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L

eptin, a protein coded by the ob gene, is released by
adipose tissue in the circulation and regulates body
weight in mice (1). Mutations in the ob gene in
ob/ob mice (1), as well as mutations in the ob receptor gene in db/db mice (2^1), result in obesity. In obese mice,
except in the db/db, injections of recombinant leptin
decrease food intake, increase energy expenditure, and
cause weight loss (5-7). Leptin is suspected to be a signal
allowing the central nervous system, which contains leptin
receptors (8), to perceive the amount of adipose tissue
stored in the body. If leptin triggers processes through which
the brain could control feeding behavior and energy metabolism (1) in humans, one expects leptin to limit the deposition of fat via a feedback regulatory sequence: storage of
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adipose tissue, increased leptin, decreased food intake, and
increased energy expenditure.
Adults with stable obesity have an overexpression of the
ob gene in their adipose tissue (9-12) and elevated serum leptin (10). At this stage of obesity evolution, elevated leptin
could be part of the homeostatic response to limit further fat
accumulation. Elevated leptin could also reflect primary
resistance to leptin in obese patients, as postulated by Considine et al. (10). According to the available animal models,
this resistance could be due to mutations in the ob gene (1)
or the ob receptor gene (2) or to impairment at any level of
leptin action.
Our model of dynamic obesity of early onset (13-17)
offers an opportunity to study leptin levels at a time of
active fat deposition and to distinguish effects of sex and
pubertal maturation.
RESEARCH DESIGN AND METHODS
Subjects. We studied 42 lean children (22 boys and 20 girls, mean age ± SE, 11
± 0.4 years) and 112 obese children and adolescents (50 boys and 62 girls, 11.5 ±
0.3 years). Obesity was defined as a body weight greater than 120% of the ideal
value for age and height. Clinical and biological characteristics of the studied children are presented in Tables 1-3.
None of the children was taking any medication or had evidence of endocrine
or metabolic disease other than obesity. All were studied while they were rapidly
gaining weight, although at various rates (Tables 1 and 2). A blood sample was collected from each subject while fasting, and the serum was frozen at -80°C until
analysis. Energy expenditure and glucose and lipid oxidation were measured in
32 obese and 20 lean control children. Food consumption preceding the study was
evaluated by a dietitian using a questionnaire designed to quantify food intake over
a whole week. Obese children had an alleged caloric consumption of 3,915 ± 207
kcal in girls and 4,170 ± 211 kcal in boys, values comparable to our previous estimations (14). Food intake was 1,780 ± 125 kcal/day (P < 0.0001) in lean children.
After the study, all obese children were placed on an hypocaloric diet: their
weight decreased at an average rate of 790 ± 220 g/month the first 6 months of follow-up (range -3,600 to +1,400 g per month).
All protocols were approved by the institutional review board of Cochin Faculty, University Rene Descartes, and all subjects gave informed consent.
Leptin radioimmimoassay. Leptin was measured in plasma or serum samples
by radioimmunoassay by means of reagents supplied by Linco Research (St.
Louis, MO). The anti-leptin antiserum was raised in rabbits against highly purified
recombinant human leptin. This antiserum did not cross-react with insulin,
insulin-like growth factors I and II, glucagon, or interleukin 2 in doses of 10
pg/ml. The tracer was 125I-labeled human leptin. It was stable for at least two
months at 4°C, with relative binding at the 0 point decreasing only from 55 to 4796.
Recombinant leptin standard or serum sample in duplicate was incubated in
phosphate-buffered saline, pH 7.4, containing 0.1% Triton X-100 and 1% bovine
serum albumin with anti-leptin antiserum and 125I-labeled leptin (about 15,000 cpm
in 100 ul) for 21 h at 4°C. Then the bound fraction was precipitated with a conjugate of polyethylene glycol and anti-rabbit antiserum and centrifuged. The
supernatant was decanted and the pellet counted in a -y-counter. The perfor989
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In 112 obese compared with 42 lean children, we found
that serum leptin is elevated early in the evolution of
childhood-onset obesity (28.4 ± 1.4 vs. 4.5 ± 0.4 ng/ml in
lean children, P < 0.0001) and correlates with adiposity.
Obese children also had higher serum leptin normalized
to fat mass. Despite high serum leptin, obese children
ingested 2-3 times more calories than did lean control
subjects (P < 0.0001) and gained weight rapidly (10.2 ±
0.3 vs. 2.9 ± 0.1 kg/year in control subjects, P < 0.0001).
Girls had higher leptin levels than did boys, in obese as
well as in nonobese children, and showed a closer correlation between adiposity and serum leptin. Elevation
of serum leptin was comparable before and after
puberty in obese boys, but puberty further increased
leptin levels in obese girls (36 ± 3 ng/ml), resulting in
a clear sexual dimorphism with pubertal obese boys
(22 ± 5 ng/ml, P < 0.005). In conclusion, increased
serum leptin reflects but does not halt fat deposition in
childhood obesity. After normalization to body adiposity, leptin was found to be increased independently by
obesity status, female sex, and female sexual maturation. Diabetes 46:989-993, 1997
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TABLE 1
Clinical characteristics of the studied obese and nonobese children

