BMI (kg/m®) 0.39 0.87%*
WHR 0.78 0.61%
LBM (kg) -0.34 -0.09
M (kg) 0.15 0.83%*
Body fat (%) 0.20 0.74**
Upperarm (cm) -0.58 0.67*
Forearm (cm) 0.39 0.64*
Waist (cm) 0.66 0.83**
Hip (cm) 0.34 0.89%*
Thigh (cm) 0.35 0.38
Triceps (mm) -0.34 0.54%
Subscapular (mm) 0.39 0.45
Suprailiac (mm) 0.82* 0.48*
Abdomen (mm) 0.74 0.37
Thigh (mm) 0.43 0.35

1) BMI ; body mass index, WHR ; waist-hip ratio, LBM ; lean body mass,
FM ; fat mass
*p <005 **p<0.001

4. Correlations of REE with Anthropometric Indices

Table 4 shows the correlations between the REE
values and the anthropometric indices. For females, REE
values were significantly related to body weight, BMI,
LBM, FM, body fat (%), and the circumferences of waist
and hip (p < 0.05). However, for males, REE values
were significantly related only to the LBM (p < 0.05).

Table 4. Coefficients of correlation between REE and
anthropometric indices

CoefTicients (r)

Male Female
Age (y1s) 0.32 -0.09
Body weight (kg) 0.43 0.59*
BMI (kg/m?) 0.33 0.59*
WHR 0.42 0.44
LBM (kg) 0.43* 0.45%
FM (kg) 0.53 0.63*
Body fat (%) 0.10 0.59*
Upper arm (cm) 0.34 0.51
Forearm (cm) 0.21 0.49
Waist (cm) 0.20 0.64*
Hip (cm) 0.34 0.41
Thigh (cm) 0.41 0.42
Triceps(mm) 0.10 0.02
Subscapular (mm) 0.12 0.10
Suprailiac (mm) 0.02 0.16
Abdomen (mm) 0.17 0.18
Thigh (mm) 0.42 0.39

1) BMI : Body mass index, WHR : Waist-hip ratio, LBM : Lean body mass,
FM : Fat mass
* p<0.05
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5. Correlation Between REE and Plasma Leptin
Levels
Figure 1 illustrates a simple regression between REE
values and leptin levels. REE values were not related
to leptin concentrations in either males or females (p =
0.43).
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Fig 1. Simple regression between plasma leptin levels and REE

DISCUSSION

This study provided evidence that fat, expressed either
as a percentage of body weight or as an absolute amount
of fat mass, is a major determinant of plasma leptin
concentration, and that leptin concentrations are higher
in females than in males. The reasons for the higher
levels of leptin in females than in males remain unclear;
although the gender-related differences in amount of
subcutaneous or visceral adipose tissue are important,
they cannot fully account for the sexual dimorphism of
serum leptin*? A relevant contribution to the pool of
leptin by a brain secretion has been recently demo-
nstrated.” Another recent study®” shows that the pre-
vailing levels of sex steroid hormones are instrumental
in establishing gender differences in leptin levels, since
cross-sex hormone therapy reverses these differences in
circulating leptin levels,

In accordance with the Wiesner et al study,” Nielsen
et al’® found that LBM was a strong predictor of REE.
In addition, Nielsen et al®® and Dionne et al*” found that
FM might be a significant predictor of REE, especially
in males, although Cumningham® did not agree. Oxy-
gen consumption by adipose tissue is approximately 2.9
kcal/kg/day. Considering that adipose tissue is composed
of approximately 85% fat, it can be predicted that body
fat would increase REE by approximately 3.4 kcal/kg/
day if only the metabolic needs of adipose tissue influe-
nced resting oxygen consumption. The present study
found a relationship between REE and fat in females,
expressed either as a percentage of body mass or as an
absolute amount of fat mass; this could be explained by
the larger amounts of abdominal fat increasing the work

of diaphragmatic breathing in the supine position.””
These could explain the observation that REE relative
to fat-free mass (FFM) appears to be greater in upper
body obesity.”

A high fasting respiratory quotient (RQ) and low REE
are independent risk factors for weight gain. Since leptin
can increase fat oxidation and energy expenditure, this
study examined the possibility that circulating leptin
could be independently related to REE. Recent studies™
suggest that leptin may be an important metabolic signal
for energy regulation in rodents, but the role of leptin
in human energy regulation remains uncertain, perhaps
because adaptive variations in energy expenditure play
an important role in human energy regulation. Soares
et al* could not demonstrate any association between
leptin and BMR in young and older adults. Others®
have also noted the lack of correlation between leptin
levels and energy expenditure. Perhaps the use of free
rather than total leptin levels would increase the like-
lihood of significant associations between leptin levels
and energy expenditure.”” Tuominen et al®® have, how-
ever, suggested that plasma leptin concentrations were
significantly related to energy expenditure. In other
words, circulating leptin responded to a change in energy
flux. In the present study, no significant relationships
were found between leptin levels and REE values.

