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ABSTRACT

Obesity, defined as an excess in body fat, is a multifactorial disease involving both genetic 
and environmental risk factors. Early diagnosis and interventions during critical periods 
of development of obesity – childhood and adolescence – have been recommended, aim-
ing at preventing unfavorable outcomes at a later age. This cross-sectional study sought to 
characterize the lipid profile, glucose, adiponectin, leptin and ghrelin in schoolchildren 
between six and nine years of age with overweight and obesity in the city of Ouro Preto 
(MG). The data was analyzed with the Shapiro Wilk normality test, groups comparisons 
were made with either a parametric (T test) or a nonparametric (Mann Whitney) test, 
adopting confidence intervals of 95% and a significance level of ≤ 0.05. The average age 
of the school population was 7.8 ± 1.1 years, with a prevalence of 8.9% of overweight and 
3% of obesity. Hypercholesterolemia was found in 5.5%, HDL was abnormal in 98.7%, LDL 
levels were borderline in 32.4% and altered glucose levels were present in 46.6% of the 
children. In stratified analysis by gender, higher values of leptin in girls (p = 0.032) and 
ghrelin in boys (p = 0.033) were found, with no difference for the other variables. The 
results show that overweight/obesity among schoolchildren should be considered a sig-
nificant health problem in this population, highlighting the importance of implementing 
early intervention programs. Uncovering the precursors of childhood obesity could lead 
to interventions so as to prevent or mitigate its consequences in youth and adulthood.

Key words: Overweight; Obesity/prevention & control; Child Health; Child Nutrition 
Disorders.

RESUMO

A obesidade, doença multifatorial definida como excesso de gordura corporal, apresenta 
concomitância entre fatores de risco genéticos e ambientais. O diagnóstico precoce e as 
intervenções no período crítico do desenvolvimento da obesidade – infância e adolescên-
cia – têm sido recomendados, buscando-se evitar desfechos desfavoráveis na idade 
adulta. Este estudo transversal teve como objetivo caracterizar perfil lipídico, glicemia, 
adiponectina, leptina e grelina de escolares entre seis e nove anos, portadores de 
sobrepeso e obesidade, do município de Ouro Preto-MG. Os dados foram analisados a 
partir do teste de normalidade Shapiro Wilk; e nas comparações entre os grupos foi apli-
cado o teste paramétrico (Teste t) ou não paramétrico (Teste Mann Whitney), adotando-
se intervalo de confiança de 95% e nível de significância para valores ≤ 0,05. A idade 
média da população escolar foi de 7,8 ± 1,1 anos, com prevalência de 8,9% de sobrepeso 
e 3% de obesidade. Foram identificados hipercolesterolemia em 5,5%, HDL alterado em 
98,7%, taxa limítrofe de LDL em 32,4% e glicemia alterada em 46,6% das crianças. Na 
análise estratificada quanto ao gênero, foram observados valores mais altos para leptina 
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substantial increase in the prevalence of obesity is 
observed.13 Early diagnosis and interventions in this 
critical period of obesity development (childhood 
and adolescence) have been recommended to avoid 
unfavorable outcomes in adult life.14 

Bearing in mind that during childhood the process 
of growth and development is the period when food 
habits are formed, knowing the nutritional status of this 
age group is justified so that effective dietary guidance, 
promotion of healthy habits, and physical activity can 
be implemented whenever necessary. In this context, 
this study aims to characterize adiposity, lipid profile, 
glycemia, adipocytokines (adiponectin and leptin) 
and ghrelin in children aged six to nine years enrolled 
in public schools in the city of Ouro Preto – MG.

CASE STUDIES AND METHODS 

Study Design

This is a cross-sectional study with children aged 
six to nine years in seven public schools in the urban 
areas of the city of Ouro Preto, Minas Gerais, enrolled 
both in morning and afternoon shifts, from introduc-
tory to school phase IV. 

Study population and sampling

From the initial 1,019 school children eligible 
for the study, we sought to identify those who were 
overweight and obese. After nutritional evaluation, 
119 children were diagnosed as overweight or obese, 
with a total of 79 children included in this study after 
parents and/or guardians gave their written consent. 
Blood sample was collected to determine lipid pro-
file, glycemia, adiponectin, leptin and ghrelin. The 
study was approved by the Ethics and Research Com-
mittee of the Universidade Federal de Minas Gerais.