n
Age (years)
Pubertal stage
Body weight (kg)
Percent IBW
BMI (kg/m2)
Fat mass (kg)
Fat mass (% body wt)
Weight gain past year (kg)

Obese children

Nonobese children

112
11.8 ±0.3
12.2 ± 0.2
68.6 ± 2.0
164.5 ± 2.1
29.2 ± 0.4
29.6 ± 1.0
44.3 ± 0.8
10.2 ± 0.3

42
10.7 ± 0.5
1.9 ± 0.3
32.7 ± 1.7
98.7 ± 1.2
16.7 ± 0.3
10.5 ± 0.7
31.1 ±0.8
2.9 ±0.1

NS
NS
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001

Pubertal stage was assessed according to Tanner. IBW, ideal body weight.
serum leptin concentration. Between-group univariate analyses (obese vs.
nonobese, female vs. male) were made by one-way analysis of variance with
regard to serum leptin concentrations and variables such as BMI, fat mass
(expressed in kg and as percent body weight), age, etc., using analysis of variance for quantitative variables. Correlations between leptin and BMI and fat mass
(kg and percent) were calculated using Spearman's correlation coefficient in
obese and lean patients. All significant independent variables were then examined for interactions between variables by stepwise multiple regression analysis to leptin as dependent variable and sex, BMI, fat mass, and age. Betweengroup analyses to determine whether sex or obesity status altered the relationship between leptin and measures of body composition were made by
multiple analysis of covariance using the grouping variable as a covariate. For
all statistical tests, significance was defined asP < 0.05. Computations were made
with BMDP statistical software.

RESULTS

Clinical and metabolic characteristics of the studied children are presented in Tables 1-3. The indexes of body fatness
used in this study, BMI and fat mass (kg and percent body
weight), were closely correlated in obese and nonobese children, with correlation coefficients ranging from 0.64 to 0.84.
The mean serum leptin concentration in the 112 obese
children was 28.4 ± 1.4 ng/ml compared with 4.5 ± 0.4 ng/ml
in the 42 nonobese children (P < 0.0001). Univariate analysis
in obese children showed that serum leptin correlated with
BMI in obese (r = 0.63, P < 0.001) and nonobese children (r
= 0.60, P < 0.001) (Fig. 1). Serum leptin also correlated in
obese and nonobese children with fat mass expressed in

TABLE 2
Clinical characteristics of the obese children according to gender and pubertal status

All
n

Age (years)
Pubertal stage
Duration of obesity (years)
Body weight (kg)
Percent IBW
BMI (kg/m2)
Fat mass (kg)
Fat mass (% body wt)
Weight gain last year (kg)