A weak relationship was found between plasma leptin
levels and subcutaneous tissue in this study. This result
is in agreement with the data of Van Harmelen et al,
showing that subcutaneous adipose tissue secretes more
leptin than the omental compartment, even when secre-
tion rates were calculated according to the number of
cells. Thus, the contribution of subcutaneous fat in sec-
reting leptin is attributable both to its predominant mass
and to its higher releasing activity per fat cell. The
present study showed that subcutaneous fat mass made
a more predominant contribution to the secretion of
leptin in females compared to males.

In summary, the higher leptin concentrations in fema-
les may, at least partially, be explained by their higher
levels of subcutaneous fat mass. However, other still
unidentified factors are likely to play a role in deter-
mining the gender-related variability of leptin concen-
trations at comparable levels of body and fat mass. Le-
ptin concentrations might not be a significant predictor
for REE values. REE values were a significant predictor
for LBM in both males and females. In addition, REE
values were specifically related to the fat mass and waist
circumference of females. Plasma leptin concentrations
reflected not only total fat mass but also regional fat
distribution, especially in females. It is recommended
that further studies of the relationship between anthro-
pometric measurements and leptin levels or REE be
undertaken on a larger number of obese subjects.



46 Gender differences on body composition, REE and leptin level

Literature Cited

1) Ravussin E, Lillioja S, Knowler WC, Christin L, Freymond
D, Abbott WG, Boyce V, Howard BV, Bogardus C. Reduced
rate of energy expenditure as a risk factor for body-weight
gain. N Engl J Med 318 : 467-472, 1988

2) Seidell JC, Muller DC, Sorkin JD, Andres R. Fasting
respiratory exchange ratio and resting metabolic rate as
predictors of weight gain: the Baltimore Longitudinal study
on Aging. Int J Obes 16: 667-674, 1992

3) Ravussin E, Bogardus C. A brief overview of human energy
metabolism and its relationship to essential obesity. Am J Clin
Nutr 55: 242-245, 1992

4) Rudolph L. Leibel, Michael Rosenbaum, Jules Hirsch.
Change in energy expenditure resulting from altered body
weight. N Engl J Med 332: 621-628, 1995

5) Soares MJ, Piers LS, Collier GR . Plasma leptin concentra-
tions, basal metabolic rate and respiratory quotients in young
and older adults. Int J Obese 24. 1592-1599, 2000

6) Bogardus C, Liilioja S, Ravussin E, Zawadzki J, Toung A,
Knowler W.C, Jacobowitz R, Moll P. Familial dependence
of the resting metabolic rate. N Engl J Med 315: 96-100,
1986

7) Bouchard C, Despres J-P, Tremblay A. Genetics of obesity
and human energy metabolism. Proc Nutr Soc 50: 139-147,
1991

8) Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,
Friedman JM. Positional cloning of a mouse obese gene and
its human homologue. Nature 372: 425-432, 1994

9) Houseknecht KL, Baile CA, Matteri RL, Spurlock ME. The
biology of leptin: a review. J Anim Sci 76: 1405-1429, 1998

10) Hwa JJ, Ghibaudi L, Compton D, Fawzi AB, Strader CD.
Intra-cerabroventricular  injection of leptin  increases
thermogenesis and mobilizes fat metabolism in ob/ob mice.
Horm Metab Res 28: 659-663, 1996

11) Hwa JJ, Fawzi AB, Graziano MP, Ghibaudi L, William P,
Van Heek M, Davis H, Rudinski M, Sybertz E, Strader CD.
Leptin increases energy expenditure and selectively promotes
fat metabolism in ob/ob mice. Am J Physiol 272: 1204-1209,
1997

12) Couillard C, Mauriege P, Prud’homme D, Nadeau A,
Tremblay A, Bouchard C, Despres JP. Plasma leptin concen-
trations: gender differences and associations with metabolic
risk factors for cardiovascular disease. Diabetrologia 40:
1178-1184, 1997

13) Hickey MS, Israel RG, Gardiner SN, Considine RV,
MCCammon MR, Tyndall GL, Humard JA, Marks RH, Caro
JF. Gender differences in serum leptin levels in humans.
Biochem Mol Med 59: 1-6, 1996