Data Collection

Data collection was made based on assessment 
of anthropometric parameters (body mass index, 
body fat percentage, skin folds, and waist/hip ratio) 
and blood tests (lipid profile, adiponectin, leptin, 
ghrelin, and glycemia). 

em meninas (p=0,032) e grelina nos meninos (p=0,033), 
não havendo diferença para as demais variáveis. Os 
resultados demonstram ser o excesso de peso entre 
escolares problema de saúde relevante no município, 
ressaltando-se a importância de implementação de pro-
grama de intervenção precoce por parte dos gestores. 
Elucidar os precursores da obesidade na infância pode 
levar a intervenções capazes de atenuar ou impedir suas 
consequências na juventude e fase adulta.

Palavras-chave: Sobrepeso; Obesidade/prevenção & con-
trole; Saúde da Criança; Transtornos da Nutrição Infantil. 

Introduction 

Obesity is a chronic disease defined as excess 
body fat, for which there are concomitant genetic and 
environmental risk factors.1-3 Its etiology is not easily 
identifiable, and is characterized as multifactorial. It 
is believed that external factors are more relevant in 
the incidence of obesity than genetic ones.4-6

Prevalence of obesity in childhood and adoles-
cence has been growing steadily and tends to persist 
in adult life; around 50% of children who are obese 
at six months of age and 80% at age five will remain 
obese in their adult lives.7 Estimates show that in 2025 
Brazil will be the fifth country in the world with obe-
sity issues in its population.5

The literature highlights ages close to six years as 
the most critical periods for the development of body 
fat accumulation and for the occurrence of obesity, 
according to a distribution by sex and age, with a 
high risk for girls.8

Considered one of the most stigmatized condi-
tions and with low social acceptance in childhood, 
obese children and adolescents have worse quality 
of life when compared with healthy individuals of 
the same age.9 Obese children are characterized for 
showing increased aggressiveness, appetite, interest 
in sexuality, anxiety, tendency to depression, worse 
interpersonal relations, marked affective imbalance, 
and poor tolerance to frustrations.10

Changes in body constitution over time may bring 
direct consequences in bodily functions, leading to 
increased prevalence of several conditions associ-
ated with obesity, including diabetes mellitus, dys-
lipidemia, cardiovascular and respiratory problems, 
psychological and orthopedic disorders, and high 
blood pressure.11,12

Preventing obesity requires special attention so 
that it is diagnosed during childhood and in the pre-
school period, given that it is in this age rang that a 
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profile was determined according to the cutoff points 
proposed for childhood and adolescence on the I 
Guideline for Prevention of Atherosclerosis in Child-
hood and Adolescence.25

Data Analysis 

The data collected were organized in an Excel 
spreadsheet and then exported to the software used 
for statistic analyses (EpiInfo version 6.2 and SPSS 
version 14.0).

Study data were analyzed by listing the fre-
quency of characteristics of the several categorical 
variables and by obtaining the central tendency 
measures (means) and dispersion measures (stan-
dard deviation). Based on the data’s probability dis-
tribution after the Shapiro Wilk normality test, com-
parisons of means or medians were made between 
groups (male and female) with either a parametric 
(T test) or a nonparametric (Mann Whitney) test, 
when distribution was considered normal and non-
normal, respectively. A 5% (≤ 0.05) level was consid-
ered statistically significant.

RESULTS 

The prevalence of overweight and obesity in a 
population of 1,019 schoolchildren aged six to nine 
years enrolled in seven public schools in the urban 
area of Ouro Preto was of 8.9% (n = 89) and 3% (n = 
30), respectively, to total of 119 children (Figure 1). 
We registered a percentage of 82.3% (n=839) eutro-
phic and 5.9% (n=60) underweight children. In order 
to analyze the chosen variables, all children consid-
ered overweight and obese were invited to participate 
in the study and the sample consisted of 79 children 
whose parents signed the consent form.

