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Impact of obesity on metabolic syndrome components
and adipokines in prepubertal children
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Abstract

Objective: To verify the impact of obesity on metabolic syndrome components and adipokine levels in prepubertal
children.

Methods: This cross-sectional study compared 30 obese, 31 overweight and 33 eutrophic children attending
a university hospital-based outpatient pediatric clinic. Parameters assessed included glucose, serum lipids, insulin,
homeostasis model assessment-insulin resistance (HOMA-IR), glucose/insulin relation, adiponectin, and leptin. We
compared the frequency of acanthosis nigricans and changes in waist, blood pressure, glucose, serum lipids, and
insulin. The correlation between body mass index (BMI) z score and adipokines was evaluated.

Results: Among obese children, there was a difference in the mean values of HDL cholesterol and adiponectin,
whereas among the eutrophic children, there was a difference in the mean values of insulin, HOMA-IR, glucose/insulin
relation, and leptin (p < 0.001). A difference was also observed regarding the frequency of acanthosis nigricans and
alteration in waist and HDL cholesterol (p < 0.005) in the obese group. The BMI z score showed a positive correlation
with leptin (p < 0.001) and a negative correlation with adiponectin (p = 0.001). In multiple linear regression, this
correlation was maintained only for leptin; HDL-cholesterol correlated with adiponectin (p = 0.007) and HOMA-IR
correlated with both variables (p < 0.05).

Conclusion: These findings provide evidence of the influence of obesity on metabolic syndrome components

and on adipokine levels in prepubertal children, indicating that these components may contribute to the beginning
of cardiovascular diseases.
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Introduction

Obesity has become a prevalent health problem in our
present-day society. In Brazil, over recent years, a decline
in malnutrition has been observed among children and
adolescents. In the latter, data from the Brazilian Family
Expenditure Survey 2002/2003 of the Brazilian Institute of
Geography and Statistics (Instituto Brasileiro de Geografia
e Estatistica, IBGE) showed prevalence of overweight in
16.7%.1

This disorder is associated with a set of diseases, such
as hypertension, dyslipidemias and type 2 diabetes mellitus,
in the so-called metabolic syndrome, in which insulin
resistance and hyperinsulinemia explain the relationship
between obesity and other abnormalities.2

Insulin resistanceis suspected in view of clinical evidence.
Confirmation is obtained through insulin resistance indices,
which have been widely studied in children.3 The most
applied indices are those based on fasting glucose and insulin
concentrations, such as the homeostasis model assessment
of insulin resistance (HOMA-IR) and the relation of glucose
and insulin, already validated for the age group.*

In the pediatric age group, obesity seems to be an
important trigger of insulin resistance,? ranking obese
children as a risk group. However, a consensus on the
definition of metabolic syndrome in children is currently
lacking. A recent review of this subject found 40 different
definitions adapted from those proposed for adults.>

The components of this syndrome are risk factors for
cardiovascular disease. Some epidemiological longitudinal
studies, such as the Bogalusa Heart Study, have investigated
cardiovascular risk factors. That study showed presence of
atherosclerosisin the aorta and coronary arteries of children,
particularly of those who already presented the previously
mentioned risk factors, suggesting that the disease starts
in childhood.® Thus, these risk factors would have been in
action since the pediatric age group.3

The pathophysiology of obesity involves imbalance of
energy intake and expenditure. Several neuroendocrine
factors have been involved in this energy imbalance, such
as adipokines, which are proteins produced by the visceral
adipose tissue. Examples of these proteins include leptin
and adiponectin, which regulate the physiological processes
connected to the carbohydrate and fat metabolism.”

Leptin would be related to the regulation of body weight,
since weight gain causes leptin levels to rise, and the
hypothalamus might decode this rise as a sign to reduce food
intake and enhance energy expenditure and sympathetic
tonus. In contrast, weight loss leads to lower leptin levels,
and, thus, the hypothalamus would respond by increasing
food intake, reducing energy expenditure and increasing
corticotropin-releasing hormones, growth hormone and
gonadotropins, in addition to increasing parasympathetic
tonus.8 Elevated leptin levels are observed in obese people.
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The defect might be resistance to or impaired transport of
this substance to the central nervous system.?

