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INTRODUCTION

Although cardiovascular diseases (CVD) are rare in 
childhood, the atherosclerotic process begins during 
this stage and is characterized as an inflammatory 
disease of the blood vessel walls that triggers a series 
of responses, at the cellular and molecular level, which 
is intensified in individuals with obesity, since the 
adipose tissue is responsible for secreting numerous 

bioactive substances - the adipokines - that may have 
pro-inflammatory or anti-inflammatory action1.

The unregulated production of these substances, 
fostered by the increase in fat mass, can contribute 
to the onset of metabolic disorders resulting from 
obesity2.3. Studies have reported that adipokines are 
related to excess weight, dyslipidemia, hypertension, 
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Anthropometric assessment and body 
composition

In the anthropometric analysis, we included 
weight, height, body fat percentage, and waist perim-
eter. The weight was measured by a digital electronic 
scale with bioelectrical impedance (Tanita Ironman®), 
and the height was measured using a portable stadi-
ometer (Alturexata®).

The nutritional status of the students was deter-
mined by BMI, calculated by dividing the weight (kg) 
by the squared height (m²) and classified according to 
the BMI curve per age. To calculate the data, we used 
AnthroPlus® software.

The waist perimeter was measured using a simple 
inelastic measuring tape at the midpoint between the 
iliac crest and the costal arch.

The assessment of body composition, using hori-
zontal tetrapolar bioelectrical impedance equipment 
(Biodynamics®), was performed following the instruc-
tions of the equipment manufacturer. To determine 
the percentage of body fat, we used the equation by 
Deurenberg et al.7 based on the resistance and reac-
tance values in relation to age.

Measurement of pressure levels
The blood pressure levels were measured three 

times, alternately, on the right arm, using a digital 
oscillometric sphygmomanometer (Omron®), with a 
cuff adjustable to the width of the arm. The minimum 
interval between measurements was 5 minutes.

Biological samples and biochemical analyzes
Blood samples were collected by venous puncture 

from the antecubital region of patients after 12 hours 
of fasting. The following biochemical analyses were 
carried out: (a) total cholesterol and ratios; (b) tri-
glycerides; (c) serum glucose; and (d) insulin. All were 
measured by the enzymatic colorimetric method and 
adapted to the automatic analyzer Cobas Mira Plus®.

Insulin resistance was determined by the HOMA-IR 
index (Homeostasis Model Assessment Insulin Resis-
tance), using the formula Homa-IR= fasting insulin (IU/
mL) x fasting glycemia (mmol/l)/22.5.

From the blood serum of the samples collected, 
three aliquots were obtained, which were placed in an 
amber tube, encoded, and stored at -80 ºC. The serum 
was used for the resistin and chemerin analyses by 
the immunoenzymatic ELISA method (Enzyme-Linked 
ImmunoSorbent Assay). For this purpose, commer-
cial kits were used of the brands Sigma-Aldrich® 

and insulin resistance, both in adults and children and 
adolescents4.5.

The marked presence of inflammatory markers 
associated with excess weight among children is wor-
rying since long-term inflammation causes cumulative 
vascular damage, indicating a risk of future cardiovas-
cular events6.

In the face of the alarming prevalence of excess 
weight among children and adolescents and its pos-
sible consequences in adulthood, it is important to 
better understand the physiopathology of the adipose 
tissue and the substances its secretes, investigating 
their association with the inflammatory process and 
its metabolic and cardiovascular implications. How-
ever, the literature on the role of adipokines in the chil-
dren and adolescent population and their association 
with comorbidities and cardiometabolic risk variables 
is still scarce. Therefore, the objective of this study is 
to compare the serum concentrations of the resistin 
and chemerin adipokines in children and adolescents 
with eutrophy and excess weight and assess its rela-
tionship with anthropometric and biochemical vari-
ables and blood pressure, traditionally used to evaluate 
cardiovascular risk.

METHODS
Study design and sampling process

This is a cross-sectional epidemiological study con-
ducted in the municipality of Juiz de Fora, MG, and 
divided into two stages. In the first stage, we evaluated a 
probability sample of 708 students from 7 to 14 years old 
of both sexes, enrolled in public schools of elementary 
education. The second stage involved a subsample of 
234 students, randomly selected and divided into two 
groups based on their BMI classification, according to 
their age: (a) children and adolescents with eutrophy 
and (b) children and adolescents with excess weight.

We did not include in the sampling process stu-
dents who attended Special Education classes and the 
adolescents who reported pregnancy. For the subsam-
ple, we excluded students with low weight.