Table 1 shows the means and standard deviations 
in the study group (n=79), with reference to the mean 
age of 7.8 ± 1.1 years, mean weight of 37.84 ± 8.77 kgf 
and mean BMI of 21.10 ± 2.85 kg/m2. For the leptin, 
adiponectin, and ghrelin variables, the mean values 
were 21.16 ± 16.17 ng/mL; 27.59 ± 11,99, and 408.29 
± 203.36 pg/mL. Regarding lipid profile, the results 
were: 126.91 ± 29.79 mg/dL for total cholesterol, 19.86 
± 13.27 mg/dL for HDL, 91.18 ± 27.83 mg/dL for LDL, 
and 84.79 ± 47.31 mg/dL for triglyceride. We found a 
mean glycemia value of 86.32 ± 17.10 mg/dL.

All evaluations required for the study took place 
in the morning. A protocol was created for data col-
lection so as to standardize the procedures. All re-
searchers were selected and trained on procedures 
prior to starting collection. 

Body mass index (BMI) was used characterize adi-
posity and was calculated as the ratio between total body 
weight in kilograms and height in meters squared (Que-
telet index.)15 The cutoff points recommended in 2007 by 
the World Health Organization (WHO) were used.16 

To measure height, we adopted the Alturaexata 
vertical stadiometer with one-centimeter intervals up 
to 2.13 meters and an accuracy of 0.1 cm, equipped 
with a plastic visor and square angle attached to 
one end. To measure weight in kilograms as well as 
body fat percentage, we used a TANITA brand, mod-
el BF599 electronic digital scale, with a maximum 
capacity of 180 kg and 50g divisions, according to 
norms defined by Jellife.17 

To measure triceps (TSF) and calf (CSF) skin folds 
we used the Lange Skinfold Caliper, with a range of 
0-60 mm and accuracy of ± 1 mm, constant pressure 
of ~10 g/mm2, unchanged after opening, according to 
the techniques recommended by Heyward et al.18 The 
equation proposed by Slaughter et al.19 was used to 
assess body fat percentage. All measurements were 
performed by a trained examiner, on the subject’s non-
dominant arm and with alternate repetitions at least 
three times in the same place. The representative value 
considered was the arithmetic mean of measurements 
for each region. Waist and hip circumferences were 
measured using a 2m-long flexible and inelastic tape, 
with centimeter and millimeter intervals. We avoided 
squeezing any soft parts and adopted the cutoff points 
described by Taylor et al. 20 Waist-hip ratio was ob-
tained dividing the waist by the hip circumference .

Biochemical variables were obtained through 
blood samples taken in the morning (between 7:00 
and 09:00). A total of 6 mL of blood per sample was 
collected from each child in the school environment, 
centrifuged and stored at 20°C. All children were 
instructed to observe a 12h fast. Analyses were per-
formed using the enzyme-linked immunoabsorbent 
assay (ELISA) (Linco Research) method for adiponec-
tin, leptin, and ghrelin concentrations.21-23 For serum 
triglyceride analysis (TG), total cholesterol (TC), 
low density lipoprotein (LDL), high density lipopro-
tein (HDL), and glycemia the colorimetric method 
(labtest®) was adopted. LDL was calculated based 
on the equation proposed by Friedewald et al.24 Lipid 
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was 5.5%, HDL was altered in 98.7%, borderline LDL 
in 32.4% and altered glycemia in 46.6% of children. 

DISCUSSION 

Data in this study revealed a prevalence of 8.9% 
of overweight and of 3% of obesity among schoolchil-
dren aged six to nine years in seven public schools 
in the city of Ouro Preto, totaling 11.6%. Comparing 
these prevalences of overweight and obesity with re-
sults from other studies is a complex issue because 
they use different age groups, cutoff points for diag-
nosis, a variety of methods to determine nutritional 
status, as well as other aspects.

In stratified analysis of study variables by sex, 
there was a significant difference (at a confidence in-
terval of 95%) between females and males for leptin 
(p = 0.032) and ghrelin (p = 0.033) levels. No differ-
ences were found between these groups for other 
variables (Table 1).