Obese boys
Before puberty

During puberty

All

Obese girls
Before puberty

During puberty

50

23

27

62

27

35

12 ± 0.4
2.2 ± 0.2
7.5 ± 0.5
71 ± 3
160 ± 2
29.2 ± 1
30 ± 1
43 ± 1
10.7 ± 0.7

9.6 ± 0.5

14 ± 0.3
2.8 ±0.2
8.7 ± 0.7
84 ±3
160 ±3
31.1 ± 1
37 ±1
44 ±1
11.5 ±0.9

10.8 ± 0.4
2.2 ± 0.2

8.7 ±0.3

7 ± 0.5
63 ± 3
167 ± 4
29.2 ± 1
28.5 ± 1
46 ± 8*
9.6 ± 0.4

5.3 ± 0.4
49 ±2
165 ±4
27.1 ± 1
21.5 ±1
44 ±1
8.6 ± 0.4

12.6 ± 0.5
3.2 ± 0.2
8.9 ± 0.7
76 ±5
168 ±7
31.3 ±2
36 ±2
48 ±1
10.8 ± 0.6

1

6.6 ± 0.6
57 ±4
159 ±3
27.4 ± 1
24 ±1
42 ±1
10.1 ± 0.9

1

Pubertal stage was assessed according to Tanner. *P < 0.02 vs. obese boys. IBW, ideal body weight.
990
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mance of the standard curve was as follows: ED^: 1.48 ± 0.09 ng, ED^: 6.07 ± 0.51
ng, ED20:31.7 ± 3.49 ng. The intra-assay coefficients of variation were 3.6 and 3.3%
at the levels 1.4 and 14.2 ng/ml, respectively. The inter-assay coefficients of variation were 4.6 and 3.7 at the levels 1.4 and 14.2 ng/ml, respectively. The detection
limit was computed according to Currie (16): the critical limit (95th percentile of
the blank value) was 0.1 ng/ml, and the qualitative detection limit (level different
from the blank at 95% significance) was 0.3 ng/ml. Recovery of human leptin added
to a plasma pool was 105 ± 4% (mean ± SD). Serial dilutions of high-level samples
strictly parallel the standard curve. Mean fasting level (± SD) was 3.6 ± 0.7 ng/ml
in nonobese men and 8.8 ± 3.9 ng/ml in nonobese menstruating women.
Indirect calorimetry. At 8:30 A.M., after an overnight fast, continuous indirect
calorimetry was performed using a Deltatrac Metabolic Monitor (Datex, Finland), and urinary nitrogen was measured, as reported in a previous study of obese
children (14). During the 1-h experiment, the children rested comfortably on a bed
and watched television or read.
Other analyses. Insulin was measured by radioimmunoassay using reagents
provided by CIS Biointernational (Gif-sur-Yvette, France) (17). The standard
was human insulin calibrated to the International Preparation 66/304. Serum
glucose was measured using glucose oxidase (Yellow Springs Instruments, Yellow Springs, OH). Plasma free fatty acids were measured using a colorimetric method (18).
The percentage of fat-free mass and body fat was determined by bioelectric
impedance analysis (Eugedia, France), a method that has recently been validated in children (19). Although variability in within-subject predictive accuracy
may compromise delineation of small changes within individuals in a group, bioelectric impedance is considered reliable for comparison between groups with
major differences in body composition (20). Oral glucose tolerance tests were performed by giving each subject 40 g/m2 glucose after overnight fasting. Plasma glucose and insulin levels were measured in the fasting state and 120 min after glucose ingestion.
Statistical analysis. Linear regression analyses were performed relating
measures of body composition, obesity history, and indexes of adiposity to
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TABLE 3
Circulating leptin, glucose, and insulin concentrations in the obese children according to sex and pubertal status
All
n

