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Summary

Kratak sadr`aj

Background: In the past decades, the obesity epidemic in
children of all ages has been an important research field for
detecting the metabolic causes and consequences of obesity, the major focus being on insulin and adipocytokine levels. Metabolic work-up in obese children is recommended
in the age group as young as 2–6 years. There is evidence
that birth weight can be a factor causing obesity later in life
accompanied by metabolic complications.
Methods: Insulin, leptin, and adiponectin levels were analyzed in 269 obese children and 60 controls, as well as 110
newborn children with different birth weight and different
length of gestation, using standard methods.
Results: In 53.6% of the obese children, complications of
obesity such as diabetes mellitus, obesity, hyperlipidemia,
heart attack or stroke were found in family members. The
peak insulinemia on OGTT was significantly higher in the
pubertal compared to the prepubertal group (110.5±
75.9 μU/mL versus 72.2±62.7 μU/mL) (p<0.005).
Glucose intolerance was confirmed in 24%. The leptin level
was significantly higher and the adiponectin level was lower
in pubertal obese children compared to the prepubertal
children and controls (p<0.05). In newborns the leptin and
adiponectin levels were in correlation with anthropometric
parameters: body weight (BW), body length (BL), BW/BL,
BMI, and the pondered index (p<0.05).
Conclusion: Obese children have high insulinemia in all
ages, reaching its peak towards puberty. The leptin and
adiponectin levels might be indicators of the metabolic syndrome. Our findings in newborns might influence the nutri-

Uvod: Epidemija gojaznosti kod dece svih uzrasta u toku
poslednjih decenija je plodno polje za istra`ivanje uzroka i
posledica gojaznosti sa glavnim fokusom na uticaju insulinemije i adipocitokina. Metaboli~ka obrada se preporu~uje ~ak i u najmla|oj grupi uzrasta 2–6 godina. Postoje
podaci da te`ina na ro|enju mo`e biti faktor pojave i komplikacija gojaznosti kasnije u `ivotu.
Metode: Standardnim testovima analizirani su nivoi insulina, leptina i adiponektina kod 269 gojazne i 60 zdrave
dece kao i kod 110 novoro|en~adi razli~ite te`ine na ro|enju i razli~ite du`ine gestacije.
Rezultati: Faktori rizika za komplikacije gojaznosti kao {to
su dijabetes melitus, gojaznost, hiperlipidemija, infarkt ili
cerebralni insult su na|eni kod 53,6% ro|aka gojazne
dece. Pik insulinemija na OGTT-u je bila zna~ajno vi{a u
pubertetskoj u pore|enju sa pretpubertetskom grupom,
110,5±75,9 μU/mL prema 72,2±62,7 μU/mL (p<0,005).
Glikozna intolerancija je potvr|ena kod 24% ispitanika.
Nivo leptina je signifikantno vi{i kod gojazne dece a adiponektin je ni`i u pore|enju sa pretpubertetskom decom i
kontrolnom grupom (p<0,05). Kod novoro|en~adi nivoi
leptina i adiponektina su u korelaciji sa antropometrijskim
parametrima: te`inom, visinom, odnosom te`ina/visina,
indeksom telesne mase i ponderalnim indeksom (p<0,05 i
<0,01).
Zaklju~ak: Gojazna deca imaju visoku vrednost insulina u
svim uzrastima i ona dosti`e najvi{e vrednosti u pubertetu.
Nivoi leptina i adiponektina mogu biti uklju~eni u indikatore
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tional approach in the future in order to prevent complications of obesity.
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Introduction
Obesity in children has been a growing problem
around the world during the last decades. It affects
children of all ages, even infants and babies (1). The
prevalence of obesity in children in the United States
is steadily increasing. Approximately 20–25% of children are either overweight or obese, and the prevalence is even greater than in some minority groups,
including Pima Indians, Mexican Americans, and
African Americans (2, 3). Most of the countries in
Europe also report high obesity rates in children
(4–6). The American Association of Paediatrics recommends screening for early obesity in the age group
of 2–6 years (1). Family habits and lifestyle have an
influence on weight and family interventions are
aimed to treat childhood obesity (7). Complications
caused by early obesity that appear later in life,
including diabetes mellitus (DM) type 2, hypertension, dyslipidemia and cardiovascular problems, are
common and severe in obese children, as well as in a
significant number of immediate family members
(8–12). Although many studies in adults have pointed to the major metabolic changes characterizing
obesity and defining the metabolic syndrome, studies
in children, especially at a younger age, are still few
and limited by the small number of patients.
Therefore, even the definition of metabolic syndrome
in children is still controversial (13 –15). Hyperinsulinemia and insulin resistance have been confirmed
as the central events driving the metabolic impairment in obese children (16 –19). In addition, several
hormones which regulate energy metabolism are
secreted by the adipose tissue, among which
adiponectin and leptin are the main adipokines regulating insulin sensitivity (19–22). Leptin has been
found to be increased in obese children; however,
data on the correlation of leptin levels with the age of
children and their BMI has been controversial (23).
Low adiponectin levels have been reported in obese
children, but mostly in the adolescent age. Data in
young children are very few and inconsistent (24,
25). On the other hand, the concept of metabolic
programming has been recognized for several years
and focused on the long-term detrimental effects of
fetal undernutrition and low birth weight progressing
towards obesity later in life. Production of adipokines,
predominantly leptin and adiponectin as hormones
produced by the adipose tissue, takes place predominantly in the second trimester of pregnancy, playing
a role in the lipid and glucose metabolism. Since leptin is secreted by adipocytes in the late stages of differentiation, while adiponectin is secreted only by fully