The sample was selected through a simple random 
sampling process, according to age and proportion in 
each school. The sample size calculation was based 
on the proportion of the population studied with the 
prevalence of overweight and obesity for the age group 
studied (8%), considering 20% of losses due to possible 
absences or refusals, a desired precision of 2%, and a 
significance level of 5%.
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(RAB0419) and Abcam’s® (ab155430), respectively, fol-
lowing the protocol established by the manufacturers.

Ethical aspects
The legal guardians and principals of the schools 

were previously informed about the objectives, the 
protocol, and study procedures, as well as the risks 
and benefits of participating in the present study.

The student participation was voluntary, upon 
authorization and signing of the Informed Consent 
by parents and/or guardians. The study was approved 
by the Human Research Ethics Committee of the 
Federal University of Juiz de Fora - the first stage by 
decision No 09/2010 and the second by decision No 
789.725/2014.

Statistical analysis
Initially, we used the Kolmogorov-Smirnov test to 

verify if the distribution of the variables followed the 
assumptions of normality. In the descriptive analy-
sis, we highlighted the measures of central tendency 
(mean or median) and their corresponding values 
of dispersion (standard deviation and interquartile 
range). Based on the distribution of the variables, we 
used the Student t-test or Mann-Whitney test to com-
pare the mean values in each group and the Pearson or 
Spearman correlation tests for quantitative variables.

Multiple linear regression analysis was performed 
to assess the effect of independent variables on serum 

values of adipokines. The variables that presented p < 
0.20 in the bivariate analysis and/or biological plausi-
bility were included in the multiple linear regression 
model, which was adjusted for possible confounding 
factors. The variables were included in the model 
using the enter method, and those that lost signifi-
cance were removed (p<0.05). We calculated the con-
fidence interval of 95% (95).

For the data analysis, we used SPSS® version 21.0 
and Stata® version 10.1, at a significance level of 5% 
(p<0.05).

RESULTS

Anthropometric, biochemical, and clinical char-
acteristics of eutrophic and overweight young people

The study sample included 234 young people, 
classified into two groups: (a) eutrophic children and 
adolescents (134) and (b) children and adolescents with 
excess weight (100). The mean age was 10.52 ± 2.05 
years. Among the students, 52.1% were female and 
66.5%, adolescents. Of those classified as eutrophic, 
53.7% were female, and 68.7% were adolescents. In 
relation to the group with excess weight, 50.0% were 
female, and 64.0% were adolescents.

The anthropometric, biochemical, and clinical 
characteristics of the participants, according to their 
BMI classification per age, can be found in Table 1. The 
group with excess weight presented higher values for 

TABLE 1. ANTHROPOMETRIC, CLINICAL, AND BIOCHEMICAL VARIABLES CHARACTERIZED BY BMI PER AGE.

Variables Eutrophy (n=134) Excess weight (n=100)

Mean or median SD or IQR Mean or median SD or IQR
Age (years) 10.69 2.02 10.41 2.1
Height (cm) 145.4 13.54 147.67 12.95
WC (cm) 60.29 5.85 74.04 8.93**
BF (%) 18.89 6.08 31.69 5.88**
SBP (mm Hg) 103.48 9.66 110.36 8.37**
DBP (mm Hg) 64.15 7.05 69.39 6.15**
Chemerin (ng/mL) 220.29 103.17 213.08 119.75
Resistin (pg/mL) 773.96 479.63-1,160.25 942.22 606.77 -1,461.08*
Total cholesterol (mg/dL) 153.0 136.0-178.0 160.5 144.5-182.25
HDL (mg/dL) 49.0 43.5-57.0 44.0 38.75 - 49.25**
LDL (mg/dL) 94.49 25.44 99.7 23.73
TG (mg/dL) 56.5 43.0-79.25 68.5 52.0 - 94.75**
Serum glucose (mg/dL) 80.17 9.09 83.81 8.51**
Fasting insulin (µUl/mL) 4.0 2.73-6.38 7.3 4.35 - 9.25**
Homa- IR 0.81 0.51-1.35 1.46 0.81 - 2.0**

Note: BMI - body mass index; WC - waist circumference; BF - body fat; SBP - systolic blood pressure; DBP - diastolic blood pressure; LDL - low-density lipoprotein cholesterol; 
HDL - high-density lipoprotein; TG - triglycerides; Homa-IR, homeostatic model assessment insulin resistance. Data are expressed as mean ± standard deviation or median (inter-
quartile range) in cases of non-Gaussian data. *p<0.05. **p<0.01
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the following variables: waist circumference, body fat 
percentage, systolic and diastolic arterial pressure, 
triglycerides, serum glucose, fasting insulin, and 
Homa-IR index. On the other hand, they had lower 
values of HDL-cholesterol, although the values were 
low in both groups.