Adiponectin would be a cytokine that enhances insulin
sensitivity, along with anti-inflammatory and antiatherogenic
properties.10 Its levels correlate negatively with obesity,
hyperinsulinism, insulin resistance, levels of triglycerides and
LDL cholesterol, and positively with HDL cholesterol.10,11

Studies with obese young children have demonstrated
changesin adiponectin levelsin the absence of lipid changes,
leading us to believe that cytokine changes are likely to
precede lipid changes in obesity, which would place cytokines
on top of the metabolic syndrome process.12

Therefore, the objective of this study is to verify the
impact of obesity on metabolic syndrome components and
both leptin and adiponectin levels in prepubertal children.

Methods

This cross-sectional, observational study was conducted
in an outpatient clinic for childhood obesity research of
a public university hospital with children attending the
outpatient pediatric clinic of this same hospital. The sample
included obese and overweight children, aged between
2 and 11 years, in the prepubertal stage (according to
Tanner stage of pubertal development).13 Obesity and
overweight were defined according to the patterns from
the Centers for Disease Control and Prevention (CDC),
for the year 2000, in the United States, which define
obesity and overweight according to the body mass index
(BMI). This index is obtained as a result of the weight
(kg) divided by the square of the height (m). Obesity
was then defined as BMI > 95th percentile; overweight
as BMI = 85th percentile, but < 95th percentile.!* The
children were considered healthy with respect to other
aspects, were notincluded in any weight reduction program
and were selected in a first-come first-serve order of
admission to the outpatient clinic for childhood obesity
research. The group of prepubertal eutrophic children was
composed of healthy children, BMI > 10th percentile and
< 85th percentile for age and sex, attending the same
outpatient clinic. The total sample size, 94 children, was
considered sufficient to achieve statistical power of 80%,
with a level of significance set at 5%, for an error of
5%, based on the total population of children attended
in the outpatient pediatric clinic.15

The children recruited to the research outpatient clinic
attended scheduled appointments. The children’s parents
or legal guardians were previously informed and explained
about all study procedures and signed a free informed
consent form. At that date, all children underwent a
complete clinical evaluation, including visual evaluation
of acanthosis nigricans on the neck, axilla, knuckles,
elbows and knees.16
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Subjects wearing light clothing and no shoes were
weighed on a Filizola®scale. Height was measured without
shoes using a Tonelli® Harpenden-type wall-mounted
stadiometer. The waist circumference measurement was
taken immediately above the upper lateral border of the
iliac crest, at the end of a normal expiration, according to
the recommendations by the U.S. Third National Health and
Nutrition Examination Survey,17 using a Mabbis® Gulik-type
anthropometric tape measure (mm).

Blood pressure was measured at the right arm, the
children in the sitting position and at rest, with a Tycos®
sphygmomanometer using cuffs with adequate size. The
auscultatory method was applied, with systolic and diastolic
blood pressure corresponding to Korotkoff phases I and
V. To define increased blood pressure, we adopted the
criterion recommended by the I Directive on the Prevention
of Atherosclerosis in Childhood and Adolescence of the
Brazilian Society of Cardiology.!8

The cutoff points adopted for fasting glycemia,
cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,
and insulin were those recommended by the I Directive
on the Prevention of Atherosclerosis in Childhood and
Adolescence of the Brazilian Society of Cardiology: increased
glycemia, values from 100 to 125 mg/dL; altered cholesterol,
values = 150 mg/dL, values between 150 and 169 are
considered borderline and = 170, increased, altered LDL
cholesterol: values > 100 mg/dL, values between 100 and
129 are considered borderline and > 130, increased; low
HDL cholesterol, values < 45 mg/dL; altered triglycerides,
values = 100 mg/dL, values between 100 and 129 are
considered borderline and > 130, increased; increased
insulin, values > 15 pIU/mL.18

HOMA-IR index was calculated from the formula: fasting
glucose (mmol/L) x fasting insulin (MIU/mL)/22.5.1° The
glucose/insulin relation was calculated as fasting glucose
(mg/dL) divided by fasting insulin (uIU/mL).4

Blood for laboratory analysis was collected a few days
after the clinical evaluation, after 12 h of fasting. The
following assays were performed: measurements of serum
glucose, total and HDL cholesterol, triglycerides, leptin and
adiponectin.

Forthefirst four assays, we performed routine automated
methods in the clinical laboratory at the study hospital. LDL
cholesterol was calculated using the Friedwald formula:
LDL cholesterol = total cholesterol - (HDL cholesterol +
triglycerides/5).20

Biochemical analyses were performed on a Konelab
autoanalyzer, BT 3000 Winer model kit, using: for glucose,
GOD-PAP enzymatic method (oxidase); for cholesterol,
CHOP-POD enzymatic method (esterase/oxidase); for
triglycerides, GPO-PAP enzymatic method (oxidase); and
for HDL cholesterol, enzymatic calorimetric method with no
precipitation (Winterlab, Rosario, Santa Fé, Argentina).
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Insulin was measured in the endocrine laboratory at
the study hospital on a GAMA-C12, with a model kit using
the Coat-A-Count method, a solid-phase 125 I-labeled
radioimmunoassay (DPC, Los Angeles, CA, USA).