metaboli~kog sindroma. Na{i nalazi kod novoro|en~adi
mogli bi uticati na nutritivni pristup ovoj grupi u budu}nosti
sa ciljem prevencije komplikacija gojaznosti.

Klju~ne re~i: adiponektin, gojaznost, deca, insulinemija, leptin, metaboli~ki profil

differentiated adipose cells, they can be used as a
marker for adipose tissue development and the
amount of adipose tissue. Prenatal growth and gestational age play a crucial role in adipose tissue maturation and accumulation, modifying leptin and
adiponectin secretion and metabolic functions. The
inadequately developed fat tissue in premature
infants and infants with intrauterine growth restriction
leads to impaired glucose metabolism and insulin
resistance. The fact that children with low birth weight
are prone to complicated obesity later in life drives the
hypothesis of prenatal metabolic programming in
these children and provides the opportunity for novel
nutritional interventional methods in this group
(26–28). Several studies in obese children of different
age have been conducted in the Republic of Macedonia. Among others, the risk factors in families of
obese children, peak insulin levels on OGTT, the lipid
profile, and leptin and adiponectin levels in children
of various ages as well as in newborns with different
birth weights (BW) have been studied. The results of
these studies give some new insight in the metabolic
setup and major risk factors in obese children.

Material and Methods
All analyses were conducted according to the
Declaration of Helsinki, following the informed consent of the parents and assent of children during the
initial diagnostic work-up of obesity.
Ethical approval for the analysis of leptin and
adiponectin, as well as the study in newborns was
obtained from the Ethical Committee for Clinical
Studies at the Medical Faculty in Skopje, Republic of
Macedonia.

Patients
A total of 269 obese and overweight children at
the age of 3–16 years were included. The pubertal
group consisted of 159 pubertal children (89 boys)
with the average age of 12.6±1.9 years (range 9 –16
years) and 110 prepubertal children (54 boys) with
the average age of 6.5±2.2 years (range 3–9 years).
Sixty age matched nonobese children were used as a
control.
Analysis of newborns included 110 newborns
(56 males); 74 term and 36 preterm: 58 small for
gestational age (SGA) and 52 appropriate for gestational age (AGA).
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Methods
Self-reported family risk factors were recorded
using questionnaires. BMI was calculated according
to the standard formula. OGTT was performed
according to the recommendations of the ADA and
peak glycemia >7.8 mmol/L of at least one glucose
value during the test was defined as impaired glucose
tolerance (IGT). Insulin levels were measured with the
immunoturbidimetry method. The HOMA index was
calculated using the standard formula. Leptin and
adiponectin levels were measured with ELISA
(Human DRG Instruments GmbH, Germany). In 32
children with impaired glucose sensitivity a continuous glucose measurement system (CGMS) was used
for three days according to the manufacturer’s rec-

ommendations (Medtronic MiniMed.Inc). Blood samples in newborns were taken three days after birth,
once metabolic stability had been achieved upon the
initial stress caused by the delivery.
STATISTICA and ANOVA/MANOVA were used
for the comparison of biochemical parameters
between groups and multiple regression analysis.

