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Short communication.
Serum leptin levels in obese children and adolescents:
relationship to age, gender, body mass index and lipid
metabolism parameters
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Abstract

The aim of the study was to analyze the relationship between leptin serum levels, body mass index and
certain parameters of lipid and carbohydrate metabolism in children and adolescents with various degree of
obesity. We assessed 86 children and adolescents (45 boys and 41 girls) between 6 and 18 years of age within the
Ist Pediatric Clinic from Targu Mures; 68.60% of the children were overweight, 29.07% had class I obesity and
2.33% had class II obesity. Leptin serum levels were measured and compared with BMI, age and parameters of
carbohydrate and lipid metabolism (blood glucose, cholesterol, triglycerides, HDL cholesterol, and LDL choles-
terol). Leptin serum levels were increased in all overweight and obese adolescents: we found leptin serum levels
of 45.69 + 28.04 ng/mL in boys, and significantly higher values (72.96 + 22.02 ng/mlL) in girls. These values
were positively correlated with BMI (r = 0,34 in boys and r = 0,44 in girls). A positive correlation was found
between leptin, total cholesterol and LDL-cholesterol levels, in boys. No correlations were found between leptin
and glycemia, triglycerides and HDL-cholesterol levels. Cholesterol, HDL- and LDL-cholesterol concentrations,
as expected, were higher in mothers as compared to their children. The presence of high leptin concentrations in
adolescents and children could indicate a predisposition to obesity in adult life.
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Rezumat

Scopul studiului a fost studierea relatiei intre nivelele de leptind sericd, indexul de masd corporald i
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parametrii metabolismului lipidic si glucidic la copiii si adolescentii cu diferite grade de obezitate. Au fost inves-
tigati 86 de copii si adolescenti (45 de bdieti si 41 de fete) cu vdrste cuprinse intre 14 si 18 ani, din Clinica de
Pediatrie I Targu Mures; 60,68% dintre copii au fost supraponderali, 29,07% au avut obezitate clasa I,si 2,33%
au avut obezitate clasa Il. Nivelele serice de leptind au fost fost comparate cu varsta, BMI, parametrii metabolis-
mului glucidic si lipidic,(glicemie, colesterol, trigliceride, HDL colesterol, and LDL colesterol). Nivelele serice
de leptind au fost crescute la toti adolescentii obezi §i supraponderali; nivelele serice de leptind au fost 45.69 +
28.04 ng/mL bdieti, si semnificativ mai mari la fete(72.96 + 22.02 ng/mL). Aceste valori au fost pozitiv corelate
cu BMI.(r = 0,34 la bdieti si r = 0,44 la fete). O corelatie pozitiva a fost observata intre leptind si colesterolul to-
tal si LDL colesterol la bdieti. Nu a fost observatd nici o corelatie intre nivelele de leptind, trigliceride si HDL
colesterol. Concentratiile de colesterol total, HDL colesterol, LDL colesterol au fost mai mari la mame compa-
rativ cu copii lor. Concentratiile crescute de leptind la copii si adolescenti pot indica o predispozitie spre obezi-

tate la varsta adultda.

Cuvinte cheie leptind, obezitate, copii

Introduction

Obesity is a disorder of the nutrition
status characterized by excessive accumulation
of fat in the subcutaneous cellular tissue or in
other tissues and organs as a result of disorders
in energy balance. Etiology is multifactorial and
involves interactions between genetic, social,
behavioral, cellular and molecular aspects, in-
volving changes in energy balance (1). Dia-
gnosis of overweight and obesity uses the as-
sessment of Body Mass Index (BMI) which is
defined as the ratio of weight (in kilograms),
and height (in square meters) (2, 3). World
Health Organization classifies obesity in adults
in four subgroups (3), based on BMI (Table 1):

BMI 25 to 30 kg/m?* - overweight, BMI 30 to 35
kg/m* - grade 1 (moderately obese), BMI 35 to
40 kg/m* - grade 2 (severely obese) and BMI >
40 kg/m* - grade 3 (morbidly obese). As far as
it concerns children, there was no consensus on
a cut-off point for excess fatness of overweight
or obesity (4, 5).