Leptin and adiponectin were measured by
radioimmunoassay, in the same laboratory, on a GAMA-
C12, with model kits using the PEG double antibody method
(Linco Research, St. Charles, MO, USA), in a saline solution
properly stored for this purpose. The leptin kit used 125
I-labeled human leptin and human leptin antiserum, and
the adiponectin kit used 125 I-labeled rabbit adiponectin
and a rabbit anti-adiponectin polyclonal antiserum.

The data collected were entered on Excel spreadsheets
version 7 (MapInfo Corporation, Troy, NY, USA). The Epi-Info
software version 3.4.1 (CDC, Atlanta, GA, USA) was used to
calculate BMI z score. Linear regression statistical analyses
were performed using SPSS software version 15.0.0 (SPSS
Inc., Chicago, IL, USA). The additional statistical analyses
were performed using the Statistica software version 7.1
(Stat Soft Inc, Teusa, OK, USA).

For each group, mean and standard deviation of the
following continuous variables was calculated: age, BMI z
score, glucose, cholesterol, triglycerides, HDL cholesterol,
LDL cholesterol, insulin, glucose/insulin relation, and
HOMA-IR.

As for the categorical variables, frequency of sex, skin
colorand acanthosis nigricans was calculated for each group.
Increased frequency of blood pressure, waist circumference,
glucose, and insulin was calculated for each group, as well
as altered frequency of: cholesterol, triglycerides, and HDL
and LDL cholesterol.

The means of the continuous variables were compared
between the obese, overweight and control groups, using
ANOVA followed by Fisher’s exact test to identify different
groups, except for leptin, for which the Kruskal-Wallis test
was used to compare means, followed by the Mann-Whitney
test to identify different groups.

Pearson chi-square was used to compare, within groups,
frequency of acanthosis nigricans and of increased and
altered classifications of the categorical variables.

Simple linear regression was used to analyze the
correlation of BMI z score with leptin and adiponectin.
Multiple linear regression was performed taking both leptin
and adiponectin as the dependent variable, and BMI z score,
HDL-cholesterol and HOMA-IR, waist, age and sex as the
independent variables.

The level of significance was set at p < 0.05.

This study was approved by the Research Ethics
Committee of the Hospital Universitario Pedro Ernesto at
Universidade do Estado do Rio de Janeiro (protocol number
173-CEP/HUPE - CAAE; 0020.0.228.000-07).
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Results

The study group was composed of 94 children: 30
obese, 31 overweight and 33 eutrophic. The obese group
was composed of 22 (73.33%) boys and 8 (26.67%) girls,
with a median age of 6.3+£2.6 years (minimum age, 2 years;
maximum age, 11 years), 11 (36.67%) of these were white
and 19 (63.33%) were non-white. The overweight group
was composed of 14 (45.16%) boys and 17 (54.84%)
girls, with a median age of 6.2+2.2 years (minimum age,
2 years; maximum age, 10 years), 17 (54.84%) of these
were white and 14 (45.16%) were non-white, with a median
age of 6.4%+2.7 years (minimum age, 2 years; maximum
age, 11 years). In the eutrophic group, 20 (60.61%) were
boys and 13 (39.39%) were girls, 13 (39.39%) of these
were white and 20 (60.61%) were non-white.

Table 1 shows comparisons of mean values between
clinical and metabolic continuous variables in the obese,
overweight and eutrophic groups.
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Table 2 shows comparisons of the frequency of alteration
in each clinical and metabolic categorical variable in the

obese, overweight and eutrophic groups.

BMI z score of the entire study group correlated positively
toleptin (p < 0.001, r2=0.535) and negatively to adiponectin
(p = 0.001, r2 = 0.123), as shown in Figure 1. In multiple
linear regression analysis, when adjusted for HDL cholesterol,
HOMA-IR, waist, age and sex, correlation was significant to
leptin (p < 0.001). The same pattern was not observed in
relation to adiponectin, when the significant variables were
HOMA-IR, age and HDL-cholesterol (Table 3).