The chemerin adipokine presented a reduction in 
serum values in the group with excess weight [213.08 
± 119.75 ng/mL] compared to the eutrophic group 
[220.29 ± 103.17 ng/mL], however, without a signif-
icant difference (Figure 1). The opposite profile was 
observed for resistin values, with 869.35 ± 515.37 pg/
mL in the eutrophic group and 1,078.31 ± 668.49 pg/
mL in the group with excess weight (p<0.05).

Analysis of correlation and linear regression
The chemerin adipokine was correlated with dia-

stolic blood pressure and resistin. All correlations were 
weak and negative. Regarding resistin, we observed a 
correlation with the values for weight, waist circum-
ference, systolic, and diastolic blood pressure, LDL-c, 
and chemerin. All correlations proved to be weak and, 
with the exception of chemerin, were positive.

We included in the multiple linear regression model 
the variables that presented p < 0.20 in the bivariate 

analysis. Thus, in the chemerin model, we included 
diastolic blood pressure and resistin. Whereas in the 
model of resistin, we included weight, BMI, waist cir-
cumference, body fat percentage, systolic and diastolic 
arterial pressure, LDL-c, and chemerin. In addition to 
the parameters that presented p < 0.20 in the bivari-
ate analysis, variables of biological plausibility were 
added to the model. Thus, to the chemerin model, 
we included weight, BMI, waist circumference, sys-
tolic blood pressure, and Homa-IR and to the resistin 
model, BMI, and Homa-IR.

In the multiple linear regression analysis, the 
values of chemerin showed an association with 
the resistin values (p=0.004, 95% CI: -0.06 - 0.01), 
systolic blood pressure (p=0.01, 95% CI: 0.64 - 4.66) 
and diastolic blood pressure (p=0.001, 95% CI: -7.39 – 
-1.99). The resistin values maintained an association 
only with the values of BMI (p=0.02, 95% CI: 3.52 - 
45.75) and chemerin (p=0.003, 95% CI: -1.86 – -0.38). 
We observed that 8.5% of the variation of chemerin 
values could be explained by resistin, systolic and 
diastolic arterial pressure (Table 2), and 5.8% of the 
variation of the resistin concentrations could be 
explained by BMI and chemerin. The final model is 
presented in Table 3.

TABLE 2. LINEAR REGRESSION OF ANTHROPOMETRIC, 
CLINICAL, AND BIOCHEMICAL VARIABLES WITH 
SERUM VALUES OF CHEMERIN.

Serum concentrations of chemerin
Variables β CI 95% p*

Resistin (pg/mL) -0.04 -0.06 – -0.01 0.004

SBP (mm Hg) 2.65 0.64 – 4.66 0.01

DBP (mm Hg) -4.69 -7.39 – -1.99 0.001
Note: SBP - systolic blood pressure; DBP - diastolic blood pressure. R² = 0.085. *ad-
justed for sex and age.

TABLE 3. LINEAR REGRESSION OF ANTHROPOMETRIC, 
CLINICAL, AND BIOCHEMICAL VARIABLES WITH 
SERUM VALUES OF RESISTIN.

Serum concentrations of resistin
Variables β CI 95% p*

BMI (kg/m²) 24.63 3.52 – 45.75 0.02

Chemerin (ng/mL) -1.12 -1.86 – -0.38 0.003
Note: BMI - Body Mass Index. R² = 0.058. *adjusted for sex and age.

FIGURE 1. PLASMA LEVELS OF RESISTIN AND 
CHEMERIN IN EUTROPHIC AND OVERWEIGHT YOUNG 
INDIVIDUALS.

*p<0.05
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DISCUSSION

In recent years, it has been observed that changes 
in the adipokine profile may contribute to obesity and 
several related disorders, such as insulin resistance, 
hypertension, and CVD. Evidence suggests that the 
atherosclerotic process begins in childhood, progress-
ing gradually until the onset of clinical manifestations; 
therefore, early identification of risk factors for CVD 
is indispensable8.

In view of that, the present study evaluated the 
serum concentrations of two adipokines, which 
showed a distinct profile in groups of eutrophic and 
overweight children and adolescents. Resistin pre-
sented higher values in individuals with excess weight, 
while chemerin showed no differences between the 
groups, with a tendency of reduction in young patients 
with eutrophic nutritional status. In addition, some 
traditional risk factors for CVD, such as waist circum-
ference, body fat percentage, systolic and diastolic 
arterial pressure, triglycerides, serum glucose, fasting 
insulin, and Homa-IR index, were higher in the group 
with excess weight when compared to the eutrophic 
group, as has been observed in several other studies9.