14) Nagy TR, Gower BA, Trowbridge CA, Dezenberg C,
Shewchuk RM, Goran MI. Effects of gender, ethnicity, body
composition, and fat ' distribution on serum leptin
concentrations in children. J Clin Endicrinol Metab 82:
2148-2152, 1997

15) Baumgariner RN, Ross RR, Waters DL, Brooks WM, Morley

JE, Montoya GD, Garry PJ. Serum leptin in elderly people:

associations with sex hormones, insulin, and adipose tissue

volumes. Obes Res 7. 141-149, 1999

Chapman IM, Wittert GA, Norman RJ. Circulating leptin

concentrations in polycystic ovary syndrome: relation to

anthropometric and metabolic parameters. Clin Endocrinol

46: 175-181, 1997

Haffner SM, Miettinen H, Mykkanen L, Stern MP. Leptin

concentrations are associated with higher proinsulin and

insulin concentrations but a lower pro-insulin/insulin ratio in

non diabetic subjects. Int J Obes Metab Disord 22: 899-905,

1998

18) Lonngvist F, Wennlund A, Amer P. Relationship between
circulating leptin and peripheral fat distribution in obese
subjects. Int J Obes Relat Metab Disord 21: 255-260, 1997

19) Desbuquois B, Aurbach GD. Use of polyethylene glycol to
separate free and antibody-bound peptide hormones in
radioimmunoassays. J Clin Endocrinol Metab 37: 732-738,
1971

20) Doucet E, Sylvie ST. Pietre, Almeras N, Mauriege P, Richard
D, Tremblay A. Change in energy expenditure and substrate
oxidation resulting from weight loss in obese men and
women: Is there an important contribution of leptin? J Clin
Endocrinol Metab 85: 1550-1556, 2000

21) Dole VP, Meinertz H. Micro-determination of long chain fatty
acids in plasma and tissue. J Lipid Res 235: 2595-2599, 1960

22) Minocci A, Savia G, Lucantoni R, Berselli ME, Tagliaferri
M. Leptin plasma concentrations are dependent on body fat
distribution in obese patients. Int J Obese 24: 1139-1144,
2000

23) Wiesner G, Vaz M, Collier G, Seals D, Keye D, Jennings
G, Lambert G, Wilkinson D, Esler M. leptin is released from
the human brain: influence of adiposity and gender. J Clin
Endocrinol Metab 84: 2270-2274, 1999

24) Soares M1, Piers LS,Collier GR . Plasma leptin concentra-

" tions, basal metabolic rate and respiratory quotients in young

and older adults. Int J Obese 24: 1592-1599, 2000

25) Nelson KM, Weinsier RL, Long CL, Schutz Y. Prediction
of resting energy expenditure from rat-free mass and fat mass.
Am J Clin Nutr 56: 848-856, 1992

26) Nielsen S, Hensrud DD, Romanski S, Levine JA, Burguera
B, Jensen MD. Body composition and resting energy
expenditure in humans: role of fat, fat-free mass and
extracellular fluid. Int J Obes 24: 1153-1157, 2000

27) Dionne I, Despres JP, Bouchard C, Tremblay A. Gender
difference in the effect of body composition on energy
metabolism. Int J Obese Relat Metab Disord 23: 312-319,
1999

28) Cumningham JJ. A reanalysis of the factors influencing basal
metabolic rate in normal adults. Am J Clin Nutr 33:
2372-2374, 1980

29) Dionne I, Depres JP, Bouchard C, Tremblay A. Gender
difference in the effect of body composition on energy

16

~

17

~—



Ryowon Choue ¢ 4/, 47

metabolism. Int J Obes Relat Metab Disord 23: 312-319, 1999

30) Roberts SB, Nicholson M, Sataten M. Relationship between
circulating leptin and energy expenditure in adult men and
women age 18 years to 81 years. Obes Res 5: 459-463, 1997

31) Campostano A, Grillo G, Bessarione D, De Grandi R, Adami
GF. Relationships of serum leptin to body composition and
resting energy expenditure. Horm Metab Res 30 : 646-647,
1998

32) Brabant G, Horn R, von zur Muhlen A, Mayr B. Free and

protein bound leptin are distinct and independently controlled
factors in energy regulation. Diabetologia 43(4) : 438-442,
2000

33) Tuominen JA, Ebeling P, Heiman ML, Stephens T, Koivisto
VA. Leptin and thermogenesis in human. Acta Physiol Scand
160: 83-87, 1997

34) Van Harmelen V. Reynisdottir S. Eriksson P. Thorne A.
Leptin secretion from subcutaneous and visceral adipose
tissue in women. Diabetes 47. 913-917, 1998