Discussion

We studied a group of young children, in which obesity
is not so severe, thus making it an ideal group to study
the initial phase of the metabolic syndrome, despite of the
technical difficulties inherent to this age group. Additionally,
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Table 1 - Comparisons of mean values of clinical and metabolic continuous variables between the groups of obese, overweight and eutro-
phic children

Groups of children

Variables Obese Overweight Eutrophic p
BMI z score 2.3£0.6" 1.3+0.1" -0.3+£0.8" < 0.001
Glucose (mg/dL) 83+8.3 83+5.9 87+8.4 0.05
Cholesterol (mg/dL) 168+32.3 166+30.1 162+30.6 0.72
HDL cholesterol (mg/dL) 38+9.3" 51+13.7 48+11.4 < 0.001
LDL cholesterol (mg/dL) 110+31 99+30.7 97+25.7 0.17
Triglycerides (mg/dL) 93+41 81+36.7 78+28.7 0.19
Insulin (pIU/mL) 9.2+6.3 7.9+£5.4 3.5+£2.1 < 0.001
HOMA-IR 1.9+1.3 1.6£1.1 0.7+0.4" < 0.001
Glucose/insulin relation 16.7+19.7 16.2+11.6 38.9+34.9* < 0.001
Adiponectin (pg/mL) 13.3+4.3" 19.3+7.6 19.2+6.5 < 0.001
Leptin (ng/mL) 10.89+6.28 8.18+4.8 2.58+1.61* < 0.001
BMI = body mass index; HOMA-IR = homeostasis model nent-insulin resistance.

* Means that show statistical difference in relation to the other ones.

Table 2 - Comparisons of frequency of alteration in each clinical and metabolic categorical variable between the groups of obese, overweight
and eutrophic children

Groups of children (%)

Variables Obese Overweight Eutrophic p
Waist™ 66.67 12.90 - < 0.001
Blood pressure® 6.67 3.23 - 0.32
Acanthosis nigricans’ 30 16.13 - 0.004
Glycemia® 3.33 - 9.09 0.403
Total cholesterol* 73.33 70.97 60.61 0.510
HDL cholesterol® 80 32.26 42.42 < 0.001
LDL cholesterol* 60 45.16 51.51 0.834
Triglycerides* 40 25.81 21.21 0.234
Insulin® 13.33 12.90 - 0.094
* Increased.

T Present.

¥ Altered = borderline + increased.

§ Decreased.
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Table 3 - Multiple linear regression analysis in prepubertal obese, overweight and eutrophic children, taking leptin (analysis A) and adi-
ponectin (analysis B) as the dependent variable

Analysis A Analysis B

Dependent variable - leptin Dependent variable - adiponectin

Independent variables B* SE' p B* SE' p
HOMA-IR 2.096 0.502 < 0.001 -1.288 0.599 0.034
BMI z score 2.084 0.414 < 0.001 - - -
Age (months)* 0.580 0.206 0.006 -0.596 0.272 0.031

HDL-cholesterol - -

0.141 0.051 0.007

BMI = body mass index; HOMA-IR = homeostasis model nent-insulin r

istance; SE = Standart error.

Coefficient of regression (dependent variable variation corresponding to one unit of variation of the independent variable in question, whereas all other independent

variables are constant).

t Only the variables showing a significant p value in multiple linear regression analysis were included in the final model (leptin: model coefficient of correlation

r2 = 0.519; adiponectin: model coefficient of correlation r2 = 0.181).

the finding of risk factors for cardiovascular disease, as
observed in this group, is a worrying issue.

By analyzing increase in waist size, high prevalence
was observed in the obese group and low prevalence in
the overweight group, whereas the eutrophic group did not
show this alteration. This result corroborates the importance
of this measurement as an indicator of obesity in children,
as previously mentioned in the literature.t”

The high prevalence of acanthosis nigricans in the obese
group, a marker of insulin resistance even in children,2!
also requires attention. Few children under study presented
elevated blood pressure and hyperglycemia, which may be
explained by their young age and because they were not
considered severely obese.