Results
Insulinemia and glucose intolerance
One or more relatives with diabetes, obesity,
hyperlipidemia and/or hypertension were detected in
53.6% of the patients. The analysis of insulin, leptin

Table I Insulin, leptin and adiponectin levels in obese children and healthy controls.
Obese children (N=269)

Controls (N=60)

p

88.25±80.34 (3.9–327)

17.5±3.5 (1.9–25.7)

<0.001

Leptin (ng/mL)

36.1±13.7 (14.2–72)

5.7±1.5 (3.4–10.4)

<0.001

Adiponectin (ng/mL)

10.5±4.8 (2.2–23.7)

15.2±6.9 (4.2–37.4)

<0.05

Insulinemia (IU/mL)

Table II BMI, insulin, leptin and adiponectin levels in prepubertal and pubertal children.
<9 years (N=110)

>9 years (N=159)

p

6.5±2.2

12.6±1.9

<0.001

Age
(kg/m2)

32.2±5.7

<0.05

Insulinemia (IU/mL)

72.2±62.7

110.5±75.8

<0.005

Leptin (ng/mL)

32.2±23.1

41.4±23.2

<0.05

Adiponectin (ng/mL)

18.6±13.5

12.8±11.1

<0.001

2.7±0.9

4.1±1.9

<0.05

BMI

27.7±4.6

HOMA

R2 Linear = 0.091

300.00

200.00

300.00

200.00

100.00

100.00

0.00

0.00
0.0

5.0
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20.0

R2 Linear = 0.073

400.00

Insulinemia, IU/mL

Insulinemia, IU/mL
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Figure 1 Correlation between insulinemia and age, and insulinemia and BMI.

BMI (kg/m2)
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and adiponectin levels in the obese children compared
to the age-matched controls is presented in Table I.
The BMI was higher in the pubertal group compared
to the prepubertal children (32.4±4.9 kg/m2 versus
27.7±4.6 kg/m2) and significantly higher in pubertal
girls (p<0.05). In the younger group no gender difference was found. The peak insulinemia was significantly higher in pubertal children and correlated with the
BMI (Table II, Figure 1). The HOMA index was also
higher in the older group. Impaired glucose tolerance
(IGT) was found in 65 children (24%), 45 in the pubertal group (28%), and 20 (18%) in the prepubertal
group (p<0.05). Continuous glucose measurement
was performed in 32 children with IGT. Unexpected

100.00

hyper- and hypoglycemia were detected on CGMS in 4
children. Overt diabetes mellitus type 2 developed in
one 12-year-old girl within 1 year of the diagnosis of
glucose intolerance.
Leptin/adiponectin
The average level of leptin was higher, while the
adiponectin level was significantly lower in the pubertal group (p<0.05 and <0.001 respectively). Leptin
levels correlated well with the insulinemia and BMI
(Figure 2). It was also in positive correlation with insulinemia.
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Figure 2 Correlation of leptin with BMI.
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Figure 4 Influence of the BMI on the lipid profile; triglycerides – left, cholesterol – right.

BMI (kg/m2)

J Med Biochem 2015; 34 (1)

35

Table III Leptin, adiponectin, and insulin levels in term and preterm newborns.
Term
Leptin (ng/mL)
Adiponectin (ng/mL)
Insulin (IU/mL)

Preterm

AGA

SGA

AGA

SGA

1.9±0.7a,b

1.7±0.5c

1.3±0.4a

1.1±0.3b,c

32.8±25.4a,b,c

12.7±2.4c

10.5±5.5a

7.4±2.1b

3.78±2.79a,b

5.74±2.99a,b,c

3.67±3.09c

4.43±2.12b,c

BMI and leptin levels were higher in girls compared to boys (p<0.05). Adiponectin level was in
negative correlation with the BMI (Figure 3). It was
also in negative correlation with the level of insulin in
both boys and girls, especially in the pubertal group.
This correlation was significantly weaker in the young
obese children, both boys and girls. Adiponectin level
was inversely associated with the atherogenic lipid
levels in adolescents, even after adjusting for obesity
and IR (Figure 4).
Metabolic programming
In our study, we assessed the correlation
between anthropometric parameters and insulin, leptin and adiponectin levels in 110 healthy preterm and
term newborns (Table III). The insulinemia tended to
be significantly higher in SGA children. Leptin values
were lower in the preterm group due to the low fat tissue, while adiponectin, an unfavorable predictor of
later obesity and complications, was lowest in the
SGA preterm newborns. However, multiple regression
analysis confirmed significantly higher correlation of
the leptin and adiponectin levels with BW compared
to the gestational age.