Before 1994 the scientific literature on
overweight and obesity included a wide range
of defining criteria (eg, percent ideal weight,
skin fold thickness, ponderal index, BMI) and
many descriptive names to refer to the children
and adolescents who were considered the fat-
test; the differences in terminology were some-
times confusing (5). Children or adolescents
with a BMI at >85"™ percentile but <95™ per-

Table 1. The classification of obesity by BMI (adapted after reference 2)

Nomenclature for BMI Ranges

Children and adolescents
(CDC, AAP)

Classification Adults

Children and adolescents
(IOM, I0TF)

Normal range 18.5-24.9
At risk for overweight

Overweight 25.0-29.9
Obesity >30
Class I obesity 30.0-34.9
Class II obesity 35.0-39.9
Class III obesity >40

5™ — 85" percentile
85" - 95" percentile
>95™ percentile

5™ - 85™ percentile

85™ - 95" percentile

AAP - American Academy of Pediatrics; BMI =Weight (kg)/Height (m?); CDC - Centers for
Disease Control; IOM - Institute of Medicine; IOTF - International Obesity Task Force.
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centile were considered at risk of overweight.
At that time, the term “obese” was avoided, be-
cause obesity was technically defined in terms
of body fat per se, and BMI was derived only
from height and weight. In 2005, the Institute of
Medicine (IOM) consciously departed from the
terminology discussed above and elected to
define children with a BMI at >95"™ percentile
for age and gender as obese rather than over-
weight (2). A recent expert committee recom-
mended to replace the terms “at risk of over-
weight” and “overweight” with the terms “over-
weight” and “obese,” respectively (6, 7). Ac-
cordingly, the expert committee recommended
that individuals 2 to 18 years of age with a BMI
of >30 kg/m? or >95™ percentile for age and
gender (whichever is lower) should be con-
sidered obese (5, 8).

Overall prevalence of obesity in chil-
dren has increased worldwide in the last 20
years, reaching an alarming rate. In the USA
obesity rates increased by 2.7 - 3.8 times in the
last 29 years and in England by 2 - 2.8 times, as
revealed by a study done in the past 10 years.
After processing data from several countries,
experts estimate that there are approximately 22
million obese children aged younger than 5
years worldwide (1, 9, 10).

Risk factors for developing obesity in
children are: high weight at birth, maternal
obesity during pregnancy, maternal diabetes,
obese parents, excess food (hypercaloric, hyper-
lipidic, hyperglucidic food). Children with BMI

35r W boys
O girls

BMI  30f

kg/m? 25l
20
15+
10+

overweight class I obesity  class II
obesity

over 30 kg/m’ and those with a rebound of
obesity at 5 - 6 years of age have high risk of de-
veloping obesity at adult age (3).

Increased levels of triglycerides and
cholesterol were observed in obese children
with a BMI >30 kg/m* (2).

Ghrelin, cholecystokinin, Y peptide, as
well as leptin and adiponectin produced by
adipocytes have an important role in regulating
body mass and determining obesity (3). Leptin
is a proteohormone with a molecular weight of
16 kDa, produced by adipocytes in white
adipose tissue, encoded by Ob Lep gene on
chromosome 7 (11); it plays a particular role in
suppressing appetite and regulating body
weight (2, 12). The leptin receptor is a member
of the class I cytokine receptor family (13, 14).
Receptors for leptin are spread throughout the
body (15). Acting on the specific receptors in
hypothalamus nuclei it plays a key role in regu-
lating energy intake (appetite and metabolism)
(2, 11, 15, 16). Leptin influences many endo-
crine axes (3, 13). In male mice, it blunted the
starvation-induced marked decline of LH,
testosterone, and thyroxine, and the increase of
ACTH and corticosterone. In female mice, lept-
in prevented the starvation-induced delay in
ovulation (15, 17). These effects can be ex-
plained by the suppression produced by leptin
on neuropeptide Y, secreted by NPY neurons in
the arcuate nucleus (18). Further, it is evident
that leptin is antagonistic to NPY (19, 20), which
is a powerful stimulator of appetite and is known

to be incriminated in the regulation of pitu-
itary hormones: suppression of gonadotro-
pins or stimulating the adrenal pituitary
axis (18 - 20). The most important variable
that determines circulating levels of leptin
is body fat mass, with serum leptin reflect-
ing the proportion of adipose tissue (12,
21). Children with obesity can be more
specifically classified in subjects with low
leptin levels (relative or absolute leptin de-
ficiency) and subjects with high Ieptin
levels (potentially resistant to leptin) (15).