Basal energy
expenditure (kcal/min)
Lipid oxidation
(mg • m"2 • min"1)
Glucose oxidation
(mg • m"2 • min"1)
Serum leptin (ng/ml)
per unit fat mass
Serum leptin
(ng • ml"1 • kg"1 fat mass)

4.1 ±0.1

23

4 ±0.1

Obese girls
Before puberty During puberty

All

27

62

27

35

4.1 ±0.1

4.1 ±0.1

3.9 ±0.1

4.4 ±0.1

14 ± 1

10 ±1

18 ±2

18 ±2

15 ±4

20 ± 3

5.2 ± 0.4

4.9 ± 0.2

5.7 ± 0.2

5.6 ± 0.2

5.4 ± 0.3

5.8 ± 0.3

69 ±8
0.58 ± 0.04

54 ±7
0.62 ± 0.08

85 ±10
0.54 ± 0.04

83 ±9
0.64 ± 0.04

67 ±11
0.69 ± 0.06

96 ±10
0.62 ± 0.04

1.16 ±0.04

1.02 ± 0.04

1.31 ± 0.03

0.91 ± 0.02

1.12 ± 0.04

33 ±2

31 ±4

35 ±2

28 ±2

29 ± 3

26 ±2

70 ±4
25 ± 3

78 ±5
24 ± 3

61 ±4
22 ± 5

76 ±4
32 ±4*

80 ±4
28 ±6

71 ± 5

36 ± 3tt

0.83 ± 0.06

0.96 ± 0.09

0.68 ± 0.13

1.11 ± 0.07*

1.14 ±0.08

1.08 ± 0.09t

1 ± 0.03

*P < 0.005 vs. boys; t P < 0.005 vs. pubertal boys; %P < 0.01 vs. prepubertal girls.

kilograms (P < 0.001) or percent body weight (P < 0.001). Cor- When adjusted for BMI using covariance analysis, serum
relations in obese children were comparable with that leptin was also significantly higher in lean girls than in lean
described in adults with stable obesity (10). When expressed boys (P < 0.0001). Similar relationships were observed with
per unit fat mass, serum leptin was found to be higher in obese the other indexes of adiposity. Adjusted for sex using multhan in lean children (1.0 ± 0.05 vs. 0.46 ± 0.03 ng/ml per kg
fat mass, P < 0.001) and in girls than in boys, both in obese
(Table 3) and nonobese children (0.52 ± 0.04 vs. 0.38 ± 0.04
ng/ml per kg fat mass, P < 0.02).
Since absolute fat mass was closely dependent on age and
14o
obesity duration (r = 0.85 and 0.87, respectively, P < 0.001),
serum leptin correlated with these parameters. Percent fat
12mass did not correlate with obesity duration and was weakly
related to age (r = 0.38, P < 0.002). Serum leptin correlated
o
10•
•
weakly, but positively, with the rate of weight gain the year
preceding the study (r = 0.38, P < 0.002), suggesting that fat
deposition was not restricted by high leptin concentrations.
• •
80
,.
Neither was leptin predictive of future weight loss during
.-;o»
the first 6 months following the prescription of a standard
6O
hypocaloric diet.
••
After adjustment for age, pubertal status, and adiposity
i
4°o
indexes, serum leptin was higher in obese girls (32 ± 4 ng/ml)
o°
than in obese boys (25 ± 3 ng/ml, P < 0.0001). This difference
o
o
o
o
o
2Q
o
was not related to the slightly greater fat content in obese girls
'.'•"'
°
than in obese boys, and the difference before and after
puberty was not due to changes in fat content (Table 2).
0
Serum leptin was comparable in boys before and after
19
11
12
13
14
15
16
17
18
20
puberty, despite a slightly higher fat content in the latter
Body Mass lndex(kg/m 2 )
group (Tables 2 and 3). In contrast, obese girls had a 30% rise
in serum leptin concentrations during puberty.
1. Relationship between BMI and serum leptin concentration in
Stepwise multiple regression analysis found that serum FIG.
nonobese children. The equations describing the regressions are: y =
leptin was significantly correlated with BMI and sex in obese 1.0* ± 11.5 (r = 0.74, P < 0.001) in girls ( • ) and y = 0.99 - 13 (r = 0.54,
P < 0.001) in boys (O).
and nonobese children (Table 4).
1 U