Discussion
Our studies confirm clustering of obese patients
in families with obesity associated with complications.
Obese children who had family members with complications of obesity had higher BMIs and were more
prone to high leptin and low adiponectin levels, showing an increased risk for cardiovascular complications
later in life. These findings are similar to those reported in other studies in the literature providing evidence
that obese children coming from families with risk
factors should be closely monitored (9, 29). A significant metabolic difference between the prepubertal
and pubertal groups was found in the peak insulinemia and HOMA index suggesting that the risk for glucose intolerance rises during puberty. A major complication of childhood obesity is diabetes mellitus type 2.
In the USA, the percentage of children with type 2
diabetes as a consequence of obesity reaches up to
30%, depending on the rate of obesity in different
states (30). In Europe, DM2 is rare, however, several

cases are reported each year. Glucose intolerance in
our study was similar to the one reported by D’Adamo
et al. (31). However, taking into consideration that
our population consists mostly of white Caucasians, it
seems to be higher. Continuous glucose monitoring
has rarely been used for the follow-up of glucose tolerance in obese children. In our study it helped detect
early progression of impaired glucose tolerance to
type 2 diabetes in one girl.
The correlation of insulinemia to BMI is well
known, however, in our study this correlation was
stronger in female patients who had higher BMIs.
Taking into consideration that hyperinsulinemia is
associated with hyperandrogenism and PCOS in
obese girls, these girls should be under special scrutiny when gaining weight (32). Many studies in the literature confirm that the leptin level is a good marker
for insulin resistance and for the metabolic syndrome
(18, 33). Our study confirms this fact even for the
youngest group of patients (3–9 years).
Obese adolescents have lower adiponectin levels and a more atherogenic lipid profile, associated
with increased IR, compared to adolescents with normal BMI. Our finding of lower adiponectin serum levels in obese children, and the correlation between
adiponectin and age, BMI, and peak insulinemia are
in concordance with several studies in the literature.
However, we did not find lower values of adiponectin
in obese boys compared to obese girls (24, 25). It
seems worthwhile to further investigate the option of
applying a simple measurement of serum adiponectin
as a screening tool for cardiovascular risks before
applying more time-consuming techniques in young
obese individuals.
While there is no consensus regarding the diagnosis of metabolic syndrome in children and adolescents, it is evident that each component of the syndrome must be identified as early as possible in order
to prevent definitive lesions and chronic disease during childhood and later in life. Furthermore, it has
been recognized that childhood obesity predicts
metabolic syndrome in adulthood (8, 9, 12, 32–34).
Leptin and adiponectin levels can be included as useful indicators for the definition of metabolic syndrome
in obese children. Early detection of these metabolic
risk factors might direct the therapeutic approach,
including diet, physical activity and family therapy.
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Our study in newborns showed that leptin and
adiponectin levels were positively correlated with all
anthropometric parameters: body weight, body length,
BW/BL, BMI, and the pondered index (p<0.01). These
results indicate that the stage of body growth maturity
is positively correlated to adipocytokines involved in
fetal growth regulation, as previously reported (27, 36,
37). SGA newborns have the riskiest metabolic profile
among all other newborn groups. Thus, increasing the
nutritional intake in this group of newborns, which used
to be a common practice, might need reassessment as
this may enhance the development of obesity associated with complications later in childhood.
Conclusions
The conclusions are as follows:
1. Family risk factors cluster in families of obese
children.

2. Glucose intolerance is a frequent finding in
obese children and should be monitored
closely in order to prevent overt DM2.
3. Obese children show significant early metabolic
parameters of obesity such as hyperinsulinemia,
high leptin levels and low adiponectin levels.
4. Significant fetal programming is involved in
childhood obesity.
5. SGA newborns are an especially vulnerable
group prone to develop metabolic syndrome
later in life.
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