Figure 1. Classification of obesity according to BMI
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Besides primary leptin deficiencies, undernutri-
tion can be also a cause for decreased serum
levels of leptin. Increased levels are found in
obesity and leptin receptor defect.

Discovery of leptin has induced great
hopes for effective treatment of obesity. Such
hopes subsided when it was discovered that obese
people do not respond to leptin because of a cent-
ral-type resistance to it. Current research has estab-
lished that some chemical chaperones (4-phenyl
butyric acid and tauroursodeoxycholic acid) which
have the ability to decrease endoplasmic reticulum
stress, sensitize the brain to leptin (22).

Evaluation of children with obesity in-
volves usually the assessment of the existence
of dyslipidemia, steatohepatitis or glucose intol-
erance. Therefore it is necessary to analyze the
concentration of cholesterol, triglycerides, very
low density lipoproteins, high density lipopro-
teins and blood glucose.

Objective

The aim of our study was to find rela-
tionships between BMI, serum levels of leptin

and lipid metabolism parameters (cholesterol,
triglycerides, HDL-cholesterol) in overweight
and obese children and adolescents.

Subjects and methods

Between September 2005 and Decem-
ber 2008, 86 children and adolescents aged 6 to
18 years, who either were overweight or
presented different degrees of obesity, were in-
vestigated in I* Pediatric Clinic in Targu Mures;
45 of them were boys, with age of 1642 years
and 41 were girls with age of 1543 years. Moth-
ers of the children with obesity, with age of
4044 years, were also investigated, in order to
analyze the relation with children parameters.

All adolescents and their parents gave
informed consent for participation in the study.
None of the participants had signs of acute ill-
ness or chronic disease other than obesity.

Serum levels of leptin, cholesterol,
triglycerides, HDL-cholesterol, glycemia, were
analyzed and correlated with the clinical dia-
gnosis of obesity. The blood was collected and
analyzed after at least 10-12 hours fasting, us-
ing a Cobas Integra 400 Plus analyzer with
standard methods and reagents from Roche

Table 2. Physiological concentrations for plasma lipids in children and adolescents (23)

Component Normal range Borderline High
P mg/dL mg/dL mg/dL
Total cholesterol <170 170-190 >200
LDL-cholesterol <110 110-129 >130
Triglycerides
0-9 years <75 75-99 >100
10-19 years <90 90-129 >130
HDL-cholesterol >45 35-45 <35
Table 3 - Reference range of plasma leptin level (ng/mL)
Males Females
Adults (BMI 18-25 kg/m?) 1.2-9.5 4.1-25.0
Children
Prepubertal 1.6-10.8 1.7-10.6
Tanner I-11I 2.1-11.6 2.6-11.5
Tanner V-V 3.4-10.2 3.4-13.0
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Table 4. Demographic and laboratory parameters for evaluated subjects

Overweight Obesity gr I Obesity gr 1T
N 59 25 2
Boys (B) 28 16 1
Girls (G) 31 9 1
Age (years) 1642 16+2 B=18;G=6
Leptin (ng/mL) 53.71+27.34 67.14+28.81 > 100
BMI (kg/m?) 26.19£1.15 31.51£1.00 B=36.00;G=37.70
Glucose (mg/dL) 83.83+9.9 84.83+6.3 B=87.30;G=84.00
Cholesterol (mg/dL) 154.15+£26.78 164.56+29.61 B=191.00;G=127.00
Triglycerides (mg/dL) 93.98+47.46 93.39+58.51 B=64.50;G=66.50
HDL-CHOL mg/dL) 62.39+10.85 60.16+10.28 B=31.00;G=65.00
LDL-CHOL mg/dL) 74.66+£24.00 85.80+29.8 B=146.30,G=48.80

Diagnostics. The value for LDL-cholesterol
was calculated with the Friedewald formula.
The thresholds of normal concentrations of
plasma lipids are given in Table 2.