•

.
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Fasting plasma
glucose (mmol/1)
Fasting plasma
insulin (uU/ml)
Glucose at 120 min
OGTT (mmol/1)
Insulin at 120 min
OGTT (mU/ml)
Free fatty acid (mmol/1)

50

Obese boys
Before puberty During puberty

LEPTIN IN OBESE AND NORMAL CHILDREN

TABLE 4
Summary table for multiple stepwise regression analyses in the studied children

Obese
Nonobese

Multiple r

BMI
Sex
BMI
Sex

DISCUSSION
The present study shows that increased leptin levels are an
early feature of juvenile obesity. The relationship between
serum leptin and body fat content in our obese children resembles that observed in adults with long-standing, stable obesity
(10). Increased leptin levels in obese adults were interpreted
as indicating leptin resistance. Our data, obtained at a stage
when obesity is constituting rapidly, support this interpretation
because leptin did not appear to act as a satiety regulator in the
obese children, who kept an exaggerated appetite and a
remarkably high caloric intake despite hyperleptinemia
During the dynamic phase of fat deposition, our obese
children have a slight increase of their basal energy expenditure, as observed previously (14). The lack of relationship
between increased serum leptin and increased energy
expenditure, however, does not support an active signaling
role for leptin to regulate energy metabolism in the obese
children. In fact, the slightly higher basal energy expenditure
in the obese children appears to simply reflect their
increased lean body mass.
Not only was leptin elevation unable to inhibit rapid fat
deposition in young obese patients, it correlated positively
with weight gain. For example, the obese children with leptin levels above 40 ng/ml were gaining weight at a rate of 15.3
± 2 kg/year, 3-4 times the normal rate.

0.63
0.67
0.60
0.66

Pharmacological doses of leptin decrease food intake,
increase energy expenditure, and cause weight loss in mice
that have mutations of the ob gene (5), diet-induced obesity
(6), or normal weight (7). Our data in obese juvenile patients
suggest that the use of leptin as a treatment aiming to
decrease body weight would certainly require much higher circulating leptin levels than those observed here or, more logically, a drug able to improve leptin action.
Obese children appear to produce twice as much leptin per
unit fat mass than do lean control children, and obese and
nonobese girls produce 37% more than boys through mechanisms that have yet to be elucidated: besides the postulated
resistance to leptin, differences in fat mass composition, regulation of leptin production (sex hormones, glucocorticoids),
or leptin clearance could play a role.
Our observation that obese girls had higher leptin levels
than boys is consistent with the sex difference reported for
obesity mRNA values in adipocytes from obese adults (11).
A comparable sex-related difference was also found in
nonobese children. Such sexual dimorphism is not explained
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FIG. 2. Relationship between BMI and serum leptin concentration in
obese children. The equations describing the regressions are: y = 1.9*
± 27 O = 0.80, P < 0.001) in girls ( • ) and y = 1.7* - 27 (r = 0.54, P <
0.001) in boys (O). Squares indicate obese patients lying outside of
the 95% confidence interval of the regression.
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tiple analysis of covariance, the relationship between leptin
and BMI was different in obese and nonobese children
(Figs. 1 and 2).
In the obese children, serum leptin correlated with fasting
insulin (r = 0.45, P < 0.002) but not with fasting glucose or with
insulin, glucose, or glucose-to-insulin ratio at 120 min of the
oral glucose tolerance test. Leptin did not correlate with
plasma free fatty acid or with basal rates of energy expenditure or carbohydrate or lipid oxidation (Table 2). Basal
energy expenditure was closely related to lean body mass in
the obese children (y = Ylx + 890, r = 0.77, P <0.0001).
A subset of three obese patients (one girl, two boys), all of
whom were prepubertal, had surprisingly low leptin concentrations with respect to their body fatness: they were
consistently lying clearly outside of the 95% confidence interval of the regression of serum leptin with BMI, and fat mass
in kilograms or percent body weight (Fig. 2). This observation
of hypoleptinemic obese children is comparable with that of
the 5% of obese adults who have decreased leptin production
relative to the amount of body fat (10). In contrast, another
group of four patients (three girls, one boy) had remarkably
high leptin concentrations with respect to the leptin-BMI
relationship (Fig. 2). No relevant phenotypic differences
were detected in these children compared with the rest of the
obese cohort.