Table 2 shows the prevalence of alterations in lipid 
profile and glycemia for schoolchildren aged six to 
nine years. The prevalence of hypercholesterolemia 

Figure 1 - Nutritional status of school children aged six to 
nine years in public schools in Ouro Preto, MG.
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Table 1 - Description of quantitative variables of overweight and obese students aged six to nine years in 
public schools in Ouro Preto, MG

Variables
Group Female Male

p
n Mean ±SD n Mean ±SD n Mean ±SD

Age (years) 79 7,8 1,10 39 7,72 1,19 40 7,90 1,01 0,4052

Weight (kg) 79 37,84 8,77 39 37,71 9,96 40 37,98 8,69 0,8222

Height (cm) 79 133,39 8,03 39 132,79 7,70 40 133,98 8,39 0,5121

%BF 79 30,77 6,18 39 32,04 5,15 40 29,54 6,88 0,0721

BMI (kg/m2) 79 21,10 2,85 39 21,13 3,17 40 21,07 2,53 0,7242

SF (%BF) 79 33,70 6,78 39 34,20 6,00 40 33,22 7,50 0,5231

WHR 79 89,30 6,36 39 89,10 7,20 40 89,50 5,49 0,7871

Leptin (ng/mL) 61 21,16 16,17 28 25,81 16,69 33 17,36 14,92 0,0322

Adiponectin 61 27,59 11,99 28 27,27 13,65 33 27,87 10,93 0,8531

Ghrelin (pg/mL) 62 408,29 203,36 27 353,12 157,26 34 449,30 222,16 0,0331

TC (mg/dL) 73 126,91 29,79 36 127,57 32,46 37 126,32 27,34 0,8591

HDL (mg/dL) 72 19,86 13,27 35 21,15 18,16 37 18,75 5,70 0,5542

LDL (mg/dL) 71 91,18 27,83 34 88,96 29,42 37 91,19 23,45 0,5192

TG (mg/dL) 73 84,79 47,31 36 86,51 54,30 37 83,18 40,00 0,9742

Glycemia (mg/dL) 73 86,32 17,10 36 88,54 16,28 37 83,77 17,82 0,5962

1 Independent samples test (Test t); 2 Mann Whitney Test ; IC=95%.
% BF = percentage of body fat; BMI = body mass index; skinfold = PC; WHR = waist/hip ratio; TC = total cholesterol; HDL = high density lipoprotein; LDL 
= low density lipoprotein; TG = triglycerides; SD = standard deviation.

Table 2 - Classification of lipid and glucose profiles of 
students in public schools in the city of Ouro Preto – MG

Variables
Desirable Borderline High

Total
n % n % n %

TC (mg/dL) 58 79,5 11 15,1 4 5,5 73

HDL (mg/dL) 1 1,3 71 98,7 72

LDL (mg/dL) 46 64,8 23 32,4 2 2,8 71

TG (mg/dL) 50 68,5 13 17,8 10 13,7 73

Glycemia (mg/dL) 39 53.4 - - 34 46.6 73

TC = total cholesterol; HDL= high density lipoprotein; LDL= low density 
lipoprotein; TG= triglycerides.
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altered glycemia in 46.6% among the overweight and 
obese students. The literature shows that, in addition 
to the association of overweight and obesity with car-
diovascular diseases, hypertension, metabolic syn-
drome, osteoarthrosis, sleep apnea and some forms 
of cancer,41,42 excessive weight gain in children weight 
have a considerable influence in negative changes in 
the lipid profile (high TC, TG, LDL and low HDL lev-
els) of children and adolescents.43,44 

A research performed with children and ado-
lescents found that overweight individuals were 1.6 
to 9.1 times more likely to develop risk factors for 
cardiovascular diseases such as systemic hyperten-
sion, elevated total cholesterol, LDL, triglycerides, 
and glucose levels, as well as reduced HDL levels, 
when compared with eutrophic participants.45 Ger-
ber and Zielinky,46 in a study performed in South-
ern Brazil with children and adolescents, recorded 
a prevalence of dyslipidemia between 24 and 33%, 
lower than values found in the present study. In a 
research made in Florianópolis – SC with 1,053 in-
dividuals aged seven to 18 years the mean levels 
found for total cholesterol, HDL, triglycerides and 
LDL were 162 ± 28, 53 ± 10, 93 ± 47 and 89 ± 24 mg/
dL, respectively.47 A study with 52 obese children 
aged seven to 10 years of age reported  values of 
87.2 ± 5.6 mg/dL for boys and 86.5 ± 5.1 mg/dL for 
girls and HDL of 53.2 ± 6.3 mg/dL for boys and 49.2 
± 7.4 mg/dL for girls.48

The consequences of high cholesterol, added to 
other risk factors, constitute a public health prob-
lem. Clinically speaking, surveillance and early de-
tection of risk factors associated with dyslipidemia 
are key preventive actions. In the case of excess 
weight in children particularly, control in primary 
healthcare and prevention actions are feasible 
for reaching and maintaining adequate weight for 
height, gender, and age.