Leptin Enzyme Immunoassay Kit
(GRG) was used to determine the serum con-
centrations of leptin. Physiological concentra-
tion of leptin in adults and children are presen-
ted in Table 3 (24 - 26).

Statistical analysis

Statistical analysis was performed using
the GraphPad (San Diego, CA, USA) software.
Data with Gaussian distribution were correlated by
linear regression. Parametric data were compared
by two-tailed #-test and ANOVA test. Results are
expressed as mean = SD, median and range. The
correlations between serum leptin concentration
and gender, age, BMI, cholesterol, triglycerides,
HDL-cholesterol, LDL-cholesterol concentrations
and glycemia were examined by linear regression
and Pearson product-moment correlation analyses.
Multiple regression analysis was used to examine
the effect of multiple independent variables (e.g.
gender, age, BM], lipid metabolism parameters and
glycemia) on a single dependent variable (e.g. ser-
um leptin concentration). Tests significance was
defined at the p < 0.05, corresponding to a level of
confidence of 95%.

Results and discussions

Distribution of obesity in our group of
study is represented in Figure I: from the total of
86 subjects included in the study, we made a com-
parison between the three groups including 59
overweight adolescents (28 boys and 31 girls,
mean age 16+2 years, mean BMI 26.19+1.15
kg/m?), 25 children (16 boys and 9 girls) with
class I obesity (mean age 16+2 years, mean BMI
31.00+£1.51 kg/m?®) and 2 children (1 boy, 1 girl)
with class II obesity (age 18 for boy and 6 for girl,
BMI 36.00 kg/m’ to boy and 37.70 kg/m* to girl).
In our group class I of obesity and overweight
prevailed, data similar to other studies (1).

Across these three groups, we com-
pared the values of leptin, glycemia, cholester-
ol, triglyceride, LDL- and HDL-cholesterol
concentrations and BMI (data in Table 4).

We found no statistically significant
differences concerning leptin, glycemia, choles-
terol, triglyceride, LDL and HDL-cholesterol
levels between the three groups after applying
the ANOVA test.

We subsequently performed an analysis
of the different parameters for male and female
adolescents (Table 5). Our study comprised 45
boys and 41 girls. Mean ages in the two groups
were similar and comparable: 16+2 years in



76 Revista Romdnd de Medicina de Laborator Vol. 18, Nr. 3/4, Septembrie 2010

Table 5. Descriptive analyses of parameters in boys and girls

Parameters Boys (45) Girls (41) p
Leptin (ng/mL) 45.69+28.04 72.96+22.02 0.0001
BMI (kg/m?) 28.2343.01 27.4042.68 0.18
Age (Years) 162 1543 0.07
Glucose (mg/dL) 83.62+10.74 84.82+6.27 0.53
Cholesterol (mg/dL) 154.84+29.05 160.00+£26.88 0.4
Triglycerides (mg/dL) 92.854+53.82 93.48+46.61 0.95
HDL —~CHOL (mg/dL) 58.98+10.80 64.03+£10.99 0.03
LDL —CHOL (mg/dL) 78.50+28.74 77.03£26.26 0.81

Table 6. Comparisons between BMI and parameters of lipid metabolism in children and their mothers

Children Mothers (t test) Correlation
mean+SD mean+SD p r p
BMI (kg/m?) 27.59+£2.72 28.76£5.69 0.1460 0.58 0.660
Cholesterol (mg/dL) 158.67+£27.30 200.72+32.85 0.0001 0.108 0.411
Triglycerides (mg/dL) 95.96+52.06 100.147+62.35 0.5880 0.46 0.0001
HDL-CHOL (mg/dL) 62.35+10.41 70.39+18.29 0.0017 0.304 0.020
LDL-CHOL (mg/dL) 77.734£25.13 104.40+35.18 0.0001 0.122 0.361

boys and 1543 years in girls.