992

Number of variables included

Variable entered

lepti

Step

N. LAHLOU AND ASSOCIATES

notypes of mouse diabetes and rat fatty due to mutations in the ob (leptin)
receptor. Science 271:994-996,1996
4. Lee GH, Proenca R, Montez JM, Carroll KM, Darvishzadeh JG, Lee JI, Friedman JM: Abnormal splicing of the leptin receptor in diabetic mice. Nature
379:632-635, 1996
5. Pelleymounter MA, Cullen MJ, Baker MB, Hecht R, Winters D, Boone T,
Collins F: Effects of the obese gene product on body weight regulation in ob/ob
mice. Science 269:540-543,1995
6. Halaas JL, Gajiwala KS, Maffei M, Cohen SL, Chait BT, Rabinowitz D, Lallone
RL, Burley SK, Friedman JM: Weight-reducing effects of the plasma protein
encoded by the obese gene. Science 269:543-546,1995
7. Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P: Recombinant mouse ob
protein: evidence for a peripheral signal linking adiposity and central neural
networks. Science 269:546-549,1995
8. Tartaglia LA, Dembski M, Weng X, Deng N, Culpepper J, Devos R, Richards
GJ, Campfield LA, Clark FT, Deeds J, Muir C, Sanker S, Moriarty A, Moore KJ,
Smutko JS, Mays GG, Woolf EA, Monroe CA, Tapper RL: Identification and
expression cloning of a leptin receptor, ob-R. Cell 83:1263-1271,1995
9. Considine RV, Considine EL, Williams CJ, Nyce MR, Magosin SA, Bauer TL,
Rosato EL, Colberg J, Caro JF: Evidence against either a premature stop
codon or the absence of obese gene mRNA in human obesity. J Clin Invest
95:2986-2988,1995
10. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce
MR, Ohannesian JP, Marco CC, McKee LJ, Bauer TL, Caro JF: Serum
immunoreactive-leptin concentrations in normal-weight and obese humans.
N Engl J Med 334:292-295,1996
11. Lonnqvist F, Amer P, Nordf ors L, Schalling M: Overexpression of the obese (ob)
gene in adipose tissue of human obese subjects. Nature Med 1:950-953,1995
12. Hamilton BS, Paglia D, Kwan AYM, Deitel M: Increased obese mRNA
expression in omental fat cells from massively obese humans. Nature Med
1:953-956, 1995
13. Le Stunff C, Bougneres PF: Glycerol flux in early obesity. Diabetes 41:444-450,
1992
14. Le Stunff C, Bougneres PF: Time course of increased lipid and decreased glucose oxidation during the early phase of childhood obesity. Diabetes
42:1010-1016, 1993
15. Le Stunff C, Bougneres PF: Early changes in post-prandial insulin secretion,
not in insulin sensitivity, characterize juvenile obesity. Diabetes 43:696-702,1994
16. Currie LA: Limits for qualitative detection and quantitative determination: application to radiochemistry. Anal Chem 40:586-593,1968
17. Carel JC, Boitard C, Bougneres PF: Decreased insulin response to glucose in
ACKNOWLEDGMENTS
islet cell antibody-negative siblings of type I diabetic children. J Clin Invest
92:509-513,1993
We thank M. Le Fourn for leptin measurements, A. Dermane
for calorimetric studies, N. Jaupitre and B. Merle for dietary 18. Itaya K, Ui M: Colorimetric determination of free fatty acids in biological fluJ Lipid Res 6:16-20,1965
studies in the obese children, J. Lalau-Keraly for recruiting 19. ids.
Schaefer F, Georgi M, Zieger A, Scharer K: Usefulness of bioelectric impedmany patients, and J.M. Bidart for helpful discussions.
ance and skinfold measurements in predicting fat-free mass derived from total
body potassium in children. PediatrRes 35:617-624, 1994
REFERENCES
20. Lukaski HC: Body composition assessment using impedance methods. In
Obesity. Bjorntorp P, Brodoff BN, Eds. Philadelphia, PA, JB Lippincott, 1992,
1. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM: Posip. 67-79
tional cloning of the mouse obese gene and its human homologue. Nature
21. Chehab FF, Lam ME, Ronghua L: Correction of the sterility defect in homozy374:479^83, 1995
gous obese female mice by treatment with the human recombinant leptin.
2. Chen H, Charlat 0, Tartaglia LA, Woolf EA, Weng X, Ellis SJ, Lakey ND,
Nature Genet 12:318-320, 1996
Culpepper J, Moore KJ, Breitbart RE, Duyk GM, Tepper RI, Morgenstern JP:
22. Cioffi JA, Shafer AW, Zupancic TJ, Smith-Gbur J, Mikhail A, Platika D, SnodEvidence that the diabetes gene encodes the leptin receptor: identification of
a mutation in the leptin receptor gene in db/db mice. Cell 84:491-495,1996
grass HR: Novel B219/OB receptor isoforms: possible role of leptin in hematopoiesis and reproduction. Nature Med 2:585-589, 1996
3. Chua SC, Chung WK, Wu-Peng S, Zhang Y, Liu SM, Tartaglia L, Leibel RL: Phe-