Several studies suggest that socioeconomic char-
acteristics and family, personal, and environmental 
factors are to be considered relevant in childhood 
obesity.49-52 According to Duncan et al.,53 many healthy 
habits are initiated and maintained in the family con-
text, and the family (parents and siblings) may be 
considered as one of the main social factors able to 
influence the social behavior of children and adoles-
cents. Thus, identifying those aspects could contrib-
ute to a better understanding of the factors leading to 
overweight and obesity, as well as help in planning 
prevention and treatment strategies.

The prevalence of overweight and obesity in chil-
dren in Brazil grows at a brisk pace while malnutrition 
decreases in children and adults. The projections made 
by studies in the last three decades indicate the clearly 
epidemic behavior of this problem and demonstrate a 
process of nutritional transition in the country.26

Studies show a prevalence of overweight and obesi-
ty of 18% in public schools in Fortaleza, 7 of 16.5% over-
weight and 14.7% obesity in the region of Palheiros – SP, 
28 10.4% overweight and 10.4% obesity among school-
children from 1st-4th grade in municipal public schools 
in Rio de Janeiro, 29 15.4% overweight and 6% obese in a 
sample of 4,964 children aged six to ten years in public 
and private schools in the state of Santa Catarina,30 and 
a prevalence of 13.1 and 9% of overweight and obesity, 
respectively, in a study of 2,651 preschool children from 
public and private schools in Recife – PE. 31 

International studies also show high prevalence 
rates for overweight and obesity in this age group, 
with data demonstrating that obesity and overweight 
in children have high prevalence rates that have in-
creased over the past two decades in various parts of 
the world. These findings confirm the status of over-
weight and obesity as a global epidemic and make it 
the target of public health concern because of pos-
sible associations with other diseases in adulthood, 
as well as high rates of morbidity and mortality. 32-36

Despite showing differences in prevalence rates 
for overweight and obesity between male and female 
children, this study did not detect significant differ-
ences between the variables assessed with the ex-
ception of leptin, with a higher value in girls (25.81 
± 16.9 ng/mL), and ghrelin, higher for boys (449.30 ± 
222.16 pg/mL). The mean value of 28.6 ± 15.1 ng/dL 
for leptin was found in a study with 34 obese children 
aged seven to 11 years, higher than our results.37 In a 
research with 30 boys and 17 girls, ages nine and ten 
years, the mean values for adiponectin were 7.6 ng/dL 
for boys and 8.3 ng/dL for girls, while for leptin values 
were found at 10.6 ng/dL for boys and 13.0 ng/dL for 
girls.38 Conversely, lower values of leptin were found 
in the study by Hamidi et al.39 with obese children 
aged seven to 12 years (8.25 ng/dL for boys and 11.0 
ng/dL for girls). Whatmore et al.,40 when assessing eu-
trophic children and adolescents, found a concentra-
tion of 162 pg/mL (60-493 pg/mL) for ghrelin and no 
difference between sexes. 

In this study we found a low prevalence of hyper-
cholesterolemia (5.5%), a high prevalence of altered 
HDL (98.7%), a borderline rate of LDL in 32.4% and 
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CONCLUSION 

Data in this study revealed a combined prevalence 
of overweight and obesity of 11.6% as well as the con-
sequences for the children’s health, evidenced by 
alterations on hormonal levels, lipid profile and gly-
cemia. In-depth research on these variables becomes 
suitable for determining political and social changes 
that may interfere in the causes and in the treatment 
of childhood obesity. Schools can be important allies 
in combating the epidemics of childhood obesity and 
its comorbidities because they can promote and spon-
sor ideas, form new values, habits and act as common 
locale for social communication with families.

The results evidenced that this is a public health 
problem that affects both sexes and emphasized the 
importance of early intervention to prevent over-
weight and obesity in children. Elucidating the pre-
cursors of childhood obesity can lead to effective in-
terventions to prevent its development or to mitigate 
its consequences in youth and adulthood.
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