There was no statistical difference between the mean
values of cholesterol, LDL cholesterol and triglycerides
in the three groups studied. However, the mean values
of cholesterol in the three groups were above the cutoff
point recommended as the normal range for children in
Brazil,18 though below the U.S. cutoff point.22 Prevalence
of altered cholesterol, LDL cholesterol and triglycerides
was also important, with no statistical difference between
the groups studied. When comparing the mean values
of cholesterol, HDL cholesterol, LDL cholesterol, and
triglycerides from the U.S. reference (153, 55, 90 and 48
mg/dL, respectively) to those from the eutrophic group,
worse values were observed in our sample. These data
point out the inadequate current eating habits observed
even in children who are not considered obese3 and that
dyslipidemia may precede obesity.23 Dyslipidemia would be

a marker of altered metabolism, which would later result
in excess of adiposity.24

Regarding HDL cholesterol, there was statistically
significant difference between the mean values of the obese
and the overweight groups, as well as between the mean
values of the obese and the eutrophic groups. The same was
observed regarding adiponectin, which showed a lower mean
in the obese group. Prevalence of altered HDL cholesterol
was much higher in the obese group when compared with
both the overweight and eutrophic groups. These findings
add to obesity as a risk factor for atherogenesis, since
it is common knowledge that HDL cholesterol fraction is
antiatherogenic,? and recent studies have demonstrated
this same role in relation to adiponectin,? although further
studies on adiponectin in prepubertal children are currently
lacking.

In the analysis of insulinemia, means were higher, with
statistical significance, in the obese and overweight groups
when compared with those of the eutrophic group, but
not when comparing the obese group with the overweight
group. The same was observed regarding HOMA-IR and
leptin, which showed lower means in the eutrophic group.
Forthe glucose/insulin relation, lower means were observed
in the obese and overweight groups, also with statistical
significance only between the eutrophic group and the other
two groups. None of the children in the eutrophic group had
hyperinsulinemia, in contrast to what was observed in the
overweight group, in which this finding was present with no
statistically significant difference with the obese group. This
similar profile between the obese and overweight groups
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could also be explained by the fact that the children were
not considered severely obese; however, it also reinforces
the hypothesis that insulin resistance starts in overweight
children, contributing to the beginning of multiple risk factors
for cardiovascular diseases.3:25 The finding of a positive
correlation between BMI z score and leptin in both simple
and multiple linear regression, in accordance with data from
the literature,26 corroborates the previous statements.

However, the same was not observed in the analysis
of adiponectin. In simple linear regression, adiponectin
correlated negatively to BMI z score, in accordance with
other studies,!2 but in multiple linear regression, this
correlation lost statistical significance, possibly due to the
presence of statistical confounding factors between these
variables. Thisissue, however, is not easily resolved because
the relationship between traditional risks for cardiovascular
disease and adiponectin is yet to be clarified. Nevertheless,
some of these confounding sources are already known,
such as age and sex, since it is common knowledge that
younger children have higher adiponectin levels,!2 and that
girls have higher levels than boys.26

The positive correlation between adiponectin and HDL
cholesterol (p = 0.034) in multiple linear regression,
regardless of BMI z score, HOMA-IR, leptin, waist, age
or sex, is in accordance with other studies, which also
showed that hypoadiponectinemia is more strongly
related to dyslipidemia than to the degree of obesity.2”
Thus, adiponectin would play its antiatherogenic role by
interacting with the lipid metabolism.

Both leptin and adiponectin correlated to HOMA-IR in the
regression analyses performed, suggesting that adipokines
play a role in the pathophysiology of insulin resistance, as
indicated in the literature.”.8

Together with data from the literature, our results confirm
the trend of variations in adipokine levels according to
agel2:29 by showing that, in the multivariate linear regression
analyses performed, age correlated positively to leptin and
negatively to adiponectin.

The profile found shows that obesity has a remarkable
impact on metabolic syndrome components and on adipokine
levels in prepubertal children, indicating some repercussion
even on the overweight group.

A distinguishing characteristic of this study is the
young age of our sample, which included only prepubertal
children, different from most of the studies on this subject,
especially from those which analyze the role of adipokines.
Particularly, it contributes to elucidate the role of adipokines
as new candidates for cardiovascular risk factor, although
prospective studies should be conducted to further evaluate
this subject.

Since a consensus on the definition of metabolic
syndrome in children is currently lacking, studies with
individuals at this age group can contribute substantially to
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this purpose, in order to better identify children at higher
cardiovascular risk and, from there, to better define the
components of the syndrome and their cutoff points. These
children should be candidates for higher surveillance and
intervention, focusing on change of lifestyle, since it has
been already demonstrated, through longitudinal studies,
that children with characteristics of metabolic syndrome
become adults with this syndrome.30

The reduced number of children in our sample implied
methodological limitations to the study, as well as caution
in the transposition of the conclusions to the general
population. Adipokine measurementsin samples larger than
the one used in the present study may shed some further
light on the subject.
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