DIABETES, VOL. 46, JUNE 1997

993

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/46/6/989/513060/46-6-989.pdf by guest on 10 August 2022

by quantitative differences in overall body fatness and
became apparent only at time of sexual maturation, suggesting that it could be associated with the hormonal
changes taking place at puberty in females. Higher leptin in
female adolescents was not associated with higher insulin levels nor with differences in other parameters of energy metabolism. The sexual dimorphism of circulating leptin levels
could reflect a physiological role in the regulation of reproduction in humans, hi mice, while the ob/ob males are normally fertile, administration of leptin to infertile female ob/ob
mice is needed to restore fertility (21). It is therefore possible that leptin plays a role in the female gonadostat as a signaling hormone reflecting the amount of fat stores at the
hypothalamic-pituitary level or directly at the ovarian level
(22). The ability to mobilize lipid fuels from fat stores is
known to be of major importance for energy metabolism
during pregnancy, particularly in fasting periods. Our hypothesis is that quantitative and possibly functional changes in adipose tissue of girls entering puberty may physiologically
increase leptin to levels that allow the hypothalamic-pituitary-gonadal axis to complete sexual maturation and prepare
for pregnancy. The sexual dimorphism for circulating leptin
levels observed in lean girls and boys is consistent with these
metabolic considerations. If this hypothesis is true, the lack
of premature puberty despite hyperleptinemia in massively
obese girls could be taken as an additional index of central
leptin resistance.
In summary, ourfindingsare that 1) serum leptin is largely
increased in the dynamic phase of childhood-onset obesity
and does not appear to halt fat deposition and 2) female sex
and female puberty are both associated with increased
serum leptin, producing a sexual dimorphism of leptinemia
in obese as well as in lean children.