Changes in traditional cardiovascular markers can 
be preceded by changes in the values of adipokines 
in obese children and adolescents10. Higher concen-
trations of pro-inflammatory adipokines in this pop-
ulation suggest that the inflammatory mechanisms 
involved in obesity and cardiometabolic complications 
are already activated11. However, there is still insuffi-
cient data in the literature to understand the behavior 
of adipokines in children and adolescents.

Although our findings did not observe any differ-
ence between the groups regarding the chemerin, 
young people with obesity have higher concentrations 
of this adipokine11, with values about 30% higher than 
those of eutrophic individuals2. Chemerin is a che-
moattractive protein that acts regulating the immune 
response in the process of adipogenesis and glucose 
metabolism in the liver, skeletal muscle, and adipose 
tissue12. In publications on children and adolescents, 
serum concentrations of chemerin are associated with 
obesity, diabetes, risk factors for CVD, and premature 
vascular inflammation13.

We observed a negative correlation between dia-
stolic blood pressure and chemerin values. Unlike 
what was found in this study, El Dayem et al.14 found 
no correlation between chemerin values and blood 
pressure. However, Sledzińska et al.15 identified a 
positive correlation between adipokine and systolic 

blood pressure. However, no explanation was found 
for this in the literature. The mechanisms of vasocon-
striction that can be influenced by chemerin and how 
they work remain unknown16.

In regard to findings on resistin, there is still a 
contradiction in its association with obesity among 
children and adolescents17. After comparing groups 
of eutrophic and overweight young people, different 
behaviors of adipokines were observed. In some stud-
ies, it has been observed that resistin values are sim-
ilar among eutrophic and obese children18.

However, like in the present study, Mantovani et 
al.10 and Olza et al.9 found higher values of resistin 
among overweight and obese young individuals. It is 
known that excess adipose tissue, especially in the 
abdominal cavities, promotes the secretion of pro-in-
flammatory adipokines while reducing the synthesis 
of anti-inflammatory properties9.

In another study, by Codoñer-Franch et al.19 no dif-
ferences were found in the concentrations of resistin 
between eutrophic and obese groups; however, when 
stratifying them based on the values of insulin resis-
tance, higher serum values of resistin were detected in 
obese children with insulin resistance in comparison 
to those who were eutrophic or obese without insulin 
resistance, which can be explained by the relationship 
between resistin and the inflammation that is char-
acteristic of obesity and its comorbidities20. Resistin 
is considered a biomarker for insulin resistance, and 
its association with the Homa-IR index may indicate 
endothelial damage even in young people since adipo-
kine has effects on vascular cell function9.

In the same way, Rupérez et al.21 found higher 
values of resistin between Spanish children with 
excess weight and those metabolically obese with 
normal weight.

Resistin is a protein produced in response to 
inflammatory stimuli20 associated with chronic 
non-communicable diseases, such as obesity, and it 
may induce insulin resistance and vascular inflamma-
tion17.19. It is involved in glucose homeostasis, insulin 
action, and lipid metabolism22. The role of adipokine 
on metabolic syndrome, diabetes mellitus type II, and 
CVD has been previously described20. In the pediatric 
population, high values of resistin may precede comor-
bidities associated with obesity10.

In this context, our results showed a correlation 
between the values of resistin and BMI, which was 
also demonstrated in the study by Lausten-Thomsen et 
al.17. However, other studies have found an association 
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of adipokine only with body fat, especially among girls 
aged between 12 and 16 years23, and with the waist 
circumference, fat mass, and Homa-IR, suggesting it 
is associated with visceral adiposity18. Aeberli et al.24 
demonstrated that some indexes of adiposity, such as 
BMI, body fat percentage, and waist circumference, 
were not considered predictors of resistin.

Regarding the relationship between adipokine 
and blood glucose and insulin values, Gerber et al.25 
found no correlation. However, Olza et al.9 found a 
correlation between resistin and the Homa-IR index. 
In addition, adipokine was positively correlated with 
inflammatory markers such as IL-6, TNF-α, C-reactive 
protein, and leptin, with an unfavorable lipid profile20.

Among the limitations of this study is the relatively 
small sample size. However, the inclusion criteria 
were well established, and the assessment protocol 
was conducted in a rigorous fashion. Furthermore, 
the study brings as contributions the analysis of 

adipokines in a population of children and adolescents; 
it is the first study conducted on this population that 
seeks to analyze chemerin in Brasil.

Thus, we found that the adipokines analyzed pre-
sented a distinct profile in groups of eutrophic over-
weight children and adolescents and were correlated 
with some variables traditionally established for 
assessing CVD risk.
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