There is evidence that girls have higher
leptin levels than boys (6 - 12), as previously re-
ported in obese and non-obese children and ad-
olescents (11, 15, 27). This difference increases
through puberty as leptin increases from Tanner
stage [ to V in girls (11); this might be explained
at least in part by the higher testosterone levels
in males which have a negative effect on leptin
concentrations (11, 15).

We analyzed serum levels of leptin in our
groups and relationships with gender, age, BMI,
cholesterol, triglycerides. In our study, leptin con-
centrations are significantly lower in boys than in
girls. Our data are similar to results of many stud-
ies in the literature (11, 27, 28), but some authors
have obtained similar data only in subjects over
20 years old (13). In girls, the values are higher,
probably due to gender-specific hormonal
changes (FSH, LH etc.) (27). The lower values of
leptin levels in boys noticed in our study are sim-
ilar to those in the literature; they increase with

age until the age of 10 (11, 27). Leptin levels in
boys seem to decrease in parallel with the increase
of testosterone levels (27).

From our data we observe that leptin
levels are increasing linearly with BMI in both
genders (in boys: y = 0.0398x + 26.423, r =
0.34, p=0.012; in girls, y=0.0536x+23.503, r =
0.44 and p = 0.0041). Three of the children (one
boy and two girls, age 9, 11 and 12, respect-
ively) had extremely high leptin concentrations,
even though their BMI were below 25 kg/m2.
The presence of high leptin values that are inde-
pendent from the quantity of adipose tissue
could indicate an increase in resistance to lept-
in, a fact that predisposes children to obesity in
adult life (12).

The relation between leptin and age in
our groups showed a negative correlation (in
boys y= - 0.0475x + 18.565, r = -0.55,
p=0.0001; in girls y = -0.0403x + 17.951,

=-0.35, p = 0.0248); these results are different
from those related in recent literature (13, 27).
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We will carry out further studies on the correla-
tion of leptin values with age, hormonal profile,
BMI and dietary habits, on larger groups.

HDL-cholesterol serum levels showed
a statistically significant difference between the
two groups (boys and girls): the mean value of
this parameter was higher in girls than in boys.

We identified a positive correlation
between leptin  and cholesterol levels
(y=0.5337x+130.44, r = 0.51, p = 0.0003) and
between leptin and LDL-cholesterol concentra-
tions (y = 0.602x + 50.716, r = 0.59, p =
0.0001) in male. No correlations were observed
between leptin and glycemia, HDL-cholesterol
or triglyceride levels.

Slightly positive but not statistically
significant correlations between leptin and cho-
lesterol, triglycerides or LDL-cholesterol levels
were noted in females, whereas the association
between leptin and HDL-cholesterol levels was
negative, but also not statistically significant.
There was no correlation between leptin levels
and glycemia in females.

We compared BMI, cholesterol, trigly-
cerides, HDL- and LDL-cholesterol concentra-
tions between children and their mothers. This
comparison was carried out only in 64 children-
mother pairs comprised in our study, by per-
forming a paired Student test (7able 6).

There were no differences between BMI
in group of children and mothers but we did not
find any correlation between values found in
children and their mothers; obesity of the moth-
ers was not associated with obesity of their chil-
dren. It is well known that the lipid metabolism
parameter are higher in adults than children; in
our groups total cholesterol, HDL- and LDL-
cholesterol levels were significantly higher in
mothers than in their children, as expected, and
without correlations between cholesterol and
LDL-cholesterol levels in mothers and their chil-
dren. Mean values of HDL-cholesterol concen-
trations were significantly lower in children than
in their respective mothers, with a significant
positive correlation between them. Triglyceride

levels were insignificantly higher in mothers, but
there is a significantly positive correlation with
the triglyceride concentrations in their children.

Leptin serum levels were increased in all
overweight and obese adolescents and have a
positive correlation with BMI, independently of
gender. We found a distinct gender difference of
serum leptin concentrations: in boys leptin levels
are lower than in girls. Leptin levels are posit-
ively correlated with cholesterol and LDL-cho-
lesterol concentrations in male children. No cor-
relations were observed between leptin and gly-
cemia, HDL-cholesterol and triglyceride levels.
The presence of high leptin concentrations in ad-
olescents and children could indicate a predis-
position to obesity in adult life.
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